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ABOUT THIS INSTRUMENTS AND SYSTEMS 
HANDBOOK 

You are holding two Datel-lntersil catalogs. 
This section is the Instruments and Systems 
Handbook. For the Datel-lntersil Data 
Acquisition Components Handbook, simply 
turn this whole volume over to the opposite 
cover. The Instruments and Systems 
Handbook covers pages 1 S through 226S. 
The Data Acquisition Components Handbook 
at the opposite end of this volume covers 
pages 1 C to 566C. 

This full Instruments and Systems Handbook 
reflects Datel-lntersil's maturity in digital 
instruments and A/D-D/ A systems -
particularly in Digital Panel Meters, Miniature 
OEM panel-mount thermal printers, 
micropowered digital cassette data loggers 
and SineTrac A/D-D/ A computer boards. 

In this year's expanded Handbook, we 
have included full, detailed, complete 
information on most products. In fact, whole 
reproductions of product catalogs and data 
brochures are included in this one volume. 

Please note that current prices (as of May 
1980) are included in the selection tables 
beginning each category, rather than on 
individual product pages. 

Historically, instruments and systems has 
been a natural evolution for Datel-lntersil 
which began shortly after Datel's founding 
over a decade ago. As repeated user 
requirements for systems grew, products 
were developed based on Datel-lntersil's 
comprehensive data acquisition component 
technology. This offered a cost savings to the 
user and gave the best possible insight into 
real-world applications and specifications of 
those components. This synergism developed 
better components and then better 
instruments and systems. This ongoing 
worldwide real-time laboratory of data 
acquisition usage has been refined into 
today's advanced products. 

These products are fully supported by an 
Applications Engineering Department at the 
Mansfield, MA home office and by factory­
trained sales engineers and representatives 
around the world. Many systems products 
also include comprehensive systems 
applications user manuals which are included 
with shipments and on letterhead request. In 
addition, most products are also available 
under GSA Contract for U.S. Government 
Agencies. 

If you need further assistance, contact your 
nearest Datel-lntersil sales office. 
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Product Index 
A/D CONVERTERS 
ADC-ESeries .......... 10C, 90C 
ADC-Econoverter ............ 10C 
ADC-EHBB . . . . . . . . . . . 14C, 94C' 

· ADC-EH108 . . . . . . . . . . 14C, 96C 
ADC-EH1281,E!2 ..... 14C, 98C 
ADC-EH1283......... 14C,100C 
ADC-EK Series. . . . . . . . BC, 16C 
ADC-ET Series. . . . . . . . BC, 20C 
. ADC-GB8, 108 ............... 14C 
ADC-HC128.......... 12C, 66C 
ADC-HS128 . . . . . . . . . . 12C, 70C 
ADC-HU38 .................. 14C 
ADC-HX.128.......... SC, 74C 
ADC-HZ128 . . . . . . . . . . 12C, 74C 
ADC-LSeries ................ 10C 
ADC~M Series ................ 10C 
ADC-MA Series .............. 10C 
ADC-MC88. . . . . . . . . . . BC, 26C 
ADC-SH48 .................. 14C 
ADC-TV88 . . . . . . . . . . . 14C,106C 
ADC-UH Series....... 14C,102C 
ADC-89A .................... 10C 
ADC-149-148......... 12C,110C 
ADC-815 . . . . . . . . . . . . . 14C, 78C 
ADC-B16 . . .. . . . . . . . . . 14C, 82C 
ADC-B17 . . . . . . . . . . . . . 14C, 86C 
ADC-825 . . . . . . . . . . . . . 12C, 7BC 
ADC-826 . .. . . . . . . . . . . 12C, 82C 
ADC-B27 . . . . . . . . . . . . . 12C, 86C 
ADC-B56 . . . . . . . . . . . . . BC, 62C 
ADC-B76 . . . . . . . . . . . . . 14C,112C 
ADC-881 . . . . . . . . . . . . . 12C,116C 
ADC-7104 . . . . . . . . . . . . 12C, 30C 
ADC-7109 . . . . . .. . . . . . BC, 46C 
ADC-B06BA........... 12C, 30C 

D/A CONVERTERS 
DAC-DG128 .......... 130C,196C 
DAC-HASeries ....... 126C,174C 
DAC-HF Series ........ 130C,1BOC 
DAC-HI Series ........ 130C,200C 
DAC-HK Series . . . . . . . 128C, 1 B4C 
DAC-HPSeries ....... 132C,18BC 
OAC-HR Series . . . . . . . 132C,204C 
DAC-HZSeries ....... 122C,192C 
DAC-1 Series ................ 124C 
DAC-ICB8 ............ 122C,134C 
DAC-IC108 ........... 122C,138C 
DAC-UP88 ........... 122C,142C 
DAC-V Series . . . . . . . . . . . . . . 128C 
DAC-VR Series. . . . . . . . . . . . . 128C 
DAC-088 ............. 122C,146C 
DAC-9 ..................... 124C 
DAC-19 .................... 124C 
DAC-29 .................... 124C 
DAC-49 .................... 124C 
DAC-69 .................... 124C 
DAC-169 ................... 132C 
DAC-681 ............. 122C,150C 
DAC-7520 ............ 126C,154C 
DAC-7521 ............ 126C,154C 
DAC-7523 ............ 126C,160C 
DAC-7533 ............ 126C,164C 
DAC-7541 ............ 126C,168C 
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SAMPLE-HOLDS 
SHM-IC1 ............ . 
SHM-LM2 ........... . 
SHM-HU ............ . 
SHM-UH ............ . 
SHM-UH3 ........... . 
SHM-1 .............. . 
SHM-2 .............. . 
SHM-2E ............. . 
SHM-5 .............. . 
SHM-6 .............. . 

210C,212C 
210C,216C 
210C,21BC 
210C,224C 
210C,224C 

210C 
210C,228C 
210C,228C 
210C,230C 
210C,220C 

ANALOG MULTIPLEXERS 
MU-610B ............. 234C,236C 
MU-6116 ............. 234C,242C 
MU-6208 . . . . . . . . . . . . . 234C,248C 
MU-6216 ............. 234C,254C 
MV-Series . . . . . . . . . . . . 234C,260C 
MX-Series . . . . . . . . . . . . 234C,264C 

DATA ACQUISITION SYSTEMS 
DAS-250 . . . . . . . . . . . . . 270C,298C 
DAS-952R . . . . . . . . . . . . 270C,272C 
HDAS-8 . . . . . . . . . . . . . . 27pC,27BC 
HDAS-16 ............. 270C,27BC 
MDAS-BD . . . . . . . . . . . . 270C,2B6C 
MDAS-16 ............. 270C,2B6C 
MDXP-32 . . . . . . . . . . . . . 270C,292C 

OPERATIONAL AMPLIFIERS 
AM-100 ..................... 312C 
AM-101 ..................... 312C 
AM-102 ..................... 312C 
AM-103 ..................... 312C 
AM-303 ..................... 310C 
AM-410 ............... 30BC,314C 
AM-411 ............... 308C,314C 
AM-414 ............... 308C,31BC 
AMC450 ............... 312C,320C 
AM-452 ............... 312C,320C 
AM-453. . . . . . . . . . . . . . . 308C,324C 
AM-460. . . . . . . . . . . . . . . 308C,320C 
AM-462 ............... 312C,320C 
AM-464 ............... 310C,326C 
AM-470 ............... 310C,328C 
AM-490. . . . . . . . . . . . . . . 30BC,330C 
AM-500.. . . . . . . . . . . . . . 312C,350C 
AM-7600 . . . . . . . . . . . . . 308C,334C 
AM-7601 . . . . . . . . . . . . . 308C,334C 
AM-7611 ............. 310C,344C 

. AM-7612 ............. 310C,344C 
AM-7613 ............. 310C,344C 
AM-7614 ............. 310C,344C 
AM-7615 ............. 310C,344C 
AM-B510 ............. 310C,352C 
AM-8520 ............. 310C,352C 
AM-8530 . . . . . . . . . . . . . 310C,352C 

INSTRUMENTATION AMPLIFIERS 
AM-201 . . . . . . . . . . . . . . . 364C;3B2C 
AM-435 . . . . . . . . . . . . . . . 364C,366C 
AM-542 . . . . . . . . . . . . . . . 364C,378C 
AM-453. . . . . . . . . . . . . . . 364C,378C 
AM-7605 . . . . . . . . . . . . . 364C,36BC 
AM-7606 . . . . . . . . . . . . . 364C,368C 

SPECIAL FUNCTIONS 
AMC-B013 ... , ........ 388C,392C 
FLT-U2 . . . . . . . . . . . . . . . 388C,404C 
LA-B048 . . . . . . . . . . . . . . 388C,396C 
LA-B049 . . . . . . . . . . . . . . 388C,396C 
TT-590 ............... 388C,410C 
VFQ-IC ............... 388C,412C 
VFV-10K .............. 388C,416C 
.VFV-100K ............ 388C,416C 
Vl-7760 . . . . . . . . . 388C,422C,549C 
VR-1B2 ............... 388C,42BC 
VR-8069 . . . . . . . . . . . . . . 3B8C,430C 
WG-B038 . . . . . . . . . . . . . 442C,444C 

ANALOG SWITCHES 
AS-5040 to AS-5051 . . . 442C,444C 
AS-5140toAS-5145 ... 442C,454C 

COUNTERS AND DISPLAY 
DRIVERS 
CD-7216 .............. 464C,466C• 
CD-7217 .............. 464C,481C 
CD-7224 .............. 464C,493C 
CD-7225. . . . . . . . . . . . . . 464C,493C 
CD-7226. . . . . . . . . . . . . . 464C,501 C 
CD-7227 .............. 464C,481C 
DD-7211 .............. 464C,513C 
DD-7212 .............. 464C,513C 
DD-721 B. . . . . . . . . . . . . . 464C,523C 

POWER SUPPLIES 
LINE OPERATED POWER 
SUPPLIES 
8CM-15/60 ................. 540C 
8CM-15/100 ............... 540C 
8CM-15/200 ............... 540C 
8CM-15/300 ............... 540C 
8PM-5/250 ........... , ...... 538C 
8PM-5/500 . . . . . . . . . . . . . . . . . 53BC 
8PM-12/60 ................. 538C 
8PM-12/100 ................ 538C 
8PM-12/200 . . . . .. . . . . . . . . . . 538C 
8PM-12/300 ................ 538C 
8PM-15/60 . . . . . . . . . . . . . . . . . 53BC 
8PM-15/100 ................ 538C 
8PM-l5/200 ................ 538C 
8PM-15/300 ................ 538C 
8PM-120/25 . . .. . . . . . . . . . . . . 544C 
8PM-150/20 . . . . . . . . . . . . . . . . 544C 
8PM-180/16 ........ , ....... 544C 
MPD-12/1 .................. 550C 
MPD-12/1.5 ................ 550C 
MPD-12/3 .................. 550C 
MPD-15/1 .................. 550C 
MPD-15/1.5 ................ 550C 
MPD-15/3 .................. 550C 
MPS-5/3 ................. : . 550C 
MPS-5/6 . . . . . . . . . . .. . . . . . . . 550C 
MPS-5/12 .................. 550C 
MPS-5/1B .................. 550C 
MPT-12/1-5/3 .............. 550C 
MPT ~12/1 .5-5/6 . . . . . . . . . . . . . 550C 
MPT-12/1.5-5112 ........... 550C 
MPT-15/1-5/3 .............. 550C 
MPT-15/1.5-5/6 ............. 550C 
MPT-15/1.5-5/12 ........... 550C 



OV-1 ....................... 548C 
OV-2 ....................... 548C 
PC0-12/1 . . . . . . . . . . . . . . . . . . 546C 
PC0-12/2 . . . . . . . . . . . . . . . . . . 546C 
PC0-12/3 . . . . . . . . . . . . . . . . . . 546C 
PC0-15/1 .................. 546C 
PC0-15/2 .................. 546C 
PC0-15/3 . . . . . . . . . . . . . . . . . . 546C 
PCS-5/3 . . . . . . . . . . . . . . . . . . . 546C 
PCS-5/6 . . . . . . . . . . . . . . . . . . . 546C 
PCS-5/12 . . . . . . . . . . . . . . . . . . 546C 
PCS-5/18 . . . . . . . . . . . . . . . . . . 546C 
PCT-5/3-12/1 .............. 546C 
PCT-5/3-15/1 .............. 546C 
PCT-5/6-12/2 .............. 546C 
PCT-5/6-15/2 . . . . . . . . . . . . . . 546C 
PCT-5/12-12/2 ............. 546C 
PCT-5/12-15/2 ............. 546C 
TPM-12/100-5/500 . . . . . . . . . . 542C 
TPM-15/100-5/500 . . . . . . . . . . 542C 
TPM-12/200-5/500 .......... 542C 
TPM-15/200-5/500 . . . . . . . . . . 542C 
TPM-12/150-5/1000 ......... 542C 
TPM-15/150-5/1000 ......... 542C 
UCM-5/250 . . . . . . . . . . . . . . . . 540C 
UCM-5/500 . . . . . . . . . . . . . . . . 540C 
UCM-5/1000 ............... 540C 
UCM-5/10008 .............. 540C 
UCM-5/2000 ............... 540C 
UPA-5/500 . . . . . .. . . . . . . . .. . 545C 
U PM-5/250 . .. . . . .. .. . . .. .. . 536C 
UPM-5/500. . . . . . . . . . . . . . . . . 536C 
UPM-5/1000. . . . . . . . . . . . . . . . 536C 
UPM-5/10008 .............. 536C 
UPM-5/2000 ............... : 536C 
UPM-6/150A ............... 536C 
UPM-9/10,0A ............... 536C 
UPM-12/100A .............. 536C 
UPM-15/100A .............. 536C 
USM-5/3 . . . . . . . . . . . . . . . . . . . 543C 
USM-5/5 . . . . . . . . . . . . . . . . . . . 543C 

DC-DC CONVERTER MODULES 
8PM-12/25-05 ............. 552C 
8PM-12/25-012 ............ 552C 
8PM-12/25-028 ............ 552C 
8PM-12/40-048 ............ 556C 
8PM-12/100-05 ............ 552C 
8PM-12/100-012 ........... 552C 
8PM-12/100-b28 ........... 552C 
8PM-12/125-048 ........... 556C 
8PM-12/210-05 ............ 554C 
8PM-12/210-012 ........... 554C 
8PM-12/210-028 ........... 554C 
8PM-12/210-048 ........... 556C 
8PM-12/420-05 ............ 554C 
8PM-12/420-012 ........... 554C 
8PM-12/420-028 ........... 554C 
8PM-12/420-048 ........... 556C 
8PM-15/25-05 ............. 552C 
8PM-15/25-012 ............ 552C 
8PM-15/25-028 ............ 552C 
8PM-15/30-048 . . . . . . . . . . . . 556C 
8PM-15/100-05 ............ 552C 
8PM-15/100-012 ........... 552C 

8PM-15/100-028 ........... 552C 
8PM-15/100-048 ........... 556C 
8PM-15/150-05 ............ 558C 
8PM-15/150-024 ........... 558C 
8PM-15/150-028 ........... 558C 
8PM-15/165-05 ............ 554C 
8PM-15/165-012 ........... 554C 
8PM-15/165-028 . . . . . . . . . . . 554C 
8PM-15/165-048 ........... 556C 
8PM-15/330-05 ............ 554C 
8PM-15/330-012 ........... 554C 
8PM-15/330-028 ........... 554C 
8PM-15/330-048 . . . . . . . . . . . 556C 
8PM-18/25-05 . . . . . . . . . . . . . 552C 
8PM-18/25-012 ............ 552C 
8PM-18/25-028 ............ 552C 
8PM-18/100-05 ............ 552C 
8PM-18/100-012 ........... 552C 
8PM-18/100-028 ........... 552C 
8PM-18/140-05 . . . . . . . . . . . . 554C 
8PM-18/140-012 ........... 554C 
8PM-18/140-028 ........... 554C 
8PM-18/280-05 ............ 554C 
8PM-18/280-012 ........... 554C 
8PM-18/280-028 ........... 554C 
UPM-5/200-05 . . . . . . . . . . . . . 559C 
UPM-5/200-012 ............ 552C 
UPM-5/200-028 . . . . . . . . . . . . 552C 
UPM-5/200-048 . . . . . . . . . . . . 556C 
UPM-5/500-05 . . . . . . . . . . . . . 559C 
UPM-5/500-012 ............ 552C 
UPM-5/500-028 ............ 552C 
UPM-5/600-048 ............ 556C 
UPM-5/1000-05 ............ 559C 
UPM-5/1000-012 ........... 554C 
L.iPM-5/1000-028 ........... 554C 
UPM-5/1000-048 ........... 556C 
UPM-5/2000-05 . . . . . . . . . . . . 559C 
UPM-5/2000-012 ........... 554C 
UPM-5/2000-028 . . . . . . . . . . . 554C 
UPM-5/2000-048 . . . . . . . . . . . 556C 
UPM-12/80-05 ............. 552C 
UPM-12/80-028 ............ 552C 
UPM-12/80-048 ............ 556C 
U PM-12/250-05 . . . . . . . . . . . . 552C 
UPM-12/250-028 . . . . . . . . . . . 552C 
UPM-12/250-048 ........... 556C 
UPM-12/420-05 ............ 554C 
UPM-12/420-028 ........... 554C 
UPM-12/420-048 ........... 556C 
UPM-12/840-05 ............ 554C 
UPM-12/840-028 ........... 554C 
UPM-12/840-048 ........... 556C 
UPM-15/60-048 ............ 556C 
UPM-15/200-048 ........... 556C 
UPM-15/330-048 ........... 556C 
UPM-15/660-048 ........... 556C 
UP~-24/40-05 . . . . . . . . . . . . . 552C 
UPM-24/40-012 ............ 552C 
UPM-24/125-05 ............ 552C 
UPM-24/125-012 ........... 552C 
UPM-24/210-05 ............ 554C 
UPM-24/210-012 ........... 554C 
UPM-24/420-05 ............ 554C 
UPM-24/420-012 ........... 554C 

UPM-28/25-05 ............. 552C 
UPM-28/25-012 ............ 552C 
UPM-28/100-05 ............ 552C 
UPM-28/100-012 ........... 552C 
UPM-28/180-05 ............ 554C 
UPM-28/180-012 ........... 554C 
UPM-28/360-05 ............ 554C 
UPM-28/360-012 ........... 554C 
Vl-7660. . . . . . . . . . . . . . . 422C,549C 

INSTRUMENTS AND SYSTEMS 
SECTION 

Digital Panel Meters 
OM-3100L .............. . 
OM-31008 ............ .. 
OM-3100N ............. . 
OM-31 ................. . 
OM-31000U1 ........... . 
OM-3100X ............. . 
OM-3100U2, U3 ......... . 
OM-LX3 ............... . 
OM-4100L,N ........... . 
OM-41000 ............. . 
UPA-5/500 ........... . 
OM-2115 ............. . 
OM-350 .............. . 
OM-2000AR .......... . 

Digital Voltage Calibrator 

11 S-14S 
15S-18S 
19S-22S 
23S-30S 
318-34S 
35S-38S 
39S-42S 
43S-45S 
468-49S 
50S-58S 

598 
60S 
61S 
62S 

OVC-8500 . . . . . . . . . . . . . . . 64S-66S 

SineTrac A/D-D/A 
Computer Analog Boards 
ST-711, ST-732 . . . . . . . . . . 71 S-75S 
ST-711RLY . . . . . . . . . . . . . . 76S-80S 
ST-724 .................. 81S-87S 
ST-800 . . . . . . . . . . . . . . . . . . 88S-99S 
ST-LSI ............... 1008-111S 
ST-LSl2 .............. 112S, 113S 
ST-LSI-ALY ........... 1148-121S 
ST-6800 ............... 1228-130S 

Panel-Mount Thermal Printers 
Parallel APP-20. . . . . . . . 133S-146S 
APP-200 ................... 147S 
Serial APP-20 . . . . . . . . . 148S-157S 
COPP-07/CAPP-20 ... 158S, 159S 
APP-48 . . . . . . . . . . . . . . . 160S, 163S 
OPP-07 .............. 164S, 174S 

A/D-D/ A Computer Data Systems 
OAS-256 ............... 176S-189S 
POAS-250 ............. 190S-196S 
Interface Panel ......... 197S, 198S 

Low-Power Digital Cassette Data 
Loggers 
OL-2 . . . . . . . . . . . . . . . . . 201 S-204S 
Uncased OL-2 . . . . . . . . . . . . . . 205S 
OL-2T ...................... 206S 
OL-2R . . . . . . . . . . . . . . . . 207S, 208S 
LPS-16 ............... 209S-211S 
LPS-16 Inst. Ampl., 
Start Clock ............ 212S,213S 
LPR-16 ............... 214S-217S 
ICT ................... 218S-226S 

3$ 
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New Products 
INSTRUMENTS AND SYSTEMS 

DM-31 Ultra-Low Cost 3112 Digit Single Board 
OEM Digital Panel Meter 

• Miniature 2" x 3112" (50,8 x 
88,9 mm) single board 
DPM features fully dif­
ferential autozeroed 
input. . 

• Tiny 5 pA bias current, 
super high 1000 Megohm 
input impedance won't 
load down sensitive 
circuits. 

• Large 0.56" LED display 
with HOLD function. 

• +5 Vdc power at 280 mA. 
• Ratiometric internal/ 

external reference. · 
• Accepts user attenuators 

and shunts for 2A, 300V 
ranges. See page 23S for 
fuH information. 

DM-3100B Miniature 31/2 Digit Differential 
Dual-AC Powered Digital Panel Meter 
•.Includes internal regulated 

AC power supply with pin­
selected 115/230 VAC, 
47-440 Hz power inputs. 

• LEDcfisplay0.56"high. 
• Fully differential auto· 

zeroed input. 
• Tiny 5 pA bias current, 

super high 1000 Megohm 
input impedance, won't 
load down sensitive 
circuits. 

• Ratiometric internal/ 
external reference. 

• ±5 Vdc regulated output 
power available (several 
mA) for low-power ex­
ternal preamps, etc. 
See page 15S for full 
information. 

APP-48 Panel-Mount 48-Column 
Alphanumeric Full Serial Thermal Printer 
• lnciudes both 20 mA TTY 

current loop and RS-232-
C full serial data inputs for 
teletypewriters, computer 
serial 1/0 ports and CRT 
terminals. 

• Complete with all serial 
data electronics and regu­
lated AC power supply 
built in. 

• Non-moving thermal 
printhead-no ink, no 
ribbons, no hammers, 
super quiet, no mess. 

• See page 106S 

• Prints inverted text mode 
by software (STX/ETX) 
command. 

• Internal microprocessor 
with 48-character data 
buffer. 

• Optoisolated 2-wire 20 
mA data input operates 
100's offeetfrom data 
source and eliminates 
ground loop errors. 

• Prints full 96-character 
upper/lower case 
ASCII text plus 96 extra 
characters. 

ST-724 Sinetrac 4-Channel Analog 
Output D/A Current Loop Board for 

SBC-80/Multibus Microcomputers 

• Exact replacement for 
SBC-724. 

• Includes 4-20 mA 
externally-powered cur· 
rent loop amplifiers for 
industrial process 
controllers. 

• lndudes D/A voltage out­
puts with 4 microsecond 
settling time and 12-btt 
binary resolution. 

• Selectable voltage 
ranges, base address, 
and coding. 

• Completely controlled by 
computer program. 
Works directiyfrom 
RMX-80 Executive 
software. 

•Includes on-board ±15V 
DC/DC Power Converter. 

• Includes Diagnostic Pro· 
gram and Manual. 
RMX-80 and MULTIBUS 
are lNTEL Corp. trade­
marks. See page 81S for 
full information. 

DM-LX3 3112 Digit Micro-Powered LCD Single 
Board OEM Digital Panel Meter 
•Tiny 5 pA bias current, 

super high 1000 Megohm 
input impedance. 

• Ratiometric internal/ 
external reference. 

• Accepts user attenuators 
and shunts for2A, 300V 
ranges. See page 43Sfor 
full information. 

• Miniature4"x2"(102x 
51 mm) single board DPM 
features funy differential 
autozeroed input. • 

• Uses only 3.5 mA from a 
5 Vdcsource. 

• Very large :V.~nch high 
(19,1 mm) liquid crystal 
digits easily viewed from 
many feet away. lnciudes 
HOLD function. 

DM-41000 Miniature Digital Panel Meter with 
3-State Gatable Computer Bussable 
BCD Data Outputs 
• 4V2 digit resolution. 
• LED display with 0.3" High 

digits. 
• Output data is enabled in 

4-blt nibbles. May share 
buswlthother4,8, 12or 
16 bit devices. 

• May also be enabled in 
full parallel for older 
equipment. 

• +5 Vdc power at 380 mA. 
• Ratiometric internal/ 

external reference. 
• Lower cost than many fun 

parallel-only, non-gatable 
DPM's.See page 50Sfor 
luU information. 

Serial APP..20 Miniature Panel-Mount20-Column 
Alphanumeric Full Serial Thermal Printer 

• Includes both 20 mA TTY 
current loop and RS-232-
C full serial data inputs for 
teletypewriters, computer 
serial 1/0 ports and CRT 
terminals. · 

• Complete with all serial 
data electronics and regu­
lated AC power supply 
built in. 

• Non-moving thermal 
printhead-noink, no 
ribbons, no hammers, 
super quiet, no mess. 

• Prints inverted text mode 
by logic input. 

• Internal microprocessor 
with 20-character data, 
buffer. 

• Optoisolated 2-wire 20 
mA data input operales 
100's offeet from data 
source and eliminates 
ground loop errors. 

• Prints full 96-character 
upper/lower ASCII text. 
See page 1485 forfuff 
information. 

ST-LSI-ALY Sinetrac Half.Quad Relay-Input 
Industrial AID Board for LSl-11, ·11/2 a-eus 
Computers 

• Flying capacitor Relay 
MUX for250 VRMS isola­
tion and 126 dBCMR 
noise rejection. 

• 8 Differential AID Chan­
nels, 12 bit binary 
resolution. 

• Programmable gain 
amplifier, X1,2,5,10. 

• Resistor-s91ected hi-gain 
instrumentation, 10mVto 
2Vrarige. 

• EOC interrupt, external 
bigger start. 

• Includes Diagnostic pro­
gram and manual. 

• Selectable AID coding 
and memory-mapped 
base address. 

•Includes +5, -12VDC/ 
DC Converter. 
LSl-11 is a Digital Equip­
ment Corp. trademark. 
Seepage114Sforfull 
information. 



Digital Panel Meters 
----------.-----------1 

IN THIS SECTION: 

INTRODUCTION 6S, 7S 

SELECTION GUIDE SS, 9S 

DM-3100L 11S-14S 

DM-31008 15S-18S 

DM-3100N 195-225 
DM-31 

DM-31 235-30S 

DM3100UI 31S-34S 

DM-3100X 355-38S 

DM-3100U2,U3 395-42S 

DM-LX3 43S-455 

DM-4100L,N 46S-495 

DM-LX3 
DM-41000 50S-58S 

UPA-5/500 595 

DM-2115 605 

DM-350 615 

DM-2000AR 62S 

DM-41000 

DM-31008 

SS 



Digital Panel Meters 

Introduction 

Digital Panel Meters (DPM's) accept a de or slowly-varying input 
signal. convert that signal to digital form and display it on decimal 
digits. DPM's combine an Analog to Digital (A/D) Converter, display 
decoder-drivers, decimal display and a DC/DC power converter in 
one assembly. Both fully encased and uncased single board panel­
mounting DPM's are offered. DPM's are intended for test and mea­
surement applications, instrumentation systems, analytical instru­
ments, data acquisition and logging systems, portable equipment, 
automatic test equipment, vehicles, medical, chemical, and biological 
instruments, physical sensors (temperature, pressure, flow rate, etc.) 
and industrial process control instruments, to name a few. 
Datel-lntersil's DM-3100 and DM-4100 series DPM's employ modern 
CMOS operational amplifier type front ends for extraordinarily-high 
input impedance (typically 1000 Megohms) and tiny bias currents (5 
pA average). These features avoid errors caused by loading down 
sensitive measurement circuits. The dual-slope integrating AID con­
version technique is used. This method compares the input to a 
stable, internal voltage reference diode or user-supplied external 
ratiometric reference. Dual-slope conversion rejects higher frequency 
noise and the displayed accuracy is virtually unaffected by internal 
clock frequency drift. 
A choice of power supplies and displays is offered. Most of the DPM's 
with red, solid-state self-illuminated Light Emitting Diode (LED) dis­
plays are powered by +5 Vdc regulated, The Liquid Crystal Displays 
(LCD) are battery-powered at extremely low current (down to 3 mA). 
Several models are AC-powered. 
DPM's are sampling instruments which measure the input and display 
readings a few times a second. User-added internal circuits easily 
adapt the DPM to higher voltage, current and resistance ranges. 
Other circuits will adapt the DPM to measure temperature, pressure, 
RPM, frequency, AC and -RMS inputs, sound levels, signal strength, 
angular position, weight, etc. 

Most of Datel-lntersil's DPM's are for display-only application with no 
data outputs. However, the recently introduced model DM-4100D 
includes BCD data outputs so that the DM-41 OOD may be used in data 
acquisition and data logging systems. Unlike older competitive DPM's 
with full parallel data outputs which could not be directly connected to a 
shared data bus without requiring interface circuits supplied by the 
user, the DM-4100D can be connected directly to a microprocessor 
bus shared with other devices such as other DM-4100D's. 

How to Select Your DPM 

Selecting a DPM is a series of decisions and analysis of the needs of 
your application or the product the DPM will be used in. Datel-lntersil 
manufactures a broad range of DPM's, each of which emphasizes 
certain features over others. Some features are related to others, 
such as LCD digits with ultra-low power. 
The first step is to thoroughly determine your needs. The major 
considerations are: 

1. Display 
2. Input Type 

, 3. Power Supply 
4. Cost 
5. Data Output 

These are discussed in detail: 
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1. Display 
Resolution-the DM-3100 series DPM's have 31/2 digits (Full 
count 1999) of displayed resolution. 31/2 digit DPM's are lower 
cost than the DM-4100N series 4112 digit models (Full count 
19999). With equivalent ±2 Vdc input ranges, the DM-4100 
series Will resolve 100 µV steps in the least significant digit 
compared to 1 mV steps in the DM-3100's. 

Count range-A second reason to use a 41/2 digit DPM is for 
total count range. If a weighing application called for display of 
15000 pounds maximum for example, a 31/2 digit could not 
display all the required digits. 
Display Type-The lowest cost meters are supplied with LED 
red, self-illuminated displays which require regulated +5 Vdc 
power. For portable, battery-powered applications, Liquid 
Crystal (LCD) meters may be used. LCD's are not self­
illuminated and require external light for viewing. LED DPM's 
include models DM-3100L,N,B, DM-31 and DM-4100L,N. 
LCD models include DM-3100X,U1,U2,U3 and DM-LX3. The 
DM-31 OOU series include display descriptor labels which may 
be electronically controlled or pin-programmable to indicate 
labels "A, mA, V, mV, !1, K.!1, AC, DC". 

Case Style-Two case styles are offered plus two new very 
low cost DPM's (DM-31, LX3) which are a single board and 
omit the case. The low profile case offers minimal front panel 
area and includes models DM-3100N,U1,U2,U3, DM-
4100N,B. The short depth case occupies more front panel 
area but extends back the least from the front panel surface. 
Both case styles include a second set of internally molded rails 
for optional user-supplied circuit boards. Access to the boards 
is to the rear on low profile cases (and includes a punch-out 
connector slot) and through the front on short depth models 
(with no connector slot). 

2. Input Type 
Configuration-Inputs are either single-ended or differential 
and isolated or non-isolated. Because of circuit design, all 
DM-3100's are differential and all DM-4100's are single­
ended. The single-board DM-31 and DM-LX3 are both dif­
ferential. Differential circuits are employed to solve certain 
application problems such as high common mode voltages, 
ground loop noise and bridge inputs. Differential circuits are 
easily converted to single-end. Isolation is provided through 
an AC transformer power supply as on DM-3100B,U2,U3 and 
solves large common mode problems or safety requirements 
such as leakage currents. All modern Datel-lntersil DPM's are 
autozeroed and ratiometric to correct drift. CMOS inputs are 
1000 MD impedance and 5 pA bias currents to avoid loading 
down sensitive circuits. 

3. Power Supply · 
Most LED DPM's are +5 Vdc-powered and require regulated 
supplies of up to 1/2 amp. A low cost AC power adapter (Model 
UPA-5/500) supplies regulated 5 Vdc to any Datel-lntersil 
DPM. The LCD meters may be battery powered. Several 
DPM's(DM-3100B,U2,U3)includebuilt-inACpowersupp/ies 
to minimize external wiring and mounting. 

4. Cost 
The lowest cost DPM is the single-board DM-31. However, the 
cased DM-3100L,N are also very inexpensive and offer addi­
tional protection from dust and contaminants. 

5. Data Output 
Finally, the DM-4100D may be used in a data acquisition 
system or microprocessor since it supplies BCD Data Out­
puts which are 3-state gatable in 4,8,12, or 16-bii or full parallel 
bus widths. Users preferring a blind data acquisition func­
tion should refer to Datel-lntersil's selection of bussable A/D 
converters. 



DPM Selection Summary 

• For the lowest cost, choose the single-board 31/2 digit LED DM-31. 
For 41/2 digits, you'll find that the DM-4100L and N have very 
reasonable costs. 

•For differential inputs required to reject common noise, for ground 
loop problems or bridge inputs, use any of the 31/2 digit DM-3100's or 
the DM-31 or OM-LX3. 

• For battery power portable applications, select any of the 31/2 digit 
LCD meters, models DM-3100X,U1 or DM-LX3. 

• For minimal front panel area choose any low profile case model, 
DM-3100N,U1,U2,U3 or DM-4100N,D. , 

• For short panel depth, use any short depth case DPM, models 
DM-3100L,X,B and DM-4100L. The single board encased DM-31 
and DM-LX3 are about 5/s" deep. 

•For 4112 digit resolution, select models DM-4100L,N or D. 
• For BCD digital data output, choose the DM-41000. It can be 

directly connected to 4,8,12, 16-bit or full parallel computer and 
microprocessor busses using 3-state gatable outputs. 

Quick Model Guide 

31/2 Digit, Differential Input (No Data Output) 

Power 
Supply 
And 
Display 

5Vdc 
Regulated 
LED 

Battery 
Power 
LCD 

AC Power 
LED 

AC Power 
LCD 

CASE STYLE 

NO CASE, 

LOW PROFILE SHORT DEPTH SINGLE-BOARD 

DM-3100N DM-3100L DM-31 

DM-3100U1 DM-3100X DM-LX3 

DM-3100B 
- (115/230VAC) -

DM-3100U2 
(115VAC) - -

DM-3100U3 
(230VAC) 

4112 Digit, Single-Ended Input 

. {5Vdc 
Display Regulated 
Only LED 

DM-4100N DM-4100L -

BCD { 5Vdc 
Data Regulated 
Output LED 

DM-4100D - -

See Next Page for Detailed Selection Guide. 
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Digital Panel Meters 
Selection Guide 

PAGE NO.OF INPUT DISPLAY 
MODEL NUMBER DIGITS TYPE TYPE&HT. REQUIRED POWER 

~3Y2 DIGIT DPM's Balanced Red LED: + 5Vdc reg. @ 280mA 

~DISPLAY ONLY·LED Differential .56"H Typ. 

DM·3100L 11S 3% 80dBCMR 

DM·3100B 15S 3% Balanced Red LED: l Dual-Voltage J 
Differential .56"H 115/230 VAC 
80dBCMR 47-440 Hz 

DM·3100N 19S 3Y2 Balanced Red LED: + 5Vdc reg. @ 280mA 
Differential .56"H Typ. 
80dBCMR 

DM-31 23S 3Y2 Balanced Red LED: + 5Vdc reg. @ 280mA 
Differential .56"H Typ. 
80dBCMR 

!lo-DISPLAY ONLY·LCD 31S 3% Balanced Liquid + 5Vdc reg.@ 15mA 
DM·3100U1 Differential Xtal,.5"H . or 

80dBCMR I +9to +15Vdc@6mAI 
DM·3100X 35S 3% Balanced Liquid + 5Vdc reg. @ 15mA 

Differential Xtal,.5"H or 
80dBCMR I + 9 to + 15Vdc ~ 6mA I 

DM·3100U2 39S 3Y2 Balanced Liquid l 115 VAC ( - U2) or ~I 
DM·3100U3 Differential Xtal,.5"H 230 VAC ( - U3) or 

80dBCMR +9to +15Vdc@6mA 

DM·LX3 43S 3% Balanced [ Liquid J + 5Vdc reg. @ 3.5mA 
Differential Xtal,. 75"H 
80dBCMR 

p..4y, DIGIT DPM's 46S 4V2 Single· Red LED; + 5Vdc reg. @ 350mA 

~DISPLAYONLY·LED ended, . 56"H Typ . 

DM-4100L High 
Impedance 

DM·4100N 46S 4Y2 Single- Red LED; + 5Vdc reg. @ 350mA 
ended, 0.3"H Typ. 
High 

Impedance 

P.. DISPLAY WITH 50S 4% Single- Red LED; + 5Vdc reg. @ 380mA 
BCD OUTPUT ended, 0.3"H Typ. 

DM·4100D High 
Impedance 

P..SPECIAL 
PERFORMANCE 
DP M's Single- + 5Vdc reg. @ 400mA 

DM·2115A1' 60S 3% ended, Red LED; (-D1, -D2)or 
DM·2115A2 e 0.43" 100, 115, or 230 
DM·2115D1 r VAC 
DM·2115D2 d (-A1, -A2) 

DM·35001' 61S 3V2 Single· Red LED; + 5Vdc reg. @ 300mA 
DM·350022 ended, 0.43"H max. (- D1, - D2) 
DM·350A1' High 115/230VAC 
DM·350A2' Impedance (-A1, -A2) 

DM·2000AR 62S 3% Single- Red LED; + 5Vdc reg. @ 800mA 
DM·2000AR·2 Ended, 0.3"H max. 

1MOimp. 

~OptionaJ 
Optoisol. 

SPECIAL 
CASE STD.INPUT OTHER F.s.• 
STYLE RANGE VOLTAGE RANGES 

Short ± 1.999Vdc ±20Vdc 
Depth ±200Vdc 

± 1000Vdc 

Short ± 1.999Vdc ±20Vdc 
Depth ±200Vdc 

± 1000Vdc 

Low ± 1.999Vdc ±20Vdc 
Profile ±200Vdc 

± 1000Vdc 

Single ± 1.999Vdc ±20Vdc 
Board ± 200Vdc 
Meter; ± 300Vdc 
~o~ 

Low ± 1.999Vdc ±20Vdc 
Profile ± 200Vdc 

± 1000Vdc 

Short ± 1.999Vdc ±20Vdc 
Depth ± 200Vdc 

± 1000Vdc 

Low ± 1.999Vdc ±20Vdc 
Profile ±200Vdc 

± 1000Vdc 

± 1.999Vdc I ±20Vdc 
±200Vdc 

I± 300Vdc 

Short ± 1.999Vdc ±20Vdc 
Depth ±200Vdc 

± 1000Vdc 

Low ± 1.999Vdc ± 20Vdc 
Profile ±200Vdc 

± 1000Vdc 

Low ± 1.999Vdc ±20Vdc 
Profile ±200Vdc 

± 1000Vdc 

Short ± 1.999Vdc Nohe 
Depth 

Short o to + 1.999 vDq 
Depth (-D1, -A1) 

± 1.999Vdc None 
(-D2, -A2) 

Short ± .1999Vdc None 
Depth ± 1.999Vdc 

± 19.99Vdc 
!Auto-
. Ranging I 



=EATU RES (•Features with an asterisk require internal components supplied by the user.) 

URRENT* RATIO· OHMMETER BCD 
RANGES OFFSET METRIC F.S. RANGES AUTOZEROING OUTPUT 

±20µA No 
I Yes I 

2000to 

~ 
No 

to 20MO 
±2A (ref. resistor•) 

±20µA No 2000to No 
to 

~ 
20MO 

~ ±2A (ref. resistor•) 

±20µA 

~ ~ 
2000to No 

to ) 20MO ~ ±2A (ref. resistor•) 

±20µA No 200010 No 
to 

~ 
20m0 

~ ±2A (ref. resistor•) 

±20µA 

~ ~ 
2000to 

~ 
No 

to 20MO . 

±2A (ref. resistor•) 

±20µA No 
I Yes I 

2000to 

~ 
No 

to 20MO 
±2A (ref. resistor•) 

±20µA 

~ ~ 
2000to No 

to ) 20MO ~ ±2A (ref. resistor") 

±20µA No 2000!0 No 
to 

[Yes I 20MO 

~ ±2A (ref. resistor") 

±20µA No 

~ 
None No 

to ~ ±2A 

±20µA No 

~ 
None 

~ 
No 

to 
±2A 

±20µA No None 

r 

BCD 
to 

~ 
3·State 

±2A ~ Outputs 
use w/4, 8, 12 
& 16-bit buses 

BCD 
None No No None No Latched, 

full parallel 
output 

lJ:.2 models on_!}')_ 
None No No None No No 

None No No None No BCD 
full parallel 

output 

IOTES: 

. Prices and specifications subject to change without notice . 

. DM-350 and DM·2115 are still available, but are not recommended for new designs . 

. IBoxedifeatures are product highlights . 

. UPA·5/500 5V@ 500mA Adapter, $15.75 option. 

OTHER FEATURES 
AND NOTES 

5pA bias current 
10000Z in 

5pA bias current 
1000MOZin 

+ 5Vdc out@ 100mA 
- 5Vdc out @ 5mA 

5pA bias current 
1000MOZin 

Single Board Meter 
5pA bias current 

1000MOZ in 

5pA bias current 
1000MOZin 

5pA bias current 
1000MOZ in 

5pA bias current 
1000MOZin 

Single Board Meter 
5pA bias current 

1000MOZin 
- 5Vdc out @ 20mA 

5pA bias current 
1000MOZin 

5pA bias current 
1000MOZ in 

± 15Vdc out, @ ± 5mA 

5pA bias current 
1000MOZin 

± 13.5Vdc out, @ 
±20mAmax. 

Variable int/ext. 
Start clock 

r Optional Optoisolation 
± 100VJ.- 2 models on!}i 

Var. int.text. start elk. 

PRICES 
(1·9) 

$50.00 

$70.00 

$50.00 

l$38.5o I 

$60.00 

$66.00 

U2: $69.00 
U3: $69.00 

$55.00 

$88.00 

$93.00 

~ 

A 1 (also El, J1): 
$209.00 

A2 (also E2, J2): 
$230.00 

D1: $167.00 
D2: $188.00 

A1: $125.00 (5pc.' 
A2: $139.00 minimum 
D1: $109.00 order) 
02: $119.00 

AR: $236.00 
AR·2: $310.00 
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OUTLINE DIMENSIONS 
INCHES (MILLIMETERS) 

3.000 
(76.2) I 

---- ---___ ......... .,, 

l 
TOP VIEW 

PC BRO CONNECTOR 

.3751 
(9.5) 

SHORT DEPTH CASE 
Models: DM-3100L, X, B, 

. DM-4100L . 
DM-2115 
DM-2000AR 
DM-350 

PANEL CUTOUT DIMENSIONS 
PANEL MOUNTING 

!DRILL CLEARANCE OR cir". DRILL & TAP FOR 4 - 40 SCREW (METRIC M3) 

.030 R. MAX. ®111 
1081 1.812 

CUTOUT (46.0) 

PC BRO .. 

1.500 
(38.1) 

J 

"' /1 -:,f 
CONNECTOR (j)E' ' 

1------~---l.I---.- ~~~----~ 
.156 

.125 (4.0) 
(3.21 

FRONT 
VIEW 

IL:: 8 ~A,.,.EE.:-SIL ~ 

2.120 
(53.8) 

_l 

L-3.745~· 

105 

(95.1) 

USER'S 
FRONT PANEL 

---------~---

I'\ 

IL 

REMOVABLE 
PANEL MOUNTING 

/ HARDWARE """' 

' 2.230 
f+-- (56,6) ---toi 

J.' 1:1c1c1 
I / 1_.J 1_#1_1 

/I 

~ 

, ____ 2.02 I 
(74,2) • 

3.340 
(85) 

1 

3.312------­
(84.11 

DWG. C-1561-4 

LOW PROFILE CASE 
Models: DM-3100N 

DM-3100U1, U2, U3 
DM-4100N 
DM-41000 

SINGLE MOUNTING CUT OUT 

I- MIN. 2.562--1 --.-+-- (65,1) 

MIN. 0.969 I I (24,6) 

* . 
PANEL THICKNESS 

.062 TO 0.625 
(1,6) TO (15,9) 

T 0.157 (4). 

/ 
Top connector 
for DM-41000 

TI~ '"'' t 
1U OM ,;,,, , -n D b j" 
l__S:J ~~ [ I 115-:91 J.:4) 
I-(88,9) 0.75 ' 



FEATURES 
• Balanced differential inputs, 5 pA 

bias current, autozeroing with 80 
dB CMR noise rejection 

• 1000 MO CMOS high impedance 
inputs, ± 1.999 V de FS range 

• 3% digits, 56" high LED displays, 
5V-powered, ratiometric 
reference for drift correction 

• Internal user-options: 
1. Accepts shunts for ±20 µA to 

±2A 
FS ranges 

2. Accepts attenuators for ± 2V to 
± 1 KV FS ranges 

3. Digital ohmmeter, 2000 to 10 
MO, FSR 

• Compact, short depth case 
measures only 3.00"W x 2.15"D 
x 1.76"H (76,2 x 54,6 x 44,7 mm). 

DM-3100L 
Low Cost 

3 1/2-Digit LED DPM 
in Short Depth Case 

NOTE: DPM's are normally supplied without Bezel Labels or Logos. 
GENERAL DESCRIPTION 
The DM-3100L is a 31/2 digit Digital Panel Meter which uses solid­
state self-illuminated, light-emitting diode (LED) displays. Its 
large size (0.56" high) and brilliant red light make it easily read­
able from many feet away. This DPM is contained in a very small 
short depth case (3.00"W x 2.15"D x 1.76"H) which makes for 
easy installation in shallow test panels. Besides measuring DC 
voltages, the user may install internal components to make re­
sistance and current readings. The decimal point can also be 
externally selected by jumpering selected pins together. 
The versatility of this meter is further enhanced by its autozero- . 
ing capabilities. 
The DPM DM-3100L accepts a de or slowly-varying input volt­
age between -1.999V and + 1.999 and displays that input on 
front panel numerical indicators. It employs a conventional 
dual-slope A/D converter plus 7 segment display decoder­
drivers all in one LSI microcircuit. Since this microcircuit re­
quires approximately 10V to power the AID section, an internal 
DC/DC converter generates -5VDC from +5V power input to 
form a bipolar power supply. 
Another feature of the DM-3100L is that it employs a bal-

anced differential input. When used with a bridge or transducer 
input, it offers high noise immunity and can accurately measure 
very small signals in the presence o.f much larger common mode 
signals. 
Another characteristic of this balanced differential input is that, 
due to the high input impedance, 1000 megohms. the DPM will 
not load down sensitive input circuits. 
A very noteworthy feature of this meter is that it can be operated 
ratiometrically. This means that it has internal circuits that can 
automatically compensate for reference drifts in the supplies of 
balanced bridge or transducer sensors. 
The DM-31 OOL finds use in analytical instruments, industrial 
process controllers, portable diagnostic instruments, automatic 
test equipment, medical and patient monitoring instruments, 
airborne, marine and ground vehicles and data acquisition/data 
logging systems. 
Open PC board pads are provided to accept user-supplied input 
voltage attenuators, current shunts or digital ohmmeter compo­
nents. 

SIMPLIFIED BLOCK DIAGRAM POSITIVE RAIL 

-----<~-----------+--------~--~---EJ + 5Vdc 
POWER 

2.BV 

---+---<INTEGRATOR 
& AID CONV 

:··---REF. IN (§}1-----+-----t--~ 

:---REF OUT A6J------+-----+-.----t-~<.. 
1V 

DECODER 
DRIVERS 

VOLTAGE 
REFERENCE 

LM 329 
16 9VI 

DISPLAY 

+/F/F/Fl 

EXT REF L0@1---__.. ___ _.._._ __ _... __ ...___.~-t-------_-::5-:-:vd-:-c---. 
NEGATIVE RAIL .._ __ ..,.... 

DC/DC 
CONV. 

OHMS LO@)·------------------ DM-3100L 

IN 

5V 
POWER 

16 COMMON 

0 
s:: 
I 

c.> .... 
0 
0 
r 
r-
0 
~ 
I 

C') 
0 
Ill 
.r+ 
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SPECIFICATIONS DM-3100L (Typical@ +25°C unless noted) 

ANALOG INPUT I Display Enable (Pin 818) Connect to +5 V_dc power to 
illuminate display. Disconnect to 
blank display but keep A/ D 
converter cycling. 

Configuration . . . . . . . . . . . . . . . . True, balanced differential bipolar 
Full Scale Input Range . . . . . . . -1.999 Vdc to +1.999Vdc 

Input pad area will accept user­
installed range change 

Input Bias Current . . . . . . . . . . . 5 pA typical, 50 pA maximum 
Displayed Accuracy@ +25°C. Adjustable to ±0.1 % of reading, 

±1 count 
Resolution . . . . . . . . . . . . . . . . . . . 1 mV 
Temperature Drift of Zero . . . . Autozeroed ±1 count 

over 0 to +50° C 
Temperature Drift-of Gain .... ±50 ppm of Reading/°C typ. 

±100 ppm of Reading/° C max. 
Input Impedance . . . . . . . . . . . . . 100 Megohms, minimum 
Input Overvoltage . . . . . . . . . . . . ± 250 Volts de 175 VRMS 

continuous max. 
±300 Volts intermittent max. 

Common Mode Rejection . . . . . 80 dB, DC to 60 Hz, 1 Kilohm 
unbalance 

Common Mode Voltage Range Within +Vs -.5V and -Vs +1 V 
where +Vs is the positive rail 
(Piri A 18) and -Vs is the negative 
rail (Pin A 17) -Vs is approximately 
equal to -5V below PWR. COM. 

Warm-up Time............... Within 1 0 minutes 
Reference.................... Internal, referred to the negative rail 

(-Vs). External. user-supplied 
reference optional for ratiometric 
operation. 

External Ref. Range . . . . . . . . . . + 1 00 mV to + 2V. 
referred to Vs 

Ramp-up Time . . . . . . . . . . . . . . . 83.3 mS. 
(Integration Period) 

DISPLAY 

Number of Digits . . . . . . . . . . . . . 3 decimal digits and most significant 
"1" digit (3Y2 digits) 

Decimal Points . . . . . . . . . . . . . . . Selectable decimal points are 
included for scale multipliers. 

Display Type................. Red, light-emitting diode (LEO) self 
illuminated. 

Display Height . . . . . . . . . . . . . . . 0.56 inches (14,2 mm) 
Overscale.......... . . . . . . . . . . Inputs exceeding the full scale range 

blank the display, leaving a "1" MSD 
and sign 

Autopolarity . . . . . . . . . . . . . . . . . A minus sign is automatically 
displayed for negative inputs, and 
may also be blanked 

Sampling Rate . . . . . . . . . . . . . . . Factory set at 3 conversions 
per second. May be rewired up to 
20 conversions/second. 

1/0 CONNECTIONS 

125 

Analog HI Input (Pin A4) . . . . . Differential input voltages are 
Analog LO Input (Pin A2)..... connected between these inputs. 

A bias current path to POWER 
COMMON (if 5V-powered) or 
ANALOG RETURN from both these 
inputs must be externally provided. 
External circuits must constrain 
these inputs to be within the 
common mode voltage range. 

Analog Return (Pin A1)....... This pin may be used as a low-noise I 
bias current for some floating inputs: 
If not possible, inputs may be 
referenced to POWER COMMON 
(if 5V-powered). Analog Return is 
approximately -2.8V below +Vs 
and can sink 30 mA to -Vs. 

Reference In/Out ............. Normally, REF. IN and.REF. OUT 
(Pins 86/ AS) . . . . . . . . . . . . . . . . should be jumpered together. An 

external floating source referred to 
EXT. REF. LO (Pin A17) may be 
substituted for ratiometric operation. 

Decimal Points . . . . . . . . . . . . . . . Connected selected pin to DECIMAL 
POINT COMMON (Pin 815) 

Display Test (Pin 814) ....... . 

Polarity Enable (Pin 816) ..... 

Ohms Lo (Pin 82) ........... . 

POWER CONNECTIONS 

+5 VDC Power IN (Pin A18) .. 

SV Power Common (Pin A16) . 

POWER REQUIREMENTS ..... . 

Calibration .................. . 

PHYSICAL-ENVIRONMENTAL 

Connect this input to +5Vdc to light 
all display segments. 
Ground this input to automatically 
display a minus sign for negative 
inputs. 
This connection is used in the 
ohmmeter configuration. otherwise 
do not use. 

Connect this pin to +5 Vdc regulated 
to power the A/ D converter and 
displays 
This pin may be used as a bias 
current return path for some inputs. 
Connect to Power Ground. 

External +5, ±0.25 Vdc regulated 
required at 280 mA typical, 450 mA 
max. Logic spikes must not exceed 
50 mV. Power current varies rapidly 
so that unregulated supplies 
cannot be used. 
A multiturn screwdriver pot adjusts 
the full scale reading (gain). Zero 
is automatic (autozeroing). 
Suggested reoalibration in stable 
conditions is 9Q days. 

Short-Depth Case . . . . . . . . . . . . Interchangeable with other 
Datel-lntersil cases 

Outline Dimensions . . . . . . . . . . 3.00"W x 2.15"D x 1 .76"H 
(76,2 x 54,6 x 44,7 mm) 

Cutout Dimensions . . . . . . . . . . . 1.812"H x 3.062"W 
(46,0 x 77,7 mm) 

Mounting Method . . . . . . . . . . . . Through a front panel cutout 
secured by ( 4) 4-40 front access 
screws which are concealed by 
the bezel. 

Weight....................... Approximately 5 ounces (142g) 
Connector . . . . . . . . . . . . . . . . . . . Double-sided edgeboard PC type, 

solder tab, gold-plated fingers. Dual 
18-pin, 0.100" centers, Datel-lnters1I 
#58-2075010, (not included) 

Mounting Position . . . . . . . . . . . . Any 
Operating Temperature Range O to +50 ° C 
Storage Temperature Range .. -25 to +85°C 
Altitude...................... Oto 15,000 feet (4900m) 
Relative Humidity . . . . . . . . . . . . 20% to 80% non-condensing 

DM-3100L ORDERING INFORMATION 

MODEL 

DM-3100L 

58-2075010 

UPA-5/500 

DESCRIPTION 

3\1, Digit LED DPM in Short Depth Case 

Connector, dual 18-pin, 0.100" centers; 
one required (not supplied with meter). 

+5Vdc@ 500mA Power Supply; permits 
DM-3100L to run from 115 VAC power. 

RN-DM-3000 Attenuation Resistor Set; matched, 
tracking uni!s for 10:1 and 100:1 
Attenuation Ratios. 



DM-3100L 

DM-3100L COMPONENT LOCATIONS 

FOR OTHER VOLTAGE AND CURRENT RANGES 

F.S 1,2 1,2 DECIMAL 
RANGE R1 R2 PO!NT 

_<_2V Short Omit A10toB15 

SG1 

1-2ov" 10 MO' 1.1 MO' Al 1 to 815 

9.1MO 1 MO A11to815 

~-200V' 10 MO 100 KO A12 to 815 

-:': 1000V 10 MO' 10KO A13 10 815 

-.:200 mA Short 100,lW A12 to 815 

SG1 

20 mA Short 1000.1/4W A11to815 

SG 1 

'2 mA Short 1 KO A10 to 815 

SG1 

+200µA Short 10 KO A12 to 815 

SG1 
t_20µA Sl1ort 100 KO A11 to 815 

SG1 

NOTES 

(1) R1, A2 ARE USER-INSTALLEO ATTFNUATION OR 
(R2} SHUNT RESISTORS. BEFORE INSTALLING 
RESISTORS AT R1, OPEN SOLDER GAP {SG1) ON 
ETCH SIDE OF BOARD WITH A SOLDERING IRON 
NOTE THAT. IF Al IS LATER REMOVED. THE USER 
MUST CLOSE THE SOLDER GAP 

{2) R1 AND R2 FOR VOLTAGE RANGES ARE RN60C 
EXCEPT 'RN?OC CURRENT SHUNTS SHOULD 
BE 1%, 10 PPMr°C OR BETTER 1WAND 1/4W 
RESISTORS MAY NOT FIT FLUSH TO BOARD 

(3) THESE RANGES REQUIRE ADJUSTMENT OF R8 
::OR ACCURATE READINGS 

(4) IF 10 MO IS NOT AVAILABLE, USE R1 -~ 2 MO, R2 
220 KO. A MATCHED. TRACKING SET OF 10:1 AND 
100:1 ATTENUATOR RESISTORS (900 KO, 90 KO, 
and 10 KO) IS AVAILABLE, ORDER MODEL RN­
DM-3000 WITH YOUR DPM 

USER-INSTALL ED ATTENUATION 
OR SHUNT RESISTORS R2 AND R1 

4 7 KO 

HOLD r-- RUN 

_r 

R6 MAY BE TRIMMED FOR EXACTLY 
48 kHZ on IC PIN 38 {MEASURE WITH 
LOW CAPACITY PROBE) FOR BEST 60 HZ 
NOISE REJECTION. FDR 50 HZ. USE 
120 pf ATC5 RETRIM REDUCE 
R6 FOR FASTER SAMPLING 

INPUT/OUPUT CONNECTIONS WITH SINGLE-ENDED INPUT 

TO 
115 VAC 
LINE 

BOITOM TOP 

ANALOG RETURN 4 

~N~~\OG LO --·--<1r1-0_M_O ___ A~~~°o~ ~~~~ii~ 
HI ,.._ __ .__ __ -+-- ANALOG HI INPUT 

NO CONNECTION 
~--+---- REFERENCE OUT 

NO CONNECTION 
NO CONNECTION 
NO CONNECTION 

DEC. PT 1 999' 
DEC. PT 19.99 
DEC. PT 199 9 

POWER SUPPLY' DEC. PT 1999 
NO CONNECTION 
NO CONNECTION 

r----+-__.__..,,__,__ POWER COMMON 
UPA 
5/500 

,__ __ ~ 

COM 

+5V 

EXT REF LO 
+5VDC PWR. IN 

NO CONNECTION 
OHMS LO 
NO CONNECTION 
NO CONNECTION 
NO CONNECTION 
REFERENCE IN-----~ 
NO CONNECTION 
NO CONNECTION 
NO CONNECTION 
NO CONNECTION 
NO CONNECTION 
NO CONNECTION 
NOSCONNECTI~ 
DI PLAY TEST 
DEC. PT COMMON 
POLARITY ENABLE 
NO CONNECTION 
DISPLAY ENABLE 

DO NOT GROUND. 
LEAVE OPEN WHEN 
NOT USED 

+5V 

NOTES: 

This shows the connector rear view with the DPM tilted 
on its side 

2 CAUTION_ This DPM employs high impedance CMOS 
inputs. Although internal protection is provided for sev­
eral hundred volt overloads, this DPM will be destroyed 
by kilovolts of static discharge which is especially prev­
alent in low humidity environments. Always handle the 
DPM with ground protection 

3 DO NOT CONNECT DECIMAL POINT TO POWER 
COMMON as this will destroy the decimal point. 

4 ANALOG RETURN = +Vs - 2.8 Vdc. DO NOT CON­
NECT TO POWER COMMON. 

5 The UPA-5/500 Power Supply is a user-supplied. user 
installed DATEL-INTERSIL accessory. 
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DM-3100L 

DIFFERENTIAL INPUT WITH SAMPLE RATIOMETRIC CONNECTIONS 

The DM-31 OOL has a reference in-out loop which makes pos­
sible ratiometric measurements. Representative connections 
are illustrated below. Ratiometric operation eliminates 
changes in the DPM reading due to voltage variations in the 
Bridge's external excitation source. The input gain on the 
DM-3100L varies inversely with voltage at Reference In - as 
REF IN voltage increases, meter gain decreases. Meter input 
gain thus can be made to compensate for variations in the 
bridge excitation source voltage. (The DPM is set for unity 
gain when REF INV equals +1V as referred to EXT. REF. LO). 

Forall applications, V1N =2 VREF at full scale (1999 counts). For 
small values of VREF (100 mV or lower), increased display 
noise, nonlinearity, rollover and CMR errors will be apparent. 
Avoid VREF inputs beyond about 2V to prevent integrator satu-

ration with full scale inputs. Variable VREF is not intended for 
wide gain changes as in multimeter applications. Instead, 
it should be used for drift correction, scaling to engineering 
units, or for modest amounts of gain. 

A note on grounding: The DM-3100L's internal voltage refer­
ence source is biased against the internal negative supply rail 
(EXT. REF. LO). Note that this is not the same electrical con­
nection as the 5V Power Common connection. Refer to the 
Simplified Block Diagram. 

Because of this configuration, external reference sources 
should be isolated from the 5V Power Common and should 
have the Reference Lo Output from the external source con­
nected to the negative supply rail. 

DM-3100L 

BOTIOM TOP 

A B 
EXT. FLOATING 

EXCITATION SOURCE 
ANALOG RETURN 

___ ANALOG LO INPUT 
NO CONNECTION 

NO CONNECTION 
OHMS LO 
NO CONNECTION 

NOTE: DO NOT GROUND BRIDGE 

USING AN CABLE ---" -
EXTERNAL { REFERRED } SHIELD 
FLOATING REFERENCE TO EXT. REF. LO 

{ ANA ANA} DISPLAY ~ 1 VOLT X HI - LO 

{ EXT.} IN IN 
(REF. IN) - RC6 

1 VOLT x l(PIN A4) - (PIN A2)] 
(PIN 86 - PIN A17) 

~--t--- ANALOG HI INPUT 
NO CONNECTION 
REFERENCE OUT 
NO CONNECTION 
NO CONNECTION 
NO CONNECTION 

DEC PT 1 999 
DEC PT 19 99 
DEC PT 199 9 
DEC PT 1999 

NO CONNECTION 
NO CONNECTION 

r---<t--t----r- POWER COMM 0 N 
---r--- EXT REF LO 

t5VDC PWR IN 

DIGITAL OHMMETER CONNECTIONS 

NO CONNECTION DO NOT GROUND 
NO CONNECTION LEAVE OPEN WHEN 

~~Fg~~~~~~l~N NOT USED 

NO CONNECTION / 
NO CONNECTION 
NO CONNECTION 
NO CONNECTION 
NO CONNECTION 
NO CONNECTION 
DISPLAY TEST~ - + 5V 
DEC PT COMMON 
POLARITY ENABLE 
NO CONNECTION 
DISPLAY ENABLE 

The digital ohmmeter circuit uses the DM-31 OOL's ratio metric 
capability. An external reference resistor of known resis­
tance, accuracy, and temperature drift is connected in series 
with the unknown resistance. A constant, stable voltage from 

the DPM's internal reference diode is applied to the resistor 
pair to produce a constant current. This current develops two 
voltage drops across the resistors which are proportional 
only to the ratio of the resistances since the current through 
them is identical. 

sv POSITIVE F1AIL -------r-
REF. IN / / 

ss .. ~ ------r-_,,- I 
_L TOAID 

INTEGRATION CONVERTER 
CAPACITOR --e EXT REF LO ._._ ____ __.._ ___ ~ 

~~~'T 0 REF. OUT 
DISPLAY E," 

v"., 

14S 

The chart below lists recommended RREF and RuM1r resis­
tance values corresponding to different ohmmeter ranges. 
Values of RuM1r were selected to limit the current through RREF 
and Rx to 1 milliampere maximum. 

RANGE RESOLUTION RLIM\T RREF DECIMAL POINT 

19.99 MO 10 kO 22 MO 10 MO A11to815 

1.999 MO 1 kO 3.6MO 1 MO A10to815 

199.9 kO 1000 360 kO 100 kO A12 to 815 

19.99 kO 100 36 kO 10 kO A11 to 815 

1.999 kO 10 6.2 kO 1 kO A10to 815 

1 R"M" and RREF should be metal film, High Stability Resistors (AS RN60C). 



FEATURES 
• Dual Voltage Power -

115/230 VAC, pin-selected 
• Balanced Differential Inputs, 

80 dB CMR Noise Rejection 
• Autozeroing, Ratiometric Refer­

ence for Drift Correction 
• 1000 Mo CMOS High 

Impedance Inputs 
• Display - .56" High Numerals 

Red LED 
• Compact, Short Depth Case -

3.00"W x 2.15"D x 1.76"H 
(76,2 x 54,6 x 44,7 mm) 

APPLICATIONS 
• Ammeter - Accepts user-supplied 

shunts for ±20 µA to ±2A Full 
Scale Ranges 

• Voltmeter - Accepts user-supplied 
attenuators for ±2V to± 1 kV Full 
Scale Ranges 

• Ohmmeter - 2000 to 1 OMo Full 
Scale Range 

Note: DPM's are normally supplied 
without Bezel Labels or Logos 

2.BV 

DM·3100B 
AC·Powered, 3% Digit LED 

Digital Panel Meter 

DESCRIPTION 
The DM-3100B is a very low cost, dual AC-powered Digital Panel Meter. 
Analog voltages over the range of ±1.999 Vdc are displayed with 3Y, digits 
of resolution. The DM-3100B is powered from the AC line; 115 or 230 VAC 
is pin-selectable. The unit can provide +5V and -5 Vdc (@ 100 milliamps 
and 5 milliamps respectively) to power customer-supplied external circuitry. 

The DM-3100B uses a self-illuminated red LED display with .56" high numer­
als. It is clearly visible from many feet away in normal or dim light. 

Inputs to the DM-3100B are balanced differential (80 dB Common Mode 
Rejection) so the meter will accurately display small signals even in electri­
cally noisy industrial environments. CMOS circuitry results in an extremely 
high input impedance (1000 Megohms, typically) and a very low bias current 
of 5 picoamps - inputs with a source impedance as high as 100 kilohms can 
be displayed with accuracy. The input circuitry will also safely tolerate over­
voltages up to ±250 Vdc (155 VRMS). Inputs are sampled and displayed 
about four times per second. 

Autozeroing and a ratiometric reference in-out loop permit the DM-3100B 
to be used for drift correction in bridge-type measurement systems. Meter 
accuracy is adjustable to ±1/10% (±1 count).,;remperature drift of zero is 
± 1 count from 0 to 50°C, while temperature drift of gain runs typically ±50 
ppm of Reading/°C. 

The AC-powered DM-3100B was designed for installations where existing 
de supplies are noisy, inaccessible, or overloaded. This meter may be used 
wherever a voltage, or a unit which can be made proportional to voltage, 
must be displayed with accuracy and clarity. The basic input range of 
± 1.999 Vdc can be expanded with a simple voltage divider to display volt­
ages up to± 1 kV or up to ±2A using current shunts. Blank pads on the 
meter's circuit board can accept user-supplied voltage attenuator resistors, 
current shunts, or digital ohmmeter components. 

The DM-3100B is supplied in Datel's standard short depth black polycar­
bonate case, measuring only 3.00"W x 2.15"D x 1.76"H. All connections are 
made on the back panel to an optional 18-pin edge connector. Cutout 
dimensions are 1.812"H x 3.062"W (46,0 x 77,8 mm), minimum. 

SIMPLIFIED BLOCK DIAGRAM 

POSITIVE RAIL 

DECODER 
DRIVERS 

VOLTAGE 
REFERENCE 
LM329 

+5V 

1V 16.9VI -5V 
EXT REF. LO A7 r---..._ __ _.._~------<>--_._--t--------±---t---------; A7 :X5\;, ~!JT LO/ 

NEGATIVE RAIL 
OHMS LO B7 r---------------~ 

MODELS DM-31008 

DATEL-INTERSIL, INC., 11 CABOT BOULEVARD, MANSFIELD, MA 02048/TEL. (617) 339-9341/T\f\IX 710-346-1953/TLX 951340 
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DM·3100B 
SPECIFICATIONS, DM-31008 
(Typical@ +25°C, unless noted) 

ANALOG INPUT 
Configuration. 

Input Blas Current ....... . 
Displayed Accuracy @ +25°C. 

Resolution ................ . 
Temperature Drift of Zero ... . 

Temperature Drift of Gain ..... 

Input Impedance .......... . 
Input Overvoltage. . ....... . 

Common Mode Rejection .. 

Common Mode Voltage Range. 

Warm-Up Time .............. . 
Reference .. 

External Ref. Range ... 

Ramp-up Time ...... . 
(Integration Period) 

DISPLAY 
Number of Digits ..... 

Decimal Points ... 

Display Type ................ . 

Display Height .. 
Overscale .... 

Autopolarity .. 

Sampling Rate ..... 

1/0 CONNECTIONS 

16S 

Analog HI Input (Pin A3J. 
Analog LO Input (Pin A2J 

Attenuator IN (Pin A4) ...... . 

Analog Return (Pin A1) ...... . 

Reference In/Out (Pins B6/ A6). 

True, balanced differential bipolar 
--1.999 Vdc to +1.999 Vdc 
Input pad area will accept user­
instal led range change 
5 pA typical, 50 pA maximum 
Adjustable to ±0.1 % reading, 
±1 count 
1 mV 
Autozeroed ± 1 count over o 
to +5o0 c 
±50 ppm of Reading/°C typ. 
±100 ppm of Reading/°C max. 
100 Megohms, minimum 
±250 Volts dc.155 VRMS con­
tinuous max. 
±300Volts intermittent max. 
80 dB, DC to 60 Hz, 1 Kilohm un­
balance 
Within +Vs - .5V and -Vs +1V 
where +Vs is the positive rail (Pin B9) 
and -Vs is the negative rail (Pin Al)). 
-Vs is approximately equal to --5V 
below PWR. COM (Pin A9) 
Within 10 minutes 
Internal, referred to the negative rail 
(--Vs). External, user-supplied 
reference optional for ratiometric 
operation. 
+100 mV to 2V. referred to -Vs 

83.3 ms 

3 decimal digits and most significant 
"1" digit (3Y, digits) 
Selectable decimal points are in­
cluded for scale multipliers. 
Red. light-emitting diode (LED) self 
illuminated. 
0.56 inches (14,2 mm) 

Inputs exceeding the full scale range 
bl'ank the display, leaving a "1 ·· MSD 
and sign. 
A minus sign is automatically dis­
played for negative inputs, and may 
also be blanked 
Factory set at 3 conversions per 
second. May be rewired up to 20 
conversions/second. 

Differential input voltages are con­
nected between these inputs. A bias 
current path to POWER COMMON (if 
±5V-powered) or ANALOG RETURN 
from both these inputs must be exter­
nally provided. External circuits must 
constrain these inputs to be within 
the common mode voltage range. 
Connected in series through R 1 
(Optional attenuator resistor) to Ana. 
HI In (Pin A3). Supplied with a jumper 
in place of R1 
This pin may be used as a low-noise 
bias current return for some floating 
inputs. If not possible, inputs may be 
referenced to POWER COMMON (if 
±5V-powered). Analog Return is 
approximately -2.8V below +Vs and 
can sink 30 mA to -Vs. 
Normally, REF. IN and REF. OUT 
should be jumpered together. An 
external floatin.Q source referred to 
EXT. REF. LO (Pin A7) may be sub­
stituted for ratiometric operation. 

Decimal Points ......... . 

Display Test (Pin AS) ......... . 

Poiii'fiiY Eruibie (Pin AS) ...... . 

Ohms Lo (Pin B7) . 

POWER CONNECTIONS 

POWER REQUIREMENTS 
AC Power ............. . 

DC Power .................. . 

( 
Users will normally ) 
power from AC-only. 
DC-only power is optional. 

Calibration ................. . 

Connect selected pin to DECIMAL 
POINT COMMON (Pin B5) 
Connect this input to +5 Vdc (Pin B9) 
to light all display-segments. 
Ground this input to Pin A9 to auto­
matically display a minus sign for 
negative inputs. 
This connection is used in the ohm­
meter configuration, otherwise do 
not use. 

For 115 VAC input: (parallel both 
windings) 
1 Connect AC LINE HI A (Pin B18) to 

AC LINE HI B (Pin B14). Connect 
both to the hot side of the AC 
line (mains). 

2 ConnectACUNELOA(PinA16)to 
AC LINE LOB (Pin A12). Connect 
both to the neutral side of the AC 
line (mains). 

For 230 VAC input: (Series both 
windings) 
1. Connect AC LINE HI B (Pin 814) 

to AC LINE LO A (Pin A16). Make 
no other connections to these 
two leads. 

2. Connect AC LINE HI A(Pin B18)to 
the the hol side of the AC line 
(mains). 

3. Connect AC LINE LOB (Pin A12) to 
the neutral side of the AC line 
(mains). 

DC Power Ground (Pin A9) may be 
connected to earth ground if input 
circuits permit. 

For DC-Power Only: 
A bipolar ±5V power supply or two 
isolated single supplies are required. 

Connect +5V to Pin B9, -5V to Pin 
A7 and Power Ground to Pin A9 

115 or 230 VAC, ±10%. 47 to 440 Hz, 
4 watts typical 
+5V ±0.25 Vdc@ 250 mA typical, 
400 mA max. and -5V Vdc @ 5 
mA typ, 25 mA max. Logic' spikes 
must be less than 50 mV. Bypass 
supplies externally if necessary. 
A multiturn screwdriver pot adjusts 
the full scale reading (gain). Zero is 
automatic (autozeroing). Suggested 
recaHbration in stable conditions is 
90 days. 

PHYSICAL-ENVIRONMENTAL 
Short-Depth Case ........... . 

Outline Dimensions ........ . 

Cutout Dimensions .......... . 

Mounting Method ........... . 

Weight ..................... . 
Connector .................. . 

Mounting Position. . . . ...... . 
Operating Temperature Range. 
Storage Temperature Range .. . 
Altitude .................... . 
Relative Humidity ..... 

Interchangeable with other 
Daiei cases. 
3.00"W x 2.15"0 x 1.7611 H 
(76,2 x 54,6 x 44,7 mm) 
1.812"H x 3.062"W 
(46,0 x ?l,7 mm) 
Through a front panel cutout secured 
by (4) 4-40 front access screws which 
are concealed by the bezel. 
Approximately 5 ounces ( 142g) 
Double-sided edgeboard PC type, 
solder tab, gold-plated fingers, Dual 
18-pin, 0.100" centers, Datel 
1158-2075010, (not included) 
Any 
Oto +5o0 c 
-25to +85°C 
Oto 15.000 feet (4600ml 
20% to 80% non-condensing 



DM·3100B 

DM-31008 COMPONENT LOCATIONS 

OPTIONAL HOLD FUNCTION: 

4.7 KO 

IN414B 
OR 

IN914 

RUN _, 1 HOLD 

STOPS CLOCK TO 

PIN40 

FOR HIGHER RANGES 

FS Range R1 R2 DECIMAL POINT 

±2V Jumper Omit Bl to 85 

±20V1 10Mn 11 MO 82 IO 85 

:t20V' 91 MO 1 Mn B2 to 85 

±200V' 10MO 100 kll 83 to 85 

.;:1 kV 10MO• 1okn 84 to 85 

:t:200mA Jumper 1on.1w 83 to 85 

±20mA Jumper 1000, l{W 82 to BS 

j:2mA Jumper 1 kn 81 to BS 

±200µA Jumper 1okn 83 to 85 

:t:20µA Jumper 100kU 82 lo 85 

R1, A2 ARE USER-INSTALLED ATTENUATION OR SHUNT 
RESISTORS (R2) 
A JUMPER NORMALLY REPLACES Al 
Al, R2 FOR VOLTAGE RANGES ARE RN60C EXCEPT 
• RN70C. 
NOTE t· 
THESE RANGES REQUIRE ADJUSTMENT OF POT. RlO. 
FOR ACCURATE READING 

RC OSCILLATOR 
RBl100K0) 

3 x 104 

RBIKOJ = 
SAMPLE 
.RATE 

X C5ipFJ 

RB MAY BE TRIMMED FOR EXACTLY HOLD READING 
Some versions of the DM-31008 have solder gaps on the 
bottom of the converter board, rather than a jumper at R1. 
Before attenuating resistors can be added to the DM-31008, 
this solder gap must be opened with a soldering iron. 

4B kHZ on IC PIN 3B (MEASURE WITH 
LOW CAPACITY PROBE) FOR BEST 60 HZ 
NOISE REJECTIO'°'·"OR 50 HZ, USE 
120 pF AT C5 RETRIM. REDUCE 
RB FOR FASTER SAMPLING. 

DECIMAL POINT WIRING 

~ 1.6V 
@lOmA 

81 

+SV 

( 

1.999 

// TYP INT. DP. CONN. t DEC. PT. COMMON 

DEC. PT. LEO'S 1 

IN 31008 
DISPLAY I 33CHl 
(4 PLACES) 

lYP. EXT. LOGIC 
CONTROLLED DEC. PT. 

'--'VJ:>JV!lrl --,---«l 
6!! .'ZVWHEN 
SATURATED ON 

ORDERING INFORMATION 

MODEL 

DM-31008 

58-2075010 

DESCRIPTION 

DPM, AC-Powered 

Dual 18-pin connector, 
.100" ctrs., solder-tabs 

(not included) 

INPUT/OUTPUT CONNECTIONS 
WITH SINGLE-ENDED INPUT 

' A 
1 BOTTOM 

B 
TOP ~,--~-~~---

"'1-- I ANALOG - -·- l_ -L ANALOC, RETURN DEC PT 1 999 

INPUT~-O l...___._'°_M_n _______ -+--i--l :~~~~g ~;I~ ~~~ ~~ ~~~ 
ATTENUATOR IN DEC PT 1999 

DISPLAY TEST DEC PT COMMON _j 
REF OUT 

EXT RFF LO !N 

1-'0LARITY ENABLE 

5V POWER COMMON 9 

NO FOIL 111 

REF IN 

OHMS LO 

SPARE 

+ 5VDC POWER 

NO FOIL 

KEYWAY-~ -- -c- KE:YWAY 

i NO FOIL 11 NO FOIL 

NO FOIL 14 AC LINE HI B 

NO FOIL 15 NO FOIL 
-, 

~~~~I~ LO A :~ ~~:~II~ 
1 

NO FOIL 18 AC LINE HI !\ 1 
NOTE REFERENCE !S BIASED AGAINST NEGATIVE RAIL !PIN A71 

SEE DATA SHEET FOR FULL INFORMATION 

~
i r ~~ ~~~~ LO B ~~ ~~ :~:~ 

I --- __r:: CE~k~1c}suGGESTED 
I h ~1~i~R 

CONNECflON IS 

l HIS CONNECTOR 

-1 ~~~i~~W SHOWS 
I TILTEDONITS 

SIDE 

\ 
~' OPT DISP. 

TST. DON'T 
GND LEAVE 
OPEN WHEN 
NOT USED 

CAUTION CMOS INPUTS 
AVOID STATIC DAMAGE 
,9y HANDLING WITH 
GROUND PROTECTION 

EARTHGND. l--·----~ r-1-------
OPTIONAL THIS CIRCUIT SHOWS TYPICAL CONNECTIONS 

~OG~gT ~oSJP gci~~~tiici~~~T~g~\~~~LE Rf~~f~~~LTERED 
IS FOAMED IN WILL NOT OPERATE PROPERLY UNLESS 
INPUT CKT CONNECTIONS ARE CORRECT CONTACT OATEL 

CAUTION: 

CMOS INPUTS. AVOID DAMAGE FROM 

STATIC DISCHARGE. HANDLE ONLY llS VAC i WITH GROUND PROTECTION 

POWER 

IF YOU NEED ASSISTANCE 

175 



DM·3100B 
APPLICATIONS 

RATIOMETRIC CONNECTIONS 
WITH BRIDGE INPUTS 

The DM-3100B has a reference in-out loop which makes 
possible ratiometric measurements. Representative con­
nections are illustrated below. Ratiometric operation elim­
inates changes in the DPM reading due to voltage varia­
tions in the Bridge's external excitation source. The input 
gain on the DM-3100B varies inversely with voltage at 
Reference In - as REF IN voltage increases, meter gain 
decreases. Meter input gain thus can be made to compen­
sate for variations in the bridge excitation source voltage. 
(The DPM is set for unity gain when REF INV equals +1V 
as referred to EXT. REF. LO). 

For all applications, V1N = 2 VREF at full scale (1999 counts). 
For small values of VREF (100 mV or lower), increased display 
noise, nonlinearity, rollover and CMR errors will be appar­
ent. Avoid VREF inputs beyond about 2V to ;.irevent inte-

grator saturation with full scale inputs. Variable VREF is not 
intended for wide gain changes as in multimeter applica­
tions. Instead, it should be used for drift correction, scaling 
to engineering units, or for modest amounts of gain. 

A note on grounding: The DM-31008's internal voltage refer­
ence source is biased against the internal negative supply rail 
(EXT. REF. LO). Note that this is not the same electrical con­
nection as the 5V Power Common connection. Refer to the 
Simplified Block Diagram. 

Because of this configuration, external reference sources 
should be isolated from the 5V Power Common and should 
have the Reference Lo Output from the external source 
connected to the negative supply rail. 

EXT. FLOATING 
EXCITATION SOURCE 

EXT. 

OPM 

DISPLAY = 1 VOLT x 

[ EXT.] 
(REF. IN)- RL'ii· 

[ ANA ANA] 
HI - LO 
IN IN 

! 

1 VOLT x [<PIN A3) - (PIN A2i] 
(PIN 86) - (PIN A7) 

NOTE: DO NOT GROUND BRIDGE 

USING AN 

EXTERNAL r ~ FLOATING REFERENCE REFERRED 
TO -Vs 

REF. LO l-Vs) 

REF.IN 

REF.OUT 
INOTUSEDl 

ANA.HI IN 

ANA.LOIN 

PWR. GND. 

DIGITAL OHMMETER CONNECTIONS 

The digital ohmmeter circuit uses the DM-3100B's ratio­
metric capability. An external reference resistor of known 
resistance, accuracy, and temperature drift is connected in 
series with the unknown resistance. A constant, stable volt-

+ 5V POSITIVE RAIL 

OHMS LO 
-1~~-~~-~ 

Bl 
Rx + RuMIT + RAEF 

INTERNAL 
REFERENCE 

Rx I CICIC/K" 
LM329 

e ANA. LOIN /, I I I l 6-9V 

Ru MIT /y1 · 5V 

BG 
REF. IN 

TOAIO 

RREF CONVERTER 

INTEGRATION 
CAPACITOR 

EXT. REF. LO 
A7 

5V NEGATIVE RAIL 

DON'T } 0 REF. OUT 

-~~f_ll_ :it!Voe -~- )(lV= 
Rx USE DISPLAY ~-~-:it lV 

VREF IAREF RRH 
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age from the DPM 's internal reference diode. is applied to 
the resistor pair to produce a constant current. This current 
develops two voltage drops across the resistors which are 
proportional only to the ratio of the resistances since the 
current through them is identical. 

The chart below lists recommended RREF and RuM1T resis­
tance values corresponding to different ohmmeter ranges. 
Values of RuM1T were selected to limit the current through 
RREF and Rx to 1 milliampere maximum. 

RANGE RESOLUTION RLIMIT RAEF DECIMAL POINT 

19.99 MO 10 kO 22 MO 10MO 82 to 85 

1.999 MO 1 kO 3.6MO 1 MO 81 to 85 

199.9 kO 1000 360k0 100 kO 83 to 85 

19.99 kO 100 36k0 10 kO 82 to 85 

1.999 kO 10 6.2 kO 1 kO 81 to 85 

199.9 0 10 6.8 kO 1000 83 to 85 



DM·3100N 
Low Cost 31/2·Digit LED 

DPM in Low Profile Case 
FEATURES 

• Lowest cost 
• Balanced differential inputs, 5pA bias current, 

autozeroing with 80 db CMR noise rejection 
• 1000 MO CMOS high impedance inputs, ±1.999 Vdc 

FS range 
• 3% digits, .56" high LED displays, SY-powered, 

ratiometric reference for drift correction 
• Low Profile Case measures 2.53"W x 3.25"D x 0.94"H 

(64,3 x 82,5 x 23,8 mm) 
• Low profile model accepts optional 4-20 mA inputs 

Internal user-options: 
1. Offset pot for 4-20 mA and other applications 
2. Accepts shunts for ±20µA to 24A FS ranges 
3. Accepts attenuators for ±2V to ±1KV FS ranges 
4. Digital ohmmeter, 2000 to 10 MO, FSR 

GENERAL DESCRIPTION 

The DM-3100N is a 3112 digit Digital Panel Meter which uses a 
solid-state seff-illuminated, light-emitting diode (LED) display. 
Their large size (0.56" high) and brilliant red light make them 
easily readable from many feet away. This DPM is contained in a 
compact low profile case which makes for higher packing density 
on test panel faces. Besides measuring DC voltages, components 
can be internally installed by the user to make resistance and 
current readings. The decimal point can also be externally 
selected by jumpering appropriate pins. 

The versatility of this meter is further enhanced by its auto­
zeroing capabilities, or if the customer desires, a pot can be 
internally installed by the user so that an offset can be obtained 
with a zero input to the meter, or a zero reading with an offset 
input. 

This DPM accepts a DC or slowly-varying input voltage between 
±1.999V and displays that input on front panel numerical 
indicators. It employs a conventional dual-slope AID converter 
plus 7 segment display decoder-drivers all in one LSI microcircuit. 
Since this microcircuit requires approximately 10V to power the 
AID section, an internal DC/DC convertergenerates-5V from +5V 
power input to form a bipolar supply. 

The DM-3100N is identical to the DM-3100L, except that a low-

NOTE: DPM's are normally supplied without Bezel Labels or Logos 

profile case style is used and there is PC board room to accept the 
optional offset pot. 

Open PC board pads are provided on the DM-3100N to accept 
user-supplied input voltage attenuators, current shunts, digital 
ohmmeter components or an offset pot for applications such as 
4-20 mA process control measurement. 

Another feature of the DM-3100N is that a balanced differential 
input is used. When used with bridge or transducer inputs, it offers 
high noise immunity and can accurately measure very small 
signals in the presence of much larger common mode signals. 
Another characteristic of this balanced differential input is that 
they will not load down sensitive input circuits, due to its high 
input impedance, 100 megohms, and low 5 pA bias current. 

A very noteworthy feature of this meter is that it can be operated 
ratiometrically. This means that it has internal circuits that can 
automatically compensate for reference drifts in the supplies of 
balanced. bridge or transducer sensors. 

The DM-3100-N finds use in analytical instruments, industrial 
process controllers, portable diagnostic instruments, automatic 
test equipment, medical and patient monitoring instruments, 
airborne, marine and ground vehicles and data acquisition/data 
logging systems. 

SIMPLIFIED BLOCK DIAGRAM 

ATTEN IN 

ANA. HI IN 

ANA LO IN 

1··---REF IN 

:·--REF OUT 

EXT REF. LO 

OHMS LO 

OFFSET OUT 

~---+----~---+-----<~-POSITIV._E_RA_l_L --+-----.-----<S po~i~ 
IN 

2 BV 

DISPLAY 

DM-3100N 

a 
!I 
I ,., .. 
0 
0 z 
r;­
E 
n 
0 
!!L ,., 
~ 
b a = I"' 
lft 
5' 

i 
'11 

~ 
i' 
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DM·3100N 

SPECIFICATIONS (Typical @+25°C unless noted) 

ANALOG INPUT 

205 

Configuration ............. True. balanced differential bipolar 
Full Scale Input Range . ..... c1 .999 Vdc to +1.999Vdc Input pad 

area will accept user-installed range 
change ... 

Input Blas Current ......... 5 pA typical. 50 pA maximum 
Displayed Accuracy @ 
+25°C ............. ." ...... Adjustable to ±0.1% of reading, 

± 1 count 
Resolution ................ 1 mv 
Temperature Drift of Zero ... Autozeroed ±1 count over o to 

.. +socc 
Temperature Drift of Gain ... ±50 ppm of Reading/cc typ. 

±100 ppm.of Reading/cc max. 
Input Impedance . .......... 100 Megohms, minimum 
Input Overvoltage .......... ±250 Volts de 175 VRMS continuous 

max. 
±300 Volts intermittent max. 

Common Mode ReJectlon . .. 80 dB, DC to 60 Hz, 1 Kilohm 
· unbalance 

Common Mode Voltage 
Range .................... Within +Vs, -.5V and -Vs +1V w.here 

+Vs is the positive rail (Pin A18) and 
-Vs is the negative rail (Pin A17)-Vs 
is approxima:ely equal to ~sv below 
PWR. COM. 

Warm-up Time ............. Within 10 minutes 
Reference ................. +100mV to +2V, referred to -Vs 
External Ref. Range ....... . 
Ramp-up Time ............ . 83.3 ms. 
(Integration Period) 

DISPLAY 

Number of Digits . .......... 3 decimal digits and most significant 
·• "1" digit (3% digits) 

Decimal Points .... , ....... Selectable decimal points are 
included for scale multipliers. 

Display Type .............. Red, light-emitting diode (LED) self 
illuminated. 

Display Height. ........... . 0.56 inches (14,2 mm) 
Overscale .................. Inputs exceeding the full scale range 

blank the display, leaving a "1" MSD 
and sign 

Autopolarlty ............... A minus sign is automatically 
displayed for negative inputs, and 
may also be blanked 

Sampling Rate ............. Factory set at 3 conversions per 
second. May be reviewed up to 20 
conversions/second. 

1/0 CONNECTIONS 

Analog HI Input (Pin 6) ..... Differential input voltages are 
Analog L.O. Input (Pin H) ... connected between these inputs. A 

bias current path to POWER 
COMMON (if 5V-powered) or 
ANALOG RETURN from both these 
inputs must be externally provided. 
External circuits must constrain 
these inputs to be within the 
common mode voltage range. 

Analog Return (Pin J) . ...... This pin may be used as a low-noise 
· bias current for some floating inputs. 

If not possible, inputs may be 
referenced to POWER COMMON (if 
5V-powered). Analog Return is 
approximately -2.8V below +Vs and 
can sink 30 mA to -Vs. 

Reference In/Out .......... Normally, REF. IN and REF. OUT 
(Pins A/1) ................. should be jumpered together. An 

external floating source referred to 
EXT. REF. LO (Pin 8) may be 
substituted for ratiometric operation. 

Decimal Points (Pins B-E) .. . Connected selected pin to DECIMAL 
POINT COMMON (Pin F) 

Offset Out (Pln2) .......... o to +6.9V referred to -Vs (Pin 8) 
requires installation of optional offset 
pot supplied by user. 

Display Enable (Pin K) . ..... Connect to +5 Vdc power to 
illuminate display. Disconnect to 
blank display but keep A/D 
converter cycling. 

Display Test.(Pin 3) •••••.••. Connect this input to +5Vdc to light 
all display segments. 

Polarity Enable (Pin 10) . .... Ground this input to automatically 
display a minus sign for negative 
inputs. 

Ohms Lo (Pin 4) .. .......... This connection is used in the 
ohmmeter configuration, otherwise 
do not use. 

POWER CONNECTIONS 

+5 VDC Power IN (Pin 9) .... Connect th'is pin to +5 Vdc regulated 
to power the A/D converter and 
displays. 

5V Power Common (Pin L) .. This pin may be used as a bias 
current return path for some inputs. 
Connect to Power Ground. 

POWER REQUIREMENTS .. External +5, ±0.25 Vdc regulated 
required at 280 mA typical, 450 mA 
max. Logic spikes must not exceed 
50 mV. Power current varies rapidly 
so that unregulated supplies cannot 
be used. 

Calibration ................ A multiturn screwdriver pot adjusts 
the full scale reading (gain). Zero is 
automatic (autozeroing). Suggested 
recalibration in stable conditions is 
90 days. 

PHYSICAL-ENVIRONMENTAL 

Low Profile Case . ........... Interchangeable with other Datel-
1 ntersil cases 

Outline Dimensions ......... 2.53"W x 3.25"0 x.0.94"H (64,3 x 
82,5 X 23,8 mm) 

Cutout Dimensions ......... 2.56"W x 0.97"H min. (65, 1 x 24,6 
mm) 

Mounting Method . .......... Through a front panel cutout 
secured by 2 side case "L" brackets 
and screws (supplied). Panel 
thickness up to 0.62" (15,9 mm) 

Weight ... .................. Approximately 5 ounces (142g) 
Connector ................. Double-sided edgeboard PC type, 

solder tab, gold-plated fingers. Dual 
10-pin, 0.156" centers, Datel-lntersil 
#58-2073082 (not included). 

Mounting Position .......... Any 
Operating Temperature 
Range ..................... o to +5oc C 
Storage Temperature 
Range ..................... -25 to +55c C 
Altitude .................... Oto 15,000 feet (4900m) 
Relative Humidity ........... 20% to 80% non-condensing 

DM-3100N ORDERING INFORMATION 

MODEL DESCRIPTION 

DM•3100N 31/,-Digit LED DPM in low Profile Case. 
58-2073082 Connector, dual 10-pin, 0.156" centers; one 

required (not supplied with meter). 
UPA-5/500 +5Vdc @ 500mA Power Supply; permits DM-

3100N to run from 115 VAC power. 
RN-DM-3000 Attenuation R·esistor Set; matched, tracking units 

for 10:1 and 100:1 Attenuation Ratios. 
TP-50K Optional Offset Pot, R16 



DM-3100N 

DM-3100N COMPONENT LOCATIONS 

FOR OTHER VOLTAGE AND CURRENT RANGES 

F.S. DECIMAL 
RANGE R1 1·2 R212 POINT 

±2V Short Omit E to F 
SG1 

±20V3 10 MO' 1.1 MO' Oto F 
or or 

9.1 MO 1 MO D to F 
±200V3 10 MO 100 KO Cto F 
±1000V 10 MO" 10 KO B to F 
±200 mA Short 100, 1W C to F 

SG1 
±20 mA Short 1000,1/4W D to F 

SG1 
±2mA Short 1 KO Eto F 

SG1 
±200 µA Short 10 KO Cto F 

SG1 
±20µA Short 100 KO Oto F 

SG1 

NOTES: 
(1) R1, R2 ARE USER-INSTALLED ATTENUATION OR (R2) SHUNT 

RESISTORS. BEFORE INSTALLING RESISTORS AT R1, OPEN 
SOLDER GAP (SG1) ON ETCH SIDE OF BOARD WITH A 
SOLDERING IRON. NOTE THAT, IF R1 IS LATER REMOVED. 
THE USER MUST CLOSE THE SOLDER GAP. 

(2) R1 AND R2 FOR VOLTAGE RANGES ARE RN60C EXCEPT 
"RN?OC. CURRENT SHUNTS SHOULD BE 1%, 10 PPM/°C OR 
BETTER. 1W AND 1/4W RESISTORS MAY NOT FIT FLUSH TO 
BOARD. 

(3) THESE RANGES REQUIRE ADJUSTMENT OF RS FOR 
ACCURATE READINGS. 

(4) IF 10 MO IS NOT AVAILABLE, USE R1=2 MO, R2 = 220 KO. A 
MATCHED, TRACKING SET OF 10:1 AND 100:1 ATTENUATOR 
RESISTORS (900 KO, 90 KO, and 10 KO) IS AVAILABLE. ORDER 
MODEL RN-DM-3000 WITH YOUR DPM. 

FULL SCALE(GAIN) 
ADJUST POTENTIOMETER 
(R6) 

INPUT/OUPUT CONNECTIONS WITH SINGLE-ENDED INPUT 

ANALOG 

INPUT 

DM-3100N 

10 MO BOTTOM TOP 

LO.---~ 
[REF IN 

DEC PT 1999 
DEC PT 199 9 
DEC PT 19 99 

,--- DEC PT 1 999 
L__ DEC. PT. COM 

A 
B 
c 
D 
E 
F 

1 
2 
3 
4 
5 
6 

REF OUT J 
OFFSET OUT (OPTJ• 
DISPLAY TEST 
OHMS LO (OPTJ• 
ATTENUATOR IN (OPT I' 
ANA HI IN 

POWER SUPPLY 4 
------ANA LO IN 

ANA.RETURN 3 

DISPLAY ENABLE t------+11- POWER COMMON 

H 
j 

7 
8 

NO CONNECTION 
EXT REF LO 
+5VDC PWR. IN 
POL ENABLE 

TO 
115 VAC 
LINE 

K 9 
L 10 

NOTES: 

1. This shows the connector rear view with the DPM tilted on its side. 
2. CAUTION_:_ This DPM employs high impedance CMOS inputs. 

Although internal protection is provided for several hundred volt 
overloads, this DPM will be destroyed by kilovolts ol static discharge 
which is especially prevalent in low humidity environments. Always 
handle the DPM with ground protection. 

3. ANALOG RETURN =+Vs - 2.8 Vdc. DO NOT CONNECT TO POWER 
COMMON. 

4. UPA-5/500 is a user-supplied and user-installed DATEL-INTERSIL 
accessory. 

3 x 10' 

RB(Ki)) ·' ~~;~!) XC5fpF) 

R6 MAY BE TRIMMED FOR EXACTLY 
46 kHZ 011 lCPIN 38 IMEASURE WITH 
LOW CAPACITY PROBE) FOR BEST 60 HZ 
NOISE REJECTION FOR 50 HZ. USE 
120PF ATC.5 RE1RIM REDUCE 
R6 FOR FASTER SAMPLING 

1N4146 
4.7 KO 

'-11,.__-~~vv--. +5V 

HOLD ~RUN 
..r. 

R1, R2 ARE USER-INSTALLED 
ATTENUATION OR SHUNT 
RESISTOR [R2; 

+5V 

DO NOT GROUND 
LEAVE OPEN WHEN 
NOT USED 

21S 



DM-3100N 

I 
DIFFERENTIAL INPUT WITH SAMPLE RATIOMETRIC CONNECTIONS 

The DM-31 OON has a reference in-out loop which makes pos­
sible ratiometric measurements. Representative connections 
are illustrated below. Ratiometric operation eliminates 
changes in the DPM reading due to voltage variations in the 
Bridge's external excitation source. The input gain on the 
DM-31 OON varies inversely with voltage at Reference In - as 
REF IN voltage increases meter gain decreases. Meter input 
gain thus can be made to compensate for variations in the 
bridge excitation source voltage. (The DPM is set for unity 
gain when REF INV equals +1V as referred to EXT. REF. LO). 

For all applications, V1N= 2 VAEF atfull scale (1999 counts). For 
small values of VAe• (100 mV or lower), increased display 
noise, nonlinearity, rollover and CMR errors will be apparent. 
Avoid VREF inputs beyond about 2V to prevent integrator satu-

EXT. FLOATING 
EXCITATION SOURCE 

ration with full scale inputs. Variable VAEF is not intended for 
wide gain changes as in multimeter applications. Instead, it 
should be used for drift correction, scaling to engineering 
units, or for modest amounts of gain. 

A note on grounding: the DM-3100N's internal voltage refer­
ence source is biased against the internal negative supply rail 
(EXT. REF. LO). Note that this is not the same electrical con­
nection as the 5V Power Common connection. Refer to the 
Simplified Block Diagram. 

Because of this configuration, external reference sources 
should be isolated from the 5V Power Common and should 
have the Reference Lo Output from the external source con­
nected to the negative supply rail. 

BOTTOM TOP 

REF. IN 
DEC. PT. 1999. 
DEC. PT. 199.9 
DEC. PT. 19.99 

A 
B 
c 
D 

1 
2 
3 
4 

REF OUT 
OFFSET OUT (OPT.) 
DISPLAY TEST 

NOTE: DO NOT GROUND BRIDGE 

C DEC. PT. 1.999 
DEC. PT. COM 

..------ ANA. LO IN 

E 
F 
H 

5 
6 
7 

OHMS LO (OPT.) 
ATTENUATOR IN (OPT.) 
ANA. HI IN 
NO CONNECTION 

ANA. RETURN 
DISPLAY ENABLE 

J 
K 

B 
9 

EXT. REF. LO -------1 
+5VDC PWR. IN _..._ __ +sv 

USING AN 
EXTERNAL 

----• POWER COMMON L 10 POL. ENABLE 

FLOATING REFERENCE 

1 VOLT ~ANA x HI 

IN 

ANA] - LO 

IN 

DISPLAY= 
EXT. 

(REF. IN) - REF. 
LO 

1 VOLT 

(PIN A) - (PIN B) 
x [(PIN 6) - (PIN H)] 

NOTE: Ref Out (PIN 1) is not 
used in this application. 

DIGITAL OHMMETER CONNECTIONS 

The digital ohmmeter circuit uses the DM-3100N'sratiometric 
capability. An external reference resistor of known resis­
tance, accuracy, and temperature drift is connected in series 
with the unknown resistance. A constant, stable voltage from 
the DPM's internal reference diode is applied to the resistor 
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+ 5V POSITIVE RAIL 

1"" __ §.2_\L ___ _ 

R, + R""" -t RRff 

e, 6 .!.f t.71.71.7 KO LM 329 

ANA. Htl~ REFERENCE 

~ANA~ I 1 !6.9V 

-~~~--~ ---i 
RR<F INTEGRATION J_ TO AID 

CAPAC!l CONVERTER 

~0-R---~o ·r ------ - 5V NEGAT·-,V-E-RA-IL-------~ 
DON'T ~EF. U " 
USE --~ DISPLAY .fut1. x!V-= !& xlV~ 1.L 

vR.. 1R11ef RR~• 

pair to produce a constant current. This current develops two 
voltage drops across the resistors which are proportional 
only to the ratio of the resistances since the current through 
them is identical. 

The chart below lists recommended RAEF and RuM1T resis­
tance values corresponding to different ohmmeter ranges. 
Values of Ru Mn were selected to limit the current through RAEF 
and Rx to 1 milliampere maximum. 

RANGE RESOLUTION RuM1r' RRCF 1 DECIMAL 
POINT 

19.99 MQ 10 kQ 22 MO 10 MO Dto F 

1.999 MO 1 kCl 3.6 MO 1 MO E to F 

199.9 k(l 1000 360 k(l 100 k(l Clo F 

19.99 k(l 100 36 k(l 10 k(l Dto F 

1.999 k(l 1 n 6.2 kCl 1 k(l EtoF 

1. "Limit and "Ref should be metal film, High Stability Resistors (AS RN60C). 



FEATURES 

• Ultra-low cost yet retains outstanding performance 
• Miniature 2" x 3.5" single board 3% digit meter uses 

large 0.56" high red LED displays. Rear panel depth 
only%" 

• True balanced noise-rejecting differential inputs 
• Tiny 5 pA bias current and very high 1000 Megohm 

input impedance won't load down sensitive input 
circuits 

• Accepts external ratiometric reference and is 
autozeroing to correct drifts 

• Hold function to freeze last reading 
• Accepts user-supplied components for higher 

voltage1ranges, current ranges, and digital ohmmeter 
(to 20 MO) 

• 5 Vdc powered at 280 mA 

APPLICATIONS* 

• Digital Thermometer, Digital Ohmmeter 
• Audio dB sound level meter 
• Digital Pressure Meter, Tachometer 
• Flow Rate Meter, Bridge Nulling Meter 
• Digital Scale or Strain Gauge Meter 
• Laboratory and Analytical Instruments 
• R&D and Test Instrumentation 
• Industrial Process Indicators 
• Data Loggers and Data Acquisition Systems 

'Each application requires external circuits supplied by the user. 

DESCRIPTION 

The DM-31 is a digital panel meter (DPM) with 31;2 digits of reso­
lution (the maximum lull scale count is plus or minus 1999) It 
employs red self-illuminated solid-state Light Emitting Diode 
(LED) displays which measure 0.56 inches (14,2 mm) high. The 
DM-31 is constructed on a single printed circuit board 
measuring 2"H x 3.5"W x 0.5" Thk (88,9 x 50,8 x 12,7 mm). The 
DM-31 accepts DC or slowly-varying electrical inputs and con­
verts them to displayed decimal values on its LED digits. The 
basic fixed input range of the DM-31 is-1.999 Volts de to +1.999 
Vdc. However, the user may add internal or external components 
to change the voltage range from ±2V up to ±300 Vdc. or to 
current ranges from ±20 microamps, de up to ±2 Amps, de or to 
resistance ranges of 0 to 2 Kilohms up to 0 to 20 megohms. 

APPLICATIONS 

The DM-31 may be used for any application where a physical or 
electrical parameter needs to be measured and can be con­
verted with user-supplied external circuits into the basic de volt­
age, current or resistance ranges which the DM-31 will accept 
and display. Such parameters include temperature, pressure, 
flow rate, RPM, noise, weight, velocity, frequency and many 

DM·31 Single Board 
Differential 3 % Digit 
Digital Panel Meter 

others. The DM-31 1s intended for applications in analytical in­
struments. test and measurement equipment, data acquisition 
systems, research and development instrumentation. laboratory 
analyzers and other devices. Industries served by the DM-31 in­
clude petrochemical. power utilities, batch and continuous 
processing, telecommunications, paper, glass, metals and 
chemical manufacturing, photographic, automotive and medical 
services and much else. 

In This Brochure -
Features, Description 
Introduction. Continued 
Spec1f1cations 
Ordering Guide 
Block Diagram, 1/0 Connections 
Mounting Methods, Mechanical Dimensions 
Typical Applications Circuits. Warranty 

Continued 

Page 235 
Page 245 
Pages 25, 265 
Page 265 
Page 275 
Pages 28, 295 
Page 305 
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DM-31 

lNTRODUCTION Continued 

MOUNTING 

The DM-31 is designed as a very general purpose panel­
mounting component which may be stocked in one version to be 
used in multiple applications. Normal mounting techniques in­
clude four half-inch st_andoffs. either behind a front panel display 
cutout or on the front of a panel An alternate method is to directly 
mount the DM-31 on a full-size board cutout using the four 
mounting holes punched in the corner of the DM-31 's PC board. 

PERFORMANCE 
Despite its low cost. the DM-31 has excellent performance 
specifications which are normally seen only in more expensive 
instruments. The DM-31 requires regulated +5 Vdc input power 
(@ .28 Amp), which is commonly used by digital logic circuits. A 
low-cost optional accessory AC power adapter is available in 
case the user's equipment has no regulated 5 Vdc power. Input 
signals may be bipolar and the DM-31 will automatically switch 
its polarity display (autopolarity) to indicate whether signals are 
positive or negative. Three LED decimal points are included in 
the display and may be selected on the 14-pin input I output con­
nector either by a jumper, a user-supplied external relay or logic 
control These programmable decimal points are to display input 
scale multipliers or conversion to units other than the electrical 
range of the input. For example, the user may add external cir­
cuits to accept a ±2 Vdc input but display 0 to +150.0 PSI. 

Analog input specifications are outstanding. The basic input 
configuration is true balanced differential, non-isolated, for high 
noise rejection and for connections to bridge-type inputs found 
in many industrial transducers such as strain gauges. The com­
mon mode rejection is 80 dB (de to 60 Hz) and the common 
mode voltage range is approximately ±2V to Power Common. By 
using a transformer input power supply such as the optional 
UPA-5/500 AC Power Adapter, DC isolation will be achieved 

By using CMOS electronic technology, input impedance is ex­
traordinarily high, typically 1000 Megohms. Input bias currents 
are very small, typically 5 picoamps, many orders of magnitude 
below older DPM's. These two features mean that the DM-31 
may be safely connected to high source resistance inputs (up to 
100 KO) and will not cause errors by loading down sensitive cir­
cuits. Yet the DM-31 's inputs are fully protected against normal 
overloads (±250 Vdc or 155 VAC) 

Displayed accuracy is adjustable to ±0.1 % of reading,± 1 count 
and temperature drift is typically within ±50 ppm of reading/° C 
over the 0°c to +50°C operating range (+32° F to +122°F) 

APPLICATION FEATURES 

The DM-31 includes autozeroing cir~uits to correct zero drift. A 
ratiometric input accepts external de voltages for limited gain 
change. These two features correct drift and reference errors 1n 
measurement circuits. An external +1 Volt de reference may be 
substituted for the internal reference. 

The basic± 1.999 Vdc input range may be altered very easily. PC 
board pads have been left for the user to add attenuator resistors 
(for higher voltage ranges) or a shunt resistor for current ranges 
Resistance ranges require a few more components external to 
the board. A simple digital thermometer may also be made using 
a few user-supplied external components. These inexpensive 
components are not supplied by Datel-lntersil but are readily . 
available from electronic parts distributors. 

The DM-31 includes a HOLD input which will latch the last A/D 
sample and freeze the display. This input may be connected to a 
switch for an operator to momentarily copy down a reading. 
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A DISPLAY ENABLE input may be used to blank the display and 
save power but keep the A/D converter sampling to reduce 
turn-on drift in portable applications. An automatic overscale in­
dication is also included. All. segments of the display may be 
checked by using the DISPLAY TEST input which displays 
''1888". The polarity sign may be blanked using the POLARITY 
ENABLE Input for non-polarized applications. This pin may also 
be controlled by an external relay, transistor or digital logic. 
Flashing the polarity sign may be used to indicate special condi­
tions such as exceeding an alarm limit (this would require exter­
nal, user-supplied circuits) Finally, an ANALOG RETURN output 
is provided as an optional bias return for differential Inputs and 
for use as reference common when an external reference is em­
ployed or for digital ohmmeter circuits. 

A single-turn adjustment pot 1s included on the front of the 
DM-31 PC board to calibrate full scale gain. Many users will 
mount the DM-31 behind their own front panel filter which may 
have legends screened on it as well as other indicators behind 
the panel filter besides the DM-31. If preferrred, users may sepa­
rately purchase a snap-in bezel/filter as part of an optional ac­
cessory kit which includes a solder-tab DIP-plug connector. 4 
standoffs and mounting hardware. Some type of red filter 1s rec­
ommended to improve viewing contrast of the display and for 
aesthetics to conceal the components on the PC board. For 
users who prefer a fully cased DPM, refer to Datel-lntersil's 
OM-3100 and DM-4100 series at additional cost 

If you are unfamiliar with DPM's but feel that a low-cost 
DM-31 would be an important asset to your product, we 
have a few suggestions. Many manufacturers with limited 
electronics experience have recognized the important 
sales appeal to their customers of a modern OPM on the 
front panel of their product 

While the DM-31 is not at all difficult to use, those who are 
unfamiliar with electronics may wish to seek the assistance 
of a staff electronics engineer or a consultant or contracting 
engineer. If such a person 1s not available at your fac1l1ty, 
your local Datel Sales Office will be happy to discuss your 
requirement and may be able to direct you to such assis­
tance. More comprehensive technical assistance is availa­
ble from Datel's Applications Engineering Department at 
the Mansfield. Mass. home office and from Datel s direct 
sales people 

The DM-31 is a very versatile. general purpose instrument 
with 'a wealth of operating features to be used in a large 
ra11ge of applicatio11s. However, no 0110 universal connec­
tion scheme can be recommended to serve all require­
ments. Eoich user will obtain the best performance from the 
OM-31 by designing the unique right connections for his 
application. 

The OM-31 does not directly measure temperatures, pres­
su1 es, RPM, frequencies and many other physical parame­
ters. External devices supplied by the user are required to 
convert such parameters into electrical inputs usable by the 
OM-31. A competent engineer will be able to specify and 
fabricate a complete system to your needs. 
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PRELIMINARY SPECIFICATIONS 
(Typical at +25° C and +5 Vdc power unless noted) 

ANALOG INPUT 
Configuration ........... True, balanced differential 

bipolar inputs 
Full Scale Input Range .... - 1.999 Vdc to +1.999 Vdc 
Optional Ranges ......... Up to ±300 Vdc, or ± 19 99 fl A to 

tl .999 Amps or 0 to 1.999 KQ 
up to 0 to 19.99 megohms. 
These optional ranges require 
connection of external compo­
nents supplied by the user. 

Displayed 
Accuracy at +25° C ..... Adjustable to within ±0.1 % of 

reading,± 1 count 
Resolution .............. 1 mV 
Input Bias Current ....... 5 pA typical, 50 pA maximum 
Temperature Drift 

of Gain ................ Within ±50 ppm of Reading!° C 
typical 

Temperature Drift 

Within± 100 ppm of Reading I 
"C max. 

of Zero ................ Autozeroed. ± 1 count rnax over 
0°c to +50°c 

Input Impedance ......... 100 Megohms, min . 1000 
Megohms, typical to Analog 
Return or Power Common 

Input Overvoltage ........ ±250 Vdc or 155 VRMS, 
continuous max. ±300V 
intermittent max. 

Common Mode 
Rejection .............. 80dB to Analog Return. DC to 

60 Hz, 1 Kilohm unbalance 
Common Mode 

Voltage Range ......... Both inputs must remain within 
+4.5Vand-4V of PowerCommon 

Warm-Up Time .......... 1 minute to rated accuracy 
Reference ............... Choice of internal or user­

supplied external reference. 
The internal reference is 
referred to Analog Return (pin 
10) The DPM is calibrated 
when a one volt de drop exists 
from pin 11 (+)to pin 10 1··) 

External Ratiometric 
Reference Range ...... Pin 11 +2V to +.5V (Relative to 

pin 10) 
Ratiometric Gain 

Equation .............. Display= 1 000 x v1 N /VREF 
(no decimal points) 

Calibration .............. Front panel single-turn 
screwdriver pot adjusts full 
scale gain. Zeroing is 
automatic. Suggested 
recalibration in stable 
conditions is 90 days 

DISPLAY 
Number of Digits ......... 3 decimal digits and most 

significant ·1" digit (3)~, digits) 
Decimal Points .......... 3 Selectable decimal points are 

included for scale multipliers 
Luminous Intensity per 

Average Digit .......... 125 microcandelas, typical 
Display Type ............ Red, light-emitting diode 

(LED) self-illuminated 
Display Height ........... 0.56 inches (14,2 mm) 

Overscale ............... Inputs exceeding full scale 
blank the 3 least significant 
digits leaving a "1" MSD and 
sign displayed 

Autopolarity ............. + & - sign are automatically 
displayed if pin 5 is grounded. 
Disconnecting pin 5 will blank 
sign display for non-polarized 
applications 

Sampling Rate ........... 3 samples per second 

INPUT/OUTPUT CONNECTIONS 
Analog HI Input (pin 8) 
Analog LO Input (pin 9) ... Differential input signals are 

connected between these pins. 
A bias current path to either 
Analog Return or Power 
Common must be externally 
provided by the user to 
constrain these inputs not to 
exceed the common mode 
voltage range. 

Analog Return Input 
(pin 10) ............... This pin may be used as a tow­

nrnse bias current return path 
for certain types of isolated 
inputs. If preferred, Analog 
Return may be left discon­
nected and Power Common 
may be used cis a bias return. 
Analog Return is approximately 
-2.8 Vdc below +5V Power (pin 
7) and can sink approximately 
5 mA. Analog Return may be 
connected to Power Common 

Reference Out (pin 12) 

if required. Do not connect 
Analog Return to +5V (pin 7). 
Will destroy DPM. Analog 
Return 1s also used as 
Reference Common when an 
external ratiometric reference 
is used in place of the 1niernal 
reference. 

Reference In (pin 11) ..... Normally Ref. In and Ref. Out 
should be 1umpered together. 
Ref. Out is approximately +1 
Volt above Analog Return. 
Output impedance (pin 12) 1s 
approx. 3 KQ. Recommended 
external reference source 
resistance should be less than 
10 KQ into pin 11. Ref. Out 
adjustment range is approx. 
±5%. For ratiometric operation, 
where DPM gain is changed · 
inversely to an external user­
supplied reference, Ref. Out is 
not used and the external 
reference is connected to Ref. 
In+ (pin 11) and biased 
against Analog Return (pin 10). 
If the external reference is 
single-ended, connect Analog 
Return to Power Common. The 
DPM is calibrated when a one 
volt de drop exists between pin 
11 (+)andpin10(-). 

Continued on page 4 
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PRELIMINARY SPECIFICATIONS Continued 

Decimal Point Inputs 
(Pins 2, 3, 4) ........... Ground the appropriate pin to 

display the selected decimal 
point. The decimal points may 
be externally controlled by 
an NPN transistor or:_ppen 
collector TTL gate. Sihk 1 OmA 

DlsplayTest Input (pin 1) .. Connect to +5V to display 
"1888". Make no connection 
when not in use. 

Polarity Enable Input 
(pin 5) ................. Ground this pin for normal 

autopolarity operation. Leave 
this pin open to blank the+/­
sign for unipolar applications. 

Display Enable Input 
(pin 6) ..... , ........... Tie to +5V for normal 

operation. Disconnect to blank 
the display and save power 
but keep the A/D converter 
sampling to reduce turn-on drift 
in portable applications. May 
be wired as "press to read." 

+5 VDC Power Input 
(pin 7) ................. Connect this pin to the positive 

leg of an external, user­
supplied +5V regulated power 
source. 

Hold Input (pin 13) ....... Ground this pin for normal use. 
Open this pin to latch the last 
Al D conversion and stop the 
display from changing. May 
be used by an operator to 
momentarily copy down the 
last reading. 

Power Common (pin 14) .. Connect the common of the 
external +5V power source to 
this pin. Power Common may 
also be used as a bias current 
return path for signal inputs. 

Power Requirement ...... +5 Vdc nominal, -1, +2V 
· regulated required. Logic 

spikes must not exceed 50 mV. 
Use an external bypass 
capacitor or other means to 
attenuate noise. Current @ 5V: 
280 mA average, 450 mA max. 
Current varies rapidly as digits 
switch so that unregulated 
supplies cannot be used. 
Current is approximately 5 mA 
with displays blanked. 

PHYSICAL-ENVIRONMENTAL 
Outline Dimensions ...... 3.5"W x 2"H x .5" Thk depth 

behind front panel (88,9 x 50,8 
x 12,7 mm) Max. height on 
component side of board is 
0.315" (8mm) 

Mounting Method ........ Using a front panel cutout, 4 
holes for .5" mounting standoffs 
and 1 hole for the gain pot. 

Mounting Kit . : .......... Optional, includes filter I bezel 
DIP connector, standoffs, and 
hardware: see ordering guide. 
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Cutout Dimensions (For 
optional bezel/filter) ... 1.156"H x 2.375"W (29,36 x 

60,33 mm) Bezel/filter panel 
thickness range: .040 to 0.062" 
(snug fit at 0.062") 1,0 to 1,6 
mm. 

Optional Snap-In Bezel/ 
Filter Dimensions ...... Outside Dimensions: 

1.343"H x 2.531 "W (34,1 x 64,3 
mm) 
Display Opening: 
0.812"H x 2.0"W (20,6 x 50,8 
mm) 
Front Panel Bezel Relief Height: 
0.062" (1,6 mm) 

Weight .................. 1.2 ounces (35g) 
Connector .............. 14 pin sockets mounted on 

board for Dual-lnline Package 
(DIP-spaced) plugs. Consists 
of two rows, spaced 0.300" 
(7,62 mm) between rows and 
0.100" (2,5 mm) between 
sockets. Accepts .020" dia. (0,5 
mm) pins. Solder tab plug 
connector included in optional 
Model 39-7249-1 Accessory 
Kit. 

Mounting Position ....... Any 
Operating Temperature 

Range ................ o to +50°C (+32° to +122°F) 
Storage Temperature 

Range ................ -25° to +85°C (-13°C to 
+185°F) 

Altitude ................. Oto 15,000 feet ( 4900m) 
Relative Humidity ........ 10% to 90%, non-condensing 

ORDERING GUIDE 

Model 
Number Description 

DM-31 Single-board Digital Panel Meter 

39-7249-1 Optional Accessory Kit, 
consists of: 
(1) Snap-In Red Filter & Bezel 
(1) 14-Pin DIP Solder Tab Plug 
(4) 1;/ Hex x W' Long 

Threaded Standoffs 
(8) 4-40 x %" Screws 

UPA-5/500 Optional AC to +5 Vdc Wall 
Plug Power Adapter, 500 mA max., 
115 VAC ±10%, 60 Hz input, 1500 
VAC isolation, 8 mV ripple and 
noise, 0.3% typ. line and load 
regulation · 

Contact your local Datel-lntersll sales 
office for quantity prices. 
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BLOCK DIAGRAM WITH TYPICAL EXTERNAL CONNECTIONS 

NORMAL CONNECTIONS 
ANALOG TYPICAL SINGLE-ENDED 
I~ INPUT SHOWN. 

HI LO 

SUGGESTED INTERNAL OR EXTERNAL r 
/ 

RESISTOR TO INSURE OPEN-CIRCUIT 
ZEROING. 

+ 
10Mll 2.BV 

REFERENCE IN 

POSITIVE RAIL 

INTEGRATOR 
AND 

AID CONV. 

4.7Kll 

... IN THIS CIRCUIT SHOWN 
ABOVE, DO NOT CONNECT 
ANALOG RETURN TO +5V, 
OTHERWISE THE DPM WILL 
BE DESTROYED. IF NECESSARY, 
ANALOG RETURN MAY BE 
CONNECTED TO 

+5V ----vvv--

POWER COMMON 
(NOISE AND 
ZEROING MAY 
DEGRADE) 

... THE DPM IS CALIBRATED 
WHEN A ONE VOLT 
DROP EXISTS FROM 
PIN 11 TO PIN 10. 

NEGATIVE RAIL 

"''R1&R2ARE 
SUPPLIED AND INSTALLED 
BY THE USER TO FORM A 
VOLTAGE ATTENUATOR OR 
CURRENT SHUNT. SG1 
IS SUPPLIED CLOSED 
ON STANDARD UNITS. 

"'HOLD, BLANK AND TEST 
SWITCHES ARE OPTIONAL 
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CD NUMBERED CIRCLES INDICATE DM-31 DIP-PLUG INPUT /OUTPUT CONNECTIONS. 

CIRCUITS INTERIOR TO THE NUMBERED CIRCLES ARE INTERNAL DM-31 COMPONENTS. 

EXTERNAL CONNECTIONS SHOWN ARE FOR EXAMPLE ONLY. 

SPECIFIC APPLICATIONS MAY REQUIRE DIFFERENT EXTERNAL CONNECTIONS. 

0 

INPUT /OUTPUT CONNECTIONS 

"O 

~ 
> 0 z 

~ ,, > > > I 

~ 5 z ,, ;:: > z 
n :'::! Gl > 
0 0 z ;:: 5 5 s z :;; z Gl Gl 
s :;; -i 5 '!; "O 0 c: 
0 c: c z ,, z z 2 -i -i z 

®®@®@00 
--{R~5t?~~~l_ _ 
_;Rf------~-

Al AND R2 ARE SUPPLIED AND 
INSTALLED BY THE USER. 
REFER TO BLOCK DIAGRAM. 
SOLDER GAP 1 APPEARS ON 
THE FAR (ETCH SIDE) OF THE 
BOARD. SG1 IS SUPPLIED 
CLOSED ANO MUST BE OPENED 
IF R1 IS USED. 

+5V 

6.2V 

DISPLAY 

f /_q_q_q 

ARE YOU ALREADY 
A DM-3100 SERIES USER? 

+5VDC 
POWER IN 

BLANK/ o 
POWER 
SAVE 

DISPLAY 
ENABLE 

[
TIE TO +5V J 
FOR NORMAL 
USE 

DISPLAY 

Note: For users familiar with Daters DM-3100 series DP M's the 
DM-31 circuit is nearly identical to the DM-31 OOL or N except 
for the following: 

1. The internal ICL8069 bandgap reference diode is biased 
against Analog Return, which is also internally con­
nected (in the ICL7117 converter) to what was formerly 
Ohms LO, the cathode of the DM-3100 series reference. 
If desired, external ratiometric references can be single 
ended by connecting Analog Return to Power Common. 
Formerly, DM-3100 external references had to be biased 
against the negative rail. 

2. A HOLD input (pin 13) is provided. 

3. The -5V negative rail is not provided on the I/ 0 DIP-plug 
connector (no room) but can be readily found on pin 5 of 
the ICL7660 voltage converter for users who wish to 
steal a few milliamps for external signal conditioners. 
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ALTERNATE FULL-BOARD-CUTOUT MOUNTING METHOD 

:_g_ There are several suggested mounting methods 
for the DM-31 The standard method requires the 
optional accessory kit which includes a snap-in 
bezel/filter, DIP plug connector. 4 standoffs and 
mounting hardware. This method mounts the 
DM-31 PC board behind a front panel cutout sized 
for the optional bezel/filter. Four screw holes are 
required for the half-inch standoffs and a fifth hole 
provides screwdriver access to the full scale gain 
adjust pot 

FRONT MOUNTING In test and laboratory applications where aes­
thetics may have little importance. the DM-31 
board can be mounted on theoutsirJe front of a test 
panel using only the four standoff holes. Some sort 
of red filter will enhance viewing contrast \ 4144 DIA. (3,7) 

\HOLES 

-~!~~---.~~--~ -11 
1.69 1.44 

1 
2.10 
(53,3) 

Ll:I 
Lt=_3....:_ ,==s======:::::j··J·~·'"'·" " '"' 
I. (81,0) 2.94 .. j 2.00 (5, 1) 

(74,7) 3.60 
i---------- (91,4) 

Many users w1!1 mount the DM-31 behind their own 
front panel filter which may have legends or units 
silkscreened on it. Other LED or incandescent in­
dicators may be positioned to display through this 
filter as well as the DM-31 Several DM-31 's for dif­
ferent functions may share a common large red 
front panel filter. For these applications, an alter­
nate flust1 mounting is shown either in front of or 
behind the mounting surface. No standoffs are 
used but the cutout is slightly more complex. 

Appropriate filter materials would include -
Rohm & Haas Plexiglass #2423 
• Panelgraphic 60 or 65 (Red) or 90 (Purple) 
• 3M Panelfilm #631 0 
• Homa lite H1 OO-LR72-1600 
• These can be supplied with anti-reflective/ 

anti-scratch coatings REAR MOUNTING INCHES (MM) 

SUGGESTED ACCESSORY BOARD MOUNTING 

4 ADDITIONAL 
STANDOFFS ;;-\ 

(NON THREADE~ __ '\_ 

--1·'-~=-: 
1 I 

USER'S FRONT PANEL 

~ BEZELHLTER 

1 I 
I I 

(,HOOSE LENGTH I I 
10 SEAT lf\J I I 
THREADEll -\ I I 
INNEH STANOOF~ I I 1 
N CJ 4 40 C}--_ _::_--:__"} ( ,- - -- ---~ er- 17~ ---

PIGc.YBACl<I /i I I 
(RPM FREOUENCY I 

(PART OF OPTIONAL 
ACCESSORY KIT) 

cB--
~- 4 40 X '"SCREW SUPPLIED IN 

OPTIONAL ACCESSORY KIT (4 PLACES) 

AU.c_~~lJtiY BOARD _/ / 11_ 
PERIOD THEflMOCOUPLE i 
AUDIO DB '"1ETER LOW I THREADED ST,\NDOFFS 
LEVEL PHEAMP, ETC I I (PART OF OPTIONAL ACCESSORY KIT) 

- OM 31 

/__ __ DIP JU MP!::H RIBBON CABLE 
(USER SUPPLIE:D) 

SUGGESTED ACCESSORY BOARD MOUNTING 
IFDR USER-FABRICATED SIGNAL CONDITIONING ACCESSORY BOARDS 
PLUS THE OPTIONAL MOUNTING KIT AND BEZEL FILTER) 
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DM-31 

TYPICAL APPLICATIONS CIRCUITS 

SINGLE-ENDED INPUT CONNECTION 

ANA 
HI IN 

ANA 
LOIN 

ANA 
RTN 

5VPWR~ 
DISP. ENBL 6 

~REF. IN DP-f2T40·--­

~ REF. OUT Df>12.34©---- --­

CO~~-@ HOLD i5P123.4G)---­

NOTES 
1 IF THE OPl IONAL UPA-5.1500 

AC 'SV POWER ADAPTER IS USED 
DC TRANSFORMER ISOLATION IS 
ACHIEVED. OFFERING OUASl-DIF 
FERENTIAL PERFORMANCE 

2. THE OPTIONAL 10M!! RESISTOR 
INSURES OPEN-CIRCUIT 
ZEROING 

DISP. TST 0 ~gNN. 

POWER SUPPLY 
RETURN 

3 ANALOG RETURN IS GROUNDED 
TO POWER COMMON TO ELIMI­
NATE OFFSET. NON-ISOLATED 
POWER SUPPLIES MAY THEN BE 
USED THE CIRCUIT IS SINGLE­
ENDED BECAUSE ONE INPUT IS 
GROUNDED AND THE BIAS CUR­
RENTS ARE UNBALANCED, 
WH!CH IS NOT DESIRABLE FOR 
DIFFERENTIAL BRIDGE INPUTS 

}

GROUND 
SELECTED 
DECIMAL 
POINT 

~ SVDC 
REGULATED 
POWER 

DATEL UPA-5'500 
AC ro SVDC 

POWER ADAPTER 

FOR OTHER INPUT RANGES, you may install resistors which you supply on the DM-31 
PC board using the chart below. Refer to the 1/0 Connections diagram on page 5 to locate 
where the resistors are installed. The 2 Amp shunt must be remotely mounted 

Full Scale 
Ran e, de R1'''' R2'" 
'1.999V (Std range) Short Omit 

??!?_~!__<;1~p .~ 
+ 19 99V',. 10M(Y'' 11 MD 

(1 MDJ .. (110_ K[JJ. 
+ 199.9V' 1 ' 10 MO<'' 100 Kn 

(1 MDL_ (1D_K'1)_ 
t3QOV 1 :l' 10M0'2'<4' 10 K'1 

(1 MD) - L1K'1l_ 
I 19.9911A Short 100 KO 

_$g_!_?!!~ ~-~~-} 
'1999µA Short 10 KO 

$?!d.er .<?~_El 1 
'1 999 mA Short 1 KO 

$_()1d_~_r C?~p_ __ 1 
'19.99 mA Short 100'1 

?_()l_".1_~r_ .~~e__1 ___ 
1199_9 mA Short 1001~1. 2WWW 

$gJ_d~!-~~p_ __ 1 _ -
+ 1.999 Amps Short 10'6 '. SW.WW 

Solder Gap 1 

NOTES 
(1) These ranges will require recalibration. There is sutficit. t range in the full scale gain 

pot for this. 
{2) These ranges give 10 MO input impedance If 10 MO resistors are unavailable. use 1 

MO: resistors with the same ratio shown for R2. Input impedance reduces to about 1 
MD 

(3) The+ 300V range will display up to+ 1999Vbutthe safe limit for the board and 
connector is · 300V 

(4) R1 for the' 3DOV range is RN70C 
(5) R2 for the '200 mA range 1s 2 watts. wirewound and must be externally mounted (not 

on the board) 

(6) R2 fort he+ 2A range is 5 watts. wirewound and must be externally mounted (not on the 
board or connector.) 

(7) Displayed accuracy is dependent on resistor quality. Economical metal film resistors 
1 !Of.:i. + 50 ppml°Caresuggested except for 200 mAand 2A ranges (see notes 5and 6) 

CAUTION: If you are unfamiliar with electronic assembly. we recommend that you obtain 
competent assistance when installing any component internally on these DPM PC boards 
This will prevent possible damage or loss or performance from improperly installed or in­
correct types of components. Components may be mounted externally on the connector if 
board insertion is not preferred 
These additional components are generally readily available from most electronic distrib­
utors However. Date! will preassemble components at Axtra cost for OEM quantity orders 

CAUTION: These DPM's employ high impedance CMOS inputs. Although internal protec­
tion is provided for several hundred volt overloads. these DPM's will be destroyed by ki­
lovolts of static discharge which is especially prevalent in low humidity env1rnnments Al­
ways handle these OP M's w1tt1 ground protection 
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ISOLATED DIFFERENTIAL INPUT CONNECTIONS 

HI :r; ----©ANA 5VPWR~----

LO ;,tJg; -(9) ;~~ DISP ENBL ©--- I 
10 10M!l 

~ANA POL Ei\IBI r, 
RTN 

ANA~ 
COM - ~REF. IN DP1234(V----

L-@REF. OUT ~340---

co~~.@) HOLD 

l GROUND t SELECTED 
DECIMAL 
POINT 

POWER SUPPLY 
RETURN DATEL UPA-5. 500 

AC TO 5VDC 
POWER ArAPTER 

NOTES 
1 fHIS CIRCUIT ASSUMES THAT 

THE USER'S INPUT SOURCE CAN 
BE "FLOATED" (THAT IS, THE 
SOURCE IS OHMICALLY ISOLATED 
AND THE SOURCE'S ANALOG 
COMMON WILL ACCEPT THE 

- 2.2V OFFSET OF THE DM-31'5 
ANALOG flETURN). 

2. THE TWO 10MH INPUT RESIS· 
TORS ARE OPTIONAL AND ARE 
INTENDED TO INSURE DISPLAY 
ZEROING IF THE INPUTS ARE 
OPEN·CIACUITED 

3 THE SHIELD IS OPTIONAL AND 
SHOULD BE CONNECTED TO 
ANALOG RETURN AS SHOWN OR 
TO REMOTE ANALOG COMMON 
TO AVOID GROUND LOOP 
ERRORS, CONNECT THE SHIE:LD 
AT ONLY ONE END 

WARRANTY INFORMATION 
NOTE: Datel's Digital Panel Meters are warranted to be free from de­
fects in materials and workmanship when operated as described in this 
brochure for a period of one year from the date of shipment A number 
of suggested operating modes shown in this brochure show compo­
nents which must be installed by the user. Since the selection of these 
components and the manner of installation is beyond Datel's control, 
Datel's warranty extends only to standard unmodified products. This 
means that Datel will honor warranties on products which have been 
restored to their original condition (that is, added or modified compo­
nents will have been removed by the customer before returning the 
product to Datel for repair). Further, the customer must insure that the 
product was not damaged by the addition and removal of components. 
Such damage would void the original product warranty. 

As a practical matter, users have several alternatives to insure warranty 
protection. A thorough incoming inspection by the customer is sug­
gested before DPM's are modified. Those original components of the 
DPM (displays, IC's, etc.) will be honored under warranty if found to be 
defective (and not subject to catastrophic user damage). 

Users may also partially remove components (one lead of a shunt re­
sistor, for example) to restore the DPM to original condition while ex­
pediting return to the user's modified condition, once Daiei has re­
paired the product. 

The intent of all these procedures is to allow rapid diagnosis and repair 
on Datel's test fixtures to return the product as soon as possible to the 
user. Because of the variety of possible DPM modifications, Datel test 
fixtures can only test unmodified products. 

NOTICE 
Tl11s applications information shows typical suggested circuits to illustrate de­
sign examples. Since Datel-lntersi! has no control over the selection, mounting, 
interconnection, fabrication and environmental factors of external apparatus 
and components to this product, specific performance cannot be warranted. This 
information is believed to be accurate and reliable. No responsibility is assumed 
for any enors or omissions. Nor does DateHntersil, lnc. assume responsibility 
for the use of such information or for any infringement of present or future pat­
ents or other third party rights resulting from such use. No license 1s granted by 
implication or otherwise under any patent, patent rights, or otherwise of Datel­
lntersil, Inc. Prices and specifications are subject to change without notice. 



DM·3100U1 
3 1/2-Digit, 

LCD Micropowered DPM 
with Programmable Descriptors 

FEATURES 
• Ultra-low power, 3 mA from 9V battery 
• .5" high Liquid Crystal Display 
• 31/:i digits, 5V or 9-15V powered, raliometrlc reference 

for drift correction 
• Programmable Descriptor Labels: A, mA, V, mV, Cl, Kn, 

AC,DC 
• Balanced differential inputs, 5 pA bias current, 

autozerolng with 80 dB CMR noise rejection 
• Low profile model accepts optional 4-20 mA Inputs 
• Internal user-options: 

1. Offset pot for 4-20 mA and other applications 
2. Accepts shunts for ±20 µA to ±2A FS ranges 
3. Accepts attenuators for ±2V to ±1KV FS ranges 
4. Digital ohmmeter, 2000 to 10 MO, FSR 

GENERAL DESCRIPTION 
The DM-3100U1 isa 3% Digit Liquid Crystal Display (LCD) Digital 
Panel Meter that uses extremely low power (+5V @6 mA or +9V@ 
3 mA) and has a power voltage range of +4V to +15 Vdc, The large 
0.5" display can be seen from many feet away under normal room 
lighting conditions. This DPM is contained in a very small low pro­
file case which makes for higher packing density on test panel 
faces. Besides measuring de voltages, components can be placed 
internally to make resistance and current readings possible, and 
to display descriptor labels, mA, mV, Kn, AC or DC to indicate 
which function is being used. Also, the decimal point can be in­
ternally selected by jumpering appropriate pins. The user may 
add internal attenuators to measure higher de voltages up to ±1 
kV. 

The versatility of this meter is further enhanced by its autozeroing 
capabilities. If the customer desires, an offset pot can be internally 
installed so that a desired reading can be obtained with a zero in­
put to the meter. 

This DPM accepts a de or slowly varying input voltage between 
±1.999V and displays that input on front panel numerical indica­
tors. It employs a conventional dual-slope AID converter plus 7 
segment display decoder-drivers all in one LSI microcircuit. Since 
this microcircuit requires approximately 9V to power the AID sec-

NOTE: DPM's are normally supplied without Bezel Labels or Logos. 

tion, an internal DC/DC converter generates -5V from +5V power 
input. Together these two voltage sources form a bipolar power 
supply to power the AID converter. The DM-3100U1 may also be 
powered directly from a single 9V battery@ 3 mA without using 
the DC/DC converter. 

Another feature of the DM-3100U1 is that it employs a balanced 
differential input. When used with a bridge or transducer input, it 
offers high noise immunity and can accurately measure very small 
signals in the presence of much larger common mode noise. An­
other characteristic of this balanced differential input is that it will 
not load down sensitive input circuits due to its high input impe­
dance of 1000 megohms. and low 5 pA bias current. 

A very noteworthy feature of this meter is that it can be operated 
ratiometrically. This means that it has internal circuits that can 
automatically compensate for reference drifts in the supplies of 
balanced bridge or transducer sensors and still give accurate . 
readings. 

The DM-3100U1 finds use in analytical instruments, industrial 
process controllers, portable diagnostic instruments, automatic 
test equipment, medical and patient monitoring instruments, air­
borne, marine and ground vehicles, and data acquisition/data 
logging systems. 

SIMPLIFIED BLOCK DIAGRAM 

POSITIVE RAIL .----..-----.----.----...--------...-o---le1s 
AID PWR. IN 

2.BV 

EXT. REF. LO. 

OHMS LO 9V POWA. COM. 

OFFSET OUT 

ID • I 

w .. 
0 
0 c .. 
w 
if. 
b 
a 
:; ,. 
n 
ID 
\: 

: • • ; 
~ 

Cl ,. 
• 
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DM-3100U1 

SPECIFICATIONS, (Typical @ +25° C unless noted) 

ANALOG INPUT 
Configuration 
True, balanced differential bipolar 
Full Scale Input Range 
-1.999 Vdc to +1.999 Vdc Input pad area will 
accept user-installed range change 
Input Bias Current 
5 pA typical, 50 pA maximum 
Displayed Accuracy @+25° c 
Adjustable to±0.1% of reading, ±1 count 
Resolution 
1 mV 
Temperature Drift of Zero 
Autozeroed ±1 count over Oto +50° C 
Tell)perature Drift of Gain 
±50 ppm of Reading/° C typ. 
±100 ppm of Reading/? C max. 
Input Impedance 
100 Megohms, minimum 
Input Overvoltage 
±250 Volts de 175 VRMS continuous max. 
±300 Volts intermittent max. 
Common Mode Rejection 
80 dB, de to 60 Hz, 1 Kilotim unbalance 
Common Mode Voltage Rarige 
Within +Vs-· .5V and -Vs +1V where +Vs is 
the positive rail (Pin B15) and -Vs is the 
negative rail (Pin A 15) -Vs is approximately 
equal to -5V below PWR. COM. 
Reference 
Internal, referred to the negative rail (-Vs). 
External, user-supplied reference optional for 
ratiometric operation 
External Ref. Range 
+100 mV to +2V, referred to -Vs 
Ramp-up Time 
(Integration Period) 
83.3 mS 

DISPLAY 

Number of Digits 
3 decimal digits and most significant "1" digit 
(31/2 digits) 
Decimal Points 
Selectable decimal points are included for 
scale multipliers. 
Display Type 
Field effect liquid crystal displays (LCD) 
requiring room light for viewing. Black digits 
against a light background. 
Display Height 
0.5 inches (12,7 mm) 
Overscale 
Inputs exceeding the full scale range blank 
the display, leaving a "1" MSD and sign 
Autopolarity 
A minus sign is automatically displayed for 
negative inputs, and may also be blanked 
Sampling Rate 
Factory set at~ conversions per second. May 
be rewired up to 20 conversions/second 
Descriptors 
kO, mA, mV, ACDC 
This field of function labels is positioned to 
the right of the decimal digits. Individual unit 
descriptors may be selected for display. 

1/0 CONNECTIONS 

328 

Analog HI Input (Pin BS) 
Analog LO Input (Pin A2) 
Differential input voltages are connected 
between these inputs. A bias current path to 
POWER COMMON (if 5V-powered) or 
ANALOG RETURN from both these inputs 
must be externally provided. External circuits 
must constrain these inputs to be within the 
common mode voltage range. 

Analog Return (Pin B2) 
This pin may be used as a low-noise bias 
current return for some floating. inputs. If not 
possible, inputs may be referenced to POWER 
COMMON (if 5V-poviered). Analog Return is 
approximately -2.BV below +Vs and can sink 
30 mA to -Vs. Do not connect Analog Return 
to +5V or +9V power. Analog Return may be 
connected to 5V Power Common (not 9V Pwr 
Com/-Vs!!) for single-ended input 
Reference In/Out (Pins B1/A1) 
Normally, REF. IN and REF. OUT should be 
jumpered together. An external floating 
source referred to EXT. REF. LO (Pin A15) 
m_ay be substituted for ratiometric operation. 
Dec_imal Points (Pins B8,9,10) 
Connected selected pin to DECIMAL POINT 
COMMON (Pin B11) Connect unused decimal 
points or Destriptors to Backplane Out (Pin 
All) 
Offset Out (Pin B3) 
0 to +6.9V referred to -Vs (pin A15) requires 
installation of optional offset pot supplied by 
user 
Display Test (Pin B6) 
Connect this input to pin B15 to test all 
display segments 
Horizontal Polarity In (Pin A12) 
Horizontal Polarity Out (Pin B12) 
Normally these inputs are jumpered together 
to continuously display the horizontal portion 
of the polarity sign. Omit the jumper for 
applications not requiring sign display. See 
Backplane Out. 
Vertical Polarity In (Pin A12) (Pin B12) 
Horizontal Polarity Out 
Normally these inputs are 
jumpered together to continuously display 
the horizontal portion of the polarity sign. 
Omit the jumper for applications not requiring 
sign display. See Backplane Out. 
Vertical Polarity In (Pin A13) Vertical 
Polarity Out (Pin B13) 
Jumper these inputs when HOR IZ. POL. is 
jumpered for automatic sign display with 
bipolar inputs. For reverse sensing 
applications, VERT. POL. OUT may be 
jumpered to HORIZ. POL. IN (no other 
connections). This will display a minus sign 
with positive inputs and no sign (implied 
positive) inputs. See Backplane Out. 

Ohms Lo (Pin B7) 
This connection is used in the ohmmeter 
configuration, otherwise do not use. 
Backplane Out (Pin All) 
Connect all unused Polarity, Decimal Po;nts 
and Descriptors to Backplane Out. For VOM 
or DVM applications, a 470 kO resistor may 
be used for each Decimal Point or Descriptor 
to All. A rotary switch pole to B11 will then 
select the desired Descriptor and/or Decimal 
Point. 
Descriptors 
Electrical units are displayed by connecting 
to the Descriptor Common. Descriptors 
displayed are as follows: 

"wA" (Pin A3)- "m" portion only 
"ls.O" (Pin A4)- "k" portion only 
"kO" (Pin A5)· "O" portion only 
"ml'\" (Pin A6)- "A" portion only 
"m\!" (Pin A7)- "V" portion only 
"DC" (Pin AB) 
"AC" (Pin A9) 
"wV" (Pin A10)-"m"portion only 

IMPORTANT NOTE: The descriptors 
display labels only. They do not select 
functions. This meter does not directly 
measure ohms, mA, AC, etc. without first 
adding user-installed internal or external 
components. 

POWER CONNECTIONS 

AID Power IN (Pin B15) 
Connect this pin to +5 Vdc regulated to 
power the AID converter and displays. 
Connect to +9V for 9V configuration. 
SV DC/DC Power Common (Pin A14) 
Use only for the 5V power 
configuration. This provides power return for 
the DC/DC converter. 
SV DC/DC Power IN (Pin 814). 
Connect to the +5V supply ii a single +5V 
supply is to be used. This will power the DC/ 
DC converter to generate -5V. Don't use this 
pin in the 9V power configuration. 
POWER REQUIREMENTS 
5V between B14/B15 and A14(A15 no 
connection): 6 mA typ., 15 mA max. OR 9 to 
15 Vdc betwe!ln 615 and A15 (614, A14 no 
connection): 3 mA typ, 6 mA max. 
Calibration 
A multiturn screwdriver pot adjusts the full 
scale reading (gain). Zero is automatic 
(autozeroing). Suggested recalibration in 
stable conditions is 90 days. 

PHYSICAL-ENVIRONMENTAL 

Low Profile Case Outline Dimensions 
2.53"W X 3.25"D X 0.94"H (64,3 x 82,5 X 23,8 
mm) 
Cutout Dimensions 
2.56"W x 0.97"H min. (65,1 x 24,6 mm) 
Mounting Method 
Through a front panel cutout secured by 2 
side case "L" brackets and screws (supplied). 
Panel thickness up to 0.62" (15,9 mm) 
Weight 
Approximately 5 ounces (142g) 
Connector 
Double-sided edgeboard PC type, solder tab, 
gold-plated fingers. 15-pin, 0.1" Datel-lntersil 
#58-2073083 (not included). 
Mounting Position 
Any 
Operating Temperature Range 
0 to +50°C 
Storage Temperature Range 
-25 to +85°C 
Altitude 
0 to 15,000 feet (4900m) 
Relative Humidity 
20% to 80% non-condensing 

DM-3100U1 ORDERING 
INFORMATION 

DM-3100U1 
3 1/,-digit LCD DPM, 
58-2073083 
Connector, dual 15-pin, 0.1" spacing; one 
required (not supplied with meter). 
RN-DM-3000 
Attenuation Resistor Set; matched, tracking 
units for 10:1 and 100:1 Attenuation Rat:__J·os. 
TP-SOK 
Optional Offset Pot, R16. 



DM-3100U1 

DM-3100U1 COMPONENT LOCATIONS 

FOR OTHER VOLTAGE AND CURRENT RANGES 

F.S. DECIMAL5 DESCRIPTORS5 

RANGE R1 1 ·2 R2'.2 POINT 

±2V Short Omit 810to 811 A7 to 811 
SG1 

±20V3 10 MCl4 1.1 MCl4 8 9 to 811 A7 to 811 
or or 

9.1 MO 1 MO 8 9to811 A7 to 811 
±200V3 10 MO 100 KO 8 8 to 811 A7 to 811 
±1000V 10 MO' 10KCl A7to811 
±200 mA Short 10Cl,1W 8 8 to 811 A3 &A6to 

SG1 811 
±20 mA Short 1000,1 

SG1 /4W 8 9 to 811 A3&A6to 
811 

±2 mA Short 1 KO 810 to 811 A3&A6to 
SG1 811 

±200µA Short 10 KO 8 8 to 811 
SG1 

±20µA Short 100 KO B 9 to 811 
SG1 

NOTES: 

(1) A1, A2 ARE USER-INSTALLED ATTENUATION OR (A2) SHUNT 
RESISTORS. BEFORE INSTALLING RESISTORS AT Al, OPEN 
SOLDER GAP (SG1) ON ETCH SI DE OF BOARD WITH A 
SOLDERING IRON. NOTE THAT. IF Al IS LATER REMOVED, 
THE USER MUST CLOSE THE SOLDER GAP. 

RC OSCILLATOR: 
R8(100KO) 

R8(KO) == -'3"-X'-'1"-11'---

~r~ XC5(pf) 

R8MAY BE TRIMMED FOR EXACTLY 
48 kHZ on IC ~N 38 (MEASURE WITH 
LOW CAPACITY PROBEJ FOR BEST BO HZ 
NOISE REJECTION. FOR 50 HZ, USE 
120pF ATC5 RETRIM. REDUCE 
R8 FOR FASTER SAMPLING. 

R1. R2 ARE USER·INSTALLED 
ATTENUATION OR SHUNT 
RESISTOR {R2). 

(2) Al ANDS R2 FOR VOLTAGE RANGES ARE RN60C EXCEPT 
'AN_70C. CURRENT SHUNTS SHOULD BE 1%, 10 PPM/°C OR 
BETTER. 1W AND 1/4W RESISTORS MAY NOT FIT FLUSH TO 
BOARD. 

(4) IF 10 MO IS NOT AVAILABLE, USE R1 = 2 MQ, R2 = 220 KQ. A 
MATCHED, TRACKING SET OF 10:1 AND 100:1 ATTENUATOR 
RESISTORS (900 KQ, 90 Kn, and 10 Kn) IS AVAILABLE. ORDER 
MODEL AN-DM-3000 WITH YOUR DPM. 

(3) THESE RANGES REQUIRE ADJUSTMENT OF R8 FOR 
ACCURATE READINGS. 

(5) ALL UNUSED DESCRIPTORS AND DECIMAL POINTS MUST BE 
CONNECTED TOGETHER TO A11 (BACKPLANE OUT). 

INPUT/OUPUT CONNECTIONS WITH SINGLE-ENDED INPUT 

NOTES: 

1. This shows the connector rear with the 
DPM tilted on its side. 

2. CAUTION: CMOS inputs. Avoid damage 
from static discharge. Handle only with 
ground protection. 

3. ANALOG RETURN~ +Vs - 2.8 Vdc. DO 
NOT CONNECT TO POWER COMMON. 

4. Connect all unused Decimal Points, 
Descriptors and Signs to BACKPLANE 
OUT(PINA11). 

5. Descriptors A3 through A 10 DO NOT 
select functions. Users must install 
additional components to measure 
Ohms, mA, etc. 

6. Hold meter in DISPLAY TEST no longer 
than 1 minute to prevent damage to 
display. 

DM-3100U1 

ANALOG 
INPUT 

L BOTTOM 

REFERENCE OUT LO __ ...._ _ _. __ ANALOG LO IN 

··mA·· OSCRPTR IN 
··kff OSCRPTR IN 
""kI.I" DSCRPTR IN 

.. me, .. DSCRPTR IN 
_____ ..._ ·m~·· OSCRPTR IN 

·oc· DSCRPTR IN 
""AC DSCRPTR IN 
·mv"" DSCRPTR IN 10 

~1-------- BACKPLANE OUT6 11 
------ HORIZ. POL IN 1 
----- VERT. POL IN 1 

9V 

SV DC/DC POWER COMMON 14 
r--HH-1~ 9VPWRCOMtEXT.REFLO 15 

ALKALINE -r­
BATT.OR l, 
ACSUPPLY ,-

ANALOG RETURN 4 

OFFSET OUT (OPT.) 
ATTENUATOR HI IN !OPT I 
ANALOG HI IN ____ -..J 
DISPLAY TEST7 __/ - +9 voe 
OHMS LO 
DEC. PT. 199.9 -----­
DEC. PT. 19 99 --­
DEC PT. 1.999 -­
DP/DESCRIPTOR COM 
HORIZ POL OUT 
VERT POL. OUT 
SV DC/DC PWR IN 
AID PWRIN ----1--1--1--+-~ 

AID PWR. IN - + Vs RAIL 

ALTERNATIVE 
+5.YdcPOWER 
CONNECTIONS 

SV DCmc;: PWR. IN 

~~TTERY _. + 
ORAC _L 
SUPPLY 

IMPORTANT: MAKE 
EXTERNAL CONNECTION 

DO NOT USE 

33S 



DM-3100U1 

DIFFERENTIAL INPUT WITH SAMPLE RATIOMETRIC CONNECTIONS. 

The DM-3100U1 has a reference in-out loop which makes 
possible ratiometric measurements. Representative connec­
tions are illustrated below. Ratiometric operation eliminates 
changes in the DPM reading due to voltage variations in the 
Bridge's external excitation source. The input gain on the 
DM-3100U1 varies inversely with voltage at Reference In -as 
REF IN voltage increases meter gain decreases. Meter input 
gain thus can be made to compensate for variations in the 
bridge excitation source voltage. (The DPM is set for unity 
gain when REF INV equals +1V as referred to EXT. REF. LO.) 

For all applications, v,N= 2 VAEF at full scale (1999 counts). For 
small values of VREF (100 mV or lower), increased display 
noise, nonlinearity, rollover and CMR errors will be apparent. 
Avoid VREF inputs beyond about 2V to prevent integrator satu-

ration with full scale inputs. Variable VRE~F is not intended for 
wide gain changes as in multimeter applications. Instead, it 
should be used for drift correction, scaling to engineering un­
its, or for modest amounts of gain. 

A note on grounding: The DM-3100U1's internal voltage ref­
erence source is biased against the internal negative supply 
rail (EXT. REF. LO). Note that this is not the same electrical 
connection as the 5V Power Common connection. Refer to 
the Simplified Block Diagram. 

Because of this configuration, external reference sources 
should be isolated from the 5V Power Common and should 
have the Reference Lo Output from the external source con­
nected to the negative supply rail. 

DM-3100U1 
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not used in this application. 

DIGITAL OHMMETER CONNECTIONS 

The digital ohmmeter circuit uses the DM-31 OOU1 's ratiometric 
capability. An external reference resistor of known resis­
tance, accuracy, and temperature drift is connected in series 
with the unknown resistance. A constant, stable voltage from 
the DPM's internal reference diode is applied to the resistor 
pair to produce a constant current. This current develops two 
voltage drops across the resistors which are proportional 
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only to the ratio of the resistances since the current through 
them is identical. 

The chart below lists recommended RAEF and RuM1T resis­
tance values corresponding to different ohmmeter ranges. 
Values of RuMiT were selected to limit the current through RAEF 
and Rx to 1 milliampere maximum. 

RANGE RESOLUTION RuM1r 1 RREF DECIMAL POINT 

19.99 M!l 10 k!l 22 M!l 10M!l 89 to B11 

1.999 M!l 1 k!l 3.6M!l 1 M!l 810to 811 

199.9 kn 100 n 360 k!l 100k!l BB to B11 

19.99 kn 10 n 36 k!l 10k!l 89 to 811 

1.999 k!l 1 n 6.2 k!l 1 k!l B10to B11 

1. "LIMIT and "REF should be metal film, High Stability Resistors (AS 
RN60C). 

2. All unused decimal points must be connected together to All 
(BACKPLANE OUT). 



FEATURES 

• Ultra-low power, 3 mA from 9V battery, short depth 
case 

• .5" high Liquid Crystal Display 
• 3% digits, 5V or 9-15V powered, ratiometric reference 

for drift correction 
• Balanced differential inputs, 5 pA bias current, 

autozeroing with 80 db CMR noise rejection 
• 1000 MO CMOS high Impedance Inputs, ±1.999 Vdc 

FS range 
Internal user-options: 
1. Accepts shunts for ±20 µA to ±2A FS ranges 
2. Accepts attenuators for ±2V to ±1 KV FS ranges 
3. Digital ohmmeter, 2000 to 1 O MO. FSR 

GENERAL DESCRIPTION 

The DM-3100X is a 31/, Digit Liquid Crystal Display (LCD) Digital 
Panel Meter that uses extremely low power (+5V@6 mAor +9V@ 
3 mA) and has a power voltage range of+ 4V to+ 15 Vdc. The large 
0.5'' display can be seen from many feet away under normal room 
lighting conditions. This DPM is contained in a short depth case 
which measures only 2.15" (54,6 mm) deep. Besides measuring 
de voltages, components can be internally placed to make ohm 
and current readings possible along with attenuators to measure 
higher voltages. 

Also, the decimal point can be internally selected by jumpering 
appropriate pins. 

The versatility of this meter is further enhanced by its autozeroing 
circuits which eliminate zero drift. 

This DPM accepts a de or slowly varying input voltage be­
tween · 1.999V and displays that input on front panel nu­
merical indicators. It employs a conventional dual-slope 
A/D converter plus 7 segment display decoder-drivers all in 
one LSI microcircuit. Since this microcircuit requires ap­
proximately 9V to power the A/D section, an internal DC/DC 
converter generates 5V from +5V power input. Together 
these two voltage sources form a bipolar power supply to 

DM-3100X 
31/2-Digit LCD 

5V /9V Micropowered 
Digital Panel Meter 

NOTE: DPM's are normally supplied without Bezel Labels or Logos. 

power the A/D converter. The DM-3100X may also be pow­
ered directly from a single 9V battery@ 3 mA without using the 
DC/DC converter. 

Another feature of the DM-3100X is that it employs a bal­
anced differential input. When used with a bridge or trans­
ducer input, it offers high noise immunity and can accu­
rately measure very small signals in the presence of much 
larger common mode noise. Another characteristic of this 
balanced differential input is that it will not load down sensi­
tive input circuits due to its high input impedance of 1000 meg­
ohms, and low 5 pA bias current. 

A very noteworthy feature of this meter is that it can be operated 
ratiometrically. This means that it has internal circuits that can au­
tomatically compensate for reference drifts in the supplies of bal­
anced bridge or transducer sensors and still give accurate read­
ings. 

The DM-3100X finds use in analytical instruments, industrial 
process controllers, portable diagnostic instruments, automatic 
test equipment, medical and patient monitoring instruments, air­
borne, marine, and ground vehicles, and data acquisition/data 
logging systems. 
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DM"3100X 

SPECIFICATIONS {Typical at +25° C, unless noted) 

36$ 

ANALOG INPUT 
.. Configuration 

True-balanced differential bipolar · 

Full Scale Input.Range . 
-1.999 Vd.c to +1.999 Vdc. _Input pad a'rea will 
accept user-installed range change 
Input Bias Current 
5 pA typical, 50 pA maximum 

Displayed Accuracy@+25°C 
Adjustable to ±0.1% of reading, ±1 count 

R11solution 
1 mV 
Temperature Drift of Zero . 
A.utozeroed ±1 count over O to.+5·0° C 

Temperature Drift cit Gain 
±50 ppm of Reading/°C typ. ±100 ppm of 
Reading/'C max. 

Input Impedance 
100 Megoh(TlS, minimum 

. Input Overvoltage 
±250 Volts de 175 VRMS continuous max. 
±300 Volts intermittent max. 

Common Mode Rejection 
80 dB, DC to 60 Hz, 1 Kilohm unbalance 

Common Mode Voltage Range 
Within +Vs - .5V and -Vs +1 V where +Vs is 
the positive rail (Pin A 17) and -Vs is the 
negative rail (Pin B16). -Vs is approximately 
equal to -5V below PWR. COM. 

Reference 
Internal, referred to the negative rail (-Vs). 
External, user-supplied reference optional for 
ratiometric operation. 

External Ref. Range 
+100 mV to +2V, referred to -Vs 
Ramp-up Time (Integration Period) 
83.3 ms 

DISPLAY 
Number of Digits 
3 decimal digits and most significant "1" digit 
(31,1,digits) 
Decimal Points 
Selectable decimal points are included for 
scale multipliers. 

Display Type 
Field effect liquid crystal displays (LCD) 
requiring room light for viewing. Black digits 
against a light background 

Display Height 
0.5 inches (12,7 mm) 

Overscale 
Inputs exceeding the full scale range blank 
the display, leaving a "1" MSD and sign 
Autopolarity 
A minus sign is automatically displayed for 
negative inputs, and may also be blanked 

Sampling Rate 
Factory set at 3 conversions per second. May 
be rewired up to 20 conversions/second. 

1/0 CONNECTIONS 
Analog HI Input (Pin A4) 
Analog LO Input (Pin A2) 
Differential input voltages are connected 
between these inputs. A bi!}s current path to 
POWER COMMON (if 5V-powered) or 
ANALOG RETURN from both these inputs 
must be externally provided. External circuits 
must constrain these inputs to be within the 
common mode voltage range. 

Analog Return (Pin A 1) 
This pin. may be used as a low-noise bias 
current for some floating inputs. If not 
possible, inputs may be referenced to POWER 
COMMON.(if 5V-powered). Analog Return is 
approximately-2.8V below +Vs and can sink 
30 mAto-Vs. 

Reference In/Out (Pins B6/A6) 
Normally, REF. IN an_d REF. OUT should be 
jumpered together. An external floating 
source referred to EXT. REF. LO (Pin B16) 
may be substituted for ratiometric operation. 

Decimal Points 
Connected selected pin to DECIMAL POINT 
COMMON (Pin B13). See Backplane Out. 

Display Test (Pin B14) 
Connect this input to Pin A17 or +Vs to test 
all display segments. 

Horizontal Polarity In (Pin B15) 
Horizontal Polarity Out (Pin B9) 
Normally these inputs are jumpered together 
to continuously display the horizontal portion 
of the polarity sign. Omit the jumper for 
applications not.requiring sign display. See 
Backplane Out 

Vertical Polarity In (Pin B17) 
Vertical Polarity Out (Pin B18) 
Jumper these inputs when HORIZ. POL is 
jumpered for automatic sign display with 
bipolar inputs. For reverse sensing 
applications, VERT. POL OUT may be 
jumpered to HORIZ. POL IN (no other 
connections). This will display a minus sign 
with positive inputs and no sign (implied 
positive) with negative inputs. See Backplane 
Out 

Ohms Lo (Pin 82) 
This connection is used in the ohmmeter 
configuration, otherwise do not use. 

Backplane Out (Pin A13) 
Cbnnect all unused Polarity, and Decimal 
Points to Backplane Out. For VOM or DVM 
applications, a 470 kn resistor may be used 
for each Decimal Point. A rotary switch pole 
to B13 will then select the desired Decimal 
Point. 

POWER CONNECTIONS 
A/D Power IN (Pin A17) 
Connect this pin to +5 Vdc regulated to 
power the A/D converter and displays. 
Connect to +9V for 9V configuration. 

5V DC/DC Power Common (Pin A16) 
Use only for the 5V power configuration. This 
provides power return for the DC/DC 
converter. 
5V DC/DC Power IN (Pin A18) 
Conneci to +5V if a single +5V supply is to be 
used. This will power the DC/DC converter to 
gel'.lerate -5V. Don't use this pin in the 9V 
power configuration. 

POWER REQUIREMENTS 
5V between A17/A18 and A16 (B16 no 
connection): 6 mA typ., 15 mA max. OR 9 to 
15 Vdc between A17 and B16 (A16, A18, no 
connection): 3 mA typ, 6 mA max. 

Calibration 
A multiturn screwdriver pot adjusts the full 
scale reading (gain). Zero is automatic 
(autozeroing). Suggested recalibration in 
stable conditions is 90 days. 

PHYSICAL-ENVIRONMENTAL 
Short-Depth Case 
Interchangeable with other Datel-lntersil 
cases. 

Outline Dimensions 1 

3.00"W X 2.J5"D x 1.76"H (76,2 x 54,6 x 44,7 
mm) 

Cutout Dimensions 
1.812"H x 3.062"W (46,0 x 77,7 mm) 

Mounting Method , 
Through a front panel cutout secured by (4) 
4-40 front access screws which are concealed 
by the bezel. 

Weight 
Approximately 5 ounces (142g) 

Connector 
Double-sided edgeboard PC type, solder tab, 
gold-plated fingers, Dual.18-pin, 0.100" 
centers, Datel-lntersil #58-2075010, (not 
included) 

Mounting Position 
Any 

Operating Temperature Range 
Oto +SO'C 

Storage Temperature Range 
-25 to +85°C 
Altitude 
0 to 15,000 feet (4600m) 

RelaUve Humidity 
20% to 80% non-condensing 

ORDERING INFORMATION 

MODEL 
DM-3100X 
58-2075010 

RN-DM-3000 

DESCRIPTION 
3Y,-Digit LCD DPM. 
Connector, dual 18-pin, 0.100" centers; one required 
(not supplied with meter). 
Attenuation Resistor Set; matched, tracking units for 
10:1 and 100:1 Attenuation Ratios. 



DM-3100X 

DM-3100X COMPONENT LOCATIONS 

FOR OTHER VOL~AGE AND CURRENT RANGE~ 
F.S. DECIMAL5 

RANGE R1 1-' R21-' POINT 

±2V Short Omit A12to B13 
SG1 

±20V3 10 Mn• 1.1 Mn• A11 toB13 
or or 

9.1 MO 1 MQ A11 to B13 
±200V3 10MQ 100 KQ A10toB13 
±1000V 10MQ' 10KQ 
±200 mA Short 10Q,1W A10 to B13 

SG1 
±20 mA Short 100Q,1/4W A11 to B13 

SG1 
±2mA Short 1 kO A12toB13 

SG1 
±200µA Short 10 KQ A10 to B13 

SG1 
±20µA Short 100 KQ A11 to B13 

SG1 

NOTES: 

(1) R1, R2 ARE USER-INSTALLED ATTENUATION OR 
(R2) SHUNT RESISTORS. BEFORE INSTALLING 
RESISTORS AT R1, OPEN SOLDER GAP (SG1) ON 
ETCH SIDE OF BOARD WITH A SOLDERING IRON. 
NOTE THAT, IF R1 IS LATER REMOVED, THE USER 
MUST CLOSE THE SOLDER GAP. 

(2) R1 AND R2 FOR VOLTAGE RANGES ARE RN60C 
EXCEPT 'RN70C. CURRENT SHUNTS SHOULD BE 
1%, 10 PPM/°C OR BETTER. 1W AND 1/4W 
RESISTORS MAY NOT FIT FLUSH TO BOARD. 

(3) THESE RANGES REQUIRE ADJUSTMENT OF RB 
FOR ACCURATE READINGS. 

(4) IF 10 MO IS NOT AVAILABLE, USE R1 = 2 MO, R2 = 
220 KQ. A MATCHED, TRACKING SET OF 10:1 AND 
100:1 ATTENUATOR RESISTORS (900 KQ, 90 KO, and 
10 KQ) IS AVAILABLE. ORDER MODEL RN-DM-3000 
WITH YOUR DPM. 

(5) CONNECT ALL UNUSED DECIMAL POINTS TO 
BACKPLANE OUT (PIN A13). 

INPUT/OUTPUT CONNECTIONS WITH SINGLE-ENDED INPUT 

NOTES: 

1. This shows the connector rear view with the DPM tilted 
on its side. 

2. CAUTION: This DPM employs high impedance CMOS 
inputs. Although internal protection is provided for 
several hundred volt overloads, this DPM will be 
destroyed by kilovolts of static discharge which is 
especially prevalent in low humidity environments. 
Always handle the DPM with ground protection. 

3. ANALOG RETURN =+Vs - 2.8 Vdc. DO NOT 
CONNECT TO POWER COMMON. 

4. Connect all unused Decimal Points to BACKPLANE 
OUT (Pin A13). 

5. A17 and A18 are internally connected. 

6. Hold Meter in DISPLAY TEST no longer than 1 minute 
to prevent damage to display. 

ANALOG 
INPUT 

9V. 
ALKALINE -r 

BATTERY OR _L 
AC SUPPLY 

ALTERNATIVE +5 Vdc 
POWER CONNECTIONS 

sv 
BATTERY -r 

OR AC _l_ 
SUPPLY 

IMPORTANT: MAKE 
EXTERNAL CONNECTION 

TOP 

USEA·INSTALlED ATTENUATION 
OR SHUNT RESISTORS R2 AND R1 

R6 MAY BE TRIMMED FOR EXACTLY 
48 l<HZ on IC PIN 38 (MEASURE WITH 
LOW CAPACITY PROBE] FOR BEST 60 HZ 
NOISE REJECTION. FOR f>O HZ, USE 

~~ 16/~;;T~~~~P~~~CE 

~+9\/ 

DO NOT GROUND 
LEAVE OPEN WHEN 
NOT USED 
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DM-3100X 

DIFFERENTIAL INPUT WITH SAMPLE RATIOMETRIC CONNECTIONS 

The DM-3100X has a reference in-out loop which makes pos­
sible ratiometric measurements. Representative connectipns 
are illustrated below. Ratiometric operation eliminates 
changes in the DPM reading due to voltage variations in the 
Bridge's external excitation source. The input gain on the 
DM-3100X varies inversely with voltage at Reference In - as 
REF IN voltage increases, meter gain decreases. Meter input 
gain thus can be made to compensate for variatio'ns in the 
bridge excitation source voltage. (The DPM is set for unity 
gain when REF IN Vequals +1V as referred to EXT. REF. LO). 

For all applications, V1N=2 VREF atfull scale (1999 counts). For 
small values of VREF (100 mV or lower), increased display 
noise, nonlinearity, rollover and CMR errors will be apparent. 
Avoid VREF inputs beyond about 2V to prevent integrator satu-

EXT. FLOATING 
EXCITATION SOURCE 

NOTE: DO NOT GROUND BRIDGE 

CABLE--" 
SHIELD 

ration with full scale inputs. Variable VREF is not intended for 
wide gain changes as in multimeter applications. Instead, it 
should be used for drift correction, scaling to engineering 
units, or for modest amounts of gain. 

A note on grounding: the DM-3100X's internal voltage refer­
ence source is biased against the internal negative supply rail 
(EXT. REF. LO). Note that this is not the same electrical con­
nection.as the 5V Power Common connection. Refer to the 
Simplified Block Diagram. 

Because of this configuration, external reference sources 
should be isolated from the 5V Power Common and should 
have the Reference Lo Output from the external source con­
nected to the negative supply rail. 

DM-3100X 

BOTTOM TOP 

ANALOG RETURN 
ANALOG LO INPUT 

NO CONNECTION 
ANALOG HI INPUT 
NO CONNECTION 
REFERENCE OUT 
NO CONNECTION 
NO CONNECTION 
NO CONNECTION 

DEC. PT 199.9 
DEC PT 19 99 
DEC. PT 1.999 

BACKPLANE OUT 
NO CONNECTION 
NO CONNECTION 

NO CONNECTION 
OHMS LO 
NO CONNECTION 
NO CONNECTION 
NO CONNECTION 
REFERENCE IN 
NO CONNECTION 
NO CONNECTION 
HORIZ POL OUT 
NO CONNECTION 
NO CONNECTION 
NO CONNECTION 
DEC. PT COM 
DISPLAY TEST 
HORIZ POL IN 

USING AN 
EXTERNAL 
FLOATING REFERENCE 

{ REFERRED } 
TO EXT. REF. LO +sv 

5V DC/DCGND 
~A/DPWR.IN 

5V DC/DC PWR IN 

9V PWR COM/EXT REF LO 
VERT POL. IN 
VERT POL. OUT 

DISPLAY = 1 VOLT X {~~A - A~} 
(REF. IN) - { ~L~J:} IN IN 

1 VOLT x (PIN A4)-(PIN A2) 
(PIN B6) - (PIN B16) 

NOTE: Reference Out (PIN A6) is not 
used in this application. 

DIGITAL OHMMETER CONNECTIONS 

The digital ohmmeter circuit uses the DM-31 OOX's ratiometric 
capability. An external reference resistor of known resis­
tance, accuracy, and temperature drift is connected in series 
with the unknown resistance. A constant, stable voltage from 
the DPM's internal reference diode is applied to the resistor 
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86 REF. IN 
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DON'T 0 REF. OUT 
USE 

-1 ~ _ _fL~--
Rx + RuMIT + ·-R;EF 

+sv POSITIVE RAIL 
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LM 329 
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DISPLAY = E'.1'_-1_ x 1V = _IA~ x lV = - R_~ K 1V 
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pair to produce a constant current. This current develops two 
voltage drops across the resistors which are proportional 
only to the ratio of the resistances since the current through 
them is identical. 

The chart below lists recommended RAEF and RuMtT resis­
tance values corresponding to different ohmmeter ranges. 
Values of RuMtT were selected to limit the current through RAEF 
and Rx to 1 milliampere maximum. 

RANGE RESOLUTION RuM1T1 RREF1 DECIMAL POINT 

19.99 MO 10 kn 22MO 10MO A11 to B13 

1.999 MO 1 kO 3.6 MO 1 MO A12to813 

199.9 kn 100 n 360 kO 100 kO A10 to 813 

19.99 kn 100 36 kn 10 kn A11to813 

1.999 kO 1 n 6.2 kO 1 kO A12 to 1313 

1. "Limit and "Ref should be metal film, High Stability Resistors (AS RN60C). 



DM·3100U2 and 
DM-3100U3 31/2-Digit, 

LCD,AC/DC-PowerDPM~ 
with Programmable Descriptors 

FEATURES 
• Dual-powered, 9-15 Vdc or AC (115 VAC DM-3100U2, 230 

VAC DM-3100U3) 
• .5" High Liquid Crystal Display 
• 3¥2 digits, ratiometric reference for drift correction 
• Programmable Descriptor Labels: A, mA, V, mV, n, Kn, AC, 

DC 
• Balanced Differential Inputs, 5 pA bias current, autozero­

ing with 80 dB CMR noise rejection, transformer-isolated 
300V 

• Low profile model accepts optional 4-20 mA inputs 
Internal user-options: 
1. Offset pot for 4-20 mA and other applications 
2. Accepts shunts for ±20 µA lo ±2A FS ranges 
3. Accepts attenuators for ±2V lo ±1 KV FS ranges 
4. Digital Ohmmeter, 2oon to 10 Mn, FSR 
5. ±200 mV Full Scale Range 

GENERAL DESCRIPTION 
The DM-3100U2 and DM-3100U3 Digital Panel Meters use3Y, Liquid 
Crystal Display Digits and accept either AC or de power inputs. The 
DM-3100U2 uses 115 VAC power, 47to 440 Hz or9to 15 Vdcat3to 7 
mA. The DM-3100U3 .is identical to the DM-3100U2 but uses 230 VAC 
power, 47 to 440 Hz or 9 to 15 Vdc at 3 to 7 mA. 

Both models use .5" high LCD's and use Datel-lntersil's low profile 
DPM case. The input section is balanced differential for excellent 
noise rejection and uses a high impedance (1000 MQ) CMOS front 
end with low 5 pA bias currents. 

The standard voltage range is ±1.999 Vdc with autopolarity, but may 
be changed with user-supplied internal components to ±1000 Vdc. 
The user may also install an internal shunt resistor to measure from 
±20 µA to ±2A FSR. Digital ohmmeter operation is also a user-option 

NOTE: OPM's are normally supplied without Bezel Labels or Logos. 

from 199.90 FSR to 10MO FSR. Finally, the user may install an internal 
offset pot for 4-20 rnA and other applications. 

Both meters are autozeroed and accept external ratiometric refer­
ence inputs to reduce drift errors in instrumentation systems. 

The LCD display on both meters contains Descriptor unit labels (A, 
mA, V, mV, n, KO, AC, DC) which are pin-programmable for dedi­
cated VOM, DVM applications. 

The AC supply in both meters produces an additional filtered DC out­
put of approximately 12 Vdc@ 5 mA for customer use. A suggested 
application is to charge standby NiCad batteries. Since this power 
output pin is also used for power input when de-powered, the NiCads 
may be left continuously connected so the meter will continue 
operating if there is an AC power failure. 
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DM-3100U2 AND DM-3100U3 

SPECIFICATIONS (Typical at +25°C, unless noted) 

405 

ANALOG INPUT 

Configuration 
True, balanced differential bipolar 
Full Scale Input Range 
-1.999 Vdc to + 1.999 Vdc. Input pad area will 
accept user-installed range change 
Input Bias Current 
5 pA typical, 50 pA maximum 
Displayed Accuracy @+25°C 
Adjustable to±0.1% of reading, ±1 count 
Resolution 
1mV 
Temperature Drift of Zero 
Autozeroed ±1 count over 0 to +50' C 
Temperature Drift of Gain 
±50 ppm of Reading/'C typ. ±100 ppm of 
Reading/' C max. 
Input Impedance 
100 Megohms, minimum 
Input Overvoltage 
±250 Volts de 175 VRMS continuous max. ±300 
Volts intermittent max. 
Common Mode Rejection 
80 dB, DC to 60 Hz, 1 Kilohm unbalance 
Common Mode Voltage Range 
Within +Vs - .5V and -Vs + 1 V where +Vs is the 
positive rail (Pin B5) and -Vs is the negative rail 
(Pin B13). -Vs is approximately equal to-5V 
below PWR. COM. 
Reference 
Internal, referred to the negative rail (-Vs). 
External, user-supplied reference optional for 
ratiometric operation 
External Ref. Range 
+100mV to +2V referred to -Vs. 
Ramp-up Time (Integration Period) 
83.3 ms 

DISPLAY 

Number of Digits 
3 decimal digits and most significant "1" digit 
(3Y2 digits) 
Decimal Points 
Selectable decimal points are included for scale 
multipliers 
Display Type 
Field effect liquid crystal displays (LCD) 
requiring room light for viewing. Black digits 
against a light background 
Display Height 
0.5 inches (12,7 mm) 
Overscale 
Inputs exceeding the full scale range blank the 
display, leaving a "1" MSD and sign 
Autopolarity 
A minus sign is automatically displayed for 
negative inputs, and may also be blanked 
Sampling Rate 
Factory set at 3 conversions per second. May be 
rewired up to 20 conversions/second 
Descriptors 
kO, mA, mV, ACDC. This field of function labels 
is positioned to the right of the decimal digits. 
Individual unit descriptors may be selected for 
display 

1/0 CONNECTIONS 

Analog HI Input (Pin B4) 
Analog LO Input (Pin A2) 
Differential input voltages are connected 
between these inputs. A bias current path to 
POWER COMMON (if 5V-powered) or ANALOG 
RETURN from both these inputs must be 
externally provided. External circuits must 
constrain these inputs to be within the common 
mode voltage range. 

Analog Return/Ohms LO (Pin 82) 
This pin may be used as a low-noise bias 
current return for some floating inputs. If not 
possible. inputs may be referenced to POWER 
COMMON (if 9V powered). Analog Return is 
approximately -2.BV below +Vs and can sink 30 
mA to -Vs. Do not connect Analog Return to 
+5V or +9V power. Analog Return may be 
connected to 5V Power Common (not 'iN Pwr 
Com/-Vs!I) for single-ended input 
Reference In/Out (Pins B1/A1) 
Normally, REF. IN and REF. OUT should be 
jumpered together. An external floating source 
referred to EXT. REF. LO (Pin B13) may be 
substituted for ratiometric operation. 
Decimal Points 
Connected selected pin to DECIMAL POINT 
COMMON (Pin 811). Connect unused decimal 
points or Descriptors to Backplane Out (Pin 
810) 
Offset Out (Pin 83) 
o to +6.9V referred to -Vs (Pin 813) requires 
installation of optional offset pot supplied by 
user. 
Display Test (Pin B6) . 
Connect this input to Pin 85 to test all display 
segments 
Horizontal Polarity In (Pin A 11) 
Horizontal Polarity Out (Pin B11) 
Normally these inputs are jumpered together to 
continuously display the horizontal portion of 
the polarity sign. Omit the jumper for 
applications not requiring sign display. See 
Backplane Out 
Vertical Polarity In (Pin A 12) 
Vertical Polarity Out (Pin B12) 
Jumper these inputs when HORIZ. POL. is 
jumpered for automatic sign display with bipolar 
inputs. For reverse sensing applications VERT. 
POL. OUT may be jumpered to HORIZ. POL. IN 
(no other connections). This will display a 
minus sign with positive inputs and no sign 
(implied positive) with negative inputs. See 
Backplane Out 
Backplane Out (Pin B10) 
Connect all unused Polarity, Decimal Points and 
Descriptors to Backplane Out For VOM or DVM 
applications, a 470 kO resistor may be used for 
each Decimal Point or Descriptor to A 11. A 
rotary switch pole to 811 will then select the 
desired Descriptor and/or Decimal Point. 
Descriptors . 
Electrical units are displayed by connecting to 
the Descriptor Common. Descriptors displayed 
are as follows: 

"mA" (Pin A3)-"m" portion only 
"i!:n'' (Pin A4)-"k" portion only 
"k(l" (Pin A5)-"Q" portion only 
"m8" (Pin A6)-"/>t portion only 
"mV" (Pin A7)-"V" portion only 
"DC" (Pin AB) 
"AC" (Pin A9) 
"mV" (Pin A 10)-"m" portion only 

IMPORTANT NOTE: The descriptors display 
labels only. They do not select functions. This 
meter does not directly measure ohms, mA, AC, 
etc. without first adding user-installed internal or 
external components. 

POWER CONNECTIONS 

AC Power 
115 VAC (Model DM-3100U2) or 230 VAC 
(Model DM-3100U3) 
Connect AC Hot to Pin 815. Connect AC 
Neutral to Pin A 14. Earth ground may be 
connected to Pin 813 if the input is isolated 
from earth ground. Make no connection to Pin 
813 if input ground loops will result. 

DC Power 
(Both DM-3100U2 and U3) 
Connect +9 to 15 Vdc to Pin 85. Connect Power 
Common to Pin B13. When AC-powered, Pins 
89/813 produce +12 Vdc@5 mA max., filtered 
for optional customer external use. 

POWER REQUIREMENTS 

AC 
1/4 watt, max. 
DC 
-~to +15 Vdc, filtered @3 to 6 mA typ., 12 mA 
max. Logic spikes must be less than 50 mV. 
Calibration 
A multiturn screwdriver pot adjusts the full scale 
reading (gain). Zero is automatic (autozeroing). 
Suggested recalibration in stable conditions is 
90 days. 

PHYSICAL-ENVIRONMENTAL 

Low Profile Case Outline Dimensions 
2.53"W x 3.25"D x 0.94"H (64,3 x 82,5 x 23,8 
mm) 
Cutout Dimensions 
2.56'W x 0.97"H min. (65,1 x 24,6 mm) 
Mounting Method 
Through a front panel cutout secured by 2 side 
case "L" brackets and screws (supplied). Panel 
thickness up to 0.62" (15,9 mm) 
Weight 
Approximately 5 ounces (142g) 
Connector 
Double-sided edgeboard PC type, solder tab, 
gold-plated fingers. 15-pin, 0.1" Datel-lntersil 
#58-2073083 (not included). 
Mounting Position 
Oto +SO'C 
Storage Temperature Range 
-25to+85'C 
Altitude 
o to 15,000 feet (4900m) 
Relative Humidity 
20% to 80% non-condensing 

MODEL 

DM-3100U2, DM-3100U3 
ORDERING INFORMATION 

DESCRIPTION 

DM-3100U2 

DM-3100U3 

58-2073083 

RN·DM-3000 

TP-50K 

31f..-Digit, LCD Digital Panel Meter, 115 VAC or +9 to 
+15Vdc powered. 

31f..-Digit, LCD Digital Panel Meter. 230 VAC or +9 to 
+ 15Vdc powered. 

Connector, dual 15-pin, 0.1" centers; one required 
(not supplied with meter). 

-Attenuation Resistor Set; matched, tracking units for 
10:1 and 100:1 Attenuation Ratios. 

Optional Offset Pot, R16. 



DM-3100U2 AND DM-3100U3 

DM-3100U2, DM-3100U3 COMPONENT LOCATIONS 

FOR OTHER VOLTAGE AND CURRENT RANGES 

FS. DECIMAL' 
RANGE R11.2 R21·2 POINT DESCRIPTORS' 

·•2V Short Omit B9 to B11 A7 toB11 RC OSCILLATOR: 
SG1 Re (100KOJ 

t20V' 10 M04 1.1M04 BB to B11 A7 toB11 3x10" 

or or R6 [Kn)= ~~:L~ 
9.1MO 1 MO BB to B11 A7 toB11 

'.200V' 10 MO 100KO B7 to B11 A7 to B11 R6 MAY BE TRIMMED FOR EXACTLY 
! 1000V 10 Mn· 10 KO A7 to B11 48 kHZ on IC P1N 38 {MEASURE WITH 

'200 mA Short 100,1W B7 to B11 A3 & A6 LOW CAPACITY PROBE) FOR BEST 60 HZ 

SG1 toB11 
NOISE REJECTION. FOR 50 HZ, USE 
120 pF ATCS AETRIM. REDUCE 

+20mA Short 1000,1/4W BB to B11 A3 & A7 R6 FOR FASTER SAMPLING. 

SG1 to B11 
:•2 mA Short 1 KO B9toB11 A3 & A6 

SG1 to B11 
'200µA Short 10 KO B7to B11 

SG1 
l20µA Short 100 KO BB to B11 

SG1 

NOTES: 
(1) R1, R2 ARE USER-INSTALLED ATTENUATION OR (R2) SHUNT 

RESISTORS. BEFORE INSTALLING RESISTORS AT R1, OPEN 
SOLDER GAP (SG1) ON ETCH SIDE OF BOARD WITH ·A 
SOLDERING IRON. NOTE THAT, IF R1 IS LATER REMOVED, THE 
USER MUST CLOSE THE SOLDER GAP. 

(2) R1 AND R2 FOR VOLTAGE RANGES ARE RN60C EXCEPT 
"RN70C. CURRENT SHUNTS SHOULD BE 1%, 10 PPM/°C OR 
BETTER. 1W AND 1/4W RESISTORS MAY NOT FIT FLUSH TO 
BOARD. 

(3) THESE RANGES REQUIRE ADJUSTMENT OF R6 FOR ACCU­
RATE READINGS. 

(4) IF 10 MO IS NOT AVAILABLE, USE R1 = 2 MO, R2 = 220 KO. A 
MATCHED, TRACKING SET OF 10:1 AND 100:1 ATTENUATOR 
RESISTORS (900 K0,-90 KO, and 10 KO) IS AVAILABLE. ORDER 
MODEL RN-DM-3000 WITH YOUR DPM. 

(5) ALL UNUSED DESCRIPTORS AND DECIMAL POINTS MUST BE 
CONNE.CTED TOGETHER TO B10 (BACKPLANE OUT). 

R1, R2 ARE USER-INSTALLED 
ATTENUATION OR SHUNT 
RESISTOR (R2) 

FULL SCALE (GAIN) 
ADJUST POTENTIOMETER 
SUPPLIED (R8) 

INPUT/OUTPUT CONNECTIONS WITH SINGLE-ENDED INPUT 

DM-3100U2, DM-3100U3 

ANALOG 
INPUT 

Hl ..---.~---' 
10 MO 

L BOTTOM. 

. REFERENCE OUT 
LO __ -<._.. _____ ANALOG LO IN 

NOTES: 
1. This shows the con nectorrear view with the DPM tilted on 

its side. 

2. CAUTION: CMOS inputs. Avoid damage from static dis­
charge. Handle only with ground protection. 

3. ANALOG RETURN =+vs - 2.8 Vdc. DO NOT CONNECT 
TO POWER COMMON. 

4. Connect all unused Decimal Points, Descriptors, and 
Signs to BACKPLANE OUT (Pin B10). 

5. Descriptors A3 through A10 DO NOT select functions. 
Users must install additional components to measure 
Ohms, mA. etc. 

6. 5B/13B =Approximately 12 Vdc.@ 5mA Max out when 
AC powered. 

7. Hold meter in DISPLAY TEST no longer than 1 minute to 
prevent damage to display. 

~--- !DA DSCRPTR IN 
o---- !S!l DSCRPTR IN 
t---- Kil DSCRPTR IN 
o---- ml', DSCRPTR IN 

mV DSCRPTR IN 
t-+--- DC DSCRPTR IN 
,._+--- AC DSCRPTR IN 
o--+--- mV DSCRPTR IN 

HORIZ. POL. IN 
VERT. POL. IN 

SPACE (NC) 
115/230 VAC LO 

SPACE (NC} 

TO:EFERENCE IN J 
ANA.RTN./OHMSLO•+--------. 
OFFSET OUT (OPT.} 

9TO 15 voe POWER 
NOT REQUIRED 
WHEN AC-POWERED 

!~~~~~~ 1~. __;_/ 
DISPLAY TEST' ------~ 
DEC. PT. 199.9 ----------, 
DEC. PT. 19.99 ---------..-. 
DEC. PT. 1.999 -~------~ 
BACKPLANE our• _______ ........., 
HRZ. POL OUT/DP, DSCRPTR COM 
VERT. POL. OUT -------. 
9V PWR. COM/EXT.' REF. L06 

SPACE(NC) 
115/230VACHI 
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[)M-3100U2 ANP PM-3100U3 

DIFFERENTIAL INPUT WITH SAMPLE RATIOMETRIC CONNECTIONS 

The DM-3100U2, -U3 has a reference in-out loop which 
makes possible ratiometric measurements. Representative 
connections are illustrated below. Ratiometric operation 
eliminates changes in the DPM reading due to voltage varia­
tions in the Birdge's external excitation source. The input 
gain on the DM-3100U2, -U3 varies inversely with voltage at 
Reference In-as REF IN voltage increases meter gain de­
creases. Meter input gain thus can be made to compensate 
for variations in the bridge excitation source voltage. (The 
DPM is set for unity gain when REF INV equals +1V as re­
ferred to EXT. REF. LO). 

EXT. FLOATING 
EXCITATION SOURCE 

NOTE: DO NOT GROUND BRIDGE 

~~~~~~~ { REFERRED} 
FLOATING REFERENCE TO - Vs 

DISPLAY = _ _1_YQLl_ .......... X {~~A_ Ar~} 
(REF. IN) - { ~[J'.} IN IN 

___ l_V_O_L_T ___ x [(PIN 84) - (PIN A2)1 
(PIN 81) - (PIN 813) 

For all applications, V1N = 2 VREF at full scale (1999 counts). 
For small values of VREF (100 mV or lower), increased display 
noise, nonlinearity, rollover and CMR errors will be apparent. 
Avoid VREF inputs beyond about 2V to prevent integrator sat­
uration with full scale inputs. Variable VREF is not intended for 
wide gain changes as in multimeter applications. Instead, it 
should be used for drift correction, scaling to engineering 
units, or for modest amounts of gain. 

BOTTOM 

REFERENCE OUT REFERENCE IN ---,r------
ANALOG LO IN ANA.RTN/OHMS LO -+-----~ 

mA DSCRPTR IN OFFSET OUT (OPT) 
!Sn DSCRPTR IN ANALOG HI IN 
KU DSCRPTR IN +9Vdc PWR. IN 
m8 DSCRPTR IN DISPLAY TEST 
mV DSCRPTR IN DEC PT 199.9 
DC DSCRPTR IN DEC PT 19.99 
AC DSCRPTR IN DEC. PT 1.999 
mV DSCRPTR IN BACKPLANE OUT 
HORIZ. POL IN HRZ. POL. OUT/DP. DSCRPTR COM 

VERT POL IN ~~~ VERT POL OUT 
SPACE (NC) 9V PWR COM/EXT REF. LO ----1--

115/230 VAC LO SPACE (NC) 
SPACE (NC) 115/230 VAC HI 

NOTE: Ref. out (PIN A1) is not 
used in this application. 

PIGITAL OHMMETER CONNECTIONS 

The-digital ohmmeter circuit uses the DM-3100U2, -U3's ra­
tiometric capability. An external reference resistor of known 
resistance, accuracy, and temperature drift is connected in 
series with the unknown resistance. A constant, stable volt-

425 

61 REF. IN 

DON'T 0 REF. OUT 
USE 

t 5V POSITIVE RAIL 

6.9V 

+IF/1:/1:/"0 

-5V 

-r~-.J/ ---i 
INTEGRATION TO AID 
CAPACITOR CONVERTER 

- 5V NEGATIVE RAIL 

DISPLAY= ....§!_x1v .. __!&_x1v=-~ x1v 

age from the DPM's internal reference diode is applied to the 
resistor pair to produce a constant current. This current de­
velops two voltage drops across the resistors which are pro­
portional only to the ratio of the resistances since the current 
through them is identical. 

RANGE RESOLUTION "LIMIT' "REF' DECIMAL 
POINT' 

19.99 MO 10 kO 22MO 10MQ 88 to 811 

1.999 MO 1 kO 3.6MO 1 MO B9to 811 

199.9 kQ 1000 360 kQ 100 kO B7to B11 

19.999k0 100 36 kQ 10 kQ B8 to 811 

1.999 kQ 1 n 6.2 kO '1 kO 89 to 811 

1. "Limit and "Ref should be metal film. High Stability Resistors (AS RN60C). 
2. All unused decimal points must be connected together to B11 (BACK-

PLANE OUT). 



DM-LX3 Single Board 
Differential LCD 31/2 Digit 

Digital Panel Meter 
FEATURES 
• Ultra-low power - 3.5 mA@ 5V in; can be powered from 4 

AA alkaline batteries 
• Ultra-compact - tiny single board circuit measures only 

4.0"W x 2.0"H x .56"D (102 x 51 x 14 mm) 
• 31/2 digits, Liquid Crystal Display (LCD) 
• Balanced Differential Inputs, 80 dB CMR Noise Rejection 
• 1000 MO input impedance, 5 pA input bias current 
• Autozeroed, Ratiometric Reference for Drift Correction 
• Low Cost 

APPLICATIONS 
• Voltmeter - Accepts user-supplied attenuators for i:2V to 

i 300 Vdc Full Scale Ranges 
• Ammeter - Accepts user-supplied shunts for ::1:20 µA to 

12A Full Scale Ranges 
• Ohmmeter - 2000 to 10 MO Full Scale Range 
• Digital Thermometer - requires a few user-supplied com­

ponents 

GENERAL DESCRIPTION 

The DM-LX3 is a high performance, compact Digital Panel Meter 
(DPM) which displays analog input voltages from -1.999 to +1.999 
Vdc on .75" high numerals. Its single board construction results in a 
very thin assembly (.56" or 14 mm deep) which is only slightly larger 
than its display--the DM-LX3 can fit into many test instruments, data 
acquisition systems, and process control panels which could pre­
viously accommodate only analog meters. The meter's Liquid Crystal 
Display (LCD -- not self-illuminated) draws only 3.5 mA at +5 Vdc­
it can operate from 4 "AA" alkaline batteries, or can optionally be 
powered from a computer's + 5V power bus, or an inexpensive AC 
power adapter, (Datel-lntersil's UPA-5/500). Pin-selectable decimal 
points, for factor-of-ten scaling of the display, combined with user­
installed range change components permit the meter to display full 
scale ranges to ' 300 Vdc. User-supplied current shunts (from 20 mA 
to 2A full scale) and digital ohmmeter components (from 2000 to 10 
MO full scale) are also easily installed. 

Despite its small size and low cost, the DM-LX3 offers very high in­
strument performance. CMOS circuitry provides 1000 Megohm input 

impedance and 5 picoamp input bias current; the meter will not "load 
down" sensitive input signals. Analog inputs to the meter are bal­
anced differential, and offer 80 dB Common Mode Rejection. Over­
voltages to ±250 Vdc (175 VRMS) are handled without damage. 

A significant feature is an externally-accessible Reference In-Out 
loop which sets the meter's gain. This permits the DM-LX3 to be used 
in ratiometric applications such as a digital ohmmeter - an external 
reference voltage, derived from a bridge-type input circuit, causes 
the meter's gain to compensate for voltage drift in the bridge excita-
tion source. · 

Other circuit features include auto polarity, a Display Hold circuit, and 
a selectable Display Test. Autozeroing holds the meter's zero drift to 
± 1 count maximum over the (f' C to +5ff' C operating range. Tem­
perature drift of gain is typically within :+:50 ppm of reading!' C. The 
meter's on-board DC-to-DC converter can also be used to supply 
-5Vout at 20 mA maximum, to power user-supplied signal condition­
ing components. (Note that current taken out at - 5V OUT must be 
added to current required to power the meter at +5V IN). 

DM-LX3 Simplified Block Diagram 

NOTES 
1. ALL CIRCUITRY INSIDE DOTTED LINES 

IS INTERNAL TO THE D~HX3 
2. TYPICAL CONNECTIONS ARE SHOWN 
3. DECIMAL PT.'S AND POLARITY ENABLE 

ARE LOGIC INPUTS. EXTERNAL + 5V 
MAY BE USED TO ENABLE THEM IF 
REFERENCED TO PWR. GND 

4. WARNING: DO NOT CONNECT 
ANARTN' TO j 5VIN 
THIS WILL DESTROY DPM 

435 
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PRELIMINARY SPECIFICATIONS (Typical @ +25° unless noted) 

ANALOG INPUT 
Configuration 
True, balanced differential bipolar inputs 

Full Scale Input Range 
-1.999 Vdc to+ 1.999 Vdc 

Optional Ranges 
Up to:±:300 Bdc or± 19.99µA to± 1.999Ampsor 
o to 1.999 kn up too to 19.99 Megohms. These 
optional ranges require connection of addi­
tional components supplied by the user. 

Input Bias Current 
SpA typical, 50pA maximum 

Displayed Accuracy @ +25° C 
Adjustable to ±0.1% FSR, ± 1 count 

Resolution 
1 mV in Least Significant Digit 

Temperature Drift of Gain 
Within±50 ppm of FSR/' Ctypical, within± 100 
ppm of FSR/' C max. 

Temperature Drift of Zero 
Autozeroed ± 1 count over fJ' to +5fJ' C 

Input Impedance 
100 Megohms minimum 1000 Megohms typical 
to Analog Return or Power Common 

Input Overvoltage 
±250 Vdc, 175 VRMS continuous maximum 
±300V de intermittent maximum 

Common Mode Rejection 
80 dB to Analog Return, DC to 60Hz, 1 kilohm 
unbalance 

Common Mode Voltage Range 
Both inputs must remain within +4V and-4Vof 
Power Common 

Warm-Up Time 
1 minute to rated accuracy 

Reference 
Internal, referred to Analog Return. External 
user-supplied reference optional for ratiome­
tric operation 

External Reference Range 
Pin 4 +.5V to +2V (relative to Pin 3) 

Ramp-Up Time (Integration Period) 
83.3mS 

DISPLAY 
Number of Digits 
3 decimal digits and most significant "1" digit 
(3Y2 digits) 

Decimal Points 
3 selectable decimal points are included for 
scale multipliers 

Display Type 
Liquid crystal display (LCD), requires external 
room light for viewing. 

Display Height 
.75" (19mm) 

Overscale 
If input exceeds + Full Scale, display shows 
"+1" MSD with zeros blanked 

Underscale 
If input goes below Full Scale, display shows 
"-1" MSD with zeros blanked. 

Autopolarity 
A"+" is displayed for positive inputs, a"-" fM 
negative inp,uts. It is also possible to disable all 
polarity signs 

Sampling Rate 
3 samples per second 

INPUT/OUTPUT CONNECTIONS 
Analog HI Input (pin 1) 

Analog LO Input (pin 2) 
Differential input voltages are connected be­
tween these inputs. A bias current path to 
ANALOG RETURN from both these inputs 
must be externally provided. External circuits 
must constrain these inputs to be within the 
common mode voltage range. 

Analog Return Input (pin 3) 
This pin may be used as a low-noise bias cur­
rent return for some floating inputs. Analog 
Return is approximately 2.8V below +V, (+V, 
·-2.8V). 

Reference In (pin 4) 
Reference Out (pin 5) 

Normally REFERENCE IN and REFERENCE 
OUT should be jurnpered together. An external 
high quality reference, referenced to ANALOG 
RETURN, may be connected to REFERENCE 
IN or used for ratiometric applications. 

Hold Input (pin 6) 
Ground this Pin for normal use. Open this pin 
to latch the last AID conversion and stop the 
display from changing. May be used by an op­
erator to copy down the last reading. 

+SV Input (pin 14) and Power Common 
(pin 7) 
Power input connections for the meter; re­
quires +5 Vdc@ 3.5mA to power meter alone. 
(May require up to 23.5 mA, if user powers ex­
ternal circuitry from -5V OUT). 

-5V Output (pin 13) 
A voltage output may be used from the internal 
DC-to-DC converter to power user-supplied 
external circuitry (as a C.A.Z. amplifier to pro­
vide gain). Maximum current out is 20mA. all 
current out must be added to 3.5 mA current in 
(Pin 14, +5VIN) to determine total current draw 
of meter. 

Polarity Enable Input (pin 12) 
A CMOS logic input which enables or disables 
the polarity symbols on the display. A +5V in 
voltage (grounded at DISPLAY TEST) causes a 
''+'' to be displayed with positive inputs and a 
"-"to be displayed with negative inputs. Con­
nect Pin 12 to DISPLAY TEST (Pin 8) to disable 
polarity. 
WARNING: POLARITY ENABLE INPUT 
SHOULD NOT BE LEFT OPEN. 

Decimal Pointlnputs (pins 10, 11, and 12) 
These are CMOS logic inputs to enable in disa­
ble decimal points. Connect to +5 Vd~ 

(grounded at DISPLAY TEST) to light the de­
sired decimal point. Connect all others to 
DISPLAY TEST. 
WARNING: DECIMAL POINT INPUTS 
SHOULD NOT BE LEFT OPEN. 

Display Test Input (pin 8) 
Connect this pin to POWER COMMON to 
display 1888 and test all display segments. 
CAUTION: TO PREVENT DAMAGE TO THE 
LIQUID CRYSTAL DISPLAY, HOLD DPM IN 
"TEST' N.0 LONGER THAN 1 MINUTE. 

POWER CONNECTIONS 
D.C. Power In 
+5 Vdc (+3.5 to + 7.0 Vdc) at 3.5mA nominal 
(up to 23.5mA if current taken from ·-5V OUT 
(Pin 13)). May be supplied from four "AA" alka­
line batteries in series, or a regulated (±5%) 
power supply (Datel-lntersil UPA-5/500) 

D.C. Power Out 
-5 Vdc (-3.5 to - 7.0 Vdc, depending on 
input) @ 20mA max. 
Calibration 
A multiturn screwdriver pot adjusts the full 
scale reading (gain). Zero is automatic (auto­
zeroing). Suggested recalibration in stable 
conditions is 90 days. 

PHYSICAL-ENVIRONMENTAL 
Outline Dimensions 
4.0"WX 2.0"HX .56"D (102X 51 X 14 mm) 

Cutout Dimensions 
Display requires 2.88" x 1.13" (72 x 29 mm) 
cutout, also, separate .125" (3,2 mm) diameter 
hole to access gain adjust pot. 
Mounting Method 
Front or rear panel mounting possible; for rear 
mounting, four ¥16 " (11,1 mm) standoffs re­
quired. For front mounting, four .125" (3,2 mm) 
standoffs required. 

Weight 
1.8 oz. (52g). 

Connector 
14-pin DIP plug with cover (Datel-lntersil 
39-7251-1 ). 

Mounting Position 
Any 

Operating Temperature Range 
fJ' to+SfJ'C 
(+32" to +122' F) 

Storage Temperature Range 
-25° to +60" C (LCD display is damaged if 
stored above +6fJ' C) 
(-13" to +14fJ' F) 

Altitude 
0 to 15,000 feet (4600 M) 

Relative Humidity 
20% to 80% non-condensing 

ORDERING INFORMATION 

MODEL DESCRIPTION 
DM-LX3 311,·Digit Single Board DPM with Liquid Crystal 

Display (P1 Connector not included). 

39-7251-1 P1 Connector for J1 Jack; 14-pin DIP Connector and 
Cover. 

UPA-5/500 115 VAC in, +5Vdc (@ 500mA) out, Power Adapter; 
permits DM-LX3 to run from 115V line. 

NOTE: The top of the DM-LX3 display 1s made of a plastic material which 
can be scratched easily. It is recommended that a clear plexiglas filter be 
installed with the meter. Care should also be taken in cleaning the display. 
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DM-LX3 COMPONENT LOCATIONS ·---.---·---------1 

.. <O 
14 014 10 

~ 
() 

-----·-

FULL SCALE 
{GAIN) ADJUST 
POT 

R1 AND R2 
SHOULD BE 
INSTALLED 
FROM ETCH 
SIDE {NOT 
COMPONENT 
SIDE) OF 
BOARD 

FOR OTHER VOLTAGE AND CURRENT 
RANGES 

F.S. 
RANGE R11.2 

DECIMAL6 

POINT 
---------------------------··------~-

±2V Short Omit pin 11to14 
SG1 

+c20V 3 10 MO' 1.1 M04 pin 10 to 14 
or or 

9.1MO 1 MO pin 10 to 14 
±200V3 10MO 100 KO pin 9 to 14 
±300V5 10MO' 10 KO ---------
+200 mA Short 100,1W pin 9 to 14 

SG1 
:+-20mA Short 1000,1;,w pin 10to 14 

SG1 
±2mA Short 1 KO pin 11to14 

SG1 
:+-200 µA Short 10 KO pin 9 to 14 

SG1 
+20µA Short 100 KO pin 10 to 14 

SG1 

NOTES· 

(1) R1, R2 ARE USER­
INSTALLED ATTENUATION 
OR (R2) Sf!UNT 
RESISTORS. BEFORE 
INSTALLING RESISTORS AT 
R1, OPEN SOLDER GAP 
(SG1) ON ETCH SIDE OF 
BOARD WITH A 
SOLDERING IRON. NOTE 
THAT IF RI IS LATER 
REMOVED, THE USER 
MUST CLOSE THE SOLDER 
GAP. 

(2) R1 AND R2 FOR VOLTAGE 
RANGES ARE RN60C 
EXCEPT'RN70C.CURRENT 
SHUNTS SHOULD BE 1%, 
10 PPM!°C OR BETTER. 1W 
AND 1;1W RESISTORS MAY 
NOT FIT FLUSH TO BOARD. 

(3) THESE RANGES REQUIRE 
ADJUSTMENT OF R12 FOR 
ACCURATE READINGS. 

(4) IF 10 MO IS NOT 
AVAILABLE, USE R1 ~ 2 MO, 
R2 - 220 KO. A MATCHED, 
TRACKING SET OF 10:1 
AND 100:1 ATTENUATOR 
RESISTORS (900 KO, 90 KO, 
AND 10 KO) IS AVAILABLE. 
ORDER MODEL RN­
DM-3000 WITH YOUR DPM 

(5) THE 1 300V RANGE WILL 
DISPLAY :t 1999V BUT THE 
SAFE LIMIT FOR THE 
BOARD AND CONNECTOR 
IS 1-300V 

(6) CONNECT ALL UNUSED 
DECIMAL POINTS 
TOGETHER TO DISPLAY 
TEST (PIN 8). 

INPUT/OUTPUT CONNECTIONS 

r-------., 
4 R2 ~ 

.. -------.J SG1 

:-;:;.t-r::~ 
--. ' R1 t--

L--- -- - - J 

5'i'SPi:A Y illT ! N © 0 POWEH COMMON 

O.P. IN 123.4 0 8 HOL.D INPUT 

0 P. IN 12.34 G 0 . nU-EREl\lCE OUT 

Q_P IN 1 234 0 8 FlEFERENCE IN 

POLARITY ENABLE IN 0 8 ANALOG AETURN CUT 

5V OUT G 0 ANALOG LO IN 

1 5V IN G 0 ANl\LOG HI 

J1 

0 

>---------------------------------· ·~-----------------J 

.062 
{1, 6) 

MECHANICAL DIMENSIONS 
INCHES IMM) 

'"~ l" 2.882 
lt2, 71 . 111) 173. O) 

t:38 
111,1) 

-+ 

OPTIONAL 

"~ (18) 

.56 .... 
114, 2) 

~ 

.11512, 92) DIA. HOLES 
4 PLACES 
/ 

NOTES: DIP PLUG I 
1. USE v.'' x y,'' LG STAND-OFFS INOT SUPPLIED WITH METER) 

TO REAR MOUNT DM-LX3. 
2. THESE ARE NOT OUTLINE DIMENSIONS FOR THE DISPLAY. 

THEY ARE PANEL CUTOUT DIMENSIONS USED WHEN J 
'-----------R-EA_R_M_o_u_N-Tl_N_G_T_H_E_M_E_T-ER_. ______________________________________ _ 
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DM-41 OOL and DM-41 OON 
Low Cost 41h·Digit LED 

Digital Panel Meters 
FEATURES 
• Low-cost 41/a digit DPM 
• LED displays, .56" high, (OM-4100L) and .3" (DM-

4100N), ±1.9999 V de FS range, 100 µV resolution 
• 100 MO CMOS high impedance single-ended input, 5 pA 

bias currents 
• Autozeroing with ratiometric reference for drift 

correction 
• +5Vdc-powered, short depth case (DM-4100L) or low 

profile case (DM-4100N). 
• Internal user-options: 

1. Accepts shunts for ±20 µA to ±2A FS ranges 
2. Accepts attenuators for ±2V to ±1KV FS ranges 
3. External ratiometric reference input 

GENERAL DESCRIPTION 

The DM-4100L and DM-4100N are 41/, digit light emitting diode (LED) 
Digital Panel Meters that use +5Vdc @ .35A for power. The LED 
displays emit a brilliant red light that can be seen from many feet away 
in dimly lit rooms. Besides measuring DC voltages, a shunt may be 
installed by the user to make direct current readings. Additionally, the 
user may install attenuator resistors to measure higher voltages up to 
± 1 KV. The versatility of this meter is further enhanced by its auto­
zeroing capabilities for drift reduction. 

This DPM accepts a DC or slowly varying input voltage between ±2V 
and displays that input on front panel numerical indicators. It em­
ploys a conventional dual-slope AID converter and a 7 segment 
display decoder-driver. Since the AID section requires +15 and -15 
volts for operation. an internal DC/DC converter generates these volt-· 
ages from the +5V power input. 

The DM-4100L and N are identical except for case style and display 
size. The.OM-4100L has a short depth case which takes more front 
panel area than the DM-4100N but has .56" high displays. The DM-
4100N is supplied in a low profile case which is deeper than the DM-
41 OOL but takes less front panel area. Display size on the DM-41 OON is 
.3" high. 

DPM'sare normally supplied without Bezel Logos or Labels. 

This DPM is also designed for use with automatic test equipment. In­
cluded are features such as the Busy/Done Output which may be 
used with automatic equipment to prevent changing the input voltage 
during conversion, and an Overscale and Underscale Output func­
tion which indicates an out of range condition for external autorang­
ing circuits. Also included is a Run/Hold function which will hold and 
display the last sample for temporary single sample storage or to 
copy down a reading. 

A very noteworthy feature of this meter is that it can be operated ra­
tiometrically. This means that it can automatically compensate for ref­
erence drifts in the supplies of bridge or transducer sensors. 

The DM-4100L and DM-4100N find use in analytical instruments, in­
dustrial process controllers, portable diagnostic instruments, auto­
matic test equipment, medical and patient monitoring instruments, 
airborne, marine ground vehicles, and data acquisition/data logging 
systems. 

SIMPLIFIED BLOCK DIAGRAM 
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DM-4100L AND DM-4100N 

SPECIFICATIONS (Typical at +25°C, unless noted). 

ANALOG INPUT 

Configuration 
Single-ended bipolar 
Full Scale Input Range 
-1.9999 Vdc to +1.9999 Vdc 
Optional Ranges• 
Up to ±1000 Vdc 
Ammeter Ranges (Optional*) 
±199.99 microamps to ±1.999 Amps 
Input Bias Current 
5 pA typical, 50 pA maximum 
Displayed Accuracy@ +25°C 
Adjustable to ±0.02% of reading, ±2 counts 
Resolution 
100µV 
Temperature Drift of Zero 
Autozeroed ±1 count over Oto +50° C 
Temperature Drift of Gain 
±50 ppm of Reading/' C typ. 
±100 ppm of Reading /°C max. 
Input Impedance 
100 Megohms, minimum, 1000 Megohms, typ. 
Input Overvoltage 
±250 Volts de. 175 VRMS continuous max. 
±300 Volts intermittent max. (Resistor and 
diode clamp protected) 
Warm-up Time 
Within 10 minutes 
Reference 
Internal, referred to Power Common. An 
External, user-supplied reference is optional 
tor ratiometric operation. 
External Ref. Range 
+100rnV to +2V, referred to -V,. 
Ramp-up Time (Integration Period) 
83.3 mS 

DISPLAY 

Number of Digits 
4 decimal digits and most significant "1" digit 
(41/, digits) 
Display Type 
Red, light-emitting diode (LED), self 
illuminated 
Display Height 
0.56 inches (14,2 mm) DM-4100L 
0.3 inches (7,6 mm) DM-4100N 
Oversea le 
Inputs exceeding the full scale range cause 
the display to blink 
Autopolarity 
A polarity sign is automatically displayed for 
bipolar inputs, and may also be blanked 
Sampling Rate 
Factory set at 3 conversions per second 
Decimal Points 
Right-of-digit selectable decimal points are 
included for scale multipliers 

1/0 CONNECTIONS (DM-4100L only) 
Analog HI Input (B3) 
Analog LO Input (A2, A3) 
Analog LO IN and PWR. COMM. are 
connected internally. The DPM is ncit 
differential. 
Reference IN/OUT (A1/B1) 
Normally, Ref. IN and Ref. OUT are jumpered 
together. An external ref. returned to Power 
Common may be used ratiometrically. 
Busy/Done OUT (B10) 
This output may be used in automatic 
equipment to prevent changing the input 
voltage during conversion. 
Overscale Out (B 13) 
Underscale Out (B12) 
A logic "HI" on either output indicates an out 
of range input for autoranging applications. 
Decimal Point Common (A4) 
Connect this pin to the selected decimal point 
pin. 
Display Enable (B18) 
Connect to +5 Vdc power to illuminate 
display. Disconnect to blank display but keep 
A/D converter cycling. 

RUN/HOLD IN (B11) 
A TTL "HI" or open pin enables continuous 
sampling. A TTL "LO" or ground will hold and 
display the last sample for temporary single 
sample storage. 
Display Test (B15) 
Ground this input to light all display 
segments. 
Polarity Enable IN (A18) 
Ground this input to automatically display a 
minus sign. 

1/0 CONNECTIONS (DM4100N only) 

Analog HI input (Pin H) 
Analog LO Input (Pin 5) 
Analog LO IN must be connected externally 
to POWER COMMON. The DPM is not 
differential. 
Reference IN/OUT (Pin 4) 
Normally make no connection. Solder gaps 
must be altered to use an external reference. 

+1.75VX E1N 
Display = Ref. In 

Busy/Done Out (Pin 2) 
This output is logic "HI" during A/D 
conversion and logic "LO" when conversion 
is complete. It may be used in automatic 
equipment to prevent changing the input 
voltage during conversion. 
Overscale Out (Pin 6) 
Underscale Out (Pin 7) 
A logic "HI" on either 
output indicates an out of range input for 
autoranging applications. 

•Note- The optional ranges require installation of extra components by 
the user inside the DPM. This is also available on special order in OEM 
quantities from Datel-lntersil. 

Decimal Points 
Connect selected pin to DECIMAL POINT 
COMMON (Pin 1 ). 

Display Enable (Pin 8) 
Connect to +5 Vdc power to illuminate 
display. Disconnect to blank display but keep 
A/D converter cycling. 
Run/ROra In (Pin 3) 
A TTL "HI" or open pin enables continuous 
sampling. TTL "LO" or ground will hold and 
display the last sample for temporary single 
storage or to copy down a reading. 
Display Test (Pin J) 
Ground this input to light all display 
segments. 
Polarity Enable IN (Pin 10) 
Ground this input to automatically display a 
minus sign for negative inputs. 

POWER REQUIREMENTS 
External +5, ±0.25 Vdc regulated required at 
350 mA typical, 400 mA max. Logic spikes 
must not exceed 50 mV. Power current varies 
rapidly so that unregulated supplied cannot 
be used. 

PHYSICAL-ENVIRONMENTAL 
Short-Depth Case (DM-4100L) 
Outline Dimensions 
3.00"WX 2.15"DX 1.76"H (76,2X 54,6X44,7 
mm). 
Cutout Dimensions 
1.812"HX 3.062"W (46,0X 77,7 mm). 
Mounting Method 
Through a front panel cutout secured by (4) 
4-40 front access screws which are concealed 
by the bezel. 
Low Profile Case (DM-4100N) 
Outline Dimensions 
2.53"W x 3.25"D X 0.94"H (64,3 x 82,5 x 23,8 
mm). 
Cutout Dimensions 
2.562"W X 0.97"H min. (65,1 x 24,6 mm). 
Mounting Method 
Through a front panel cutout secured by 
brackets and two removable side case screws. 
Panel thickness up to 0.62" (15,9 mm). 
Weight 
Approximately 5 ounces (142g). 
Connector 
DM-4100L: Dual 18-pin, 0.100" centers, Datel­
lntersil #58-2075010, (not included). 
DM-4100N: Dual 10-pin, 0.156" centers, 
Datel-lntersil #58-2073082, (not included). 
Mounting Position 
Any 
Operating Temperature Range 
0 to +50°C. 
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DM-4100L INPUT/OUTPUT CONNECTIONS 

NOTES: 
1. The UPA-5/500 is a user-supplied and installed DATEL­

INTERSIL accessory. 

2. ANALOG LO and POWER COMMON are connected 
internally on the DM-4100L. 

3. This shows the connector rear view with the DPM tilted 
on its side. 

4. CAUTION: This DPM employs high impedance CMOS 
inputs. Although internal protection is provided for 
several hundred volt overloads, this DPM will be 
destroyed by kilovolts of static discharge which is 
especially prevalent in low humidity environments. 
Always handle the DPM with ground protection. 

5. The DM-4100L is not differential. 

ANA HI 

SINGLE 
ENDED 
INPUT 

DM-4100N INPUT/OUTPUT CONNECTIONS WITH DIFFERENTIAL INPUT 

ANA 
Lo 

ANA 
HI 

DEC PT 1999.9 
DEC PT 199 99 
DEC PT 19 999 
DEC PT 1.9999 

TOP 
DEC. PT COM 
BUSY/t'.ll'.lNI" OUT 
RUNIROITi IN 

ANA 
COM-----------~ 

NO. CONN (OPI +15VOUT. SG E) 
NO. CONN {OPT -15V OUT. SG DI 

'-------- ANALOG HI INPUT 

REF. IN/OUT {OPT I 
ANALOG LO INPUT _ 
OVERSCALE OUT 
UNDERSCALE OUT 
DISPLAY ENABLE 
+5VDC PWR. IN 
POLARITY ENABIT POWER SUPPLY 

-- DISPLAY'rEST 
NO CONNECTION 

~--.~ POWER COMMON 

NOTES: 

TO 
115 VAC 

LINE 

UPA· 
51500 

1. The UPA-5/500 and AM-435 are user-supplied and installed DATEL­
INTERSIL accessories. 

2. ANALOG LO and POWER COMMON are not internally connected, and 
must be externally connected by the user. 

3. On the DM-4100N, REF IN and REF OUT are normally internally 
connected. To input an external reference on Pin 4, open Solder Gap A 
and connect Solder Gap B (both on back of converter board). 

4. The DM-4100N is not differential. 

5. CAUTION: This DPM employs high impedance CMOS inputs. 
Although internal protection is provided for several hundred volt 
overloads, this DPM will be destroyed by kilovolts of static discharge 
which is especially prevalent in low humidity environments. Always 
handle the DPM with ground protection. 

6. This shows the connector rear view with the DPM tilted on its side. 

7. ±15 Vdc out at 5mA max. may be drawn from pins E and F by 
connecting SOLDER GAPS D and Eon the DC/DC converter board. 

I 

! 

I 

I 

I 

I 
I 

I 
----------·---·-----_J 
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DM-4100N ORDERING INFORMATION 

MODEL 

DM-4100N 

58-2073082 

UPA-5/500 

RN-DM-3000 

DESCRIPTION 
4)12-Digit LED Digital Panel Meter, Low 
Pro ti le Case. 
Connector, dual 10-pin, 0.156" centers; 
one required (not supplied with meter). 
+5 Vdc@ 500 mA Power Supply; 
permits DM-4100N to run from 115 VAC 
power. 
Attenuation Resistor Set, tracking units 
for 10:1 and 100:1 Attenuation Ratios. 

DM-4100L ORDERING INFORMATION 

MODEL 

DM-4100L 

58-2075010 

UPA-5/500 

RN-DM-3000 

DESCRIPTION 

4Y,-Dlgit LED Digital Panel Meter, Short 
Depth Case. 
Connector, dual 18-pin, 0.100" centers; 
one required (not supplied with meter). 
+5 Vdc@ 500 mA Power Supply; 
permits DM-4100L to run from 115 VAC 
power. 
Attenuation Resistor Set, tracking units 
for 10:1 and 100:1 Attenuation Ratios. 



DM-4100N COMPONENT LOCATIONS 

FOR OTHER VOLTAGE AND CURRENT RANGES 

DECIMAL DECIMAL 
F.S. POINT POINT 

RANGE R1'" R2'" (DM-4100N) (DM-4100L) 

DECIMAL DECIMAL 
F.S. POINT POINT 

RANGE R1 1·2 R21•2 (DM-4100N) (DM-4100L) 

±2V Short Omit Oto 1 AS to A4 
SG1 

+20V3 10Mn• 1.1 Mn4 Cto1 A6 to A4 
or or 

9.1Mn 1 Mn Cto 1 A6 to A4 
±200V' 10Mn• 100Kn B.to1 A7 to A4 
±1000V 10Mn• 10Kn Ato1 AB to A4 
±200 mA Short 1on,1w Bto 1 A7 to A4 

SG1 
±20mA Short 100n,1/4W Cto 1 A6 to A4 

SG1 
±2mA Short 1 Kn Dto1 AS to A4 

SG1 
±200µA Short 10µn Bto 1 A7 to A4 

SG1 
±20µA Short 10on Cto1 A6 to A4 

SG1 

NOTES: 

(1) R1, R2 ARE USER-INSTALLED ATTENUATION OR (R2) SHUNT 
RESISTORS. BEFORE INSTALLING RESISTORS AT R1, OPEN 
SOLDER GAP (SG1) ON ETCH SIDE OF BOARD WITH A 
SOLDl;RING IRON. NOTE THAT, IF R1 IS LATER REMOVED, 
THE USER MUST CLOSE THE SOLDER GAP. 

(2) R1 and R2 FOR VOLTAGE RANGES ARE RN60C EXCEPT 
•RN70C. CURRENT SHUNTS SHOULD BE 1%, 10 PPMt'C OR 
BETTER. 1W AND 1/4W RESISTORS MAY NOT FIT FLUSH TO 
BOARD. 

(3) THESE RANGES REQUIRE ADJUSTMENT OR R10 FOR 
ACCURATE READINGS. 

~ A 
MATCHED, TRACKING SET OF 10:1AND100:1 ATTENUATOR 
RESISTORS (900 Kn,90 Kn, and 10 Kn) IS AVAILABLE. ORDER 
MODEL RN-DM-3000 WITH YOUR DPM. 

DM-4100L COMPONENT LOCATIONS 

SEE "FOR OTHER VOLTAGE AND 
CURRENT RANGES" ABOVE 
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FEATURES 

• Mlcro-bussable meter provides 
BCD data outputs for compatibility 
with microprocessors. 

• BCD data out is 3-state-gated, to 
share bus with other devices. 

• Data gated in 4-bit groups for use 
with 4-, 8-, 12-, or 16-bit data bus 
widths. 

• Full parallel output selectable. 
• "Data Ready" output pulse is ideal 

for interrupt or print command. 
• DPM has super high impedance 

(1000 megohms}, super low bias 
current (5 pA). 

• Ultra-compact, low profile case-
2.53"W x 3.25"D x 0.94"H 
(64,3 x 82,5 x 23,8 mm) 

• 5V powered @ 500 mA 
• Bright 0.30"H LED digits 
• Autozeroed, ratiometric, single­

ended input 

APPLICATIONS 

• Signal Monitor and AID-Use 
meter to monitor voltage, current, 
temp; BCD outputs permits CPU 
control or printout. 

• Data Logger-Simple 
interconnection with Datel-lntersil's 
DPP-07 Thermal Printer (see p.9) 

• Ammeter-Accepts user-supplied 
shunts for ±20 µA to ±2A Full Scale 
Ranges. 

• Voltmeter-Accepts user-supplied 
attenuators for ±2V to ±1 kV Full 
Scale Ranges. 

DESCRIPTION 

The DM-4100D combines full 4% digit DPM per­
formance with 3-state BCD outputs, an ultra­
compact size, and a very low price. The meter 
has single-ended analog inputs which are both 
ultra high in impedance (1000 megohms) and ul­
tra low in bias current (5 picoamperes)-the DM-
4100D will not load down sensitive input signals. 
The unit is accurate to within .02% FSR (±2 
counts). Input circuitry is autozeroed on each 
conversion cycle to reduce zero drift. All this per­
formance has been packed into a low-profile 
black polycarbonate case only 2.53" wide x 
3.25" deep x 0.94" high (64,3 x 82,5 x 23,8 mm). 
The price of the meter is small as well: it costs no 
more than many less sophisticated, display-only 
DPM's. 

sos 

DM·4100D 
Micro-Bussable 

41h·Digit DPM 
with 3-State BCD Outputs 

Note: OPM's are normally supplied without_ Bezel Labels or Logos. 

The DM-41 OOD's 3-state BCD outputs take it be­
yond many so-called "microprocessor compati­
ble" DPM's. 3-state outputs mean that the meter 
can be connected directly to a microcomputer's 
data bus. They also permit multiple DM-4100D's 
to be daisy-chained to a single set of computer or 
printer input connections-the computer inputs 
"see" only those meter outputs which have been 
enabled. And, since each 4-bit group (corre­
sponding to a single BCD-encoded numeral) 
may be gated separately, a single rear-panel 
change makes the DM-4100D compatible with 
processors using 4-, 8-, 12-, or 16-bit data words. 
Digital outputs for the Display Polarity Under­
ran ge, Out of Range, E.O.C., "Data Ready" 
(a 10 µsec pulse occurring 10 µsec after the digi­
tal data is valid). and meter Run/Hold status 
make microcomputer control of the meter possi­
ble with minimal external hardware. Sufficient 
control circuitry is already built into the DM-
41 OOD that it can interface directly with Datel-
1 ntersil's DPP-07 thermal printer (or a similar 
printer) to become a functional data logger. 

The DM-4100D's input CMOS circuitry can safe­
ly handle over-voltages to ±250 Vdc. The meter's 
converter board contains blank circuit pads to 
accept input attenuation resistors or current 
shunts. Temperature drift of the autozeroed input 
amplifier is ±1 count from o to +50°C. Tempera­
ture drift of gain measures ±50 ppm of FSR/°C 
(typical) and ±100 ppm of FSR/°C maximum. 

The DM-41 OOD uses a dual slope integrating con­
verter which provides normal mode rejection of 
AC power line noise. It provides an input-to­
output conversion linearity to within ±.02% of 
reading, or ±2 counts. The standard sampling 

rate is 3 conversions per second, but a rear pin 
connector may be used to disable the Least Sig­
nificant Digit. In the 3% digit mode, the DM-
4100D provides 30 conversions/second. 

Power to the meter is +5 Vdc @ 380 mA typical 
(500 mA max), and may be supplied directly from 
a microcomputer bus. A built-in de-de converter 
(to power the meter's analog input circuitry) pro­
vides ±13.5 Vdc ±5% (@±20 mA max.) to power 
user-supplied circuitry. The ±13.5V output was 
specifically intended to power an external instru­
mentation or CAZ amp, to provide the DM-
41 OOD with a differential analog input. Datel­
lntersil's UPA-5/500, 5V @ 500 mA AC power 
supply is available as an accessory. 

IN THIS DATA SHEET 
Specifications 
Ordering Information 
Outline Dimensions 
Panel Mounting 
Block Diagram 
Input-Output Connections 
Component Locations 
Other Voltage and Current Ranges 
Differential Input 
Decimal Point Wiring 
Timing Diagram 
Applications 

Introduction 
DM-4100D Bus Interface 
Bus Interface Block Diagram 
Motorola 6800/6502 P.l.A. 
Interface 
DM-41000 Interface with DPP-07 
Thermal Printer 
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DM-41000 

SPECIFICATIONS, DM-41000 
(typical @ +25° C, unless noted) 

ANALOG INPUT 
Configuration .............. Single-ended bipolar; -1.9999 

Vdc to +1.9999 Vdc 
Input pad area will accept user-
installed range change. 

Input Blas Current .......... 5 pA typical, 50 pA maximum DISPLAY 
Displayed Accuracy @ Number of Digits ............ 4 decimal digits and most 
+25°C .................... Adjustable to ±0.02% of significant "1" digit (4% digits) 

reading, ±2 counts Decimal Points ............. Selectable decimal points are 
Resolution ................. 100 µVin Least Significant Digit included for scale multipliers. 
Temperature Drift of Zero .... Autozeroed; ±1 count over 0 to Display Type ............... Red, light-emitting diode (LED). 

+50°C self-illuminated 
Temperature Drift of Gain .... ± 50 ppm of Reading/ ° C typical Display Height .............. 0.3" (7,6 mm) 

±100ppm of Reading/°C Overscale .................. Inputs exceeding the full scale 
maximum range cause the display to blink 

lnputlmpedance ..... ....... 1000 megohms, typical, 100 Autopolarlty ................ A polarity sign is automatically 
megohms, minimum displayed for bipolar inputs, 

Input Overvoltage ........... ±250 Volts de, 155 VRMS and may be disabled. 
continuous max. Sampling Rate .............. Factory set at 3 conversions per 
±300 Volts intermittent max. second. Meter may be short-

Warm-Up Time ............. Within 10 minutes cycled in 3% digit mode for 30 
Reference .................. Internal, referred to Power conversions per second. 

Common. 
External, user-supplied 
reference optional for 
ratiometric operation. 

NOTE: The DM-41000's display is not latched; the External Ref. Range ......... +100 mV to +2V, referred to 

I 
Analog Common display may not track the meter's BCD data 

Ramp-up Time .............. 83.3 mS out. 
(integration Period) I 

1/0 CONNECTIONS 

J2 ANALOG CONNECTOR meter to operate in 3% digit 

(LOWER) mode. Conversions in 3'/2 digit 
mode occur at 10 times usual 

Reference In (Pin 81 )/ speed, i.e. 30 conversions per 

ReferenceOut(PinA1) ..... Normally REFERENCE IN and second. 

REFERENCE OUT should be +5Vln{Pln814) ............ Power input to the meter; 
jumpered together. An external connections made between +5V 

high quality reference, IN and POWER COMMON (pins 
grounded to ANALOG A14 and 813); requires 
COMMON may be connected to regulated supply (±5%), 
REFERENCE IN or used for capable of supplying 500 mA 
ratiometric applications. max. 

Analog Common Display Enable Input (Pin 
(Pins 82/ A2) ............... ANALOG COMMON is not 815) ........ .............. Connect to +5V (814) to enable 

internally connected to POWER (Not a Logic Input) all display segments and 
COMMON, but must be decimal points. (Disabling 
connected externally. display reduces power 

Analog HI lnput(Pln 85) ..... Signal input Normal voltage consumption to 250 mA, 
range is -1.9999 to +1.9999 typically). 
Vdc, but an internal attenuator Power Common 
or current shunt resistors may (PinsA14/B13) ............ Power supply common must be 
be installed (R1 and R2) connected externally to 

DlsplayTesllnput(PinA7) ... Connect this to POWER ANALOG COMMON. 
COMMON, displays 18888 to +13.5Vout (Pin 812) 
test display segments. -13.5Vout (Pin 811) ......... These voltage outputs provide 

Decimal Points +20 mA and -20 mA 
(PinsA8toA11) ............ Connect selected pin to respectively to power user-

DECIMAL POINT COMMON supplied external circuitry. May 
(Pin A12). Do not connect 0.P. be used to power an 
to POWER COMMON as this instrumentation or C.A.Z. 
will destroy 0.P. amplifier to provide a 

Polarlty Enable Input differential input to the meter. 
(Pin 88) ................... Ground to POWER COMMON Caution: these outputs are not 

(Pin A14) to enable+!- sign on short-circuit-proof. Shorting 
display. either of them to ground, or 

3%/4% Modelnput(Pin 89) .. Leave open or high for 4% digit drawing more than the ±20 mA 
mode. Logic low (connected to specified, can damage the 
POWER COMMON) causes meter's DC-DC converter. 
Least Significant Digit to read Pins A3 to A&; A13, A15; 83, 
permanent zero, and causes 84, 86, 87, 810 ............. No internal connection 
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SPECIFICATIONS (Cont'd): 
1/0 CONNECTIONS {Cont'd} 
J1 DATA CONNECTOR 
(UPPER) 

Digit Enable Input ........... These are active high, and 
Enable 1's (Pin A1) operate on data in groups of 4 
Enable 10's (Pin A6) bits (e.g., Enable 10's controls 
Enable 100's (Pin B1) BCD 10, 20, 40 and 80; Enable 
Enable 1000's (Pin B6) 10,000's controls BCD 10,000 
Enable 10,000's (Pin A11) (overrange). PLUS/MINUS, 

OUT OF RANGE, and 
UNDERRANGE. For full parallel 
output, all Enables should be 
left open or connected to +5V. 
7 4LS295 are used as latches, 
and timing is as specified for 
these devices. 

Run/Hold Input (Pin B13) .... When open or high the D.P.M. 
will run continuously at its 
maximum rate (3 readings/ 
second). When low, the D.P.M. 
will hold a reading after 
completion of any conversion in 
process. Momentarily bringing 
the RUN/HOLD high (for a 
minimum ol 300 µS) will initiate 
a conversion, after which the 
D.P.M. will remain in hold until 
receipt of another RUN/HOLD 
pulse. This provides a means of 
externally triggering the D.P.M. 

BCD Data Outputs .......... 1,2,4,8 (and 10,20,40,80, etc) 
BCD 1 (Pin A2), 2 BCD data is fully latched. 

(Pin A3), 4 {Pin A4), 8 Outputs are 3-state and 
(Pin AS) controlled in groups of 4. 

BCD 10 (Pin A7), 20 Outputs are DTL/TTL 
(Pin AB), 40 (Pin A9). 80 compatible, positive true, and 
(Pin A10) sink 4.0 mA@ 0.4V (2% TTL 

BCD 100 (Pin B2), loads). 
200 (Pin B3), 400 (Pin 
B4), 800 (Pin BS) 

BCD 1000 (Pin B7). 2000 
(Pin B8), 4000 (Pin B9). 
8000 (Pin 810) 

BCD 10,000 (Pin A12) 

Plus/Mlni:iS Polarity Out 
(PinA13) .................. This is true for positive input. 

3-state latch enabled by: pin 
A11. 

Out of Range Output 
(PinA14) .................. This is true when reading is 

greater than +1.9999 Vdc or 
less than -1.9999 Vdc. 3-state 
latch enabled by pin A 11. 

U_nderrange Output 
(Pin A 15) .................. This is true when the magnitude 

of the reading is less than 1800. 
OUT OF RANGE and 
OVERRANGE may be used to 
drive auto-ranging circuitry 
external to the D.P.M. Three­
state latch enabled by pin A11. 

E.O.C. Output{Pln B11) ..... The E.0.C. output is high 
during a conversion (fan out 2% 
TTL loads). 

Data Ready 
(Pin 812) ................. The DATA READY is a 

+sv (Pin B14) and Digital 

short pulse (10µS) which is 
produced 10 µS after the data is 
valid in the D.P.M. latches. It 
may be used to trigger a printer, 
to load external latches, or to 
interrupt a computer. 

Common (Pin B15) ......... These connections duplicate 
+5V IN and POWER COMMON 

. on the Analog Connector. 

i-----

BCDOUTPUT 

~~~~-~----------------~~-~ 

I P~YSICAL-ENVIRONMENTAL . 
Format ..................... BCD outputs 3-state, gatable in 

4-bit groups, full parallel output 
available. 

Fanout ..................... 21;, TTL loads 
Logic Controls .............. E.0.C. pulse, "Data Ready"(Print 

Pulse), Overrange, Underrange, 
Out of Range. PLUS/MINUS 
Polarity OUT, and RUN/HOLD. 

POWER CONNECTIONS 
D.C. Power In ............... +5Vdc, regulated (±5%), @380 

mA typical, 500 mA maximum 
D.C. Power Out ............. ±13.5 Vdc, ±5%, @±20 mA, 

unregulated, for external signal 
conditioning. 

Calibration ................. A multiturn screwdriver pot 
(rear-panel mounted) adjusts 
the full scale reading (gain). 
Zero is automatic (autozeroed). 
Suggested recalibration in l 
stable conditions is 90 days. 

Low-Profile Case ........... Interchangeable with other 
Datel-lntersil cases. 

Outline Dimensions ......... 2.53"W x 3.25" D x 0.94"H 
(64,3 x 82,5 x 23,8 mm) 

Cutout Dimensions ......... 2.562"W x 0.969"H (minimum) 
(65,1 x 24,6 mm) 

Mounting Method ........... Through a front panel cutout 
secured by brackets and two 
removable side case screws. 
Panel thickness 0.62" (15,9 
mm). 

Weight ..................... 4.1 oz. (116grams) 
Connectors(2Required) .... Dual 15 pin, 0.1" centers, Datel­

lntersil #58-2073083, 
Mounting Position .......... Any 
Operating Temperature 
Range ................... :o to +50° C 

Storage Temperature Range . -25 to +85° C 
Altitude .................... Oto 15,000 feet (4600m) 
Relative Humidity ........... 20% to 80%, non-condensing 

---~~-~~--~---~~~--~~--~--i 

ORDERING INFORMATION 

MODEL 

DM-41000 

58-2073083 

52S 

J DESCRIPTION 

Micro-bussable 4% Digit DPM 

Dual 15-pin connector, .100" ctrs .. solder­
tabs (not included with meter, 2 required) 

l 
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PANEL MOUNTING OUTLINE DIMENSIONS 

LOW PROFILE CASE 

lOWPRUFILE 
PANEL METER 

USERS FRONT f'ANfl 
WITH CUT our 

··, . -,_ '1. , , 

BRACKfT $L ors 
-----12PAIFISI 

/., r ~· 
/'-<:. ~ l BRACKETS 

INSHH BRACKETS 11 PAIR! ANO SCREWS 
ANO ROT AH fOAWARO 

FRONT 
PANEL 
CUTOUT 

mnni~~,n-L - - - -
1 /UUUU 

------

3 25 
182 61 

i 
I 

j_ 

SINGLE. MOUNTING CUT OUT 

PANEL THICKNESS 
062 TOO 625 

11.61TO115.91 

,---[; --i:-! ' ' 
1 31 0 94 

13~_·"0 0 "~''. • , I I _L 

- 1--- 0 62 l--037 I I 
I llS 9·, (9,41 I ! 

[____ l,, ".:, -----i 0751----

INCHES (MM) 

BLOCK DIAGRAM 

ANALOG AND POWER CONNECTOR 
J2 r--1 

~~~ ,--, ~~ ~~~ -- II 1...,. i- ···-··-.-----------,---·--·-- I I 

+13.5V ·l3 •. 5V +5.,V DIS .. P. A 4 ANAHI f POLARITY REF. REF 42132 filSP D.P. DEC.PT. DEC.PT DEC.PT DEC.PT. OUT OUT IN ENABlE 1 IN 2 ENABLE IN OUT MODEIN TEST COMMON 1.2345 12.345 12345 1234.5 

-~~~-~--'" ss ==--__ " _<z___ __ y _A' "coN~~o~~-=.::--::-~.=~9---- - ___ @ __ ~ ~~----
; I I L _____ 1--:::I--------~==_±-- --------"LL_I 47

" - I I I 

i L I J i ~w- ~:~~~;~~: DEC~~:~·1=-t=) .,.~l-.-1-=~i-.-1-=-i~.-1-=_i __ ._1_:_1~ 
I 

RUNI BC 0 LED DISPLAY 

I -- SOLDER GAP 1 HOLD DATA 

----i-- ---- ------ ---------------- -

· 5V DIG DATA 
IN COM READY 

OUT 

·R1 AND Rz ARE USER· 
INSTALLED RANGE CHANGE 
OR IRi) CURRENT SHUNT 
RESISTORS 

3·STATE BCD DATA LATCH 

RUN/ ENABLE PLUSiMINUe UNDER ENABLE 0:
8
0 1--

HOLD 1 OK POLARITY RANGE 1 K 2K 
!N A12 OUT A14 OUTPUT 8"1 

I 

83 ----Gv-8r-+-~: AB 

BCD I BCD ENABLE B c 0 
200 e 800 10'5 07 20 A9 

BCD OUT BCD BCD BCD BCD BCD BCD 
lOK OF 1K ~ 100 400 10 40 

RANGE \.....____------------y--__ _,J '------------y------_J ~-~ 
OUTPUT 1000'$ DIGIT OUT 100'$ DIGIT OUT 10'$ DIGIT OUT 

BCD 10K ANO 
AUX. OUTPUTS DIGITAL INTERFACE CONNECTOR 

J1 

BCD BCD 
1 4 

'-----,,~-_.___J 

1'5 DIGIT OUT 
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DM-4100D INPUT-OUTPUT CONNECTIONS 
(REAR VIEW) 

(This view shows DPM turned on Its side.) 

CJ 
g_ 
0 
3 
!a. 
s:: 
!2. 
~ 

' 
BOTTOM BOARD (J2) 

ANALOG AND POWER CONNECTOR 

A (Lower) Pin B (Upper) 
# 

Ref. Out 1 Ref. In 
Analog Common 2 Analog Common 
No Etch 3 No Etch 
No Etch 4 No Etch 
Keyway Keyway 
No Etch 5 Ana. Hi In 
No Etch 6 No Etch 
Display Test 7 No Etch 
D.P.1234.5 8 Polarity Enable 
D.P. 123.45 9 41h/31h Mode 
D.P.12.345 10 No Etch 
D.P.1.2345 11 -13.5V Out (20mA) 
D.P.Common 12 +13.5V Out (20mA) 
No Etch 13 Power Common 
Power Common 14 +5Vln 

15 Display Enable 
\ No&h 

User must externally wire 
{ Analog Common to Power Common 

CAUTION: CMOS Inputs. 
Avoid damage from static discharge. 
Handle only with ground protection. 

Input 
Voltage, 
±1.9999V, 
Across B2 
and B5 

User-supplied 
connection to 
Power Common 
necessary to 
enable "±" on 
Display 

TOP BOARD (J1) 
DIGITAL INTERFACE CONNECTOR 

A (Lower) 
Pin 
# B (Upper) 

Enable 1's 1 Enable 100's 
BCD1 2 BCD 100 
Keyway ..... Keyway 
BCD2 3 BCD200 
BCD4 4 BCD400 
BCDB 5 BCD BOO 
Enable 10 6 Enable 1K 
BCD10 7 BCD1K 
BCD20 8 BCD2K 
BCD40 9 BCD4K 
BCD BO 10 BCD BK 
Enable 10K 11 E.0.C. 
BCD 10K 12 Data Ready 
Plus/Minus Out 13 Run/ROid - --·, 

-=-I !User-supplied , 1 
Out of Range 14 +5Vln t-

I jumper, B14 I 1 
I to B15, I I 

Underrange 15 Digital Common 

1 necessary to I 1 I ~ ~n~e~~I~ ____________________ _J 1 

L ___ - - --- --------------·--- - --·- ...J 

Normal External Connections Are Shown 

· NOTES: 1. Dashed lines indicate connections internal to the 
DPM. 

2. All BCD outputs.are 3-state, enabled high, and can 
drive 2Y2 TTL loads. 74LS295 3-state latches are used. 

3. ±13.SV OUT are ±20 mA max., and are not current 
limited. Sustained overloads or short circuits can 
result in damage to the meter's DC-DC converter. 

COMPONENT LOCATIONS, CONVERTER AND DISPLAY BOARD 
(Bottom Board; J2 Connector) 

OPCNSGl-+-----L--'-"' 
(ETCH SIDE OF 
BCV.RO) WITH 
SOLDERING 
IRON WHEN 
INSTALLING 
REStSTO.R AT 
R1 SGllS 
PARALLEL 
WITHR1 

545 

.r-:-:-i I 
~ L 1C4 91 -

1C5 § 
«• 

OTHER VOLTAGE AND CURRENT RANGES 

•• DECIMAL POINT 
FSRANGE "' (ALL ON LOWER J2 CONNECTOR) 

±IN Short Solder Gap Omit A11 toA12 
±2J11/' 10MO 1.1MO A10toA12 
±20V1 9.1MO 1MO A10toA12 
±200V! 10MO 100KO A9toA12 
±100JV 10MO* 10 KO A8toA12 
±20µA Short Solder Gap 100KO A10toA12 
~µA Short Solder Gap 10KO A9toA12 
-.t2mA Short Solder Gap 1 KO A11 toA12 
±20mA Short Solder Gap 1000, 1/2W2 A10toA12 
±200 mA ShOrt Solder Gap 100, 1W' A9toA12 

R1 and R2 are user~installed attenuation or (R2} shunt resistors. Be­
fore installing resistors at R1, open solder gap with a hot soldering 
iron on etch side of board. Note that, if R1 is later removed, user must 
close solder gap by soldering across it. 

· R1 and R2 for voltage ranges are RN60C except "RN70C. 

Note 1: 
These ranges require adjustment of pot, RB, for accurate reading. 

Note2: 
10001/2W and 10Cl1W resisto·rs s~ould be 1% tolerance, metal 
film, or wire wound with·tempco better than 100ppm/°C. These 
may not fit flush to the board. 
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DIFFERENTIAL INPUT 

DM-41000 
DIFFERENTIAL INPUT 

DM-41000 

ANA 
J1 
CONNECTOR 

LO-~""",,___ __ _. 

ANA 
>-+---------<1 ANA HI IN 

HI ---'\l\/'v----1 ANA COM 

'------+--+--+---<l -13.5V OUT 

'---------i-t----l----<l +13.5V OUT 

~-----i--+------0 PWR. COM. ANA 
COM-----------+~ 

The DC/DC converter in the DM-4100D can power external circuits, 
as shown above. The addition of an instrumentation amplifier permits 
the meter to handle differential inputs, with an attendant rejection of 
common mode noise. The external amplifier may be wired to provide 
input gain or polarity inversion, and permits the DM-4 lOOD to be used 
in bridge-type circuits, or as a digital ohmmeter. Please note that ex­
ternal circuitry should draw no more than ±20 mA, total maximum. 
±13.5 Vou1 should not be shorted to ground, or to each other, or dam­
age to the voltage converter can resu It. 

TIMING DIAGRAM 

J1 
CONNECTOR 

RUN/ 
HOLD 

@ 
(IN) 

I 
I 
I 
I 

DECIMAL POINT WIRING 

@' --------------------- e;4 +SVIN 

l 
-~~---~-----..-----+----iFi~s DISPLAY ENABLE 

J2 
A10 

' 

',i'' ' A12 

DECIMAL POINT 
COMMON 
470 

180mS MAX. ---i 10µS •!----E.ITC. 

8 
{OUT) 

,_ __ 
60mS --~---- soms MIN. ----i 1omsi.--i--

9 

1------<.._-+--------~ L---------------------. .... 
START 

PRINT CONVERSION 
COMMAND 
{OUT) 

'A MOTOROLA 6820 PIA IS SHOWN FOR ILLUSTRATION 
OTHER INTERFACE METHODS MAY ALSO BE USED. 

ENO DATA 
CONVERSION I VALID 

30nS MAX ---I 

LOW IMPEDANCE STATE 
{BCD OUTPUT ENABLED) 

PA7 
PERIPHERAL 
INTERFACE 
ADAPTER 
{PIA) 
PARALLEL 
PORT ON 
MICROCOMPUTER 
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APPLICATIONS 

INTRODUCTION 

The DM-4100D may be used to interface with a variety of mi­
croeomputers, thermal printers, data loggers and so on. The 
discussion below of DM-4100D BUS INTERFACING provides 
the general information necessary to any application in which 
the BCD data from the DM-4100D will be used. Reference 
should also be made to the BUS INTERFACE BLOCK DIA­
GRAM 

DM-41000 BUS INTERFACE 

In order to fully implement a typical interface between the 
DM-4100D and a microcomputer, three functions must be 
considered. The first function is to start A/D conversion in the 
DPM. The second function is to recognize that the DPM is 
ready to transfer valid output data. The third function is to 
transfer this data. 

The microcomputer has two common methods to output start 
signals to the DPM and two methods to input End of Conver­
sion (Data Valid) signals into the computer. The DPM's start 
signal can be supplied from a parallel port output on the com­
puter. This port output line is latched and separated from the 
other busses of the computer and has TTL drive. If the port 
method is not desired, the start input may be derived from the 
address decoder technique to be used later in the data trans­
fer section. 

The two methods to input the EOC signal from the DPM are 
the parallel port and an interrupt input line to the computer. 
The port method is straightforward in that the user's operat­
ing program for the computer periodically scans ("polls") an 
input bit on the computer's parallel port which is connected to 
the DPM's EOC output. When the EOC port bit goes low 
(true), and the polling routine discovers this, the program 
jumps to a routine which transfers the DPM's BCD data. The 
only problem with the polling routine method is that excessive 
computer time (and lost efficiency) might be dedicated to 
sampling the port bit. If sampling is done less often, valid BCD 
data could sit ready for an excessive time, thereby lowering 
the total data acquisition throughput, if that is important (it 
may not be important in many applications with slowly­
varying data). 

·The interrupt method is more efficient if throughput is at a 
premium. Interrupt involves a separate line or lines to the CPU 
which get immediate attention when the interrupt is set. There 
are two types of interrupts found on microcomputers. The 
less common type found on some controller-type micropro­
cessors requires only a momentary pulse to set the interrupt. 
This interrupt type is ideal for a pulse version of the EOC Out­
put called the Data Ready Output (pin 812) which is supplied 
on the DM-4100D. 

The more conventional interrupt input requires a handshake 
procedure as follows: The interrupt input is set and the CPU 
detects it as fast as possible, given the preselected priority 
which you, the programmer have written into the software. 
The CPU responds with an Interrupt Acknowledge (INTA) 
Output which is intended to clear the original interrupt and 
avoid retriggering that same interrupt until its function is per­
formed. Since INTA must clear the interrupt, an additional ex­
ternal flip flop is required or other method since the DPM's 
EOC Output cannot be externally reset. Some external inter­
face circuitry may be needed in any event, so the flip flop will 
be easy to add. 

565 

A specific interface is also given, as an example: the Motorola 
6800/1)502 P.l.A. INTERFACE. The diagram and notes de­
scribe interconnection of the meter with this particular Mo­
torola microcomputer. 

Similar connections with other microcomputers are possible, 
but are beyond the scope of this data sheet. 

Once the EOC is detected, either through the polled port or 
interrupt, i,t is time to take the dat41. If the user has persisted 
with a parallel port so far it may be tempting to tie all 20-odd 
bits to the rest of the parallel port, assuming a Peripheral In­
terface device or Peripheral Interface Adapter (Intel 8255 or 
Motorola 6820) are used. This simplifies matters but sacrifices 
the great advantage of the 3-state BCD data outputs which is 
that one data bus can share several DM-4100D's, depending 
on distance, loading, etc. 

A more eiegant method is to wire up the DM-41 OOD's data out­
puts in three parallel groups of eight bits (assuming an 8-bit 
microcomputer). Thus, two decades (8 bitS) of BCD data may 
be strobed onto the bus simultaneously by wiring their 2 Ena­
ble Inputs together and by toggling these paired Enables in 
1-2-3 sequence to strobe out each 2-digit byte. Using this 
method, three 8-bit bytes completely transfer 4Y2 decimal dig­
its plus signs and flags. 

The Enable inputs are supplied by the computer's CPU and 
are derived from the memory bus. The Enables may betreated 
either as 1/0 Addresses or as Memory Read locations (so 
called memory-mapped architecture). In either case, the CPU 
sends an address down the memory bus. An external address 
decoder is used to create a single pulse input to each Enable 
input pair by first ANDing the decoder output with either the 
110 Read Command output or Memory Read Command Out­
put from the CPU. While this pulse input enables the BCD 
data gates, the CPU's data bus reads these BCD data bits and 
routes them to the accumulator. From there they are routed to 
memory for further processing according to the user's pro­
gram. If this decoder method is used, it will be noted that the 
program instruction which moves BCD data from the DPM to 
the CPU is an 1/0 Read command: INN, in 8080 assembly lan­
guage, for example. It will use the 1/0 Read Command Output 
line (IORC) from the computer. The complementary instruc­
tion, OUT N may be used with the identical address to start 
A/D conversion in the DPM, as discussed earlier. If start is 
used this way, the 1/0 Write Command (IOWC) Output will be 
ANDed with the decoder's output to create a start pulse. 

With the appropriate address decoder circuit, successive IN N 
instructions will be physically routed to ascending sets of 
paired Enable inputs. For example, (in 8080 language) 

IN N+O 
STAM+O 
IN N+1 
STA M+1 
IN N+2 
STA M+2 

will completely strobe out 4% digits, signs and flags into three 
successive memory locations. Since the next data sample will 
write over the previous data, M+O, M+1 and M+2 should be 
thought of as temporary scratch pad intersample storage and 
full data manipulation should occur between samples. 
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APPLICATIONS (Cont'd) 
BUS INTERFACE BLOCK DIAGRAM 

MOTOROLA 6800/6502 P.l.A. INTERFACE 

The diagram below indicates wiring between the DM-
41000 and a Motorola Peripheral Interface Adapter. 
Please note that an external 74LS138 decoder is speci-

PAOt----~ 

--------=--=> 
0 READBYTEll 

~,~~:g:m; 
3 STAIHCONVERSION 

fied: this permits both 3-state control lines, and BCD 
data lines, to interface on a single port of the P.l.A. If 
preferred, the P.l.A:s B port may be used, and the de­
coder omitted. 

-- ~ALL BCD 2'S & SIGN 

6520 
6820 
6821 
PIA 

~J ALLBC04'S&OR 

!---~----~~ ALLBCOB'S&UR 

Notes 

OR 

6522 
VIA 

OR 

6846 PA71-----..-~ EQ'C.t2l 
RIOT 

CA1 

CA2 >----------< 

r~ DIGITAL COM. 

5V 1/iA ~ · 5V POWEA(4) 
FROM µC 

1) For interrupt at end of conversion, connect 812 
to CA 1 & program PIA to negative or positive 
edge. 

2) Due to auto-zero, E.O.C. will go high approx. 
60mS after initiation of conversion of RUN/ 
HOLD. E.O.C. will remain high for a minimum of 
60mS for zero analog input, to 1BOmS for± full 
scale. If polling of the~. is used as check on 
valid data, the polling sequence should not 
commence until 1 OOmS after initiation of con­
version. (If the DM-4100D is operating in 3% 
digit mode these times are-:-10.) Due to demulti­
plexing of data internally in the DM-4100D ap­
proximately 10mS (1mS) should be allowed af­
ter E.O.C. goes low before transferring data. 

ENABLE 1'S 

ENABLE 10'5 

ENABLE 100'5 

ENABLE 1K 

ENABLE 10K 

3) To initiate a conversion RUN/HOLD should be 
pulsed high for a minimum of 1µs. Additional 
RUN/R"l5CTJ pulses after initiation of conversion 
until E.O.C. goes low will have no effect. If RUN/ 
HOLD is held high continuously, DM-41 OOD will 
perform conversions continuously at about 3 
conversions/sec. (4 % mode) or 30 conversions/ 
sec. (3% mode). 

4) 5V @ % A may be derived from the µC buss if 
power supplies have capacity. The DM-4100D in 
turn provides ±13.5V power which may be used 
to power input signal conditioning circuitry e.g. 
Date! AM-435 instrumentation amp &/or input 
multiplexer e.g. Date! MX1606/MXDB07. 
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APPLICATIONS {Cont'd) 

DM-4100D INTERFACE WITH DPP-Q7 THERMAL PRINTER 

The DM-41000 may be connected directly to Datel-lntersil's DPP-07 Miniature Printer to form a 
functional data logger. The required connections are shown below. 

f® 
DPP-07 l PRINTER -
C1 [D 

---+--+---+-+----+-+-------------- _____ __J 

.-+---+++-----++-~-----~-__J 

DM·4100D 
TOP BOARD (Jl) 
DIGITAL INTERFACE 
CONNECTOR 

Notes: 
1. Leading zero suppression on the printer may be activated by grounding printer pin 84 on connector 

C1 (join 84 to A4 on C1). 
2. To select the desired decimal point on the printer, ground all unused decimal points to C1 pin A4. Only 

the unconnected decimal point is enabled. 
3. The Run/Hold input on the D.P.M. can be used to trigger a Measure/Print cycle. A logic input or con­

tact opening can be used (no debounce is necessary). Leaving the Run/Hold open or high will cause 
the system to free run at about 3 measurements per second. 

This applications information shows typical suggested circuits to illustrate design examples. Since Datel-lntersil has no control overt he selection, mounting, interconnection, fabrication 
and environmental factors of external apparatus and components to this product, specific performance cannot be warranted. This information is believed to be accurate and reliable. No 
responsibility is assumed for any errors or omissions. Nor does Datel-lntersil, Inc. assume responsibility for the use of such information or for any infringement of present or future patents or 
other third party rights resulting from such use. No ficense is gr_anted by implication or otherwise under any patent, patent rights, or otherwise of Datel-lntersil. Inc. Prices and specifications 
are subject to change without notice 

PLUG-IN REGULATED POWER ADAPTER FOR DM-41000 

MODEL UPA-5/500 

FEATURES 
• 115 VAC (±10%), provides +5 VDC out (±6%)@ 500 mA 
• Line and load regulated to within 0.3% of rated output 
• Ripple and noise measure less than 8 mV RMS 
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FEATURES: 
... 115 VAC (±10%) line power provides 

+5 Vdc Out (±6%)@ 500 mA 
... Line and Load regulated to within 

0.3% of rated output 
.,. Ripple and noise measure less than 8 

mVRMS 
... Plugs directly into U.S. power outlets 
... Provides isolated, low voltage 

operation of meter 
... Designated for U.L. and C.S.A. 

Listing 
... Low Cost 

COMPATIBLE WITH 
... DM-3100L, DM-3100N, DM-3100U1, 

DM-3100X, DM-2115, DM-350, 
DM-31, DM-LX3, DM-4100L, 
DM-4100N, DM-41000. 

... Any DPM which requires +5 Vdc 
power at 500 mA or less. 

UPA-5/500 Plug-In, 
+5V Regulated Power Adapter 

for Digital Panel Meters 

SPECIFICATIONS 
Input Voltage ................ 115VAC ± 10% 
Input Frequency ............. 60 HZ 
Output Voltage ............... +4.8 to +5.3Vdc 
Output Current ............... 0-500 mA 
Regulation (O to 500mA) 

Line and Load .............. 0.3%typ. 
Ripple/Noise ................. 8mV RMS max. 
Breakdown Voltage ........... 1500 VAC min. 

DIMENSIONS AND CONNECTIONS 

MECHANICAL DIMENSIONS 
INCHES (MM) 

2.06 
(52,32) 

L r­
' I 

I -1.11 -1 
"43,43)1 

MOLDED STRAIN RELIEF 
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FEATURES 
• Choice- of AC line or +5VDC power 
• Compai;:t, short depth case measures only 

3.00" W x 2.151' D x 1.76" H (76,2 x 54;6 
X44,7 mm). 

• Large, Bright, 0.43" High Red LED Displays 

• Automatic Polarity and Overflow Display 

• 5V /400rnA Qptlonttl Power Input - Ideal for 
Portable Use 

• Differential Input 
• Optional Parallel BCD/TTL Output 

SPECIFICATION HIGHLIGHTS 

INPUTS 
Input Voltage Range •.•..••.. 
Input Impedance .•••.•••••. 
Type of Input ..••••.•..••. 
Input Bias Current ..••••.•••• 

Input Polarity ......•.....• 
Common Mode Rejection • . • . . • • 
Common Mode Range • • • . • . . . . 

Input Overvoltage 

PERFORMANCE 
Accuracy@ 25°C 
Resolution . . . . . . . • . . • • . • • 
Temperature Coefficient .••.... 
Conversion Speed . . . . . . . . . . . 

BCD Outputs 

Operating Temperature. Range • . • . 
Storage Temperature Range .•••. 
Warm Up Time .•.......•.•. 

Adjustments • • • . , . . . • • • .•• 

Power Supply 

sos 

±1.999Volts DC 
100 Megohms, min. 
True Differential 
Analog HI Input 3nA Typ., 
7nAMax. 
Analog LO Input 45nA 
Typ, 500nA Max. 
Bipolar·Automatic 
70 dB, DC-60 Hz 
IE1N + EcMI Must be with· 

in ±3.0V to logic or Analog 
Ground, ±300V to AC line 
±SOV Max. continuous 
±200V Max. 5 sec. duration 

±0.05% of reading± 1 count 
1mV 
±50ppm/° C Max. 
0 to 40 conversions/sec. 
max. (ext. trigger required 
at m~x. rate) 4 samples/sec. 
normal from Int. Clock. 
(adjustable) 

12 latched parallel lines 
8-4-2-1 positive true binarv 
coded decimal. Loading 2 
TTL loads. BCD not valid 
until 400 µsec after EDC 
trailing edge. 

0 to +50"C 
-20°c to +85°C 
5 minutes to specified ac· 
curacy. 
Diff. Amp. Balance and 
Full Scala located behind 
snap on front Bazel and 
filter. 
(J) (A) IE) 

100, 115 or 230VAC, 
±10%, 47 to 440 Hz @ 3.5 
Watts or +5VDC ±5%, reg· 
ulated at 400mA max. 

DM-2115 
31/2·Digit LED Digital 

Panel Meter with optional 
AC Power /BCD Outputs 

NOTE: DPM's are supplied without Bezel Labels or Logos 

DISPLAY OUTPUT 
Display Type . . . . . . . . 

Overload Scale . . . . . . . 

Decimal Points 

Polarity .•............... 

PHYSICAL 
CasaSize .•...•......•... 

Case Material . . . . . . . . . . . . . . 
Weight ................ . 

Mounting 

Connector 

ORDERING INFORMATION 
DESCRIPTION 

Solid. State 0.43" Rad 
LED. 100% ovarrange. 
Indicated by alternating 
flashing of center bars arid 
zeroes. 
3 left-hand decimal points 
selectable at rear connector. 
Ground appropriate pin for 
desired decimal point. 
Minus sign only displayed 
for negative input. Sign 
blanks . for positive inputs. 

3" W x 1.75" H x 2.25" D 
(76,2 mm x 44.4 mm x 
57,2 mm) 
Black polycarbonate plastic 
Line Power Units - 10 oz. 
(284g) 
5V Units-: 5 oz. (141g) 
1.812" x 3.062" cut out 
attached by four 4-40 flat· 
head countersunk screws. 
DUAL 18-pin PC adga­
board type on 0. 1" centers 
(Viking 3VH18/1JN-5 or 
1JHD-5 equiv. w/kays). 

DM-2115, +5 Vdc powered, no BCD. 

DM-2115, +5 Vdc powered, with BCD. 
DM-2115, +5 Vdc powered (USA), no BCD. 
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DM-2115D1 

DM-2115D2 
DM-2115A1 

DM-2115J1 
DM~2115E1 

DM-2115A2 

DM-2115J2 

DM-2115E2 c 

58-2075010 

m 
n a 
0 
I: ... DM-2115, 100 VAC powered (Japan), no BCD. 

DM-2115, 230 VAC powered (Europe), no BCD. 
DM-2115, 115 VAC powered (USA), with BCD. 

DM-2115, 100 VAC powered (Japan), with BCD. 

DM-2115, 230 VAC powered (Europe), with BCD. a 
Connectors, dual 18-pin, 0.100" centers, ;!! 
one required (not supplied). • 



FEATURES 
.,.. Large 0.43" (11 mm) LED Display . 
.,.. Choice of Unipolar or Bipolar 1.999 Vdc ranges . 
.,.. Choice of AC or +5 Vdc Power Power Supply . 
.,.. Very Low Power Consumption, +5 Vdc @ 300mA typ . 
.,.. Compact, short depth case measures only 3.00"W X 

2.15"D x 1.76"H. (76,2 x 54,6 x 44,7 mm). 

SPECIFICATIONS (Typical at +25°C 
unless noted). 

DISPLAY 
Number of Digits ...... 3- 'h digits with sign and 3 decimal points 

(+1.9.9.9) 
Display Type ......... Red, Light Emitting Diode (LED) 
Display Size .......... 0.43 inches (11 mm high 
Overscale ............ Inputs greater than 1.999V indicated by 

steady horizontal bars and a "one" 
Polarity .............. Plus and minus sign automatically dis­

played on bipolar models. No sign on uni­
polar models. 

Lamp Test ............ All display segments may be tested (us­
ing 888) by grounding pin 9. 

Sampling Rate ........ 2 samples per second, may be varied us-
ing ext. resistors 

Underscale ........... Reads all zero's 
ANALOG INPUT 
Configuration ........ Single-ended referenced to ground and 

common or single-ended transformer 
isolated (AC models) 

Full Scale ............. Oto +1.999 Volts (unipolar) 
Input Ranges or 

-1.999 Volts to +1.999 Volts (bipolar) 
Input Bias Current ..... 45nA, typical 500nA, maximum 
Displayed Accuracy ... Within 2mV of correct reading after cali­

bration al steady operating temperature. 
(:t0.05% of F.S. ±1 count) 

Temp. Drift ........... Within 10mV between 0 and +50° C 
(±100ppm of F.S./0 C) 

Operating Temp . ...... 0 to +50° C 
Range 
Storage Temp . ........ -25° C to +85° C 
Range 
lnputOvervoltage ..... ±50V continuous maximum for no 

damage 
Input Impedance ...... 100 Megohms minimum 
Common Mode ....... ±300 VDC to AC pwr gnd (AC models 
Voltage only) 

Common Mode . 70dB @DC (AC models only) 
Rejection 
Warm Up Time ........ Essentially None 

DIGITAL INPUTS (Disregard These Inputs If Not Required) 
Lamp Test ...... (Pin 9) Ground this pin to illuminate the 

three 'B's" in the display. 1 TTL load (Sink 
1.6mA) 

Hold Display .......... (Pin 10) Switch this input to +5VDC to 
freeze the last displayed reading. 10 Kil­
ohm load to ground. 

Sample Rate .......... (Pin 11) Sampling rate is 2 samples per 
Adjust second with no connection on pin 11. 

Connect a 680 Kohms resistor to +5V for 
4 samples/second. Connect a 1µF, 10V 
capacitor to ground for 1 sample/second. 
(Plus lead of cap to pin 11 ). 

Decimal Points ........ (Pins 5, 6, and 7) Ground each pin toil­
luminate corresponding decimal points. 
Sink 20mA. 

DM-350 
31/2-Digit LED 

Digital Panel Meter 

NOTE: OPM's are supplied without Bezel Labels or Logos. 

ADJUSTMENTS 
Zero, Full Scale, ....... Screwdriver trim pots for calibration 
Balance adjustable by removing front panel bezel 

and filter. 

POWER SUPPLY 
+5VDC ............... (Pin 13) +5VDC power ±.25VDC@ 300 

mA max. Noise and spikes must be less 
than 50mV. Approximately 50mA may be 
used from pin 13 for external circuitry on 
AC models. Avoid errors by using a regu­
lated supply. 

AC ................... (Pins 15 thru 18) 115 or 230 VAC, ±10%, 
47 to 440 Hz 5W max. required at these 
pins. Externally pin-strapped by the user 

PHYSICAL 
Case Size ............. 3"W x 1.75"H x 2.25"D (76,2 x 54,6X 44,7 

mm) 
Case Material ......... Black polycarbonate plastic 
Weight ............... Approx. 10 oz. (280 g) AC Models 

Approx. 5 oz. (140 g) DC Models 
Mounting ............. Panel mounted through a 1.812" x 3.062" 

(46,0 x 77,7 m) cutout with 4-40 flathead 
screws. 

Connector ............ Dual 18-pin, PC edgeboard type0.1" cen­
ters, Daiei 58-2075010 

ORDERING INFORMATION 

MODEL 
OM-35001 
OM-35002 
OM-350A1 

OM-350A2 
58-2075010 

DESCRIPTION 
OM-350, +5 Vdc Power, Unipolar Input. 
OM-350, +5 Vdc Power, Bipolar Input. 
OM-350, 115/230 VAC Power, Unipolar 
Input. 
OM-350, 115/230 VAC Power, Bipolar Input. 
Connector, dual 18-pin, 0.100" centers; one 
required (not supplied with meter). 
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DM-2000AR 
Autoranging 31/2-Digit LED DPM 

with BCD Outputs 

FEATURES 
~ 3 Full-Auto Ranging-Scales: ±19.99V, 

±1.999V, ±199.9mV 
~ 3'h Digit Solid State LED Display 
~ Automatic Polarity and Overflow Display 
~ Operates From Single +5V DC Supply 
~ Optional Optically Isolated Differential Input 
~ Optional External Ranging Control 
~ Adjustable Internal/External Start Clock 
~ Includes Full.Parallel BCD Data Outputs 
~ Compact short depth case measures only 

3.00:W x 2.15"D x 1.76"H (76,2 x 54,6 x 44,7 
mm). 

GENERAL DESCRIPTION 
The DM-2000AR is a miniature 5V-powered Digital Panel Meter 
featuring automatic X10 and X100 gain ranging over 3 full scale input 
ranges of ±19.99 Vdc, ±1.999 Vdc and ±199.9 mV. 
The 0.43" high self-illuminated LED displays have 3Y2 digits of 
resolution and the DM-2000AR automatically shifts the decimal point 
to indicate the selected range. Polarity and overscale indication are 
also automatic and the sampling interval may be adjusted up to 30 
samples per second, making the DM-2000AR ideal tor an industrial 
data logging system. 

NOTE: DPM's are supplied without bezel labels or Logos. 

Autoranging offers important advantages including lower costs 
because a front panel range switch is eliminated, Also, autoranging 
reduces operator display misint::rpretation errors. 
BCD digital data at the rear connector also includes the range code, 
polarity, overscale, and data valid indication. 
The 1 Megohm single-ended input has optional optoisolation for virtual 
differential characteristics. The DM-2000AR is powered by +5 Vdc 
regulated at 800 mA max. 
The internal start clock rate may be externally adjusted or an external 
start pulse may be substituted to synchronize with process events. 

SPECIFICATIONS 
(Typical@ 25°C, 15 minutes warm-up) 

ANALOG INPUT 
(single ended) 

Full Scale Input Ranges 
(automatic ranging)......... ± 19.99V 

±1.999V 
±199.9mV 

Note: Display reads 
in volts on high 
ranges, millivolts on 
low range. 

Input Bias Current............ 2nA (all ranges) 
Input Overvoltage. . . . . . . . . . . . . ±1 OOV max. 
Input Impedance.............. 1 MEGOHM 

Additional specifications (available only with optical 
isolation option): 

Input Configuration .......... . 
Common Mode Voltage ...... . 

Common Mode Rejection ..... 

Single ended Bipolar Floating 
±1 OOVcM max. 
to digital output common 
70d8@ 60 Hz 

PERFORMANCE 

Accuracy ............ . 
Resolution . . . . . . . . . . . 
Temperature Coefficient of 

Full Scale .......... . 
Zero Drift (referred to the 

input) .... · ........ . 

Conversion Time . . . . . . . . 

Input Settling Time ...... . 
Operating Temperature 

Range ............ . 
Storage Temperature 

Range ............ . 
Warm·up Time 
Input Power 

PHYSICAL 
Case Size ............ . 
Case Material . . . . . . . . . . 
Weight ............. . 
Mounting ............ . 

Connector ........... . 
(not included with DPM, 
add to order) 

ORDERING INFORMATION 

628 

MODEL DESCRIPTION 

DM-2000AR no optoisolation, less connectors 
DM-2000AR-2 with optoisolation, less connectors 
58-2075010 Connector, dual 18-pin, 0.100" 

ctrs; one required. 

±.1 % of F .S. ±1 count 
±1 count (±1 OOµvolts) 

±100 PPM/°C 

30µV/°C 
(199.9mV and 1.999V 
range) 
150µV/°C 
( 19.99V range) 
33 msec max 

1 m sec for F .S. change 

0°C to +50°C 
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-20° C tO +85° C I 

15 min to specified accuracy l/ 
+5 ±.25VDC at 800mA (max), <50mV :II 
spikes I!!. 

3"W x 1.75"H x 2.25"0 
Black polycarbonate plastic 
6 oz. approx. 
Panel mounted th rough a 1.812" x 
3.062" cutout with four 4-40 
screws. 
Dual 18-pin, PC Edgeboard Type, 
0.1" centers (Viking #3VH18/IJN-5 
or equal) with key between 

pins 4 and 5 
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Digital Voltage Calibratorl 

IN THIS SECTION 
·---------

DVC-8500 PAGE 645-665 

OVC-8500 
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FEATURES 
• -19.999 to +19.999 Volts Full Scale 

Output Range Set from Front Panel 
Lever Switches 

• 1 Miiiivoit Settablllty with Accuracy of 
±25ppm of setting ±%LSB 

• Continuous Front Panel ±1.SmV Vernier 
Control 

• Rated Accuracy up to 25mA Output 
• Current from Short-Circuit-Proof Output 

Transfer-Isolated ±300 Volts to AC Line 
• Miniature Aluminum Case Includes 

Bench-lop Stand or Can Be Panel­
Mounled 

DESCRIPTION 
Datel's low-cost miniature Digital Voltage 
Calibrator, model DVC-8500, is a 4% digit 
voltage reference source with a full scale 
output range of -19.999 Volts to +19.999 
Volts in 1 millivolt steps. An active buffered 
output amplifier provides very low output 
impedance and up to 25 milliamps output 
current at the rated accuracy of ±25 ppm of 
setting, ±500µV. This short-circuit proof 
output is selected by front panel digital lever 
switches. Voltage outputs may be contin­
uously varied within ±1.5 millivolts of se­
lected readings by using the front panel 
vernier control. The DVC-8500 output is 
available from front panel banana jacks and a 
parallel rear panel 36-pin gold-plated PC 
connector or lug terminals. 

The DVC-8500 Digital Voltage Calibrator 
is small enough for bench-top use or panel 
mounting. It fulfills many laboratory needs 
such as calibrating A/D and D/A Converters, 
Digital Panel Meters, Operational and Instru­
mentation Amplifiers, Voltage/Frequency 
Converters and Digital Voltmeters. The small 
size and light weight design of the DVC-8500 
make it an ideal portable instrument for a 
technician's repair kit. When mounted on it's 
bench top tilt stand, the DVC-8500 uses very 
little space and can be positioned close to test 
circuits. 

The miniature calibrator features high per­
formance for such a small, low-cost instru-

~a~~~f:r~n~~eg~~~~~~~z=~ ~;~~~I ~~c~~~g~e~f 
±500µV and ±25 ppm of the setting with zero 
drift of ±5µV/°C and full scale drift of 
4ppm/° C max. 

Rear connector sense feedback inputs 
reduce errors caused by cable resistance. A 
front panel LED overload lamp lights if the 
output exceeds 25mA and current limiting 
occurs at 70mA output. The output circuit 
can accept up to ±25mA source or sink 
current at rated accuracy. The rear connec­
tor also includes a low-Z output of the +1 O 
Volt referbnce source with 5mA maximum 
drive for external reference tracking. Wide­
band output noise is 25 microvolts, pk-pk 
max. 

Powered by a choice of 100, 115 or 230 
VAC ±10%, and 47 to 440 Hz at 10 watts, the 
DVC-8500 offers transformer isolation up to 
±300 VDC. Output line rejection is within ±50 
microvolts of zero and within ±25ppm of full 
scale range. The black-anodized extruded 
aluminum housing provides excellent shield­
ing to electrical noise. The housing is identi­
cal to other instruments in Datel's 8000 series 
including Counter, Timer, Clock and Com­
parator models for a uniform appearance 
and compatibility when these instruments 
are used together. ' 
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MECHANICAL DIMENSIONS 
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SPECIFICATIONS: (Typical between 0° C and +50° at steady ambient temperature after 5 minute warm-up) 

VOLTAGE 'OUTPUT 
Output Type .... Shielded transformer isolated, active low 

impedance DC voltage output, current 
limited. 

Output Voltage 
Range: ......... 0 to +19.999 Volts DC or Oto -19.999 Volts 

0 t. C t DC, lever switch selected, 1mV steps.• 
utpu urren 

Range: ......... O to 25mA (source current) to rated voltage 

Output 
output accuracy. 

Overload: ...... Greater than 25mA (source current) will 
illuminate front panel LED overload lamp. 
Output is current limited (continuous short­
circuit proof) to 70mA (source current) at 

Output any voltage up to ±20VDC. 

Impedance: .... Less than 10 milliohms. 

Capacitive 
•Range ±20.0005 Volts using vernier control. 

Load . . . . . . . . . . no limitation 

PERFORMANCE 
Accuracy@+25°C 
With Vernier .... Within ±25ppm of setting, ±500µV when 
Control at Zero: calibrated. 

Resolution: ..... Set within ±1mV increments. A front panel 
vernier control provides ±1.5mV continuous 
offset with 100µV graduations. 

Temperature 
Drift of Zero: ... Within ±5µV/°C 
Temperature Drift 
of Calibration: .. Within ±4ppm of setting /° C 
Operating 
Temperature 
Range: ......... 0° C to +50° C 
Storage 
Temperature 
Range: ......... -25°C to +85°C 
Warm-Up Time:. 5 minutes to rated accuracy 
Output Noise: .. 25µV pk-pk, wideband (no cap load) 
Reference 
Source: ........ 6.4V oven-stabilized low TC zener 

reference diode 
AC Line Voltage 
Rejection: ...... Zero: ±50µV over full line range 

Calibration: ±25ppm of setting over full 
line range 

Power 
Transformer 
Isolation: ....... 1000 Megohms. Transformer primary has 

a grounded shield for capacitive isolation. 
Breakdown: 300 VRMS, min. 

FRONT PANEL 
Output Selector 
Switches: . . . . . . Six lever-operated detented switches are 

set in millivolts (±19999mV range) 
Polarity: ...... 2 positions, + or -
Leading Digit: 2 positions, O or 1 
4 Digits: ...... 10 positions, O thru 9 

Output Vernier: . Rotary potentiometer, range ±1.5mV of 
selected output. Graduated in 100µV 
divisions. Clockwise rotation labeled 
"INCR" (increase) will increase the 
absolute value of the selected output. 
"INCR" will make a negative output more 
negative or positive output more positive. 
Counterclockwise rotation labeled "DECR" 
(decrease). 

Overload 
Light: .......... Red LED lamp illuminates if output 

exceeds ±25mA. 
Power Switch: .. Toggle switch, AC power on or off 
Power Light: ... Red LED lamp illuminates when AC power 

is on. 

INPUT/OUTPUT CONNECTORS 
Front Panel: .... Voltage output (blue) and output common 

(black) available from two (2) gold plated 
brass deep banana jacks, 0.166" (4,22mm) 
i.d., 0.56" (14,2mm) deep, 0.75" (19,05mm) 
between centers. (Pomona model 2854 jack 
or equivalent, suitable for U.S. or European 
plugs). 

Rear Connections: 
Voltage 
Output: ...... Parallel connection with front panel jack. 
Output and 
Reference 
Common: .... Parallel connection with front panel jack. 

Reference 

Transformer isolated ±300V from case 
ground. 

Output: ...... Low impedance ±10 Volt DC output from 
+6.4V ref. diode. Drain must not exceed 
±5mA maximum. Ref. output is opposite 
polarity of calibrator output. 

Sense Input: .. Connect to remote load to compensate for 
cable resistance voltage drops. See 
diagram. This input must be tied to voltage 
output if not used. 

Sense 
Common: .... Return for sense inputs. Tie to output 

common if sense is not used. 
Rear connections are arranged as dual 36-pin PC edgeboard 
connections on 0.1" centers. Individual connections consist of 4 
gold-plated fingers on a common pad area in parallel with the 4-
finger pad on the bottom. Each dual-pad (8 fingers total) is 
drilled and plated through for optional lug connection using 
4-40 hardware. Shorting bars and 4-40 hardware are included to 
short sense and common connections if not used. 
Rear connections may use a Daiei 56-2076050, 
(Viking#3VH36/1 JN-5) PC connector. 

ADJUSTMENTS Calibration adjustment trim pots are accessible 
by partially removing circuit board from 

POWER SUPPLY 
Power 

case. Refer to calibration procedure. 

Required: ...... Choice of 100, 115 or 230 VAC, ±10% 47 
to 440Hz, 10 watts. 3-prong U.S. captive 
line cord installed. Ground wire connected 
to case, but transformer-isolated 
±300VRMS from output common. Fuses 
AGC Slo-Blo, .15A (115V), .1A (230V) 

MECHANICAL DIMENSIONS 
Case: .......... 5.56"W X 2.11"H X 5.78"D (141,2 X 53,6 X 

146,8mm) (Bench-top stand retracted) 
Bezel: .......... 5.86"W x 2.25"H x 0.50"THK (148,7 x 57,o 

X 12,7 mm) 
Servicing: ...... Bezel, front panel and mother bc;ard are 

removable from'front while unit remains 
secured in panel. Bezel is lifted off by 
removing the two 0.050 - inch (4-40) Allen 
hex key set screws on the bottom side edges. 
PC boards may be removed by loosening 
the PC board guide track retaining screws 
on the lowest position on the panel mount­
ing seats. 

Weight: ........ 2.25 pounds (1,0Kg) 

MOUNTING: ... Choice of bench-top mounting or panel 
mounting through a cutout measuring 
2.16"H X 5.59"W (54,8 X 142,1 mm) and 
secured by 2 U-Straps. See ordering 
guide for optional panel-mount kit. 
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OPTIONAL FRONT PANEL MOUNTING 

Standard DVC-8500 Calibrators are supplied for bench­
top use including a tilt-up stand and rubber feet. The 
DVC-8500 may be converted for panel-mounting using the 
mounting kit, model 38-A-3022~1. The required panel 
cutout dimensions are shown below. The tilt-up bench-top 

2.156 ~ g~ 
(54,8) 

MOUNTING'DETAILS 
DIMENSIONS IN INCHES (MM) 

FRONT PANEL 
CUTOUT 

L-~----~ 

wire bail stand and rubber feet must be removed from 
the case so the instrument will fit through the panel cut­
out. The rubber feet are held on with a strong adhesive 
and require pliers for removal. Secure the instrument into 
the panel cutout by using the two LI-straps and hardware. 

ORDERING GUIDE 

6.36K 0 

Model Number 

DVC-BSOOI 

AC POWER SUPPLY' 

A= 115VAC 
E = 230VAC 
J = 100VAC 
•t10o/o, (47 to 440 Hz) 

3.64K 0 

•10V 

Oto 
•7.5V 

POLARITY SWITCH 
(SHOWN FOR POSITIVE 
CALIBRATOR OUTPUT) 

1 \ 

6.4V 
REFERENCE 
DIODE 
AND 
OVEN 

AC 
POWER 

IN 

DVC-8500 .............................. . 
Panel-Mount Kit, P/N 38-A-3022-1 ....... . 

(Consists of (2) U-Straps, rear PC board 
connector and hardware) 

Test Lead Set, 38-3902. . ................. . 
(Consists of (2) 3-foot, 20 gauge leads, 
red and black. Stackable banana plugs 
and retracting hook clips) 

10:1 Attenuator, 38-3900-1 ............... . 

100:1 Attenuator, 38-3901-1 .............. . 

EQUIVALENT CIRCUIT 

POWER 
SUPPLY 

3052.69 

±lOV NOM 
~------------, 27i30 REFERENCE 

CURRENT 
LIMITER 

ANO 
OVERLOAD 
DETECTOR 

/ LED 
- OVERLOAD 

......._ LAMP 

OUTPUT 

REAR 
PC BOARD 
CONNECTIONS 

(REF OUTPUT 
POLARITY IS 
OPPOSITE TO 
CALIBRATOR 

OUTPUT) 

NOTE 1: Rear sense 
Jumper straps connect 

' here when the 2~wire 
output is used. 



ST-732 

ST-LSl-RLY 

SineTrac A/D-D/A 
Computer Analog Boards 

IN THIS SECTION 

SELECTION GUIDE 68S,69S 

INTRODUCTION, HIGHLIGHTS 70S 

ST-711, ST-732 71S-75S 

ST-711RLY 76S-805 

5T-724 81S-87S 
··----

ST-800 885-99S 

ST-LSI 100S-111S 

5T-LSl2 112S, 113S 

ST-LSl-RLY 114S-121S 

ST-6800 122S-130S 

ST-LSl2 

I 

. 67S 



Sine Trac Selection Guide 
High Performance A/D-D/A 
Peripheral Boards 

ST-800DA None, use N/A No N/A 
ST-800 

ST-800ADX Adds 32/48 None Opt. 32D No 
SE or Diff. or48D 

ST-711 32SE or Resistor Opt. 16AID Included 
(No DIA's) 16 Diff. change for Chans., X1, 2, 4, 8 

ST-732 (Jumper 10mV FSR Opt. 2 DIA Gains 
(2 D/A's) change) current amp 

(See pg. 71S) 
ST-711RLY 8Dif1.or Included Opt. Sor Included 
(Relay Input (ST-711 RLYBD) std. 16A/D X1, 2, 5, 10 
250VCMV) 16Diff. 10mV-2V chans. Gains 
(See pg. 76S) (ST-711RLY 16D) 

ST-724 SBC-80 Intel None, use N/A Yes, (requires NIA 
(See pg. 81S) Series Corp. ST-711 external ex· 

SBC-86 ST-732 citation source) 
Series 

ST-6800 M6800 Motorola 32SE or 16 None Optional No 
Master Board EXORciser Semi· Dill. (Module 8DA/D 
(See pg.122S) conductor Change) Chans. 

Products noD/A 
ST-6800DA None, NIA No NIA 

Use Master 

ST-6800ADX Adds 48S/D None No No 

ST-LSI LSl-11, Digital 32SE or Opt. 10mV Opt. 8 Dill Opt. X1, 2, 4, 8 
Master Brd. PDP-11103 Equipment 16 Diff. FSR A/DChans. or 1, 2, 5, 10 
(See pg. 1 OOS) PDP-11123 Corp. (Resistor Opt. 2 DIA Gains 

(Full Quad) Change) current amp) 

ST-LSI-DA LSl-11 and None N/A None, use NIA 
LSl-1112 Master Master 
(Half Quad) 

ST-LSl-ADX LSl-11 Adds 32SI None 16DA/D None 
(Half Quad) 16 D Ch. Optional 

ST-LSl2 LSl-1112 16SEor None, (use Opt. BD None, (use 
Master Brd. (Half Quad) 8 Dill. ST-LSI} AID Ch. ST-LSI) 
(See pg. 112S) 

ST-LSl2·ADX LSl-1112 Adds 48SI None Opt. 24D None 
(Half Quad} 24D Ch. 

ST-LSl2·DMA LSl-1112 N/A NIA NIA N/A 
(Half Quad) 

ST·LSl·RLY LSl-11 and Digital 8 Diff., relay- Opt.10mV No Opt.X1,2,5,10 
(See pg.114S) LSl-11/2 Equipment isolated FSR Gains 

(Half Quad) Corporation (Resistor 
Change) 

688 

4 ors 
chans. 

None 

Optional 2 
chans. on-
board 

None, 
Use ST-BODDA 

4 

Optional 
2 on-board 

4 or 8 
Chans. 

None 

Optional 
2 chans. 

4 chans. 

None 

None, (use 
ST-LSI-DA} 

None 

N/A 

None, 
Use ST-LSI-DA 



DIRECT PACER/ 
INTERFACE INTER· MEMORY START 

TYPE RUPTS ACCESS CLOCK 
Program 1/0 EOS, EOC, Yes, RC one-shot 
(Register DMA requires DMAclock 
Transfer) DMA 

controller 

Program 1/0 No No No 
(Reg. Trans) 

Slave to See Master See Master See Master 
Master Brd. 

Memory·· Included No Included, 
mapped, 16 EOS, EOC, 10 Binary 
reserved Int./ Ext. steps, 
addresses Pacer Clk. jumper·sel. 
relocatable 

Memory· Included, No Included, 
mapped, 16 EOS, EOC, 10 Binary 
reserved lnt./Ext. steps, 
addresses Pacer Clk. jumper-set. 
relocatable 

Memory- No No No 
mapped, 8 
reserved 
addresses 
relocatable 
Memory· No No No 
mapped, 512· 
byte block 
relocatable 

Memory· No No No 
mapped, 16· 
byte block 
Slave to No No 

--t-No 
Master Brd 

r.-:-· 
Memory· 

I 
3 Vector Optional, Software· 

mapped, 4 addresses: requires Prog. 16 
R/Waddr. EOC, EOS, V2 quad Binary steps 
relocatable Pacer Clk. ST·LSl2·DMA Opt.Xtal 

relocatable 
Memory- None NA No 
mapped2 
addr. reloc. 

Slave to See Master See Master See Master 
Master Brd. 

I 
Memory- Included Opt., See Program· 
mapped4 (See ST LSl2·DMA mable, 16 
R/Waddr. ST-LSI) steps no 
relocatable Xtal 
Slave to See Master See Master See Master 
Master Brd. 

Slave to EOC, End 32K Word~ Use 
Master Brd. DMACyc. Master Brd. 
Memory· 1 Vector No I No 
mapped 2 Address: See I 

addr. reloc. EOC; ST-LSl2·DMA l relocatable 

(Refer to data sheets & brochures for ordering information.) 

DC/DC 
POWER 
CONV. NOTES 

Included Includes 
Diagnostic 
program tape, 
listing and 
manual 

Opt. on 4 12 TTL out port 
ch: NA 8 ch. bits optl. 

± 15V from Expdble 128D/ 
Master 256S. Takes over 

voltage clamps 
Included Operates from 

Intel RMX-80 
software. 2nd 
source to SBC· 
711/732 

Not Operates from 
Required Intel RMX·80 

software 

Included Operates from 
Intel RMX·80. 
software; 2nd 
source for SBC· 724 

Optional Includes 
Diagnostic 
Program Tape 

Opt. 4 ch; Incl. 12-bit 
Not Avail. TTL port 
8 ch. 

± 15Vfrom 128S/112D 
Master Addressable 

Optional lnt./Ext. Stari 

Optional 
1
incl.12 TTL 

1 outport bits 

± 15V from Master-Slave 
Master pairs expdble. 

indefinitely 
Included Xpdble 64S/32D 

See ST·LSl2·ADX 
Soft. Prag. Clk. 

± 15Vfrom 64S/32D on 
Master 2 Brds .. Expdble. 

Not req'd 50 KHz 
Block Xfer. 

Included Relay-isolated 
(Generates - 12V inputs; 126dB CMR, 
from + 12V bus) CMV to 250 RMS. 

I 

I 
I 

TYPICAL 
PRICING 

(SINGLES) 
16 SE Chans · $625 

8 D/ A Chans · $780. 

48 SE A/D Chans · $430. 

AID Only· $625 
16 Dill Chans · $788 

8 Dill Chans $683 
16 Difl Chans · $1045 

$595 

16 SE AID Chans. only· $462 

8 D/A Chans. · $651 

48 SE AID Chans. · $385. 

16 SE AID Chans. · $657 
(No DC/DC) 

16S AID plus 2 DIA. $846 
(No DC/DC) 

No DC/DC Conv. · $499 
With DC/DC Conv. · $562 

32S or 16D · $310 

$625 

$358. 

$350. 

$695 

For detailed pucmg, 
request a current 
puce list from 

Oolel·lnters1/ 
Oft1ce 

--

69S 
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Sinl!Trac Computer A/D-D/ A ~oards 
Datel-lntersil's SineTrac series A/D-D/A slide-in boards are the 
simplest method of connecting real··world analog signals to 
your microcomputer. The SineTrac boards are software com­
patible to the host computer's machine language program­
ming, mechanically compatible to the backplane and card 
guides and electrically compatible to the computer's data, ad­
dress and control busses. 

SineTrac boards include a high performance multi-channel 
12-bit binary successive approximation data acquisition sys­
tem and/or D/ A system. Also included is a hardware controller 
interface unique to the host computer. other necessary fea­
tures are included such as address decoders, start clocks, inter­
rupt generators and DC/DC power converters. 

SineTrac A/D-D/A boards eliminate tedious risky one-time in­
terface design by users and offers a proven, production­
volume, reliable method of handling analog signals in your mi­
crocomputer. Standard Datel-lntersil high performance hybrid 
data acquisition components are used with a comprehensive 
Diagnostic computer program and systems manual included 
with each board. 

SineTrac boards are offered as A/D, DIA and channel ex­
panders. Industrialized noise-rejecting relay-mux AID boards 
are also offered. SineTrac boards are available for popular mi­
crocomputers including: SBC-80/MULTIBUS®, MDS-800, 
MM6800/Micromodules/EXORciser® and Q-Bus PDP®-11/03, 
LSl-11, LSl-11/23® and LSl-11/2. 

Quick Selection Guide 
COMPUTER CHANNEL INDUSTRIALIZED 
OR A/D AND/OR EXPANDER RELAY-MUX 
BOARD FAMILY D/AMODELS MODELS, ETC. AID MODELS 

SBC-80 ST-800 (A/D) PG. 89S ST-800-ADX ST-711RLY PG. 76S 
MDS-800 ST-800DA (D/A) PG. 89S ST-800-DAX 
MULTIBUS® ST-711 (A/D) PG. 71S 

ST-732 (A/D-D/A) PG. 71S 
(INTEL CORP. ST-724 (D/A) PG. 81S 
TRADEMARK) 

LSl-11® ST-LSI (A/D-D/A ST-LSl-ADX ST-LSl-RLY 
LSl-11/2 FULL QUAD) PG. 100S ST-LSl2-ADX (HALF QUAD) 
PDP®-11/03 ST-LSl2 (A/D (FOR ST-LSl2) PG. 114S 
LSl-11/23 HALF QUAD) PG. 112S ST-LSl2-DMA 

ST-LSI-DA (D/A PG. 112S 
HALF QUAD) PG. 100S 

(DIGITAL 
EQUIPMENT 
CPR 
TRADEMARKS) 

EXORCISER® ST-6800 (A/D-0/A) PG. 122S ST-6800ADX 
MM6800 ST-6800DA (D/A) PG. 122S PG. 122S 
MICROMODULES 

(MOTOROLA 
SEMICONDUCTOR 
PRODUCTS CORP. 
TRADEMARK) 



FEATURES 
.. Model ST-711: 32S/16D A/D Channels, 

no D/A Channels 
.. Model ST-732: 32S/16D A/D Channels, 

includes 2 D/ A Channels plus current loop 
outputs. 

BOTH MODELS INCLUDE: 
.. Full mechanical, electrical, and pinout 

compatibility to Intel's SBC-711/732 
Analog 1/0 Boards and Datel's 
ST-711 ALY Board . 

.. Operates with all Multibus and SBC­
Series compatible microcomputers 
including the 16-bit SBC-86/12 (except 
SBC-80/04). 

,.. Works directly from Intel's RMX-80 
Analog 1/0 Driver operating software . 

.. Includes 10-stage, jumper-selected, 
program-gatable Pacer start clock, 1 mS 
to 1 sec., crystal-controlled . 

.. A/D inputs accept up to 16 user-installed 
shunts for 4-20 mA etc. current inputs . 

.. FET-input differential amplifier accepts 
on-board resistor for fixed high gain up to 
X1000 (10 mV full scale range) 

,.. Includes Programmable Gain Amplifier 
(X1, 2, 4, 8 gains) 

.. Includes Diagnostic Program tape for 
immediate TIY or CRT print-out of AID 
scans. Includes selectable memory base 
address (16 reserved addresses). 

.. Includes comprehensive Systems Manual 
with full Diagnostic program listing. 

.. Includes program-gatable external A/D 
start trigger. 

11> Includes End-of-Conversion, End-of-Scan 
and External Start Trigger Interrupts 

.. Includes start and final channel address 
storage registers and automatic address 
incrementing. 

.. Includes DC/DC Power Converter 
,.. 12 bit binary conversion; 23,000 samples 

per"second. 

The SineTrac ST-711 and ST-732A/D-D/A 
Analog Input/Output systems extend Datel's 
SineTrac family concept of slide-in periph­
eral boards for popular mini- and micro­
computers. The ST-711 and ST-732 interface 
to the growing Intel Single Board Computer 
(SBC) Series and other Multibus-compatible 
micro-computers. The SBC Series now has 
multiple sources and has been proposed as 
an ANSI standard. The ST-711/732 also in­
terfaces to the 16-bit SBC-86/12 from Intel 
which uses the same Multibus, thus insuring 
present and future product compatibility for 
the user. 

Datel's experience extends beyond the 
ST-711 /732 series to previous SBC-BO com-

Intel, RMX-80 and Multibus are Intel Corp. Trademarks 

SineTrac ST-711, ST-732 
32 AID, 2 D/A Analog Boards for 

SBC·80 /Multibus Microcomputers 

patib1e systems and for 6800 EXORciser, 
LSl-11 and -11/2, PDP-11, NOVA/ECLIPSE 
and micro NOVA computer series. 

Models ST-711 and ST-732 are second 
generation combination A/D-D/ A peripheral 
board systems for the SBC-80 Series Multi­
bus-compatible micro-computers. The ST-
711/732 are sister products to Datel'searlier 
ST-800 series AID-only boards and they fea­
ture functional, hardware and pr,pgramming 
differences to the ST-800 by adding 2 D/A 
converters plus current loop amplifiers (ST-
732 only) without sacrificing the high A/D 
channel density of 32 single-ended or 16 dif­
ferential channels per board. Other import­
ant differences include memory-mapped 
interfacing (vs. conventional register transfer 
1/0 for the ST-800), addition of a FET input 
programmable differential amplifier (with 
optional high gain operation), a jumper-pro­
grammed, 10-stage crystal Pacer clock and 
complete pin-for-pin form, fit, and function 
identity to competitive SBC-711 /732 series 
A/D-D/A board systems. This last feature 
allows Datel's ST-711 /732 to operate directly 
from Intel's RMX-80 Analog 1/0 Drivers 
(Real-time Multitasking Executive Software). 

For the highest speeds and/or applica­
tions requiring interfacing through OMA, 
users should choose Oatel's ST-800 which 
includes OMA logic (the ST-711/732 does 
not operate under OMA). When using the 
ST-800 under OMA, an Intel or equivalent 
OMA controller board is required. 

And for channel expansion, the ST-800 in­
cludes addressing logic for up to 256S/128D 
A/D channels using multiple ST-800ADX 
MUX Channel Expander boards. The ST-711/ 
732 cannot be expanded beyond 32S/16D 
A/0 channels on one board but additional 

COMPATIBLE TO: SBC-80 SERIES 
MDS-800 

boards may expand using different base 
addresses. 

For D/A, either product may expand 
channels by using the ST-800DA series for 
4 or 8 channels and ST-800DAX Slave D/A 
Expanders. This series is interfaced using 
conventional register 1/0 logic (not memory­
mapped) therefore mixing ST-711/732 and 
ST-800DA/DAX systems would require a mix 
of programming methods . 

Hardware differences include the change 
from an MDAS-16 data acquisition module 
on the ST-800 to a hybrid ADC-HS combined 
A/D converter and Sample/Hold Amplifier 
on the ST-711/732. Substantial addressing, 
register and OMA logic is saved on the 
ST-711/732, making room forthe D/A's, cur­
rent amplifiers and Pacer clock . 

A further advantage to ST-711 /732 users 
is complete software interchangeability to 
Oatel's ST-711 RLY Low-Level Relay Multi­
plexer board system for noisy, industrial or 
high isolation applications. (Contact Datel to 
receive an ST-711 RLY brochure). Addressing 
bit assignments and 1/0 pin locations are 
identical for the ST-711 /732 and ST-711 RLY 
products and for competitive SBC-711/732 
boards. 

All of these differences are summarized in 
Table 1. 

INTRODUCTION 
The ST-711 is a full analog input system 

only (use Model ST-732 for D/A outputs) in­
cluding either 32 single-ended A/D input 
channels (standard) or 16 differential chan­
nels (jumper change). The ST-711 includes 
the DC/DC Power Converter to supply all 
on-board ± 15 VDC requirements, Program­
mable Gain Amplifier (X1, 2, 4, 8 gains) with 

Continued 
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ST-711, ST-732 

optional (added resistor) gain selection up to 
X1000 (10mV full scale range). Also included 
is a 10-stage jumper-selected crystal Pacer 
clock, selectable base memory address·,. 
jumper-selectea End of Conversion (EOCJ, 
End of Scan (EOSJ and Pacer Clock/External 
Start Interrupts (extlOlrnal TTL A/D conver­
sion starts are software-gatable). Up to 16 
differential channels contain pads to accept 
user-installed shunt resistors for 4-20 mA, 1-5 
mA, 10-50 mA and other current input ranges. 

For conversion control, the ST-711 in­
cludes on-board registers to store start and 
final AID channel address, status bits, con­
version modes and interrupt enables. 

· An A/D Converter auto-increment mode, 
which is program-selected, automatically ad­
vances the channel address after each con­
version. ·s.uccessive AID samples will con: 
tinue until the program-selected last channel 
address is reached. 

The ST-732 is identical to the ST-711 but 
includes two 12-bit hybrid DAC-HK D/Acon" 
verters with input registers. Also included 
with each D/A Converter .is a current loop 
output amplifier with a unipolar range of 4 to 
20 mA, which is compatible with many indus­
trial process transceivers and is especially 
suited to driving long cables in noisy indus­
trial applicati~ns. 

DESCRIPTION 
The A/D section of the ST-711 /732 uses 

Date l's hybrid technology ADC-HS12B com­
bined successive approximation A/D con­
verter and sample/hold amplifier. The ADC­
HS features 6 µsec S/H acqi.Jisition·time and 
8 µsec A/D conversion time and 12 bit binary 
resolution (1 part in 4Qg6). System accuracy 
varies from ±0.05% of FSR ±Y, LSB (10V 
range)to ±0.3% FSR ±Y, LSB (10 mV range), 
including noise, quantization, nonlinearity 
and dynamic errors. The ST-711/732 employ 
Date l's MX-1606 series fast CMOS multi­
plexers which incorporate ±35V overvolt­
age protection. Input impedance is 100 meg­
ohms minimum (poweron) with 30 pA typical 
input bias current. Balanced inputs require 
5 kilohms maximum source impedance to 
maintain accuracy and throughput rate. 

All models include an FET input differen­
tial amplifier which is wired as single-endecl 
for the 32-channel models. This dill. amp. 
will accept a fixed resistor to increase the 
gain to 1000, making 10 millivolt full scale 
ranges practical. For differential inputs, the 
common mode voltage is ± 12V to analog 
common. Common mode noise rejection 
varies from 120 dB at de with a gain of 8 to 
60 dB at 60 Hz with a gain of 1000. Sample/ 
Hold aperture delay time is 100 nanosec­
onds, maximum. 

System temperature coefficients are ±25 
ppm of FSR/°C (gain drift of gain = 1) and 
±20 µV/°C (RTIJ zero drift. Amplifier settling 
time is· 8 microseconds (high level) and typi­
cally 110 microseconds (low level). Overall 
system throughput rate for high level signals 
is 23,000 samples per second. 

HI-GAIN CURRENT 
NO.AID A/D CHAN.S. A/DTHRU- PROG.GAIN DIFF. AMPL. LOOP 

MODEL CHANS. EXPANSION PUT RATE AMPL. &RANGES OUTPUTS 

ST-711 32S/16D Must use 23,000 Included User-option, None, use 
(NoD/A) additional 711 samples/sec. X1, 2, 4, 8 up to X1000 732 board 

boards with dif- (10mV FSRJ 
ferent base 
addresses. lnde-
finite expansion 

The standard A/D-D/A digital coding is off­
set binary (bipolar) but jumpers may easily 
by changed to straight binary (unipolar) or 
2's complement (bipolar). StandardA/D-D/A 
analog signal ranges are ± 10V full scale but 
may be jumper selected to ±5V, or +5V or 
+10V unipolar. 

D/A outputs include op amps for voltage 
outputs, giving ·very low output impedance 
(2/1 O's of an ohm) at 5 mA short circuit proof 
output current. D/A settling time is 4 µS (FS 
pk-pk change). Output temperature drift is 
±50 ppm lo FSR/°C. 4 to 20 mA current loop 
outputs accept a 15 to 30 Vdc voltage com­
pliance with ±0.075% FSR accuracy and 
±50 ppm FSR/°C drift. 

A Diagnostic Program on paper tape is 
included with all models to fully exercise the 
system. The Diagnostic allows AID hex scans 
to be printed out on a teletypewriter or dis­
played on a CRT term.inal within minutes 
after signal connection;; are made and the 
Diagnostic tape is loaded. The Diagnostic 
tests all data paths and registers for fault 
troubleshooting. The program shows exam­
ples of how the A/D-D/A sections may be 
controlled by the computer. A full listing of 
the Diagnostic is included with the supplied 
ST-711 /732 systems manual. Selected use­
ful portions. of the Diagnostic may be ex­
tracted and written into the user's application 
operating program. The Diagnostic may also 
be used for calibration adjustments by using 
an interactive (prompting) teletypewriter 
technique. 

EXTERNAL INTERFACE 
CLOCK START TYPE 

Included, 10- Included, gatable Memory-mapped 
stage bin. divider starts A/D Conv. 16 reserved 
1mS to 1 sec, locations. any 
Xtal or jumper base 65K 
select. Starts AID 

ST-732 " " " " " 2 Chans. Incl. 4-20mA " " (20/A's) Loops Incl. 

ST-800 16S, 80, 32S Up to 256S/ 1280 35,000 samples/ No No None None RC adj. one-shot Register Transfer, 
(NoD/A) or 160 using ST-800ADX sec. (OMA Model star1 elk. Set Program or 

Boards status bit or Interrupt 110 
or interrupt 

IDENTICAL 
PIN-OUTS, 
REGISTER 
BITS TO DIAGNOSTIC 

DC/DC POWER COMPATIBLE OPERATING COM PET. TAPE 
MODEL CONVERTER NOTES INTERRUPTS COMPUTERS SOFTWA.RE MODELS PROGRAM OMA 

ST-7H Included Uses ADC.HS End of Conversion iSBC..80/05 Intel RMX-80 SBC..711 Included, plus No 
(NoD/A) Combined A/D End of Scan iSBC..80/10 Analog 110 SBC..732 program listing 

Converter and Pacer elk. iSBC-80/20 Drivers in manual 
Sample/Hold. 2 of 3 may be iSBC-80/30 
Stores Start & wired to INTA, iSBC-80/20 (-4) 
Final Chan. Addr. INTB or 8 Multi- iSBC-86/ 12 & 

bus Interrupts Multibus 
Compatibl~ 
Computers 

ST-732 " " " " " " " " (2 D/A's) 

ST-800 Included Uses MDAS-16 EOC. EOS, Start iSBC-80/05 --- --- Included, plus Yes, requires 
(NoD/A) Data Acquisition Clock. May be iSBC-80/10 program listing Intel's DMA 

Module wired to any or 8 iSBC-80/20 in manual controller board 
Multibus Interrupts iSBC-80/30 

iSBC-80/20 (-4) 
iSBC..86/12 & 
Multibus 
Compatible 
Computers 

72S 
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SPECIFICATIONS, MODELS ST-711/732 
(Typical at +25°C dynamic cond1t1ons, unless noted) 

GENERAL 
Configurations Available 

Model ST-711 
32S/16D A/D Chans, No D/A Chans. 
Model ST-732 
32S/16D AID Chans, 2 D/A Chans. 

ANALOG INPUTS 
Number of Channels 
32 Single-ended or 16 Differential 
(Jumper selected, 32S supplied standard) 
Channel Expansion 
May expand indefinitely by using addi-

FULL SCALE 
INPUT RANGES 

Programmable 

Software 
Programmable 

Programmable Gain Amplifier 

Gain 

X1 
X2 
X4 
x0 

Supplied, X1, X2, X4, X8 gains (see ranges 
above) Fixed high gain X1000 optional 
(see above) 
Input Impedance 
100 Megohms min., differential or to 
ground (Power On) 1.5 Kilohms min. 
(Power Off) 
Input Source Resistance 
5K Ohms max. (balanced) 
1 K Ohms max. (Unbalanced] 
Input Bias Current 
30 pA typ., 200 pA max. 
Overall Accuracy at +25°C 
(Including 3-sigma noise and quantization 
error, dynamic response errors, referred 
to input, after initial calibration) 

GAIN ACC 
X1 ±0.05% FSR ±Y, LSB 
X2 0.07% FSR ±Y, LSB 
X4 0.07% FSR ±Y, LSB 
X8 0.07% FSR ±Y, LSB 

~X100 0.1% FSR ±Y, LSB 
X1000 0.3% FSR ±Y, LSB 

Requires rewiring diff. ampl. for fixed 
high gain 

Common Mode Voltage Range 
Within ±12V of analog common (signal 
plus common mode) 
Common Mode Rejection 
At Gain= 1 

OHz 100dB 
100 Hz 80 dB 

1 KHz 60 dB 

At Gain= 8 
OHz 120dB 

100 Hz 100dB 
1 KHz 80dB 

At Gain= 1000 (Requires rewiring dill. 
ampl. for fixed high gain) 

60 Hz 100dB 

ti onal ST-711 /732 boards with different 
base addresses. Expansion limited by 
board slots and power. 
Input Type 
High impedance voltage input, non­
isolated. Differtmtial inputs are balanced. 
Current Inputs 
Up to 16 differential voltage inputs may 
be converted to differential current inputs 
with shunt resistors provided and installed 
by the user. Pads on the board will accom­
modate 4-20 mA, 1-5 mA, 10-50 mA and 
other ranges. 4-20 mA ranges require 

Unipolar Bipolar 

0-H5V 0---H10V 
0-H2.5V 0-o>+5V 
0-o>+1.25V O-o>+2.5V 
O-o>+675 mV 0-o>+1.25V 

±5V 
±2.5V 
±1.25V 
±675 mV 

±10V 
±5V 
±2.5V 
±1.25V 

(Standard, 
Offset 
Binary) 

Selected by on-board jumpers 

Nonlinearity 
±Y,LSB 
Differential Nonlinearity 
±Y, LSB 
Resolution 
12 Binary Bits ( 1 part in 4096) 
Multiplexer Crosstalk from Off Channels 
0.01 %, DC to 1 KHz 
Sample/Hold Switch Feedthrough 
O.Q1% max. 
Sample/ Hold Aperture Time 
100 nanoseconds, max. 
System Temperature Coefficients 
Gain 
±25 ppm of FSR/°C (Gain X1) 
±30 ppm of FSR/°C (Gain X2. 4, 8) 
Zero 
±20 µV/°C 
AID Conversion Period 
20 microseconds 
Amplifier Settling Time 
(Input = ±FSR pk-pk step) 
8 microseconds (HL) 
11 O microseconds (LL) 
System Throughput Rate 
(High Level Inputs) 
23,000 samples/second 
A/D Digital Outputs 
Offset Binary(Bipolar)-Supplied standard 
Two's Complement (Bipolar)f Rewired 

with·jumpers 
Straight Bjnary (Unipolar) by user 

Output Data Format 
12 Bit Binary Group compatible to 
SBC-Series computers. The A/D Bit 1 
(MSB) may be inverted by jumper for 
2's complement coding. 

ANALOG OUTPUTS 
VOLTAGE OUTPUTS 
Number of Channels 
2 non-isolated 

250-ohm, '!.W, ±1%resistors, ±100 
ppm/"C max. 
Input Overvoltage 
±35V sustained (no damage) 
Input Capacitance to Ground 
5 pF-Off Channels, 100pF- On Channels 
Full Scale Input Ranges 
±1 OV, ±5V, ±2.5V, ±1.25V (Supplied 
standard, selectable by 2-bit program­
mable gain code). Board pads are etched 
for the user to install a fixed gain resistor, 
providing down to ±10 mVfull scale range. 

Low Level 

Unipolar Bipolar 

Up to +80 mV Up to ±1V 
Up to +40 mV Up to ±500mV 
Up to +20 mV Up to ±200mV 
Upto +10mV Up to ±100mV 

Requires substitution by 
user of fixed gain resistor 
on the on-board differential 
amplifier. 

Full Scale Voltage Output Ranges 
0 to +5V ·} Jumpers may be rewired 
Oto +1 OV by the user or by Datel 

--5 to +5V . in OEM quantities 
--10 to +10 V (Supplied Standard) 
Digital Input Coding 

Straight Binary rewired by the }
Jumpers may be 

2's Complement user or by Daiei 
in OEM quantities 

Offset Binary (Supplied Standard) 
Output Impedance 
200 milliohms 
Output Current 
±5 mA, short circuit proof to ground 
Slew Rate. 
10V/µS (with no Ext. Cap. Load) 
Settling Time 
4 microseconds to within ±Y, LSB 
of final value 
Accuracy at +25°C 
±0.05% of FSR (Includes noise and 
nonlinearity) 
Temperature Coefficient 
±50 ppm of FSR/°C 

CURRENT LOOP OUTPUTS 
Full Scale Current Output Range 
4 to 20 mA, Unipolar. (May be rewired 
to other ranges by the user) 
Current Loop Load Resistance 
Oto 500 ohms 
Current Loop Voltage Compliance 
18 to 30 Vdc, Unipolar. provided by 
the user 
Accuracy at +25°C 
±0.075% of FSR (Includes noise and 
nonlinearity) 
Temperature Coefficient 
±50 pprn of FSR/°C 
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PHYSICAL 
Outline Dimensions 
12W x 6.75D x 0.5H inches* 
(305X171 X13mm) 
Pin-for-pin and card guide compatible 
to the Multibus SBC-Series computers 
Weight 
22 ounces (0,6 kg) 
Operating Temperature Range 
o to +70°C 
Storage Temperature Range 
-25°C to +85°C 
Relative Humidity 
10% to 90%, non-condensing. 
Altitude 
O to 15,000 feet ( 4600 m) 

POWER CONSUMPTION 
+5 voe ±5% @ 2.5 Amps. max. 
An on-board DC/DC Power Converter 
operated from +5V. is provided to supply 
regulated ±15V for linear circuits 
Programming and Architecture 
Type of Interface 
Memory-mapped interface. 
The ST-711 /732 appears to the CPU as 
16 consecutive memory locations with 
4 unused locations. 

Compatibility 
Pin-for-pin and card guide compatible 
to the Multibus, SBC-Series computers 
Compatible Software 
RMX-80 Analog 1/0 Drivers 
ASM80 8080 Assembly Language 
Compatible Computers: 
iSBC-80/10 
iSBC-80/05 
iSBC-80/20 

INTERFACE CONNECTORS 

DESIG. FUNCTION 

P1 SBC Multibus Bus 
Connector 

P2 ±15V Aux. Power (Bus) 

J1 2 D/A Analog Output 
Channels 

J2 1st 8D/16S A/D Input 
Channels 

J3 Expander 8D/16S A/D 
Input Channels 

NO.OF 
PINS 

86 

60 

50 

50 

50 

•cards may be stacked adjacent if standard O 60"-spacing cages are used 

MWTCI 

MRDC/ 

CCLKI 

XACK/ 

SBC-00 

M~i~:~Es 1-4----_, 

.____.,___, 
JMPR SEL. 

TO INT A, INT B 
OR 8 MULTIBUS 

INTERRUPTS 

001-071 

MEMORY 
BASE ADDA. 
SEL. JMPRS 

T065K 

BASE 
ADDRESS 
DECODER 

AND 
FUNCTION 

SELECT 
LOGIC 

DATA 
TRANSCEIVER 4x1 MUX 

PROGRAM-GATABLE 
EXTERNAL AID START 

iSBC-80/20 (-4) 
iSBC-80/30 
iSBC-86/12 
Memory Base Address 
The 16-location starting base address 
is factory set at F700 (Hex) but may be 
reassigned anywhere in 65K memory 
locations by altering a supplied DIP 
jumper plug. However, the supplied 
Diagnostic program is preset to operate 
from base address F700. 

PIN SPACING MATING RIBBON 
CENTERS (IN.) CONNECTORS 

0.156 

0.1 58-2076061 

0.1 58-2076061 

0.1 58-2076061 

0.1 58-2076061 

12 BIT 
8 MSB BITS A/D CONV 

1'-r--------------~ 

+5VDC 

74$ 

± 15V 
DC TO DC 

CONVERTER 
± 15V TO ANALOG CIRCUITS 

BLOCK DIAGRAM 

4 LSB BITS 

REGISTER 
STROBE 

j LOOPV~ 

I 
I 

1---g~~~~ 

OAC'S AND CURRENT 
LOOPS: MOOEL ST:732 ONLY 

ANALOG 
OUTPUTS 
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MEMORY ADDRESS ASSIGNMENTS 

New Addr. 

M +O 
M +O 
M + 1 

M + 1 

M +2 

M +3 
M +4 
M + 5 
M + 8 
M +9 

M+A 
M+B 

C~F 

Datel 
Supplied Command Function 

F700 Write Load Command Register 
F700 Read Read Status Register 
F701 Write Load PGA and 

Ch. Addr. Register 
F701 Read Read PGAand 

Ch. Addr. Register 
F702 Write Load Last Chan. Addr. 

Register 
F703 Write Clear Interrupts 
F704 Read Read A/D Data LO Byte 
F705 Read Read A/D Data HI Byte 
F708 Write DACO LO Byte ~Hid. Reg. 
F709 Write DACO HI Byte ~ DACO 

(HR~DACO) 
F70A Write DAC1 LO Byte ~Hid. Reg. 
F70B Write DAC1 HI Byte~ DAC1 

(HR~DAC1) 
F70C/F Don't Use 

LOAD COMMAND REGISTER (WRITE F700) 

Bit Function 

7 Not Used 
6 Not Used 
5 1 = Enable End of Convert (EOC) Interrupt 
4 1 = Enable End of Scan (EOS) Interrupt 
3 O = Clear Board Busy Status 
2 1 = Enable External Trigger 
1 1 = Enable Automatic Ch. Addr. Increment 
0 1 =Enable A/D Conversion 

READ STATUS REGISTER (READ F700) 

Bit Function 

7 1 = A/D Conversion Done 
6 1 = Scan Done 
5 1 = EOC Interrupt Enabled 
4 1 = EOS Interrupt Enabled 
3 1 = Board is Busy 
2 1 = External Trigger Enabled 
1 1 =Auto-increment Enabled 
0 1 =ND Conversion Enabled 

READ/LOAD PGA AND START CHAN. ADDR. 
(READ/WRITE F701) 

Bit Function 

7, 6 00 = Gain X1 
01 =Gain X2 
10 = GainX4 
11 =GainXB 

5 Not Used 

i ~ ~ ~:} Start Chan. Addr. Select 
1 1 = 21 ( 1 of 32) 

1 = 2° 

LOAD LAST CHANNEL ADDRESS (WRITE F702) 

Bits Function 

7, 6,5 
4 
3 
2 
1 
0 

Not Used 

1 = 24
} 1 = 23 

1=22 

1 =2 1 

1 = 2° 

Last Channel Address Select 
(1 of 32) 

CLEAR INTERRUPTS (WRITE F703) 

Bit 

7,6 
5 
4 
3 

2, 1, 0 

Function 

Not Used 
O =Clear EOC Interrupt 
0 = Clear EOS Interrupt 
O =Clear Pacer Clk. Interrupt 
Not Used 

LOAD HOLD REGISTER with DAC LO Byte 
(Write F708-DACO,Write F70A-DAC1) 

Bit 

7 
6 
,5 
4 

3, 2, 1,0 

Function 

DAC Bit 9 
DAC Bit 10 
DAC Bit 11 
DAC Bit 12 (LSBJ 
Zeroes 

LOAD HI BYTE TO DAC; Load Hold Reg. to DAC 
(Write F709-DACO,Write F70B-DAC1) 
Enable DAC Input Register Strobe 

Bit Function* 

7 DAC Bit 1 (MSB) 
6 DAC Bit 2 
5 DAC Bit3 
4 DAC Bit4 
3 DAC Bit5 
2 DAC Bit6 
1 DAC Bit 7 
0 DAC Bit8 

*A/D-D/A convention is to label the converter's Most 
Significant Bit as Number 1 (MSB) 

READ AID DATA HI BYTE (Read F7_05) 

Bit Function 

7 ADC Bit 1 (MSBJ 
6 ADC Bit2 
' ' 

0 ADC Bit8 

READ A/D DATA LO BYTE (Read F704) 

Bit 

7 
6 
5 
4 

3, 2, 1,0 

Function 

ADC Bit9 
ADC Bit 10 
ADC Bit 11 
ADC Bit 12 (LSB) 
Not Used 

Transfer Acknowledge Delay 
The ST-711 /732 responds with a Transfer Acknowledge (XACKJ 
with any Read or Write Command. The XACK may be delayed 
to suit different processors. 16 delay steps are jumper­
selected from 50 nS to 1.5 µS. Standard units are set to 50 nS. 
Pacer Clock 
Adjustable timebase consisting of a 10-stage binary divider 
capable of starting A/D conversions in the External Trigger 
Mode. Time-base periods are jumper-selected and the 
oscillator may be either crystal or RC controlled. The standard 
range is 975µ8 to 1 second. 
Interrupts 
2 of 3 possible interrupts may be jumper-selected to one or 
both (INTA and INTBJ interrupt lines. The interrupts are EOC, 
EOS and Pacer Clock. They are factory-jumpered as: INT A -
EOS, INT B- EOC. Additionally, any of the 8 Multibus interrupts 
may be wired to any combination of the EOC, EOS, 
Pacer Interrupts. 
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FEATURES 
..,,. 8 or 16 differential A/D channels 

using a "Flying Capacitor" te1ay 
multiplexer for high common mode 
noise rejection (126 dB) and high 
isolation (250V RMS) . 

..,,. Complete hardware and software 
compatibility to Multibus and 
SBC-Series microcomputers. 
Uses identical programming and 
register assignments to SBC-711 I 
732, and ST-711n32 A/D-D/A 
boards. 

• 10 mV to 2V selectable input ranges 
including X1, 2, 5, 10 Programmable 
Gain Amplifier. 12 binary bit A/D 
resolution . 

..,,. Includes paper tape Diagnostic 
Program for immediate TTY or CRT 
printout of A/D scans. Includes 
selectable memory base address. 

• Includes comprehensive Systems 
Manual with full Diagnostic listing. 

• Uses computer's ±12V, +5V power 
buses; no DC/DC converter is 
required. 

..,,. Will accept user's selection of shunt 
resistors for 4-20 mA inputs. 

..,,. Will accept overload clamps and 
attenuators. 

•includes 10-stage Pacer Start Clock. 
..,,. Includes External A/D start trigger. 

• Includes End of Conversion, End of 
Scan and External Start Trigger 
interrupts. 

..,,. Includes Start and Final Channel 
Address storage registers and auto­
matic address incrementing. 

INTRODUCTION 
The convenience of having A/D con­

version inside a microcomputer on 
slide-in analog 1/0 boards has led to the 
next generation of analog boards for in­
dustrial and process control applica­
tions. While most presently-available 
A/D boards are intended more for test 
and instrumentation applications with 
high throughput rates, many channels 
and minimal noise protection, the 
ST-711 RLY A/D board series uses a re-

Intel, FlMX ·80 nwl Mu1l!bu;; are Intel Corp. Trademarks 
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Slnl!Trac ST•711 RLY 
Relay•lnput AID Board for SBC·SO 

and· Multibus Microcomputers 

lay multiplexerspecificallytor industrial 
environments with long, noisy signal 
leads, high common mode voltages and 
unwanted normal mode signals. 

The ST-711 RLY8D and ST-711 RL Y160 
AID boards join Datel's growing family 
of SineTrac-series analog signal periph­
eral boards for popular mini- and micro­
computers. This ST-711RLY series is 
mechanically, electrically and program 
compatible to Intel's SBC-80 Series 
one-board microcomputers and s.lides 
into respective cardcages as an adja­
cent card to the CPU. In addition, the 
ST-711 RLY has full program and pinout 
compatibility to the popular SBC-
711/732 and ST-711/732 series fast 
A/D-0/A boards which use solid-state 
multiplexers. 

These Relay A/D boards may be used 
with microcomputers in industrial pro­
cess control equipment. Generally 
these applications measure slowly­
varying parameters such as tempera­
ture, pressure, flow rate, etc. And, low 
level bridge-type transducer-sensors 
are usually employed such as thermo­
co u pies, strain gauges, load cells, 
etc. Thus, the 30 sample-per-second 
throughput of the ST-711 RLYis entirely 
adequate. And the selectable gain 
ranges from 10 mV to 2 Volts full scale 
are ideal for low level applications. 

COMPATIBLE TO: SBC-80 SERIES 
MDS-800 

The ST-711RLY uses the ±12 VDC 
power bus from the computer to.run the 
AID section, thereby not requiring the 
DC/DC power converter normally found 
on A/D boards. However, if the com­
puter's± 12V buses are unusable, board 
pads are left in place of five relay chan­
nels for a Date! BPM-12'/100-05 DC/DC 
Power Converter which operates from 
+5V. Also included are board pads for 
input current shunt resistors, overload 
clamps or attenuators. And, a Diagnos­
tic program tape is provided for immedi­
ate startup with hex A/D scans printed 
out on a teletypewriter or CRT within 
minutes after conn.ecting signals and 
loading the Diagnostic. A systems man­
ual includes the Diagnostic listing with 
extensive comments. Finally, a select­
able start clock combined with program­
mable interrupt modes and an external 
start are ideal for repetitive process 
applications. 

DESCRIPTION 
The relay ND is offered in an 8 chan­

nel, differential-input model (ST-711 
RLY8D) and a 16 differential channel 
model (ST-711RLY16D). The product 
achieves input voltage isolation by 
using the "flying capacitor" technique 
whereby a non-polarized input storage 
capacitor is switched between the input 
signal and the AID converter input using 
a computer-controlled DPDT dry multi-

Continued 
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DESCRIPTION, Continued 
reed relay for each differential channel. 
The combined storage capacitor and in­
put resistors act as a one-pole, low pass 
filter to attenuate normal mode noise 
and the integrating monolithic AID con­
verter (Datel's ADC-EK12BJ provides 
further noise rejection. A/D conversion 
is to 12 bit binary resolution ( 1 part in 
4096) with accuracy of .05% FSR (2V 
range), and .1% FSR (10 mV range). 

A programmable gain amplifier is in­
cluded with gains of X1, 2, 5 and 1 O 
selected by a 2-bit program word. Fur­
ther jumper-selection of supplied on­
board integrator components gives a 
total range selection from 10 mVto 2V 
full scale. 

In normal operation, all input relays 
remain connected to the input signals, 
so that respective stornge capacitors 
continually track the inputs. During con­
version, the capacitor is briefly discon­
nected from the signal and the stored 
voltage is switched to the A/D input for 
digital conversion. 

Users may install their own precision 
shunt resistors onto the board to direct­
ly measure 4-20 mA, 1-5 mA and 10-50 
mA current outputs commonly pro­
duced by process transmitters. For 
higher DC voltage ranges, precision at­
tenuators may also be installed while 
retaining 250 VRMS common mode 
isolation. 

SPECIFICATIONS 

Because of the balanced design, com­
mon mode noise rejection is 126 dB, 
from O to 60 Hz with 2.5 pF input ca­
pacitance and 5 x 10' 3 ohms to power 
ground. Temperature drift has been held 
to ±20 µV/°C (Zero) and ±30 ppm 
FSR/°C (Gain) for the A/D converter 
and gain drift ± 1 O ppm FS R/°C for the 
PGA. Autozeroing circuits on the PG~ 
eliminate zero drift. System throughput 
period is 36 mS (sample-to-sample), 
nonlinearity is ±Y, LSB, differential in­
put impedance is 20 megohms (capaci­
tor leakage) for de sfgnals and will ac­
cept ±15Vovervoltage (sustained). The 
input RC network has a 300 mS time 
constant. 

Standard output coding is Offset Bi­
nary (bipolar) but the user may rewire 
the coding to Two's Complement (Bi­
polar) or Straight Binary (Unipolar). 

The ST-711 RLYis a memory-mapped 
device using 6 memory addresses of 
16 reserved addresses. The starting 
(base) address is DIP-plug jumper-se­
lected at F700 (Hex) to be compatible 
with the supplied diagnostic program 
tape. However, the user may rewire 
the jumpers to any base address up 
to 65 K. 

Various registers are provided to load 
and read the PGA gain code, starting 

and final channel addresses, EOG, EOS 
and Pacer Clock interrupts, automatic 
channel address incrementing and the 
external start trigger. 

A selectable Transfer Acknowledge 
Delay Circuit (XACK) is provided to suit 
different processors. 

For real-time applications, a Pacer 
Clock timebase is included to start AID 
Ext. Trigger scans or interrupts at known 
real times. The Pacer consists of a 10-
stage binary divider chain with jumper­
selected periods and may be crystal or 
RC controlled. 

Two of the three on-board interrupts 
(EOC, EOS, external trigger) may be 
jumper-selected to one or both (I NTA 
and I NTB) computer Interrupt lines. Ad­
ditionally, any of the 8 Multibus inter­
rupts may be wired to any combination 
of the three on-board interrupts. 

Overall board size of the ST-711 R LY 
series is 12W x 6.75D x 0.5H inches 
(305 x 171 x 13 mm) and weighs 22 
ounces (0,6 kg). The operating temper­
ature range is O to + 70°C and storage 
is -25°C to +85°C. Relative humidity 
may be 10% to 90%, non-condensing. 

The system is completely software 
and hardware compatible to the Multi­
bus, and SBC-Series microcomputers. 

[Typical at +25°C, dynamic conditions, unless noted] 

GENERAL 
Configurations Available: 

ST-711RLY8D 
8 Differential Channels 
ST-711RLY16D 
16 Differential Channels 
Both models include full channel addressing logic for 16 
channels, automatic zero correction, X 1. 2, 5, 10 Program­
mable Gain Amplifier, and jumper programmed Pacer clock, 
and pads for user-installed input current shunt resistors, and 
overload clamps. 

ANALOG INPUTS 
Number of Channels 
8 Differential (ST-711 RLYBDJ or 
16 Differential (ST-711RLY16D) 
Channel Expansion 
May be expanded by using additional ST-711 RLY Boards 
with different base addresses 
Input Type 
Flying capacitor differential isolated relay input, multiple 
(DPDTJ reeds per channel for temperature tracking. 
The input network (when a channel relay is de-energized) 
consists of 30 kilohms in series with 10 microfarads. (300 
mS single-pole filter) 
Current Inputs 
Any number of inputs may be converted to differential current 
inputs with shunt resistors provided and installed on the 
board by the user. 4-20 mA. 1-5 mA, 10-50 mA process 
transceiver ranges and others may be accepted. 
Input Overvoltage 
±25V sustained, no damage 
Input Capacitance to Ground 
Approx. 2.5 pF per channel 

Full Scale Input Ranges 
10 mV to 2V, unipolar or bipolar, using combinations of gain 
resistor selection and the Programmable Gain Amplifier 
(See Chart) 
Programmable Gains 
X1,X2,X5,X10 
Input Impedance 
Dependent on input signal rate of change (Diff. cap. resist­
ance is 20 MO). Insulation resistance per channel to ground 
is 5 x 1013 ohms. See block diagram for input circuit 
Input Bias Current 
Input must source or sink current only to charge capacitor to 
new value. Capacitor remains connected at all times except 
during A/D conversion. 
Overall Accuracy at +25°C 
(Including noise, referred to input, 
after initial calibration) 
Within ±0.05% of FSR (2V Range) 
Within ±0. 1 % of FSR ( 1 O mV Range) 
Quantization Error 
±Y, LSB 
Nonlinearity 
±Y, LSB 
Differential Nonlinearity 
±Y, LSB 
Resolution 
12 Binary bits (1 part in 4og6) 
Common Mode Voltage Range 
250V RMS to power ground 
Common Mode Rejection Ratio 
126 dB @ 50/60 Hz 
Temperature Coefficients 

A/D Converter Zero 
±20 µV/°C 
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A/D Converter Gain 
±30 ppm of FSR/°C 
Input Amplifier Zero 
±}.\ µV/°C (Autozeroed) 
Input Amplifier Gain 
±10 ppm of FSR/°C 

System Throughput 
30 samples per second 

A/D DIGITAL OUT.PUTS 
Output Coding 
Offset Binary (Bipolar) supplied standard. 
Two's Complement (Bipolar) {Rewired with 
Straight Binary (Unipolar) jumpers by user 
Output Data Format 
12 Bit Binary group compatible to SBC-80, and Multibus­
compatible computers. A/D Bit 1 (MSB) may be inverted by 
jumper for 2's complement coding 
Programming and Architecture 
Type of Interface · 
Metnory-mapped 
The ST-711 RLY appears to the CPU as 16 consecutive 
memory locations, with 10 unused locations. 
Memory Base Address 
The 16-location starting base address is factory set at F700 
(Hex) but may be reassigned anywhere in 65K memory 
locations by altering a supplied DIP jumper plug. However, 
the supplied Diagnostic program is preset to operate from 
base address F700 

Memoiy Address Assignments 

New Addr. 

M +O 
M +O 
M + 1 
M + 1 
M + 2 
M+3 
M +4 
M + 5 
M +6 
thru 
M + F 

Daiei 
Supplied 

F700 
F700 
F701 
F701 
F702 
F703 
F704 
F705 
F706 
thru 
F70F 

Command Function 

·write Load Command Register 
Read Read Status Register 
Write Load PGA and' Ch. Addr. Register 
Read Read PGA and Ch. Addr. Register 
Write Load Last Chan. Addr. Register 
Write Clear Interrupts 
Read Read A/D Data LO Byte 
Read Read A/D Data HI Byte 

}Don't use 

Load Command Register (Write F700) 

Bit Function 

7 Not Used 
6 Not Used 
5 1 = Enable End of Convert (EOCJ Interrupt 
4 1 = Enable End of Scan Interrupt (EOSJ 
3 O = Clear Board Busy Status 
2 1 = Enable External Trigger Start 
1 1 = Enable Automatic Ch. Addr. Increment 
0 1 = Enable A/D Conversion 

Read Status Register (Read F700) 

Bit Function 

7 1 = AID Conversion Done 
6 ·1 = Scan Done 
5 1 = EOC Interrupt Enabled 
4 1 = EOS Interrupt !:nabled 
3 1 =Board is Busy 
2 1 = External Trigger Enabled 
1 1 =Auto-increment Enabled 
O 1 =AID Conversion Enabled 

Note: Input settling time and accuracy degrades with additional 
external source resistance and input r;ite of change (voltage 
slew rate). Contact Datel if you need applications assistance. 

Transfer Acknowledge Delay The ST-711 RL Y 
respondswith a Transfer Acknowledge (XACKJ with any 
Read or Write command. The XACK may be delayed to 
suit different processors. 16 delay steps are jumper 
selected from 50 nS to 1.5 µS. Standard units are set 
to 50 nS. 

Pacer Clock adjustable timebase consisting of a 10-
stage binary divider capable of starting A/D conversions 
in the External Trigger Mode. Timebase periods are 
jumper-selected and the oscillator may be either crystal 
or RC controlled. 

External Trigger Start. A negative TTL pulse 1.5 ±0.5 
µS may also start A/D conversions. 

Interrupts. 2 of 3 possible interrupts may be jumper­
selected to one or both (INTA and I NTBJ Interrupt 
lines. The interrupts are EOC, EOS and .Pacer Clock. 
They are factory-jumpered as: INT A- EOS, INT B -
EOC. Additionally, any of the 8 Multibus interrupts 
may be wired to any combination of the EOC, EOS, 
Pacer Interrupts. · 

Read/Load PGA and Start Chan. Addr. (Read/Write F701) 

Bit Function 

7,6 00 =Gain X1 
01 =Gain X2 
10 =Gain X5 
11 =GainX10 

5,4 Not Used 

3 
2 
1 
0 

1 = 23 

1 = 22 

·1=21 

1 = 2° 

Start Ch.an. Addr. Select 
(1 of 16) 

Load Last Channel Address (Write F702) 

Bits Function 

~,6,5,4 ~~ ~3seld 
2 1 = 22 

1 1 = 2 1 

0 1 = 2° 

Last Channel Address Select 
(1of16) 

Clear Interrupts (Write F703) 

Bit Function 

7,6 NotUsed 
5 0 =Clear EOC Interrupt 
4 0 =Clear EOS Interrupt 
3 0 =Clear Pacer Clk. Interrupt 
2, 1,0 Not Used 

Read A/D Data LO Byte (Read F704) 

Bit 

7 
6 
5 
4 
3,2,1,0 

Function 

ADC Bit9 
ADC Bit 10 
ADC Bit 11 
ADC Bit 12 (LSBJ 
Not Used 

Read A/D Data HI Byte (Read F705) 

Bit Function 

7 ADC Bit 1 (MSB) 
6 ADC Bit 2 
' ' 

0 ADC Bit8 
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PHYSICAL 
Outline Dimensions 

12W x 6.750 x 0.5H inches 
(305x 171x13mm) 
Weight 
22 ounces (0,6 kg) 

[
Boards may be stacked] 

adjacent if standard 
.60" card-spacing cages 

are used 

On-board pads have been left to accept a Datel BPM-12/ 
100-05 DC/DC power converter to generate ±12V from +5 
where ±12V is unusable or unavailable from the computer. 
Five relay channel input component sets must be deleted 
or removed to use the DC/DC converter. 

Operating Temperature Range 
o to +70°C 
Storage Temperature Range 
-25°C to +85°C 
Relative Humidity 
10% to 90%, non-condensing 
Altitude 
0 to 15,000 feet ( 4600 m) 

POWER CONSUMPTION 
+5 VDC ±5% @ 1.5 Amps. max. 
+12 voe ±5%@ 70 milliamps max. 
-12 voe ±5% @ 30 milliamps max. 

Compatibility 
Pin-for-pin and card guide compatible to the Multibus, 
SBC-80 computers 
Compatible Software 
RMX-80 Analog 1/0 Drivers 
ASM80 8080 Assembly Language 
Compatible Computers: 
iSBC-80/10 
iSBC-80/05 
iSBC-80/20 
iSBC-80/20 (-4) 
iSBC-80/30 
iSBC-86/12 

FULL SCALE INPUT RANGES 

Software _j 
Programmable l 

GAIN& 
CODE 

1 (00) 
2 (01) 
5 (10) 

10 (11) 

0--" +100 mV 
0--" +50 mV 
0--" +20 mV 
0--" +10 mV 

' 

UNIPOLAR RANGE BIPOLAR RANGE 

0-"200 mV 0--" 1V 0-"2V ±100 mV ±1V 
0--" +100 mV 0--" +.5V 0--" +1V ±50mV ±500 mV 
0--" +40 mV 0--" +.2V 0--" +.5V ±20 mV ±200 mV 
0--" +20 mV 0-"+.1V 0--" +.2V ±10~V .±100 mV 

'S 

On-board gain resisto~s selected by jumpers ~ 
(Standard Offset Binary) 

NOTE: Ranges up to ±10V may be achieved without the programmable gain amplifier 

ORDERING GUIDE 

MODEL NO. OF AID CHANNELS 

ST-711RLY8D 8 Differential 
ST-711RLY16D 16 Differential 
58-12140-39 User's Manual (spare) 

(one included with board) 
31-2076040 Dual 25-Pin 0.1" PCB/Solder 

Tab Connector (3 req'd) 
OR: 58-2076061 PCB-to-Ribbon (0.05"spacing) (3 req'd) 

TYPICAL INPUT CONNECTIONS 

EXTERNAL 
BRIDGE 
EXCITATION-

REMOTE SENSOR BRIDGE 

..,.,_ _ _, ANA. HI IN 

.....,_____, ANA. LO IN 

·~-ANA. COM 
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808 

BLOCK DIAGRAM 

SBC­
SERIES 
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MRDCI 

CCLKI 

XACK/ 
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ADDRESS 
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EOC 
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MULTI BUS -------1 PACER ~ 

DOl-D71 
DATA 

TRANSCEIVER 

t--------..------..-+12VDC 

t-------.--+------.... -12VDC 

r- - ----, 
: OPTIONAL , : 

±12V 

g~~s. : 
I I 
L---------' 

l----..-----------.,+5VDC 

4 

TYPICAL "FLYING CAPACITOR" RELAY MUX,INPUT 

-<±250V­

TOPGA~---,_-_-_,l,_---•, .. -,-,---~ 

RLY] ! £10.Fi }, -~~~ 
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~ 
'? 
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REGISTER 

4x1MUX 

TEMP-MATCHED -& 
DUAL-REED 
RELAY 

BRDPADS 
FORUSER­
INSTALLED 
ATTENUATOR 
OR CLAMP 
ZENERS 

PROGRAM-GATABLE 
EXTERNAL AJD 
START 

B MSB BITS 

4 LSB BITS 

PACER 
CLOCK 

MODE 
CONTROL 

LOGIC 

EOC 

BRDPADS 
FOR USER-
INSTALLED 
CURRENT 
SHUNT 
RESISTOR 

16 
CHANNEL 
ANALOG 

RELAY 
MUX 

AID 
CONV, 
12BIT 
ADC· 
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AMPL 
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Sinl!Trac ST-724 
4-Channel D/ A and Current 
Loop Board for SBC-80 and 

Multibus Microcomputers 
FEATURES 
• 4 D/A channels using 12-bit Hybrid Converters with 

Input Registers 

• Accurate to .05% of Full Scale Reading 

• Memory-mapped, with user-selectable Base Address 

• Complete hardware and software compatibility with 
Multibus and SBC-series Microcomputers 

• Pin-for-pin replacement for SBC-724. Uses identical 
programming and register assignments to SBC-711/732 
and ST-711/732 A/D-D/A boards 

• Works directly from Intel RMX-80 Software 

• Includes 4 externally excited 4 to 20 mA industrial 
current loop amplifiers. 

• Pin-selectable Transfer Acknowledge (Xack!) Delay­
ensures compatibility with different memory speeds 

• On-board DC/DC power converter generates ±15 Vdc 
from +5 Vdc computer bus 

• Includes Diagnostic Program 

• Includes full systems manual with complete listing of 
Diagnostic 

INTRODUCTION 

The ST-724 Analog Output board extends Datel-lntersil's 
Sine Trac family of slide-in computer peripherals to a variety 
of industrial and instrumentation applications. It provides 4 
channels of D/A conversion, each with 12 binary bits of 
resolution for an overall accuracy to within .05% FSA. The 
ST-724 is fully hardware and software compatible with the 
popular Multibus and SBC-80 series of microcomputers­
it is a pin-for-pin replacement_for the SBC-724. And, the 
ST-724 is significantly less expensive than other boards 
with comparable features. 

The ST-724 is memory mapped-it appears to the host com­
puter as eight consecutive locations in memory. The board 
base address is factory set to F7f/.18 but may be reassigned 
by the user anywhere in memory. The ST-724 also features 
an adjustable Transfer Acknowledge Delay (XACK/Delay). 
The ST-724 generates a Transfer Acknowledge signal in 
response to memory write commands from the system com­
puter. The XACK/Delay circuitry permits a delay of this 
signal, to ensure compatibility with the host computer. 

Users may wish to consider the Datel-lntersil ST-800 D/A 
board as an alternative to the ST-724. The ST-800 DI A is 
fully compatible with Multibus and SBC microcomputers, 
but requires different programming from that used on the 
ST-724. The ST-800 D/A is used as an 1/0 peripheral, while 
the ST-724 is memory-mapped. In addition, the ST-800 D/A 
board offers greater channel density-up to 8 D/A channels 
per board-and can accept slave boards for up to 256 D/A 
channels operating from a single address. The ST-800 D/A 
board has voltage outputs only. The ST-724, by comparison, 
offers 4 D/A channels per board, is expandable by different 
base address only, and provides both voltage and current 
outputs. 

Digital inputs to the ST-724 may be set for offset binary or 2's 
complement (bipolar) coding or for straight binary (uni-

INTEL, MUL,TIBUS and RMX-80 are Intel Corp. Trademarks. 

COMPATIBLE TO· SBC-80 SERIES 
· MDS-800 

polar). Outputs from ±5V, ±10V, o~+5V and O-H10V DC 
permit the ST-724 to interface with a variety of process re­
ceivers, proportional controllers, or recorders. A 4 to 20 mA 
current loop is also provided which permits the board to be 
used in electrically noisy industrial environments. All out­
puts may be shorted to ground without damage. 

Power to the ST-724 comes from the host computer's +5V 
power bus. An on-board DC-to-DC converter generates 
±15V for the analog output circuitry. 

Each ST-724 board is shipped with a Diagnostic Program on 
paper tape, which provides a quick functional checkout of 
the system at the time of installation. It may also be used 
to calibrate the board. Also included is a systems manual, 
which provides a listing of the Diagnostic and complete user 
information on the ST-724. 

DESCRIPTION 

Input to the ST-724 is from the host computer data bus. 
Since the Intel Multibus provides only 8 binary bits of 
data per memory word, and the D/A converters on the 
ST-724 require 12 binary bits, two memory words are re­
quired for each conversion. The 4 least significant bits are 
transmitted first, (for DAC Ill. at the base memory address) 
and are latched into a 4-bit register. The next data word 
(base address +1) contains the 8 MSB bits, and initiates 
a conversion. 

DIA conversion is accomplished by Datel-lntersil's DAC­
HK12BGC, a 12-bit hybrid unit with an input storage register 
and linearity to within ±JI:! LSB. The output of the converter 
is monotonic, having a differential nonlinearity of ±JI:! LSB 
maximum. Offset zero error on each channel has been 
adjusted to zero prior to shipping the board; pots on the 
board permit recalibration of zero or offset settings using 
the supplied Diagnostic program. 
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ST-724 

Zero temperature coefficient (unipolar outputs only) for the 
converter is less than ±5 ppm/'C of Full Scale Reading. 
Offset temperature coefficient (bipolar outputs only) is with­
in :t;10 ppm/°C of FSR:Maximuni gain tempco measures 
±20 ppm/°C of FSR. DAC settling time is 4 µsec maximum 
(to within Y2 LSB of value), and slew rate is 20V/µsec. 

The voltage output ranges from the ST-724 board are jump­
er selectable and have an output impedance of 50 milli­
ohms. Maximum available current on the voltage outputs is 
±5mA. The ST-724 also provides voltage to current con­
verters for each of its four D/A channels. 

The current output option is jumper-selected by the user, 
and requires a user-supplied external excitation source 
( +18 to +30 Vdc). 

The ST-724 is a memory-mapped device which occupies 8 
consecutive memory locations. The starting (base) address 
is set at the factory to F7f68, for compatibility with the in-

ST-724 
BLOCK DIAGRAM 
4-Channel D/ A 

MWfC 

ADRl6TO 
ADRF 

CCLK 

(/) 
INIT 8 ::i 

(/)"" 
XAcK ::iu 

"""" 5"' 
::i• 
:;;:rl ... 
~ 

P1 

D!lTOD7 

+5VDC 

82S 

BASE 
ADDRESS 
DECODER 

AND 
FUNCTION 

SELECT 
LOGIC 

SELECTABLE 
XACK 
DELAY 

DATA 
RECEIVER 

±15V 
DC TO DC 

CONVERTER 
(BPM 151150) 

BASE+1 

BASE+3 

BASE+5 

BASE +7 

BASE +POR 20R40R6 

+15V 

D!ITO 07 

TO 
ANALOG 

t-----1_5V ___ CIRCUITS 

eluded Diagnostic Program. However, theuser may repo­
sition th-is base address anywhere up to FFF8 in the host 
computer's memory by reconfiguring jumpers on the ST-
724 board. 

The selectable Transfer Acknowledge Delay Circuit (XACK/ 
Delay) provides 16 delays from .05 to 1.5 µsec which may 
be jumper-programmed by the user. 

The overall size of the ST-724 is 12.0"W x 6.75"D x 0.5"H 
(305 x 172 x 13 mm). Multiple ST-724 boards may be 
installed in adjacent card slots if used in a standard (.60" 
spacing) Intel card cage. The ST-724 weighs 18 ounces 
(.51 kg). It should be. operated in an ambient temperature 
from O to +55°C, with relative humidity from 10% to 95% 
(non-condensing), and from 0 to 15,000.ft (0 to 4600m) ln 
altitude. The board may be stored at temperatures from 
-25°C to +85°C. The ST-724 is powered from the host · 
computer bus's +5 Vdc supply, a~d draws 1.5A. 

DACil 

,DAC-
HK12BGC 

DAC1 

~ 
~ 
..... 
~ 

.!;2 
4-BIT 

a 
4LSB !!! REGISTER BITS iii LATCH 

~ 
DAC 2 

SMSBBITS 

DAC3 

EXT. LDOP 
EXCITATION 

DAC-
OUT 

EXT. LDOP 
EXCITATION 

DAC1 
OUT 

EXT. LDOP 
EXCITATION 

DAC2 
OUT 

DAC3 
OUT 

J1 



ST-724 

SPECIFICATIONS 
Typical at +25°C, dynamic conditions, unless 
otherwise specified 

D/A ANALOG OUTPUT 
Number of Channels .. 4 D/A channels 
Channel Expansion . .. Indefinite channel expansion 

by separate, stand-alone 
ST-724 boards, each with a 
different base address; 
limited by available card slots, 
and power supply current. 

Full Scale 

0. u.tput Ranges . .... ± 1 OV (standard) J 
(;eha~~~';,' must) ± 5V Jumper 

jumpers to D--3>+ 10V Selectable 
~~~~~~~~~nges D-7+5V by User 
.+c1ov, offset 4-20 mA 
binary (Current Loop) 

Digital Input Coding . .. Straight Binary JJ um per 
Offset Binary Selectable 

(standard) by User 
2's Complement 

Output Impedance .... 50 Milliohms 
Maximum Current 

Available on 
Voltage Outputs . ... ± 5 mA @ ± 1 OV short-circuit­

proof to ground 

ADDRESSING Reserves a block of 8 
memory locations, all succes­
sive to a jumper-selectable 
memory base address 

CURRENT LOOP EX­
TERNAL EXCITATION 
VOLTAGE +18V to +30VDC, regulated, 

user-supplied. 
(25 mA maximum/DAC) 

PERFORMANCE 

Non-linearity ......... ±Y, LSB maximum 
Differential 

Non-linearity ....... ±Y, LSB maximum 
Offset or Zero Error .. . Adjustable to zero using pot. 

MODEL 
ST-724 

31-2076040 

58-12140-41 

Each channel individually 
adjustable. 

ORDERING GUIDE 

DESCRIPTION 
4 Channel, Multibus-
Compatible D/A Board 

Edge Connector, J1, Spare 
(One Included with Board) 
(PCB to solder tab} 

ST-724 Manual 
lione Included with Board) 

Zero Temperature 
Drift. ............. (Unipolar Output only) 

Within ±5 ppm.of FSR/°C 
Offset Temperature 

Drift . ............. (Bipolar Output only) 
Within ±10 ppm of FSR/°C 

Gain Temperature 
Drift ............. . Within ±20 ppm of FSR/°C 

Settling Time .. ...... Maximum, 4 µsec to within 
Y, LSB of final value 

Slew Rate ........... 20V/µ.sec 
Power Supply 

Rejection . ......... 54 dB to DC supply bus 

PHYSICAL 

Outline Dimensions .. . 12.00"W x 6.75"D x 0.50"H 
(304, 8x171,5x12, 7 mm), 
ST-724 boards may be 
installed adjacent to each 
other in SBC card cages. 

Weight. ............. 18 ounces (.510 kg) 
Operating Tempera-

ture Range . ....... Oto +55°C 
Storage Tempera-

ture Range ........ -25°C to +85°C 
Relative Humidity . ... 10% to 95%, non-condensing 
Altitude . ............ 0 to 15,000 ft (4600m) 

POWER 
CONSUMPTION 

GENERAL 

+5Vdc ±5/%@ 1.5A from 
computer bus (±15Vdc 
supplied from on-board 
DC/DC power converter.) 

Compatibility .. ...... Pin-for-pin, cardguide, and 
program compatible with 
Multibus and SBC-series 
microcomputers. 
A pin-for-pin replacement 
for the SBC-724. 

TYPICAL CURRENT LOOP WIRING 
ST-724 

l18V V1· 30V) 

=~~--~ 2~E1~~~f169Fp 
EXTERNAL "FOR CALIBRATION 
LOAD ONLY 

CONNECTOVM 
J1 ACROSS EXTERNAL 

CONNECTOR LOAD RESISTOR 
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INPUT DATA FORMAT 

Since 12-bit D/A converters are used on the ST-724, and 
since the Intel Multibus provides for only 8-bits of data per 
memory word, two 8-bit bytes in two sequential memory 
words are necessary for each D/A conversion. 

The LS Byte is loaded onto the board first and is stored in a 
4-bit register until the MS Byte is loaded. Thus, the memory 
location of the LS Byte is always the lower of the two loca­
tions used for a given channel. Conversion begins as soon 
as the MS Byte is loaded; within 4 microseconds an analog 
signal appears at the board's output. 

REGISTERS 

The memory address bit function assign -
ments are as follows. For an explanation 
of LSB and MSB Bytes, please see"lnput 
Data Format". MEMORY 

ADDR. 

M+f/J 
M+1 
M+2 
M+3 
M+4 
M+5 
M+6 
M+7 

I 

~[l;>m~nnIDR§5Dll 

LEAST SIGNIFICANT BYTE 
D7 D6 D5 D4 D3 D2 D1 DO 

DAC DAC DAC DAC 
BIT BIT BIT BIT 
9 10 11 12 x x x x 

(LSBJ 

MOST SIGNIFICANT BYTE 

DAC DAC DAC DAC DAC DAC DAC DAC 
BIT BIT BIT BIT BIT BIT BIT BIT 
1 2 3 4 5 6 7 8 

(MSBJ 

X = Don't care 

ST-724 REGISTER ASSIGNMENTS 

FACTORY 
ASSIGNED 
MEM. ADDR. FUNCTION 

F7¢8 Output LSB Byte for DAC ¢(Channel ¢J 
F709 Output MSB Byte for DAC f/J (Channel ¢l 
F7¢A Output LSB Byte for DAC 1 (Channel 1) 
F7f/JB Output MSB Byte for DAC 1 (Channel 1) 

F7f/JC Output LSB Byte for DAC 2 (Channel 2) 

F7f/JD Output MSB Byte for DAC 2 (Channel 2) 

F7f/JE Output LSB Byte for DAC 3 (Channel 3) 
F7f/JF Output MSB Byte for DAC 3 (Channel 3) 

DIAGNOSTIC PROGRAM TTY 
TEST NAME CALL KEY DESCRIPTION 

A Diagnostic program formatted on paper tape is shipped 1---------+---C--1------------1 
with each ST-724 board. Used with a teletypewriter, the Calibration Test User specifies any D/A 
Diagnostic can perform a quick but thorough electrical channel through 3; 
checkout when the board is first installed. It can also be enters in hex a digital 
used to calibrate the ST-724. The names of the tests the input to that channel; 
Diagnostic can perform (each with a brief description) ap- and the corresponding 
pear in the chart below. A complete listing of the Diagnostic, analog voltage or cur-
and some sample programs form part of the systems manual rent output appears on 
provided with each ST-724 board. J1 of ST-724. Used to 

adjust offset and gain 

Sawtooth Test s 

Calibration Table T 

84S 

settings for each 
channel. 

A sawtooth waveform 
appears on the outputs 
of all 4 DIA channels 
simultaneously. Checks 
for missing or shorted 
bits. 

Inputs to ST-724 a pro­
gram-generated range 
of hex codes; pauses on 
each for 2 to 3 seconds 
(to permit accurate out­
put reading by DVM); 
and operates con­
tinuously without 
prompting. Checks 
output linearity. 
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D/A CALIBRATION PROCEDURE 

Calibration of the ST-724 should be performed every 90 
days or whenever the Analog Output Range jumpers are 
reconfigured. More frequent calibration may be indicated 
in adverse operating conditions. The Diagnostic program 
supplied with the ST-724 was written as part of the cali­
bration procedure. Please see the section entitled "Diag­
nostic Program". 

1. Set the board jumpers for the desired output range: 
0-H5V, o~+10V, 4~20 mA, ±5V, or ±10V. See "Out­
put Range Selection" for details. 

2. Connect a digital voltmeter (Fluke 8800Aor equivalent) 
to the outputs of Channel 0 (DAG fill. For voltage 
ranges, measure between "V OUT" and "ANA RTN". 
For current ranges the user must supply a precision 
2500 or 5000 resistor; voltage measurements are then 
made across this resistor (see Note 1, bottom of Cali­
bration Table). 

3. Using the Diagnostic program, select the "Calibration 
Test", Call Key "C". 

4. The teletypewriter will respond by printing out: 
CALIBRATION TEST 
CHANNEL-

5. Enter character "fll" to select Channel 0 (DAG ril 
CHANNEL-¢ 
HEX DATA 

6. Making reference to the Calibration Table, enter the 
hex code for the -Full Scale output voltage (or cur­
rent), then enter a Carriage Return. Adjust the OFFSET 
potentiometer, until the reading on the DVM corre­
sponds to the - Full Scale reading from the table. 

7. Refer again to the Calibration Table, and enter the hex 
code for + Full Scale voltage or current. Adjust the 
GAIN potentiometer until the reading on the DVM is the 
+ Full Scale voltage as indicated in the table. 

8. Repeat steps 6 and 7. 

9. Calibration for Channels 1, 2, and 3 (DAC's 1, 2 & 3) 
is the same as for Channel 0. 

10. The complete calibration may now be checked using 
the Calibration Table. Any hex value on the table may 
be entered followed by a carriage return. The corre­
sponding analog output should appear on the DVM. 

CALIBRATION TABLE 

ANALOG OUTPUT 4-DIGIT HEX INPUT 
BIPOLAR (OFFSET OR UNIPOLAR (STRAIGHT BINARY) 

1--~~~~~~~~~~~~~~~~~--+~2-'S~C_O_M_P_L~E_M_E_N---'T)'-l STRAIGHT 
VOLTAGE 4~20 mA CURRENT' 

~+5V 

4.9988V 
4.9976V 
4.9951 v 
4.9902V 

4.9805V 
4.9609V 
4.9219V 
4.8437V 

4.6875V 
4.3750V 
3.7500V 
2.5000V 

1.2500V 
0.6250V 
0.3125V 
0.1563V 

0.0781 v 
0.0391V 
0.0196V 
0.0098V 

0.0049V 
0.0024V 
0.0012V 
o.oooov 

5000LOAD 
~10V LOOP V+>18V 
9.9976V 9.9980V 
9.9951V 9.9961V 
9.9902V 9.9922V 
9.9805V 9.9844V 

9.9609V 
9.9219V 
9.8437V 
9.6875V 

9.3750V 
8.7500V 
7.5000V 
5.0000V 

2.5000V 
1.2500V 
0.6250V 
0.3125V 

0.1563V 
0.0781V 
0.0391V 
0.0196V 

0.0098V 
0.0049V 
0.0024V 
o.oooov 

9.9687V 
9.9375V 
9.8750V 
9.7500V 

9.5000V 
9.0000V 
8.0000V 
6.0000V 

4.0000V 
3.0000V 
2.5000V 
2.2500V 

2.1250V 
2.0625V 
2.0312V 
2.0156V 

2.0078V 
2.0039V 
2 .. 0020V 
2.0000V 

2500LOAD 
LOOPV+>15V 

4.9990V 
4.9980V 
4.9961 v 
4.9922V 

4.9844V 
4.9687V 
4.9375V 
4.8750V 

4.7500V 
4.5000V 
4.0000V 
3.0000V 

2.0000V 
1.5000V 
1.2500V 
1.1250V 

1.0625V 
1.0312V 
1.0156V 
1.0078V 

1.0039V 
1.0020V 
1.0010V 
1.0000V 

±5V 

4.9976V 
4.9951V 
4.9902V 
4.9805V 

4.9609V 
4.9219V 
4.8437V 
4.6875V 

4.3750V 
3.7500V 
2.5000V 
O.OOOOV 

-2.5000V 
-3.7500V 
-4.3750V 
-4.6875V 

-4.8437V 
-4.9219V 
-4.9609V 
-4.9805V 

-4.9902V 
-4.9951V 
-4.9976V 
-5.0000V 

±10V. 
9.9951 v 
9.9902V 
9.9805V 
9.9609V 

9.9219V 
9.8437V 
9.6875V 
9.3750V 

8.7500V 
7.5000V 
5.0000V 
O.OOOOV 

--5.0000V 
-7.5000V 
-8.7500V 
-9.3750V 

-9.6875V 
-9.8437V 
-9.9219V 
-9.9609V 

-9.9805V 
-9.9902V 
-9.9951V 
-10.0000V 

OR OFFSET 2'S 
BINARY - COMPLEMENT 
NO SIGN I WITH SIGN 
EXTENSION : EXTENSION 

FFF0 I 7FF0 
FFE0 7FE¢ 
FFCr6 ; 7FCfi 
FF8~ I 7F80 

FF¢0 7Ffifi 
FE(6r6 7Ef/l0 
FC{i'J~ 7C~0 
F800 7800 

Fiifll0 7000 
E¢0fll 6000 
Cf/l0f11 4000 
8000 0¢0!1l 

4f/l00 
2000 
100¢ 
11180~ 

0400 
¢200 
f/l1!1l0 
0¢8lll 

g.!04¢ 
¢!1l2fll 
fll01l!S 
0(600 

C000 
MJ00 
9000 
8800 

8400 
82'10 
8100 
8080 

8040 
8020 
8010 
8000 

Note 1: Both the 2500 and the 5000 resistors (.1 % precision) provide 4 to 20 
mA output. The current output circuit is calibrated in terms of voltage 
since most digital multimeters provide greater resolution and accu­
racy on voltage measurements than on current. 

The voltages listed are those measured across a 2500 or a 5000 
precision resistor, connected between "I RTN" and "I OUT" on any 

DAC output. A user-supplied DC regulated voltage, v+ (+15V < 
V + o:; + 30V for 2500 resistor. +18V < V + o:; + 30V for 5000 
resistor; 25 mA max) is required for current output and calibration, 
and should be connected to "V + LOOP". The supply providing v+ 
should be grounded at "ANA RTN". 
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BASE ADDRESS SELECTION 

1. Select a base address, in hex, between ¢110¢ and FFF8. 
2. Write it in squares below opposite "Base Address, Hex". 
3. Convert the hex code to binary by writing 1 's and O's 

in the appropriate boxes below (opposite "Hex Bit 
Weighting"). 

4. To set the base address, insert a jumper at each location 
opposite a "1 ".Please note that to obtain a "low" ("O") on 
bit 3, the jumper between 93 and 94 must be removed, 
and a jumper between 94 and 95 must be added. 

BASE 
ADDRESS 
HEX -i (11 to F) 

HEX BIT -- -
WEIGHTING 8 4 2 
ADDRESS 
BIT# F E D 

JUMPERS 
IN FOR 69 71 73 
"1", OUT to to to 
FOR BIT 70 72 74 
"Q" 

*For low on bit 3, remove 93 to 93 ~ !ll!.Q 94 to 95 

BOARD LAYOUT 

J1 

GAIN OFFSET 9A lOA 
DAC~ DAC~ • • 

GAIN 
DAC 1 

49 

OFFSET 21A 22A 
DAC1 • • 

~ -i (11 to Fl 

- --
1 8 4 2 

c B A 9 

75 77 79 81 
to to to to 
76 78 80 82 

COMPONENT SIDE 

J2 

NOT USED 

GAIN 
DAC 2 

OFFSET 3:..A 34A 
DAC2 • • 

~ 
1 

8 

83 
to 
84 

49 

ii 03.~~. =~o ~ (j1}1:. =~~ Q Q2,.~:. :;! 
LJ LI·····" LJ LJ ••••• 23 LI LJ ••••• 36 

-i (¢to F) "\ 
3 -- -

8 4 2 1 

7 6 5 4 

85 87 89 91 
to to to to 
86 88 90 92 

J3 

NOT USED 

GAIN OFFSET 45A 46A 
DAC3 DAC3 • • 

B B ~= .45 
. ~ 39. 42. •46 

••••• 47 GJ .. 
PIN1 

l. ~: T\ err\ l:. ~:T .. 
~.-----------~-OUTPUT RANGE SELECTION-~---------~ 

Ir------~\-- INPUT CODE SELECTION 

••• 49 50 51 

61 63 65 67 

• •• 52 53 54 
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ST~724 

OUTPUT RANGE AND 
INPUT CODING SELECTION 

The ST-724's 4 D/A output channels may be set indepen­
dently for any of four voltage ranges or a single current 
output range. Full scale ranges of ±10V, ±5V, 0--)+ 10V, 
0--)+5V, or 4--)20 mA may be jumper-selected according 
to the chart below. Input digital coding may be offset binary, 
2's complement, or straight binary on any channel. Again, 
refer to the chart below for details. 

The ST-724 board is normally shipped with jumpers set for 
the ± 10V output, and an offset binary input coding. Please 
note that whenever there is a change in output range on a 
given channel, that channel should be recalibrated. 

INPUT CODE SELECTION JUMPERS 

CODE DACl!I DAG 1 
UNIPOLAR 

OR 
OFFSET BINARY 49-50 52-53 

(STANDARD.l 
2'S 

COMPLEMENT 50-51 53-54 

TRANSFER ACKNOWLEDGE 
(XACK/) DELAY SELECTION 

DAC2 

55-56 

56-57 

DAC3 

58-59 

59-60 

The ST-724 board generates a Transfer Acknowledge 
(XACK/l signal in response to Write commands from the 
host computer. It is sometimes desirable to delay this signal, 
in order to match the XACK/ signal to the host computer 
timing. A jumper selectable Transfer Acknowledge Delay 
(XACK/ delay) ranging from 50 nanoseconds to 1.5 micro­
seconds is available in the ST-724. 

The accuracy of the XACK/ delay is dependent in part on the 
dutycycleoftheCCLK/ signal generated bythecomputer­
shorter duty cycles result in greater accuracy. The delay 
time is advanced on the leading edge of CCLK/; XACK/ is 
generated on the trailing edge of CCLK/. 

Please refer to the table below for jumper configurations 
yielding different delay times. 

XACK/ DELAY SELECTION 

DELAY 
µsec. JUMPERS 
*0.05 - - - -

0.1 61-62 - - -
0.2 - 63-64 - -
0.3 61-62 63-64 - -
0.4 - - 65-66 -

0.5 61-62 - 65-66 -
0.6 - 63-64 65-66 -

0.7 61-62 63-64 65-66 -
0.8 - - - 67-68 
0.9 61-62 - - 67-68 
1.0 - 63-64 - 67-68 
1.1 61-62 63-64 - 67-68 
1.2 - - 65-66 67-68 
1.3 61-62 - 65-66 67-68 
1.4 - 63-64 65-66 67-68 
1.5 61-62 63-64 65-66 67-68 

'Factory supplied configuration. 

OUTPUT RANGE SELECTION JUMPERS 

RANGE DACl/J DAG 1 DAG 2 DAC 3 
±. 10V 3-5 15-17 27-29 39-41 ___ 

(STANDARDl 6-7 18-19 30-31 42-43 
3-5 15-17 27-29 39-41 

±5V 6-8 18-20 30-32 42-44 
3-4 15-16 27-28 39-40 

0 to +10V 6-8 18-20 30-32 42-44 
1-2 13-14 25-26 37-38 

0 to +5V 3-4 15-16 27-28 39-40 
6·8 18-20 30-32 42-44 

9-10 21-22 33-34 
45-41 4 to 20 mA 11-12 23-24 35-36 47-48 

CURRENT LOOP 9A-10A 21A-22A 33A-34A 45A-46A 

ANALOG OUTPUT CONNECTIONS 
J 1 

ETCH SIDE PIN #'S COMPONENT SIDE 

NC 2 1 NC 
NC 4 3 NC 
NC 6 5 NC 
NC 8 7 NC 
NC 10 9 NC 
NC 12 11 NC 
NC 14 13 NC 
NC 16 15 NC 
NC 18 17 NC 
NC 20 19 NC 
NC 22 21 NC 

DAG 3, V OUT 24 23 NC 
DAC 3, I OUT 26 25 I DAC 3, I RTN 
DAG 3, LOOP v + IN 28 27 I: DAG 3, ANA RTN 
DAG 2, V OUT 30 29 NC 
DAG 2, I OUT 32 31 DAG 2, I RTN 
DAC 2, LOOP V + IN 34 33 .

1

1 DAC 2, ANA RTN 
DAG 1, V OUT 36 35 NC 
DAC 1, I OUT 38 37 DAG 1, I RTN 
DAC 1, LOOP v + IN 40 39 II DAG 1, ANA RTN 
DAC 0, V OUT 42 41 NC 
DAC 111. I OUT 44 43 DAG l/J, I RTN 
DAG rt. LOOP V + IN 46 45 l DAG 111, ANA RTN 
POWER COMMON 48 47 POWER COMMON 

-15 REF VOLT OUT* 50 ~-~ -~2~~~·-':'_'?~T _OUT* 
*Not intended to power external c1rcu1try, 1 mA max 
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SlneTrac ST ·800 Series 
High Performance A/D & 
D/ A Boards for SBC-80 

& MULTIBUS Microcomputers 
THE FEATURES 
Simple Channel Expansion and High Channel Density 

Only two cards are needed to provide 80 single­
ended or 64 differential AID channels! A/Dor DIA 
expansion simply consists of adding cards. High 
density CMOS LSI multiplexers offer up to 48 Dif­
ferential Expander A/D channels per card. D/A's 
expand in 4 or 8 channel increments. 

Highest Throughput Speed 
AID conversion and settling takes only 20 micro­
seconds. When OMA is used, data bursts up to 
36,000 samples per second may occur. 

CIRCUIT FEATURES 
Input Protection 

Overvoltages up to ±35V won't damage the A/D 
section. A/D Expanders may accept input fuses or 
resistors and clamping diodes for higher voltages. 

3 Scan Start Methods 
1. Program scan start 
2. On-board adjustable scan timer 
3. External start pulse 

Current Inputs 
AID Expander boards may accept on-board resistors 
for 4-20mA, 1-5 mA and 10-50 mA current inputs. 

Jumper-Selected Automatic High-speed OMA 
All A/D systems include jumper-selected control of 
a user-supplied Intel OMA (Direct Memory Access) 
Control Board. On-board channe.I address registers 
and logic automatically scan a program-selected 
channel group at the highest speed. 

Diagnostic Test Programs 

Paper tapes are included plus a full listing of the 
Diagnostic in the supplied manual. 

Complete Manuals Included 

Datel includes circuit and programming manuals 
with all systems. Programming manuals include sub­
routine listings and programming examples. 

On-board Start/Final Channel Logic for Lowest 
CPU Handling 

Channel address registers free the CPU from chan­
nel counting and scan termination for highest speed 
and simplest programming. 

Widest Assortment of Accessories 
Datel's SineTrac 800 product line includes over a 
dozen optional cables/connectors, A/D-D/A ex­
pander boards and a digital output port module. 

THE PROGRAMS 

SBC-80 SERIES 
COMPATIBLE TO: MDS-800 

DATEL-INTERSIL'S FULL LINE OF A/D-D/A BOARDS FOR 

SBC-80/MULTIBUS MICROCOMPUTERS 

Datel-lntersil has two product linesforSBC-80and MDS-800 MULTI­
BUS computers. The ST-800 series presented here include separate 
AID and D/A boards with additional slave channel expanders. The 
ST-711, 724 and 732 series .inCludes a combination A/D-D/A board 
(ST-732) a D/A board with 4-20 mA current loop amplifiers (ST-724) 
and a low level, high isolation relay-input A/D board (ST-711RLY). 
Generally, the ST-800 series is treated as an 1/0 peripheral, features 
higher channel density per board, lower cost per channel, higher 
speeds, easy low-cost channel expansion and DMA operation when 
used with Intel's DMA Controller. The ST-711, 724, 732 series are 
memory-mapped peripherals which are exact replacements for com­
petitive SBC-711, 724, 732 boards. This series operates directly from 
Intel RMX-80 software and offers more industrial and signal condi­
tioning features such as current loop channels, programmable gain, 
high-gain preamplifiers and programmable Pacer start clocks. 

THE MANUALS 

3 Comprehensive Systems 
Manuals on: 
1. A/D MASTER BOARDS 
2. AID SLAVE 

EXPANDERS 

Complete paper tape 
diagnostic programs are 
supplied with every system. 
These programs provide 
decimal printouts of 
averaged AID scans for 
calibration and GO/NO-GO 
accuracy testing. D/A 
programs offer square wave 
and sawtooth oscilloscope 
outputs. 

3. DI A MASTERS AND 
SLAVE EXPANDER 
BOARDS 

The manuals include full 
diagnostic program listings 
plus circuits, timing 
diagrams, programming, 
applications, and logic 
diagrams. 

tNTEL, RMX-80 AND MULTIBUS ARE INTEL CORP. TRADEMARKS 
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256 A/D-D/A CHANNELS WITH AUTOMATIC ADDRESSING 

DESCRIPTION 

Datel offers a simple approach to meas­
uring analog inputs via the Intel MDS-
800 Microcomputer Development System 
or Intel's SBC-80/10 Single Board Com­
puter. Datel's SineTrac 800 data acquisi­
tion module plugs directly into the MDS-
800 or SBC-80/10, accepting 32 or more 
analog channels inside the same housing. 
The SineTrac 800 high-speed analog 
card communicates on the MDS or SBC 
CPU bus and is handled as an address­
able peripheral 1/0 device. Analog con­
nections are made through convenient 
rear-panel connections on the MDS-800 
housing. Programs written in universal 
8080 microprocessor assembly language 
instructions completely control all activi­
ties of the SineTrac 800 data acquisition 
card. These include random or sequential 
channel addressing with automatic reset 
on user-specified first and last channels. 
By using the 1/0 device communications 
capability resident in Intel's monitor 
program, the SineTrac 800 analog in­
puts can be directly printed out on a tele­
typewriter, punched onto paper tape or 
magnetic tape cassette or left in memory 
for further arithmetic manipulation be­
fore printout. 
The SineTrac 800 card is ideal for proc­
ess control, automatic test systems, lab­
oratory measurement systems and simi­
lar applications. Additional SineTrac 800 
boards allow for (1) A/D channel expan­
sion in increments of 48 channels per 

. board or (2) a D/A board with eight 12-bit 
DI A analog output converters per board 
(expandable to 256 channels). 
The D/A option board contains storage 
registers for each 12-bit analog word to 
maintain a stabilized analog output be­
tween output cycles. The D/A option is 
ideal for plotter, chart recorder, oscillo­
scope or actuator drive. 
The SineTrac 800 can accept three 
modes of operation including program 
control, direct memory access (DMA) or 
interrupt operation. Program mode con­
sists of direct operation of the SineTrac 
800 system by assembly language in­
structions at the time and sequence 
specified by the program. DMA opera­
tion accommodates direct memory load­
ing in blocks using Intel's DMA board 
but without routing through the CPU. 
DMA operation can accommodate block 
transfers up to the SineTrac 800's full 
speed of 36,000 samples per second. In­
terrupt operation is ideal for serving 
ot;tier peripherals besides the SineTrac 
800 whenever the device or the data is 
ready. Interrupt can accept virtually 
simultaneous data conversion, output 
formatting and printout. 
The SineTrac 800 card is organized 
around Datel's MDAS-16, a high density 
data acquisition module employing a hy­
brid successive approximation A/D con­
verter, FET multiplexer switches, in­
tegrated circuit Sample/Hold amplifier 
and tri-state TTL output buffer/registers. 

ST-800/MDS-800 
BLOCK DIAGRAM 

Address decoders, bidirectional bus dri­
vers and receivers, status registers, FET 
MUX switches, a ±15V DC/DC converter 
and control logic complete the rest of the 
SineTrac 800. 

BACKGROUND 

The concept of using AID and D/A con­
version inside a computer housing is 
relatively new. The idea became a reality 
with the advent of complete miniature 
data acquisition modules such as Datel's 
MDAS-16. The MDAS-16, which is the 
heart of the SineTrac 800 A/D board, in­
cludes a hybrid A/D converter (Datel's 
model ADC-HZ) sample/hold amplifier 
(Datel's model SHM-LM-2). LSI CMOS 
analog multiplexer (Datel's MX-1606) and 
control logic. Earlier A/D data acquisition 
components consumed too much space to 
be conveniently packaged inside the com­
puter housing. Another problem with an 
internal A/D system was the high level of 
logic noise from the computer's digital 
circuitry. This noise occurred both as 
electromagnetic noise and as voltage 
noise distributed on power supply buss­
es. Datel has solved the noise problems 
by shielding the MDAS-16 module in a 6-
sided steel cover and by generating fil­
tered ±15VDC power from the computer's 
5V bus using a modular DC to DC 
converter. 
The advent of hybrid technology pro­
vided miniature AID and DIA converter 
modules and offered very high channel 

densities. A single SineTrac D/A board 
may contain 8 D/A channels or 32 A/D 
channels. The hybrid converter package 
includes circuit elements from different 
technologies which are combined by 
wire-bonding on a common substrate to 
give the highest performance. 
Such dissimilar technologies as bipolar 
logic gates and bipolar linear circuits 
(with different doping characteristics) 
and MOS semiconductors are not easily 
combined in one monolithic process with 
cost-effective yields. But by combining 
dissimilar circuits on a hybrid substrate, 
the high speed, high accuracy, low drift 
performance of Datel's SineTrac sys­
tems are realized. 

USER BENEFITS 

Only recently, connecting an A/D-D/A 
system to a computer involved three 
hardware problems - analog signal cab­
Ii ng, digital 1/0 cabling and the interface 
circuit design. The SineTrac concept of 
slide-in A/D-D/ A cards with on-board· in­
terfaces eliminates two of the most diffi­
cult problems - digital 1/0 cabling and 
interface circuit design. Datel also offers 
a strong head start in one other problem 
area - test and development software. All 
SineTrac systems include a paper tape 
diagnostic test program written in 8080 
assembly language with extensive com­
ments. While the user still must develop 
his own application program, Datel's pro­
gram offers quick on-the-air system 
check-out. 
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SPECIFICATIONS (typical @ "25 C when calibrated unless noted) 

DATA ACQUISITION SECTION (AID ANALOG INPUTS) 
SPECIFICATIONS 
(Typlcal@+25°C, dynamic conditions, unlen otherwise apec:llled) 

ANALOG INPUTS 
Number of Channels . . . 32 Single-ended or 16 Differential 

non-isolated 
Channel Expansion Up to 256 single-ended or differential 

channels using ST-800-ADX slave 
expander cards. 

Full Scale Input 
Voltage Ranges ....... . 

Common Mode Range . 
Input Overvoltage ..... . 

Input Impedance ...... . 

Input Blas Current 
Input Capacitance 

o to +5 volts 
o to +10 volts 
-5 to +5 volts 
-10 to +10 volts 
±10 volts maximum 
±35 volts maximum sustained (no 
damage)" 
100 megohms differential or to 
ground. 
3nA typical, 10nA maximum 
10pF, OFF channel. 100pF, ON 
channel to ground. 

PERFORMANCE 
Accuracy@ +25°C .... . 
Resolution ............ . 
Nonlinearity .......... . 
Differential nonlinearity . 
Gain error ............ . 
Offset or Zero Error ... . 
Gain Temperature Drift . 
Offset or Zero 

Within ±0.025% of full scale range. 
12 Binary Bits (1 part in 4096) 
±'f. LSB maximum 
±'f. LSB maximum 
Adjustable to zero 
Adjustable to zero 
Within ±30ppm of FSR/°C 

Temperature Drift ...... Within ±7ppm of FSRl"C 
Co.mmon Mode Rejection. 70dB min., DC to 1 kHz, with 1 Kilohm 

unbalance 
Power Supply Rejection . 10odB to +5V Bus 

DYNAMIC CHARACTERISTICS 
Typical Data Transfer 
1/0 Period (Total) ..... . 

Throughput Period .... . 
Acquisition Time ...... . 
AID Conversion Time .. . 
Aperture Time ........ . 
Sample/Hold Switch 
Feedlhrough .......... . 
MUX Croutalk from 
OFF Channels ........ . 

50 Microseconds (Program Mode) 
27 Microseconds (OMA Mode) 
20 Microseconds max. 
12 Microseconds 
8 Microseconds 
50 nanoseconds 

0.01% Maximum 

0.01%@ 1KHz 

DIGITAL OUTPUTS 

90S 

Output Coding ........ . 

Output Format ........ . 

Channel Addre11lng ... 

Program Loaded 

Straight Binary (unipolar)} Jumper 
Offset Binary (bipolar) Selected 
2's Complement (bipolar) 
2-Byte group electrically compatible 
to Intel's bidirectional bus for the 
MDS-800 and SBC-80/10. Sign 
extension is jumper-installed on bits 
12 thru 15 for 2's complement units. 
Bits 12 thru 15 are logic zero for all 
other units. 
Choice of Direct Memory Address 
or Program Mode/Program Interrupt: 
1. Direct Memory Address (OMA) 

Sequential channel address under 
SineTrac and Intel OMA board 
memory address control. Program 
control or program interrupt mode 
not available. 

2. Program Control or Program 
Interrupt: Random or Sequential 
channel addressing under program 
control with 2-byte data transfers 
to the CPU only. End of Conver­
sion (EOC) and End of Scan (EOS) 
interrupts available for optional 
program flagging. OMA mode not 
available. 

Registers . . . . . . . . . . . . . . 1. Status Input-loaded from data bits 
o.,. o,, "02 
0 0 - End of Scan (EOS, Read 

output on Dr) 
0 1 - Interrupt Enable (CPU grant) 
0 2 - End of Conversion (EOC, 

Read output on 0 0) 

*Pad ...a. available on AID Expander - for UHr to lnatall 
clemplng dtodae and proteotlon '"latora or i-. 

Peripheral Address• ..... 

2. Start Channel Address-loaded 
from data bits Do thru 0 7• A load 
jams the current address register. 

3. Final Channel Address-loaded 
from data bits Do thru 0 7• 

Prewired by PC board jumpers at 
base address 000100XX. Bits Ao and 
A, decode command functions. 

Interrupt Level* . . . . . . . . Prewired by PC board jumpers at 
. EOC, leve.1 3 and EOS, level 4. 

*Test tapes suppNed to users for system verificatio11 and checkout 
are written with the peripheral base address and ihterrupt levels 
shown .. If other addresses and interrupts are required, the appro­
priate PC jumpers may be altered by the user after system verifica­
tion with the original addresses. The verification program may then 
continue to be used by altering it using the Monitor. 

POWER CONSUMPTION 
1.3 Amps typical @ +5VDC supplied from CPU bus connector. On­
board DC/DC converter supplies ±15VDC to linear circuits. 

PHYSICAL 
Operating Temparature 
Range . . . . . . . . . . . . . . . . . 0° to + 70° C 
Storage Temperature · 
Range ................. -25°C to +85°C 
Card Size . . . . . . . . . . . . . . 12" x 6.75" x 0.5" compatible to 

guide spacing and 1/0 pinout of 
MDS-800 and SBC-80/10 
connectors. 

DATA DISTRIBUTION SECTION (D/A ANALOG OUTPUTS) 
ANALOG OUTPUTS 

Number of Channels 

Channel Expansion 

Full Scale Output 
Voltage Ranges ....... . 

Input Coding ......... . 

Output Impedance ..... 
Output Current 

PERFORMANCE 
Nonlinearity .......... . 
Differential nonlinearity . 
Gain Error ............ . 

Offset or Zero Error .... 

Scan Period Adjust .... 
Gain Temperature Drift . 
Zero Temperatu"' Drift . 
Offset Temperature 
Drift .................. . 

Settling Time ......... . 
Po-r Supply Rejection . 

POWER REQUIREMENTS 

8 Single-ended (Model ST-800-
DA8) or 4 Single-ended (ST-800-
DA4) 
256 Channels addressable using 
ST-800-DAX8 or ST-BOO-DAX4 slave 
cards. 

Oto +5 Volts 
Oto +10 Volts 
-2.5 to +2.5 Volts 
-5 to +5 Volts 
-10 to +10 Volts 
Straight Binary (Unipolar) 
Off:set Binary (Bipolar) 
2's Complement (Bipolar) 
50 milliohms 
±5mA min., short circuit proof to 
ground. 

±'f. LSB, maximum. 
±'f. LSB, maximum. 
Adjustable to zero using pot for each 
channel. 
Adjustable to zero using a pot for 
each channel. 
1 to 10 milliseconds. 
±30ppm of output/0 C. 
(Unipolar output) ±5ppm of FSR/0 ~ 

(Bipolar output) ±15ppm 
of FSR/°C 
4 microseconds to ±'f. LSB 
±0.02% of FSA per 1% variation. 

Models ST-800·DA8 and DAXB: Externally supplied ±15 VEC @ 
320mA maximum and +5VDC@ 1 Amp from CPU bus connections. 
Models ST-800-DA4 and -DAX4: (Includes on-board DC/DC con· 
vitrter for ±15VDC power) Requlrei +5VDC@ 1.5 Amps from CPU 
bus connections. 

SCAN CLOCK 
Integrated circuit clock (74123) used to Initiate channel scans via 
Jum1111r·selectable Interrupt flag (pr-Ired at level 5). Ueer­
eelected scan period by adjusting pol or ,_Iring RC network. 

Peripheral Address• . . . . Prewired by PC board jumpers at 
base address 000101XX. Bits Ao and 
A, decode command function. 
(see note above about test tapes) 

Interrupt Level* Prewired by PC board jumpers at 
Scan Clock Time out, level 5 and End 
of Scan, level 6. 

CARD SIZE (8-channel 
and 4-channel models) . . 12" x 6.75" x 0.5" compatible to Intel 

guides and pinout. 
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ORDERING GUIDE See Model Numbers next page 

Model 

5T-800-325 

5T·800-160 

5T-800·16S 

5T-800-80 

AID MASTER BOARDS 
Description 

32 Single-ended 
A/D Channels 

16 Differential .......... . 
A/D Channels 

16 Single-ended ........ . 
AID channels 

8 Differential .......... .. 
A/D channels 

AID SLAVE EXPANDER BOARDS 

ST-800-AOX32S 32 Chan. Single-ended .. . 

5T-800-AOX320 32 Chan. Differential .... . 

ST-800-AOX48S 48 Chan. Single-ended .. . 

5T-800-AOX480 48 Chan. Differential .... . 

D/ A MASTER BOARDS 

5T·800-DA8 

5T·800-DA4 

8 DI A Channels, ......... 
requires ext. ±15V 
@.32A 

4D/ A Channels, 
includes ±15V 
DC/DC Conv. 

D/A SLAVE EXPANDER BOARDS 

5T-800·DAX8 

5T·800·DAX4 

8 DIA Channels, ....... .. 
requires ext. .±15V 
@.32A 

4 D/A Channels, 
includes ±15V 
DC/DCConv. 

4 AND 8 CHANNEL D/A 
CARDS CAN BE MIXED. 

FORA/DOR DIA EXPANSION AT A 
LATER DATE, CONTACT DATEL 
FOR ADDRESS JUMPER INFORMATION. 

CABLES AND ACCESSORIES 

Model 

5T-800·11217 

5T-800-112185 

5T·800-112180 

Description 

OMA Cable and ......... . 
Connectors for AID or 
DIA Boards. 14 in. 
long (35,6 cm) 

Prewired Voltage Divider .. 
Connector for Calibration, 
Single-ended AID (Used 
with diagnostic program.) 

Prewired Voltage Divider .. 
Connector for Calibration, 
Differential AID (Used 
with diagnostic program.) 

ST-800-11219 

ST-800-11220· 

ST-800-11221 

5T ·800· 11222A 

5T ·800· 112228 

ST-800-11223 

56-2076060 

56-2076050 

56-2073080 

ST-800-11213 

A/D Expander Cable and ... 
Connector for an adjacent 
board (64 Diff. or 80 Sing. 
End. Channels, total) 

Combination A/D ....... . 
Expander and OMA 
Cables and Connectors. 

AID Input Cable and ..... 
Connectors for the Intel 
MDS-800 only. (Contains 
an Amphenol connector 
which mounts directly 
inside the MDS-800 back 
panel.) 

DI A Expander Cable ..... 
and Ribbon Connectors, 
14" (35,6 cm) long. 
Connects (2) DIA Boards, 
16 channels total, max. 

DI A Expander Cable ..... 
and Ribbon Connectors, 
14" (35,6 cm) long. 
Connects (4) DIA Boards, 
32 channels total, max. 

DI A Output Cable and ... 
Connectors for the Intel 
MDS-800 only. (Contains 
an Amphenol connector 
which mounts directly 
inside the MDS-800 back 
panel.) 

Dual 50-pin PCB ........ 
Connector (Provides input 
to the Intel OMA Board 
and ADX boards.) 

Dual 36-pin PCB ......... . 
Connector (Included) 
(Provides AID inputs to the 
ST-800-16D/32S AID 
boards. Also fits the 
ST-800-16D/32S boards 
to provide OMA data 
output and control.) 

Dual 15-pin PCB ....... . 
Connector .(Included) 
(Provides DIA Output 
from all ST-800-DA and 
-DAX boards.) 

Digital Output Port ...... . 
for any DI A board. 
User-installed in D/ A 
Converter locations. 12 
Bits, open-collector 7406, 
remote pullup. 

*When ordering, contact Date/ to identify whether the scan clock 
will be used and what type of computer will be employed. 



ST-800-

NUMBER OF CHANNELS 
AND TYPE 

325- = 32 Single-ended 
160- ;. 16 Differential 
165- = 16 Single-ended 

ST-800-

MASTER OR 
SLAVE EXPANDER 

DA = Master 
DAX = Slave 

(Master req'd 
for control} 

MODEL NUMBERS 

SINETRAC 800 A/D SVS.TEMS 

FULL SCALE INPUT 
VOLTAGE RANGES 

OUTPUT COOING MODE JUMPER 

Unipolar Ranges 
A = Oto +5V 
B = Oto+10V 
Bipolar Ranges 

1 = Straight binary, 
unipolar 

A = OMA• (Requires Intel's OMA Board) 
8 "' Program Control or Program Interrupt ... 
•oMA Mode is installed in all units but is 
selected using a PC board jumper which can be 
quickly changed at any time. OMA Mode and 
Program Control/Program Interrupt cannot be 
mixed simultaneously but must be changed 
using the jumper. 

2 = Offset binary, 
bipolar 

C -SV to +5V 3 = 2's Complement, 
0 = -10Vto+10V bipolar 

SINETRAC 800 D/A SYSTEMS 

NO. CHANNELS/CARO 
AND DC/DC CONVERTER 

4 = 4 DIA channels 
DC/DC conv. included 

8 = 8 D/A channels 
no DC/ DC conv. (ext. 
!:15V pwr req'd) 

FULL SCALE OUTPUT 
VOTAGE RANGE 

Unipolar Ranges 
A = 0 to +5V 
B = Oto+10V 
Bipolar Ranges 
C -5V to +5V 
D -10V to +10V 

INPUT CODING 

1 = Straight binary, 
unipolar 

2 = Offset binary, 
bipolar 

3 = 2's complement, 
bipolar 

AID SLAVE 
EXPANDER 

ST-800-ADXI 

NUMBER OF ADDITIONAL• 
CHANNELS AND TYPE 

32$ "" 32 Single-ended 
320 = 32 Differential 
485 = 48 Single-ended 
480 = 48 Differential 

"Single-ended and differential 
channels cannot be mixed. 

*When ordering, contact Date/ to identify whether the scan clock 
will be used and what type of computer wm be employed. 

E = -2:sv to +2.sv 

A/D-D/A BASE ADDRESSING and AID STATUS REGISTER 
A/D-D/A systems respond to the following base addresses, distributed on the address bus. The address lists are 
arranged in a typical program control sequence so that if a CPU register is set aside for the base address, incre­
menting instructions may be used as each step is completed. 
Similarly, the AID status register listing shows that EOC and EOS interrupts may be set up several ways under 
program control.. 

A/D BASE ADDRESSING 

Prewired Address 110 
(Hexadecimal) Command Function 

10 Write Load DO-D2 into Status register 
11 Write Load DO-D7 into Start Channel Address Register 
12 Write Load DO-D7 into Final Channel Address Register 
13 Write Start AID Conversion 
10 Read Read EOC Status Bit on DO. 

Read EOS Status Bit on D7. 
Enable either EOC or EOS interrupt if set. 

11 Read (1st pulse) Read AID LSB Byte 
(2nd pulse) Read AID MSB Byte 

12 Read Read Current Channel Address on DO-D7 
13 Read Read Final Channel Address on DO-D7 

D/A BASE ADDRESSING 

Prewired Address 1/0 
(Hexadecimal) Command Function 

14 Write Load DO-D7 int~ Start Channel Address Register 
15 Write Load DO-D7 into Final Channel Address Register 
16 Write Load D/A LSB Byte 
17 Write Load D/A MSB Bvte 
14 Read Read DO=LO if Scan Clock has timed out. 

Read D7=LO if Current=Final Channel (EOS) 
15 Read Read Current Channel Address on DO-D7 
16 Read Read Final Channel Address on DO-D7 
17 Read Reset Scan Clock Interrupt FF, and all data and 

channel address registers. 

A/D SYSTEM STATUS REGISTER 

STATUS FF. WRITE FUNCTION (Out) READ FUNCTION (In) 

End of Scan (EOS) D0 = "1" sets 
EOS FF 

D7 = "1" indicates EOS is set 

Interrupt Enable (INTE) D, = "1" sets INTE FF to 
enable EOS and EOC 
interrupts 

End of Conversion (EOC) D2 = "1" sets 
EOC FF 

D0 = "1" indicates EOC is set. Resets 
when A/D data is read. 
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ST-800-ADX48D 
48-CHANNEL A/D SLAVE EXPANDER 

ST -800-11222A 
16-CHANNEL D/A 
EXPANDER CABLE 

DI A MASTER AND 
SLAVE EXPANDER BOARDS 

ST-800-DA8 
8-CHANNEL D/ A MASTER BOARD 

I 
ST-800-11218 
VOLTAGE DIVIDER 
CONNECTOR 

ST -800-11223 
D/A OUTPUT CABLE 
AND CONNECTORS 
FOR INTEL'S MDS-800 

ST-800-11220 
COMBINATION A/D 
EXPANDER AND OMA 
CABLES AND 
CONNECTORS 

ACCESSORY CABLES 



DIGITAL OUTPUT PORT 

A valuable accessory to the ST-800-DA and -DAX D/A Out­
put boards is the model ST-800-11213 Digital Output Port. 
This consists of a 12-bit open collector TTL buffer with user-
supplied remote pullup resistors to an external 5-12V power 
source. The Output Port is a very small PC board, slightly 
larger than Datel's DAC-HZ hybrid D/A Converters. Any 
number of Ports may be installed by the user on any DIA 
board by removing the appropriate DAC-HZ converter. For 
applications requiring only 12 output bits, an ideal location 
is the 5th DI A position on ST-800-DA4 and DAX4 boards 
adjacent to the DC/DC Converter module. This eliminates 
having to remove a DAC-HZ. Each ST-800-11213 consists 
of two 7406 open collector hex inverters capable of sinking 
up to 40mA pulldown current per bit from a remote 5-12V 
source. Remote pullup resistors to +5V are limited to 150 
ohms minimum although most applications will suffice with 
1000 ohms or more. Loads may be driven up to 50 feet (15m) 
from the DIP output socket using color-coded ribbon cable. 

APPLICATIONS 

The Output Port is ideal for digital program control of out­
put devices such as pen-up/pen-down controls to an X-Y 
plotter, start/stop motion to a chart recorder, write/erase 
commands to a memory oscilloscope, and intensify/blank ST-800-11213 DIGITAL OUTPUT PORT 
or color commands to a CRT graphic display. The Output 
Port works in conju'nction with the analog output from the 
D/A Converters. Other applications include Track/Hold 
commands to external Sample/Hold amplifiers for mixed 
analog/digital test systems. Communication systems may 
use the Digital Outputs as gating commands to gatable trans-
mission amplifiers. The Output Port may also be used to con-
trol external logic such as start/stop/reset commands to 
timer/counters used with V/F inputs. 

SIMPLIFIED CHANNEL EXPANSION 

Datel offers a very easy method of expanding A/Dor DIA 
channels. Standard slave expansion boards are controlled 
by the AID or D/A master boards and fit into identical board 
slots in the microcomputer housing. 

Very high channel density is featured because CMOS LSI 
analog multiplexers and miniature hybrid D/A converters 
are used. Only two boards total are needed for 80 single­
ended or 64 differential AID channels. 

Expansion beyond these limits up to 256 channels may need 
two-level sub-multiplexing. With this configuration the mas­
ter AID board (model ST-800-32S or-16D) controls the A/D 
slave expanders. 

The MDAS-16 AID module on the master board sub-multi­
plexes the AID expander channels. Therefore, the master 
board's channels are not available for direct input in the 
expanded configuration. For example, 96-channel, differen­
tial AID capability requires a master board (ST-800-16D) 
and two 48-channel slaves (ST-800-ADX48D). The 16 differ­
ential channels on the master board are dedicated to the 
slaves and not usable separately. 

Sub-multiplexed slave A/D channels also will have some­
what improved settling time according to the required accu­
racy, input impedance and number of slave channels. Con­
tact Datel for information on your particular requirement. 

D/A slave Expander boards do not have the sub-multiplex 
configuration. For example, 32 D/A channels can be real-

AID MASTER AND SLAVE 
EXPANDER: 80 CHANNELS TOTAL 
ized with an ST-800-DA8 master board and three ST-800-
DAX8 slave expanders. 

Users requiring channel expansion at a later date must 
account for previous channel expansion by proper coding 
of the channel address jumpers. This information is given 
with each unit and users should consult Datel at the time 
of channel expansion. 

Datel offers convenient ribbon cables for A/D and D/A ex­
pansion, with or without OMA operation. (See ordering 
guide). Complete pinout information is also given in the 
manual if users prefer to make their own cables. 
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PROGRAMMING METHODS and 
SYSTEM ARCHITECTURE 

Busy CPU's 

Datel's SineTrac 800 A/D and D/A sys­
tems .. are designed for high speed data ac­
quisition and industrial data logging. Such 
applications typically keep the micro­
computer's CPU very busy. 

In a process' control loop application, AID 
samples must be quickly stored in memory, 
then arithmetically manipulated and . fi- ' 
nally returned to the external analog proc­
ess through DIA. converters dedicated to 
each AID. channel. A remote supervisory 
processor may oversee each satellite micro­
computer controller and its A/D-0/ A loops. 
Communicating with such a ·host com­
puter requires significant CPU time to for­
mat AID data and system status words in­
to transceived characters (possibly through 
an ASCII TTY loop or RS-232-C telephone 
modem). 

Industrial data acquisition controllers or 
data loggers periodically request a sequen­
tial scan of selected AID channels. Those 
channels with slowly-changing values or of 
less importance to a fast external process 
may be sampled less often to reduce the 
total time required to scan all possible 
channels. Oatel's SineTrac 800 offers such 
flexibility by including the necessary logic 
to make automatic sequential scans of pre­
selected high-activity channels, say from 
channel 180 to channel 256. 

DIAGNOSTIC TEST PROGRAMS 
An important advantage to Datel SineTrac 
800 users is the paper tape program sup­
plied with each system. This diagnostic test 
program is also supplied with a comprehen­
sive systems manual which includes a full 
listing of. this program, with extensive com­
ments. 
This program may be used to verify system 
operation when a unit is first delivered. As 
soon as analog inputs are connected, the 
program may be loaded into memory and 
channels will print out AID samples on a 
teletypewriter or CRT terminal. 
If the user purchases the optional prewired 
voltage divider input connector, only a 
single external reference voltage is needed 
to observe AID conversions on the printout 
or display. This voltage divider is also used 
in the Accuracy Test (described below). 

AID DIAGNOSTIC TEST 
PROGRAM 

The AID Test program performs the fol­
lowing tests by using a conversational 
(prompting) teletypewriter tecHnique: 

Highest Throughput and Reduced 
CPU Housekeeplnft! 

The two Microcomputer CPU functions of 
host computer communication and Al.D­
D/A sample arithmetic manipulation de­
mand the highest speed of an A/D-0/ A 
peripheral and the shortest required pro­
gram sequences for control. By including 
automatic sequential scan. logic on Oatel's. 
SineTrac systems, CPU housekeeping is 
minimized. And by including fast 20 micro­
second .AID Converter throughput with 
optional OMA (Direct Memory Access) 
mode; data bursts.may occur at total trans­
fer rates of 36,000 samples per second. 

Addressing Method 

The SineTrac 800 systems are handled.as 
peripheral 1/0 devices. The AID and D/A 
sections each have hard-wired base ad­
dresses which may be rewired by the user. 
These peripheral addresses are distributed 
on 8 llnes of the 16 lineaddress bus and are 
enabled. by the IOWC (imW) and IORC 
(m'.m) lines on the CPU control bus. 

The base addresses sent to the AID and 
DI A sections are variable in the 2 least sig­
nificant bits. For example, the AID system 
responds to base addresses 10, 11, 12 and 
13 (in hexadecimal coding). Similarly, the 
DIA section responds to addresses 14, 15, 
16 and 17 (hex.). Since each address has a 
read (IORC) and a write (IOWC) function, 
an AID or DIA board actually responds to 
eight functions (see listing). Two of these 
functions move two 8-bit bytes comprising 

1. Register Test - Nearly all of the sys­
tems' digital IC's are tested in this mode. 
If an error is detected, a descriptive er­
ror message appears on the printout or 
display telling which bits are defective 
in what registers. The program will con­
tinuously loop on the error condition for 
oscilloscope or logic analyzer trouble­
shooting. 

2. Callbratlon Test - An individual chan­
nel may be repeatedly sampled by 
pressing the teletypewriter space bar for 
each AID conversion. Ttie user may 
select any channel and adjust the AID 
gain and offset pots for proper digital 
output on the printout or display. A dual 
trace oscilloscope may also be used to 
observe the A/D's serial output. 

3. Scan Test - A selected group of chan­
nels may be printed out using the Scan 
Test. If the optional voltage divide 
input conn.ector and a voltage reference 
source IU"EI used individual channels will 
show full scale, % scale, Y2 scale, % 

an analog sample to or from memory. Four 
more functions load start and final channel 
addresses or read the current and final ad­
dresses. The remaining two functions IOl!d 
and read a status word which provides pro~ 
gram control of interrupts after each ana­
log sample (end of conversion or end of 
scan of preselected channels). 

Flexible On-Board Control 

In order to provide this powerful flexibility, 
Datel's SineTrac systems include on­
board start and final channel address stor­
age registers and counters. This frees the 
CPU from having to increment the c.hannel 
address with each conversion. Further in­
structions and CPU time are saved by let­
ting Oatel's SineTrac compare the current 
address to the final address. An interrupt 
and/or status bit alerts the CPU that an 
AID scan is complete. 

When operating in OMA, the AID card 
keeps track of the start and final channel 
addresses to alert the OMA Controller 
board when ttie scan is complete. On-board 
OMA logic tells the OMA Controller to in­
crement two bytes to store the 12-bit AID 
sample. 

In contrast to Oatel's peripheral 1/0 archi­
tecture, other addressing methods, such as 
"memory-mapping" which assigns two 
memory addresses per AID channel, use 
slightly simpler program sequences but 
take more CPU time to monitor A/0-0/A 
status, increment memory addresses and 
channels, and to terminate the scan. 

scale and zero AID conversion values in 
hexadecimal coding, 

4. Accuracy Test - Both hexadecimal 
printout and conventional decimal volt­
age printout are displayed using the 
Accuracy Test. This test will make mul­
tiple scans (selectable up to 256) of a 
preselected group of channels, will aver­
age them and compare the average to 
stored calibration values. A tolerance 
or deviation from .the calibration value 
may be specified (in LSB's of variation). 
Individual channels will then show as 
pass/fail against these tolerances and the 
computer prints out the number of chan­
nels within tolerance. The above series 
of printouts require calibrated inputyolt­
ages (using the optional voltage dlvid.er 
connector and a reference source). 

The Aecuracy Test may also be used to 
print out decimal voltages from a channel ' 
group. 

A sample of the Accuracy Test printout 
appears on following page: 



D/A DIAGNOSTIC TEST PROGRAM 

The DIA program is similar to the AID pro­
gram and uses a conversational (prompt­
ing) teletypewriter technique. 

1. Register Test. Like the AID Register 
Test, this checks most of the logic and 
displays a descriptive error message for 
fault location. 

2. End Of Scan Test. The status register 
and interrupt bus are checked with this 
test. Again, a TTY or CRT error message 
traces faulty data paths. 

3. Data Test. This test is a comprehensive 

• 
• 
• ·GlH 

check on all bits of each DI A converter 
and of the channel address registers. 
The Data Test automatically increments 
the current channel tegister while enter­
ing three hexadecimal digits (corre­
sponding to 12 binary bits) into each 
DIA converter and its associated data 
registers. The hex character sequence 
1, 2, 4, 8, 10, 20 - 800 inserts a bit into 
each DI A bit position. 

4. Square Wave Test. 
and 

5. Sawtooth Test. These tests insert a low 

SINETRAC AID TEST 4. 11 

• AID TYPE - D3B 
MODE - ACCURACY TEST 
START CKAN - 0 

• FINAL CHAN - F 
WORD COtmT ... 21 
ACCY LIMIT - l 

• ;;a. ;;a. 1110· 
ACTUAL '.,1ITHIN ABOVE BEL.OW 

CHAN EXPECTED AVERAGE STATED STATED STATED • NO• VALUE VALUE DEVN ACCY. ACCY· ACCY· 
00 +09·9951 +09.9951 +00. 012100 21 00 00 
01 +09·9951 +09.9951 +00. 01210121 21 00 00 • 02 +riH,·0000 +00.121000 +00.000121 21 00 00 
03 +00.0000 +00.0000 +00.0000 21 00 00 
04 +1215· 121000 +05 .. 012148 +0000048 21 00 00 • 05 +05· 0000 +05·12112148 +1210·121048 21 00 00 
06 +00·0000 +1210.0000 +00.0000 21 00 00 
07 +00.0000 +00·0000 +00.ern00 21 00 00 • 08 +07. 5000 +0705097 +000012197 00 21 00 
m9 +07. 5000 +07. 5097 +0000097 02 IF 00 
0A +00· 0000 +00. 0000 +00.0000 21 00 00 • 08 +121121· 012100 +00. f2l:!l00 +00.0000 21 00 00 
0C +1212· 500121 +1212· 4951 -00.0048 00 00 21 
0D +02· 5000 +02·4951 -00.0048 00 00 21 • 0E +00 .0000 +00.012100 +00.0000 21 00 00 
0F +00.0000 +00·0000 +00.0000 21 00 00 

ACCURACY TEST • 
• AID ACCURACY TEST PRINTOUT 

• 

frequency waveform into a single se­
lected DIA channel for observation on 
an oscilloscope. 

In addition to trouble-shooting and getting 
a system operating quickly, the Diagnostic 
Test Programs give a user samples of as­
sembly language programs required to 
access the AID-DIA peripheral board. Indi­
vidual tests are segregated on the program 
listing in the manual. Therefore, a user may 
extract portions needed for a particular ap­

. plication and write them into a supervisory 
program . 

• 
• 
• 
• 
• 
• 

ACCY· 
LIMIT • +01h 12112148 

+1210· 0048 
+01iJ. 0048 • +1210· 0048 
+121121· 012148 
+00· 0048 • +1210·0048 
+00· 0048 
+00. 0048 • +00· 0048 
+00·1Z048 
+00·12112148 • +00·0048 
+0f(J. 0048 
+00· 0048 • +00· 0048 

• 
• 

__._ 

EXTERNAL/INTERNAL START OF SCAN 

Many applications require data to 
be taken only at preselected inter­
vals or at specific times. In applica­
tions measuring relatively slow 
analog inputs (slowly-varying DC). 
input channels may be sampled at a 
slower rate. This allows time for the 
processor to do arithmetic on the 
data, format it and send it to an out­
put device (printer, mg. tape, etc.). 

Thus only a small amount of mem­
ory is required with successive 
scans written over previous scans. 
This frees up available memory to 
accept arithmetic and formatting 
programs for output. 

A second class of applications re­
quire very fast data collection but 
only at a specific time (for example, 
shock tests or fast chemical reac­
tions). At all other times, the analog 

peripheral section must remain idle 
while the processor continues with 
other duties. 

Date I provides both these modes of 
operation by using a trigger input 
which can accept external start 
pulses or from an internal IC scan 
clock. 

Both the AID and DI A Systems in­
clude integrated circuit scan timers 
with the option of internal of exter­
nal or program-controlled scan in­
tervals. The start scan clock, if 
used, is customer-adjusted to the 
desired scan interval. 

In the internal mode, the scan clock 
is started after a scan of prese­
lected AID or DI A channels. When 
the clock times out, an AID conver­
sion is started and an interrupt is 

generated at EOG to tell the CPU to 
take the AID word. 

In the external mode, an outside 
logic pulse initiates an immediate 
interrupt (not a start of conver­
sion). The CPU, therefore, retains 
full control of when and whether to 
start a scan. 

PREWIRED SELECTABLE OP­
TIONS 
All of the specifiers shown in the 
model number chart (single­
endedldifferential ranges, coding, 
etc.) are selected by wiring jumpers 
on the SineTrac PC board. Sine­
Trac system manuals supplied with 
the boards explain how these 
jumpers are installed so that you 
can easily change the configura­
tion if your application differs at a 
later date. 
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SlnaTrac· ST-LSI 
High Performance 

A/D & D/A Boards for DEC® 
. LSl-11~ -11/2 Microcomputers 

THE FEATURES 
• Direct expansion to 64 single-ended or 32 differential 

A/D channels on 2 boards. 
• Automatic sequential channel addressing (Auto 

increment) or computer-controlled random 
addressing. 

• 12-bit binary accuracy and resolution. 
• 20 microsecond A/D throughput period. 
• Compatible with LSl-11 assembly language software. 

AMPLIFIER OPTIONS 
• Programmable Gain Amplifier: 

2-bit control for gains of X1, X2, X4, XS or X1, 2, 5, 1 O. 
• Differential Instrumentation Amplifier: User-selected 

fixed resistor for gains of X1 to X1000. 

PACER CLOCK 
• 16 programmable timebases from 30.6 microseconds 

to 1 second, or up to 256 seconds. 
• Starts A/D scans, interrupts or DMA Block transfers. 
• Optional crystal oscillator (user-installed). 

DIGITAL OUTPUT PORT 
• 4 programmable bits for external device control. 

CURRENT OUTPUT AMPLIFIERS and input shunts on 
the Master A/D-D/ A board are directly compatible 
with 4-20 mA process controllers.(Optional) 

THREE SCAN START METHODS 
1. Internal/External Pacer clock 
2. External event interrupt 
3. Program start 

OPTIONAL ON-BOARD ±15V DC/DC 
POWER CONVERTER 

MODELS AVAILABLE 

ST-LSI Full-Quad combination A/D-D/A Board, 32S/16D 
A/D Channels, 2 D/A Channels, Pacer Clock, Current 
Loop D/A Amplifiers, Digital Outport, Optional PGA 
or Instrumentation Amplifier, Optional DC/DC Power 
Converter. 

ST-LSl-ADX Half-Quad Slave A/D Channel Expanders, 
32S or 16D Channels. 

ST-LSI-DA Half-Quad 4 D/A Channels, 12 Bit Outport, no 
Loop Amplifiers, Optional DC/DC Power Converter. 

ST-LSl2 Half-Quad A/D Board, 16S/8D Channels, Pacer 
Clock, PGA, DC/DC Power Converter 

ST-LS12-ADX Half Quad Slave A/D Channel Expanders, 
48S or 24D Channels. 

ST-LSl2-DMA Half Quad DMA A/D Block Transfer Con­
troller. 32,768 16-bit Words. EOG and End of Cycle Inter­
rupts, 2 Vectors, 50 kHz Transfer Rate. 

ST-LSl-RLY Half-quad flying capacitor relay input, 8 dif­
ferential AID Channels, 12 bits, 30 Hz, 250 VRMS isolation, 
126 dB CMR, PGA and 1 K gain (see ST-LSI-ALY brochure, 
pg. 114S) 

DEC, LSl-11, and PDP are Digital Equipment Corp. trademarks 

100$ 

LSl-11 
COMPATIBLE TO: LSl-11/2 

PDP-11/03/23 

ST-LSI Full and Half Quad Series 

ST-LSl2 Half Quad Series 
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TYPICAL SYSTEM APPLICATION 

PHYSICAL 
DATA 

TEMP.,RPM PRESSURE, 
FLOW RATE, 
FORCE, LIGHT 
VOLTAGE, CURRENT 
ACCELERATION ETC. 

MANUFACTURING 
PROCESS 

PAPER, 
METALS, 
FOOD, 
CHEMICAL, 
MACHINERY, 
AUTOMOTIVE, 
PETROLEUM, 
ETC. 

A/DINPUTS 

DATEL'S SLIDE-IN ST-LSI 
A/0-D/A BOARD 
COMPUTER PERIPHERAL 

FEEDBACK 
CONTROL 
TO 
PROCESS 
VARIABLES 

DRIVER AMPLIFIERS 
OR PROCESS RECEIVERS 

DISPLAY 

CRT, X-Y PLOTTER 
'SCOPE, STRIP CHART, 
PANEL METERS, 
RECORDERS, ETC. 

INTRODUCTION 

{ ACTUATORS 

PUMPS, MOTORS, VALVES 
SERVOS, HEATERS, ETC. 

A natural application for DEC's popular LSl-11 and 
PDP-11 /03 microcomputers is input/output of analog 
signal voltages using Daters SineTrac LSI peripheral 
boards, the ST-LSI series. Addition of the appropriate 
ST-LSI board immediately transforms the LSl-11 into a 
powerful programmable data acquisition/distribution 
system, industrial process controller, smart data logger 
for analytical or instrumentation applications, or 
automatic test equipment controller. The system 
features high channel density, low cost per channel, and 
high speed. This suggests applications such as word 
recognition systems, multi-channel communication 
switching controllers, and speech and signal 
processing systems. 

Datel's SineTrac concept quite simply is to place the 
A/D-D/A analog peripheral system inside the computer 
on slide-in circuit boards which are mechanically and 
electrically compatible to the back-plane bus of the 
LSl-11 and program-compatible to all LSl-11 and 
PDP-11 languages. Sets of LSl-11 assembly language 
instructions automatically control all activities of the 
ST-LSI peripheral. The ST-LSI joins other analog 
peripherals in Daters Sine-Trac family for popular mini­
and micro-computers including a very complete, high 
performance version for the PDP-11 computer. 

Di A OUTPUTS 

DIGITAL OUTPUTS 

REAL-TIME CLOCKS 
COUNTERS, PEN UP/DOWN, 
RECORDER WRITE/ERASE, 
ETC. 

The ST-LSI incorporates a high degree of hardware 
functions to relieve software requirements and achieve 
maximum speeds. Such features as auto-start, auto­
incrementing of channels, multi-mode Pacer clock, and 
interrupt actuation simplify programming while offering 
versatility to meet many applications. This philosophy 
is based on the concept that high performance analog 
data acquisition/distribution systems for industrial and 
analytical laboratory applications (many channels, high 
speeds) require short, fast routines for maximum 
throughput. This especially applies if other fast 
peripherals are involved (CRT's, D/A's, etc.) or devices 
with complex protocol (for example, communication 
with a remote host processor through a wide bandwidth 
modem) or complex signal processing (Fast Fourier 
Transform for spectral analysis). In all these applications, 
programming overhead should be minimized so that 
other fast peripherals will not be delayed bytheA/D-D/A 
handler routine. Date! includes a powerful diagnostic 
program on paper tape to get the ST-LSI operating 
quickly and for processor-aided troubleshooting. Octal 
printouts of AID data are available immediately from 
the Date! Diagnostic program as soon as signal inputs 
are connected and the diagnostic is loaded. 

*DEC is a trademark of Digital Equipment Corporation, 
Maynard, Mass. 
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ST-LSI INSTALLED IN A 
DEC-H9270 BACK PLANE/CARD GUIDE 

DESCRIPTION (See half-quad LSl-1112 AID boards on page 1115) 

The ST-LSI se1 ies consists of 3 circuit boards with 
several variations of each board plus the diagnostic 
program and system documentaiton. The primary board 
is an A/D-D/A master peripheral. with 32 single-ended 
or 16 differential A/D channels maximum and 2 optional 
DIA channels. A versatile Pacer clock, interrupt circuit 
and digital outputs are featured on this A/D-D/A master 
board. A 4-bit CPU code selects one of 16 Pacer time 
bases from 1 second to 30.6 microseconds when used 
with the RC oscillator. A ± 15V DC/DC power converter 
is optional to this board and eliminates any external 
power requirements by using the computer's +5V bus 
supply. Current amplifiers are optional with the D/A's. 

The second board is a slave A/D Multiplexer Expander 
which adds 32 additional single-ended or 16 differential 
channels to the system, offering 64 total single-ended 
channels maximum on 2 boards. This A/D Expander is 
addressed and controlled by the first A/D-D/A Master 

OPERATION 

The A/D-D/ A Master Board uses a very fast successive 
approximation technique hybrid Analog to Digital (A/D) 
Converter microcircuit (Model ADC-HS) with a built-in 
sample and hold (S/H) amplifier. This microcircuit 
acquires and samples an analog input channeled to it 
through a CMOS analog multiplexer switch then 
converts this signal to a 12-bit binary digital word in 
20 microseconds. This sequence is commanded either 
by program instructions, on-board or external Pacer 
clock or an interrupt triggered from either the Pacer 
or an external command. Such a command could come 
from a process switch closure, light beam interruption or 
a real-time clock. The 12-bit binary A/D representation 
of the analog input is routed through on-board interface 
logic and placed on the LSl-11 data bus under central 
processor control. The A/D output briefly passes 
through the CPU and is usually sent to memory 
according to the stored program. Depending on how the 
AID data will be used, the data may be manipulated 
arithmetically and/or sent to a peripheral device such as 
a teletypewriter or CRT terminal, magnetic tape or 
floppy disc mass storage device or to a communications 
link (modem, etc.) for transmission to a remote super-

Board and is powered by± 15V from the Master's DC/DC 
converter. Both the first and second (master and slave) 
boards occupy quad and dual positions inside the LSl-11 
and are connected together by cable. Because of 
jumper-selected board addressing, additional master 
and slave combinations may be added for indefinite 
channel expansion (as long as additional card slots 
and power is available). 

The third board is a stand-alone 4-channel D/A analog 
output peripheral occupying a half-quad size (8.5" x 5"). 
Having a unique, jumper-selected address. these D/A 
boards may also be indefinitely cascaded. Digital 
outputs are included for external Device Select lines, 
pen up-down controls and write-erase commands. 
DC/DC ± 15V power converters are optional. 

All three boards use Datel's fast, high-accuracy hybrid 
AID, DIA and multiplexer microcircuits for very high 
channel density. 

visory processor. After arithmetic, the modified A/D 
data may also be returned to the physical process from 
which it was measured to control that process. If a 
process actuator is used, it is controlled by an analog 
voltage or current signal from the ST-LSI D/A outputs 
inside the LSl-11 card cage. In this manner, the 
computer acts as a closed loop controller using a DIA 
dedicated to each A/D channel. Analog indicating output 
devices, such as oscilloscopes, X-Y plotters, chart 
recorders and meters may also be accessed through the 
DIA outputs. 

The analog multiplexers (Datel's MX-1606) on the 
master and slave A/D boards serve to connect many 
inputs consecutively to the same A/D converter under 
program control. These multiplexers contain fast internal 
voltage clamps to protect against overloads up to ±35V. 
The D/A converters (Daters DAC-HK models) each 
contain a latching input register to store 12-bit binary 
words from the LSl-11 bus to be converted to an analog 
output signal. Each D/A converter circuit also includes 
a current output amplifier to directly drive process 
control current receivers with the standard 4-20 mA, and 
1-5 mA ranges. 



SINETRAC LSI BLOCK DIAGRAM 
A/D-D/A COM BOMASTER BOARD 

BIRQL 

BSYNC L 

BRPLY L 

(f) 

::J 
en 

".i 

BOIN L 

BDOUT L 

A/D DATA 

EOG 

BSYNC H ADDRESS 
DECODER 

A3-A12 [DIP HEADER] 
ADDA. SEL. 

BUS BRPLY H 
TRANSCEIVERS 

ENABLE 

A1-A2 

BOIN L FUNCTION 
SELECTOR 

BDOUT H 

WRITE WRITE 
DAG~ DAG 1 

BIDIRECTIONAL DATA BUS 

' The current loop amplifiers require an external excitation 
voltage source of' 18 Vdc regulated, minimum 

RANGE 
JUMPERS 

12BIT 
A/D 

CONVERTER 
AND 

S/H AMP 

MODEL 56-11446-1 

ANALOG CHANNEL 
EXPANDER INPUTS 

32 
CHANNEL 
ANALOG 

MUX 

80PTIONAL 
CURRENT INPUT 
SHUNT PADS 

+ 
ANALOG 
INPUTS 

OPTIONAL 
CRYSTAL 

4 BIT OUTPUT 
PORT, OPEN 
COLLECTOR 
SLAVED TO 
DAG~ BITS 
12-15 

Rack-mounting screw-terminal interface panel for ST-LSI. 
Accepts 40 or 50-pin right-angle ribbon cable headers 
(optional). 
Size: 19" x 3y,'' (482 x 89mm) 
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ST-LSI SPECIFICATIONS 
(Typical at +25°C, dynamic conditions, unless otherwise specified) 

GENERAL 

Board Configurations Available 

1. ST-LSI Series Quad Master 
Board, 32S/16D AID Channels, 2 
DIA Channels, Current Amplifiers, 
DC/DC Power Converter, PGA or 
Diff. Inst. Ampl., Pacer Clock. 

2. ST-LSl-ADX Series Half-Quad 
Slave A/D Channel Multiplexer 
Expander. Adds 32 SE or 16 Diff. 
AID Channel Inputs. 

3. ST-LSI-DA Series Half-Quad 
Independent 4-channel D/A 
Boards DC/DC Power Converter. 

4. ST-LSl2 Half-Quad A/D Board, 
16S/8D Channels, no D/A's, 
DC/DC Power Converter, PGA, 
Pacer Clock. 

5. ST- LSl2-DMA Half-Quad Direct 
Memory Access Controller for the 
ST-LSl2 A/D Board, 32K Memory 
Words. 

6. ST-LSl2-ADX Half-Quad Slave A/D 
Channel Multiplexer Expander. 
Adds 48 SE or 24 Diff. A/D Channel 
Inputs to the ST-LS12. 

7. ST-LSl-RLY, Half-quad, flying ca­
pacitor relay input, 8 diff. AID 
channels, 12 bits, 30 Hz, 250 VRMS 

isolation, 126 dB CMR, PGA and 1k 
gain (See ST-LSl-RLY brochure, 
pg. 114S). 

BACKPLANE 
COMPATIBILITY 

The full-quad ST-LSI A/D-D/A 
board is compatible to LSl-11 
and PDP-11-03 computers 
which use the H-9270 
backplane. The H-9270 
backplane includes parallel 
wiring on the CD bus as well as 
the AB bus. The ST-LSI requires 
parallel wiring on both the AB 
and CD busses. 

For computers having the H-
9273-A backplane, which omits 
parallel wiring on the CD bus, 
Datel-lntersil's half-quad ST­
LSl2 AID board and any other 
half-quad Date! board may be 
used in the AB bus section 
without any modification. 

If the full quad ST-LSI is 
required with the H-9273-A 
backplane, contact Datel­
lntersil for backplane wiring 
modifications (Product Note 
LDC-523 in the ST-LSI systems 
manual) which the user may 
perform to achieve 
compatibility. 

A/D DATA ACQUISITION SECTION 
(Applies to ST-LSI Combination A/D-D/A 
Master Board and ST-LSl2 A/D Board) 

ANALOG INPUTS 

Number of Channels and 
Channel Expansion 
(ST-LSl2 Board only): 
16 Single-ended or 8 Differential 
channels. 
(ST-LSI Master Board Only): 
32 Single-ended or 16 Differential 
channels. 
(Master Board plus one ADX Board): 
64 Single-ended or 32 Differential 
Channels, maximum capacity. 
Channels may be expanded indefi­
nitely using pairs of Master and Slave 
AID Boards with different base 
addressing. Differential Channels 
require the optional PGA or Diff. Inst. 
Ampl. Single-ended and Differential 
Channels cannot be mixed. 

Input Type 
High impedance voltage input, 
non-isolated. Differential inputs are 
balanced. 

Current Inputs 
Up to 8 voltage inputs may be 
converted to differential current 
inputs with shunt resistors selected 
and installed by .the user in channels 
Oto 7 only on the Master Board. 
AID Slave Expanders may accept 16 
additional shunts. 4-20 mA, 1-5 mA, 
10-50 mA ranges and others may be 
accepted. 

Input Overvoltage 
±35V sustained (no damage) 

Input Capacitance to Ground 
5 pf - Off Channels, 100 pF - On 
Channels 

A/D DIGITAL OUTPUTS 

Output Coding 

Straight Binary 
2's Complement 

Offset Binary 

.Output Format 

{ 
Rewired with 
jumpers by user or 
Daiei in OEM 
quantities 
(Supplied standard) 

12-bit binary group bus-compatible to 
the LSl-11 or PDP-11/03. Bits 12 
through 15 may be wired to mirror bit 
11 (the A/D MSB) as sign extension 
used with 2's complement coding. 

A/D SECTION PROGRAMMING 
See full systems manual for details 

Type of Interface 
Memory-mapped. The A/D peripheral 
appears to the CPU as four consecutive 
read/write memory locations. 

Data Transfer Methods 
Program (Register), Interrupt or OMA 
(Direct Memory Access). OMA requires 
the user to remove D/ A's and install 
jumpers. 

Memory Base Address 
Factory selected to 170400. May be 
altered using on-board DIP switch­
pack between 160000 and 177770. 

Output Registers 

COMMAND REGISTER: Selects A/O 
operating modes, interrupt operation, 
Pacer clock modes and frequencies, 
and scan termination. 

GAIN/CHANNEL ADDRESS 
REGISTER: Sets gain of optional 
PGA and the 6-bit A/D starting 
channel address. 

Input Registers 

STATUS REGISTER: Indicates modes 
selected through Command Register. 

AID DATA REGISTER: Contains 12-bit 
binary results of A/D conversions. 

Pacer Clock 
16-stage binary divider with 4 bit 
frequency selection. RC adjusted at 
factory for 1 second to 30.6 micro­
second range. The 4-bit code is part 
of the A/D Command word. The RC 
timing circuit may be substituted with 
a user-supplied quartz crystal (1 MHz 
max.), HC/18U holder. The Pacer is 
used to start AID conversions, start 
multi-channel scans, or flag the CPU 
via interrupt and/or status register bit. 

An external command may also gate 
the Pacer and initiate an Interrupt. 

A/D Conversion Period 
8 microseconds 

Sample/Hold Aperture Time 
50 nanoseconds 

Sample/Hold Switch Feedthrough 
0.01 % maximum 

Multiplexer Crosstalk from OFF Channels 
0.01 %, DC to 1 KHz 

Power Supply Rejection 
54 dB to +5V power bus 

See power supply and mechanical In· 
formation on page 1065 



PERFORMANCE 

A/D DATA ACQUISITION SECTION (CONTINUED) 

Full Scale Input Ranges 

Amplifier Gains 

Input Impedance 

Input Bias Current 

Overall Accuracy @ 

+25°C (including noise 
and quantization error, 
referred to input. after 
initial calibration.) 

Common Mode Voltage 
Range (Signal plus common 
mode voltage) 

Common Mode Rejection 
(1 Kilohm max. source 
unbalance) 

System Temperature 
Drift (Referred to Input) 

Amplifier Settling Time to 
Rated Accuracy 
(Input= ±FSA pk-pk step) 

System Throughput Period 
(Including A/D conversion 
but not CPU data 1/0) 

AID INPUT-ONLY 
(No PGA, No Diff. 
Inst. Ampl. Single­
ended _inputs only) 

-10 to +10 Volts 
(Supplied standard) 
0 to +5V l Rewired with 

jumpers by 
Oto +10V user (or by 

Date! in OEM 
-5 to +5V quantities.) 

100 Megohms min .. 
differential or to ground. 

3 nA typical, 
10 nA maximum. 

Within ±0.025% 
of Full Scale 
Range ±Y. LSB 

•x1. 2, 5, 1 o gains 
also available. 

Single-ended only, use 
PGA or Diff. Inst. Ampl. 

None, must use PGA or 
Diff. Inst. Ampl. 

Gain: 
Within ±20 ppm of FSR/°C 
Zero: 
Within ±5 ppm of FSR/°C 
Offset: 
Within ±10 ppm of FSR/°C 

16 microseconds typ, 
20 microsecontts max. 

Recommended Maximum 1000 Ohms 
Source Impedance ffo 
maintain rated performance.) 

WITH PROGRAMMABLE 
GAIN AMPLIFIER 
(PGA-Datel 
AM-251 Module) 

±10V, ±5V, ±2.5V, ±1.25V 
"P"models 

or 
±10V,±5V,±2V,±1V 

"R" models 

X1. X2, X4 and XS using 2 
bit input gain code which is 
part of the command word 
output to the A/D 
peripheral. Gains of X1. 
X2. X5, and X10 are 
available on special order 
using the AM-251 B module. 
See model numbering, 

1012 ohms. differential 
or to ground. 

30 pA typica'. 
200 pA maximum. 

GAIN ACC., ±Y. LSB 
X1 ± 0.03% FSA 
X2 ± 0.03% FSR 

X5, X4 ± 0.03% FSR 
X10, XS± 0.04% FSR 

Within ±12Vto 
analog common 

AtGain = 1 
0 Hz 100dB 
100 Hz SO dB 
1 KHz 60 dB 
At Gain - 8 or 10 
OHz 120dB 
100 Hz 100dB 
1 KHz SO dB 

Gain: 
Within ±30 ppm of FSR/°C 
Zero: 
Within ±20µV/°C 

S microseconds 

16 microseconds, typ, 
20 microseconds max. 
(An overload clamp 
prevents amplifier satura­
tion when switching gains 
and maintains above 
throughput rate) 

10 Kilohms 

WITH DIFFERENTIAL 
INSTRUMENTATION 
AMPLIFIER (Datel 
AM~205 Module) 

±10V to ±10 m\/ 

(Not available 
on half-quad 
ST-LSl2 AID board) 

X1 to X1000 with gain 
resistor supplied and 
installed by user. 
Input Gain Stage Equation 
G1 = 1 + 20.~00 

RgmO 
G1 Range: X1 to X100 
Output Stage Gain: X1 or 
X10 (Jumper select) 

1012 ohms, differential 
or to ground. 

30 pA typical, 
200 pA maximum. 

GAIN ACC .. ±Y. LSB 
X1 ± 0.025% FSA 
X10 ± 0.05% FSR 
X100 ±0.1%FSR 
X1000 ± 0.3% FSA 

Within ±12V to 
analog common 

AtGain = 1 
1 KHz SO dB 

At Gain = 1000 
60 HZ 100d8 

Gain: 
Within ±30 ppm of FSR/°C 
Zero: 
Within ±20µV/°C 

GAIN 
X1 7 µS 
X10 SµS 
X100 40µS 
X1000 100µS 

GAIN 
X1 15 µS 
X10 16 µS 
X100 4SµS 
X1000 10SµS 

10 Kilohms 
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SPECIFICATIONS Continued (See page 112S for ST-LSl2 Half Quad Series) 

D/A DATA DISTRIBUTION SECTION 

(Analog outputs from A/D-D/A Master 
Board and Stand-Alone D/A Peripherals) 

ANALOG OUTPUTS . ' 
Number of Channels 
2 single-ended on the A/D-D/A Master 
Board or up to 4 per stand-alone D/A 
peripheral. 

Channel Expansion 
Indefinite channel expansion using the 
stand-alone D/A Boards (each board 
is separately addressable) limited by 
card slots and mempry capacity. 

Full Scale Voltage Output Ranges 
Oto +5 Volts } May be r.ewired by 
Oto + 10 Volts · user or Datel in 

-5 to +5 Volts OEM qty. · 
-10to +10Volts (Supplied standard) 

Digital Input Coding 
Straight Binary } May be rewired by 
2's Complement user or Date! (OEM) 
Offset Binary (Supplied standard) 

Output Impedance 
50 milliohms 

Output Current 
±5 mA short circuit proof to ground. 

Full Scale Current Output Ranges 
0 to 20 mA (4 to 20 mA compatible) 
0 to 5 mA (1 to 5 mA compatible.) 
Single-ended. Voltage compliance: 
10 volts. 4 to 20 mA supplied standard. 
(+18V de regulated external 
excitation required). 
Current output amplifiers are included 
with each D/ A channel on the Master 
A/D-D/A board but are not available 
on the stand-alone D/A peripheral. 

Digital Output Ports 
4 TTL open-collector output bits are 
included on the A/D-D/A master board. 
Internal pullup resistors to +5V are 
included and they may be jumpered to 
a higher external voltage remote pull­
up or up to 30 mA per bit. 
The 4 bits are addressed as part of the 
16 bit data word to DAC channel 1. 
The Stand-alone D/ A Peripheral has a 
similar 12-bit port which is slaved to 
the 12-bit output to DAC channel 1. 

PERFORMANCE 
Nonlinearity 
±1/2 LSB maximum 

Differential Nonlinearity 
±1/2 LSB maximum 

Full Scale Gain Error 
Adjustable to zero using a pot. for 
each channel. 

Offset or Zero Error 
Adjustable to zero using a pot. for 
each channel. 

Gain Temperature Drift 
Within ±30 ppm of FSR/°C 

Zero Temperature Drift 
(Unipolar output) Within ±5 ppm 
of FSR/°C 

Offset Temperature Drift 
(Bipolar output) Within. ±1§ppm 
of FSR/°C ·· 
Settling Time 
4 microseconds to within ± 1 /2 LSB of 
final value. 
Slew Rate 
20V/µsec 
Power Supply Rejection 
54 dB to de supply buses 

D/A SECTION PROGRAMMING 
Type of Interface 
Memory-mapped. The D/A section 
appears to the CPU as two consec­
utive, write-only memory locations. 
,The memory addresses are the 5th and 
6th in sequence after the A/D section 
addresses and therefore are positioned 
by the switch-selected base address 
(see A/D section programming). The 
5th address, DAC channel 1 contains 
4 additional bits for the output port. 
The stand-alone D/A peripheral is 
similarly organized but has its own 
switch-selected base address. 

A/D CHANNEL.EXPANDER 
ST-LSl-ADX SERIES AND 
ST-LSl2-ADX SERIES 
Function 
(Note that single-ended and differen­
tial inputs cannot be mixed.) 
The ST-LSl-ADX adds 32* single­
ended or 16* differential multiplexer 
channels and is a slave to control by 
the A/D-D/A Master Board. The 
Master Board A/D converter is used. 
16 voltage input channels may accept 
shunt resistors to measure current 
inputs. 

*ST-LSl2-ADX adds 48S or 24D 
channels and accepts 24 diff. current 
shunts. 

Multiplexer Specifications 
·Same as A/D-D/ A Master Board. 
Channel Expansion 
One slave expander may be used with 
one Master. Channels may be ex­
panded indefinitely using Master­
Slave pairs with different base 

. addresses. 

Mounting 
Using PIP ribbon jumpers from the 
Master Board. The Slave Expander is 
inserted adjacent to the Master with 
0.5" card guide spacing (LSl-11 compatible) 
ST-LSl2-ADX includes cable. 

Analog Input Connections 
Using 2 Ribbon-cable connectors (3M 
or equiv) 

GENERAL All Models 
Power Supplies 
A/D-D/A MASTER BOARD: 
+5 Vdc at 2.5 Amps max. from LSl-11 
bus ± 15 Vdc at 150 mA max. supplied 
from optional on-board DC/DC power 
converter. 

STAND-ALONE D/A PERIPHERAL: 
+5 Vdc at 1 Amp max. from LSl-11 bus. 
±15 Vdc at 150 mA max. supplied from 
optional on-board DC/DC power 
converter for 4 D/A channels· max. 

A/D SLAVE CHANNEL EXPANDER: 
Power is supplied from Master Board 
through the connecting cable. 

Mechanical Outline Dimensions 
A/D-D/A MASTER BOARD: 
8.430 x 10.374 inches (214 x 263 mm) 
Stand-alone D/A Board and A/D 
Channel Expander: 
8.430 x 5.187 inches (214 x 132 mm) 
Board Spacing: 0.5 inches (12,7 mm) 

Operating Temperature Range 
0°C to +70°C 

Storage Temperature Range 
-25°C to +85°C 

Weight 
MASTER BOARD: 16 ounces (0.45 kg) 
STAND-ALONE D/A PERIPHERAL: 
12 ounces (0,34 kg) 
A/D CHANNEL EXPANDER 
8 ounces (0,23 kg) 

Relative Humidity 
20% to 80%, non-condensing 

DIAGNOSTIC PROGRAM 
Supplied on paper tape for teletype­
writer (TTY) entry for all systems. See 
full description elsewhere in brochure. 

PAPER TAPE DIAGNOSTIC PROGRAM SUPPLIED COMPREHENSIVE SYSTEMS 
MANUAL WITH DIAGNOSTIC 
PROGRAM LISTING 



DIAGNOSTIC TEST PROGRAM 
FEATURES 
• Fully exercises all A/D and D/A conversion functions 
• Tests all working registers and data paths 
• Provides immediate octal A/D and D/A printouts as 

soon as the program is loaded and signal connections 
are made 

• May be used to calibrate A/D channels and D/A 
channels 

• Descriptive error messages appear on the CRT or 
printout if faults occur. They identify defective data 
paths and register contents for oscilloscope or logic 
analyzer diagnosis. 

DESCRIPTION 
All ST-LSI systems include a diagnostic program 

supplied on paper tape. The tape can be loaded through 
a tape reader on the TTY teletypewriter and gets the 
ST-LSI system operating very quickly. While the 
Diagnostic is not a user's application program or a 
handler routine, the program listing of the diagnostic 
which appears in the supplied system manual shows 
examples of how the A/D-D/A function may be con­
trolled by the computer. Selected useful portions of the 
Diagnostic may be extracted and written into the 
application program by the user. 

The Diagnostic may be used as an incoming inspection 
aid to be sure there was no damage to the ST-LSI in 
shipment. This quickly verifies functions whereas 
systems without such an aid require the user to spend 
much time writing a program just to see if the system 
is working. Octal printouts of A/D data are available 
as soon as the Diagnostic is loaded and signal connec­
tions are made. For trouble-shooting, the diagnostic 
program tests all circuits on the ST-LSI. The program 
will continuously loop on error conditions for study 
by oscilloscope or logic analyzer. When errors are 
found, a descriptive error message will appear on the 
CRT or printout to identify the faulty data path and 
specific register contents. 

For adjustment of the offset and gain calibration 
controls of the A/D and D/A microcircuits, the Diagnos­
tic will perform conversions with each stroke of the 

TEST NAME 

AID Command/Status 
Register Test 

Pacer Clock 
Frequency Test 

A/D Calibration Test 

End of A/D Conversion 
Interrupt Test 

Auto Start 
A/D Conversion Test 

Auto Increment/ 
End of Scan Interrupt Test 

Pacer Clock Mode 
Interrupt Test 

D/A Calibration Test 

D/A Sawtooth Test 

TTY CALL 
KEY 

A 

B 

c 

D 

E 

F 

G 

H 

CALL NAME 
MNEMONIC 

CMS RT 

PCLFT 

ADCAL 

EOCINT 

ATSTRT 

ATINC 

PCMIT 

DA CAL 

DASAW 

TTY space bar or automatic conversions of a preselected 
scan of channels. The digital output from the A/D 
section may be routed to the D/A section for comparison 
and an octal word may be entered for conversion into 
the D/A channels. Sawtooth patterns may be generated 
by the D/A's and any of the 16 Pacer clock frequencies 
may be selected. 

The Diagnostic program uses an interactive 
(prompting) teletypewriter technique where single 
characters call up certain portions of the program then 
ask the user for more detailed selection parameters. 
The Diagnostic program uses just under 4K of memory. 

Skilled users of the Diagnostic can quickly isolate 
a defective component without lengthy random testing 
of all devices. All the Datel proprietary microcircuits 
(A/D's, D/A's, MUX's, pow,er converters, etc.) are 
standard catalog items for simplified repair. 

DESCRIPTION 

Repeatedly loads and outputs O's and 1 ;s into selected bits to gener­
ate a square wave output. Or, will try all codes and check for errors. 

Generates a Pacer Clock timebase output from 4 bit clock input 
via O to 15 decimal keyboard numbers. 

Selects a specific AID channel and PGA Gain and gives octal 
outputs each time the keyboard space bar is depressed. 

Tests interrupts from multiple A/D conversions and checks the 
Interrupt Vector Address. Prints error message and loops on errors. 

Makes repetitive AID conversions by reading the AID Data Register. 
Prints error messages and loops on errors. 
Requests PGA Gain, number of channels per scan and start channel. 
Prints out A/D results and causes interrupt. Loops on interrupt if 
error occurs and prints error messages. 

1. Starts AID Conversions from Int/Ext. Pacer Clock 
2. Generates an Interrupt from the Int/Ext. Pacer Clock. Loops and 

prints error messages. ~ 

Selects a D/A channel and converts an octal input code from the 
keyboard to an output voltage. 

Loads a counter input to both D/A"s and increments/decrements the 
counter so that the D/A outputs produce a sawtooth waveform 
between +and - fullscale. 
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DIAGNOSTIC TEST PROGRAM 

The SineTrac LSI is a memory-mapped peripheral 
which communicates with the LSl-11 CPl.J through four 
consecutive memory locations. The base (lowest) 
address of these is assigned by a DIP switch pack on 
the ST-LSI board. The base address selected by Dater 

, for the supplied Diagnostic Program Tape is 170400 
(octal), however, the user may resetthe switch pack to 
any base address between Je<JOOO and 177770. To the 
CPU, the ST-LSI appears to .be relatively slow RAM 
memory. 

The A/D section of the ST-LSI master board contains 
four dedicated registers which are accessed by memory 
reference instructions. The DIA section contains two 
additional registers to hold 12-bit inputs to the D/A's 
and four digital output bits. Three Interrupt Vector 
Addresses are available for the AID section. The AID 
Section registers are: 
1. COMMAND REGISTER: Receivesanoutputcodefor: 

a. AID operating modes - Start convert, End of 
Conversion, End of Scan, Auto-Increment, Pacer 
Clock Start. 

b. Interrupt operating modes - Pacer, EOC, EOS. 
c. Pacer Divider Timebase - 16 possible timebases. 

Three Interrupt Vector Addresses are included on the 
ST-LSI and are arranged as a Vector base address and 
two displacements, similar to the memory addresses. 
These Vector Addresses may be used to handle a 
specific interrupt by jumping to a subroutine which 
executes the function which caused the interrupt: 
Dater has preselected the Interrupt Base Vector 
address as 000360 (octal) but the user may alter this 
address anywhere between 000000 and 000360. 

The memory register bit-function assignments are 
as follows: 

COMMAND REGISTER (Write Address 170400) 

15 13 12 11 10 9 8 

x x x PCB PC4 PC2 PC1 

Not Used Pacer Clock TimebaseJSelect Not Used 

2. STATUS REGISTER: Command Register operating 
mode. ·· 

3. GAIN/CHANNEL ADDRESS REGISTE'R: PGA and 
·starting channel address. 

4. AID DATA REGISTER: Stores A/D 12-bit data words. 
Bits 12-15 may be wired as sign extension. 

The four ST-LSI registers are as follows: 

MEMORY 
ADDRESS FUNCTION MNEMONIC 
(OCTAL) 

170400 (Base) A/D COMMAND Rl:GISTER CDSTAT 

170400 (Base) A/D STATUS REGISTER CDSTAT 

170402 GAIN/CHANNEL GNCHAD 
(Base +2) ADDRESS REGISTER 

170402 A/D DATA REGISTER ADDATA 
(Base +2J 

170404 DEVICE SELECT /DAC 1 DADAT1 
(Base +4) DATA REG. 

170406 DAC 2 DATA REGISTER DADAT2 
(Base +6) 

The Interrupt Vector Addresses are as follows: 

INTERRUPT 
VECTOR ADDRESS FUNCTION 
(OCTAL) 

BUS 
CYCLE 

DATO( BJ 

DATI 

DATO( Bl 

DATI 

DATO 

DATO 

000360 (Basel 

000364 

End of A/D Conversion Vector Address 

End of Multichannel A/D Scan 
(Base +4J 

000370 
(Base +10) 

7 

x 
6 5 

OMA . EOC 
ENBL* INTE 

Vector Address · 

Pacer Clock Interrupt Vector Address 

4 

EOS 
INTE 

3 2 

PCLK AUTO 
INTE INCR 

ADC 
M2 

0 

ADC 
M1 

End of Conversion Interrupt Enable·-----------------' 
End of Scan Interrupt Enable ___________________ ____, 

Pacer Clock Interrupt Enable ______________________ __, 

Auto-Increment Mode Enable-:--=-:::----------------'----------' 
(1 = INCR. AID CH. ADDR. CNTR. AT A/D START CONV.) 

AID Convert Mode (M2l------------------------------' 

AID Convert Mode (M1J ---------------------------------' 
00 = Start Conv. by loading Gain/Ch. Addr. Reg. 
01 = Start Conv. by reading AID Data Reg.; Ch. Addr. Contr. Increments if Auto-Increment is set. 
10 =Int Pacer Clk. Conv. Start. 
11 = Ext. Pacer Clk. Conv. Start 
*DMA ENABLE is a future option 



STATUS REGISTER (Read Address 170400) 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

EOG 0 0 0 PC8 PC4 PC2 PC1 EOS OMA* EOC EOS PC AUTO ADC ADC 
STATUS INTE INTE INTE INCR M2 M1 

End of Conversion Status 

Pacer Clock Timebase Code End of Scan Status 

End of Conversion Interrupt Enable Status 

End of Scan Interrupt Enable Status 

Pacer Clock Interrupt Enable Status 

Auto-Increment Mode Status_ 

AID Convert Mode Status (M2) 

AID Convert Mode Status (M 1) 
*OMA STATUS is a future option 

GAIN/CHANNEL ADDRESS REGISTER (Write Address 170402) 

15 14 13 12 11 10 9 8 6 5 4 3 2 0 

x x x x x x x x A5 A4 A3 A2 A1 AO 
(MSBJ ILSBJ 

Not used PGA Gain Select AID Channel Address Select 
00 =X1 
01 = X2 
10 = X4 
11 = xa 

A/D DATA REGISTER (Read Address 170402) 

15 14 12 11 10 9 8 7 6 4 3 2 1 0 

0 or 0 or 0 or AID AID AID AID AID ND ND AID AID AID AID 
MSB MSB MSB BIT 1 BIT 2 BIT3 BIT4 BIT5 BIT6 BITB BIT9 BIT 10 BIT 11 BIT 12 

(M BJ (LSBJ 

{ MSB Sign Extension (2's Complement Coding) 

Set to Zero (Binary Coding) AID Converter Data 

DEVICE SELECT/DAC 1 DATA REGISTER (Write Address 170404) 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

OS OS OS OS DIA DIA DIA DIA DIA DIA DIA DIA DIA DIA DIA DIA 
3 2 1 0 BIT 1 BIT2 BIT3 BIT4 BITS BIT6 BIT 7 BIT 8 BIT9 BIT 10 BIT 11 BIT 12 

(MSB) (LSBJ 

4-Bit Device Select Code 

DAG 1 Data Register 

DAC 2 DATA REGISTER (Write Address 170406) 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

x x x DIA DIA DIA DIA DIA DIA DIA DIA DIA DIA DIA DIA 
BIT 1 BIT2 BIT3 BIT4 BITS BIT6 BIT 7 BIT8 BIT9 BIT 10 BIT 11 BIT 12 

(MSBJ (LSBJ 

Not Used 

DAG 2 Data Register 
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MASTER SELECTION GUIDE 

MASTER A/D-D/A BOARD 

AID SLAVE CHANNEL EXPANDER. 

INDEPENDENT D/A PERIPHERAL 

Refer to the high-Isolation relay 
MUX ST-LSl-RLY on page 1145 

MASTER COMBINATION 
DESCRIPTION AID-D/A BOARD 

Models' ST- ST- ST-
LSl32S LSl16D LSl16S 

Number of 32 Single- 16 Differ- 16 Single· 
AID Channels ended ential ended 

AID Current Accepts up to 8 user-installed 
Inputs' current shunt resistors. 

AID Channel See ST-LSl-ADX A/D Slave 
Expansion Expander. Next Column 

Number of 2 D/A Channels Optional 
D/A Voltage includes current 
Channels loop amplifiers) 

D/A Channel See Independent D/A Peripheral 
Expansion 

Digital 4 TTL bits independently 
Output Bits addressed with D/ A channel 

1 output word. 

DC/DC Power Optional 
Converter 

Board Size 8.5" X 10" quad 
(21X26cm) 

Options Prag. Gain Ampl. 
Dill. Inst. Ampl. 
DC/DC Pwr. Conv. 
2 D/A Chans. plus 
current ampl. 
16 Add'I Chans. 
Pacer Clock Included 

Compatible LSl-11, PDP-11/03/23 
Computer 

Notes May operate in OMA by 
removing D/As and 
adding jumpers. 
Ranges & coding are jumper-
selected. Diagnostic program 
included. 

(32 SE A/D's only) 
plus ampl. 

(16 SE A/D's only) 
PGA or Dill. Inst. Ampl. 
required for Differential inputs. 

AID SLAVE MULTIPLEXER 
CHANNEL EXPANDER 

ST-LSI- ST-LSI-
ADX32S ADX16D 

Adds32SE Adds 16 Dill. 
Channels Channels 

Accepts up to 16 user-
installed current shunt 
resistors 

64 SE or 32 Dill. A/D Chan. 
max. using a Master-Slave 
pair. May be indefinitely 
expanded by cascading 
Master-slave pairs. 

--

--

--

Uses power bussed over 
lrom Master Board. 

8.5" X 5" half-quad 
(21X13cm) 

--

LSl-11, PDP-11/03/23 

Single-ended and differ-
ential chans. cannot be 
mixed. 

(ADX32S) 
(ADX 16D) 

INDEPENDENT LSl-11/2 
D/A PERIPHERALS AID BOARD 

ST-LSl-DA4A l ST-LSl-DA4B ST-LSl2 
(Incl. DC/DC) (No DC/DC) 

-- 16 Sing le-ended or 8 Differ-
ential, Jumper-selected 

-- Accepts up to 8 user-
installed current shunt 
resistors (3) 

-- See ST-LSl2-ADX Series 
AID Slave Expander. 
Total capacity, master plus 
slave: 64SE or 32 Dill. 
AID channels. 

4 DIA Channels None, use independent 
D/A Boards 

Indefinite (limited by board --
slots, power and memory 
capacity) 

12 TTL bits slaved to D/A None, must use D/A board. 
Channel 1 output. 

Optional Included standard. 
Omitted optional in OEM 
Quantities (Contact Datel) 

8.5" X 5" half-quad 8.5" X 5" half-quad 
(21X13cm) (21X13cm) 

DC/DC Power Converter lncludes.PGA, DC/DC 
Power Converter, 
Pacer Clock. Accepts 
8 user-installed 
current shunts. Optional 
2nd DMA board avail. 
(Model ST-LSl2-DMA) 

LSl-11, LSl-11/2, LSl-11, LSl-11/12, 
PDP-11/03, PDP-11/23 PDP-11 /03/23 

May be used with Diagnostic program 
LSl-11 /2. Diagnostic included. 
program included. ST-LSl2-ADX, 

ST-LSl2-DMA, 

(Incl. DC/DC) (Incl. PGA, DC/DC 
(No DC/DC. Pwr. Conv., Pacer Clock 
Requires ext. ±15V@ and Diagnostic Program) 
150 mA regulated) 

Notes (2) The A/D current inputs use a shunt resistor across differential voltage channels. 
(1) These are not complete model numbers. 

Please refer to the model guide to select options. 
The shunts must be supplied and installed by the user (or by Daiei in OEM quantities). 

(3) The ST-LSl2-ADX accepts 24 user-supplied differential current shunts. 



ORDERING GUIDE 

A/D-D/A MASTER BOARD MODEL NUMBERING 

ST-LSI 

TT'--------------. 
See ST-LS12 information on 
pages 1125 and 1135 

NUMBER OF 
D/A CHANNELS DC/DC POWER CONVERTER 

0 =No O/A's 1 =Included 

2 = 2 DI A Channels 2 = Not Included 
(Ext ±15V Power Required) 

NUMBER OF 
A/D CHANNELS 

328 = 32 Single-ended 

160 = 16 Differential"' 

16S = 16 Single-ended 

"'For differential systems the 

PROGRAMMABLE GAIN AMPL. 
OR INSTRUMENTATION AMPL. 

P= PGA (X1, 2, 4, 8) AM-251 A 
R = PGA (X1, 2, 5, 10) AM-2518 
D = Diff. Inst. Am pl., AM-205 

(User-selected fixed gain) 
X = None (SE Only) 

PGA or Diff. Inst. Amplifier L-------------~ 
must be used. Standard inputs are ±10V full 

scale and offset binary coding 
Users may rewire jumpers for 
other ranges and coding 

A/D-D/A MASTER BOARD (Single Quantity; Contact Date! for OEM Discounts) 
*"R" models (PGA X1, 2, 5, 10) same price as ''P'' models 

MODEL NO.OF NO.OF PGA* OR DC/DC PWR. MODEL NO.OF NO.OF PGA* OR 
NUMBER A/DCHANS. D/A CHANS. INST. AMPL. CONV. NUMBER A/DCHANS. D/ACHANS. INST. AMPL. 

ST-LSl32SOP1 32S None PGA Yes ST-LSl16D2P1 16D 2 D/A's PGA 
ST·LSl32SOP2 32S None PGA No ST-LSl16D2P2 160 2 D/A's PGA 
ST-LSl32SOD1 32S None Inst. AmpL Yes ST-LSl16D2D1 160 2 D/A's Inst. Ampl 
ST-LSl32SOD2 32S None Inst. Am pl No ST-LSl16D2D2 160 2 D/As Inst. Amp! 
ST-LSl32SOX1 32S None None Yes ST-LSl16SOP1 16S None PGA 
ST-LSl32SOX2 32S None None No ST·LSl16SOP2 16S None PGA 
ST-LSl32S2P1 32S 2 0/As PGA Yes ST-LSl16SOD1 168 None Inst. Ampl 
ST-LSl32S2P2 32S 2 D/A"s PGA No ST-LSl16SOD2 16S None Inst. Ampl 
ST-LSl32S2D1 32S 2 O/A"s Inst. Am pl Yes ST-LSl16SOX1 16S None None 
ST-LSl32S202 32S 2 D/A's Inst. Ampl No ST-LSl16SOX2 16S None None 
ST-LSl32S2X1 32S 2 D/A's None Yes ST-LSl16S2P1 16S 2 D/A's PGA 
ST·LSl32S2X2 32S 2 D/A's None No ST-LSl16S2P2 16S 2 D/A's PGA 
ST-LSl16DOP1 16D None PGA Yes ST-LSl16S2D1 16S 2 D/A's Inst. Arn pl 
ST-LSl16DOP2 16D None PGA No ST·LSl16S2D2 16S 2 D/A's Inst. Ampl 
ST-LSl16DOD1 16D None Inst. Ampl Yes ST-LSl16S2X1 16S 2 D/A"s None 
ST-LSl16DOD2 16D None Inst. Amp! No ST-LSl16S2X2 168 2 D/A's None 

INDEPENDENT 4-CHANNEL D/A BOARDS 

MODEL 
NUMBER NOTES 

ST-LSl-DA4A DC/DC Power Con-
verter is included. 

ST-LSl-DA4B No DC/DC Converter 
(External ± 15 Vdc 
power @ 160 mA is 
required.) 

SLAVE AID MULTIPLEXER CHANNEL EXPANDERS 

(An A/D-D/ A Master Board is required for control) 

MODEL 
NUMBER NOTES 

ST-LSl-ADX32S Adds 32 additional 
single-ended channels 

ST-LSl-ADX16D Adds 16 additional 
differential channels. 
The PGA or Dill. Inst 
Ampl. on the master 
board is required. 

NOTE: Single-ended and differential inputs cannot be mixed. 

DC/DC PWR. 
CONY. 

Yes 
No 
Yes 
No 
Yes 
No 
Yes 
No 
Yes 
No 
Yes 
No 
Yes 
No 
Yes 
No 
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SlneTrac ST-LSl2 Series 
Half-Quad A/D and D/A 
Boards for DEC® LSl-11®, 
-11 /2 Computers 

ANALOG INPUT: MODEL ST-LSl2 
Features 

• 16 single-ended or 8 differential A/D channels 
(jumper-selected) for the half-quad LSl-11/2 

• Throughput speed is 20 microseconds per conversion. 

• Differential Programmable Gain Amplifier (PGA) with 
X1, 2, 4, 8 gains included. (Low level not available.) 

• On-board Pacer Clock is included to give 16 pro­
grammable timebases for A/D Start, OMA cycle 
or interrupt. 

• DC/DC Power Converter included. 

• Accepts 8 current loop shunt resistors for 4-20 mA 
inputs, etc. 

• Powerful Diagnostic Program Tape and Manual with 
listing are included. 

• Identical analog specifications to the full-quad ST-LSI 
A/D board with PGA. 

• Model ST-LSl2, 
quantity discounts. 

Contact Datel for 

ANALOG OUTPUT: ST-LSI D/A SERIES 

Features 

• Uses the identical half-quad D/A boards as the ST-LSI 
system. 

• 4 voltage output channels per board, 12 bit binary 
resolution. 

• 4 microsecond output settling time 

• With or without optional ± 15V DC/DC Power 
Converter. 

• Includes 12-bit TTL output port slaved to D/A Channel 
1 data. 

• Includes Diagnostic Paper Tape Program and system 
manual with program listing. 

A/D SLAVE CHANNEL EXPANDER: ST-LSl2-ADX 

Features 

• Adds 48 single-ended or 24 differential A/D channels. 
Total capacity: 64S/320 channels on two boards. 

• Addressed, powered and controlled by the ST-LSl2 
Master AID board. 

• Optional DIP Ribbon jumper cable to the Master board. 

• Will accept up to 24 current loop shunt resistors 
selected and installed by the user. Makes the A/D 

DIRECT MEMORY ACCESS: ST-LSl2-DMA 

Features 

• Commands up to 32,768 16-bit words as A/D data 
transfers. 

• Optional DIP Ribbon cables to master board. 

• Includes on-board End of Conversion (EOC) and 
End of OMA Cycle Interrupt logic. 

DEC, PDP and LSl-11 are Digital Equipment Corp. Trademarks 

1125 

LSl-11 
Compatible to: LSl-11/2 

PDP-11 /03/23 
~ H-9270 and 

H-9273-A 
Backplanes 

• DIP-switch selectable board addressing (memory­
mapped) for indefinite channel expansion. 

• +5V, +10V, ±5V, ±10V jumper-selected output 
ranges at 5 mA max. 

• Model ST-LSl-DA4A (Incl. DC/DC) ST-LSl-
DA4B (No DC/DC) 

inputs compatible to industrial process transmitter 
ranges of 4-20 mA, 1-5 mA, 10-50 mA, etc. 

• Same high performance as the ST-LSl2 Master board: 
200 Megohms OFF resistance, 30 pA leakage, 5 pF 
input capacitance. 

• Jumper-selected 48S or 240 channels. 

• Model ST-LSl2-ADX, 
Contact Datel for quantity discounts. 

• Issues two selectable Interrupt Vector Addresses 
(EOC and End OMA Cycle) 

• Allows A/0 Multi-scan Block Transfers at 50,000 
sam'ples per second rates for dynamic real-time 
applications. 

• Model ST-LSl2-DMA 
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ST-LSl2 continued 
PROGRAMMING, CONTROL REGISTERS, ARCHITECTURE 

The Master A/D board includes a programmable 
Pacer clock (16 selectable timebases) which may be 
used to: 
1. Start an A/D conversion 
2. Issue an external pulse fo control real-time 

outside devices. 

The OMA board includes interrupt logic which may be 
initiated by: 
1. An A/D End of Conversion (EOC) 
2. An End of OMA Cycle 

The on-board interrupt logic for each of these func­
tions issues a preset Interrupt Vector Address which 
may he altered by jumpers. 

Thus there are three methods of data transfer after 
A/D conversion. They are: 
1. Program control by polling the Status Register for 

End of Conversion set. 

REGISTERS 

The on-board registers and their corresponding 
memory-mapped addresses and bit assignments are 
identical to the full-quad ST-LSI A/D-D/A board (see 
pages 8 and 9) with the following exceptions: 
1. The preassigned (but resettable) memory address 

170404 (octal) is used for the OMA Word Count 
Register (see below). 
Up to 32K 16-bit words may be transferred and this 
register decrements with each A/D data word transfer. 

2. The memory 1/0 Address 170406 (octal) is used for 
the OMA Starting Memory Address. which incre­
ments after each transfer. 

3. Bit 6 in the Command/Status Registers is used for 

OMA WORD COUNT REGISTER 

Address: 170404 (octal) or base +4 
Diagnostic Mnemonic: WDCNT 15 14 13 12 11 
Instruction Cycle: DATO 

WC we WC we WC Register Hardware Location: 
ST-LSl2-DMA Board 15 14 13 12 11 

OMA MEMORY ADDRESS REGISTER 

Address: 170406 (octal) or base +6 
Diagnostic Mnemonic: MEMADR 15 14 13 12 
Instruction Cycle: DATO (set) MA MA MA MA 
or DATI (test) 
Register Hardware Location: 15 14 13 12 
ST-LSl2-DMA Board 

PACER CLOCK TIMEBASES 

Timebase 
Command Timebase Period+ 2" 
Register Period+ 21• (Jumper 
Timebase (Standard, Selected: 
Code (Octal) Factory- GND. Timer 

Adjusted) Pin 6) 

0 30.6µS 7.8 ms 
1 61 µS 15.6 mS 
2 122µS 31.3mS 
3 244µS 62.5 mS 
4 489µS 125 ms 
5 977 µS 250mS 
6 1.95 ms 500 ms 
7 3.9 mS 1 Sec. 

2. Generate an interrupt at EOC on the OMA/Interrupt 
board. 

3. OMA data transfer started at EOC with the OMA 
Enable bit 6 set. An interrupt will occur at the end 
of the OMA cycle to inform the processor that the 
block transfer is complete and the data in memory 
may be further processed. 
OMA block transfers may be indirectly started by the 

Pacer clock by starting an A/D conversion. AtEOC, with 
the OMA Enable bit 6 set, 50 KHz sequential data 
transfers will occur until the OMA Word Count is reached. 
The Auto-Start and Auto-Increment modes are also used. 

The full-quad ST-LSI A/D-D/A Master Board has 
somewhat more capability in that either the Pacer clock 
or an external event may directly cause an interrupt 
(using interrupt logic on the Master board). Also, the 
ST-LSI (full quad) includes additional gates for a user­
installed quartz crystal (1 MHz max.) 

OMA Select Enable/Status. 
4. EOS and Pacer Clock Interrupt Enable/Status bits 4 

and 3 are not available on the ST-LSl2. See remarks 
above. The EOC and OMA Interrupts are available. 

5. An external Device Select is not available on the 
ST-LSl2 A/D board. Use the 12 Device Select bits on 
an independent ST-LSI-DA board instead. 

6. Two Interrupt Vector Addresses are issued on the 
ST-LSl2-DMA board. They are: 

Base (octal) 000360 End of A/D Conversion (EOC) 
Base +4 000364 End of OMA Cycle 
Five PCB jumpers may be altered to reassign the 

base address between 000000 and 000360. 

10 9 8 7 6 5 4 3 2 0 

WC WC WC WC WC WC WC WC WC WC WC 
10 9 8 7 6 5 4 3 2 1 0 

11 10 9 8 7 6 5 4 3 2 0 

MA MA MA MA MA MA MA MA MA MA 

11 10 9 8 7 6 5 4 3 2 

Not Used 

Timebase 
Timebase Period+ 22• 

Command Period+ 21• (Jumper 
Register (Standard, Selected: 
Timebase Factory- GND. Timer 
Code (Octal) Adjusted) Pin 6) 

10 7.BmS 2 Sec. 
11 15.6 ms 4 Sec. 
12 31.3mS 8 Sec. 
13 62.5 ms 16 Sec. 
14 125 mS 32 Sec. 
15 250mS 64 Sec. 
16 500 ms 128 Sec. 
17 1 Sec. 256 Sec. 

ST-LSl2 
ST-LSl-DA4A 
ST-LSl-DA4B 
ST-LSl2·ADX 
ST-LSl2-DMA 
ST-LS12-11452-1 
ST-LSl2-11452-2 

ST-LSl2 HALF-QUAD SERIES ORDERING GUIDE 
16S/8D AID chans., Pacer clock, PGA, DC/DC 
4 D/A chans., includes DC/DC Power Conv. 
4 DI A chans. requires external± 15 Vdc reg. 
AID Slave Expander, add 48S/24D chans. 
OMA Controller for ST-LSl2, 32K words 
Ribbon cable for A/D plus OMA or ADX (2 plugs) 
Ribbon cable for AID plus OMA and ADX (3 plugs) 
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Sinl!Trac ST·LSl·RLY 
Relay-Input AID Board for 

DEC® Q·Bus Computers 
LSl-11 PDP-11/03 ~ H-927o and 

FEATURES 

• 8 Differential AID Channels, using "Flying Capacitor" 
relay multiplexer. 

• High Common Mode Noise Rejection (126 dB) and high 
isolation (250 VRMS). 

• 12 bit binary resolution, with user-selected output coding. 
• Software and hardware compatible with DEC's LSl-11, 

LSl-11/2 and PDP-11/03/23 Series of microcomputers. 
• Programmable gain amplifier, selectable gain X1, X2, XS, 

and X10. 
• Full-scale input selectable from 10 mV to 2V unipolar; 

from ±10 mV to ±1V bipolar, using gain resistor. 
• Includes paper tape Diagnostic Program for immediate 

TTY or CRT display of scans. 
• EOC interrupt; external trigger start. 
• Uses + 12V and + SV from computer bus; -12V generated 

from on-board·converter. 
• Half quad size: 8.430"D x 5.187"W x .5"H. 
• Channel expansion by different memory-mapped card 

base addresses. 

INTRODUCTION 
The ST-LSl-RL Y board offers analog to digital conversion for 
up to eight relay-isolated input channels, and does so with 
12 bits of binary resolution (1 part in 4096). Like. its sister 
products, the SineTrac ST-LSI and ST-LSl2 series of AID and 
D/A conversion systems; the ST-LSl-RLY is fully hardware, 
software, and bus compatible with Digital Equipment Corpo­
ration's LSl-11, LSl-11 /2, and PDP-11 /03 series of micro­
computers. Because Daiei has built all the necessary com­
puter interface circuitry into the ST-LSl-RLY board, adding 8 
analog input channels to the DEC LSI -11 computer is as 
easy as sliding in a circuit board. The customer need only 
supply the analog input wiring - all other interconnection is 
accomplished via the ST-LSl-RLY board. 
The ST-LSl-RL '( board was designed especially for use in 
industrial (and other electrically noisy) environments where 
long signal leads, ground loop isolation problems, and high 
common mode voltages are encountered. While most A/D 
boards use solid-state multiplexers to achieve high conver­
sion speed and maximum channel density, such circuits 
constrain the common mode voltage range to about ±11V 
and have no bias current isolation. However, the ST-LSl-RLY, 
with its "flying capacitor" relay multiplexer, can safely handle 
250 VRMS, provides 126 dB of common mode rejection at 
AC power frequencies (de to 60 Hz) and has 5 x 1013 o 
isolation resistance. In addition, the low pass input circuitry 
to each channel of the ST-LSl-RL Y board serves to filter out 
unwanted normal mode signals. · 
The ST-LSl-RLY board was specifically designed for use in 
monitoring industrial process-control equipment Generally, 
these applications involve such slowly-varying parameters as 
temperature, pressure, and flow rate. The transducers used 
for this measurement - thermocouples, strain gauges, and 
load cells, for example - frequently use low voltage bridge­
type circuits. The ST-LSl-RL Y's 30 sample-per-second 
throughput rate is quick enough to measure such parameters 
accurately; its high CMR, high gain differential inputs are ideal 

DEC, LSl-11 and PDP are trademarks of Digital Equipment Corp. 
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COMPATIBLE TO: LSl-n/2 PDP-11123 H-9273-A 
. Backplanes 

for accurate bridge-type measurements of low-level signals. 

The Sine Trac LSl-RL Y board is a memory-mapped device. It 
occupies two consecutive locations in the host computer's 
memory For expansion, additional ST-LSl-RL Y boards may 
be added with different base addresses. Each additional board 
will occupy two consecutive memory locations, which may be 
selected by the user. For applications requiring high speed 
A/D conversion, and the option of D/A conversion capability, 
Datel's ST-LSI and ST-LSl2 series of solid-state multiplexer 
boards should be considered. A chart detailing the differences 
among Datel's ST-LSI series of boards.is included overleaf. 
The ST-LSl-RL Y board fits half quad spacing It takes +5V 
and + 12V directly from the DEC 0-bus. The -12V is gen­
erated on the board from the +5V supply Input to the A/D 
board is via a Programmable Gain Amplifier - gains of X1, 
X2 X5 and X1 Oare software-selected. Other ranges [corre­
sp~ndi~g to full-scale input ranges from 1 OmV to 2V) may 
be selected by changing jumpers. Like other boards in Date l's 
Sine Trac series, the ST-LSI-ALY is supplied with a Diagnostic 
Program - input formatted on paper tape, with hex A/D out­
puts printed on a teletypewriter or displayed on a CRT - so 
that the board may be running and checked for proper opera­
tion within a few minutes of installation. A complete listing of 
the Diagnostic is provided in the systems manual that accom­
panies each ST-LSl-RL Y board. 

DESCRIPTION 
The ST-LSl-RL Y board provides A/D conversion for 8 differ­
ential inputs on a single, half quad board. Analog signals are 
converted to digital with 12 binary bits (1 part in 4096) of 
resolution. Input to the board is via a "flying capacitor" cir­
cuit. A nonpolarized storage capacitor normally tracks the 
input signal. When the converter reads a particular input, a 
computer-controlled reed relay connects the capacitor to 
both input leads of a differential amplifier. The relay inputs 
can accommodate high common mode voltages (250 VRMS 

,. .... 
Cl 
m 
0 
Ill a. 



DESCRIPTION Continued 

to power ground). Common mode rejection (CMR of 126dB, 
from 0 to 60 Hz) is also extremely high to reduce noise 
errors. The storage capacitor is coupled via two resistors to 
the input signal, forming a one-pole low pass filter, which 
attenuates normal mode noise. 
The input signal on the ST-LSl-RL Y goes from the relay multi­
plexer described above to a differential programmable gain 
amplifier. Gains of X1, X2, XS, and X10 are software-selected 
via a two-bit program word. Other gains may be set by resistor 
change. Full scale input ranges, selectable by circuit board 
jumpers and PGA program word vary from 10 mV to 2.0V 
unipolar; or from ± 10 mV to ± 1 .0 V bipolar. The PGA is auto­
zeroed, therefore, temperature drift of zero is limited to ±JI! 
µV/°C. Typical amplifier gain temperature coefficient is ± 10 
ppm of full scale reading per degree Celsius. 
Analog to digital conversion is accomplished by Datel's ADC­
EK12, a 12-bit monolithic CMOS integrated circuit. The ADC­
EK12 employs a charge balancing integration method.of con­
version, which provides high linearity, inherent monotonicity, 
and very high normal mode noise rejection. Converter zero 
temperature coefficient is ±20 microvolts/°C, while its gain 
tempco is ±30 ppm of FSR/°C. Nonlinearity is held to ±)1:1 
least significant bit, and system throughput period is 36 mS, 
sample to sample. Overall system zero tempco varies from 
0.5 to 20 microvolts/°C for gains from X1 to X100, respec­
tively, and system span tempco varies from 12 to 40 ppm 
of full scale reading per °C, respectively, over the same range 
of gains. 

The output coding on the ST-LSl-RLY is jumper-selectable for 
straight binary (unipolar); while, for bipolar inputs, offset bi-

ST-LSl-RLY 
BLOCK DIAGRAM 
A/D Relay-Input Board 

r 

lr 
J BUS ~---AJ_D_D_A_JA_12_-B_IT ______ --i1 DRIVERS 

BJAKOL 

BIRQL 

BBS7L 

BIAKlL 

BIAKOH 

BIAKIH 

BIRQH 

INTERRUPT 
ENABLE 

nary or two's complement may be used. 
The ST-LSl-RL Y board is a memory-mapped dev.ice using two 
consecutive memory word addresses (a base address and 
displacement). The base address is factory set by DIP-plug 
jumpers to 1 70400 (octal), for compatibility with the supplied 
Diagnostic program. The hex plug may be rewired by the 
user for any base address within a range of 160,000 to 
177,770 (octal). · 

On-board registers are provided fo load the PGA gain code, 
the starting channel address and the EOC interrupt. An on­
board EOC interrupt is also provided, factory set to a vector 
address of 360. This vector address may be changed by 
the user. 
An unusual and powerful feature of the ST-LSl-RLY board is 
the paper tape Diagnostic program shipped with each board. 
With the Dfag nostic, all board functions are tested; the results 
are visible on CRT display or teletypewriter printout. Proper 
operation of the board, whether immediately upon installation, 
or at any time thereafter, may thereby be verified in a matter 
of minutes. In addition, the Diagnostic program has been 
written so that portions of it may be excerpted for inclusion in 
the user's own program. 
The ST-LSl-RLY board fits DEC's half quad spacing, and 
measures 8.430"0 x 5.187"W x .5"H (214 x 132 x 12,7 mm). 
It weighs 7.46 ounces (.212 kg). Operating temperature range 
is from 0 to + 70°C; storage temperature range is from 
-25°C to +85°C. Relative humidity may vary from 10% to 
90%, non-condensing. 

EQC 

REF. VOLT 
A,MPL. 

c~:~;=~~---~::---1 
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8 CHANNEL 
AELAYMUX 

INPUT 
SCHANNEL 
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D0-D7 
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'I v 
TRANS-
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j ~ READ ~..--------. GO 

ENABLE J~--"'-t-Al_D_DA_JA~ ~=G=1 ==~~~~~----_---' ____ _ 
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CONVERSION ADDRESS 3 BIT CHANNEL ADDRESS 

A1 FUNCTION WRITE CHANNEL ADDRESS 
SELECTOR 

f--"-'BD"-'1"'-N·L=--------':J ] 
BDOUTH 

-y.___ __ _. 
TYPICAL "FLYING CAPACITOR" 

RELAY MUX INPUT 

-<250VRMS-

D0-D7 P.G.A.<Jf ____ l 15Kl2 --0 

f-------------------+12V 

f---------,---------+5V 
r __ _:r __ , 

I : 
~I 10µF 1 

RL: ~N.P.i 
I I 

TEMP-MATCHED : : 15Kn 
DUAL-REED ___.,, 1 j_ 

RELAY L- ~----' 

I -12V I 
I DC/DC >--------- -12V 

L__G_9~~-J 
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ST-LSl-RLY 

SPECIFICATIONS 
(Typical at +25°C, dynamic conditions unless noted) 

ANALOG INPUTS 
Number of Channels . .... 8 Differential 
Input Type . ............. Flying capacitor differential 

isolated relay input, multiple . 
(DPDT) reeds per channel !Or 
temperature tracking. The 
input network (when a chan­
nel is de-energized) consists 
of 30 kilohms in series with 10 
microfarads (300 ms single­
pole filter) 

Input Overvoltage (Diff.) . . ±25V sustained, no damage 
Input Capacitance 

to Ground . ............ Approx. 2.5 picofarads per 
channel 

Full Scale Input Ranges . .. Selectable from 10 millivolts 
to 2 volts unipolar (±10 mV to 
± 1 V bipolar), by jumper 
selection and Programmable 
Gain Amplifier (See Chart) 

Programmable Gains . .... X1, X2, X5, X10 
Input Impedance . ........ Dependent on input signal rate 

of change (Diff. cap. resistance 
is 20 MO). Insulation resis­
tance per channel to ground 
is 5 x 1013 ohms. See block 
diagram for input circuit. 

Input Bias Current . ...... In put must source or sink 
current only to charge capac­
itor to new value. Capacitor 
remains connected at all times 
except during A/D conversion. 

Overall Accuracy at+25°C (Including noise, referred to 
input, after initial calibration) 
Within ±0.05% of FSR (2V 
Range) Within ±0.1 % of FSR 
(10 mV Range) 

Quantization Error . ...... ±Yi! LSB 
Nonlinearity ............. ±Yi! LS B 
Differential Nonlinearity .. ±)11 LSB 
Resolution . ............. 12 Binary bits ( 1 part in 4096) 
Common Mode 

Voltage Range ......... 250V RMS to power ground 
Common Mode 

Rejection Ratio ....... . 126 dB from 0 to 60 Hz 
Temperature Coefficients 

A/D Converter Zero .... ±20 µV/°C 
A/D Converter Gain .... ±30 ppm of FSR/°C 
Input Amplifier Zero . ... ±}:I µV/°C (Autozeroed) 
Input Amplifier Gain . ... ± 10 ppm of FSR/°C 

Gain 

X1 
X10 
X100 

System 
Zero Tempco 

±20 µV/°C 
±2.5 µV/°C 
±.5 µV/°C 

System 
Gain Tempco 

±40 ppm of FSR/°C 
± 15 ppm of FSR/°C 
± 12 ppm of FSR/°C 

FSR 
Input 
Voltage 

±1V 
±100 mv 
±10rnV 

System Throughput . ....... 30 samples per second 

A/D DIGITAL OUTPUTS 
Output Coding . .......... Offset Binary is standard 

Two's Complement Selectable 
(Bipolar) by user-
Straight Binary supplied 
(Unipolar) jumpers 
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Bus Format . ............ Bus compatible with LSl-11, 
LSl-11 /2 or PDP-11 /03/23 

PROGRAMMING AND ARCHITECTURE 

Type of Interface .. ...... Memory-mapped. The 
ST-LSl-RL Y appears to the 
CPU as two consecutive 
memory word locations. 

Memory Base Address . .. The 2-location starting base 
address is factory set at 
170400 (octal), but may be 
reassigned. The supplied 
Diagnostic program is preset 
to operate from base address 
170400. 

External Trigger Start ... . A jumper change permits a 
negative TTL pulse (1.5 ±0.5 
µS) to start AID conversions. 

Interrupt. ............... EOC interrupt factory set at 
vector address 360, may be 
reset by user. 

PHYSICAL 
Outline Dimensions . ..... 8.430"0 x 5.187"W x .5"H * 

(214 x 132 x 12,7 mm) 
Weight ................. 7.46 oz. (.212 kg). 
Operating 

Temperature Range . ... Oto + 70°C 
Storage 

Temperature Range .. .. -25°C to +85°C 
Relative Humidity . ....... 10% to 90%, non-condensing 
Altitude ............... . 0 to 15,000 feet (4600 m) 

POWER CONSUMPTION +5 voe ±5% @ 
1.5 Amps. max. 

GENERAL 

+12 voe ±5%@ 70 
milliamps max. 

Compatibility . ........... Pin-for-pin, card guide and 

Operates from H-9270 
and H-9273-A 
backplanes, AB bus. 

ORDERING GUIDE 

Model Description 

program compatible with 
DEC's LSl-11 , LSl-11 /2, and 
PDP-11 /03/23 series of 
microcomputers. 

ST-LSl-RLY 8 Channels, Relay Input A/D 

58-2079143 Connector, J1, Spare 
(One Included with Board) 

58-12140-36 ST-LSl-RLY Manual, Spare 
(One Included with Board) 

*Due to board height, the ST-LSI-ALY should be placed in 
the top of the card cage or with no adjacent board. 



ST-LSI-ALY 

REGISTERS 

The memory address bit-function assignments are as follows: 

Status Register (Write Address 170400) 

015 014 013 012 011 010 09 08 07 06 05 D4 D3 

I x x x x x I x x x I x x x x x 
I I I I I I I I I I I I I 

I 
Not Used 

Read Status Register (Read Address 170400) 

015 
I EOC I 0 0 0 0 0 0 0 I 0 0 0 0 0 

I I I I I I I I I I I I 
End of I 
Conversion Not Used 
Status = 1 

Gain and Channel Address Register (Write Address 170402) 

015 014 013 012 011 010 D9 D8 05 D4 03 

x x x x x x x x INT 
EN. 

PGA Gain Select Not Used PGA Gain Interrupt Not 
00 = X1 Select Enable Used 
01 = X2 = 1 
10 = X5 
11 = X10 Read ADC Data Register (Read Address 170402) 

D15 

1~~~1 2 3 4 5 I 6 I 7 I 8 

I I I I I I I I 
AID Converter Data 

DIAGNOSTIC PROGRAM 

A Diagnostic program which tests all functions of the ST-LSl­
RL Y board, is supplied on paper tape format with each unit. 
Below is a listing of test names, call keys and descriptions 
of the special tests available on the Diagnostic. For more 
detailed information, and a complete listing of the Diagnostic, 
reference should be made to the systems manual supplied 
with each ST-LSl-RL Y board. 

9 10 11 I A1~c I 0 

I I 

TTY Call 
Test Name Key 

A/D Calibration A 
Test ADCAL 

End of A/D B 
Conversion EOCINT 
Interrupt Test 

Scan Test c 
SCAN 

02 01 D0 
x x x 
I I I 

D0 
0 0 0 
I I I 

D2 01 00 
(MSB) 

A1 
(LSB) 

A2 AO 

A/D Channel 
Address Select 

000= 0 
111 = 7 

D0 

0 0 0 

I 
Not Used 

Description 

Selects a specific A/D 
channel and PGA gain 
and gives octal outputs 
each time the keyboard 
space bar is depressed. 
Tests interrupts from 
multiple A/D conversions 
and checks the Interrupt 
Vector Address. Prints 
error message and loops 
on errors. 
Converts all 8 channels 
and prints out the A/D 
result. 
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ST-LSI-ALY 

A/D CALIBRATION PROCEDURE 
The calibration of the ST-LSl-Rl Y should be performed every 
90 days or whenever the Full Scale Range jumpers are re­
configured. The calibration of the ST-LSl-RLY is achieved by 
using the Diagnostic Test Program. 

l. Connect the precision analog voltage source to channel 
O (J1-5 High, J1-7 Low and J1-8 Ground). A Datel DVC-
8500 Voltage Calibrator or equivalent is recommended. 

2. Using the Diagnostic Test Program, select the A/D Cali­
bration Test. The data terminal will respond with: 
A-D CALIBRATION TEST 
GAIN RANGE (1) X1, (2) X2, (5) X5, (10) X10 - 1 CR 
CHANNEL-0CR -
[Underlines indicate user keyboard responses l 

3. The voltage input on channel 0 will be continuously con­
verted and the A/D converter can be calibrated as per 
the next steps. 

4. Adjust the voltage reference for the -F.S. + 1 LSB ac­
cording to the following table. 

Voltage Ref. 
Full Scale Range Setting Output 

0 --> 100 mV 0.02 mV 000020a 
0 --> 200 mV 0.01 mV 000020a 
±100 mV -99.95 mV 000020a 

ZERO OR OFFSET ADJUST 

5. Press the space bar from the terminal, and the last con­
verted value (6 digit octal) will be printed out on the 
terminal. 

6. Adjust R4 (Zero Adjust Pot) for Unipolar units and R1 
(Offset Adjust Pot) for Bipolar units, and repeat steps 5 
and 6 until the printout on the terminal is 0001.020 (1011020 
for 2's complement coding). 

7. Adjust the voltage reference for +F.S. -2 LSBaccording 
to the following table. 

Voltage Ref. 
Full Scale Range Settings Output 

0--?+100mV + 99.00 mV 177700 
0--?+200mV +199.81 mV 177700 
±100 mV + 99.81 mV 177700 

GAIN ADJUST 

8. Adjust R2 (Gain Pot), press the space bar, and repeat it 
until the printout on the terminal is 177700 (077700 for 
2's complement coding). 

9. Repeat steps 5 to 8 several times (until no further adjust­
ment is required). 

10. At the end of calibration operation, apply different voltage 
inputs from the voltage reference as shown in the Cali­
bration Table and press the space bar on the terminal 
keyboard each time. The equivalent six digit octal value 
will be printed out on the terminal each time the space 
bar is pressed. Compare the printout to the calibration 
table to ensure proper operation. 

CALIBRATION TABLE 
Unll!_olar* B!l!_olar* 6 D_igit Octal 

Straight 2's 
0--71.0V 0--?200mV 0--?500mV ±1.0V ±200mV ±SOOmV Bina I}'_ Com pl. 

999.76mV 199.51 mV 499.88mV 999.51mV 199.90mV 499.76mV 177760 077760 
999.51 199.90 499.76 999.02 199.81 499.51 177740 rJ77740 
999.02 199.81 499.51 998.05 199.61 499.02 1777'/J'IJ 077700 
998.05 199.61 499.02 996.09 199.22 498.05 177600 077600 
996.09 199.22 498.05 992.19 198.44 496.09 177400 07740.el 
992.19 198.44 496.09 984.37 19688 492.19 177000 077000 
984.37 196.88 492.19 968.75 193.75 484.37 176000" 076000 
968.75 193.75 484.37 937.50 187.50 468.75 174000 074000 
937.50 187 50 468.75 875.00 175.00 437.50 17.ell,0'00 07_fill0~ 
875.00 175.00 437.50 750.00 150.00 375.00 160000 060000 
750.00 150.00 375.00 500.00 100.00 250.00 140000 040000 
500.00 100.00 250.00 0.00 0.000 0.000 100000 000000 
250.00 50.00 125.00 -500.00 -100.00 -250.00 040000 140000 
125.00 25.00 62.50 -750.00 -150.00 -375.00 02.0000 120000 
62.50 12.50 31.25 -875.00 -175.00 -437.50 010000 110000 
31.25 6.25 15.63 -937.50 -187.50 -468.75 004000 10400.el 
15.63 3.13 7.81 -968.75 -193.75 -484.37 ~200~ 102000 
7.81 1.56 3.91 -984.37 -196.88 -492.19 ~1000 101000 
3.91 0.78 1.96 -992.19 -198.44 -496.09 00@400 100400 
1 .96 0.39 0.98 -996.09 -199.22 -498.05 rJ00200 10020.0 
0.98 0.20 0.49 -998.05 -199.61 -499.02 0001-fil'J 1001 CM. 
0.49 0.10 0.24 -999.02 -199.81 -499.51 000'140 100040 
0.24 0.05 0.12 -999.51 -199.90 -499.76 000020 10002.0 
0.00 0.000 0.00 -1000.00 -200.00 -500.00 000000 100~ 

Note 1. Other input range voltages may be obtained Note 2. Standard shipped range is± 100mV offset binary. 
by dividing above ranges by the appropriate *Jumpers must be reconfigured between columns 
power of 10. to achieve above ranges. ------
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ST-LSI-ALY 

INPUT RANGE 
SELECTION 

TO OBTAIN THE FOLLOWING INPUT RANGES 

SOFTWARE SELECT THIS GAIN CODE 

Note: 

Installing a jumper plug from 
pin 9 to pin 10 will increase 
full-scale range by factor of 10. 
e.g., ±100mV range will 
change to ± 1 OOOV 

X1 
G1 G0 

0 0 

Q--o>+100mV 

Q--o>+200mV 

±100mV 
Off. Bin. 

±100mV 
2's Comp. 

X2 
G1 G0 

0 1 

O--o>+50mV 

Q--o>+100mV 

±50mV 
Off. Bin. 

±50mV 
2's Comp. 

X5 X10 
G1 G0 G1 G0 

1 0 1 1 

Q--o>+20mV Q--o>+10mV 

0--o>+40mV Q--o>+20mV 

±20mV ±10mV 
Off. Bin. Off. Bin. 

±20mV ±10mV 
2's Comp. 2's Comp. 

SAMPLE INPUT CONNECTIONS, 
CHANNELO 

BOARD LAYOUT 

--~Bvl 

Aal 

COMPONENT SIDE 

INPUT RANGE COMPONENTS 
SEE CHART 

WIRING ON 

"""IB- ~ j ADDRESS. SEE i; 
"TO CHANGE THE 
BASE ADDRESS" 
PAGE 7 

' 

J1 PIN# 

CH 0 

">-----~ ANA HI 5 
CHO 

..,._---:------T---J'-ANA LO 7 

14 ••15 

16••17 
18••19 
20 •• 21 

•11 
•12 

VECTOR ADDRESS SELECTION. 
SEE "INTERAUPTVECTOA 
ADDRESS SELECTION CHART" 

PAGE7 

AND PLACE JUMPER 
PLUGS BETWEEN 
THESE PINS 

7-8 
22-24 

22-24 

1-2 
11-12 
22-24 

1-2 
11-12 
22-23 

Jl HEADER INPUT 

CONNECTOR 
58-2079143 
(INCLUDED) 
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ST-LSl-RLY 

ANALOG INPUT CONNECTIONS 
J1 HEADER 

COMPONENTS WIRING SIDE 

Upper Pins Lower Pins 
(Farthest from Board) (Nearest Board) 

N.C. 2 -12V Power OUT 
10mA max. 

N.C. 3 4 +12 Power OUT 
CHO HI 5 6 EXT TRIGGER 
CHO LO 7 8 CHOGND 
CH 1 HI· 9 10 

CH1 LO 11 12 CH 1 GND 
CH2 HI 13 14 
CH2 LO 15 16 CH 2 GND 
CH3HI 17 18 
CH3LO 19 20 CH 3GND 
CH4 HI 21 22 
CH4 LO 23 24 CH4GND 
CH5 HI 25 26 
CH5 LO 27 28 CH 5GND 
CH6 HI 29 30 
CH6LO 31 32 CH6GND 
CH 7 HI 33 34 
CH 7LO 35 36 CH 7 GND 

N.C. 37 38 
N.C. 39 40 -:;:-ANA. GND 

Pins 
14-15 

-
-
-
-
-
-
-
-

CONNECT 
CONNECT 
CONNECT 
CONNECT 
CONNECT 
CONNECT 
CONNECT 
CONNECT 

INTERRUPT VECTOR ADDRESS 
SELECTION CHART 

JUMPERSJ_ON BOARDl. 
Pins Pins Pins To Give Vector 
16-17 18-19 20-21 Address Of 

- - - 360. 

- - CONNECT 340 

- CONNECT - 320 

- CONNECT .CONNECT 300 
CONNECT - - 260 
CONNECT - CONNECT 240 
CONNECT CONNECT - 220 
CONNECT CONNECT CONNECT 200 

- - - 160 

- - CONNECT 140 

- CONNECT - 120 

- CONNECT CONNECT 100 
CONNECT - - 060 
CONNECT - CONNECT 040 
CONNECT CONNECT - 020 
CONNECT CONNECT CONNECT 000 

" - " Indicates No Jumper 
"CONNECT" Indicates Jumper Plug Installed 

BASE ADDRESS SELECTION 

DIP PLUG 

U14 PINS 

(Set for Base.Address= 17041/Jf/J. 

Bits 8 and 12 high) 

TOP VIEW 
FUNCTION PIN ----1 PIN FUNCTION 

5100 
*Bit 12 16 .....A.IV'v--+5V 

NC f 15 NC 

*Bit 11 ,----1 14 Bit 3" 

*Bit8 r--113 Bit 2* 

*Bit 10 -112 BitT"" 

"81t9 6 

D 
11 B1t4* 

NC 10 Bit6* 

GND t Bit 5" 

*These pins may be set "HIGH" (connected to pin 16) 
or "LOW" (connected to pin BJ. 
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See "To Change The Base Address". 

Internal pullup resistors are not supplied except 
on pin 16. Connect all pins either high or low. 

TO CHANGE THE BASE ADDRESS 

(1 J Select a base address. Permissible base addresses are from 160000 to 177774 (octal). 
(2) Write it in boxes below. 

I I (6 or 7) (0 to 7J (0 to 7) (0 to 7) 

(3) Determine which binary address bits must be high. and which must be low. to yield this code. 

(4) Bits with ··1" correspond to "high" voltages on U14 connector. Bits with ··o-· correspond 
to "low" voltage. Determine which pins on U14 must be high. and which must be low 
The "high·· pins should be wired togethei to +5V (pin 16). The ·1ow·· pins should 
be wired together to ground (pin 8). 
Note: Pins 2. 7. and 15 are not connected to the board etch. Any of these may either 
be left unconnected. or used to dress the jumper wires for either the ground or+5V lines. 

May be jumpered either LO or HI 



Slnl!Trac A/ D-D /A Boards 
For LSl-11 Computers 
Compatible to: LSl-11 /2®, LSl-11 /23, PDP®-11 /03 

FULL QUAD AID & D/A: ST·LSI SERIES 
• 32 Single-ended or 16 Differential A/D 

Channels 

• 2 12-bit D/A channels plus 4-20 mA 
current loops 

• 20 µSAID throughput 

• Programmable Gain Amplifier option 

• Pacer clock with 16 programmable 
timebases 

• 4-bit TTL outport 

• ST-LSl-ADX expander for 64S/32D 
channels 

• Optional ± 15V DC/DC Converter 

• Hi-gain instrumentation amplifier option 

HALF QUAD AID & OMA: ST·LSl2 

ST·LSl2 ST·LSl2·ADX ST·LSl2-DMA 

• 16 Single-ended or 8 Differential A/D 
channels 

• Adds 48S/24D AID channels 

• Accepts 24 differential current inp 
shunts 

• Controls 32K OMA 16-bit AID block 
transfers 

• 20 µS A/D throughput 

• Programmable Gain Amplifier option 
• End of Conversion, End of Block 

Interrupt Vector addresses · 

• Pacer clock with 16 time bases 

HALF QUAD D/A: ST·LSl·DA 

• 4 12-bit D/A channels 

• Optional DC/DC Converter 

• 12-bit TTL outport for external device 
control 

with DC/DC Conv. 

less DC/DC Conv. 

• 50 kHz A/D scans 

INDUSTRIAL Hl·GAIN ISOLATED AID: ST·LSl·RLY 

• 8 Differential Channels, 12 binary bits, 
half quad 

• 126 dB Common Mode Noise Rejection 

• 250 VRMS high common mode isolation 

• Programmable Gain Amplirier 

• High-gain Instrumentation Amplifier: 
Works directly from millivolt 
transducers 

• EOC Interrupt; external trigger start 

• Includes DC/DC Converter 

single quantity 

LSl-11 and PDP are Digital Equipment Corp. trademarks 

Systems manual and 
Diagnostic Program 
included. 

Plug your LSl-11 
into the 
Analog world. 

Printed in U.S.A. Copyright C 1gso Datel-lntersil, Inc. All rights reserved. 

11 CABOT BOULEVARD, MANSFIELD, MA 02048 /TEL. (617)339-9341 /TWX 710-346-1953 / TLX 951340 
Santa Ana, (714)835-2751 •Sunnyvale, CA (408)733-2424 •Gaithersburg, MD (301)84G-9490 •Houston, (713)781-8886 • 
Dallas, TX (214)241-0651 OVERSEAS: DATEL (UK) LTD - TEL: BASKINGSTOKE (0256)57361 • DATEL SYSTEMS SARL 
602-57-11 • DATELEK SYSTEMS GmbH (089)77-60-95 • DATEL KK Tokyo 793-1031 
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Slnl!Trac ST-6800 Series High 
Performance AID & D/ A 

.. Boards for Micromodulel 
EXORcise~ ·Computers 

THE FEATURES. . 

Slmplf Cliennel Expansion and 
High Channel DenaHJ · 
Expansion up to 128 single-ended or 112 differ­
ential AID channels may be easily accomplished 
by adding up to 2 ST-6800ADX Expander Cards. 
D/ A expansion rs accomplished using 4 or B chan­
nel stand-alone ST-6800 D/ A cards. 

High Throughput Rate 
AID Settling and co.nversion .takes only 20 micro­
seconds resulting in data rates of up to 28,000 
samples per second 

CIRCUIT FEATURES 

Input Protection 
AID inputs can withstand up to ±35 V continuous 
overvoltage with no damage. 

Current Inputs 
Eight of 32 analog input channels may accept on­
board resistors for 4-20 mA. 1-5 mA. and 10-50 mA 
current inputs. 

Interrupt Capeblllty 
An external input allows for interrupt capability. 
Ideal for event-triggered operation. 

Memory Mapped Architecture 
The ST-6800 is organized as a 512 byte block of 
EXORciser memory. Each A/D and DI A Channel is 
treated as two consecutive memory locations re­
sulting in the simplest programming. DIA Master 
Boards are organized as 16-byte memory blacks. 

Digital Output Port 
A 12 bit Digital Output Port is included on DI A 
Master Boards for use as device select or controls 
to external logic. The Port is und.er full program 
control. 

Device Select Lines 
Two Device Select lines are provided for each on• 
board DAC on the ST-6800 AID-DI A Master Board 
for use as pen-up/down controls, scope controls 
or external device select lines. 
On-Board DC/DC Po•r Converter 

AID, DIA and linear circuits are powered by an op­
tional regulated modular±15V DC/DC Power Con­
verter which draws 1.2 Amps from the computer's +5 
Ydc bus and isolates these analog circuits from the 
computer's noisy power supplies. 

THE MANUALS 

Comprehensive Systems. 
Manuals include full. listing 
of diagnostic test program, 
plus programming, applica­
tions, logic and timing 
diagrams, and full operating 
instructions. · · 
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Compatible to: Mlcromoclules 
M-8800 Serles 
EXORcllere 

..--- D/A Board 

4-' AID Slave Expander 

...-- AID & D/A Board 

THE SYSTEM 

High performance plug-in analog 1/0 cards expand­
able up to 128 A/D channels. D/ A Systems 
available in increments of 4 or 8 D/A channels. 

THE PROGRAMS 

Complete paper tape 
Diagnostic programs are 
supplied with each system. 
These programs provide for 
AID and D/ A calibration 
and offer sawtooth oscillo­
scope outputs. Ideal for 
system set-up and 
troubleshooting. 

TABLE OF CONTENTS 

Introduction ............................. Page 1228 
DEiscription ......................••..... Page 1238 
Specifications .............. ; ............ Page 1248 
Block Diagram, 
Combo AID-DIA Board .................. Page125S 
Bldck Diagram, 
Independent DI A Board .................. Page 1268 
Applications ........•..•...... : .......... Page 1278 
Programming, Model Numbering ......... Page 1268 
Diagnostic Program ...................... Page 1298 
Ordering Guide .......................... Page 1308 

~ORciser is a Motorola Corp. Trademark 
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DESCRIPTION 

Datel's SineTrac 6800 series of data ac­
quisition and data distribution peripherals 
provide a Quick, efficient solution to the 
problem of interfacing analog inputs and 
outputs to Motorola's M6800 EXORciser 
microcomputer system. The ST-6800 
A/D-D/ A printed circuit cards are electri­
cally and mechanically compatible with 
the EXORciser bus characteristics and 
slide directly into the card slots of the 
microcomputer housing; they are also 
completely compatible with all other 
Motorola peripherals and software sup­
port offered for the EXORciser system. 
The SineTrac 6800 systems offer a wide 
variety of available options plus the ease 
of future analog channel expansion, al­
lowing the ST-6800 to be configured for 
virtually any application. 

Applications for ST-6800 include indus­
trial process controllers, high speed auto­
matic test systems, intelligent analytical 
instruments, signal processors and ana­
lyzers, data logging, and programmable 
data acquisition systems. The on-board 
DI A converters are ideal for driving chart 
recorders, X-Y plotters, oscilloscopes, or 
actuators. 
The ST-6800 A/D-D/A system is orga­
nized as a memory-mapped 1/0 device 
and appears to the M6800 M PU as a block 
of 512 consecutive memory locations. 
Programs written in 6800 assembly lan­
guage completely control all activities of 
the SineTrac system. Analog channels 
may be either randomly or sequentially 
converted and stored in memory for fur­
ther processing at rates of up to 28,000 
samples per second. Users may also 
translate A/D-D/A control to higher level 
BASIC or FORTRAN programs using as­
sembly language handler routines. As an 
additional feature, an external interrupt 
control input provides for event-triggered 
operation. Users would normally use this 
input to call up an AID or D/A service 
routine whose starting address is stored 
in the Interrupt Vector Address location. 

A Diagnostic Test Program supplied with 
each ST-6800 system provides immedi­
ate teletypewriter printout as soon as 
analog signal connections are made. This 
program completely exercises all inter­
face logic for troubleshooting and fault 
diagnosis and provides full analog cali­
bration for the AID and D/A sections. 
The diagnostic program plus the full sys­
tems manual supplied with each unit 
shows the user how to control all A/D 
and D/ A programs. 

The SineTrac 6800 systems are orga­
nized around Datel's high-density hybrid 
AID and D/ A converters. These miniature 
state-of-the-art components, together . 
with a monolithic Sample/Hold Amplifier 
(Daiei SHM-LM-2) and LSI CMOS ana­
log multiplexers allow 32 A/D channels 
and 2 DI A channels to be contained on a 
single PC Board along with all control 
logic. The A/D section features a 20 mi­
crosecond throughput period and 12-bit 
binary resolution with an overall system 
accuracy of ±0.025% of the full scale in­
put range. Signal voltages of 0 to +5 V, 
Oto +10 V, ±5 V and ±10 V may be ac­
cepted by the A/D section. In addition, 
eight of the 32 analog input channels may 
accept on-board, user-supplied resistors 
for 4-20 mA, 1-5 mA, and 10-50 mA cur-

ST-6800/EXORCISER BLOCK DIAGRAM 

rent input operation. Input impedance 
for each A/D input is typically 100 Meg­
ohms resulting in CMR of 70 dB from DC 
to 1 kHz with 1 Kohm unbalance. 

The A/D converter output coding may be 
user-selected for unipolar binary, offset 
binary, or 2's complement. Temperature 
drift is held to ±7 ppm/°C (zero) and ±30 
ppm/°C (gain) over the 0° to 70°C oper­
ating range. 

The D/A systems feature the same volt­
age ranges, input codings, and accuracy 

· along with low output impedance (50 milli­
ohms) capable of driving ±5 mA. The D/ A 
section of the Master Board includes two 
additional latched digital bits per D/A 
converter. Under program control, these 
bits may be used as pen up/down con­
trols, intensify/blank Z-axis oscilloscope 
controls, external device select lines, or 
controls for external logic. These digital 
outputs are driven by open-collector high 
voltage buffers and may be pulled up to a 
maximum of +30 volts. The ST-6800DA 
Master Board includes a 12 bit Digital 
Output Port which may also t:>e used for 
the same applications. 

The ST-6800 systems draw their power 
from the +5 V bus of the EXORciser. An 
optional on-board DC to DC converter 
supplies ± 15V for the linear circuits. Typ­
ical current drawn from the MPU bus is 
only 1.2 amps. 

Future analog channel expansion is eas­
ily accomplished through the use of ST-
6800ADX Expander Boards. Up to two 
Expander Boards may be used in conjunc­
tion with the A/D - DIA Master Board 
providing a maximum of 128 single-ended 
or 112 differential analog input channels. 
DI A Expansion may also be easily accom­
plished in increments of 4 or 8 channels 
by using stand-alone ST-6800 DI A cards. 

MODELS AVAILABLE 

The ST-6800 family consists of three 
basic printed circuit board layouts. Each 
Board may add or delete components to 
make several other versions. These 
boards are described as follows: 

1. COMBINATION A/D -
DIA MASTER BOARD 
This board can accomodate up to 32 
single-ended or 16 differential A/D 
channels plus up to two optional DIA 
channels. An optional ±15 V DC/DC 
Converter is available to power the 

linear devices on the board. This board 
serves as a master controller for A/D 
slave expander channels. The 2 D/A 
channels occupy 4 of the 256 memory 
locations in the DI A memory locations 
in the same address block set aside for 
the maste~A/D channels. The remain­
ing 252 locations in the D/A memory 
area cannot be used. By deleting com­
ponents, the A/D-D/ A Master Board is 
available as 16 single-ended AID 
channels for lowest cost. 

2. A/D SLAVE EXPANDER BOARD 
The ST-6800 ADX slave expander 
board offers A/D channel expansion 
in increments of 32 or 48 channels, 
single-ended or differential. The ST" 
6800 Master is required for control 
and two Expanders may be linked for 
up to 128 single-ended or 112 differ­
ential channels. 

3. D/A MASTER BOARD. 
The ST-6800 DA series boards are 
stand-alone DI A peripherals, not re­
quiring control by the Combination 
ND - DIA Master Board. 

The ST-6800 DA boards are available 
with either 4 or 8 DI A channels and 
may be hard-wire addressed to any 
block of 16 memory locations in EXOR­
ciser memory. Two memory locations 
are required for each DI A channel. 

An optional ± 15 V DC/DC Converter is 
available only on 4 channel DIA boards. 
An external ± 15 V DC supply @ 320 mA is 
required for S- channel units. A 12-bit 
digital port is included on all models but 
its output bits must be slaved to the chan­
nel 1 D/ A converter on 8-channel DI A 
boards. 

USER BENEFITS 

Datel's ST-6800 system immediately 
solves two application problems which 
have hampered AID - DIA interfacing to 
microcomputers. The ST-6800 relieves 
the user from the burden of an interface 
circuit (hardware) design and the bulky 
digital 1/0 cabling usually required. Only 
analog signal cabling is needed. Daiei 
also gives the user a strong head start in 
one other problem area-a complete set 
of diagnostic test programs on paper tape 
are included with the ST-6800. These as­
sembly language programs are given full 
program listings in the accompanying 
systems manual included with ST -6800 
systems. 
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SPECI Fl CATIONS, Typical +-25°C, dynamic cond1t1ons unless otherwise spec1f1ed 

DATA ACQUISITION SECTION (AID ANALOG INPUTS) 

ANALOO INPUTS 
Number of Channels .•..... 32 Single-ended or 16 Differential 
Channel Expansion .....•.. Up to 128 single-ended or 112 
· · differential using ADX-Slave 

Expander Cards (Model ST-6800 
ADXJ 

Full Scale Input Ranges .... Oto +5 Volts .}·Rewired by user or 
Oto + 1 O Volts . available in OEM 

· -5 to +5 Volts. quantity. 
-1oto +10 Volts (Standard) 

Current Input Channel 
Range (8 Channels) ...... 4-20 mA typical, 1-5mA, 10-50 mA 

using customer-installed resistors 
Common Mode Range ..... ± 1 O Volts 
Input Overvoltage .....•... ±35 Volts Max. continuous 
Input Impedance ......•... 100 Megohms differential or 

to ground 
Input Bias Current ......... 3 nA typ., 10 nA max. 
Input Capacitance ......... 5 pF, OFF channel, 100 pF ON 

channel to ground 

PERFORMANCE 
Accuracy @ +25° C ....... Within ±0.025% of full scale range 
Resolution ............... 12 Binary bits (1 part in 4096) 
Nonlinearity .............. ±% LSB maximum 
Differential non-linearity .... ±% LSB maximum 
Gain Error .......•....... Adjustable to zero 
Offset or Zero Error ....... Adjustable to zero 
Gain Temperature Drift 
(Bipolar) ................. Within ±10 ppm of FSR/°C 
Zero Temperature Drift 
(Unipolar) ................ Within ±7 ppm of FSR°C max. 
Common Mode Rejection ... 70 dB min, DC to 1 kHz with 1 Kn 

unbalance 
Power Supply Rejection .... 100 dB to +5 V bus 

DYNAMIC CHARACTERISTICS 
Typical Data Tansfer 
1/0 Period (Total) ........• 36 microseconds 
Throughput Period ........ 20 microseconds 
Acquisition Time .......... 8 microseconds 
A/D Conversion Time ...... 12 microseconds 
Aperture Time ............ 50 nanoseconds 
Sample/Hold Switch 
Feedthrough ............. 0.01 % Max. 
MUX Crosstalk from OFF 
Channels ................ 0.007%@ 1 kHz, Rs:;: 1 kn 

DIGITAL OUTPUTS 
Output Coding ........... , Straight Binary (Unipolar)f 1 

. Offset Binary (Bipolar)* Jumper 
2's Complement(Bipolar) Selected 
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Output Format ..........•. 2-Byte group electrically com­
patible to Motorola's EXORciser 
bidirectional bus. Sign extension 
is jumper selected on bits 12 thru 
15 for 2's complement Units. Bits 
12 thru 15 are logic zero for all 
other units. 

Channel Addressing ....... Random channel addressing may 
· be started by external interrupt 

input for event operation or by in-· 
. ternal. program control. 

Base Address •........... Prewired by PC Board jumpers for 
one of 128 base addresses. 

*Offset Binary Coding is standard. Other Coding may be 
rewired by the user. 

DATA DISTRIBUTION SECTION (DIA ANALOG OUTPUTS) 
(Applies to DI A's on the master board or on the 
independent D/A Board) · 

Number of Channels •.•.... 1 or 2 on AID Master Card, or up to 
8 on DI A card. Expandable to 128 
channels 

Resolution ...••.•..•••... 12 Bits . 
Full Scale Output ....•.... Oto +5 Volts f Rewired by user or 
Voltage Ranges ••..•...... Oto +10 Volts available.in.OEM 

-5 to +5 Volts quantity: 
-1 O to + 1 O Volts (Standard) 

Input Coding ......•...... Straight Binary (Unipolar) 
Offset Binary(Bipolar) (Standard) 
2's Complement (Bipolar) 

Output Impedance ........ 0.05 ohm 
Output Current ..•••...... ±5 mA min. short circuit proof 

to ground 

PERFORMANCE 
Non-linearity .•....•...... ±% LSB, maximum 
Dltterel'ltial Nonlinearity ... ±% LSB, maximum 
Gain Error ••...•.•....... Adjustable to zero µsing pot for 

each channel 
Offset or Zero Error ....... Adjustable to zero using pot for 

each channel 
Gain Temperature Drift .••. ±20 ppm of output/°C 
Zero Temperature Drift .•.. (Unipolar outputs) ±5 ppm 

of FSR/°C 
Offsiet Temperature Drift ... (Bipolar output} ± 1 O ppm 

of FSR/°C 
Settling Time 
(20 V change) ....•....... 4 microseconds to ±% LSB 
Slew Rate ..•.•......•.... 20 VI µSec 
Power Supply Rejection .•. ±0.02% of FS.R per 1 % variation 

DIGITAL OUTPUT PORT 

A 12-bit TTL outport is included on the ST-6800DA 
independent D/A board only. It is slaved to the input bits 
of DAC channel 1. Outputs are 7406 open collector 
buffers. Board pads are available for the user to install a 
pullup and pulldown resistor IC network to local or 
remote+5V. 

Maximum sink: 40 mA pulldown per bit, 30V max, 1500 
min. pullup. 

POWER CONSUMPTION 
1.2 amps typical @ +5 VDC supplied from MPU bus connector. 
On-board DC to DC Converter supplies ±15 VDC to linear 
circuits. Model ST-6800 DAS: Externally supplied ±15 VDC@ 
320 mA and +5 VDC@ 1 Amp from MPU bus connections. 

PHYSICAL 
Operating Temperature 
Range ................... o0 to + 70°C 
Storage Temperature 
Range ....•.............. -25°C to +85°C 
Card Size ...........•.... 9. 75"W x 5. 75"H x .062"0 

Compatible to M6800 EXORciser 
housing 
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DIGITAL OUTPUT PORT 

A valuable feature of the ST-6800 DA Master Board is the 
Digital Output Port. This port consists of a storage register 
which may be loaded, under program control, with 12 bits of 
data from the microcomputer bus. The register outputs are 
buffered using two 7 406 open collector buffers and brought 
out to the 1/0 connector of the D/ A card. The output of each 
open-collector buffer may be pulled up to a maximum of 
+30 Vandis capable of sinking up to 40 mA of pulldown cur­
rent. Provisions are made on the PC Board for user-supplied 
pull up and pulldown resistors. Specifically, the user may in­
stall an IC resistor network in the space provided for that 
purpose. Pull up resistors to +5 V are limited to a minimum 
of 150 ohms although most applications will suffice with 
1,000 ohms or more. Loads may be driven up to 50 feet 
( 15 m) from the output connector using color-coded ribbon 
cable. The Digital Output Port is standard on both 4 and 8 
Channel D/A Master Boards. However, on 8 channel boards, 
the Digital Output Port is slaved to DAC 1. 

APPLICATIONS 

The Output Port is ideal for digital program control of output 
devices such as pen-up/pen-down controls to an X-Yplotter, 
start/stop motion to a chart recorder, write/erase commands 
to a memory oscilloscope, and intensify/blank or color com­
mands to a CRT graphic display. The Output Port works in 
conjunction with the analog output from ihe D/ A Converters. 
Other applications include Track/Hold commands to ex­
ternal Sample/Hold amplifiers for mixed analog/digital test 

SIMPLIFIED CHANNEL EXPANSION 

Date I offers an easy method of expanding A/Dor D/ A Chan­
nels. Standard A/D Slave Expansion boards, which are con­
trolled by the Master A/D - D/ A board, plug directly into 
identical card slots in the EXORciser housing. The slave ex­
pander units are available with either 32 or 48 A/D channels 
and may have either single-ended or differential inputs. 
However, single-ended and differential inputs cannot be 
mixed. Up to two ST-6800 ADX Slave Expander boards can 
be used with each Master A/D - D/A Board, resulting in a 
maximum of 128 single-ended or 112 differential input 
channels. This difference arises because the Master Board 
contains 32 single-ended or 16 differential channels. The 
slave expander modules are designed around Datel's mini­
ature 16-channel CMOS analog multiplexers (MX-1606) 
which make it possible to achieve such high channel density 
on a single board. 

One important feature is that the input multiplexer on the 
master board does not sub-multiplex the A/D expander 
channels. This offers simplified channel addressing and 
cabling. 

D/ A channel expansion may be accomplished through the 
use of additional stand-alone D/A Master Boards. Each 
board contains 4 or 8 D/A channels plus an optional ±15 
V DC to DC converter for the 4 channel model. 8 channel 
D/ A Master Boards require an external ± 15 V source. 

Users requiring D/ A channel expansion at a later date must 

systems. Communication systems may use the Digital Out­
puts as gating commands to gatable transmission ampli­
fiers. The Output Port may also be used to control external 
logic such as start/stop/reset commands to timers and 
counters used with V/F inputs. 

CURRENT INPUT CHANNELS 

The ST-6800 A/D - D/ A Master Board has provisions to ac­
cept 4-20 mA, 1-5 mA, or 10-50 mA current loop analog 
signals instead of voltage signals on eight A/D Channels. 
These input channels have provisions for on-board, user­
supplied resistors to convert current loop signals to voltage 
signals. Each resistor, when installed, connects between 
the analog input and the analog return. For this application, 
precision resistors should be used. 0.1 % - 10 ppm resistors 
are recommended. Resistor values can be calculated using 
the following formula: 

_+Full Scale Range of ADC 
R - +Full Scale Current Input 

4-20 mA current loop signals are frequently used in indus­
trial and process control where analog signals must be 
transmitted over long distances. In addition, many types of 
transducers are primarily current output devices. A 500 
ohm resistor will result in a 2 V to 1 O V range. The ST-6800 
should be configured as a 0 to + 10 V single-ended system. 
The effect of a 2 volt offset can be eliminated by writing 
software that subtracts a digital constant from each digitized 
sample. 

A/D MASTER AND SLAVE EXPANDER 
80 CHANNELS TOTAL 

account for previous channel expansion by proper coding 
of the channel address jumpers. This information is provided 
with each unit and users should consult Datel at the time of 
channel expansion. 

Datel offers convenient Master/Slave interconnection 
cables for A/D expansion. Complete pinout information is 
also given in the manual if users prefer to make their own 
cables. 
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SYSTEM ARCHITECTURE AND 
PROGRAMMING METHODS 

The ST-6800 AID - DI A system is organized as a memory­
mapped 1/0 device and appears to the M6800 MPU as a 
block of 512 consecutive memory locations. Since the A/D 
and D/ A converters are 12-bit devices, two 8-bit memory 
locations are required for each channel. The lower 256 
memory locations are reserved for up to 128 A/D channels. 
The upper 256 memory locations are reserved for the two 
DIA channels. Although only four of the 256 locations are 
used for the D/ A converters, the remaining locations cannot 
be used by the programmer. The 512 byte block may be 
placed at any of 128 different locations in the EXORciser's 
65,536 byte memory. Before any programming can be 
done, the user must select the base address of the memory 
block that the ST-6800 will occupy. All units are shipped 
with the base address of E(il(il(il. This base address is neces­
sary to use the Diagnostic Test Program. The base address 
may be easily changed by the user by rewiring jumpers on 
the printed circuit board. Complete information on chang­
ing the base address is given in the instruction manual. 

The ST-6800 DA Master Boards differ from the Master A/D­
D/A Board in that it occupies a 16 byte block in EXOR­
ciser memory. ST-6800 DA boards are shipped with a stand­
ard base address of E2¢(il. This maybe changed by the user. 

PROGRAMMING THE AID CHANNELS 

The major advantage to a memory-mapped 110 device is 
the ease with which programming is accomplished. The A/D 
Conversion process will begin by the execution of an STA 
instruction referencing to the lower of the two memory lo­
cations of the desired AID Channel. The contents of the 
accumulator are not important and do not transfer to the 
ST-6800. Either accumulator may be used. The STA instruc­
tion must be followed by a NOP because the MPU is halted 
by the ST-6800 during the conversion process. After the 
analog signal is converted, the AID data is present at the 
data transmitters of the ST-6800 and the MPU will resume 

MODEL NUMBERS 

SINETRAC 6800 ST·6800 

AID-DIA SYSTEMS 

Configuration 

A= AID Channels only 

B =Both AID and D/A 
Channels (32/16 AID 
and 2 D/A's) 

C =Both A/D and 1 D/A 
Channels 

SINETRAC 6800 ST-6800DA 

DIA SYSTEMS 

:c 
] 

On-Board ±15V 
DC/DC Power Supply 

1 =Included 

2 = Not included 
s External ±15V 

required) 

operation and execute the next instruction. Normally, these 
would be Memory Read instructions referencing to the 
channel that was converted. The two bytes of AID data may 
then be loaded into the accumulators or index register. 
It should be noted that the lower memory location contains 
the Most Significant Byte (A/D Bits 1-4), and the higher 
memory location contains the Least Significant Byte (A/D 
Bits 5-12). The following programs illustrate this process. 
The base address is assumed to be E¢¢¢. 

1. STAA E¢¢(il Start conversion for AID Channel ¢ 
NOP 
LDAA E¢¢¢ 

LOB E¢¢1 

2. STAB E¢3E 
NOP 
LDX E¢3E 

Load Most Significant Byte of AID 
Data into ACC-A 
Load Least Significant Byte of AID 
Data into ACC-B 

Start AID Conversion for AID 
Channel 31 
Load MSB byte from E(il3E into IXH 
and LSB byte from E¢3F into IXL 

Programming the D/ A Sections 

Programming the D/A Converters is even easier than the 
AID section. Since 12-bit DI A Converters are used they 
must be loaded with two bytes of data from the EXORciser 
data bus. The Most Significant data byte must be loaded 
first. This is done by executing a Memory Write instruction 
that references to the lower of the two memory locations of 
the desired D/ A channel. The Least Significant data byte is 
then loaded in the higher location. The analog output will 
appear after the Least Significant Byte is loaded. The fol­
lowing programs illustrate this process. 

1. STAA E1 ¢¢ Store MSB into DAC r/J from ACC-A 
STAB E1¢1 Store LSB into DAC ¢from ACC-B 

2. STX E1¢2 Store IXH (MSB) into E1¢2 and IXL 
(LSBJ in E1(il3(D/AChannel 1) 

The first program loads the two bytes of data contained in 
the two accumulators into DAC¢. The second program loads 
the data from the index register into DAC1. 

J 
Number of AID 
Channels 

A= 16 channels, 
single-ended 

B = 32 channels. 
single-ended 

C = 16 channels, 
Differential 

A/D SLAVE EXPANDER 

ST-6800ADX 

Number of Additional 
Channels and Type* 

Number of D/A Channels, 
Digital Output Port 

On·Board ±15V 
DC/DC Power Supply 

32$ = 32 Single·ended 

32D = 32 Differential 

48S = 48 Single--ended 

480 = 48 Differential 

*Single·ended and 
differential channels 
cannot be mixed. 

All models are ±10V offset binary, 
no sign extension. Users may rewire 
other ranges and coding 

128S 

4 = 4 DIA channels plus one 
12·bit Digital Output Port 

8 = 8 D/A channels, external 
±15V required, Digital Port 
slaved to D/A Ch. 1 

A = lnc'luded 

B = Not included (Ext. ±15V 
@ 320 mA reQuired, 
capacity: 8 DIA channels) 

All models are ±10V offset binary, 
no sign extension. Users may rewire 
other ranges and coding. 



DIAGNOSTIC TEST PROGRAMS 

An important advantage to Sine Trac 6800 users is the paper 
tape program supplied with each system. This diagnostic 
test program is accompanied by a comprehensive systems 
manual which includes a full listing of the program with ex­
tensive comments. 

This program may be used to verify system operation when 
the unit is first delivered. As soon as analog inputs are con­
nected, the program may be loaded into memory and AID 
channels may be printed out on a teletypewriter or CRT 
terminal. 

If the user purchases the optional prewired voltage divider 
input connector (Model ST-6800-11341) only a single ex­
ternal reference voltage is needed to observe AID con­
versions on the printout or display. This test connector is 
also used for calibration purposes. 

The Diagnostic Test Program performs the following tests 
by using a conversational (prompting) teletypewriter tech­
nique: 

1. AID Calibration Test-An individual AID channel may be 
repeatedly converted by pressing the teletypewriter 
space bar for each AID conversion. The user may select 
any channel and adjust the AID gain and offset pots for 
the proper digital output on the printout or display. A dual 
trace oscilloscope may also be used to observe the AID 
converter's serial output. 

2. Scan Test-A selected group of channels may be printed 

• 
• 

x 
EXBUG 1.1 MAID 
* 101i!; G 

out by using the Scan Test. The user enters the start and 
final channels when requested by the program. Each 
channel is then converted and printed on the terminal in 
hexadecimal coding. 

3. DIA Calibration Test - The user enters the 4 digit hex 
code to be converted on the DI A channels. The DAC 
output can then be checked using a DVM. The DAC 
range and offset pots may be adjusted if necessary. 

4. DIA Sawtooth Test-This test causes a triangular wave­
form to appear on the output of the selected D/ A con­
verter so that it may be checked on an oscilloscope. All 
possible data combinations are converted using this test. 

5. Waveform Test- In this test, the user selects oneA/D and 
one D/A converter. The analog input of the A/Dis con­
verted to digital and the digital data is then loaded into 
the DAC. The DAC output should follow the A/D input 
for any arbitrary waveform. The input and output wave­
forms may be compared using a dual trace scope. 

In addition to troubleshooting and getting a system operat­
ing quickly, the Diagnostic Test Programs give the user 
samples of assembly language programs required to con­
trol both the AID and D/ A peripheral board. Individual tests 
are segregated on the program listing in the manual. There­
fore, a user may extract portions needed for a particular 
application and write them into a supervisory program. 

It should be noted that the diagnostic program is not in­
tended as a user's program but it may be used for this pur­
pose if the user feels it appropriate for his application . 

MODE - D 
DIA CALIBRATION TEST • HEX DATA - 0000 

SINETRAC ST-6600 AID AND DIA TEST 1.1 • • 
• 
• 
• 
• 
• 
• 
-

MODE-A 
AID CALIBRATION TEST 

AID CHANNEL - E000 

0000 

0800 

0FFF 
M 

MODE- S 
SCAN TEST AID 

START CHANNEL -E000 
FINAL CHANNEL -E004 
0FFF 
0FFF 
0800 
0800 

• 
• 
• 
• 
• 
• 

HEX DATA - 0800 
M 

MODE - R 
SAWTOOTH TEST DIA 

DIA CHANNEL - E100 
M 

MODE - W 
WAVE TEST AID AND DIA 

AID CHANNEL - E000 
DIA CHANNEL - El00 
M 

MODE - :9 
EXBUG 1.1' 
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ORDERING GUIDE (Prices Single Quantities) , 

A/D-D/A MASTER BOARDS 

Model Description 

ST-6800A1A 16 Single-ended A/D, 
DC/DC incl, no D/A 

ST-6800A1B 32 Single-ended A/D, 
DC/DC incl, no D/A 

ST-6800A1C 16 Differential A/D, 
DC/DC incl, no D/ A 

ST-6800A2A 16 Single-ended A/D, 
no DC/DC, no D/ A 

ST-6800A2B 32 Single-ended A/D, 
no DC/DC, no D/ A 

ST-6800A2C 16 Differential A/D, 
no DC/DC, no D/ A 

ST-6800B1A 16 Single-ended A/D, 
DC/DC incl, 2 D/A 

ST-6800B1B 32 Single-ended A/D, 
DC/DC incl, 2 DI A 

ST-6800B1C 16 Differential A/D, 
DC/DC incl, 2 D/A 

ST-6800B2A 16 Single-ended A/D, 
no DC/DC, 2 D/ A 

ST-6800B2B 32 Single-ended A/D, 
no DC/DC, 2 D/ A 

ST-6800B2C 16 Differential A/D, 
no PC/DC, 2 DI A 

ST-6800C1A 16 Single-ended A/D, 
DC/DC incl, 1 D/A 

ST-6800C1B 32 Single-ended A/D, 
DC/DC incl, 1. D/A 

ST-6800C1C 16 Differential A/D, 
DC/DC incl, 1 D/A 

ST-6800C2A 16 Single-endec;l A/D, 
no DC/DC, 1 D/ A 

ST-6800C2B 32 Single-ended A/D, 
no DC/DC, 1 D/ A 

ST-6800C2C 16 Differential A/D, 
no DC/DC, 1 D/ A 

All systems include a systems manual and 
appropriate diagnostic program on paper tape. 
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D/A MASTER BOARDS 

Model 

ST-6800DA4A 

ST-6800DA4B 

ST-6800DA8B 

Description 

4 DI A Channels 
DC/DC incl 

4 DI A Channels 
no DC/DC Conv. 

8 DI A Channels 
no DC/DC Conv. 

AID l:XPANDER BOARDS* 

ST-6800ADX32S 

ST-6800ADX32D 

ST-6800ADX48S 

ST-6800ADX48D 

32 Single-ended 

32 Differential 

48 Single-ended 

48 Differential 

CABLES AND ACCESSORIES 

ST-800-11222A First level 2 cards AID 
Expansion cable 

ST-800-11222B 2nd level 4 cards AID 
Expansion cable 

ST-6800-11341 Prewired Voltage 
Divider (used for 
calibration) 

58-2079135 Dual 10 pin connector 
for ST-6800 and ADX 
Expansion connector 

58-2076051 Dual 40 pin connector 
for ST-6800 Master 
Board (included) 

58-2075050 Dual 18 pin connector 
for ST -6800 DA card 
(included) 

56-2076060 Dual 50 pin connector 
for ST-6800 ADX 
analog input connector 
(included) 

*A/D Channel Capacity 
128 Single-Ended Channels total max: 

(1) 32-Chan. SE Master Board 
(2) 48-Chan. SE Slave Expanders 
(1) ST-800-11222B Cable 

112 Differential Channels total max: 
(1) 16-Chan. Diff. Master Board 
(2) 48-Chan. Diff. Slave Expanders 
(1) ST-800-11222B Cable 



APP-20 

APP-48 

DPP-07 

Panel-Mount 
Thermal Printers 

IN THIS SECTION 

SELECTION GUIDE 132SI 

PARALLEL APP-20 133S 146S 

APP-200 147S 

SERIAL APP-20 148S-157S 

CDPP-07 /CAPP-20 158S, 159S 

APP-48 160S-163S 

DPP-07 164S-174S 
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Panel-Mou,nt Thermal Printers 
Datel-lntersil pioneered the miniature panel-mount 
thermal Digital Panel Printer concept in 1975 with 
model DPP-7 which included all data and power sup-

. ply electronics. That evolution has continued today 
with the whisper-quiet DPP-07 successor to the 
DPP-7. In 1978, Datel-lntersil introduced the APP-20 
Alphanumeric Panel Printer which prints the full 
96-character ASCII set in 20 columns using a non­
moving dot-line thermal printhead. Yet the miniature 
APP-20 fits the DPP-Q7's small panel cutout and out­
line dimensions. The APP-20 continues the product 
concept of including all data input electronics and the 
AC power supply inside the miniature housing. The 
low-cost parallel APP-20 includes a byte-parallel, 
character serial TTL and control ioterface which is 
ideal for microprocessor programmable 110 port LSI 
circuits. 

In 1979, another APP-20 version was introduced at 
somewhat higher cost which included a full serial 20 

Quick Selection Guide 
APP-20 

DPP-07 PARALLEL 
MODEL (pg. 1648) (pg. 1338) 
Number of 7 (6 and polarity) 20 columns 
Columns 
Printing 7-segment 5X 7 matrix, 
Format thermal array dot-line thermal 
Character 
Size 

0.155" High 0.110" High 
lo.165"_.Q_ro_g_rammablaj_ 

Character Set 0-9 decimal or Alphanumeric 
0-F hexadecimal 96-char. ASCII 

Speed 4 lines/second 1.2 lines/second 
240 lines/minute 72 lines/minute 

P1!Q_er Width 1.75 in.J_44,5 mmj_ 2.31 in.J_58,6 mm~ 
Data Input TTL Full Parallel TTL Bit-parallel, 

BCD, selectable 7-bit character-
Pos. or Neg. true serial, selectable 

Pos. or N~ true 
Input 1-line, 7 digits 1 line, 
Register 20 characters 
Data Rate Latched, 1 µS 1 character per 

strobe 500 µsec. 750 ms 
wait while_Qrintifl9_ 

Housing Size 4.44"WX 2.76"HX 4.44"WX 2.76"HX 
8.00"0 8.00"D 

Power Supply 115/230 VAC 115/230 VAC, 
switchable, 40W max. switchable, 17W, 
5Vdc@10A 12Vdc@1A 
l1Q_ecial order 0_2.tional 

Special Feature: 
Tall Characters Not available 0.165" high 

characters selected 
~TTL irl_Q_ut 

Special Feature: 
Inverted Text Not available Selected by TTL 
PrintiQ.ll irl_Q_Ut 
Special Feature: 
Single character Not available Selected by TTL 

_Qrintifl9_ irl_Q_Ut 
We_i_g_ht 4.4 lbl_2,0 kgJ_ 4.25 lbj_1 9 kgJ_ 

PRICE(1·4) $509. $675. 
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mA loop 2-wire data interface plus an RS-232-C inter­
face plus the AC power supply, all inside the miniature 
housing! This serial APP-20 features optoisolated in­
puts which reject common mode and ground loop 
noise and can be daisy-chained with other slave APP-
20's hundreds of feet from the data source. The serial 
APP-20 connects directly to practically all computer 
serial 110 ports, and CRT terminals. 

Answering the need for a miniature printer powered 
by+12 Vdc in police and emergency vehicles, aircraft, 
oceanographic and rescue craft, the APP-200 is 
available with both the parallel and serial interfaces. 

In the most ambitious thermal panel-mount printer 
yet, Datel-lntersil introduces the APP-48, a serial­
input AC-powered unit somewhat larger than the 
APP-20. This 48-column printer uses 5" wide paper 
and weighs only 6 pounds. 

APP-20 SERIAL APP-48 
RO TERMINAL RO TERMINAL 
(pg. 1488) (pg.1608) 
20 columns 48 columns 

5X 7 matrix, 5X 7 matrix, 
dot-line thermal dot-line thermal 
0.110" High 0.110" High 

j0.165"_Qrqgrammablaj_ 
Alphanumeric Alphanumeric 96-char. 
96-char. ASCII ASCII plus 96-char. 

special set, selected by 
SO/SI software command 

1.2 lines/second 1.2 lines/second 
72 lines/minute 72 lines/minute 
2.31 in.J§8,6 m"ll. 5 in.l_127 mmI 
Full serial 20mA Full serial 
optoisolated and 20mA optoisolated 
RS-232-C (RO and RS-232-C 
termina)l lRO termina!i 
1 line, 1 line, 
20 characters 48 characters 
75 to 9600 baud, 110 to 9600 baud, 
750 mS wait while 750 mS wait while 

_Qrintifl9_ _g_ri nti n_g_ 
4.44"W X 2.76"H X 8.12"WX 2.84"HX 
8.00"D 8.32"D 
115/230 VAC, 115, 100 or 230 
switchable, 17W, VAC, 47-440 Hz, 
12Vdc@1A 40W peak, 
qQ_tional 12W idle 

0.165" high characters Not available 
selected by SO/SI data 
in software command 

Selected by STX/ETX data Selected by TTL 
irl_Q_ut in software command 

Selected by Not available 
TTL il'lQ_ut 
4.25 lbj1 ,9 kgJ_ 61bl2 7 ~ 

$795. To Be Announced 
Please Contact DATEL·INTERSIL 



APP-20A 1, E 1 , J 1 Series 
Parallel Input Alphanumeric 

Mini-Thermal Panel Printer 

The World's Smallest Panel-Mount 
20-Column Alphanumeric Thermal 
Printer with Full Electronics! 
PRODUCT HIGHLIGHTS 

:+:MODERN THERMAL PRINTING 
No Ink, No Ribbons, No Hammers, No Mess, ever! 

:+: INTERNAL MICROPROCESSOR gives you: 
Full interface electronics: 20-character, 8-bit parallel 
input register. No bulky cabling or extra chassis. 
Programmable Control Features 
Selectable positive or negative true data inputs to 
match any processor. 

:+:INTERNAL 115/230 VOLT AC POWER SUPPLY 
No additional power supply housings. 
115 or 230 VAC is switch selectable. OEM's can 
stock one version. 

4.25 POUND, 105-CUBIC INCH FEATHERWEIGHT 
fits on any front panel. 

:t: OEM-RELIABLE SIMPLE STEPPING MOTOR DRIVE 

CONTROL FEATURES 

:+:TALL characters tor EMPHASIS. 
:+:SINGLE CHARACTER PRINTING (one by one) for 

keyboard echo. 

:t:·inoiutjd JO woiioq \D sr pJo~aj 
-~·:::DI .;o;j.;:.qr•; ·:::uo~ -~-;.:•:•I [d·::l"C! (.J.,ll) 
·+::-::.::- i ) :::: -~ t:-t~ ~ -~u ~ j =:! 1J3J..;:13/=;N I 
.3 T. q:c: -~:•.?.I ·35:+: 

:+: AUTOMATIC HORIZONTAL TAB (HT) advances to 
columns 4, 9, and 15 for data logger formats: 

CH TIME DATE SAMPLE 

8AND16-BIT MICROCOMPUTERS 
COMPATIBLE TO: WITH PROGRAMMABLE 

PARALLEL TTL 1/0 PORTS. 

TABLE OF CONTENTS Page 
Introduction and Description ........................ 134/S 
Specifications ................................... 135,6,7S 
Ordering Guide ..................................... 137S 
Mechanical Information ............................. 138S 
Interfacing and Timing ........................... 139,140S 
Input Data Coding ................................. 141,2S 
Paper Loading ...................................... 142S 
lnpuVOutput Connections ........................... 143S 
Message Generator ................................. 144S 
Servicing and Spare Parts ............................ 145S 
Connection to an A/D Data System .................... 146S 
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This miniature alphanumeric thermal printer 
will revolutionize your new designs. 

APP-20 FEATURES 

• 20 columns per line 
• Internal microprocessor for OEM features 
• Panel-mounting- 4.25 lbs., 105 cubic inches 
• Non-moving thermal printhead 

No ink, no ribbons, no hammers 
• 1 .2 lines per second/72 lines per minute 
• Includes internal interface electronics 

and power supply 

INTRODUCTION 
A miniature, panel-mounting alpha­

numeric printer using quiet, non-impact 
thermal printing makes possible all types of 
low cost display and instrumentation 
applications. This printer is Datel's Model 
APP-20 (Alphanumeric Panel Printer) which 
features 20 column-printing in a self­
contained housing including interface elec­
tronics and AC power supply. 

The miniature size of the APP-20 lends 
itself to a host of new applications. With 
outline dimensions of 4.44" W x 2. 70" H x 
8.75" D (113 x 69 x 222mm) to the rear 
fuseholder, the APP-20 uses just 105 cubic 
inches of space and weighs under 5 pounds 

DESCRIPTION 
The APP-20 prints the full ASCII character 

set of upper and lower case letters, 
numerals: punctuation, etc. in 20 columns 
across 2o/,~' wide (58,6mml thermal paper. 
A dot-line thermal printhead forms 5 x 7 
matrix characters which are 0.11 inches 
(2,8mm) high. The printing rate is ,1-Y, lines 
per second regardless of the number of 
characters printed and a 150 foot roll of 
thermal paper prints almost 9,000 lines of 
data (180,000 characters max.) at 5 lines per 
inch [2 lines/cm) spacing. 

The internal control microprocessor of the 
APP-20 offers special OEM programming 
features which would be impossible with a 
straight mechanical printer. Perhaps the 
most striking feature is the inverted text 

INTERFACING 
The input/output connections to the 

APP-20 consist of TIL data and control lines 
configured on a single, 25-pin type "D" rear 
connector. Seven data inputs select upper 
and lower case ASCII characters and the 
eighth bit designates programmable for- • 
matting characters. Additional control lines 
form an inter-locked asynchronous 
handshake to enter each character into a 
20-column input register. Characters are 
loaded sequentially as 8 bits in parallel 
which is compatible with most micro­
processor data ports. Printing may begin 
after all desired characters [20 or less) are 
loaded into ihe register. A data character 
(CR) or a separate Print Command will start 
printing. Printing alone will consume about 
750 milliseconds and data entry will take 
an additional 7 to 100 mS, depending on the 
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(2, 3 kg). The small size is made possible 
by using an internal dedicated microproces­
sor for control, timing, character generation, 
printhead drive and motor stepping. The 
APP-20 is expressly designed for smart 
analytical instruments, process control 
monitors, industrial data loggers, security 
systems, hotel management dispatchers, 
assembly line tally systems, data acquisition 
systems, aircraft and vehicle systems, tele­
phone and data communications loggers 
and traffic, environmental and noise data 
loggers. In addition, the APP-20 is an ideal, 
low cost alphanumeric printer for most 
microprocessor development systems. 

printout mode. In this mode, printing appears 
upside down from the front panel. However, 
when the paper is torn off and inverted, the 
last line printed is at the bottom as normal 
text would be. In fact, the APP-20 may be 
mounted with its front panel horizontal 
[facing upward)fortext printing applications. 
In these applications. the APP-20 is a text 
printer, like a teletypewriter. In the normal 
front-panel application, the APP-20 prints 
the last line at the top in the Lister mode. 
This mode is commonly used in printing data 
logger applications. Since the Text and 
Lister Modes are pin-selected, users may 
combine inverted text with normal listings 
on the same printout. 

Other OEM programming features are 
either data-coded or pin-selected [see 

processor used and driver routine. The 
input register may be loaded at up to a 
2.8 KHz rate. Typical complete timing for input 
data loading plus printing is 833 ms per 
line or 1.2 lines/sec. 

A conventional AC power supply is used 
in the APP-20 but is a dual-voltage type 
(115/230VAC) so that OEM's need to stock 
only one model [either U.S.A. and European 
line cords are supplied, however). An inter­
nal switch, !!Ccessible when paper is re­
placed, selects 115 or 230VAC±10%, 47 to 
400 Hz. Power consumption idles at 5 wajts 
and averages 17 watts with a 25 watt peak. 
About 500 mA max. of +5 VDC power may 
be taken to power external devices. 

The APP-20 may be operated at 0° to 
+50°C and stored at -25°C to +85°C. 
(Paper will darken above +60°C.) 

PRINTOUT 

• Single-character printing for 
keyboard echo 

• Selectable positive/negative true 
data inputs 

• Selectable inverted printing for text (TTY) 
applications 

• Programmable features: Form feed 
(11 lines), horlz. tab (Cols. 4, 9, 15), 
Backspace, Delete (Re-index register) 

• Prints intermixed TALL"°haracters 

Datel first pioneered a panel-mounting 
thermal printer with complete drive elec­
tronics in 1975 with the DPP-7 numeric 
printer. The present APP-20 uses identica.1 
panel-mounting and outline dimensions as 
the DPP-7 for users who wish to upgrade 
to the fully alphanumeric unit. And like the 
earlier DPP-7, complete interface electron­
ics and AC power supply are included inside 
the APP-20 panel-mount housing. While 
there are many small panel-mount alpha­
numeric print mechanisms available from 
other manufacturers, nearly all of them 
require separately-mounted interface elec­
tronics, power supplies and bulky cabling. 

specifications). These include double-height 
characters, single-character printing, form 
feed, horizontal tab, backspace, delete, and 
selected data polarity. 

Extended-height characters are used for 
emphasis and may be intermixed on one line 
with regular height characters. Characters 
are normally entered as 8-bit TTL parallel 
asynchronous data to a 20-Character line 
buffer. However, single characters may be 
printed one at a time to echo a keyboard. 

A form feed [FF) character advances the 
paper 11 lines to separate adjacent records 
and a horizontal tab [HT) command indexes 
input data to print in columns 4, 9, and 15 for 
tabular data. All data inputs may be selected 
as positive or ne.gative true logic coding. 

INSTRUMENT BUS COMPATIBILITY 
The APP-20 printer can easily interface 

to the General Purpose Instrument Bus 
[GPIB-IEEE Spec 488-1975) as a Listen 
Only Function. The data is already in an 8-bit 
forrnat. Additional terminating resistors are 
required as well as an 8-bit address decoder 
with address selector switches. Additional 
logic is also needed to handle control func­
tions. A typical interface for a Listener only 
will take about a dozen digital IC's, passive 
components and a power supply. The system 
can easily be installed in Daters CDPP-7X 
Printer Housing. 

Datel welcomes the opportunity to review 
custom OEM data logging or acquisition 
systems using the APP-20 and other Datel 
products. 



APP-20 SPECIFICATIONS 
(Typical at +25° unless noted) 

GENERAL 
Function 
The APP-20 prints alphanumeric 
information on internal roll paper 
from externally supplied ASCII 
character codes 

PRINTOUT 
Number of Columns 
20 
Characters Printed 
All upper and lower case ASCII letters, 
numbers, punctuation and special 
symbols shown in the ANSI X3.4-1977 
specification (See listing else-
where in brochure). 
Printing Format 
5 columns x 7 row matrix 
Character Spacing (Horizontal) 
Approx 9 characters per inch 
Line Spacing 
Approx. 0.2 inches (5, 1 mm) 
5 lines per inch ( 4 dot widths 
spaced between lines) 
Character Size 
.110 in. H x .070 in. W 
(2,8 x 1,8 mm) 
Printing Method 
Dot-line, thick-film non-impact 
ceramic thermal printhead 
Paper Motion 
Stepping Motor, Friction Roller, 
and gear reduction. Paper advance (4 
dot widths) occurs automatically after 
printing A line may be viewed 
immediately after printing. 
Printing Rate 
1.2 lines per second regardless of 
number of printed characters per line. 
Data Transfer Rate 
2.2 KHz max. for loading one line of 
20 characters (see timing diagram). 
Printing Paper 
Thermal paper 2.31 inches wide 
(58,6 mm) with active surface facing 
away from roll center. Supplied on rolls 
of 150 feet length (45 ml Approx. 140 
feet usable (42 m). Supplied in boxes 
of 10 rolls, Datel model number 
58-9374-1 
Printout Color 
Blue characters on white paper 
Data Capacity 
Approximately 8,400 lines ( 168,000 
characters max.) per 140 feet of 
paper roll. 
Printhead Life 
30 million lines typ (random character 
distribution and usage with Datel­
supplied paper and unmodified 
printers) 
Mechanism Life 
5000 hours, typical 
Maintenance 
Periodic cleaning with isopropyl alco­
hol of mechanism, printhead and roller 
is suggested for dirt accumulation 
depending on operating conditions. 
Printhead design is self-cleaning. 

FRONT PANEL 
Power On 
Red Light-emitting diode illuminates 
when power is applied 
Feed 
2 position momentary toggle switch. 
Actuating either up or down advances 
paper continuously at 2.9 lines/second 
or 0.6 inches/second ( 1,5 cm/sec). 
Paper Supply Indicator 
Mechanical pointer which rides on 
paper roll showing relative amount of 
paper remaining. 
'F' indicates full roll, 
"E" indicates empty. 
Housing Latch 
Rotating "UNLOCK" knob Y. turn 
counter-clockwise frees mechanism 
from housing and electronics. Knob 
is pulled out to replace paper roll. This 
disconnects power to the mechanism 
and stops printing. 

POWER SUPPLY 
Supply Voltage 
105 to 130 VAC (A models) (100 VAC) 
21 Oto 260 VAC (E models) J mndels 
These voltages may be switch-selected 
by withdrawing the front panel assem­
bly as when the paper roll is changed. 
Frequency 
47 to 440 Hz 
Power Consumption 
5 Watts. idling, 17 Watts average during 
printing 
Line Cords 
Captive 3-wire line cords approxi­
mately 6 feet (2m] long supplied with 
grounding plugs for U.S. (A models] 
or European (E models, 2 prong & 
gnd. shell) 
Fuses 
A models: Y, Amp SLO-BLO 
E models: Y. Amp SLO-BLO 
Dimensions: .25" dia x 1.25" long 
3AG type accessible on rear panel 

Voltage Levels 

INPUTS o <::"LO"<:: +o.8v 

+2.0V <::"HI' <:: 
+5.0V 

OUTPUTS 0 <::"LO"<:: +0.4V 

+2.4V <:::"HI '<:: 
+5.0V 

DC Powered Model: APP-20D1 

PHYSICAL-ENVIRONMENTAL­
MECHANICAL 

Operating Temperature Range 
0° to +50° 
Storage Temperature Range 
-25°C to +85°C (Paper darkens 
above +60°CJ 
Altitude 
0 to 10,000 feet (3000 meters) 
Relative Humidity 
0% to 90% (no condensation) 
Acceleration (Non-operating) 
±5G, 3 axes. 0 to 50 Hz 
Weight 
4.25 pounds (with paper roll). 1,93 kg 
Housing Outline Dimensions 
Identical to Datel's DPP-7 Series 
4.44"W X 2.76"H x 8.75"D 
(113 x 70 x 222 mm) 
Allow an additional 1.5" for connector 
hood and cable clearance. 
Bezel Dimensions 
5.25"W X 2.82"H X .78"D 
(134 mm x 72 mm x 20 mm] 
Front Panel Mounting Cutout 
4.50"W X 2.78"H 
(115 mm x 71 mm] 
Mounting Method 
Using four sets of 4-40 hardware (not 
supplied] in housing mounting flanges. 
Mounting bolts are concealed by slide­
out front panel bezel. 

INPUT/OUTPUT CONNECTIONS 
Type of Interface 
8-Bit parallel, character-serial inter­
face with asynchronous interlocked 
handshake controls. 
Logic Levels 
All connections are compatible with 
DTL. TTL, TTL-LS levels. CMOS 4049 
buffers may also be used. Outputs can 
drive 2 TTL loads, min. 
Coding 
Data inputs only are selectable 
positive or negative true (see Data 
Polarity Select input) 

Pos. True Neg. True 
Coding Coding 

Logic "O" Logic" 1" 
or False or True 

Logic ''1" Logic "O" 
or True or False 

Logic "O" Logic "1" 
or False or True 

Logic "1" Logic "O" 
or True or False 

Voltage Range: +10.5V to +15VDC 
Current at 12V: 1 Amp, average during printing 
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Data Inputs 
Pin Function 
21 Bit 0 (LSB) 

Pin Function 
24 Bit 5 

20 Bit 1 25 Bit6 
18 Bit 2 23 Enable Control Characters. 
19 Bit 3 
22 Elit 4 

(MSB) (Set False to disable control 
characters). See "Operating Modes" 
- Does not disable alphanumerics 

Control Inputs• 
(See "Operating Modes" section and timing diagram) *Note: AU 
inputs have internal pull up resistors and may be floated for the 
+ level. All inputs asynchronous, level sensitive. 

Pin Function Description 
11 Prmf Falling edge prints characters 

stored in line buffer and ad­
vances paper one line. Pulse 
width 25 µS min, 750 mS max. 
(LO level must be reset HI before 
next READY output - 750 ms 

/5fifit must be held Lo 
35µS minimum after 
/Jaf8 Accepted goes Lo. 

12 DATA POS/NEG TRUE 

14 Print Direction 
Text/Lister 

15 Single Character 
Printing 

16 Tall Characters 

136S 

after Print). The column address 
is then re-indexed to column 1. 
Caution: This line is momentarily 
grounded through a diode drop 
when the front panel Paper 
Feed switch is activated. Use 
open collector TTL or 1500 
max. in series if driving Print 
from totem-pole TTL. Holding 
Prmt LO acts as a remote Paper 
Feed after printing one line. 

Controls coding sense of the 7 
data bits and Control Char. bit 
(pin 23). Tie pin 12 to +5V for 
Positive True. Tie pin 12 to 
ground for Negative True. 

In the Lister Mode, characters 
appear non-inverted, viewed at 
the front panel. The last line 
printed is at the top of the record. 
Tie to ground for Lister mode. 

In the Text Mode, characters 
appear inverted viewed at the 
front panel. The last line printed 
is at the bottom of the upright 
text (nearest the panel). This 
format is compatible with normal 
text such as from a teletype­
writer. Print direction must be 
set before loading line buffer. Tie 
to +5V for Text mode. 

With this input floated or tied to 
+5V, normal printing occurs 
after storing one character line 
in the buffer. 
With this input grounded, single 
character-by-character printing 
occurs, as in keyboard echo 
applications. 

With the falling edge of DATA 
VALID, paper will retract into the 
printer, imprint one character in 
the next available column and 
return for viewing. The PmNT 
Input is not used. Each character 
is printed on receipt of r:JlS.'il. The 
Rm signal ceases until the 
system is ready for the next 
entry (1.25 sec.) 

With this line high, normal 
characters 0.11" (2,8 mm) high 

17 Data Valid (DAV) 

DAV must be returned 
high < 56µS after DAC 
goes/ow. 

Control Outputs 

Pin Function 

Ready for Data (RFDJ* 

2 Data Accepted (DACl 

Additional l5AfJ pulses 
will appear after Register 
Hill if DAV's are sent. 

EoL EoH 
.9V@80mA No Load 
.4V@20mA +5±.5V 

Other Connections 

Pin Function 

4 Not Used 

5 +5V 

6 Not Used 

7 Logic Ground 

8,9, Not Used 
10 

RoH 
(PullupJ 

4.7KO 

are printed. With this li.ne low, 
extended characters 0.165" 
(4,2 mm) are printed. 

· The printing rate is 1.33 lines per 
second if any tall characters are 
programmed. Normal printing is 
1.2 lps. Tall and normal char­
acters may be mixed on the 
same line: Tall characters may 
not be printed in the single 
character mode. 

This line is held low until the 
falling edge of Data Accepted 
(DAC) appears (approx. >375 
µSJ. DAV initiates loading of one 
character into the input register. 

Description 

This is a periodic negative-going 
11 µS pulse every 93 µS while 
waiting for the first data character. 
This pulse train is interrupted by the 
Print command or by the Register 
FU1T state and resumes 750 mS later 
after the printing cycle is complete. 
Drive: 5 TTL loads 
*In the single character mode, 
DAV interrupts RFD until paper 
returns to the print positidn (1 sec.) 

This is a negative-going pulse 
occurring 375 µS after the Data 
Valid signal to indicate that the 
input data bus may be cleared or 
updated. Pulse duration is 63 µS. 
Drive: 5 TTL loads 

Periodic negative-going 25 µS pis 
every 93 µS startin~about 13 µS 
after the 2oth iJafa ccepted 
pulse. This FULL pulse train is 
halted by the J5i'iiit command, or 
by Delete or Backspace entries. 
*The Register Fuli output may be 
externally strapped to the Print 
input to automatically start 
printing when character number 
20 is received. Note that printing 
won't occur with this method if 
less than 20 characterS are 
received unless the sending 
processor supplies dummy 
filler spaces. 
A switch closes to ground when 
the paper is within 10 feet of 
exhaustion. An external 1 Kilohm 
pullup resistor to +5V is sug­
gested for logic compatibility. 
The printer is disabled when the 
switch closes. 

Description 

Regulated DC Power, approxi­
mately 500 mA may be used 
externally. 



Connector 
Type DB25P mounted on rear oanel with two 4-40 threaded 
retainers. A mating DB-25S (Datel P/N 58-2079130) and 
strain relief hood (Datel P/N 58-2083065) are supplied. 

OPERATING MODES 
The printout format and operating control modes are pro­
grammed by an internal microprocessor. Some modes are pin­
selected while others are data-coded. Some modes are mutually{ 
exclusive (see chart). 

. ~E 

Pin-Sele?tF>d Modes (see descriptions above) NOTE 1 
1. Data Polarity (pin 12) 
2. Text/OSter-inverted printing (pin 13) 
3. Single Character Printing (pin 15) 
4. laii Characters Printing (pin 16) 

Data-Coded Functions (see descriptions below) 
1A. Delete - clears register (control functions enabled) 
1 B. Delete - prints rubout pattern (control functions disabled) 
2. Horizontal Tab - arranges printout in columns 
3. Line Feed - Advances one line without printing or 

disturbing input register. 
4. Form Feed -Advances 11 lines 
5. Carriage Return - Will start printing (alternate method) 
6. Backspace 
7. Null - Ignored by Printer 

OPERATING MODE CHART 
Modes may be either simultaneously compatible (Y = YES) 
or mutually exclusive (N = NOJ NA = Does not apply 

TALL CHARACTERS 

HORIZTAB 

BACKSPACE 

DELETE. RE-INDEX y y 

FORM FEED y y NA 

DATA POLARITY SELECT y y y y 

TEXT (INVERTED) PRINTING y y y N y 

ORDERING GUIDE 

Models Description 

APP-20A1 115/230 VAC Power, U.S.A. plug 
APP-20E1 115/230 VAC Power, European 

plug 
APP-20J1 100 VAC Power, U.S.A. plug 
APP-20D1 +12VDC-power@ 1 Amp 
58-9374-1 Box of 10 rolls of printing paper 
CAPP-20X Printer Housing for table-top 

mounting of user-supplied 
interfaces and circuits 

9568A Message Generator, 115 VAC, 
U.S.A. plug 

9568E Message Generator, 230 VAC, 
European plug 

NOTE 1: The Clear Register Delete function is selected using the 8th data input (data bit 
7, pin 23). Since conventional ASCII code·is 7 data bits (128 states), typical integrated 
circuit LSI ASCII code generators are not able to select between the two Delete functions 
by data coding. The rubout function however, is selectable by 7 bits only and so appears 
as part of the printable ASCII character set. In order to enable the control characters, 
data bit 7 must be true and therefore the clear register Delete function takes the place of 
the rubout Delete function. This situation is of no concern if data bit 7 is controlled by the 
user's external _logic. However, if the user must strap data bit 7 true or false (i.e., not 
logically controlled). modes of operation are predetermined as follows: 

Data-Coded Function Codes 
The following functions are enabled only if Data Bit 7, Pin 23 
is set "true" (logic 1 l except *(Delete) 

INPUT DATA CODES 
ASCII 

NAME MNEMONIC HEXADECIMAL OCTAL RESPONSE 

Delete DEL 

*(Delete) (DEL) 

Backspace BS 

Horizontal HT 
Tab 

Line Feed LF 

Form Feed FF 

Carriage CR 
Return 

Null NUL 

DATABIT7 
TRUE 

FALSE 

FF 377 Clears contents of 
input register, and re-
indexes character 
column address to 
column 1 

(7FJ (177) If bil 7 is set ""false·· 
(logic OJ. the ruboul 
pattern® will be prinled. 

88 210 Decrements the input 
register column ad-
dress and deletes entry 
as it goes. Backspacing 
is not allowed with sin-
gle character printing. 

89 211 Advance column ad-
dress to columns 4,9, 15 
in turn. This may be 
used to arrange tables 
or vertical printout 
columns such as 
CH TIME DATE DATA 
99 0900 04/05 123456 

BA 212 Advances one line of 
paper. Data entry is dis-
abled until finished. 

BC 214 Advances 11 lines of 
paper (2.2 11 -56 mm) to 
separate adjacent records. 

SD 215 This is an alternate method 
of issuing a print command 
and is compatible with 
many processors unable to 
activate the PRINT input 
(pin 11). 

The Carriage Return input 
responds wilh a REG IS· 
TER FULL oulput in addi-
lion to Data Accepled. 

OOor BO 000 NUL is ignored without 
or incrementing the column 
200 column address. A Data 

Accepted pulse is issued. 

OEM OPTIONS: 

Add Description Price 
Suffix 

-9554 No front No charge 
panel label Same price 

-9555 Noconnec- Same price 
tor included 

-9556 No label, No Same price 
connector 

I 
Example: APP-20E1-9556 

IF DATA BIT 7 IS HARDWIRED: 

DELETE FUNCTION PRINT COMMAND 
CLEAR REGISTER 
(WON'T PRINT 
RUBOUT) 
RUBOUT (CAN'T 
CLEAR REGISTER 

EITHER ASCII "CR" OR 
TTL PRINT INPUT 
(PIN 11) 
TTL PRINT INPUT 
(PIN 11). WILL NOT 
PRINT ON ASCII "CR" 
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APP-20 MECHANICAL INFORMATION 

OUTLINE DIMENSIONS 
INCHES (MM) 

5.25 
(133,4mm) 

MTG. PANEL 

r8(7,1mm) 

C :81198mm( 

- MTG. PANEL 

SIDE VIEW 

.75 (19,05mm) l 
Max. Ext. 

--1 
2.76 max. 

__L'".:=~===~~~~==~~~~~~..z'.-~mm) 

MOUNTING DETAILS 

PRINTER 
HOUSING 

PANEL 

.PANEL CUTOUT 

.13 (3,21 ------- 4.50 (114,3)----

-------- 4.750(120,65) ----] 

-.------+~-

278nom.r+------------~-" 
(70,6) 

1.875 
147,62) 

.125 (3,2) DIA THRU 
4 HOLES -#4 Hardware 

NOTE 

TOLERANCE· XX :': 01 (0.25) 
xxx ± .005~0.10) 

HARDWARE SIZE: #4-40 (M3) 

'--- (4) PAN HEAD SCREW 
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APP-20 INTERFACING 

INTERFACE TIMING 
DESCRIPTION 

As previously described, the APP-20 
uses an 8-bit parallel data input with asyn­
chronous interlocked handshakes to load 
data into a 20-character input register. 
With the APP-20 idling while waiting for 
data, the Ready For Data (Ready) output 
sends a steady pulse train while the 
internal microprocessor loops in a ready 
state. The external data source should 
sense that the Register Full output is high 
(i.e. there is room for data). Ordinarily, 
power-on reset in the APP-20 will insure 
that the character counter is at position 
one (left margin} when first loading data 
or after printing a line. The data source 
should use the Ready output to gate valid 
ASCII data for the 1st character onto the 
bus. The data source shou Id inform the 
APP-20 that data is ready to be loaded by 
using a Data Valid falling edge input, which 
will load the data. The APP-20 will respond 
within 375 microseconds with a Data Ac­
cepted output, telling the external data 
source to update the bus with data for the 
second column character. These cycles 
are repeated at any rate up to about 350 
microseconds minimum per character. If 
all 20 characters are loaded, the APP-20 
will start a Register Full output pulse 
train from an internal looping routine. If a 
short line (less than 20 characters) is trans­
mitted, the unsent characters will appear 
as blanks (unprinted). 

If the user prefers to use a "Carriage 
Return" (CR} data character to start print­
ing rather than the Print input, the CR may 
be entered as the 21st (or any other) char­
acter, so that up to 20 full characters may 
be printed. In this case, the user's interface 
must ignore the Register Full output or 
use the Register Full to place the CR on 
the bus. 

The other control characters (Back­
space, Delete, Form Feed) may also be 
sent as a 21st character and the APP-20 
will respond. Although the APP-20 does 
not issue a Busy output during printing, the 
Ready For Data pulses stop with start of the 
printing cycle and may be used for this 
purpose. 

The user may also externally connect 
the Register Full output to the Print input. 
However, 20 characters must then always 
be sent and the external data source must 
supply filler space characters to make 
short lines 20 characters long. If preferred, 
the Register Full output may also be wire­
OR'ed with an external Print input as 
another variation insuring that 20 char­
acters will always cause a printout. 

There are some important things to 
remember when interfacing the APP-20. 

1. Data Bit 7 does not lock out alphanumerics 
The Control Character Data Bit, pin 23, 

bit 7, does not lock out alphanumeric char­
acters, but does lock out programmable 

APP-20 PRINTER TIMING-PRINTING ONE LINE 

OATAUNMSI ~-~~-. I~ 

~ 
RFD IOUTPUTl 

REGiSi'ERAAL 
!OUTPUT! 

DATAVAUo 
DAV llNPUTJ 

DATA AcCEP'fEo 
OAC (OUTPUT) 

PRWT lllllPUTl I 
I 

UlflflJlJ---u ---1flr 
: 

-----·----
' I 
: 
' A-•------ ----1----

l!'IJIT MAY BE 
WIRED TO 

-- PRiNT 

1 
I 
I ADDITIONAL~ 
I PULSES W1LL APPEAR 
I AFTER~ f!U[[ 

--w"""'1'SARESENT. 

' : 
' ------------, ---

IJ ______ J LOAD 20 APPROX. 750mS I 
RE~ST 2N-D -,g~~.R~fN~ERs-i...l20-~H-----=-~~-,I-,~-~o--i 

~~TL~~ f~&tifTER f~t~tifTER f~t~:irTER PAPER 1 
lONE LINEI READY 

TIMING IS TYPICAL EXCEPT INDICATED MIN/MAX 
TIMING IS NOT TO SCALE 
All INPUTS ARE ASYNCHRONOUS LEVEL SENSLTlVE 
NOTE TIMING SPECS ON DAV AND PRINT 

TO LOAD 
NEXT LINE 

TYPICAL MICROPROCESSOR INTERFACING 

"" "' """ 

rJ~~~~~l 
!MEMORY, POVVER SUPPLIES DEVICE 
CLOCKS. ETC. NOT SHOVVNI 

1/0 LINE LISTING 

Data 

Mode Inputs 
(If used, internal 

pull-ups supplied) 

Handshake 
Inputs 

Handshake 
Outputs 

Logic 
Ground 

LOGIC GROUND 1 LINE 

"OPTIONAL TTL 
BUFFERS MAY BE 
INSTALLEO FOR 
LONG CABLES 
ADDITIONAL TERMINAT 
ING RESISTORS MAY 
BE DESIRED 

{ ASCII characters 
Control Bit 

{
Data Pos/Ne9. True 
TextA:ister 
Single Ciiai'. Print 
Tall Characters 

{ Data Valid 
Print I Ready for Data 
Register Full 
Data~ccepted 
End of Paper 
(Sw. to gnd.J 

~~--APP-ao 

7 lines 
1 line 

1 line 
1 line 
1 line 
1 line 

1 line 
1 line 

1 line 
1 line 
1 line 
1 line 

1 line 

AC 
POVVER 
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INTERFACING (Continued) 

control characters, including Carriage 
Return (CR) which is the software print 
command. One function of this bit is to 
ignore CR's at the wrong places in incom· 
ing text, ·such as text programmed for 
another printer with differing characters­
per-line length, compared to the APP-20. 

However, if the CR is ignored, the Print 
Command must be used to print the 
register contents when it is full. The 
number of characters per line must be 
counted externally (with Print commands 
every 20 characters) or the Print input 
can be externai ly connected to the 
Register Full Output for automatic printing 
when the register is full. 

Normally, users will have full control of 
the printout formatting so that misplaced 
CR's will not be a problem. 
2.APP-20 is level sensitive; min/max. 

pulsewidths required 
The control microprocessor in the 

APP-20 senses input line states by polling 
those lines. The polling program performs 
many other tasks at the same time and this 
activity is not tightly synchronized to 
external line changes. Therefore, there is 
some uncertainty as to exactly when a 
particular line is sensed. However, in each 
case, there is a maximum time required for 
each line sensing and this simply requires 
that line states must have minimum pulse­
widths to acjequately insure sensing. 

This means that the APP-20 is not edge 
sensitive but is level sensitive instead. In 
addition, the handshakes are interlocked, 
meaning that they are not synchronous to 
a master system clock but that levels must 
proceed in the sequence shown on the 
timing diagram. 

Bring data valid high within 56 µS after 
Data Accepted 
For programming reasons, the APP-20 

does not stop periodically polling the Data 
Valid input after Data Accepted goes low. 
If Data Valid is not brought high within 56 
microseconds after Data Accepted goes 

TWO WIRE DATA TRANSFER 

TO/FROM 

LOAD DATA IN 
(EXT. SIGNAL) 

PRJ"c~~kR DATA ACCEPTED OUT*'-_,..._ _ __,_, 

DATA INPUT 
(FROM USER'S REGISTERI~___,. __ __,._~ 

•oATA ACCEPTED DOES NOT 
NEED TO BE EXTERNALLY 
CONNECTED. SHOWN HERE 
FOR ILLUSTRATION. 

... 
DATA 

READY 
DATA TAKEN, 
UPDATE DATA 

BUS 

low, Data Valid will be polled again and the 
APP-20 will load' whatever is on the data 
bus as the next character, whether the bus 
is ready or not. 

For users r·unning from only a micro­
computer piirallel 1/0 port, the user's pro­
gram must be optimized to sense the Data 
Accepted low state and respond by bring­
ing Data Valid high within 56 µS. 

If Data Accepted is connected to a 
microcomputer interrupt line, some time 
must still be allowed for the interrupt 
polling program to decid~ priorities. Even 
if the APP-20 is highest priority, (not 
always possible in real-time and data 
acquisition applications), the polling 
routine (and the Data Valid high response). 
will still take time. Users must carefully cal­
culate the number of clock phases. 
machine cycles and period of the clock. 

A hardwired-priority interrupt {electrical 
distance from CPU) simplifies matters as 
does the higher speed of a full minicom­
puter. 
3.Hardware Interfacing Options 

Users will generally have 3 classes of 
hardware circuit methods to implement 
the interface or some combination of them. 
They are: 

A. Dedicated, user-designed, user­
fabricated discrete logic hardware inter­
face. This concept will help to minimize 
programming while taking the lowest 
processor time. Since each processor is 
unique, the design is left to the user. 

One simple part of the circuit will easily 
take care of resetting the Data Valid. That 
is shown in Figure A which is a flip flop to 
reset the Data Valid from Data Accepted. 
The circuit also generates an output to 
place the next character on the bus. A 
power-on reset circuit is included. 

B. Computer parallel 110 port without 
interrupt. This will require the host proces­
sor to continually poll the handshakes 
looking for state changes. During data 
loading only, a typical 8-bit microcomputer 

APP-20 
PRINTER 

ENABLE CONTROL CHARACTERS•• 

!DATA BIT 7) { REGiS'ffi fUiI 

U~ED : P'A1Ffl" 
..IF CONTROL FUNCTIONS ARE 
DESIRED (SEE BROCHURE!, (' MUST BE ) 
SET DATA BIT 7 USED IF CR'S 
"TRUE" ARE IGNORED Figure A 
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will be highly dedicated to the ,A.PP-20 
with little or no tfme for formatting or 
data manipulation, which should be done 
while printing or While idling. This ap­
proach takes little or no hardware fabrica­
tion at all, except cables and connectors. 
The user must write an efficient, optimized 
program to sense and respond to the hand­
shakes within the timing diagram limits. 

C. Computer parallel 110 port with 
interrupt. This variation of the previous 
interface will tie up the processor less with 
polling routines, and uses the processor 
efficiently. The raw Data Accepted out­
put may or may not be used directly as 
an interrupt since some processors require 
that an Interrupt Acknowledge output 
would be responded to by r.emoving the 
requesting interrupt. This would require 
a fl ip·flop, power-on resets and associated 
logic. Such logic would have to be de­
signed, fabricated, and mounted by the 
user (See Figure 8). 'rtie interrupt would 
quickly jump to a subroutine to remove 
the Data Valid from the parallel outputs 
within 56 microseconds. 

Again, the user must write programs for 
both the parallel port and the interrupt 
arbitration. 

Some combinations of all these ap­
proaches may be desired. The simple Data 
Valid flip flop makes the parallel 1/0 port 
less critical for timing. Other outputs, such 
as Register Full and Ready for Data, may 
be monitored if there are spare interrupt 
lines of lower priority. 

Since these are both pulse.trains, rather 
than single onetime synchronous pulses 
or resettable levels, the program should 
be written so that successive pulses do 
not retrigger the interrupt. Instead, the 
interrupts should interlock so that, for 
example, the Ready for Data Interrupt 
cannot be reenabled until the Register 
Full interrupt occurs and the Register 
Full interrupt would not be reenabled until 
Ready for Data reappeared. 

TYPICAL CIRCUIT TO 
RESET DATA VALID FROM 
DATA ACCEPTED INTERRUPT 
(SEE FULL TIMING DIAGRAM) 

APP.20 
POWER-ON PRINTER 

iNijMijPj 
ACKNOYJLEDGE 

RESET, AND 
OTHER CIRCUIT 

DETAILS NOT 
SHOWN 

FROM PARALLEL DATA VAlffi 
l/OPORTOF ---------
HOST PROCESSOR 

Figure B 



APP-20 INPUT DATA CODING 

BINARY DATA CODING 

DATA 
BITS DATA BITS 654 

3 2 1 0 000 001 010 011 100 101 110 111 

0000 NU~ Space (1 @ p ' p 

0 0 0 1 ! 1 A G! a q 
0 0 1 0 " .-, 8 R b t" .::. 
0 0 1 1 # ::: c 5 c ,;. 

0 1 0 0 $ 4 [I T d t, 
0 1 0 1 •.• "' E u e· u t. ·-' 
0 1 1 0 & 6 F v f l) 

0 1 1 1 ' 7 G l·l ·3 1.i.i 

1 0 0 0 BS ( 
,.., 
C• H ;-~ h x 

1 0 0 1 HT ) '? I 'l i y 

1 0 1 0 LF * : .J z j ~ 
1 0 1 1 + ' K [ k { 

1 1 0 0 FF ' <: L ·· .. , 1 I 
I 

1 1 0 1 CR - = M J f'r } 

1 1 1 0 >· 1-1 l n ~· 

1 1 1 1 ,.l '"".• 0 (I DEL 1* : -

ASCII HEXADECIMAL AND OCTAL CODING 
HEXADECIMAL OCTAL 

CHARACTER NOTES (4BITSJ (3BITSJ PARITY 

Space Blank 20 040 Odd 
! 21 041 Even 
" 22 042 Even 
# 23 043 Odd 
$ 24 044 Even 
;: 25 045 Odd 
II. Ampersand 26 046 Odd 
' Apostrophe 27 047 Even 
( 28 050 Even 
) 29 051 Odd 
* 2A 052 Odd 
+ 26 053 Even 

' Comma 2C 054 Odd - Minus 2D 055 Even 
2E 056 Even 

/ 2F 057 Odd 
0 Number zero 30 060 Even 
1 Number one 31 061 Odd 
2 32 062 Odd 
3 33 063 Even 
4 34 064 Odd 
5 35 065 Even 
6 36 066 Even 
7 37 067 Odd 
8 38 070 Odd 
9 39 071 Even 
: 3A 072 Even 

' 36 073 Odd 
< Less Than 3C 074 Even 
= 30 075 Odd 
> Greater Than 3E 076 Odd 
•) 3F 077 Even 
I!' 40 100 Odd 
A 41 101 Even 
B 42 102 Even 
(" 43 103 Odd 
0 44 104 Even 
E 45 105 Odd 
F 46 106 Odd 
G 47 107 Even 
H 48 110 Even 
I Letter I 49 111 Odd 
j 4A 112 Odd 
K 46 113 Even 
L 4C 114 Odd 
M 40 115 Even 
N 4E 116 Even 
0 LetterO 4F 117 Odd 

AMERICAN STANDARD CODE 
FOR INFORMATION INTERCHANGE (ASCII) 
CODING PER ANSI X3.4-1977 SPECIFICATIONS 

MNEMONIC MEANING 

NUL Null is ignored and the column address 
does not increment. Unused data codes are 
considered a NUL and are ignored. 

BS Backspace: Decrement column address and 
delete entry. 

HT Horizontal Tab: Jumps column address to 
4, 9, 15 in sequence. 

LF line Feed: Advance one line, no print, no 
change of input register. 

FF Form Feed: Advance 11 lines. 
CR Carriage Return: Software print command 
DEL Delete clears the input register if Data Bit 7 

is "true" (logic 1 ). If Data Bit 7 is "false" 
(logic OJ, the rubout (obliteration) pattern ® 
is printed. 

HEXADECIMAL OCTAL 
CHARACTER NOTES C4BITSJ (3 BITS) PARITY 

p 50 120 Even 
Q 51 121 Odd 
R 52 122 Odd 
s 53 123 Even 
T 54 124 Odd 
IJ 55 125 Even 
v 56 126 Even 
w 57 127 Odd 
?~ 58 130 Odd 
\' 59 131 Even 
~ 5A 132 Even '-
[ 56 133 Odd 
'·· 5C 134 Even 
] 50 135 Odd 
t 5E 136 Odd 
.:. Underline 5F 137 Even 

' Accent Grave 60 140 Even 
a 61 141 Odd 
b 62 142 Odd 
c 63 143 Even 
cl 64 144 Odd 
e· 65 145 Even 
f 66 146 Even 
·3 67 147 Odd 
h 68 150 Odd 
i 69 151 Even 
,j 6A 152 Even 
k 68 153 Odd 
1 Letter I 6C 154 Even 
(') 60 155 Odd 
n 6E 156 Odd 
0 Lettero 6F 157 Even 
p 70 160 Odd 
<l 71 161 Even 
r 72 162 Even 
s 73 163 Odd 
t. 74 164 Even 
ll 75 165 Odd 
v 76 166 Odd 
l·• 77 167 Even 
x 78 170 Even 
y 79 171 Odd 
z 7A 172 Odd 
{ 76 173 Even 
' 7C 174 Odd ' 
) 70 175 Even 
". 7E 176 Even 
11 Rubout Pattern 7F 177 Odd 

1418 



CONTROL CODES 

HEXADECIMAL OCTAL 
CHARACTER NOTES (4BITSJ (3 BITS) PARITY 

NUL Null, Ignored 00 

BS Backspace 08 

HT Horizontal Tab, Cols. 4, g, 15 09 

LF Line Feed, No Print OA 

FF Form Feed, 11 Lines oc 
CR Carriage Return, OD 

Software Print Command 

DEL Delete, Clear Input Register FF 

·=·=-::::: Rubout (Obliteration) Pattern 7F 

APP~20 PAPER LOADING 

HOW TO LOAD PAPER 
1. Shut off all power to the printer. 
2. Slide out the printer mechanism by first loosening 
the front panel thumbscrew counterclockwise until it 
stops. Pull the thumbscrew firmly straight out and the 
front panel/printer assembly will slide out all the way. 
Some force may be needed to release the internal PC 
connection. 
3. Raise the paper loading door by pulling forward until 
it stops. This automatically lifts the thermal printhead 
from the paper drive roller {see photo). Remove any 
paper from a previous roll. 
4. Pull the remaining paper backward out from under 
the printhead. Grasp both ends of the paper roll axle 
with fingeritps and pull straight up out of the printer 
assembly. The axle will slide past the circular axle 
retaining spring as shown in the photo. 

INSERTING NEW ROLL 
5. Slide the paper roll axle out of the used paper roll 
and reinsert the axle in a new roll. Do not discard axle! 
The paper roll is supplied only in boxes of ten rolls. 
Order box number 58-9374-1, 
6. Slide the new roll and the axle past the retaining 
spring and insert the paper in the slot under the loading 
door and under the printhead (see photo) until paper 
appears at front panel slot. Be sure the paper is 
threaded from the rear and passes over the roll. Paper 
should be cut straight across for easy insertion. Only 
the outside paper surface is treated for printing. 
7. Pull paper through front panel slot, close the paper 

142$ 

THERMAL 
PAPER ROLL 

PAPER ROLL 
AXLE RETAINING 
SPRING 

000 Even 

010 Odd 

011 Even 

012 Even 

014 Even 

015 Odd 

377 Even 

177 Odd 
} See Note 1, pg 1375 

loading door by depressing the door stop downwards, 
and slide the printer mechanism back into the housing. 
Press the front panel printer assembly firmly into the 
housing as far as it will go. This will seat the internal 
PC board connection. 
8. Rotate the thumbscrew clockwise until it stops and 
turn on power. Advance the paper by pressing the front 
panel switch. Paper may be manually advanced simply 
by pulling out of the front slot. 

RELOADING SUMMARY 
1. Loosen thumbscrew, pull out mechanism. 
2. Lift paper loading door. 
3. Lift out used roll and reinsert axle in new roll. 
4. Press new roll and axle into axle slot past 
circular spring. 
5. Thread paper over otp of roll and under printhead 
out through front panel slot. Depress stop, close door. 
6. Push mechanism back into housing and retighten 
thumbscrew. 

PAPER DRIVE 
ROLLER (UNDERNEATH) 



APP-20 INPUT/OUTPUT CONNECTIONS 

LINE FUNCTIONS PIN FUNCTION PIN FUNCTION 

14 Text/lister (Norm/lnV-lnput) 1 Ready iOr Pata (Output) 
15 Single Char. Print (Input) 2 Data Accepted (Output) 
16 laTI Characters (Input) 3 Input Register FUil (Output) 
17 Data Val id (Input J 4 Not Used 
18 Data Bit 2 (Input) 5 +5 Vdc Power Out, .5A max. 
19 Data Bit 3 (Input) 6 Not Used 
20 Data Bit 1 (Input) 7 Logic Ground 
21 Data Bit 0 - LSB (Input) 8 Not Used 
22 Data Bit 4 (Input] 9 Not Used 

Data Bit 7- 23 Control Characters - MSB (Input) 10 Not Used 
24 
25 

PRINTER REAR VIEW 
PIN LOCATIONS 

Data Bit 5 (Input) 
Data Bit 6 (Input) 

PIN 14 0 

I 
I 
I I 

11 
I I 
I I 

I 

11 PiTrif (Input) 
12 Data POS/i\fE('.i True (Input) 
13 End ol r5aper (Output) 

CONNECTOR STRAIN-RELIEF (2 PLACES) 

® 
PIN 1 0 FUSEHOLDER 

OACPOWER 
CORD 

PIN 25 ! 0 PIN 13 

DATA VALID (OAVl 

TALL CHAR. 

NORM/INV. PRINT 

CONTROL CHAR. 

DATABIT6 

DATABIT5 

DATABIT4 

DATABlT3 

DATAB!T2 

DATABIT1 

DATABITO 

DATA POS/NEG TRUE 

PAINT 

READY FOR DATA {RFD) 

+ 5VDC, 'k A. MAX 

LOGIC GROUND 

4.7K n PULLUPS 
ALL INPUTS 

1--._'VV'>r------O+SV 

@---o~ 
0--4-FROM 

PS 

® 
OB-25S CONNECTOR (DATEL 58-2079130. $9.00, INCLUDED) 

PORT 
EXTENSION 
DECODERS 

GO 

STOP 
PAPER 
FEED 
ENABLE 
LATCH 

MASKED-ROM 
MICROPROCESSOR 

FEED 
(FRONT 
PAN EU ~
PAPER 

20 

COLUMN 
SELECT 
DRIVERS 

BLOCK DIAGRAM 

MOTOR 
PHASE 
SELECTOR 
ANO 
DRIVE 

DOT 
SELECT 
DRIVERS 

100-DOT 
UN EAR 
THERMAL 
PRINTHEAD 

+5VDC 

18-24 voe 

AC 
POWER 
SUPPLY 

115/230 
VAC 
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ALF'Hf1NUMERIC 
Pf1NEL-MOIJNTI NG 
THEPMAL PR INTER 
MODEL AF·F·-20 

*20 ColuMns/l_ine 
:.;-:9t. Cho. t". RSC I I SE·t 
*Non-Movins TherMal 
Print h€·c.c:i-· 
No ink~ t·lc ribbons, 

*1.5 Lit~es/Second. 
*Includes intertact 

and Power SUPPlY. 
:+:IJnde ;· 5 pound:: .• 
*Sin9le char.Print 
for keyboard echo. 

*Selectable pos/ne~ 
t f"UE· i. l'"iPUt ::;: .• 

*Selectable INVERTED 
Qrintin9 for Text 
(TTY) aPPlications 
·..iher.E· lcist. ri;;·cord 
.i.s at, bottoi'·i of" 
:::-rit"!'tout. 

*InterMixed TALL 
i:hc~·r1cte~·::. +'or 
EMPHf!SJ:;. 

! i'#$%&'()*~,-./0123 
456789:;<=>?@AECDEFG 
Hl.~LMNOPQRSTUYWXY?l 
\Jt __ :abcde;~~iiJklMno 

DFITEL 
11 Cabot Boule~1crd 

lfo.n:e.fiE·Jd, MA IJ.SJ. 

MODELS 

9568A 115 VAC, 60 Hz Power, 
·USA Cord 

9568E 230 VAC, 50 Hz Power, 
European Cord 

MODEL 9568 MESSAGE GENERATOR 

Datef's Model 9568 Message Gen­
erator may be used to fully exercise 
Datef's APP-20 Alphanumeric Thermal 
Printer. The 9568 is ideal for quantity 
users of the APP-20 Printer who need 
to test printers or check their function 
in an operating system. While the 
9568 is intended for the APP-20, its 
def?ign may be adapted to other mes­
sage applications such as displays for 
advertising, hotels, trade shows, ticket 
agencies, sporting events, demon­
strations, announcing systems, etc. 

The 9568 consists of two type 2708 
semiconductor Read-Only Memories 
(ROM's) which contain the message 
shown below, One of the 2708's con­
tains 1024 x 8 bits ( 1 Kl of characters, 
while the other 1 KROM contains 
2-bit control codes (TEXT /LISTER 

OPERATION 
The 9568 Message Generator 

includes a cable which connects to 
the APP-20 printer. The front panel 
switches operate as follows: 
1. "Power On" applies AC power 
(choice of 115 or 230 VAC, 50-60 Hz) 
to the message generator and an LED 
pilot light confirms that power is on. 
The APP-20 Printer must be turned on 
separately. Note: +5V @ 50 mA is 
supplied by the APP-20 to the 9568. 
2. "MAN AUTO" - If this switch is in 
"AUTOMATIC", the printer will imme­
diately start operation when power is 
applied to both units. Automatic 
disables the "ENTER" and "PRINT" 
pushbuttons. Both pushbuttons are 
enabled in "MANUAL". 
3. "1X1 NORM" selects the one-by­
one mode (single character printing) 
or complete lines printed simulta­
neously ("NORMAL"). In "AUTO", the 
printer will continuously print single 
characters in the "1X1" mode, with 
the paper cycling in and out of the 

and TALL CHAR.). 6 spare bits are un­
assigned. Both 2708's are addressed 
simultaneously as the message is 
transferred in byte parallel to the 
APP-20 printer. 

The 2708 ROM's may also be repro­
grammed by the user to accept any 
1024-character message. After the 
ROM's are removed from their PC 
board sockets, the supplied message 
may be erased by exposing the 
windows on top of the ROM's to a 
specified dosage of ultraviolet light. 
The user's new message may then be 
entered using a ROM Programmer 
supplied by the user. Date I does not 
offer programmers or UV lights. These 
are available from many computer 
manufacturers and independent 
Programmer makers. 

printer as characters are printed at a 
1 character per second rate. 

Similarly, in the "1X1" Mode in 
"MANUAL", single characters may be 
printed at 1 char./sec. with. each push 
of the "ENTER" button. The "PRINT" 
pushbutton merely advances lines 
without printing in ''.MANUAL". 
4. The "ENTER" pushbutton may be 
used to load characters singly in 
"MANUAL" and "NORMAL". A partial­
ly filled line may be commanded to 
"PRINT" at any time, thereby clearing 
the input register. Or, the "ENTER. 
pushbutton may be cycled until the 
line is filled and the printer prints 
automatically because of Carriage 
Return codes in the data stream. 
5. The "READY" and "REGISTER 
FULL" LED lamps indicate the status 
of the corresponding output lines 
from the APP-20. The READY lamp 
will be lit while characters are being 
accepted. REGISTER FULL will light 
briefly as all 20 characters are filled 
and printing starts. 

POWER ON 

1 X1 

ENTER 

A single character 
will be printed 

MANUAL 

each time ENTER is 
pushed. PRINT will 
merely advance 
lines without 
printing, as long 
as the button is held 

NORM 

ENTER 

A single character 
will be loaded 
with each push 
of ENTER, but will 
not print unless 
20 characters are 
loaded or, 

PRINT 

will print the 
contents of the 
register at any 
time. If the button 
is held, additional 
paper will feed 

1X1 

Single characters 
are continuously 
printed. ENTER 
is dfsabled. PRINT 
should not be 
pressed. When not 
printing, PRINT 
will feed paper. 

AUTO 

NORM 

Full lines are 
s·imultaneously 
printed. ENTER 
is disabled 
PRINT should 
not be pressed. 
When not 
printing, PRINT 
will feed paper. 



APP-20 SERVICING 

CLEANING 
The APP-20 requires periodic cleaning of the thermal 
printhead. I mp roved head efficiency will result if the head is 
cleaned occasionally (every 5 to 25 printing hours) with 
clinical-grade isopropyl alcohol to remove dirt and residue. 
Do not use industrial-grade isopropyl alcohol which may 
contain dissolved distillates that would leave a film. The 
rubber drive roller may also be cleaned at this time. Do not 
get any alcohol near the stepping motor to prevent diluting 
the oil sealed in the motor since this would cause motor 
failure due to poor lubrication. 

SERVICING 
Datel maintains full service and calibration facilities 

at its Mansfield, Mass. U.S.A. home plant, and limited 
capabilities at its direct sales offices. 

Date l's Service Department will either perform the 
repair, invoice and return the printer after receipt of a 
purchase order, or will wait for a user's instructions after 
issuing a repair quotation (a not-to-exceed amount) or 
estimate. In all cases, a purchase order is required before 
starting repair. 

Datel recommends that users with critical applica­
tions should consider stocking whole spare printers to 
reduce downtime. Users who wish to do their own 
servicing may stock selected spare parts from the list 
below, consisting of mechanical and electronic parts. 
Datel does not offer parts other than those shown. Other 
electronic parts are generally available from compo­
nent distributors. 

Servicing the printer will require a known source of 
input data such as Datel's Model 9568 series Message 
Generator for the APP-20. The 9568 contains two 
UV-programmable type 2708 Read-Only-Memories 
(ROM's) containing the message shown (see 9568 infor­
mation elsewhere in this brochure). One of the 1024 x 
8 bit ROM's contains the message and the other contains 
2-bit control codes to format the message. Users may 
write their own test message by reprogramming the 
2708's with a ROM Programmer (available through most 
computer manufacturers). 

Repairs should be attempted only by qualified service 
personnel familiar with digital electronics. Components 
and boards are easily damaged by improper desoldering 
and repair techniques. Service personnel must be 
completely knowledgeable in digital test equipment. 

PROCEDURE 
Use a cotton swab moistened (not soaking) in isopropyl 

alcohol. Flatten the swab to fit between the printhead 
and the roller. Lift the printhead away from the paper 
drive roller by pressing down on the loading door stop. 
This will allow access to the printhead. The roller may 
be advanced manually for cleaning. Other areas such 
as the door and guides may also be cleaned with the 
swab or dry, oil free compressed air. 

Do not lubricate. The stepping motor and print roller 
bearings are permanently lubricated and will last the 
life of the printer. Additional oil or grease will only 
congeal and collect dirt, limiting the printer's service life. 

The masked-ROM microprocessor inside the printer 
is socket-replaceable but is not repairable. The stored 
program is company-proprietary and is not available. 
Datel welcomes the opportunity to review custom 
reprogramming for OEM quantity users. 

A set of schematic and assembly drawings only are 
available (Document No. 58-12140-37) on request 
to customers. 

APP-20 PRINTER SPARE PARTS 

ORDERING 
DESCRIPTION REF. NO. MODEL NO. 

Masked-ROM 3870 Micro- 0341390 33-9334-1 
processor. Tested 
Stepping Motor 2206320 33-6539-1 
Printhead· Assembly, 7530100 33-9365-1 
Mounted 
Control I er Printed 7550532 33-9349-1 
Circuit Board, Including 
All Components but 
Less Microprocessor 
Front Panel Printed Circuit 7322900 33-9366-1 
Board. with Components 
Front Panel Switch 2194050 33-6826-7 
Transformer. 115/230V, 7483219 33-9029-5 
47-440 Hz 
Assembled 115V Power Supply 33-9296-3 
(Includes Xfmr. Regulator, 
Fuse, USA Cord, Rear 
Mounting Plate, etc 
Assemb. 230V Power Supply 33-9296-2 
(As above. European Cord) 
Print Drive Roller 7615025 33-9300-1 
Print Drive Roller Bearing 33-2216500 
Removable Print Module 7550910 33-9616-1 
Assembly 

NEW!! FULL SERIAL APP-20A2, E2 See full information starting page 148S 

FEATURES • Character-selected (SO/SI) tal.I characters. 

• Needs only 2 wires to interface, simplifies input connections 
to any computer serial port. 

• Includes all internal serial data and drive electronics and 
AC power supply. No extra electronics required. No bulky 
additional chassis or cables. 

• Serial 20 mA TTY current loop input is optoisolated 300 
VRMS, 100 Megohms. Eliminates ground loop noise prob­
lems. Can position APP-20 hundreds of feet from computer. 

• Standard RS-232-C connection also included. 
• 4.25-pound featherweight, 1.2 lines per second (72 lines/ 

min ) at high baud rates. 
• Jumper or logic selected baud rate (50 to 9600) 9-11 bit 

character length 

• Jumper or logic-selected inverted (text) printing or normal 
(lister) printing. 

APPLICATIONS - Use the Serial APP-20 for: 

• Remote Slave Printer Terminal hundreds of feet from 
data source. 

• Multiple-station, daisy-chained message repeater using 
2-wire interconnects. 

• Serial interface factory data logger or industrial data 
acquisition system with terminal at operator's station remote 
from hazardous process. 
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CONNECTING THE APP-20 TO AN ANALOG DATA SYSTEM 

The APP-20 will print out coded, digitized real-world analog 
signals which are supplied from transducers and sensors detecting 
physical variables. such as temperature, pressure, flow rate, etc. 
Since the APP-20 accepts only data-coded digital signals, the 
continuous analog signals must be converted to digital form and 
then data-coded and formatted to make readable printout. The two 
common devices for making the digital conversion are Digital 
Panel Meters (DPM's) and Analog to Digital Converters (ADC's). 
While these devices make the digital conversion, they do not 
perform the ASCII data-coding, printout formatting (arranging in 
columns, adding spaces) and variable units labelling (gallons per 
hours, pounds per square inch, temp. degrees Celsius, etc.). 

DPM outputs are generally in full parallel non-gated Binary Coded 
Decimal (BCD). The typical AID converter has binary outputs. 
While both BCD and binary data are digital, they must be 
converted to ASCII coding and formatted before the APP-20 can 
use them. The two methods to make the coding and formatting 
conversions are to design a discrete logic controller or to use a 
mini or microcomputer. 

Some sort of digital processor (either discrete or LSI­
microprocessor based) will be required to perform other system 
functions in addition to code conversion and formatting. These 
functions would include printing out a real time clock, starting 
channel scans at preselected intervals, supplying gain codes to 
signal conditioners, sequencing channel addresses, performing 
scaling, offsetting and curve-fitting arithmetic on the data and 
terminating the scan. 

The discrete logic approach requires a detailed logic circuit design 
and may require several dozen TTL integrated circuits. The cost 
will be modest but the design cannot easily be changed once the 
circuit is fabricated. No programming will be required. The 
microcomputer approach may cost more initially and will trade 
circuit design time for programming and debug time. An optional 
development system will be very useful to write the program but 
will be unused once the program is running the ADC or DPM and 
the APP-20. The method of operation, printout formatting, scan 
time control, channel addressing and many other system 
parameters may be radically changed merely by rewriting the 
program with practically no hardware changes. Therefore, system 

operation is very flexible and the user need not be overly 
concerned about having to change something after the system is 
running. 

A cost compromise between the discrete logic design and a 
preassembled microcomputer, is to custom design a 
microprocessor-based system. Development system components 
(a terminal, editor, assembler and debug software, etc.) will not be 
needed if a software consultant or contractor writes the program. 
This may not be desireable since it leaves the user unfamiliar with 
the operating program in case future program changes are desired. 

A simple multichannel AID Data System using the APP-20 may be 
easily realized using two standard circuit boards, a card cage, 
power supply, cabling and sensors and a user-written operating 
program. An Intel SBC-80 Series Single Board Computer will be 
used as an example although one-board computers from several 
other manufacturers (DEC, Motorola, National Semiconductor, 
etc.) will perform just as well. 

A/D conversion is performed by Datel-lntersil's SineTrac-series 
standard single-board data acquisition system, model ST-732. The 
ST-732 accepts 32 single-ended or 16 differential AID channels, 
digitizes them to 12-bit resolution and places them on the 
computer's bus under command of the SBC-80 computer. 

The SBC-80 computer contains memory circLJits to store the 
operating program which the user has written for this application. 
This program completely controls all activities of both the Datel­
lntersil APP-20 printer and the Datel-lntersil ST-732 A/D data 
acquisition board. The SBC-80 also includes a programmable 
parallel 110 port which is used to connect to the parallel APP-20. In 
case a serial APP-20 Printer is preferred, the SBC-80 also includes 
standard serial current loop and RS-232-C connections to be used 
instead of the parallel 110 port. 

The two boards (the SBC-80 and the ST-732) may be mounted in a 
small card cage and with the addition of a power supply, cabling 
and analog sensors, the APP-20 based system is ready to go to 
work as a laboratory data acquisition system, factory data logger, 
scientific data monitor or other application. 

PHYSICAL 
DATA 

TYPICAL A/D INPUT TO THE APP-20 PRINTER 
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TEMP.,RPM 
PRESSURE, 
FLOW RATE, 
FORCE, UGHT 
VOLTAGE, 
CURRENT 
ACCELERATION 
ETC. 

MANUFACTURING 
PROCESS 

PAPER, 
METALS. 
FOOD, 
CHEMICAL, 
MACHINERY, 
AUTOMOTIVE, 
PETROLEUM, 
ETC. 

FEEDBACK 
CONTROL 
TO 
PROCESS 
VARIABLES 

DISPLAY { 

CAT, X-Y PLOTTER 
'SCOPE, STRIP CHART, 
PANEL METERS, 
RECORDERS, ETC. 

DRIVER AMPLIFIERS 
OR PROCESS RECEIVERS 

ACTUATORS 

PUMPS, MOTORS, VALVES 
SERVOS, HEATERS, ETC. 

A/OINPUTS 

DIA OUTPUTS 

' INTEL sec-BO 
OR 

NAT'L SEMI BLC-80 
ONE- BOARD MICROCOMPUTER 

' INTERNAL ROM'S CONTAINING 
USER'S APPLICATION AND 
APP-20 DRIVER PROGRAM 

POWER SUPPLIES, CHASSIS, CABLING, AND ONE-TIME DEVELOPMENT TERMINAL NOT SHOWN. 



FEATURES 
• Powered from +12 Vdc - built-in DC­

to-DC Power Converter 

• Low current draw (1A printing, 200 
mA standby), light weight (4.25 lbs.) 
and compact size (4.44"W x 2. 76"H 
x 8.75"0) make printer ideal for 
vehicle installations. 

• Prints 20 columns per line, 1.2 lines per 
second, using full ASCII character set 

• Internal microprocessor provides full 
interface electronics, programmable 
control features, and selectable 
positive/negative true data inputs 

• Quiet, inkless thermal printing 

• APP-2001 - Parallel Data Input; Has 
20-character, 8-bit input buffer 

• APP-2002 - Serial input for simple, 
two-wire data interface; Standard 
RS-232-C connection also 
included; Jumper or logic 
selected baud rate (50 to 9600) 

APPLICATIONS 
• Portable test and measurement 

instrumentation for field use 
• Hard copy printer for medical 

systems, analytical instruments and 
diagnostic testers 

• Remote data logging 

POWER SUPPLY SPECIFICATIONS 
(for full printer specifications, see appropriate literature) 

POWER SUPPLY 
Supply Voltage ....... +12 Vdc nominal; printer performs 

accurately with supply voltages from 
+10.5 to +15 Vdc 

Power Consumption .. 1A typical in printing cycle; 200 mA 
standby 

Power Connector .... Molex® 03-09-1094 receptacle with 
Motexc•J 02-09-1118 crimp-on female 
terminals. 

Fuse .. 2A SLO-BLO; .25" x 1.25" long. 3 AG 
Type. Daiei Model 33-2187030 

APP-2001, APP-2002 BLOCK DIAGRAM 

+12VOC k 
EXTERNAL 6 ~ 
POWER SWITCH ,- : 

12V _i_ I 

F1 
2AMP 

SLO-BLO 
+ 12VOC 
POWER 
SUP.PLY 

BATTERY -1- : 
~~~l~OC~MMQN ~~-..----t-----t---.--1 

APP-2001, APP-2002 
12-Volt DC-Powered 

Panel-Mount, Alpha-Serial, 
Mini-Thermal Printers 

NOTE: Ths data sheet is an addendum to the complete literature on the APP-20 
(parallel), and the Serial APP-20. For additional information on the APP-
2001, see the (parallel) APP-20A 1, -E1 literature. For information on the 
APP-2002, see the literature tor the (serial) APP-20A2, -E2 

DESCRIPTION 

Datel-lntersil's miniature, panel mount 20-column thermal printer, the APP-20, 
is now available in a 12-volt de-powered version specially designed for use in 
vehicles. The APP-20 "D" series {the APP-20D1 with parallel data input; and the 
APP-20D2, with an interface to accept serial data) use a built-in DC-to-DC con­
verter to power the printer's circuitry. In mechanical and electrical perfor­
mance, they correspond exactly to the AC-powered APP-20 models. 

Both provide inkless thermal printing of the full ASCII character set of letters, 
symbols, numerals, and punctuation. Both print at a rate of 1.2 20-column lines 
per second. The APP-20D1 and APP-20D2 are controlled by an internal micro­
processor which provides all the instruction decoding and generation neces­
sary to interface directly with a microcomputer. Built-in microprocessor con­
trol also makes possible inverted character printing (Text mode); extra-height 
TALL characters; single-character printing for keyboard echo; and backspace, 
delete, and Form Feed (paper advance) functions. 

These new de-powered models should be of particular interest wherever mo­
bile data logging is required. Ambulances, communication vehicles, meteoro­
logical and oceanographic vessels can all benefit from the APP-20D's easy 
microprocessor interface, compact size, and quick quiet printing operation. In 
addition, since the APP-20's thermal printing mechanism requires virtually no 
maintenance, no replacement printheads and ribbons need to be carried with 
the unit. 

The APP-20D1 and APP-20D2 require +10-1/2 to +15 Vdc at 1A (200 mA in 
standby mode). No special power line filtering is required; however, when the 
printer is installed in a vehicle, it is recommended that printing begin after the 
engine is running. 

AP-20D1 AND APP-20D2·0RDERING GUIDE 

MODEL DESCRIPTION 

APP-20D1 Thermal Printer, Parallel Input, 
DC-Powered 

APP-2002 Thermal Printer, Serial Input, 
DC-Powered 

33-9371-17 Replacement Plug, P-1 (One 
Supplied with Printer) 1 

33-2187030 Replacement Fuse, F1, 3AG, 2A 
SLO-BLO (One Supplied with Printer) 

33-9655-1 Replacement 12 Vdc Power Supply with 
Transformers (a Spare Part: One 
Supplied with Printer) 

1. Consists of one Molex® 03-09-1094 receptacle, and several MolexcR) 02-09-1118 crimp terminals. 
Refer to MolexCRJ literature, or qualified personnel, for wire installation and plug assembly. 

SERIAL 
INTERFACE 

CONTROL 
BOARD 

PRINTER REAR VIEW 

F1 ~ 2A SLO-BLO 
J1 

r.=====0 
®®®< 
®®® 
(j) © (i)~ 
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Molex® is a registered trademark of Molex Incorporated 

'ON PARALLEL INPUT APP-2001 PRINTERS, PIN 1 ON 
THE DATA IJO CONNECTOR IS~ FOR DATA. CHASSIS 
GROUND IS NOT PROVIDED ON THE DATA 110 
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!$ MADE WITH A LUG BEHIND 
A MOUNTING BOLT. 
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APP·20A2, E2, J2 Panel-Mount 
Alphanumeric Serial-Input 

Thermal Mini-Printer 

FEATURES 

• Needs only 2 wires to interface, simplifies input connec­
tions to any computer serial port. 

• Includes all internal serial data and drive electronics and 
AC power supply. No extra electronics required. No bulky 
additional chassis or cables. 

• Miniature 20-column alphanumeric panel-mount 
thermal printer. 

• Internal microprocessor and BAUD UART includes 
1-line, 20 character buffer. 

• Serial 20 mA TTY current loop input is optoisolated 300 
VRMS, 100 Megohms. Eliminates ground loop noise 
problems. Can position APP-20 hundreds of feet 
from computer. 

• Standard RS-232-C connection also included. 
• 4.25-pound featherweight, 1.2 lines per seconds (72 

lines/min.) at high baud rates. 
• Jumper or logic selected baud rate (50 to 9600) 10/11 

bit character length. 
• Character-selected (SO/SI) TALL CHARACTERS. 
• Jumper or logic-selected inverted (text) printing or 

normal (lister) printing. 
• Includes switchable dual 115/230 VAC power supply; 

OEM's stock one version, choice of line cords. 
• Optional 12 Vdc power for vehicle mobile use. 

APPLICATIONS - Use the Serial APP-20 for: 

• Miniature hard copy printer for medical systems, analyt­
ical instruments and diagnostic testers. 

• Remote Slave Printer Terminal hundreds of feet from 
data source. 

• Multiple-station, daisy-chained message repeater using 
2-wire interconnects. 

• Portable test and measurement instrumentation for 
laboratory or field use. 

• Serial interface factory data logger or industrial data 
acquisition system with terminal at operator's station 
remote from hazardous process. 

INTRODUCTION 
A miniature, panel-mounting alphanumeric printer· using 
quiet, non-impact thermal printing makes possible all types 
of low cost display and instrumentation applications. The 
printer is Datel-lntersil's Model APP-20 (Alphanumeric Panel 
Printer) which features 20-column printing in a self­
contained housing including interface electronics and AC 
power supply. 

The miniature size of the APP-20 lends itself to a host of new 
applications. With outline dimensions of 4.44"W x 2.70"H x 
8.75"D (113 x 69 x 222 mm) to the rear fuseholder, the APP-20 
uses just 105 cubic inches of space and weighs under 5 
pounds (2,3 kg). The small size is made possible by using an 
internal dedicated microprocessor for control, timing, char­
acter generation, printhead drive and motor stepping. The 
APP-20 is expressly designed for smart analytical instru­
ments, process control monitors, industrial data loggers, se­
curity systems, hotel management dispatchers, assembly line 
tally systems, data acquisition systems, aircraft and vehicle 
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systems, telephone and data communications loggers and 
traffic, environmental and noise data loggers. In addition, the 
APP-20 is an ideal, low cost alphanumeric printer for most mi­
croprocessor development systems. 

Datel first pioneered a panel-mounting thermal printer with 
complete drive electronics in 1975 with the DPP-7 numeric 
printer. The present APP-20 uses identical panel-mounting 
and outline dimensions as the DPP-7 for users who wish to 
upgrade to the fully alphanumeric unit. And like the earlier 
DPP-7, complete interface electronics and AC power supply 
are included inside the APP-20 panel-mount housing. While 
there are many small panel-mount alphanumeric print mech­
anisms available from other manufacturers, nearly all of them 
require separately-mounted interface electronics, power 
supplies and bulky cabling. 

In This Brochure 

Introduction, Features, Description .......... Page 148S 
Description Continued, Sample Printout, 
Specifications .............................. Page 149S 
Specifications, Continued ............... Page 150, 151 S 
Input/Output Connections, Pin Programming 
........................................... Page152S 

Applications (Data Formats, Paper Loading, etc.) 
........................................... Page 153S 

Selection Guidelines, Typical Connections ... Page 154S 
ASCII Data Coding ......................... Page 155S 
Interfacing, Timing, Data Source Considerations 
. .. . . .. .. . . . .. .. .. . . . . .. . .. . . . . . .. .. .. . . . . . Page 156S 

Mechanical Dimensions, Panel Mounting ..... Page 157S 
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SERIAL APP-20 
DESCRIPTION 
The APP-20 prints the full ASCII character set of upper and 
lower case letters, numerals, punctuation, etc. in 20 columns 
across 2-5/16" wide (58,6 mm) thermal paper. A dot-line ther­
mal printhead forms 5 x 7 dot-matrix characters which are 
0.11 inches (2,8 mm) high. The printing rate is 1.2 lines per 
second regardless of the number of characters printed per 
line and a 150 foot roll of thermal paper prints almost 9,000 
lines of data (180,000 characters max.) at 5 lines per inch (2 
lines/cm) spacing. 

The internal control microprocessor of the APP-20 offers 
special OEM programming features which would be impossi­
ble with a straight mechanical printer. Perhaps the most strik­
ing feature is the inverted text printout mode. In this mode, 
printing appears upside down from the front panel. However, 
when the paper is torn off and inverted, the last line printed is 
at the bottom as normal text would be. In fact, the APP-20 may 
be mounted with its front panel horizontal (facing upward) for 
text printing applications. In these applications, the APP-20 is 
a text printer, like a teletypewriter. In the normal front-panel 
application, the APP-20 prints the last line at the top in the 
Lister mode. This mode is commonly used in printing data 
logging applications. Since the Text and Lister Modes are pin­
selected, users may combine inverted text with normal list­
ings on the same printout. 

Other OEM programming features are either data-coded or 
pin-selected (see specifications). These include extended­
height characters, single-character printing, form feed, hor­
izontal tab, and backspace. 

Extended-height characters are used for emphasis and may 
be intermixed on one line with regular height characters. Sin­
gle characters may be printed one at a time to echo a key­
board. 

A form feed (FF) character advances the paper 11 lines to sep­
arate adjacent records and a horizontal tab (HT) command 
indexes. input data to print in columns 4, 9 and 15 for tabular 
data. 

A conventional AC power supply is used in the APP-20 but is a 
dual-voltage type (115/230 VAC) so that OEM's need to stock 
only one model (either U.S.A. and European line cords are 
supplied, however). An internal switch, accessible when pa­
per is replaced, selects 115 or 230 VAC±10%, 47 to 400 Hz. 

SERIAL APP-20 SPECIFICATIONS 
(Typical at +25° C unless noted) 

GENERAL 
Function. ... The APP-20 prints alphanumeric information on in­

ternal roll paper from externally supplied ASCII 
character codes. 

PRINTOUT 
Number of 
Columns. 
Characters 
Printed. 

Printing Format . 
Character 
Spacing 
(Horizontal). 
Line Spacing . 

. 20 

All upper and lower case ASCII letters, numbers, 
punctuation and special symbols shown in the ANSI 
X3.4-1977 specification. (See listing elsewhere in 
brochure) 

. 5 columns x 7 row dot matrix 

. . Approx. 9 characters per inch 
Approx. 0.2 inches (5,1 mm). 5 lines per inch (4 dot 
widths spaced between lines) 

Character Size ..... 110 in.H X .070 in. W (2,8 x 1,8 mm) 
Printing Method .. Dot-line, thick-film non-impact ceramic thermal 

printhead 
Paper Motion ...... Stepping Motor, Friction Roller, and gear reduction. 

Paper advance (4 dot widths) occurs automatically 
after printing. A line may be viewed immediately after 
printing. 

Printing Rate. . . Up to 1.2 lines per second max. (72 lines per minute) 
depending on baud rate. The time required to print 
each line is: 

[ char./line X #bits/char. + 0.75 ] Seconds 
Baud Rate 

Power consumption idles at 5 watts and averages 17 watts 
with a 25 watt peak. 

The APP-20 may be operated at O" to +50" C and stored at 
-25" C to +85° C. (Paper will darken above +60° C). 

SAMPLE PRINTOUT, ACTUAL SIZE 

lSJbdOUWiit~4&Jap~qD 

INTERFACING 

~-t[\JZAXMAnls~adONW 

l~rIH~~30J88®l<=>!:6 

IJKLMNOPQRSTUVWXYZ[\ 
56789:;{=}?@ABCOEFGH 

EFGHIJKLMNOPQRSTUVWX 
The serial APP-20 simplifies external wiring to the minimum 
by requiring only 2 wires for the 20 mA current loop interface. 
Most any type of wire may be used for short distances and for 
longer distances with higher quality wire, the optoisolation 
feature protects against common mode noise and ground 
loop problems. 

The APP-20 accepts full serial input data which has been 
ASCII formatted. Both 20 mA loop and RS-232-C electrical 
levels may be accepted on separate logic-gatable input pins. 
One printable line (up to 20 columns) of input data is stored in 
an internal input register. Data input is then halted briefly (750 
mS) while the APP-20 drives the thermal printhead and ad­
vances one line after printing. Data may be accepted at pin­
selectable data rates from 50 to 9600 baud, commonly used 
with teletypewriters, computer serial 1/0 ports and data 
terminals. 

The RS-232-C input includes a Data Terminal Ready standard 
control output to synchronize start-stop data loading from a 
remote source. 

The 0.75 second is the time required after loading 
data when data transmission must stop while print­
ing and line advance occur. 

Printing Paper ..... Thermal paper 2.31 inches wide (58,6 mm) with ac­
tive surface facing away from roll center. Supplied on 
rolls of 150 feet length (45 m). Approx. 140 feet us­
able (42 m). Supplied in boxes of 10 rolls. Datel 
model number 58-9374-1. 

Printout Color ..... Blue characters on white paper 
Data Capacity. . . Approximately 8.400 lines (168,000 characters max.) 

per 140 feet of paper roll. 
Printhead Life ..... 30 million lines typ. (random character distribution 

and usage with Daiei-supplied paper and unmodi­
fied printers) 

Mechanism Life ... 5000 hours, typical 
Maintenance ...... Periodic cleaning with isopropyl alcohol of mecha­

nism, printhead and roller is recommended for dirt 
accumulation depending on operating conditions. 

FRONT PANEL 
Power On. . . .. Red light-emitting diode illuminates when power is 

applied. 
Feed . . 2 position momentary toggle switch. Actuating ei-

ther up or down advances paper continuously at 2.9 
lines/second or 0.6 inches/second (1,5 cm/sec). 

Paper Supply 
Indicator. . . . Mechanical pointer which rides on paper roll show-

ing relative amount of paper remaining. 
"F" indicates full roll. 
"E" indicates empty 
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SERIAL APP-20 

Specifications, Continued 

Housing Latch ... Rotating "UNLOCK" knob 
1/4 counter clockwise frees 
mechanism from housing and 
electronics. 
Knob is pulled out to replace 
paper roll. This disconnects 
power to the mechanism and 
stops printing. 

POWER SUPPLY 
Supply Voltage .... 105 to 130 VAC (A models) 

210 to 260 VAC (E models) 
100 VAC (J models) 

Frequency 

Power 

These voltages may be switch­
selected by withdrawing the 
front panel assembly as when 
the paper roll is changed. 

. . . . 47 to 440 Hz 

Consumption .... 5 Watts. idling, 17 Watts aver­
age during printing, 25 Watts 
peak 

Line Cords . ....... Captive 3-wire line cord ap­
proximately 6 feet (2m) long 
supplied with grounding plug 
for U.S. (A models) or Euro­
pean (E models - 2 prongs 
and ground shell) 

Fuses. . . A models: 1/2 Amp SLO-BLO 
E models: 1/4 Amp SLO-BLO 
Dimensions: .25" dia. x 1.25" 
long 
3AG type accessible on rear 
panel 

PHYSICAL-ENVIRONMENTAL 
Operating 
Temperature 
Range . .......... o to +50° C 

Storage 
Temperature 
Range. 

Altitude .. 

Relative 

. ... -25" C to -t85° C (Warning: Pa­
per darkens · t 60° C) 

.... 0 to 10,000 feet (3048 meters)' 

Humidity ........ 0% to 90% (no condensation) 

Acceleration 
(Non-Operating) . 1 5G, 3 axes, 0 to 50 Hz 

Weight. . .. 5 pounds (with paper roll), 
2. 3 kg 

Housing Outline 
Dimensions .... Identical to Datel's DPP-07 

Series 
4.44"W x 2. 76" H x 8. 75" D 
(113 x 70 x 222 mm) 
Allow an additional 1.5" for 
connector hood and cable 
clearance 

Bezel Dimensions. 5.25"W x 2.82"H x .78"0 
(134 mm x 72 mm x 20 mm) 

Front Panel 
Mounting Cutout .. 4.50"W x 2.78"H 

(115 mm x 71 mm) 

Mounting Method . Using four sets of 4-40 hard­
ware (not supplied) in housing 
mounting flanges. Mounting 
bolts are concealed by slide­

.out front panel bezel. 
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INTERFACE & INPUT/OUTPUT CONNECTIONS 
(Refer to 1/0 Listing, pg. 151 S) 

Interface Type.. Full serial asynchronous, ei­
ther with or without data load­
ing handshake controls 

Input Data Rate. . Rear-connector pin-seleC!ed 
(jumpers or TTL logic levels) 
to one of the following baud 
rates, ·so. 75, 110, 134.5, 150, 
200, 300, 600, 1200, 1800, 
2400, 4800, 9600 (see chart for 
pins 21 thru 24). 

Number of Bits 
Per Character . . . . 9 to 11 bits, selected by pins 

11, 12 and 13 

Data Electrical 
Inputs. . Two inputs, selected by pin 5 

to either a 20 mA current loop 
or an RS-232-C input (mutu­
ally exclusive, can therefore 
accept two logic-gatable data 
sources). 

Data Coding 
Levels .. ....... (Applies only to data; on the 

1/0 connection chart, controls 
that are low true, electrically 
more negative, are barred) . 

Current Loop RS-232-C 
"1" (MARK) 20mA nominal -3 to -15V 

(15 to 25mA) 
"O" (SPACE) OmA nominal +3to +15V 

(Oto 1mA) 
2.6 to 2.8V Refer to EIA 
drop on "1" spec. for 
Isolation: further 
300 Vrms, information 
100 Megohms, 
min. 

TTL INPUT/OUTPUT CONNECTIONS 
Logic Levels . All connections are 

compatible with DTUTTL 
and TTL-LS levels. CMOS 
4049 buffers may also be 
used. Outputs can drive 2 
TTL loads, min. 

INPUTS 

POS. TRUE 
VOLTAGE LEVELS CODING 

0 :0: "LO" :0: +0.8V Logic "O" 
or False 

+2.0V :S "HI" Logic "1" 
'.c0+5.0V or True 

OUTPUTS 0 '."'. "LO"°"' +0.4V Logic "O" 
or False 

+2.4V '-C "HI"' Logic "t" 
::o+5.0V or True 

All logic inputs include internal pullup resistors 
and may be floated for the positive· level. All in­
puts are level sensitive; risetime is not critical. 

CONTROL INPUTS 
Auxiliary Print 
Input (Pin 25). . .. Falling edge prints characters 

stored in line buffer and ad­
vances paper one line. Pulse 

Print Direction 
Text/Lister In 

width 20µS min, 600 mS max. 
The column address is then 
re-indexed to column 1. 
Caution: This line is momen­
tarily grounded through a 
diode drop when the front 
panel Paper Feed switch is ac­
tivated. Use open collector 
TTL or 1500 max. in series if 
driving Print from totem-pole 
TTL. Holding Print LO acts as 
a remote Paper Feed after 
printing one line. 

. (Pin 14). . ..... In the Lister Mode, characters 
" appear non-inverted, viewed 

at th.e front panel. The last line 
printed is at the top of the rec­
ord. Tie to ground for Lister 
mode. 
In the Text Mode, characters 
appear inverted viewed at the 
front panel. The last line 
printed is at the bottom of the 
uprigl1t text (nearest the 
panel). This format is compati­
ble with normar text such as 
from a teletypewriter. Print 
direction must be set before 
loading line buffer. Float pin 
for Text mode. 

Single 
!;;,~er 
Printing In (Pin 15). With this input floated, normal 

printing occurs after storing 
one character line in the 
buffer. 
With this input grounded, sine 
gle character-by-character 
printing occurs, as in key­
board echo applications. 
Paper will retract into the 
printer, imprint one character 
in the next available column 
and return for viewing. The 
PRINT Input is not used. This 
mode does not set Busy, there­
fore the user must not overrun 
the input register. 

~oop/ 
RS-232-C Select 
Input (Pin 5) ....... This input logically enables ei­

ther the 20 mA loop data input 
(pin 5 floated) or the RS-232-C 
data input (pin 5 grounded). 
Both data inputs may remain 
simultaneously connected so 
that selectable 2-channel op­
eration is possible. 

Tall Characters 
Select Input 
(PinsS,9) ... 

Baud Rate 

PIN 8 PIN9 

TALL 
CHARACTERS 
ONLY FLOAT FLOAT 

NORMAL 
CHARACTERS 
ONLY GROUND FLOAT 

TALL ASCII SO 

NORMAL GROUND GROUNC 

ASCII SI 

(Note: This is not upper/lower 
case selection, which is al­
ways available by appropriate 
character code in either TALL 
or normal modes) 
Tall and normal characters 
may be mixed on the same 
line. Tall characters may not 
be printed in the Single Char­
acter mode. 
Printing rate with TALL char­
acters is 1 line/second. TALL 
characters are 0.165" (4,2 mm) 
high. 

Select Inputs. . . See table on page 151S 
Pin 

21 22 23 24 
(MSB) (LSB) 
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SERIAL APP-20 

Specifications, Continued CONTROL OUTPUTS 
.l!!!!!!.i Register 

Ready level reappears. Since 
most data transmitter UART's 
require a finite time to respond 
to the Busy and stop transmis­
sion, 2 NUL characters should 
always automatically be sent 
after the CR. 

Full Output 

Baud Rate Select 

BAUD OCTAL BAUD OCTAL BAUD OCTAL 

(Pin 2) ............ Periodic negative-going 25 
microsecond pulse every 93 
microseconds, starting after 
20 printable characters are 
loaded into the data register. 
This FULL pulse train is halted 
by a PRINT command or by 
Backspace entries. 

End of Paper ...... A switch closes to lhound 
50 
75 

110 
134.5 

Character 
Format 
Select 
Inputs 
(Pins 13 
(MSB), 12, 
11 (LSB) 

02 150 16 1200 
03 200 05 1800 
17 300 15 2400 
04 600 00 4800 

9600 

13 
12 
07 
11 
10 

OCTAL 

Data Terminal 
Ready Output 
(Pin20) ..... . 

{pin 16) ~~~gf ~hx~fu3ti~n~~;~~t~rn~~ 
1 Kilohm pullup resistor to 
+5V is suggested for logic 
compatibility. The printer is 
disabled when the switch 
closes. 

Connector ........ Type DB25P mounted on rear 
panel with two 4-40 threaded 
retainers. A mating DB-25S 
(Daiei P/N 58-2079130) and. 
strain relief hood (Daiei PIN 
58-2083065) are supplied. 

START DATA STOP TOTAL !Ji 

.... This Ready/Busy output is 
RS-232-C compatible and 
goes low (-3V to -15V) after a 
Carriage .Return (CR) is trans­
mitted and returns high (+3V 
to +15V) approximately 750 
milliseconds later after the 
printing and line advance cy­
cle. Since data cannot be ac­
cepted during this 750 millise­
cond period, the data source 
must completely stop data 
transmission after the CR or 
pad NUL characters until the 

OPERATING 

7 1 
7 2 
8 1 
s 2 

9 Bits 2 
10 Bits 3 
10 Bits 6 
11, Bits 7 

Data-Coded Functions 

INPUT DATA CODES 

ASCII 
NAME** MNEMONIC HEXADECIMAL OCT~ 
Backspace BS 88 210 

Horizontal HT 89 211 
Tab 

Line Feed' LF SA 212 

Form Feed' FF SC 214 

Carriage CR SD 215 
Return· 

Null NUL 00 or 80 000 
or 
200 

Shift Out so OE 016 

Shift In SI OF 017 

MODE CHART ...... Modes may be either simulta­
neously compatible (V = YES) 
or mutually exclusive (N 
NO) NA= Does Not Apply) 

Tall Characters N 
Horiz Tab v v 
Backspace N y NA 

Form Feed v y NA NA 

Text (Inverted) v y v N v 
Printing 

RESPONSE 
Decrements the input register column address 
and deletes entry as it goes. Backspacing is not 
allowed with single character printing. 

Advance column address to columns 4,9,15 
in turn. This may be used to arrange tables or 
vertical printout columns such as 
CH TIME DATE DATA 
99 0900 04/05 123456 

Advances one line of paper. Data entry is 
disabled until finished. 

Advances 11 lines of paper (2.2"-56 mm) to 
separate adjacent records 

Carriage Return is the normal ASCII 
software print command. CR will cause printing 
of one line stored in the input data register, 
automatically advances one line, clears the 
register and indexes the column address 
counter to column 1. CR must always be 
followed automatically with 2 NUL's to allow 
time for the data source to respond to Busy by 
completely halting data transmission durin11 the 
750 ms printing and advance cycle. 
NUL is ignored without incrementing 
the column address counter. 

Print TALL characters 

Print Normal Characters 

·2 NU L's must automatically follow any LF, FF or CR character to allow time for the data source to com­
pletely halt transmission during the printing and advance cycle . 

.. All data-coded functions briefly set the Busy Output. 2 NUL's should be automatically sent after the 
function code to avoid loss of data synchronization. 
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SERIAL APP-20 

PIN. 

14 

15 

16 

17 

APP-20A2, E2, J2, 02 INPUT/OUTPUT CONNECTIONS 
(SHOWN AS VIEWED FROM REAR OF PRINTER) 

FUNCTION PIN FUNCTION 

Print Direction, Text/Lister, 
(Normal/Inverted) (Input) 
Single Cliaracter Printing (Input) 

1 Chassis Ground 

2 Input Register FuTi (Output) 

End of Paper (Output) 3 Received Data (RS-232-C Input) 
20 mA Current Loop IN + 4 No Connection 

18 20 mA Current Loop IN - 5 Current Loop/RS-232-C Select (Input) 

19 No Connection 6 No Connection 

20 Data Terminal Ready (RS-232-C Output) 
iNote 1) 

21 Bit 3 

} 22 Bit 2 Baud Rate 
Select Inputs, 

23 Bit 1 See Figure 3 
24 Bit0 

25 Auxiliary Print (Input) 

7 Signal Ground 

8 Tall Characters Select Input l See 
9 Tall Characters Select Input Fig. 1 

10 No Connection 

11 Bit0 ) 12 Bit 1 Character Length 
Select Inputs 

13 Bit 2 (See pg. 1538) 

Internal pullup resistors are supplied on all programmable inputs to achieve logic "HI" 

Note: Many RS-232-C pins are assigned to programmable features. Check sender connector wiring carefully before use!! 
Barred inputs indicate functions achieved with a logic "LO" (grounded) input. 

Tall/Normal Character Selection 

Fig. 1 PIN 8 PIN9 

TALL CHARACTERS +5VOR +5VOR 
ONLY TO PIN 9 TO PINS 

NORMAL CHARACTERS N~C. OR N.C.OR 
ONLY GND +sv 

TALL/NORMAL SELECTED N.C.OR GND 
BY SHIFT UP/SHIFT GND 
DOWN (016/017 OCTAL) 

(SO/SI) 

POWER-ON RESETS TO NORMAL CHARACTERS 

Note 1 

"Data Terminal Ready" Levels comply with RS-232-C. If desired, the nega­
tive excursion can· be eliminated by wiring a 1 N4148 diode or equivalent 
from pin 20 (cathode) to ground, pin 7 (anode). 

Baud Rate Select Table Fig. 3 

PIN21 PIN 22 PIN 23 PIN 24 
BAUD BIT3 BIT2 BIT1 SITO 

9600 H L L L 

4800 H L L H 

2400 L H H H 

1800 H L H L 

1200 H L H H 

600 L H H L 

300 H H L H 

200 L H L H 

150 H H H L 

134;5 L H L L 

110 H H H H 

75 L L H H 

50 L L H L 

EQUIV. 
OCTAL 

10 
. 11 

07 

12 

13 

06 

15 

05 

16 

04 

17 

03 

02 

Levels 

"1"(MARK 
"O"(SPACE) 

TTY Current Loop 

20mA 
OmA 

Isolation: 300 Vrms, 
100 Megohms min. 

RS-232-C 
-3 to -15V 
+3 to +15V 

H = FLOAT OR +5V 
L =GND 

(Refer to EIA spec. 
for further information) 

Note 2 

When using the current loop input, the "Data Terminal Ready" output is nor­
mally not sensed. Therefore, the user must insure that the APP-20's input data 
register is not overflowed. This requires that: 

1. No more than 20 printable characters are loaded into the data register per 
line. 

2. Printing is initiated using the CR ASCII character. 
3. That data transmission is completely halted during the 750 millisecond 

printout and line advance cycle. Alternatively, the user may pad 750 milli­
seconds worth of NUL characters before transmitting any more printable 
data characters. 

Note 3 

. Typical data sequence (one character): 

Start Bit = "O" 
Data Bit 0 (LSB) 

Data Bit 6 (MSB) 
Parity Bit (Ignored) 
Stop Bit = "1" 
Step Bit= "1" 
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11 Bits Per Character 

Rear Panel Connector Pin Locations 

PIN 14 O 

I 
I 
I I 

11 
I I 
I I 

PIN 25 ! l 

CONNECTOR STRAIN-RELIEF (2 PLACES) 

PIN 1 

PIN 13 

@ 

0 F.USEHOLDER 

O ACPOWER 
CORD 

@ 

DB-25S CONNECTOR (DATEL 58·2079130, INCLUDED} 



SERIAL APP-20 

APPLICATIONS 

Multiple-Station Applications 

Several serial APP-20's can be daisy­
chained together using the 20 mA loop to 
form a multiple-station remote slave ter­
minal network all driven from the same 
computer port. Examples of this include 
plant security systems where several sta­
tions are linked by APP-20's to give peri­
odic hard-copy printout of plant security 
status and time of day. 

COMPUTER 
AND 

SERIAL 
OUT PORT ( 

DO NOT EXCEED 

/ 
VOLTAGE COMPLIANCE. 
OF PORT DRIVER 

OPTIONAL 
I SHIELDED 

~AB~---=-Wiring is non-critical unless very long dis­
tances, high electrical noise or high baud 
rates are involved. These conditions would 
suggest coax or biaxial cable, line trans­
ceivers or repeaters. 

I L ____ rh:='.-:+ ~ 
HUNDRED5 I Input polarity should be observed (see dia­

gram) as well as the maximum voltage 
comp I iance of the computer's loop driver. 
Each APP-20's optoisolator input drops 
about 2.6 to 2.8 volts. Be sure the sum 
of APP:20 isolator drops does not exceed 
the loop driver compliance. 

DF---
FEET 

Paper Loading 
The paper roll is reloaded by removing the front panel print 
mechanism assembly from the housing and electronics 
section which remains captive to the user's panel. Proceed 
as follows: 

1. Shut off power to the printer. 
2. Slide out the printer mechanism by first loosening the 

front panel thumbscrew 1 /4 turn counter clockwise 
until it stops. Slide the whole front panel assembly 
straight out by pulling firmly on the thumbscrew, to 
release the internal PCB connection. 

3. Remove the previous paper roll by depressing the 
thermal printhead on top to release any remaining pa­
per. Grasp both ends of the paper roll axle with the fin­
gertips and pull straight up out of the printer assem­
bly past the circular axle retaining spring .. DO NOT 
DISCARD THE AXLE!!! 

4. Insert the axle into the new roll of paper and reverse 
the above procedure, sliding the new roll and axle 
into the axle slot past the retaining spring. Be sure 
that the edge of the paper feeds forward, passing over 
the top of the roll. Only the outside paper surface is 
coated for printing. 
Note: Paper is supplied only in boxes of ten rolls. 

Reorder box number 58-9374-1. 
5. Again lift the printhead away from the rubber drive 

roller by depressing the head assembly at the rear 
near the paper roll. Thread the paper under the head 
until it appears out through the front panel slot. 

6. Reassemble the front panel print mechanism into the 
electronics housing by pushing firmly into the hous­
ing to seat the internal PCB connection. Rotate the 
thumbscrew 1/4 clockwise and test the printer ad­
vance switch for proper operation. Paper may also be 
advanced manually by simply pulling out of the front 
slot. 

OPTOISOLATED 
CURRENT LOOP 
INPUT 

REAR CONNECTOR 
JUMPER PROGRAMMING 

Data Format and 
Character Length Select 

Description 

7 DATA. 1 STOP 
(9 BITS/CHAR.) 

7 DATA. 
2 STOPS 
(10 BITS/CHAR.) 

8 DATA, 
1 STOP 
(10 BITS/CHAR.) 

Character Format 

Lil 7DATA BITS 

'="' "'"' >--' 
a: 

"' "' 

1° I 7DATA BITS 

"'""' iii~ 
>-a: 
~ 
<fl 

I 0 I 7 OATA BITS 

11 I 
an-

~~ 
0 
>-
<fl 

1111 
"'<fl 

~~ 
0.. 
0 
>-
<fl 
N 

~ ~~~~s . ~_:rA_B"'l'-'TS'----'l_xliiJ 
(11 BITS/CHAR) ~ cc cc cc 0 g? 

~~ ~ ~~ ~ 
;! ct:Ui ~ 
(/) ~~ (/) 

ffi 
*The parity or 8th data bit is 
ignored by the APP-20 

<fl 
::> 

NOTICE 

-----, 
MORE 

STATIONS 

I 
I 
I 

I I .._ _________ ..J 

Pin Connections"'* 
( Bit 2 ) ( Bit 1 )( Bit.) 

Pin 13 Pin 12 Pin 11 

GND FLOAT GND 

GND FLOAT FLOAT 

FLOAT FLOAT GNO 

FLOAT FLOAT FLOAT 

""'Internal pullup resistors 
are included to establish a 
logic ··1" with no external 

connection r· Floan. 

Octal 

This applications information shows typical suggested circuits to illustrate 
design examples. Since Daiei-I ntersil has no control over the selection, mount­
ing, interconnection, fabrication and environmental factors of external appa­
ratus and components to this product, specific performance cannot be 
warranted This information is believed lo be accurate and reliable. No respon-

sibility 1s assumed for any errors or omissions. Nor does Datel-lntersil, Inc. as­
sume responsibility for the use of such information or for any infringement of 
present or future patents or other third party rights resulting from such use. No 
license is.granted by implication or otherwise under any patent, patent rights, 
or otherwise of Datel-lntersil. Inc. Prices and specifications are subject to 
change without notice. 
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APPLICATIONS, CONTINUED 

Selection Guidelines 
Serial vs. Parallel APP-20 Printers 

Both the serial and parallel APP-20 printers are identical 
in overall performance {characters per line, characters 
printed, speed, special programmable features, etc.). The 
parallel APP-20A 1, E1 is somewhat cheaper but requires 
more wiring to connect to a computer and requires a simple 
parallel port handler program written by the user to work 
the handshake controls and data inputs. On the other hand, 
2-wire connections to the serial APP-20 are simple and work 
with most any serial computer port and off-the-shelf associ­
ated driver software. Most single-board microcomputers in­
clude a serial port on the board. A few microcomputers and 
minicomputers may require an additional board for the 
serial port. This would increase the total system cost sub­
stantially. 

Parallel APP-20 For Custom Designs 
For users making a custom-designed microprocessor or 
discrete logic system, the parallel APP-20 will be cheaper 
since the companion transmitting UART, oscillator and baud 
rate generator clock circuits, prototyping and board area 
will not be required. Slightly more custom-written but sim­
ple driver software may be needed in ROM for the parallel 
APP-20. 
The serial APP-20 includes an additional serial port UART/ 
baud generator board inside. OEM's would consider stock­
ing this additional board as a spare part and this would add 
slightly to maintenance inventory expense. 
Conceptually, users find the 2-wire serial APP-20 sheer 
simplicity to connect to. Most of the additional program­
mable controls can be ignored (except for the baud rate 
selection and enabling either the TTY or RS-232-C data 
inputs) if the user doesn't care to learn to use them. The 
serial APP-20 user is cautioned that many programmable 
features are included on the RS-232-C connector so that 
direct connection to some terminals may not be possible 
without internally disconnecting lines. There are some soft­
ware reasons why terminal connections may need modifica­
tion. See "Interfacing". 
Finally, the 20 mA loop serial input can be positioned many 
hundreds of feet remote from the computer. The parallel 
APP-20 uses TTL logic levels and if cabling is used much 
beyond 10 to 25 feet, the user may need special wire, and/or 
line drivers and receivers. 

Typical RS-232-C Connections 

BA 2 

Guidelines on Current Loop 
or RS-232-C Usage 

The serial APP-20 has two separate data inputs (current 
loop and RS-232-CJ which are logic or jumper selectable 
(using pin 5). Therefore two separate data sources could 
be connected if desired. 
The current loop should be used if there are ground loop 
problems, if the connecting wire quality is low, for longer 
distances or for higher common mode noise situations such 
as an industrial factory. The current loop's optoisolated 
input should be used where up to several hundred volts 
separate the printer and data source grounds. 
The RS-232-C inputs should be used if the sender data 
source cannot be made to automatically wait 750 mS be­
tween lines of input data. TheAPP-20's Data Terminal Ready 
output would halt the sender after each line to allow time 
for printing. 

Typical Current loop Wiring 

SINGLE·BOARD 
MICROCOMPUTER 

RECEIVED DATA 

BB """' 
3 

14 TXT/LJST CH. GND 1 .-+--+~ 
e 15 Sol. CHAR. REG. FULL 2 
e16 ENDPAPEA RCVDDATA 3• NC 

17 LOOPIN+ NC 4e 
LOOP/AS-232 5 e NC 

BAUD DATA 
RATE FORMAT 
SEL. SELECT 

SERIAL 
APP-20 

DATA CBrs=-",.........r--~~~~~~~~~~~~~~r-"1--~ 

SOURCE ABr7-.-"'7~-r--~~~~~~~~~~~~~.....,,__._1 

154S 

SIGNAL/ 
GROUND 

CHASSIS 
GROUND 

CLEAR TO 
SEND DATA TERMINAL READY /r 

CD SIGNAL GROUND 
AB 

CHASSIS 
GROUND 

- EARTH GROUNDS 

( USE THE CURRENT LOOP ) 
IF THERE ARE GROUND LOOP 

NOISE PROBLEMS 

20 

7 
14 5 8 9 



SERIAL APP-20 INPUT DATA CODING 

BINARY DATA CODING 

DATA 
BITS DATA BITS 654 

3 2 1 0 000 001 010 011 100 101 110 111 

0 0 0 0 NUL Space 0 1£1 p p 

0 0 0 1 A c iJ. q 

0 0 1 0 ::::. E: F b t" 

0 0 1 1 # 3 r· .- ·= -. ' -· 
0 1 0 0 $ ::..L [I T d t. 
0 1 0 1 ,.-. -. E l_I E u 
0 1 1 0 so ... , .. F 1,,1 f I.) (:-: 

0 1 1 1 SI G l·l <~l l_,j 

1 0 0 0 BS .-. H ,:-:, r1 
1 0 0 1 HT 9 '·,' "/ 

1 0 1 0 LF :t: i ::... 

1 0 1 1 + 
;..· k f··. 

1 1 0 0 FF L 
1 1 0 1 CR M f=": 

1 1 1 0 N l n 
1 1 1 1 C• 0 (i DEL? 

ASCII HEXADECIMAL AND OCTAL CODING 
HEXADECIMAL OCTAL 

CHARACTER NOTES (4BITS) (3 BITS) PARITY 

Space Blank 20 040 Odd 
I 21 041 Even 
" 22 042 Even 
ii 23 043 Odd 
$ 24 044 Even 
;.~ 25 045 Odd 
8.: Ampersand 26 046 Odd 
' Apostrophe 27 047 Even 
( 28 050 Even 
) 29 051 Odd 

+• 2A 052 Odd 
+ 2B 053 Even , Comma 2C 054 Odd 
- Minus 2D 055 Even 

2E 056 Even 
) 2F 057 Odd 

[1 Number zero 30 060 Even 
1 Number one 31 061 Odd 
2 32 062 Odd 
~: 33 063 Even 
4 34 064 Odd 
5 35 065 Even 
6 36 066 Even 
7 37 067 Odd 
8 38 070 Odd 
9 39 071 Even 
: 3A 072 Even 
; 3B 073 Odd 

Less Than 3C 074 Even 
= 30 075 Odd 

Greater Than 3E 076 Odd 
·~· 3F 077 Even 
I~ 40 100 Odd 
R 41 101 Even 
E: 42 102 Even 
c: 43 103 Odd 
(I 44 104 Even 
E 45 105 Odd 
F 46 106 Odd 
G 47 107 Even 
H 48 110 Even 
I Letter I 49 111 Odd 
_I 4A 112 Odd 
K 48 113 Even 
L 4C 114 Odd 
11 40 115 Even 
N 4E 116 Even 
I) LetterO 4F 117 Odd 

AMERICAN STANDARD CODE 
FOR INFORMATION INTERCHANGE (ASCII) 
CODING PER ANSI X3.4-1977 SPECIFICATIONS 

MNEMONIC MEANING 

NUL Null is ignored and the column address 
does not increment. Unused data codes are 
considered a NUL and are ignored. 

BS Backspace: Decrement column address and 
delete entry. 

HT Horizontal Tab: Jumps column address to 
4, 9, 15 in sequence. 

LF Line Feed: Advance one line. no print. no 
change of input register. 

FF Form Feed: Advance 11 lines. 
CR Carriage Return: Software print command 
so Print TALL characters 
SI Print normal characters 

HEXADECIMAL OCTAL 
CHARACTER NOTES (4BITS) (3 BITS) PARITY 

F' 50 120 Even 
C' 51 121 Odd 
p 52 122 Odd 

53 123 Even 
T 54 124 Odd 
l_I 55 125 Even 
v 56 126 Even 
l·J 57 127 Odd 
'" 58 130 Odd ..... 
'!' 59 131 Even 
" 5A 132 Even -· 
[ 5B 133 Odd 

5C 134 Even 
J 50 135 Odd 
l 5E 136 Odd 
- Underline 5F 137 Even 

Accent Grave 60 140 Even 
0. 61 141 Odd 
b 62 142 Odd 
c 63 143 Even 
;j 64 144 Odd 
E 65 145 Even 
f 66 146 Even 

" 67 147 Odd 
n 68 150 Odd 
1 69 151 Even 

6A 152 Even 
~ 6B 153 Odd 
l Letter I 6C 154 Even 
I 60 155 Odd 
n 6E 156 Odd 
0 Letter o 6F 157 Even 

70 160 Odd 
71 161 Even 
72 162 Even 
73 163 Odd 
74 164 Even 
75 165 Odd 
76 166 Odd 
77 167 Even 
78 170 Even 
79 171 Odd 
7A 172 Odd 
7B 173 Even 
7C 174 Odd 
70 175 Even 
7E 176 Even 

Rubout Pattern 7F 177 Odd 
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SERIAL APP-20 ~O~ilfiEl~HL. 
INTERFACING 

Interfacing 

Most users will normally connect the serial APP..20 to the 
serial output port of a mini- or microcomputer. (Be sure to 
check polarity!} Using a microcomputer or microprocessor­
based input immediately satisfies several APP..20 require­
ments including data timing, character generation and 
sequencing, since these items can be controlled by pro­
gramming without having .to build additional electronics. 
For the current loop input at least, this provides literally a 
2-wire connection and the printer can be positioned many 
hundreds of feet away from the sender computer as a re­
mote slave printer using practically any wiring including 
voice-grade telephone wire, twisted pair, coax, etc. On older 
minicomputers, sometimes an additional PC board is re­
quired for a serial output. On newer microprocessor-based 
single-board computers, the serial port is included on the 
board and wiring is made up to the edgeboard connections. 

Using the APP-20 in Place of a TTY 
Although the APP-20 has a current input and responds to 
most ASCII characters, it can only be used directly in place 
of a teletypewriter if the user has direct control over the 
data source to observe the APP..20's timing requirements 
and print control, namely allowing sufficient idle time for 
the APP-20 to print and advance each line. While the APP-
20's net printing rate is about 1.2 lines per second or 24 
characters per second, the APP-20 still cannot be directly 
connected to a continuous TTY 10-character per second 
( 11 O baud} input. This is because the data input must pause 
a minimum of 750 milliseconds with each line to allow for 
printing and line advance. Typical 110 baud common carrier 
message sources operate almost continuously, line after 
line and of course, can be up to 80 characters per line. 

For most laboratory, analytical instrument, test and meas­
urement systems APP-20 applications, the system designer 
will have complete control over the printoutformat and data 
.timing intotheAPP-20. 

When connecting directly to an RS-232-C terminal, the user 
is cautioned that many programmable features (both inputs 
and outputs} are included on the APP..20's RS-232-C con­
nector. However, some terminals may use some of these 
same pins for RS-232-C functions which are not available 
or not required for the APP-20. It may be necessary to inter­
nally disconnect some wires before direct connection to 
such terminals. Also, CR characters must be sent at least 
every 20 characters to print the input buffer register con­
tents of the APP-20. 
Finally, note that internal pullup resistors are provided on 
all of the APP-20's programmable inputs. This will auto­
matically cause a "HI", "logic 1" or non-barred function to 
occur if no external connections are made. Such inputs may 
be externally controlled by the user's TIL logic if desired 

2-Wire Current Loop Timing . 

(Data Terminal 
Ready Output 
is not used) 

LOAD DATA 

or merely jumpered to ground or left open for LO and HI 
·(barred and unbarred} functions, respectively. Be sure to 
check the function of each line and.whether it is grounded 
to avoid faulty operation. 

APP-20 . Timing Considerations 
There are three phases to the serial APP-20 operation; idle, 
data load, and print/advance. During idling, the printer is 
powered up and is ready to accept serial data. Data may 
be loaded at any time while idling into the one-line, 20 
character line buffer register. Data must be loaded at the 
pin-selected baud rate. Normally, data is loaded completely 
in sequence with no interruptions between characters. 

DATA SOURCE CONSIDERATIONS 
The APP-20 has only a one-line 20 character data buffer. After 
a C.R. character (print command) is received, the data source 
must stop sending data during the print cycle (750 mS to print 
one line}. · 

There are two methods to input data successfully to the Serial 
APP-20 printer. Both of them allow the APP-20 printer suffi­
cient time to print and advance a line While external data 
transmission is halted. 

Method A 
For conventional RS-232-C practice, connect the Data Ter­
minal Ready/Busy output (pin 20) to the "Clear to Send" input 
at the data source. This control line must be monitored to pre­
vent data transmission when the printer is busy. Also, termi­
nate each line of 20 or less printable characters with a C.R. 
character (print command} followed by 2 NUL characters. 
The 2 NUL's act as padding characters to allow time for the 
data source to stop transmission. "Clear to Send" is RS-232-C 
circuit CB, pin 5. 

Method B 
Continuous, unstoppable data (such as that from common 
carrier teletypewriter information) cannot be accepted at any 
baud rate. 
Normally the Data Terminal Ready output stops the data with 
each CR but if Ready is not used, external 0.8-second wait pe­
riods (no data transmitted) may be added after every CR print 
command to allow printing time. Typical methods using a 
computer data source include an external 0.8-second hard­
ware timer, or an 0.8-second software timing loop. The hard­
ware timing would normally initiate an interrupt so that the 
computer would not be tied up polling an input bit. 
The 0.8-second wait method is not conventional RS-232-C 
practice but is very easy to implement, if the user has control 
over the data source. It is also a true 2-wire interface since 
Data Terminal Ready is not used. 
If the user cannot control the data source, an external user­
designed FIFO data buffer should be considered. 

PRINT & ADVANCE LOAD NEXT LINE 
~----..J>..----~r-----
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SERIAL DATA INPUT ! i 2omAMARK·1·~ ii 1· NODATASENT I 

0 mA SPACE •o• . .:..: l,__ ______ __. .... ,._-ALLOW750--.,.._ ______ _ 

------------' Ml~UM 
21 CHARACTER DATA 
BURST (21st CHARACTER 
IS CARRIAGE RETURNI 
1 LINE = 220 BITS 
AT11 BITS/CHAR. 
APPROX. 22mS AT 
9600BAUD. 

~~'WAfll'NAL READY 

1. SEND NO MORE 2. ALLOW750mSMIN. 
THAN 20 PRINTABLE BETWEEN LINES TO 
CHARACTERS PRINT AND AD"'NCE 

ONE LINE 

3. Send CR or Print 
Command to start printing. 

TIMING NOT 
TO SCALE 



SERIAL APP-20 MECHANICAL INFORMATION 

OUTLINE DIMENSIONS 
INCHES (MM) 

5.25 
(133.4mm~ 

MTG. PANEL 

Max. ht. .75119,05mmll 

8.00 (203,2mml 

.28 (7,1mm) 

.78 (19,Bmm) 

MTG. PANEL 

-1 
SIDE VIEW 2.76 max . 

.l.._'.:.....J,Jfj=~====~=======w=..!i!!C.._J mm) 

MOUNTING DETAILS 

PRINTER 
HOUSING 

PANEL 

--- (4) PAN HEAD SCREW 

PANEL CUTOUT 

. 13 (3,21 

4.750(120,651 ~ r 4.50 (114.31 1 
~~~-+.~~~~~~~ 

2.7Bnom.r-t --------- + 
(70,6) 

1.875 
147,62) 

. 125 (3,21 DIA TH RU 
4 HOLES # 4 Hardware 

NOTE 

TOLERANC£: .XX ± .01 {0,25) 
.XXX ± .005 (0, 1 OJ 

HARDWARE SIZE: #4-40 (M3) 

157S 



FEATURES 

Ill-- Uses Datel's miniature 7-column 

and 20 column thermal printers. 

... Benchtop case with tilt-up stand 
includes line cord and switch. 

Ill-- Additional internal space and front 
panel area for user's circuit cards, 
displays, or controls. 

Ill-- Easily adapted to Y. rack width 
mountings. 

DESCRIPTION 

Datel-lntersil's DPP-07 and APP-20 min­
iature thermal printers are now available 
mounted in a benchtop instrument hous­
ing, models CDPP-07 and CAPP-20. 
This instrument housing is intended for 
stand-alone use and may be ordered with 
the appropriate printer installed or as a 
housing only for users who already have 
the printer. This housing includes a 
power switch, fuse, tilt stand, U.S.A. or 
European detachable line cord and data 
cable strain relief clamps. Additional in­
ternal room and front panel area is left for 
user-fabricated circuit boards, power 
supplies, displays or controls. 

Since the decimal 7-column DPP-07 has 
the same cutout and outline dimensions 
as the alphanumeric 20-column APP-20, 
either printer fits this housing. Both AC 
and DC-powered printers may be used. 

CDPP-07 housings include 2 internal PC 
edgeboard connectors mounted on 
standoffs to mate to the PC board edge 
fingers protruding from the rear of the 
DPP-07 series printers. These connec­
tors are mounted to a rear cover plate and 
cable clamp assembly which is remov­
able by 4 corner screws. 

CAPP-20D DC-powered versions in­
clude the internal Molex +12 Vdc power 
connector with spade lug connections 
for power and chassis ground in place of 
the AC power cord. 

Partial disassembly of the top and rear 
covers will be required by the user to wire 
to the supplied data con nectars on all 
models. 
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CDPP·Q7, CAPP-20 Series 
Thermal Printer 

Instrument Housings 

SPECIFICATIONS 
Stand: ....... Collapsible tilt-stand 

folds under the housing 
for level mounting or 
angled mounting. 

ternally serviceable. Ca­
ble Clamp Strain Relief: 
To hold data, control and 
flag wiring. 

Support: ..... Four plastic feet provide 
quiet operation with mar­
proof protection. 

Construction:. Extruded, machined alu­
minum throughout, case 
wired to chassis ground. 

Power Switch: Front panel power switch 
disconnects all AC or DC 
power to the printer. 

Dimensions: .. 10"L x 4.09"H x 7.37"W 
(254 x 103,8 x 187,2 mm) 

Weight: ...... 10 Pounds (4,5 Kg) 
Printer plus housing Rear Panel: ... 3-prong U.S. or European 

grounded line cord sup­
plied. Fuse: AGC type, ex-

CDPP-Q7X 

CDPP-07 

CAPP-20X 

CAPP-20 

ORDERING GUIDE 

Housing only for 7-column 
decimal printer 

Housing with 7-column 
decimal printer installed 
(specify model type) 

Housing only for 20-colul'nn 
alphanumeric printer 

Housing with 20-column 
alphanumeric printer 
installed (specify model type) 

5 Pounds (2,3 Kg) 
Housing only, no printer 

Refer to the appropriate product literature 
for full printer specifications 

n a ,, ,, 
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CDPP-07 

OUTLINE DIMENSIONS 
INCHES - (MM) 

REMOVE THESE SCREWS ONLY TO GAIN 
ACCESS TO CONNECTOR ASSEMBLY 

REAR VIEW 
AIR VENT 

CONNECTOR STANDOFFS USED 
ON CDPP-07 MODELS ONLY 

(OUTLINE OF 
DPP-07 SHOWN) 

TOP VIEW 

FRONT VIEW 

DETACHABLE 
LINE CORD 

1·. ····~~ 
I E_J 0 J 0 '";;;;JI lll!lJ 

11= ---

l 
3.468 
(88, 1) 

J 
~ v I \_--------- 8-375 --------.i--1 ~5.7) i.- 1212.1) ~ I 

VIEW A-A 
ROTATED 90° 

FUSEHOLDER 

r< 

I 

SIDE VIEW 

B 

1 
TIL T 

ND STA 

Ir' 

I 

10.500 
(266,7) 

I 
~ _l 

Printed in u_SA Copyright'© 1980 Datel-lnters1I. Inc All rights reserved 

'[J'll~nni::m 11 CABOT BOULEVARD, MANSFIELD. MA 02048 I TEL (617)339-9341 I TWX 710-346-1953 I TLX 951340 
~ 1..$1.!:::i Santa Ana. (714)835-2751. (LA) (213)933-7256 •Sunnyvale. CA (408)733-2424 •Gaithersburg, MD [301 )840-9490 

D~on . Houston, [713)781-8886. Dallas, TX (214)241-0651 OVERSEAS DATEL (UK) LTD-TEL: ANDOVER (0264)51055 
lNJ U lS~ ~ • DATEL SYSTEMS SARL 602-57-11 • DATELEK SYSTEMS GmbH (089)77-60-95 • DATEL KK Tokyo 793-1031 
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APP·48 Panel·Mount 
48·Column Alphanumeric 
Full Serial Thermal Printer 

• Complete 48-column panel-mount printer with full serial 
data electronics and.AC power supply built in. 

• Prints full 96-character, upper and lower case ASCII 
alphanum_erics. 

• Dot-line thermal printhead, few moving parts for OEM 
reliability. No ink, no ribbons, no hammers, no mess! 

• Includes a full second 96-character set of special figures, 
currency symbols, European punctuation, mathematical 
operators, Greek letters, etc. Accessed by software (SO/ 
SI) control. 

• ·1xa1 JO wonoq 1e S! au11 pa1u1Jd 1se1 '(X.lS/X.13) 
IOJIUO:> iUBMUOS Japun {A.1.1 e B>t!I) 1xa1 pa1JaAU! SIU!Jd 

• Serial 20 mA TTY optoisolated current loop data input 
needs only 2 wires to interface. Operates hundreds of 
feet from data source. Optoisolation rejects common 
mode noise. 

• Internal microprocessor includes 1-line, 48-column data 
buffer. 

• Includes standard RS-232-C input and D-connector to 
operate from computer port or CRT terminal, 110 to 9600 
baud, switch-selected. 

• Prints up to 72 lines per minute. 
• 6-pound {2,7 kg) mini-lightweight. 

DESCRIPTION 
Datel-lntersil's APP-48 panel-mount alphanumeric thermal 
printer highlights half a decade of thermal printer experi­
ence and leadership. Beginning in 1975, Datel-1 ntersil 
pioneered the concept of including a// data and power sup­
ply electronics inside the miniature housing. 
T.fie non-moving thermal printhead technology employed 
today in the APP-48 obsoletes ink printers with their twirling 
printwheels, banging hammers, and internal mess due to 
ink ribbons or platens. 
THE APP-48 accepts full serial input data which has been 
formatted into 10 or 11-bit packed ASCII characters, and is 
driven to either 20 mA loop or RS-232-C data levels. One 
printable line (up to 48 columns) of input data is stored in an 
internal input register. Data input is then halted briefly (750 
mS) while the APP-48 drives the thermal printhead ele­
ments and advances to the next line after printing. The 
character is formed in a 5 column by -7 row dot matrix on 
specially-coated, thermally sensitive paper measuring 5 
inches (127 mm) wide. Input data may be accepted at 
switch-selected data rates from 11 0 to 9600 baud, com­
monly used with teletypewriters, computer serial I /0 ports 
and data terminals. 
The 20 mA current loop data input is optoisolated so that 
common m9de noise is rejected. Also, the APP-48 may be 
operated at lower baud rates many hundreds of feet from 
the data source using only voice grade telephone wire. 
The RS-232-C inputs include Request To Send and Data 
Terminal Ready standard control signals to synchronize 
start-stop data transfer from a remote source. A rear-panel 
DIP switch set selects the data baud rate, input format and 
other parameters. · 
Two software-controlled modes are made possible only by 
the microprocessor circuit design. A second 96ccharacter 
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COMPATIBLE TO: 20mA TTY and.Computer Ports 
RS-232-C CRT Terminals 

alphanumeric data set is stored in internal memory. This 
set may be accessed by transmitting the shift out control 
code (SO) before loading the next character. Shift in (SI) re­
stores the normal 96-character ASCII set The second set 
includes special figures, currency symbols, mathematical 
operators, European punctuation, Greek letters, P.tc. 
The STX/ETX control codes change the mode to inverted 
printing where the last record is at the bottom of the text 
when viewed normally. In this mode, the APP-48 may be 
mounted with its panel horizontal with printout feeding up­
wards like a teletypewriter. Under software control, lines 
may be alternated between lister (normal) and text (in­
verted) print modes. 
Hie print mechanism of the APP-48 consists of a stationary 
dot-line thermal printhead, software-controlled stepping 
motor and cogged belt/print roller drive. The lightweight 6 
pound (2,7 kg) APP-48 mounts through a 8.40"W x 2.92"H 
(213,4 x 7 4,2 mm) froint panel cutout with four screws. A 
3-prong line plug is captive to the internal AC power supply 
which is available as 115, 230 or 1 00 VAC, 4 7 to 440 Hz. 
Power consumption is 40 watts, maximum during printing 
and 12 watts while idling or accepting data. The overall di-. 
mens ions of the APP-48 are 8. 12"W x 2.84"H x 8.32"0 
(206,3 x72,2 x 211,3 mm). The operating temperature 
range is Oto +50°C and the front bezel measures 9.25"W x 
3.25"H x 0.75" thick (235,0 x 82,6 x 19, 1 mm). 

IN THIS DATA SHEET 
Introduction, Description Page 1608 
Specifications Pages 161, 1628 
Mechanical Outline Dimensions 
Front panel cutout, rear panel, 
panel mounting 
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APP-48 

CONDENSED PRELIMINARY SPECIFICATIONS, 
(Typical at +25° C unless noted) 

These specifications are subject to 
change and modification 

PRINTOUT 
Number of Columns ..... 48 
Characters Printed ...... 96-character set. upper and 

lower case ASCII letters. 
numbers. punctuatron per ANSI 
X3 4-1 977 Spec1f1catron. A 
second 96-character set is 
accessible by transrnrttrng the 
ASCII Shift Out (SO) character. 
Thrs second set consrsts 
of European characters. 
mathematical symbols. Greek 
letters. sorne graphics symbols. 
monetary symbols and others. 
The origrnal ANSI X3 4 set is 
restored using the Shrit In (SI) 
control character 

Printout Inversion ....... Character-lines may be printed 
(Note: Normal and out inverted with the STX and 
Inverted Text may not ETX control characters. 
be Intermixed on 
the Same Line) 

Printout Format ......... 5 dot columns by 7 dot row 
rnatrrx per character 

Printout Color ........... Blue characters on white paper 
Line Spacing ............ 0.164 inch (4.2 mm) line to line 

Approxrmately 6 lines per inch 
Vertical Spacing Between 

Characters ........... O I inch (2.5 rnm) 
Printout Width 

(48 Columns) ......... 4.77 inches (121,2 mm) 
Character Size .......... 0.070"W x O 11 O"H 

(1.8 x 2.8 mm) 
Printing Method ......... Dot-lrne. non-impact, rnkless 

ceramrc thermal prrnthead 
Printing Rate ............ Up to 72 lines per minute (1.2 

lines per second) at highest 
9600 baud rate, regardless of 
the number of characters 
printed per line. The time 
required to print each line is: 

r_char il1neX#b1ts1ch~ +o 15] Seconds 
l Baud Rate 

Printing Paper .......... Thermal paper 5 inches ( 127 
mm) wide x 150 foot (45m) 
rolls. Supplied only rn boxes of 
10 rolls. Reorder part no. 32-
9469-1 A red warning strrpe is 
displayed on the paper when 
approximately 1 0 feet of paper 
remarn 

Data Capacity ........... Approx. 11.000 lines in 150 feet 
usable per roll. 

Printhead Life ........... 30 million characters typical 
with random characters and 
Datel 32-9469-1 paper rolls. 

Mechanism Life ......... 5000 hours, typrcal rn non­
hostile environments. 

INTERFACE 

Interface Type .......... Full serral asynchronous, either 
wrth or without data loadrng 
handshake controls. 

Input Data Rate ......... A rear panel DIP switch set 
selects one of the following data 
baud rates: 

110 1200 
150 2400 
300 4800 
600 9600 

Note: The external data source 
must erther halt or pad nulls 
during the 750 mS print and 
advance cycle. Continuous data 
cannot be accepted at any 
baud rate. 

Data Format ............ Selectable 1 0 or 11 bits per 
character. 7 or 8 data bits, odd, 
even or no parrty, 1 or 2 stop 
bits 

Electrical Data Inputs .... Two inputs, EIA RS-232-C or 20 
(Note: The logic mA teletypewriter current loop 
polarity of Request To on separate pin sets on the rear 
Send is Switch panel DB-25P data connector. A 
Selectable) Request to Send output (RS-

232-C circurt CA, pin 4) and 
Data Terminal Ready output 
(RS-232-C circuit CD, pin 20) 
are provided. 

Self Test ................ An internal rotating 
96-character ASCII set may be 
printed using two external 
jumpers from pin 25 to pin 7 
(ground) and from pin 2 to 3. 

Data Coding Levels ..... Current Loop* RS-232-C 

"1" 
(Mark) 20 mA nom. -3 to -15V 

"O" 
(Space) 0 mA nom. +3to+15V 

*1 os Megohms resistance. 
1500 Vdc isolation. 

DATA-CODED FUNCTIONS 

Character Meaning Hex. Octal 

NUL Null, ignored 00 000 
BS Backspace, delete previous 08 010 

character' 
so Shift Out, Maps input data into OE 016 

the 2nd 96-character (non-
standard set) 

SI Shift In. Reset into standard OE 016 
ASCII data set 

Note: SO and SI may be transmitted before each character. If 
SO or SI are not sent, printer will remain in last character 
set status. Power-on reset selects the ASCII character 
set 

Note 2: Backspace decrements the column address counter. 
loads a space character and !eaves column counter 
decremented. The recommended procedure to clear 
a line of any length before printing rs to load 48 
backspaces. 
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APP-48 

Character Meaning Hex. Octal 
STX Changes to inverted printing 02 002 

(text) mode 
ETX Changes to normal, non- 03 003 

inverted (lister) printing mode 

Note: Sn< and ETX must be transmitted before each line and 
cannot be accepted within a line. If STX and ETX are not 
sent, the printer will remain in the last mode status. 
Power-on reset may be DIP-switch selected to 
automatically start with either the text or lister mode. 

Character Meaning Hex. Octal 
HT Horizontal tab, successively 09 011 

indexes to columns 9, 17, 25 
and 33 for data logging or 
tabular applications 

LF Line Feed, advances one line, OA 012 
no print, no change of input 
register 

FF Form Feed, advances 11 lines, 
no register change 

CR Carriage Return is used to print OD 015 
register contents, clear the 
register and advance one line. 
CR requires 750 mS, during 
which input data cannot be 
accepted. LF is not required 
to advance the line. If the 
sequence CR, LF is sent, LF is 
ignored.* 

DEL Delete, Clear previous 7F 177 
character column, load rubout 
obliteration pattern, and 
advance column counter to 
original address. It is not 
possible to backspace and 
obliterate previously-printed 
characters. 
*A full input register will also 
automatically start the printing 
cycle. 

FRONT PANEL 
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Power On ............... Yellow Light Emitting Diode 
(LED) illuminates when power is 
applied. Note: Since most users 
will connect the APP-48 through 
a master system power on-off 
switch, there is no separate 
power on-off switch on the 
APP-48. 

Feed ................... Momentary pushbutton switch 
(Note 1) advances paper as 
long as it is depressed. (Note 2) 

End of Paper ............ Red LED illuminates when 
approx. one inch of paper is 
remaining and disables further 
printing until paper is renewed. 
A red warning stripe appears on 
paper before the LED 
illuminates. (Note 2) 

Note 1: A line will finish printing if Feed is depressed 
while executing the print and advance cycle. 

Note 2: Feed and End of Paper functions cause Ready to 
Send to go false to inhibit the data transmitter. 

~U:U~UIL. 

POWER SUPPLY 

Model A .............. 105 to 130 VAC, 47 to 440 Hz. 
Model E .............. 200 to 250 VAC, 47 to 440 Hi 
Model J .............. , 90 to 110 VAC, 4 7 to 440 Hz 

PowerConsumption .... . 12 Watts, max., idling 
40 Watts, max., while printing 

Fuses .................. 115 VAC - 1 Amp 
230 VAC % Amp 

PHYSICAL 

Operating Temperature 
Range ................ o to +50° C 

Storage Temperature 
Range ................ -30° C to +85° C without paper 

Warning: The paper begins to 
darken after long exposure to 
+60° C and above. 

Weight ..............•... 6 pounds (no paper) (2,7 kg.) 
Paper roll ............... 0.7 lbs (0,3 kg) 
Outline Dimensions ..... 8.12"W x 2.84"H x 8.32"D 

(206,25 x 72, 14 x 211,33 mm) 

Bezel Dimensions ....... 9.25"W x 3.25"H x 0.75"Thk 
(235,0X 82,6X 19,1 mm) 

Mounting Method ....... Through a front panel cutout 
measuring 8.40"W x 2.92"H 
(213,4 x 74,2 mm). 4 #8 
mounting bolts and hardware 
are required. 

Mounting Position ....... Horizontal (Panel Mount) or 
Vertical (with panel facing 
upwards) 

Acceleration 
(Non-operating) ...... Within ±5G, 0 to 50 Hz, 3 Axes 

Relative Humidity ....... 0 to 90%, non-condensing 
Altitude ................ 0 to 10,000 feet (3048m) 

ORDERING INFORMATION 

MODEL 
APP-48A 

APP-48E 

APP-48J 

32-9469-1 

DESCRIPTION 
Printer, 115 VAC. 
47-440 Hz 

Printer, 230 VAC, 
47-440 Hz 

Printer, 100 VAC, 
47-440 Hz 

Box of 10 thermal 
paper rolls 
(150 feet per roll) 
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MOUNTING DETAILS 

IATllllil B COllltECTtlR SUPPLIED· 
DAHL 58·2079130 

NUT·-

LOCK WASHER I 

PRINTER HOUSl:J___ ----~= 1·-----

--------- -~-t 
---i 

p--· -

@mD ---

PAN HEAD SCREW---. _/ 
NO. 8 HARDWARE ~----·_,., 

CUSTOMER PANEL 

HOUSING MOUNTING PAD (2) SUPPLIED 
DATEL 58-9548 

~~ 

Printed in U.S A Copyright© 1980 Datel-lntersil. Inc. All rights reserved 

"E]l~n 11 CABOT BOULEVARD. MANSFIELD. MA 02048/ TEL. (6171339-9341 I TWX 710-346-1953 /TLX 951340 
~ 1..51.!:::i Santa Ana. (714)835-2751. (LAJ (213)933-7256 •Sunnyvale. CA (408)733-2424 •Gaithersburg, MD (301 )840-9490 

D~on . Houston, (713)781-8886. Dallas. TX (214)241-0651 OVERSEAS: DATEL (UKJ LTD-TEL: ANDOVER (0264)51055 
~ U 15~ lb • DATEL SYSTEMS SARL 602-57-11 • DATELEK SYSTEMS GmbH (089)77-60-95 • DATEL KK Tokyo 793-1031 

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE 
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FEATURES 

• Thermal Printhead uses no ink, 
no ribbons and no hammers -
Whisper Quiet 

• Panel-Mounting Miniature, 
Featherweight - 4.4 pounds 
(2 Kilograms) 

• Includes all BCD Electronics plus 
Input Storage Register 

• 6 Digits and Sign up to 4 lines 
per second, Numeric or 
Hexadecimal 

• OEM reliable - only 2 moving 
parts 

• Selectable Positive or Negative 
True Parallel TTL Inputs 

• Selectable dual-voltage 115/230 
VAC AC Power 

• Generous OEM-quantity 
discounts 

GENERAL DESCRIPTION 
Imagine a low cost 7-column panel­
mounting printer just slightly larger 
than most digital panel meters. Imag­
ine this lightweight, high-reliability di­
gital panel printer installed in your in­
strument or system front panel. And 
imagine an inkless, non-impact ther­
mal printing method with only two 
moving parts which will last for years. 

This is Datel's miniature 4 line per sec­
ond DPP-07 thermal panel printer. A 
no-nonsense, simple to apply, OEM­
designed digital output device that 
weighs in at only 4.4 pounds (2,0 Kg). 
OEM features are designed in to the 
DPP-07 such as selectable leading 
zero blanking, selectable positive or 
negative true coding inputs and 
choice of 100 to 230 VAC line power. 
Full parallel TTL input BCD elec­
tronics are included as standard. 

Other OEM design features include a 
selection of printout formats, manual 
print and advance front panel switch, 
and a low-paper switch output. A 
unique mounting technique uses an 
aluminum housing which attaches di­
rectly through a front panel cutout. 
This housing permanently holds the 
electronics, although the mechanical 
assembly can be completely removed 
for paper replacement using a single 
front panel thumbscrew. As the me­
chanical assembly is removed, it dis­
connects from the internal electronics 
PC board connectors, so that no lethal 
power voltages are exposed during 
paper reloading. However, the exter­
nal PC board connectors at the rear of 
the case remain connected to the in­
ternal electronics. 
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DPP-Q7 Digital 
Thermal-Numeric 

Panel Mount Mini-Printer 

The housing supports the weight of 
the mechanical assembly and is 
mounted on a front panel through a 
4.50" x 2.72" cutout and secured by 
four screws. Three DPP-07 panel 
printers can conveniently be mounted 
across a 19" x 3%" high rack mount 
panel. 

OEM pricing makes the DPP-07 ideal 
for instrument products. Comparable 
impact parallel printers with BCD de­
coding and drive electronics usually 
list for more than the DPP-07. 

Standard 1%" widethermographic pa­
pers are used in handy 150 foot rolls 
giving about 9,000 lines per roll with 5 
lines per inch. The ?-segment digits 
are .155" high with left-of-digit deci­
mal points selectable at each digit. 
Seven column printing formats in­
clude sign and six digits or 2-channel 
(ident) digits, sign and 4 data digits. 
Other 7 column decimal formats are 
also available. 

The DPP-07 Digital Panel Printer ex­
tends back 8.62" from the front sur­
face of the mounting panel, including 
space allowance for the two 30-
conductor PC board connectors of 
AC fuses. 

Three universal AC line voltages (100, 
115, and 230VAC) will power the DPP-
07 Printer at approximately 20 watts. 
The DPP-07 is ruggedly built, using a 
simple, but sophisticated mechanical 
design which is optimized for heavy 
duty OEM applications. A proprietary 
printhead character coating. allows 
the head to be conservatively rated at 
3 million lines, minimum. 
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HIGHLIGHTS 

4.4 Pound Panel-Mounting Featherweight 

At 4.4 pounds (2,0 kg) the DPP-07 is one of the lightest panel­
mounted printer available. It is directly compatible with the size, shape 
and interfacing of Digital Panel Meters. 

OEM Reliable - Only Two Moving Parts 

Instead of the usual assembly of noisy ratchets and gears, the DPP-
07 Digital Panel Printer needs only two long-life moving parts-a 
brush less digitally-controlled stepping motor and the paper advance 
roller. There are no banging hammers or twirling printwheels to col­
lect dirt and fail. All electronics use low power Schottky logic, as­
suring minimal heat rise and long service life. 

Components have been generously derated and were selected par­
ticularly for their cost-effective OEM reliability. A full.one-year war­
ranty provides further assurance of product excellence. An absolute 
minimum of maintenance is needed. Suggested occasional print­
head cleaning can be safely ignored for extended periods because 
of the wiping action of the paper over the large-area, fully-formed bar 
segments. 

Complete with Binary Coded Decimal Inputs and Storage Register. 

Datel's Miniature DPP-07 Printer is complete with BCD electronics. 
Many competitive printers don't include full parallel BCD or if they do, 
it is an expensive additional chasses with bulky cabling and unique 
power requirements. Date l's little DPP-07 printer is ready to use and all 
BCD 1/0 logic (with selectable positive or negative true TTL coding) is 
built in. A strobed input storage register allows multiplexing with other 
1/0 devices sharing the same data bus lines. 

Thermal Printhead with Easy-to-Read 7 Segment Digits. 

Printing couldn't be simpler. Heat-sensitive thermographic paper is 
positioned under six decimal digits in 7-segment format. Each digit 
consists of conductive thickfilm resistor matrix segments deposited on a 
ceramic substrate. Segment-parallel, digit-serial power pulses are applied 
to each digit for 25 milliseconds. 12 R heating then darkens the paper 
in contact with the heated segments, leaving crisp, black printed digits. 
A proprietary, thermally conductive surface on the thickfilm elements 
has high wear resistance allowing a conservative 3 million line print­
head life. Characters are formed along the bottom edge of the print­
head so they may be viewed immediately after printing. 

MOUNTING DETAILS 

PRINTER 
HOUSING 

PANEL 

HARDWARE SIZE' •4-40 IM31 

(4) PAN HEAD SCREW 

~14)HEXNUT 
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SPECIFICATIONS (TYPICAL@ +25°C UNLESS NOTED) 

General 

Number of columns: 7 
7-column formats available: 

a) Leaping± sign and 6 decimal digits 
b) 2 leading ident or channel digits, ±sign and 4 data 

digits 

Decimal digit format: 
7-segment 0 to 9 digits .155" (4 mm) high with 10° slant 
and selectable left decimal point. 

Printing method: 
Thick film thermal print head, black characters on white 
paper (using 3M Type 161 paper) 

Printer paper: 
1.75" wide x 150 feet long, (44,5 mm x 45 m), 3M-type 
161 thermal paper roll with the thermal surface facing 
away from the center of the roll. 

Paper advance: 
Via DC servomotor wormgear and optocoded paper 
advance roller. 

Performance 

Max. printing rate: 4 lines per second 
Print and paper advance cycle: 250 milliseconds 

Line spacing: 0.2 inch (5 mm) 
Line density: 5 lines per inch 
Line capacity per paper roll: approx. 9,000 lines 
Minimum print head life: 3 million lines 
Average print pulse on-time: 25 mSec. (height varied by 

temperature feedback) 

Inputs 

DTL/TTL compatible, selectable positive or negative true, 
level sensitive. TTLLS low power Schottky logic used on all 
inputs. 
Logic Levels: 

Positive true: 

Negative true 

+2.0V .;;;; "1".;;;; +5.0V 
OV.;;;; "O".;;;; +0.5V l Note TTL LS 
OV.;;;; .. 1 .. .;;;; +o:5v . logic levels 

+2.0V,;;;; "O",;;;; +5.0V 

Note: Pullup resistors to +5V may be optionally re-
moved on all inputs and outputs. 

Data: (24 lines) 
Full parallel BCD (1-2-4-8), selectable positive or nega· 
tive true, 1 TTLLS load plus 10 K ohm pullup to +5V. 
!Vlay be used with Form A (normally open) or Form B 
(normally closed) switch closure inputs. Level sensitive 
(rise-time non-critical). Data is stored (see timing, pg. 8) 

Change Data Polarity: (Pin C1-B11) 
Selects input polarity of data, decimal points and ± sign 

simultaneously. 
LOW = positive true coding 
HIGH= negative true coding 
6 TTL LS loads, plus 1 Kohm pull up to +5V, level sensi-

tive 

Print and Advance Command: (Pin C1-B14) 
Level sensitive for Form A or Form B contact closure, 

selectable positive or negative true. 
1 TTLLS load plus 10K ohm pullup to +5V. 

Pulse Width: 1 miscrosecond to 200 mSec (data must 
be valid 1 µsec. after leading edge and 500 nSec. 
before the print command). 

Maximum print command rate: 3 per second. 
Paper advance automatically occurs after digit print· 

ing. Holding print command TRUE longer than 
the busy output is true (200 to 250 mSec,typ) 
causes continuous 4 lines/sec. printing. 

Change Print Polarity: (Pin C1-B7) 
HIGH= negative true coding 
LOW = positive true coding 
1 TTL LS load, plus 1 OK ohm pull up to +5V, level sensi­

tive. 
Leading Zero Suppress: (Pin C1-B4) blanks all leading 

zero's to the left of decimal point except a zero just 
left of the decimal point 

HIGH = Leading O's blanked 
LOW =full print (no wppression) 
2 Low Power TTL loads, plus 10K ohm pullup to +5V, 

level sensitive. 

Minus Sign: (Pin C1-B1) 
Selectabfe positive or negative true using data level select 

input. 
1 TTL LS load, plus 1 OK ohm pullup to +5V, level sensi­

tive. 

Plus Sign: (Pin C1-A5) 
(Selectable positive or negative true using change data 

polarity input). (Minus sign must also be printed since 
it is used as the horizontal portion of the plus sign). 

1 TTL LS load, plus 10K ohm pullup to +5V, level sensi-
tive. 

Note: Printing "plus" sign only results in vertical portion 
of plus' sign. See above. Usable as 100% overrange digit 

Blanked Character: 
Created by loading 1-1-1-1 in a given column. Can be 

hard-Wired. 

Decimal Points: (6 lines) 
1 TTLLS load, plus 10K ohm pullup to +5V, level sensi­

tive. 
(Selectable positive or negative true using change data 

polarity inputs). 

No-Print Paper Advance: (Pin C1-A3) 
Ground this line 5 mSec min to advance one .line. Hold 

to ground for continuous advance at 6. 7 I in es per 
second. 

1 TTL LS load plus 10K ohm pullup to +5V. 

No Print Paper Advance: 
May also be created by loading the illegal BCD character 

1-1-1-1 in all decimal locations, and disabling all 
decimal points and ± signs, then initiating a print/ 
advance command. 

Test: (Pin C2-B6) 
LOW = ± .8 .8 .8 .8 .8 .8 printout when print/advance 

command is given. 
1 TTLLS load, plus 10K ohm pullup to +5V, level sensi-

tive (2 minutes max. this test, DPP-7) 

Change Busy Polarity: (Pin C1-A2) 
HIGH= positive true busy out 
LOW = negative true busy out 
1 TTLLS load, plus 10K ohm pullup to +5V, level sensi­

tive. 

GROUND C1-B11 AND C1-B7 FOR POSITIVE TRUE INPUTS. 
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SPECIFICATIONS CcontinuedJ 

Outputs 

DTL/TTL compatible 

Positive true: OV..;;; "O"..;;; +0.4V 
+2.4V..;;; "1"..;;; +5.0V 

Negative true: +2.4V..;;; "O"..;;; +5.0V 
OV..;;; "1"..;;; +0.4V 

Busy: (Pin C2-B12) (Open collector TTL 7438 with 
1 Kohm pullup to +5V) 
Remains TRUE during print and advance cycle (approxi­

mately 200 to 250 milliseconds). Data inputs may be 
changed 500 nSec. after transition to TRUE. Next 
print command can be enabled when busy goes 
FALSE. Selectable positive or negative true. 10 TTL 
loads. 

Out of Paper: (Pin C2-B4) see dwg. pg. 10 
Switch opening via mechanical pawl when approx. 
6' (2m) of paper are left on roll. Paper roll visually indi­
cates "low paper" within 10 to 15 feet (3 to 4.5m) of 
end of roll using red stripe on roll. Switch is in series 
with PC board contacts which disconnect if printer 
mechanism is not completely seated in case. Open switch 
contacts or print mechanism removed will disable both 
local and remote print command. Pin C2-B4 has an in­
ternal 1 K ohm pull up to +5V normally grounded by 
switch before paper is low. 

Front Panel 

LED red power-on lamp 

Paper Quantity Indicator: 
Mechanical pointer which rides oil paper roll, indicating 
relative amount of paper left. 

Paper Roll Replacement: 
By sliding out front panel printer assembly. PC board 
interlock automatically disconnects all power to printer 
assembly and power supply with electronics remain with 
housing case. Removal by a single Dzus-type front panel 
thumbscrew. 

Print/Remote/ Advance 
Front panel 3 position toggle switch, stable in center 
position (REMOTE), must be held in top (ADVANCE) 
or bottom (PRINT) positions. 

ADVANCE: 
When switch is held up, the printer continuously ad­
vances paper without printing at a 6.7 line per second 
rate. 

REMOTE: 
Center position enables all external inputs. 

PRINT: 

When switch is pushed down, printer prints one line 
and stops. After print -and advance, external input 
is accepted even if the switch is held down. 

Temperature Ranges 

Operating: 0 to +40°C (to +50°C at derated speed) 
Storage: -25°C to +85°C (Paper darkens above +60°C) 
Active printhead temperature sensor is employed to 
maintain proper print head temperature at all ambi­
ent temperatures and during warmup. 

Hexadecimal Printout 

Users requiring full alphanumeric printout (upper and 
lower case letters, numerals, punctuation and special 
characters) should select Daters Model APP-20thermal 
printer using a 5 X 7 dot matrix character format. Ask 
for an APP-20 brochure from your nearest Datel office. 

The DPP-07 is also available as an extended numeric 
printout called hexadecimal which includes 6 extra let­
ters (A through F) beyond the 10 numerals. Hexadec­
imal code is ideal for machine language instruction 
and data code printout from microprocessor systems. 
Because of the 7-segment format, the b and d must be 
lower case. Also, the 1-1-1-1 code will no longer blank 
a column, although leading zero suppression may be 
selected. The type 4 printout (.9.9.9 .9.9.9 decimal or 
.F.F.F .F.F.F hexadecimal) with a blanked center column 
is available for two data points printed on the same line. 

Hexadecimal Coding 

Input Printout Input 
0000 a 1000 
0001 I 1001 
0010 2 1010 
0011 3 1011 
0100 If 1100 

Printout 
8 q 
Fl 
b c 

0101 5 1101 cJ 
0110 /; 1110 E 
0111 7 1111 := 

Power Supply 
AC Version: 
105-125 VAC,47-440Hz@ 40 watts max (10 watts, 
typ standby) 
May be switch-selected to: 
205-240 VAC,47,440Hz@ 4(}-watts max (10 watts, 
typ standby) 
Optional: (J models) 
90-110 VAC, 47-440Hz@ 40 watts max (10 watts, 
tvP standby) 
AC Fuse: 1/4" x 1-1/4" Buss MDL or equivalent 1/2 
A, SLO-BLO, 115VAC, 1/4A, SLO-BLO, 230 VAC. 

Note: Case is grounded to AC power ground 
+5V, 200mA max. logic power out available with AC 
version. 

Connectors 
Data and Controls: 
(2)30-conductor (15 per side). 

Double-sided PC board connectors. 
0.1" centers. Datel#58-2073083 

2 included with printer). 
AC Power 
Supplied captive line cord with European or U.S.A. 
plug. 

Weight (with housing and full paper roll) 
4.4 lbs. (2,0 kg) 

Dimensions 
Front panel mounting cutout: 
4.50" WIDE x 2.72" HIGH (115 mm x 69 mm) 

Front panel Bezel dimensions: 
5.25"WIDE x 2.82" HIGH (134 mm x 72 mm) 

Depth behind front surface of mounting panel includ­
ing clearance for rear PC connectors and fuses: 

8.7" (221 mm) 
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MECHANICAL DIMENSIONS 

.1313,21 

PANEL CUT-OUT 
INCHES (MILLIMETERS) 

-4.7501120.65) 3· 
4.501114,3) . • 1 

..-~~~-.,.~~~~~-

2. 78" r-t-----+ 
normal 
(70,6) 1.875 

147,62) 

.125 (3,2) DIA THAU 
4 HOLES #4 Hardware 

NOTE: 
1. DIMENSIONS IN INCHES (mm) 

TOLERANCE .XX ± .01 (0,25) 
.xxx ±.005(0,10) 

A.C. MODEL POWER AND LOGIC CONNECTIONS 
(Rear View) 

168S 

KEYWAY BETWEEN 5 & 6 

(

FUSE 

,.-=4-40TA · 
/ 4 HOLES 

NOTE· 

1. POWER INPUT & CHASSIS CONNECTIONS ARE 
1/4" (6.35mml MALE SPADE TERMINALS. 

0 

0 

5.25 
(133,4mm) 

2.82 
(71,i>mml 

l 

OUTLINE DIMENSIONS 
INCHES (MILLIMETERS) 

MTG. PANE:L 

.69 (17,6mm) 1 i Max. Ext. 

------5.69 (144,5mml D.C. MODEL 

8.00 (203,2mm) A.C. MODEL 

.28 (7,1mm) 

.78 (19,Bmm) 

MTG. PANEL 

SIDE VIEW 

-1 
2.76" 
max. 
(70,1) 

L~==;;;=;====~J 

NEW IMPROVED MODEL DPP-07 

.The DPP-07 Printer is a pin-for-pin form, fit and function 
successor to Datel's original DPP-7 Printer introduced in 1 975. 
The DPP-7 was the world's first miniature, panel-mount thermal 
printer which included all interface electronics and power sup­
plies. While the DPP-07 is a direct replacement for the DPP-7, 
the internal electronics are totally new. Other changes include: 

1 : The servomotor-wormgear paper advance of the -07 is 
whisper-quiet compared to the solenoid-clutch advance of 
the -7. 

2. Printing speed has improved on the -07 to 4 lines per 
second. 

3. The 07-s wormgear locks the roller so that paper must 
be advanced using the front panel switch or pin C 1-A3. 

4. A DC-powered version of the 07 is not available at this 
date. however, users may continue to· order the 5V-powered 
DPP-70 with minimum piece orders and scheduled (longer) 
deliveries. Contact Datel's sales offices for information. 

Users have found that the DC-powered DPP-70 requireCJ a 
separate, large, expensive 5V power supply to handle the 1 0 
Amp current pulses required by the DPP-70. 

Users with mobile (vehicle) applications will find it more 
cost-effective to operate the DPP-07 from a 12 or 24 Vdc 
to 11 5 VAC inverter. 

5. The olde"r DPP-7's are available with scheduled (longer) 
deliveries in minimum quantities for users who must have 
them. 



INPUT /OUTPUT CONNECTIONS 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 

DPP-07 PRINTER PINOUT 

Connactar Pinouts Ara Shown As Viewed From Rear Of Printer 

Connector Cl 

A B 

Dec Pt . 0000 Sign " - " 
Chg. Busy Polarity Dec Pt . 00000 
No Print Advance Dec Pt .000000 
Logic & Pwr. Gnd. Leading Zero Suppress 
Sign "I" 
Dec Pt .0 Dec Pt .000 
Dec Pt .00 Chg. Print Polarity 
BCD 400,000 BCD 80 
BCD 20 BCD 8 
BCD 2 BCD 40,000 
BCD 100,000 Chg. Data Polarity 

BCD 10,000 
BCD 40 +5V Logic Power 
BCD 400 Print Command 
BCD 4,000 BCD 4 

NOTES 

1. +5V contacts (Cl-813 & C2-813) are internally 
connected 

2. Ground contacts (C1-A4 & C2-85) are internally 
connected 

3. On AC Models, +5V contacts (Cl-813 & C2-813) 
will provide +5V power out at 200mA max. 

Connector C2 

A B 

1 . BCD 8,000 BCD 800,000 
2. BCD 80,000 
3. 
4. End of Paper 

5. Logic & Pwr. Gnd. 
6. Enable Print Test 

7. BCD 800 
8. BCD 200,000 BCD 20,000 
9. 

10. BCD 2,000 
11 . BCD 200 

12. Busy 

13. BCD 1,000 +5V Logic Power 

14. BCD 10 
15. BCD 100 BCD 1 

GROUND C1-B11 AND C1-B7 FOR POSITIVE TRUE INPUTS. 

1. 
2 . 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 

BCD INPUTS Binary Coded Decimal inputs are shown cross-referenced to their corresponding connectors and pins. 

For other print formats (see ordering 
guide, pg. 12) blanked columns will 
appear between digits shown. 

100.000's 10,000's 1,000's 100's 10's 1 's 

DIGIT 6 DIGIT 5 DIGIT 4 DIGIT 3 DIGIT 2 DIGIT 1 

a: -+=-8 t-'-4 +=-2 t-'-1 -+-~8+-'4+=2+-'1--+~8+--4-+-'2-+-'1-+~8+--4'-+_2+1--1- 8 4 2 1 _+-!!+_4 +-'2 -+-'1 +--- a: 
§ C1 A A B A A A B A A B B A C1 ~ 
UJ 8 11 10 12 15 14 -¥3 9 - f----9 15 10 ~ 
Z B A B B A BAB BA B B z 
z C2 1 8 2 8 1 10 13 7 11 15 14 15 C2 1§ 
8-~~~~~~~~-~~~~~~--"-~~~~~~-~-~~~-u 

± sign located here on type 2 print format 

NOTE: PULLUPS PROVIDED ON ALL LOGIC CONNECTIONS. CHECK RESULTANT CODING ON UNCONNECTED TERMINALS. 

MOUNTING DETAILS 

PRINTER 
HOUSING 

PANEL-
~--~4) f-ffX NUT 

HARDWARE SIZE: :t4-40 (M3} 
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PAPER LOADING 

HOW TO LOAD PAPER 

1. Shut off all power to the printer if 
the printer uses a. separate power 
switch. 

2. Slide out the· printer mechanism by 
first loosening the front panel thumb'. 
screw counterclockwise until it stops. 
Pull the thumbscrew firmly straight 
out and the front panel/printer as· 
sembly will slide out all the way. 
Some .force may be needed to release 
the internal PC connection. 

3. Raise the paper loading door by 
pulling forward until it stops. This 
automatically lifts the thermal print­
head frorn the paper drive roller (see 
photo). Remove any paper from a 
previous roll. 

4. Pull the remaining paper backward 
out from under the printhead. Grasp 
both ends of the paper roll axle with 
fingertips and pull straight up out of 
the printer assembly. The axle will 
slide past the circular axle retaining 
spring as shown in the photo. 

Inserting new roll 

5. Slide the paper roll axle out of the 
used paper roll and reinsert the axle 
in a new roll. Do not discard axle!! I 
The paper roll is Datel part number 
9101 supplied only in boxes of ten 
rolls. Orderboxnumber9114 
Spare axles are Datel part number 
9062, 

6. Slide the new roll and the axle past 
the retaining spring and insert the paper 

over the pad and under the printhead 
ribbon cable (see photo) until paper 

.appears at front panel slot. Be sure 
the paper is threaded from the rear 
and passes over the roll. Paper shou Id 
be cut straight across for easy inser­
tion. Only the outside paper surface 
is treated for printing. 

7. Pull paper through front panel slot, 
close the paper loading door and slide 
the printer mechanism back into the 
housing. Press the front panel printer 
assembly firmly into the housing as 
far as it will go. This will seat the 
internal PC board connection. 

8. Rotate the thumbscrew clockwise un­
til it stops and turn on power. Paper 
may be manually advanced simply by 
pulling out of the front slot. 

Reloading summary: 

1.' Loosen thumbscrew, pull out mech· 
an ism. 

2. Lift paper loading door. 

3. Lift out used roll and reinsert axle in 
new roll. 

4. Press new roll and axle into axle slot 
past circular spring. 

5. Thread paper over top of roll and 
under printhead out through front 
panel slot. Close door. 

6. Push mechanism back into housing 
and retighten thumbscrew. 

TIMING DIAGRAM 

~~$Ic ~i~ {Z_o[m~~_iXJ.O!.p~ 'E!e[. = = ~ _-_-_-__ 
~ ~0.5µSec min ~----
_!._J.. 250mSectyp .,.L__ 

PRINT 

BUSY 

DATA VALID 

SHIFT 

+-SELECT 

COL. 1 SELECT 

COL. 2 SELECT 

COL. 3 SELECT 

COL. 4 SELECT 

COL. 5 SELECT 

COL. 6 SELECT 

PAPErl FEED 

5V POWER 
CURRENT 

Note: Valid data 
required 500n Sec min 
before print command 
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I 

~~1-~5-µS~e~c_m~in,.....------------------­
~ 1.....-0.5 µSec min 

" 1 I I 

(DPP-70 only) Random 8 Amps max. current pulses during 
printing have 10% to 90% duty cycle 
depending on leading zeroes, 

decimal points, sign, digits printed, 
and ambient operating temperature. 

Random 8 Amp 5 to 20 mSec wide 
current pulses occur several times per 
second in standby 



APPLICATIONS 

An ideal use for the DPP-07 is to record analog values from a 
BCD output AID converter or Digital Panel Meter. A simple 
external clock circuit or an AID converter with an adjust­
able conversion rate can be used to form a printing data 
logger. With the addition of Datel's digital time-of-day 
clock and data acquisition module, a complete multi-chan­
nel logging system can be made. 

Most scientific and analytical instruments with digital inter­
facing capability will have full parallel BCD outputs which 
can be directly connected to the DPP-07. 

Use the DPP-07 with Datel's autoranging DM-2000AR Digi­
tal Panel Meter to create an analog sampling system with 
3-Y, digit resolution over 3 decades from 200mV to 20V 
full scale. 

Using the DPP-07 printer with a DPM will allow faster sam­
pling than taking readings by hand or by visual sampling of 
the DPM readout. Longer-term variations and drifts are 
more easily viewed when the printer and DPM work hand­
in-hand. 

PRINTER BLOCK DIAGRAM 

PAPER ADVANCE 
FRONT 

PANEL [ PAINT PULSE 
ADVANCE PAPEH 

SWITCH SOLENOID 
SOLENOID 

1 DRIVER 

BUSY 

PRINT TIMING 
COL. 1 - AND 

i----DAT A LOCKOUT CONTROL COL. 2 SUPPRESS r-----
C1RCU1T 

LEADING SHIFT 
COL. 3 

ZEROS j ~ 

COLUMN 
COL. 4 

COLUMN 
SKIP • SELECT COL. 5 DRIVERS 

COL. 6 

r- COL. 7 
LEADING 

'-
ZERO PRINT 
DETECTION HEAD 

CIRCUIT SEG, a 
SHIFT 

bd 
SEG. b 

·~ 

REGISTER 

SEG. c 
DATA BCD SEGMENT 

INPUT 
BCD 1 TO SEG. d DRIVERS 

LINES BCD 2 7-SEGMENT 
SEG. e 

DECODE 
BCD 4 SEG. f 

BCD 8 SEG.g _., 

D.P./HOA. SIGN 

L- VERT. SIGN 

ENABLE TEST PAI NT (+.B.8.8.8.B.8) 
~ 

END OF PAPER EDP 

SWITCH ,--------, 
I 

TRANSFORMER POWER I 
SUPPLY AND REGULATOR I 

1 I 
L _ ________ _! 

±SIGN WIRING 

TWO LINE 

POS. TRUE 
CODING 

This printout may be vsel'.f as 

Sl.GN 

SIGN 

TA POLARITY 

NO 

' : a 100% overrange leading "1' d1g1t 
if the sign is not used 

PRINT- C1 
OUT Ali 

I HI 7-

-- LO 

BLANK LO 

I 
I HI 

C1 
81 

HI 

HI 

LO 

LO 

NO CONNECTION. 
{INTERNAL +5V PULLUPt 

POS. TRUE 

CODING 

ONE LINE 

"I" SIGN 

"··" SIGN 

CHG. OATA POLARITY 

LOGICGND. 

PRINT- C1 
oUT Ail 

I HI 7-

~- LO 

Use .. the coding sctlfi!mes ab$Vfil $iOCe. the. verticlll and 
horizontal portions of the sign are separate inputs. 
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APPLICATIONS 

BCD Source to Printer Block Diagram 

When used with a Digital Panel Meter or A/D converter with 
BCD output, the interconnections with the Printer are made 
as shown here. The converter or DPM's output connects to 
the printer input. The EOC (Busy) output generates a print 
pulse using a monostable and a system gate inhibits further 
conversions until the print and advance are completed. 

A basic interface of this type is detailed in the circuit on page 
11. More logic may be required if any coding is inverted al­
though th is· may be accomodated by the selectable coding 
feature of the DPP-07. Some types of conversion systems 

.might require time-synchronous levels and would need 
more circuitry than shown here. Important circuit details 
have been omitted for clarity. 

ANALOG 
INPUT 

DIGITAL 
PANEL 
METER 

BCD 
1/0 

74123 

C1-B7 C1-A2 

PRINTER 

CONVERT pe~v :---~~;A----;:~.:- -:PRINT 

· I VALID PRINT I 
DELAY PULSEr.o-~~ 

EXT. 
START 

A/DOR DPM 
BUSY IEOCI 

BCD DATA 
VALID 

DELAY 
ONE SHOT 

PRINT 

ONESHOT ONESHOT 

START 

PR!Nl''ER -"--------h 
BUSY 

FUSES 

BLANKED COLUMNS 
Many applications require one or more columns to be 
blanked. For example, if a printout is needed which dis· 
plays a 4-digit data value with sign and then a 0 to 9 chan­
nel identification digit, the printout would be: 

±9999 9 
In order to contin~ally blank the second column, the illegal 
BCD digit 1-1-1-1 is hard-wired as follows. The typical 
example shown here assumes negative true coding: 

r.---0+5V 
CHG. DATA ..... ~ 
POLARITY --< INTERNAL 
~ "1° 1K!1 PULLUP 
~----' T0+5V 

LOGIC 

The data is negative true because pin C 1-B 11 is floated and 
the internal pullup resistor to +5V automatically causes 
negative true data coding. Other columns can be blanked 
in a similar manner. With positive true coding (C1-B 11 
and C1-B7 grounded), internal pullup resistors on all BCD 
data inputs will automatically blank all unused columns. 

End of Paper Switch 

The end of paper switch is connected in series with a PC 
board connector as shown. Opening the switch inhibits 
further print pulses. 

OPENS~ 
FOR 
END OF 
PAPER 

, 
FRONT 
PANEL 
PC BAD 
CONNECTION 

+5VDC 

END OF PAPER OUTPUT (PIN C? - 84) 

AC Fuses - are replaced using the fuseholder on the rear 
panel. 

1725 

The fuses are: 

100 or 115 VAC: 1/2 Amp Buss MDL SLO-BLO 
1/4" x 1-1/4" or equivalent 

230 VAC: 1/4 Amp Buss MDL SLO-BLO 
1/4" x 1-1/4" or equivalent 



APPLICATIONS 

TYPICAL 16-CHANNEL PRINTING DATA LOGGER 
BLOCK DIAGRAM 

;------------· -r= =:- ---- - -1 

The DPP-07 Printer can be combined with other 
Datel off-the-shelf modules to create a complete 
multichannel printing data logger as suggested here. 
Circuit details such as power, trim, hard-wired in­
puts, bypassing and full system logic have been 
omitted for clarity. I DIGITAL I 

ANALOG 
!NPUT 

BCD 
DPM 

Model DM-41 OOD 

BCD 1·0, 
AND SIGN 

1 I OPP-07A2 : ~~:T~~~ : 
: ) PRINTER I I 

With the addition of a BCD-output Digital Clock, a sim­
ple 2 channel digital multiplexer and control for the 
printer input, the printout will also record the time of day 
at selected intervals. Contact Daiei for applications 
assistance. CONVERT 

1.~;;-i:=;===L-~~-~~,__l ~ ~]_-_-:_r ~=. 
PRIN Busv BCD Clock ~ 

EOC 
ll3USY1 

I 12 59·59 \ 

L ________ J TYPICAL PRINTOUT: 

CHANNEL VALUE 

,---~---~.....__ CO~!TROLS 
08 - 12.36 07 + 08.95} 

MUX 
ANA 

OUT 

lG-CHf\.N 
ANALOG 

MULTIPLEXER 

MX-1606 

Fl 
ANALOG 1(3 ANAL_OG 

GNO INPUTS 

CHANNEL ADDRESS 

INHIBI f 

APPLICATION EXAMPLE: 

Programmer 
Sequencer 

Logic 

DIGITAL PANEL METER TO PRINTER INTERFACE 

The typical interface circuit shown will connect a DPP-07 
Printer and a Datel DM-2000AR Autoranging Digital Panel 
Meter. The DPM will shift decimal points over three full 
scale ranges(± .1999V, ± 1.999V, and± 19.99V) and the 
DPP-07 Printer will automatically print out data with the 
sign and correctly positioned decimal points. The DM-
2000AR Digital Panel Meter is internally set to make two 
samples per second of analog input voltages. The leading 
edge of the EOC (Busy) line from the DPM is used to 
trigger one of the monostables in the 74123 integrated cir-

AND FLAGS 

EXTERNAl 

RANDOM 

ADDRESS 

09 - 04.47 
10 + 10.12 DATA 

16 19.03 TIME 
12 59.59 -

Hours Min/Sec 

Refer to a Typical Interface to Datel-lntersll's 
Low-Cost DM-41000 DPM on Page 1745 

cuit. Thirty-three milliseconds later, the EOC line is low 
and valid BCD data is available from the DPM. The first 
50mS monostable times out and triggers the second mono­
stable in the 74123. This second monostable produces a 2 
microsecond print pulse. The next start pulse from the 
DPM's internal start clock commands another sampling in­
terval and a printout 50 milliseconds after sampling. The 
entire operation is controlled by the DPM start clock at 
about 2 samples and printouts per second. This clock can 
be slowed down or controlled externally (see DM-2000AR 
data sheet). 

DIGITAL PANEL METER INTERFACE TO MODEL DM-2000 AR 

tter Anti-ii 
cap fo 
optois 
DM-20 
only 

.01µF 
300V 
typ 

' olated 
00 AA·2 

f 
+ GNDA4 

for autoran gtng 

Analog DM-2000 AR 
Input PC Board 

r GND 
Connector 

HI 

' 
B(Top) l 

1 ~-3 ~~LsJ1 a 9Jo 1112131-411s 1±JaL 

l L 

DPP-07 PC BOARD CONNECTORS 

-:-~ 

Cl-A C1-8 C2·A ,,- rT ,,-11-r,- '2 '2 -
rt" rt r;;- 0 

JT" rt ri-
ti1 rg-1 ~ l 6 )----, ~ 161 

J rt'i-- ~ 1-71 
"'81 j---' rg1 
~ ~ t'91 

C2·B 
f1 
'2 
l'3 
C4 
rg-1-H 
1-6 
t-71---rg-1 
1'91 

8-4-2 bits 
(BCD SK, 4K, 
2K) of 
over range 
"1" digit 
are hard 
wired LO. 

A(Bottom) l 4-~ ~ t;01 i101-----1 t 1 2J3 j~~789}011121314151~~1 r,tj-h r,1 ....Jj'j1 -=-~ l;'T Cf21 t"i2i 0 

~ 
-L_J J [l u 13 rli? ~ t;31 

~ 
EDC 

15 4.7 
µF Krl 

+5V 

10K~ =r;= t---ti_ Lil. ..D.Il.ll..ll.. 

F? P, 4.7 74123 7404 
Krl 1 

~Jli[o1µJ ''LfIT1l 
GND 1.1 

~ l;'4' 
l;s1 w 
~ 

J 
PRINT 

~ Inverters are used to 

'° mplement the negattve 
true decimal point outputs 
from DM-2000 AR 

t';'41 
~ ~ tm 

+5V Power 
(not connected 
to AC OPP-7 
models) 

Note: BCD Data is 
positiv 

Print c ommand is 
e true,. negativ 
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Datel's products are available both direct and through GSA. 
If you are connected with a military or federal agency or 
receive federal funds, you may be entitled to purchase 
Datel's Digital Panel Printers and other products through 

the General Services Administration to expedite. requisition­
ing and order processing. 

MODEL NUMBER 

DPP-07~ L L 
l l 

PowllfSupply Printout Format Characters 

J = 100VAC 1 = ±.9.9.9.9.9.9 Leave} = Decimal 

B =Both 115/ 2 = .9.9±.9 9.9.9 Blank Digits 

230 VAC 3 = .9±.9.9.9.9.9 
Dual-winding 4 = .9.9.9 .9.9.9 
transformer, 5 = .9.9.9.9 .9.9 H =Hexadecimal Digits 
shipped as 6 = .9.9.9.9.9 .9 
230 VAC. Ada for 
Rewired by Hexadecimal printout. 

user to 115 
VAC 

OEM Versions available (same prices) 
DDP-07 -9554 .......... no panel label 
DPP-07 .9555 ........... no connectors 

•All A and E models now DPP-07 -9556 · ..... · .... no label, 
include dual voltage no connectors 
115/230V transformers. 

DM-41000 INTERFACE WITH DPP-07 THERMAL PRINTER 

The DM-41000 may be connected directly to Datel-lntersil's DPP-07 Miniature Printer to form a func­
tional data logger. The required connections are shown below. 

DPP-07 
PRINTER {

® 
C1 (A} 

NO 

DM-41000 
TOP BOARD (Jl) 
DIGITAL INTERFACE 
CONNECTOR 

[•I TOP - _?_ --P PUSH TO MEASURE & PRINT 
c 

1748 

I Al BOTTOM 

Notes: 
1. Leading zero suppression on the printer may be activated by grounding printer pin 84 on connector C1 (join 

84 to A4 on C1). 
2. To select the des.ired decimal point on the printer, ground all unused decimal points to C1 pin A4. Only the 

unconnected decimal point is enabled. 
3. The Run/Hold input on the D.P.M. can be used to trigger a Measure/Print cycle. A logic input or contact 

opening can be used (no debounce is necessary). Leaving the Run/Hold open or high will cause the system 
to free run at about 3 measurements per second. 



DAS-256 

PDAS-250 

INTERFACE PANEL 

A/D-D/A 
Computer Data Systems 

IN THIS SECTION 

DAS-256 

PDAS-250 

INTERFACE PANEL 

176S-189S 

190S-196S I 
197S,198S 
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System 256 
(Model DAS-256) High 

Performance A/D-D/ A 
Computer Peripheral System 

FEATURES 
• Up to 256S/128D A/D Channels per housing 
• A/D's expandable to 512S/256D channels (2 

housings) and beyond 
• Up to 32 D/A channels per housing 
• D/A's expandable to 64 channels (2 housings) and 

beyond 
• 12 bit Binary Resolution 
• Optional 64 Simultaneous Sample/Holds for 

dynamic, realtime FFT's, spectrum analyzers and 
signal processors 

• 50 or 100,000 AID samples per second throughput 
• Minicomputer-style, binary LED/toggle switch, front 

panel for control, display or calibration of A/D-D/A 
data and addresses 

• Operates off-line (front panel) or on-line (remote 
computer control) 

• Modular channel expansion and configuration for 
optimized capacity versus cost. 

• Internal CMOS circuits for low power, low drift. 
External multiplexed-bus TTL 1/0 with stored 
commands. 

DESCRIPTION 
The System 256 is a separate housing for A/D and/or D/A con­
verters including a power supply and a minicomputer-style, bi­
nary LED/Toggle-switch front panel for complete calibration and 
troubleshooting access to the addressing and data bits of the ana­
log channels. System 256 .can accommodate up to 256 single­
ended or 128 differential analog channels. (It can easily be ex­
panded to 512S/256D channels in two housings and beyond). 
Special performance features include A/D through-put periods 
down to 10 microseconds (for 12 bits) and up to 64 simultaneous 
A/D sample/hold amplifiers for fast dynamic events. A related 
product, Model PDAS-250, may be used with DMA components 
for 12-bit A/D sequential channel block data burst.sat rates up to 
250,000 channels per second (4 microseconds total data sample 
transfer period). 

System 256 is configured in a 31/2-rack-high housing with sup­
plied slides for standard 19 inch RETMA rack mounting. 
The system is organized as a parallel-interface A/D-D/A periph-· 
eral with automatic intcrrno!I controi of channel addressing modes 
(random/sequential) sequencing and converter controls. 
Besides offering very high channel density in one housing, Sys­
tem 256 may be located up to 25 feet (10m) from the computer to 

SYSTEM 256 MINICOMPUTER APPLICATION 

position the analog channels near sensors, experimental appa­
ratus and process equipment: 

A very unusual option with System 256 is Simultaneous Sample/ 
Hold where up to 64 analog A/D channels may be sampled at pre­
cisely the same time (±1 nanosecond) and then rapidly digitized 
and transm"itted to computer memory. 
Simultaneous Sample/Hold is ideal for fast dynamic .events such 
as shock, vibration or impulse studies, fast chemical reactions, 
aircraft flutter testing, and dynamic load studies. This concept of 
taking a fast "digital snapshot" of rapidly-changing analog events 
allows known, real-time data analysis. Users are currently apply­
ing sophisticated mathematical techniques such as FFT (Fast 
Fourier Transform) to determine spectral (phase, amplitude, fre­
quency) contours of dynamic data. By appropriate programming, 
a plot or map of the event can be reconstructed from the 
computer's memory. 

The optional 12-bit D/A section fits co-resident in the same 3V2 

inch-high rack-mount housing. Internal logic is CMOS for low 
power and low analog drift due to minimal heat rise and for 
enhanced reliability. External interfacing is TTL levels for com­
puter bus compatibility. 

SYSTEM 256 
REMOTE A/0-D/A HOUSING 

PHYSICAL 
PROCESS 
EIEING 
MEASURED 
ORCONlllOLLED 

SENSORS. 
"•TRANSDUCERS, 

SIGNAL 
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TRANSCEIVERS 

ACTUATOAS, 
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SYSTEM 256 CONFIGURATIONS 

ANALOG 

INPUT 

INPUT 

1785 

System 256 is housed in a 3%"Hx 19"Wx 19"0 enclosure with 
slides for mounting to a 19" standard RETMA rack. The 
minimum ordering configuration is 32 single-ended or 16 
differential analog input channel capacity, Sample and 
Hold, AID Converter full capacity power supplies, full pro­
gramming capacity for 256 channels, Computer Input/ 
Output interface. connectors and hardware included. 

System 256 D/A section consists of one or two mother­
boards. One for up to 16 channels and two for up to 32 
channels. 

When both the A/D & DI A sections are used all of the control 
and address lines are common. except the device select 
line. The user has the option of having a separate device 

SINGLE ENDED INPUT-256 CHANNELS-AID SECTION 
3<'ANALOG~ 

INPUTS -·~l,flt_SB_J---~ 

32 ANALO('l 32 CHANNEL 
MULTIPLEXER 

select line for both the AID and D/A sections or having the 
AID section device select line OV true and the DIA section 
device select line positive true by use of a single line. 

The addressing and commands are identical to that of the 
AID section except that there are only 8 address lines for 
the DIA section (2 lines for expansion). Like the Alb sec­

tion the DIA inputs may be multiplexed by using the DIA 
device select line. 

System 256 Simultaneous Sample/Hold section con­
sists of one mother board capable of housing up to 32 chan­
nels. They may be ordered in increments of two channels. 
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Channel expansion of System 256 is simple and straight for· 

ward. Expansion may be accomplished by adding an addi· 

tional enclosure. All control signals necessary for expansion 

are carried from the basic system which then becomes the 
master and the second enclosure the slave. 

All that is needed to address the second 256 channels is one 
control line called address 256. 

When used with the front panel, the address switch marked 
256 is used to address the slave. 

In addition, System 256 may be purchased now or later on 
with any of the extended configurations given below: 

1. Up to 256 single-ended multiplexed AID channels. 

2. AID channel expansion can be made in 16 channel min. 
increi:nents, up to 256 single-ended inputs. 

3. Up to 128 differential multiplexed AID channels. 

DIFFERENTIAL INPUT-128 CHANNELS-AID SECTION 

IGDIFFfRfNT•AL 
ANALOGINi>UTS 

1SDIFFERENT•AL 
ANll.LOG,NPIJTS 

lfDIFFER€NllAL 
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AHALOGINPUlS 

ANALOG 
DIFFERENTIAL 

4. AID channel expansion can be made in 8 channel min. 
increments, up to 128 differential inputs. 

5. Up to 256 single-ended or 128 differential multiplexed 
AID channels, and up to 32 DIA channels. 

6. Up to 256 single-ended or 128 differential multiplexed 
AID channels, and up to 64 simultaneous sample and 
hold channels. 

7. Up to 256 single-ended or 128 differential multiplexed 
AID channels and up to 32 simultaneous sample and 
hold channels, and up to 16 DIA channels. 

8. Up to 32 DIA channels. 

9. Installation of DAC channels consists of a basic 16 chan­
nel DIA section, expandable to 32 channels. DIA chan­
nels may be purchased in increments of single channels. 
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FRONT PANEL CONTROLS AND DISPLAY ADD "OFF LINE" CAPABILITY (1) 

1808 

GENERAL ' 

The front panel controls and display add tremendous sys­
tem flexibility. It is useful for the initial system installation, 
test calibration, or OFF LINE data logging. Once the 
LOCAL CONTROL switch is activated the ON LINE com­
puter is locked out allowing the user complete freedom via 
the front panel controls and display. The front panel is 
broken up into three sections - DATA, ADDRESS, and 
CONTROL. 

The DATA SECTION consists of up to fourteen solid state 
lamps displaying the A/D output data plus input data 
switches allowing the user to manually load data into each 
D/A converter. 

DATA SECTION 
12 BITS SHOWN 

The ADDRESS SECTION contains up to nine channel 
address toggle switches, address output display lamps, and 
A/Dor D/A operation switch. 

ADDRESS SECTION 

The CONTROL .SECTION is made up of the Random or 
Sequential toggle switch, internal or remote toggle switch, 
advance A/D or D/A momentary switch, reset momentary 
switch, last channel octal thumbwheel switch, and power 
on/off lighted power switch. 

CONTROL SECTION 

G) Function Selector Switch 

Selects either A/Dor D/A operation. 

@ Local/Remote 

This switch selects the source of control for System 256. 
When it is in the Remote position, System 256 is under 
control of your computer. When in Local, System 256 is 
controlled by the front panel and all signals from the 
Remote source are disconnected (logically locked out). 

@ Random/Sequential 

The Random/Sequential switch selects the mode of opera­
tion. 

When in the Random position, the channels may be se­
lected individually at random by using the address switches 
and the advance momentary switch@. To select a channel 



in the random mode, simply set the address switches to the 
appropriate binary number for that channel and press the 

advance button. The channel addressed is now selected. A 
conversion of that channel is not made, however, until the 
Convert/Strobe momentary switch (J) is depressed. 

When in the Sequential position, sequential addressing of 

either the analog multiplexer or the D/A channels is possi­

ble. To advance to the next higher order channel simply 
press the advance button ® and the analog multiplexer or 

D/A will advance one channel. This channel will not be con­

verted (A/D or D/A) until the Convert/Strobe switch is 
depressed (J). 

@ Last Channel Thumbwheel Selector 

The function of the last channel octal switch is to be able 

to short cycle either the analog multiplexer or D/A convert­
er channel in the sequential mode of operation. For exam­

ple, if only 8 channels are to be scanned, the last channel 
octal switch would be set to 010 (actual channel count is 

N- 1), each channel could then be scanned one through 
eight. 

@ Channel Address 

The Channel Address section consists of address toggle 

switches and solid state display lamps projecting the analog 

multiplexer position or D/A channel in either the random/ 
sequential modes. 

@ Channel Advance 

The Channel Advance push button has a two-fold effect. 

1. In the Random mode, when depressed it will select the 
channel represented by the address switches. 

2. In the Sequential mode, it will advance to the next high­

er channel for either the analog multiplexer or D/A 

converter. 

(j) AID Convert or D/A Strobe 

The A/D Convert or D/A Strobe momentary switch will 
cause a conversion to be initiated when in either the 
random/sequential modes. It will convert the channel that 
the analog multiplexer or D/A sequencer is on at that time 
and remain on that channel until a new channel is selected 
or advanced to, or if desired several conversions may be 
made on the same channel. 

@ Reset 

The Reset momentary switch wi II cause a reset to channel 

one for either the analog multiplexer or D/A converter 
whether in the Random or Sequential mode. 

@ Output Data Display 

Up to 12 bits of parallel binary A/D data is displayed 
depending on the number of bits supplied. 

@ D/A Data Inputs 

The D/A Data Input switches determine the value of the 

output voltage to be converted by the D/A which has been 
addressed either randomly or sequentially. 

@ Power Switch 

System 256 is supplied with a combined power on-off 

switch and indicator. Pushing on the indicator applies AC 

power to the system and lights the power indicator. 

(1) FRONT PANEL CONTROLS ARE STANDARD. BLANK PANEL IS OPTIONAL - CONTACT FACTORY. 
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COMPUTER INTERFACE 

COMPUTER INTERFACE DESCRIPTION 
System 256 is designed as a high speed, full parallel 1/0 de­
vice which is fully remote controlled in realtime by your com­
puter. While the internal logic is power-saving CMOS, all ex­
ternal interfacing is fully TTL/DTL compatible. 

lnput'.Output Control Command and status flag lines are fully 
described in the DAS-256 Systems manual (available on let­
terhead request) and a brief listing of these lines is included 
below: · .· 

Input Control Lines 

Device Select Command 
.Strobe Command 
Random/Sequential Command 
Random Address Inputs 
AID Convert Command 

To interfa<?e to System 256, the user must do two things. He 
must provide a full-parallel hardware interface circuit and he 
must develop a computer program which will control and ac­
cess System 256 throug)l this interface. The first requirement 
(the parallel interface), is straightforward using standard . 
parallel 1/0 boards offered by the various computer manufac- · 
turers. Also, many minicomputer makers offer both develop­
ment and executive software to help the user generate the 
final operating program. 

Reset Command (A/D Address to channel one) 
LSB Positioning Inputs 
Input Buffer Full Input · 
Initialize Input System 256 is unique in that it has stored input command 

modes with virtually a single-line enable to start an AID con­
version scan once all the modes have been preloaded. This 
allows System 256 to be used in true high-speed realtime 
modes with very little delay once the user commands the start 
of a. scan. Also, the command storage features lets other 
parallel devices (such as other System 256 units) share the 
same parallel bus using only separate single-line enables to 
address each device. 

+5V External (for 1/0 line terminators) 
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COMPUTER INTERFACE Ccontinuedl 
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THE ANATOMY OF SYSTEM 256 
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GENERAL 

The packaging technique used in the System 256 is 
modular. Each section, i.e., A/D, D/A, or Simultaneous 
Sample and Hold, has its own printed circuit mother board. 
Printed circuit cards plug into the mother boards via edge 
connectors and the mother boards are interconnected via 
ribbon cable connectors. Any mother board or any PC card 
may be removed individually for service. The chassis is top 
loaded and is provided with slides for easy access. 

Another feature of System 256 packaging is that all of the 
analog inputs to the multiplexer come directly from the I/0 
connector to the printed circuit card. This technique 
effectively shortens the route from the I/0 to the multi­
plexer switch, helping to eliminate pick up while at the 
same time allowing a tighter packing density/channel by 
not being pin limited on the PC card, due to the large 
number of analog inputs. 

CD Analog Multiplexer Cards 

System 256 contains up to eight 32 channel analog 
multiplexer cards. Each card consists of 32 MOS multi­
plexer switches and decoding logic to select each channel 
input individually to a common output. Each multiplexer 
card may be configured for either 16 channel differential or 
32 single ended channels by means of jumpers (located on 
the P.C. card) and the way they are addressed by the 
programmer card. 

@ Submultiplexer and Sample/Hold Card 

This card consists of either 8 or 16 MOS multiplexer 
channels (8 for single ended input or 16 for differential 
operation) along with the necessary decoding logic to select 
any· one channel input to a common output. The purpose 
of these multiplexer channels is to submultiplex each of the 
32 input channels through one channel of Sub-Mux to a 
Sample & Hold or Buffer Amplifier. This feature minimizes 
the input capacitance presented to the high speed Sample & 
Hold or Buffer Amplifier allowing for fast input settling 
time. 

In addition, to the Sub-Mux channels, a choice exists 
between a Sample & Hold Amplifier or Buffer Amplifier. If 
simultaneous Sample & Hold input channels are used on the 
input or the data rate is slow enough, a Sample &' Hold 
Amplifier is not needed, however, one or the other is 
required to present a high impedance to the multiplexer 
switch. The Sample & Hold Amplifier basically consists of a 
high input impedance Follower amplifier coupled by a 
FET switch into a Holding capacitor at the input of a 
high impedance low drift Follower output amplifier which 
in turn presents a low impedance output to the input of the 
Analog-to-Digital Converter. Its primary function is to de­
crease the system Aperture Time from the A/D conversion 

time to less than 50 nanoseconds. If this aperture time is not 
needed due to low frequency or DC input signals (such as 
with simultaneous Sample/Hold inputs) a high slew, .fast set­
tling, high input impedance (greater than 100 megohms) fol­
lower amplifier is provided in place of the Sample/Hold am­
plifier. 

@ Differential Amplifier/Inverting Amplifier Card 

The purpose of th is card is two-fold. 

1. To provide a differential input from the differential 
multiplexer to a single ended output to the Sample/Hold 
amplifier. In this case two high speed Follower amplifiers 
(to provide a high impedance to the outputs of the 
multiplexer switches) are fed to the inputs of an ultra high 
speed differential amplifier. 

2. To provide voltage inversion when needed at the input 
to the A/D Converter which assures that all output data 
coding from the A/D Converter is uniform. 

@ Analog-to-Digital Converter Card 

This card consists of a family of A/D Converters to choose 
from, plus adjustments for full scale and zero. These 
converters, which belong to the successive approximation 
family are identical in operation. The only difference being 
in their conversion time. The key advantages of successive 
approximation are conversion speed, resolution and ac­
curacy. 

The converter continuously approximates the analog input 
voltage by a factor of two. The complete conversion 
requires "n" steps, when "n" is the number of bits of the 
converter. The Programmer section of the converter 
shifts a "1" from the most significant to the least 



significant position of the output register in incremental 
steps. At each step, a comparison is made that decides 
whether to retain a "1" in that same position of the 
output register or to remove it. If the output of the D/A 
section of the converter is less than the analog input signal, 
then the "1" is .removed. When the process reaches the nth 
step, a conversion has been completed to within the 
resolution of 1 /2 the least significant bit. 
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BLOCK DIAGRAM-SUCCESSIVE APPROXIMATION 

@ System Programmer Card 

This card provides the necessary address lines for groups of 
16 channels (single ended) or 8 channels (differential) to be 
scanned. Its input is from the System Sequencer Card and 
its outputs are fed to the individual multiplexer cards. 

@ System 256 1/0 Cards 

System 256 I/O cards provide three functions: 

1. They level convert between the internal C/MOS logic 
and the external world of TTL/DTL logic. 

2. They provide single ( 1 TTL load) inputs with ·pro­
vision for termination resistors of all inputs and open 
collector outputs with provision for pull-up resistors on all 
outputs. 

3. The A/D converter output is provided with an LSB 
position circuit. Four lines are available - 14, 12, 10 and 8 
bits. Grounding the appropriate line for the resolution of 
the converter in System 256 assures that the LSB is always 
positioned in the extreme right hand position. The same 
line may be used to multiplex the open collector outputs 
onto the output lines, if required. 

(j) System Sequencer Card 

This card has two modes of operation: Random and 
Sequential. In the random mode, any channel may be 
selected by presenting an 8 bit address to the address 
inputs. In the sequential mode, each channel may be 
selected in sequence. Appropriate control inputs are pre­
sented to the user for maximum flexibility of application, 
the inputs have the ability to be multiplexed as in a 
computer Single Buss, Two Cycle interface situation. 

Typically, many peripherals are connected to the input buss 
of a computer and each peripheral has its own address. 

System 256 has the ability to interface to most mini 
computers with a standard interface board supplied by the 
computer manufacturer. In cases where such a board is not 
available, a minimum amount of logic circuitry is required 
to provide such an interface, actually only a decoding gate 
is necessary to decode the address assigned to System 256 
as a peripheral. 

@ Mother Board 

The mother board houses the entire A/D section of System 
256. At the rear of the mother board an edge connector 
protrudes through the rear panel of System 256. The edge 
connector has the necessary logic carry signals to drive a 
slave AID section consisting of an additional 256 single 
ended or 128 differential multip!exer channels. The analog 
output of these channels is fed down to the output of the 
master channels via a BNC connector and cable. 

@ DI A Converter and 
Simultaneous Sample/Hold Mother Boards 

System 256 can also be supplied (in addition to 256 analog 
channels) with up to 32 D/A channels, 64 simultaneous 
sample/hold channels, or any combination of up to 16 
D/A channels and 32 simultaneous sample/hold channels. 

One or two additional mother boards are available for this 
purpose. 

When both the A/D & D/A sections are used all of the 
control and address lines are common, except the device 
select line for both the A/D & D/A sections or having the 
A/D section device select line. "O" true and the D/A section 
device select line positive true by use of a single line. 

The addressing and commands are identical to that of the 
A/D section except that there are only 8 address lines for 
the D/A section (2 lines for expansion). Like the A/D 
section the D/A inputs may be multiplexed by using the 
D/A device select line. A conversion will not take place un­
less a convert command is acted upon and this is under 
control of the D/A device select line. 
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SYSTEM 256 SPECIFICATIONS 

PARAMETER A/D SECTION PARAMETER D/A SECTION 

ANALOG INPUTS DIGITAL INPUTS 
Number of Multiplexer Channels Expandable to 256 channels In 32 
Single Ended Input channel Increments 

Number of Channel$ Expandable to 32 channels in 
1 channel increments 

Number of Multiplexer Channels ·Expandable to 128 channels In 16 
Diff. Input (Optional) channel Increments 

Reso,ution 12 Binary Bits 
Digital Coding (3) Straight Binary 

Offset Binary 
Number of Simuttaneou~ Expandable to 64 channels In 2 
Sample/Hold Channels channel Increments 
Input Voltage Ranges +5V FS, + lOV FS, o, 5V FS. ± lOV FS 
Channel Input Acquisition Time 5usec to ± Q.025% of FS 
Channel Input Impedance 100 Megohms-'"on" or ••off" 

Two's Complement 
Data Inputs DTL or TTL compatible •. 

Negative True Logic 
Loading: one TTL Load 

Data Strobe Information must be present at the 
register Inputs of the DAC prior to 

·input C~nfiguration Single ended or Differential 
Maximum Input Overload ± 15V 
Input Channel Time Skew 50nsec 

strobing, 
Loading: one TTL Load 

Update Rate 500 KHz 

Simultaneous S/H Section ANALO.G OUTPUT 
Mciximum Common Mode Any Combination of 
Voltage - (3) 20V p to p - Es + ECM 
Common Mode Input 
Impedance - (3) >IOO Megohms 
Common Mode Source 
Impedance - (3) 1 Kohms unbalanced 

Number of Analog Outputs up to 32 channels 
Accuracy ±0.01% of FS "tl/2 LSB 
Output Voltage Range (2). OV to+ lOV FS 

ov to+ 5V FS 
+!OV FS 
±: SV FS 

Common Mode Rejection f~rnoK~ Ratio - (3) 
Crosstalk (Between inputs) 80db@ 100 Hz 

Output Current ±5· mA (typ.) 
Output Loading 1 Kohms for+ lOV Output 

500 ohms for+ 5V Output 
45db@ lOMHz Output SettUng Time 2 usec to ±0.025% of FS 

SYSTEM PERFORMANCE Resolution ±1 LSBof12bits 
Output Resolution 12, binary bits Linearity ±% LSB of 12 bits 
Output Data Coding(4) Straight Binary - .unipolar input 

Offset Binary - bipolar Input 
2's Complement - bipolar input 

Temperature coefficient ±20ppm/ C of FS 
Long Term Stability f0.01 %/6 month period 

Throughput Rate 12 Binary Bits-50 KHzorlOO KHz Reference Source Internal 

DIGITAL CONTROL INPUTS 
Device Select 1 line, l TTL Load-Negative. True 
Random15equer:1tial 1 line, l TTL Load-Negative True (seq.) 

Aperture Time 50nsec 
Reset 1 line, 1 TTL Load Negative True 
Strobe l line, 1 TTL Load-Negative True 

Accuracy ± 0.02% of FS :!: •12 LSB Convert Command Input 1 line, 1 TTL Load-Negative True 
Temperature Coefficient 40ppm/OC Random Address Inputs 9 llnes, 1 TTL Load-Netative True 

LinearitY ± 112 LSB 
DIGITAL OUTPUTS 

DIGITAL CONTROL INPUTS Input Strobe Output 1 line, TTL Comp. (1) 

Oevjce 'select l fine, 1 TTL Load-Negati'l(e True 
Random/Sequential 1 line, 1 TTL Load-Negative True (seq.) 
Reset l line, 1 TTL Load-Negative True 

FRONT PANEL CON.TROLS 
Input Data Switches Allows Manual Loading of Data Into 

Each D/A 
Strobe· 1 line, l TTL Load-Negative True Channel Address Switches Address D/A's in Random Mode 
Convert Command Input l line, 1 TTL Load-Negative True Channel Address Lamps Display 0/A Channe1Posit1on 
Random Address Inputs 9 lines, 1 TTL Load Negative True D/A Mode Switch Selects D/A Operation 

DIGITAL OUTPUTS D/A Strobe Switch Will Initiate a D/A Conversion 

A/D Converter Data Up to 14 parallel lines-TTL Compatible (11 Reset Switch Resets 0/A's to Channel One 

Serial Output Train l llne-TTL Compatible (1) Random/Sequential Switch Selects Mode of Operation 

Busy (E.O.C.) I line-TTL Compatible Ill 
Frame Sync 1 line-TTL Compatible (1) 

Advance Switch Random Mode-Will Select Addressed 
Channel 

Sequential Mode-Will Advance to Next 
A/D Clock ! line-TTL Compatible (1) Higher Channel. 

Input Strobe Output l llne-TTL <Compatible (1) 
Output Strobe Output l llne-TTL Compatible:!!) 
Buffer Full Output ! line-TTL CompatiblellT 

Local/Remote Switch Selects Source of System Control. 
Front Panel Controls or Computer. 

Last Channel Selector Short Cycle D/A Channels in Sequential 
Mode 

FRONT PANEL CONTROLS Power On/Off Switch Applies AC Power to System 

Output Data Display Up to 14 Bits of A/D Data Read Out 
Channel Address .switches Address Multiplexer In Random Mode 
Channel Address Lamps Display Multiplexer Position 
A/D Mode Switch Selects A/D Operation 
A/D Convert Switch Will Initiate an A/D Conversion 
Reset Switch Ress.ts Multiplexer to Channel One 
Random/Sequential Switch Selects Multiplexer Mode of Operation 
Advance Switch Random Mode-Will Select Addressed 

Channel 
Sequential Mode-Wiii Advance to Next 
Higher Channel 

Lacal/Reinote SW.Itch Selects Source of $ystem Control. 
Frc;>nt Panel Controls or Computer 

MECHANICAL-ENVIRONMENTAL 
Operating Temperature Range 0°C to+ 70°C 
Storage Temperature Range ·55°c to + 85°C 
Relative Humidity 1 0% to 90% Non-condensing 
Physical Size 31/2"Hx19"Wxl9"D· 

Weight 12 LBS (Typ.) 

1/0 Mating Connectors Viking #3VH25/IJN5 (Oatel 31-2076040) 

Input Power 115 VAC ±10 VAC@ 47 to 440 Hz 
225 VAC ±15 VAC@ 47 to 440 Hz 

(1) Open Collector. Will Sink 30ma 

Last Channel Selector Short Cycle MUitipiexer in· Sequential Mode 
Power ON/OFF Switch Applies AC power to System 

MECHANICAL-ENVIRONMENTAL FOR IMMEDIATE APPLICATION ASSISTANCE -
Operating Temperature Range ooc to +700C 
Storage Temperature Range .55oc to esoc CALL OR WRITE 
Relative Humidity 10% to 90% Non-condensing 
Physical Size 31/2" H x 19"W x 19"0 
Weight 12 LBS (Typ.) ~D~IL 
1/0 Mating Connectors ~i~~~#3v'H2st1JN5 1oa1e1 31-20760401 11 CABOT BLVD. 
Input PoJNer 115 VAC ±10VAC@47 to 440 Hz 

225 VAC ±15 VAC@ 47 to 440 Hz MANSFIELD, MASS. 02048 
(1) Open Collector. Will Sink 30 ma (3) Pertains only to Differential Input (617) 339-9341 
(2) Optional 

ALL DIGITAL TERMINATIONS ARE 1KO UNLESS OTHERWISE SPECIFIED 
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MECHANICAL DIMENSIONS SYSTEM 256 IS AVAILABLE UNDER 
GSA CONTRACT 

2:,6 

FRQr-.;T BK r 
SUPPLIED 

HARDWARE SUPPLIED 

;\ 
I \ 

.1 \ 
I ADJ REAR BKT 

/ SUPPLIED 

9 

14--- ------

0 

17.375 
OVER SLIDES 

16.250 
OVER CHASSIS 

--

TOP VIEW 

------~ 

11 
? 

- --------. 

0 

I 
I 

19 500 

I 

i 20 T024 

SIDE VIEW 

I BETWEEN SLIDE 

¥°"°'' 0 " F- l!::i 
·~ u 

FRONT VIEW 312'500 

MOUNTING SYSTEM 256 
C:===I! o ===0=allI r- ____________ --19000 _____ 1 

SPECIFYING SYSTEM 256 TO MEET YOUR PARTICULAR NEEDS 

A/D SECTION 

DAS-256- -
] I --

T ,
1
- T T T T /S 

I I I L..-

NEOUS ~NU~~IEP~~:E~NCA;;~~:L_S '-_11L1 -=~=~=~::0::::=~=E~=IH=o=;=L=~=~=~=T=~;-:~ AID RESOLUTION, OUTPUT CODING POWER 
ELS ( 1 J ANO SYSTEM THROUGHPUT RATE 

s 1 2B = 12 Binary Bits 
FROM 32 TO 512 INCRE- I ( ) ·=NUMBER OF CH AN NELS 12F = 12 Binary Bits 

ER HOUSING 

) ~INGLE ENDED INP~ 11 - ZERO CHANNEL 

ENTS OF 32 CHANNELS I I FROM 2 TO 64 p 
) DIFFERENTIAL INPUT I INCREMENTS 0 F 2 CHANNELS I 

FROM 16 TO 256 !NCRE- 1 SINGLE ENDED INPUT ONLY 
ENTS OF 16 CHANNELS 1 1 ~--------·-·-·----~------------------ I 

[M-U_~~-~i-~~:~~~~!NPu_:fCoNFIGUAAT ill s r S c SINGLE ENDED-512 CHANNEL l __ _[J __ [)l~FERENTl~:_:::-2SB_G_HANNELS x 

A second housing 1s supplied for more tt1an 2565/1280 channels 

D/A SECTION 

s-----
FULL SCALE ANALOG INPUT 

A OV TO +5V 
----1 

B - OV TO +10V 
c ±5V 
D ±10V 

SOKHz THROUGHPUT RATE 
100KHz THROUGHPUT RATE 

J 
l 

A= 115 
E = 230 

VAC 
VAC 
VAC J = 100 

SYSTEM OUTPUT OAT A FORMAT 

1 - STRAIGHT BINARY (UNIPOLAR INPUT! 
2 - OFFSET BINARY (BIPOLAR INPUT! 
3 . 2'1 COMPLEMENT (BIPOLAR INPUT) 

A second housing is supplied for more than 32 channels 

FULL SCALE OUTPUT 
VOLTAGE RANGE 

OV TO +5V 
= OV TO +10V 
"' ±5V 

4 = ±10V 

POWER 

A= 115VAC 
E = 230 VAC 
J=100VAC 

JOTF.- 2', When Both A :o and D ·A Sections Are Required. Make -~3) Single Ended Inputs and 
Differential Inputs Cannot 
be Combined 

the Appropriate Selection Using Both Ordering Number·s 
Example AID Section: DAS-256-32SID12B3A/ 
Example D/A Section: DDS-32-16-12BC4A 

(5_: Add a slast1 and iom the AtD and D/A section model numbers for combined A10-D/A systems 

CONTACT DATEL FOR 250 KHz SYSTEMS (PDAS-250) 

(4) D/A Section Power must 
comply with A/O section 
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DAS·256-
0R 

PDAS-250-

2=_ 
NUMBER OF ANALOG 

INPUT CHANNELS 
(BASE PRICES) 

Single 
Differential 

Ended 

328 $2660 160 $2970 
648 3120 320 3425 
968 3565 480 3870 

1288 3995 640 4305 
1608 4431 BOD 4730 
192S 4855 960 5150 
2248 5270 1120 5565 
2568 5670 1280 5960 

SECOND HOUSING: 
TOTAL SYSTEM PRICES 

Single Differential 
Ended 

I-------j--------1 

288S $ 6670 1440 $6950 
320S 7290 1600 7580 
3528 7745 1760 8045 
3848 8325 1920 8505 
4168 8680 2080 8965 
4488 9140 2240 9440 
4808 9600 2400 9895 
5128 10,065 2560 10,360 

DAS·256 AND PDAS-250 (AID SECTION ONLY) 

-C lL_ 
NUMBER OF 

SIMULTANEOUS 
SAMPLE & HOLD (SSH) 

1 = Main S/H Only $0000 . . . . . .. . ... 
Add Add 

2 $ 650 34 $4580 
4 870 36 4800 
6 1090 38 5020 
8 1315 40 5240 

10 1535 42 5460 
12 1755 44 5680 
14 1975 46 5900 
16 2195 48 6120 
18 2415 50 6340 
20 2635 52 6565 
22 2855 54 6785 
24 3075 56 7005 
26 3295 58 7225 
28 3520 60 7445 
30 3740 62 7665 
32 3960 64 7950 

NOTES 

INPUT VOLTAGE 
RANGE 

DA= OV to +5V 

0 B = OV to + 10V 
. c = ±5V 

' D = ± 10V 

NUMBER OF 
BITS & 

THROUGHPUT 

12B = (50 kHz) 

12 bits 

Add $000 

12F = (100 kHz) 

12 bits 

Add $300 

For PDAS-250 
ModelsAdd$825 

Use the 12F 
Designator 

OUTPUT 
FORMAT 

D 1 = Straight 

Binary 

• 2 = Offset 

Binary 

• 3 =Two's 

Comp I. 

POWER 
SUPPLY 

A= 115VAC 

E=230VAC 

J = 100 VAC 

1 DIA channels are limited to 16 when any number of Simultaneous Sample/Hold (SSH) channels are ordered. Otherwise up to 32 DIA 
channels may be ordered. 

2 When both AID and DIA sections are desired in the same housing, use both ordering numbers {see DIA section model numbering) and 
JOln both model numbers with a slash 

3. Single-ended and d1flerent1al input cannot be combined. 
4. The DIA section power is shared with the A/D section and must be the same voltage. 
5. These prices include complete housing (19"W x 19"0 x 3.S"H) with rails for standard RETMA mounting, front panel display and con­

trols. power supply. full programrrnng for 256 channels. sample and hold, computer 110 cards, connectors and hardware. 
6. Beyond 256 single-ended or 128 diffential channels, a second housmg (slave unit) of the same dimensions is included. For slave units 

only (remote control only. no front panel controls). deduct $210 for blank front panels (special order)_ Add the letters '"St:' to the model 
number 

Differential SSH requires twice as many inputs as single-ended systems. Example- DAS-256-32064 1s valid; ~ 32032 will apply SSH to 
only 160 channels 

DDS·32 AND PDS·32 (D/A SECTION) WITHOUT A/D SECTION 
DDS-32· -=r-

c~ 
NUMBER OF ANALOG 

OUTPUTS 

No. of 12 Bits Channels 
1 $1565 
2 1700 
3 1845 
4 1980 
5 2120 
6 2260 
7 2400 
8 2535 
9 2680 

10 2815 
11 2950 
12 3090 
13 3230 
14 3370 
15 3510 
16 3650 
17 3880 
18 4015 
19 4160 
20 4295 
21 4435 
22 4575 
23 4715 
24 4850 
25 4995 
26 5130 
27 5265 
28 5410 
29 5545 
30 5685 
31 5820 
32 5965 

1885 

NUMBER OF BITS 

12B = 12 Binary Bits 

l 
INPUT DATA FORMAT 

[] A = Straight 
Binary . B = Offset 
Binary . C = 2's Compl. 

I 

l 
FULL SCALE OUTPUT 

VOLTAGE RANGE 

D 1 = OV to +5V 
D 2 = OV to+ 10V . 3= ±5V . 4 = ± 10V 

l 
SYMBOLS MUST MATCH 

l 
POWER 
SUPPLY 

A= 115 VAC 

E = 230 VAC 
J = 100 VAC 

1. Use this price list only when the DDS-32 will STAND ALONE without a DAS·256 within the same 
enclosure. 

2. Use the appropriate 12 or 14 bit column that aligns with the number of channels (NUMBER OF 
ANALOG OUTPUTS) to determine the total price. 

3. Two or more housings are required beyond 32 DIA channels. 
4. For 14 bit D/A systems, output ranges are 0 to + 10VFS, 0 to -10VFS, or ± 5 VF.S. Straight or offset 

binary coding is available. 

CAUTION! 
(a) The option for POWER (A, E. or J) must be the same for DAS-256 and DDS-32. 
(b) Part number is INVALID if code symbols do not match. 



DDS-32· 

NUMBER OF ANALOG 
OUTPUTS 

No. of 
12 Bits 

Channels 

1 $ 730 
2 840 
3 950 
4 1060 
5 1170 
6 1280 
7 1390 
8 1500 
9 1610 

10 1720 
11 1835 
12 1945 
13 2055 
14 2165 
15 2275 
16 2385 
17 2655 
18 2765 
19 2875 
20 2985 
21 3100 
22 3210 
23 3320 
24 3430 
25 3540 
26 3650 
27 3760 
28 3870 
29 3980 
30 4090 
31 4200 
32 4310 

DDS-32 AND PDS-32 (D/A SECTION) ADD-ON 

NUMBER OF BITS INPUT DATA FORMAT 
FULL SCALE OUTPUT 

VOLTAGE RANGE 
POWER 
SUPPLY 

12B 12 Binary Bits D A = Straight 
Binary 

B = Offset 
Binary 

• C = 2's Compl. 

r 

D 1 = OV to +5V 
D 2 = OV to + 10V 
' 3 = ±5V 
' 4 = ± 10V 

r 
SYMBOLS MUST MATCH 

A= 115VAC 
E = 230 VAC 
J = 100 VAC 

1. Use this price list only when the DDS-32 will accompany the DAS-256 section, both being contained 
within the same housing (chassis) 

2. Place a slash (/), at the end of the DAS-256 number and continue the part number with DDS-32, etc. 
3. Use the appropriate 12 or 14 bit column that aligns with the number of channels NUMBER OF 

ANALOG OUTPUTS) and add the indicated price to that of the DAS-256 section. 

CAUTION! 
(a) When any number of SSH are ordered in the DAS-256 section, the total NUMBER OF ANALOG OUT­

PUTS is limited to 16. 
(b) The option of POWER (A, E, or J) must be the same for DAS-256 and DDS-32. 
(c) Part number is INVALID if code symbols do not match. 
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PDAS-250, PDS-32 Series 
250 kHz A/D·D/ A Computer 

Peripheral System 

~ Quarter Megahertz Throughput 
~ 256 A/D Channels 
~ 12 Bit Binary Resolution 
No other system available today simultaneously offers 
the speed, channel capacity and high resolution of 
Daters PDAS-250. A unique overlapped conversion 
method offers total sampl&to-sample throughput of 
250,000 samples per second. Use the PDA8-250 as the 
nucleus of a fast array processor, signal processor/ 
analyzer, programmable Fast Fourier spectrum analyzer 
or high speed data acquisition system. 

PDA8-250 offers additional features such as simul­
taneous sample and hold, optional D/A section and 
easy channel expansion to 5128/2560 total channels 
in a second housing. 

190$ 

The PDA8-250 includes a high speed, buffered 
TTL general purpose parallel 1/0 interface 
which is ideal for any dedicated mini- or 
microcomputer .. 

Simultaneous 
Sample/Hold 
Amplifier Option 
(~+1nS)for fast 
realtime, signal 
analyzer and FFT 
applications. 

Introduction 

Block Diagrams 

Specifications, Timin~g~-­

Timing Diagrams 

Ordering Information 

Timing Discussion 
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FEATURES 
• High Speed, High Density, High Resolution A/D 
Analog Data System for Mini and Microcomputers 
• Quarter - Megahertz throughput rate (4 microseconds 
per conversion; 250,000 samples per second) 
• High Channel Density - 256S/128D AID channels per 
housing - select the number of channels required. 
• 12-bit binary A/D resolution 

DESCRIPTION 
Datel's PDAS-250 AID data acquisition system offers 

quarter-megahertz throughput rates and high channel 
density in a complete A/D-D/A system compatible with 
most minicomputers and high-speed 16-bit micro­
computers. The PDAS-250 is the first system to combine 
12-bit binary A/D-D/A resolution; 250 KHz throughput 
and channel density of 256 A/D channels per housing. 
A complete front panel binary controller with data and 
channel LED indicators and toggle switches is included 
with the PDAS-250 for local manual access to the system. 
The front panel may also be disabled from the local 
mode, so the PDAS-250 is controlled by the host 
computer in the high speed remote mode. Up to 256 
single-ended or 128 differential A/D channels are 
available co-resident with up to 32 D/A channels or 64 
Simultaneous Sample and Hold (SSH) A/D channels 
The SSH optional feature is ideal for real-time dynamic 
events where all channels are acquired simultaneously 
and then converted sequentially in 4 microseconds 
per channel. 

The PDAS-250 consists of an A/D section with a fast 
solid state multiplexer, sample and hold section, 
successive approximation 12-bit Analog to Digital 
Converter, data output register and gatable buffer. 

INTERFACING 
The PDAS-250 by itself requires a minimum of a 

parallel 1/0 digital port module on the user's host 
computer. 

The recommended interface technique using a 
parallel 1/0 port module from the computer manufac­
turer, will require a handler program written by the user 
to control and respond to the command and status bits 
of the PDAS-250 and to supply addresses and take data. 
One 16-bit input word would accommodate A/D data 
and status bits and one 16-bit output word will supply 
channel addresses and mode commands. 

The PDAS-250 is an outgrowth of Datel's 50 and 
100 KHz DAS-256 Data Acquisition Systems, all fea­
turing internal CMOS logic, low power requirements, 
external TTL 1/0 interfacing and 3Y, inch-high rack­
mount housings. 

Users may select PDAS-250 A/D systems in 32S/16D 
channel increments up to a maximum of 256S/128D 
A/D channels per housing. Two housings may be 
directly stacked for 512S/256D capacity and simple 
external expansion logic offers capacity to 768 channels 
and beyond. 

Outstanding analog specifications have not been 
compromised by the speed and channel density of the 
PDAS-250. Over-all system accuracy at +25°C is within 
±0.04% of the Full Scale Range (FSRJ, ±2 mV (single-

• Parallel port interface for mini- or microcomputer. 
• Up to 64 simultaneous Sample/Hold (SSH) inputs for 
real time signal processing (FFT. Spectrum Analyzers, 
etc. l of dynamic events 
• Will accept up to 32 12-bit D/A channels (Model 
PDS-32) in the same housing 
• System expansion up to 1024 channels and beyond 
• Binary LED/Toggle Switch front panel for complete 
access to all data and addresses. 

Random and sequential channel address logic, mode 
controllers, status registers, front panel and the AC line 
power supply complete the system The PDAS-250 
employs a unique overlapped conversion technique 
whereby a previous A/D conversion is stored in a data 
register while the multiplexer switches and acquires the 
next channel The optional 12-bit D/A section fits co­
resident in the same 3Y, inch-high rack-mount housing 
but is ordered under the PDS-32 series model number. 
Internal logic is CMOS for low power, low analog drift due 
to minimal heat rise and enhanced reliability. External 
interfacing is TTL levels for computer bus compatibility. 

Channel addresses may be supplied externally from 
the host computer ("random" addressing) or internally 
from a channel address counter ("sequential" address­
ing). Both the A/D and D/A sections interface to parallel 
Input/Output ports on digital computers. Because digital 
input mode commands are latched (stored) and the data 
and digital status outputs are gatable onto open-collector 
computer buses, the PDAS-250 system Device Select 
inputs for both sections may be used to share the system 
with other devices on a multiplexed computer data bus. 
Two separate 16-bit 1/0 words would normally be used 
for data input, address outputs, mode commands and 
status inputs. 

ended) and ±0.05% FSR, ±2 mV (differential). Nonlin­
earity and differential nonlinearity are ±Y, LSB and gain 
temperature drift is typically within ±40 ppm of FSR/°C 
over the operating temperature range of Oto + 70°C. 

Full scale input ranges are Oto +5V, Oto + 1 OV, -5V 
to +5V or -1 OV to + 1 OV. Input overvoltage is ±35V 
maximum continuous (no damage) with input impedance 
of 100 Megohms minimum and typi~al input bias current 
of 3 nA Differential inputs have a common mode range 
of ±1 OV and common mode rejection of 80 dB from de 
to 60 Hz (1 Kilohm unbalance) 

The A/D converter 12 bit output coding is available 
as straight binary (unipolar), offset binary (bipolar) or 
2's complement (bipolar). 

Co-resident PDS-32 D/ A systems may be expanded in 
2-channel increments and co-resident SSH systems 
may be obtained in 2-channel increments. 

PDAS-250/PDS-32 systems accept a choice of 115 or 
230 VAC power, 47-440 Hertz up to approximately 80 
Watts typical per housing. Fully loaded maximum system 
weight is 12 pounds (5,5 kg). 
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PDAS-250 BLOCK DIAGRAMS 

DIFFERENTIAL INPUT-128 CHANNELS-AID SECTION 

16DIFF. 16 CHANNEL 
ANALOG DIFF. 
INPUTS MULTIPLEXER 

1601FF 16CHANNEL 
ANALOG OIFF. 
INPUTS MULTIPLEXER 

16DIFF. 16 CHANNEL 
ANALOG DtFF. 
INPUTS MULT!PLEXER 

16 DIFF 16CHANNEL 
ANALOG DIFF. 
INPUTS MULTIPLEXER 

16DIFF 16 CHANNEL 
ANALOG DIFF. 
INPUTS MULTIPLEXER 

16DIFF 16 CHANNEL 
ANALOG DIFF. 
INPUTS MULTIPLEXER 

16 DIFF. 16 CHANNEL 
ANALOG OIFF. 
INPUTS MULTIPLEXER 

16DIFF. 16CHANNEL 
ANALOG OIFF. 
INPUTS MULTIPLEXER 

ANALOG 
DIFFERENTIAL 

SUB­
MUL TIPLEXER 

HIGH SPEED 
SAMPLE & HOLD AMPLIFIER 

CHANNEL SELECT LINES TO MUX & SUB MUX 

INPUT 
COMANDS 

ADDRESS & CONTROL LOGIC 
FOR 

RANDOM OR SEQUENTIAL ·aPERATION 

110 BUFFER 
TTLIDTL TO C/MOS 

AND TERMINATED INPUTS 

ADDRESS 

SINGLE ENDED INPUT-256 CHANNELS-AID SECTION 

32 ANALOG 
INPUTS 

32 ANALOG 
INPUTS 

32ANALOG-
INPUTS 

32 ANALOG 
INPUTS 

32 ANALOG 
INPUTS 

32 ANALOG 
JN PUTS 

32ANALOG 
INPUTS 

32ANALOG 
INPUTS 
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32 CHANNEL 
MULTIPLEXER 

32 CHANNEL 
MULTIPLEXER 

32 CHANNEL 
MULTIPLEXER 

32 CHANNEL 
MULTIPLEXER 

32 CHANNEL 
MULTIPLEXER 

32CHANNEL 
MULTIPLEXER 

32 CHANNEL 
MULTIPLEXER 

32CHANNEL 
MULTIPLEXER 

( 

HIGH SPEED 
SAMPLE & HOLD AMPLIFIER 

ANALOG 
SUB 

MULTIPLEXER 

CHANNEL SELECT LINE:S TO MUX & SUB MUX 

INPUT 
COMANDS 

ADDRESS & CONTROL LOGIC 
FOR 

RANDOM OR SEQUENTIAL OPERATION 

1/0 BUFFER 
TTLIDTL TO C/MOS 

AND TERMINATED INPUTS 

ADDRESS 

HIGH SPEED 
SUCCESSIVE 

APPROXIMATION 
AID CONVERTER 

CONVERT 
BUSY COMMAND 

HIGH SPEED 
SUCCESSIVE 

APPROXIMATION 
AID CONVERTER 

CONVERT 
BUSY COMMAND 

OUTPUT 
BUFFER 

& 
LSB 

POSITJONJNG 
CIRCUIT 
CIMOS 

TO 
TTL!DTL 

& 
TERMINATED 

OUTPUTS 

OUTPUT 
BUFFER 

& 
LSB 

POSITIONING 
CIRCUIT 
CiMQS 

TO 
TTL 'OTL 

& 
TERMINATED 

OUTPUTS 

STATUS 
110 

A/D 
OUTPUT 

STATUS 
10 

A 0 
OUTPUT 



PDAS-250 SPECIFICATIONS 
DATA ACQUISITION SECTION (Typical at +25°C, dyn_amicconditions, unless otherwise noted) 

ANALOG INPUTS 
Number of Channels 
Expandable to 256 single-ended or 128 
differential channels in 32 (or 16) 
channel increments. 
Number of Simultaneous 
Sample/Hold Channels 
Expandable to 64 channels in 2 
channel increments. 
Full Scale Input Voltage Ranges 

0 to +5V 
0 to +10V 

-5 to +5V 
-10 to +10V 
Common Mode Voltage Range 
±11 V (sig. + CMV) to analog ground. 
Input Overvoltage 
±35V continuous 
Input impedance 
>100 Megohms differential or 
to ground 
Common Mode Rejection 
60 dB @ 1 KHz} with 1 k ohm unbalance 
80dB@ 60 Hz 
Crosstalk 
80 dB@ 100 Hz; 45 dB@ 10 MHz 
Input Bias Current 
3 nA typical, 10 nA max. 
Input Capacitance 
5 pF, OFF CHANNEL, 100 pF ON 
CHANNEL to ground. 

PERFORMANCE 
Output Resolution 12 Binary Bits 
Accuracy @ 25°C 
Within ±0.04% of FSR ±2 mV (S.E.J 
Within ±0.05% of FSR ±2 mV (Diff.) 
Nonlinearity 
±Y, LSB typ. 
Differential Nonlinearity 
±Y, LSB typ. 

Gain Error 
Adjustable to zero 
Offset or Zero Error 
Adjustable to zero 
Gain Temperature Drift 
Within ±40 ppm of FSR/°C 

DYNAMIC CHARACTERISTICS 
Throughput Rate (Overlapped Conversion) 
250,000 Samples/Second 
Aperture Delay Time 
20 nanoseconds 
Acquisition Time 
2 µsec. to rated accuracy 
Simultaneous Sample/Hold Slew Time 
50 n~noseconds 

DIGITAL OUTPUTS 
Output Coding 
Straight Binary (Unipolar) 
Offset Binary (Bipolar) 
2's Complement (Bipolar) 
Output Logic Levels 
All digital outputs are TTL compatible, 
negative true logic (1 KO pullup) 
"1" = LO = + 0.2 to + 0.4 Volts 
"O" = HI = + 2.4 to+ 3.4 Volts 

DIGITAL CONTROL INPUTS 
Input Logic Levels 
TTL Compatible, negative true logic. 
"1" = LO = O to +0.8 Volts 
"O" = HI = +2.0 to +5.0 Volts 

FRONT PANEL CONTROLS 
Output Data Display 
12 Bits of AID readout 
Channel Address Switches 
9 switches used to address multiplexer 
in Random Mode 
Channel Address Indicators 
Used to display current multiplexer 
address 

A/D Convert Switch 
Used to initiate an A/D conversion 
Reset Switch 
Initiates channel address multiplexer 
to Channel 1 
Random/Sequential Switch 
Selects mode of operation 
Advance Switch 
Selects channel from channel address 
switches (Random Model or advances 
to next channel for Sequential Mode. 
Local/Remote 
Selects source of system control 
Last Channel Selector 
Used to short cycle the multiplexer in 
Sequential Mode 
Power ON/OFF Switch 
Applies or removes AC power 

MECHANICAL/PHYSICAL 
Operating Temperature Range 
o0 c to +70°C 
Storage Temperature Range 
-55°C to +85°C 
Relative Humidity 
10 to 90% no condensation 
Physic I Size 
3Y," H x 19" W x 19" D 
(88.9mm x 483mm x 483mm) 
Weight 
12 lbs (5.4 Kg) typical 
1/0 Connectors 
Up to 11, Dual 25-pin PCB 
Viking No. 3VH25/1JN5 
Datel 31-2076040 
Input Power 
115 VAC ± 10 VAC@ 47 to 440 Hz 
225 VAC ± 15 VAC@ 47 to 440 Hz 
80 Watts typical 

PDAS-250 TIMING DIAGRAMS 

TYPICAL TIMING DIAGRAM 
SEQUENTIAL SCANNING OF PDAS-250 A/D SECTION 

+5V 

STROBE _ _L__JJ,J.WlLJ~...JJJWLl.Ll.-..LLLUJ.J.L...l.._J.WJ.Wc.L--1..J..U.,-:!1'--'--1.JCLUJW...L-....LLU.U.u....>.--LULLU.L ov 
+£V 

RANDOMISEOUENTIAL WJ.J.WJ.W:J..IJ.J.1LJL--1..LLl./.1./.Li_..J..LJ.J.WLl.._J.W:J..JJ.J.c.L--l.:.w,;':f,!L-'----1.JLl.l.LW-L-....LLWLLL.l-...u.t.LLU"- OV 

+£V 

CONVERT 1UJLl.J.1JWLWLLJ.L..CL-...J.Ll11Lll....l._..J..LJ.J.WLl..-J.W:J..JJ.J.c.L--1.CW..-:!1'--'---'J<.W.ow...L-_.......,_..._._......,,.......,.._ OV 

FRAME SYNC 

BUSY -----' 

.------¥.;V 

ov 
-+5V 

~ov 
VALID VALID 

NOTES: 1. Shown as short cycled on channel 16. 2. The state of the random address inputs is immaterial. 
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PDAS-250 TIMING DIAGRAMS 

TYPICAL TIMING DIAGRAM FOR COMBINATION 
OF RANDOM AND SEQUENTIAL OPERATION OF PDAS-250 A/D SECTION 

I INITIALIZE I SELECT RANDOM I CONVE~~gHAN 141 I I l 
!RESET TO CHAN 1J MODE AND CHAN 14 SELECT SEQ MOOE CONVERT CHAN 15 CONVERT CHAN 16 RESET TO CHAN 1 

SV 

ov iNITIALIZE \ U!lll/11Lll7 

RESET •llllllOO/lll/Jlll 
SV 

DEVICE SELECT ov 

STROBE ll/llllll7111!/1/1111/11 mrrrmrrrA fTf1TlllTTT!l\ f!T11TTl!!1ll\ f!T11TTl!!1ll\ mmzsv 
ov 

ffTTTTT!TT1Tl\ f!T11TTl!!1ll\ llfl/Jnfll/A ITllTTlTTITl 5V 
OV 

RANDOM/SEQ llOO!IOO/ll/UO/IO!U \~ll~lll~V!~Zl~l\,__-U.LU~...._.___.,,,,..........,_....._.___,..,.,,,.,,..w.u,......__...,,,_.,,,,,..... 

f1lTTTTTTT!!A f!T11TTl!!1ll\ mum mm CONVERT /JDOllll/lll/OD//ll/OI \l'LO/w.7/u;/O.wVlcuA___,.,,,,.,LL<.UJCL..J..___,,,.u.J.LL<J.UL.1--JIJJ.ULWJ.L/..L< VUJlDJll sv 
OV 

RAN60MADDi 0011mommn\ munmaumunommnmmmomummn• ~~ 
RANDOM ADD 2 lllllOO/llllllOO VOll/llllll/llllll/l/00/llll!lllllfllll/Ollllllllll//!fll ~~ 

RANDOM ADD 4 Ollll/lllll/lll/O\ IUOlll/lflllllllOIOO/lllOOllLOl7/lll711/UDllLll700/ :~ 

RANDOM ADD 8 7lllllllll01lUll/\ IUUIUO!lllllUlll!ll!lW/ILUlll!llllll!UU/lllllUllllO :~ 

RANDOMADoIB wmmmmom vmomol7ll7lmW1unllll1mv111111ommumom :~ 
RANDOM ADD 32 7lllllllJllllJl Vfllllfll/fOO/UllOO/O/OO/fflO/llO/OOJll/l/l()/17/ :~ 

RANDOM ADD 64 OD/UOll/OORll V/U{/017///Wll/MIOU!lllllllll!UOllOD/UOlll ~~ 

RANDOM ADD i2a OOILOllLILl//00 VIOOlllllWW!lllllllmtOD!lllOUOUO!lll7111//fllb :~ 
RANDOM ADD256 USED·-,O-R-EX-PA-NS-ION-0-NL-V --------------------5V 

ov 

FRAME SYNC 

SETTLING TIME 
BUSY ----~---'-2"_SE_C M_IN _ ___, 

---sv 
OV 

5V 

'------ov 

PDAS-250 RANDOM MODE OPTION 2 TIMING 
,---ORIGINAL SHUP FOR CH~N" {IF NOT CHAN~01 _________ _ 

DELAY 1SETTLING) 

CHAN"N" 

CHAN"N" 

DATA VALIDL-_.-"-CH ___ A __ N_.N'_' _ __,__C_HA_Nc__"N_+_1"_ 

NOTES: 
1. Example shown is for 2 channels: "N", "N + 1 ",and back to N. 
2. If channel zero is to be the 1st channel the setup time is not necessary, providing that the INITIALIZE 

signal is used to set up channel 0. This takes 211sec to accomplish. 
3. See Sequencer card schematic for jumpering information. 



PDAS-250 MODEL NUMBERING GUIDE 

PDAS-250 (See Notes) 

l1-TL" 

NUMBER OF ANALOG(') 
MULTIPLEXER CHANNELS 

( l SINGLE ENDED INPUT 
FROM 32 TO 256 CHANS 
IN 32-CH. INCREMENTS 

M I l DIFFERENTIAL INPUT FRO 
16TO 128CHANS. IN 16-CH 

l 
NUMBER OF SIMULTANEOUS 
SAMPLE/HOLD CHANNELS!') 

1 =ZERO CHANNELS 
( l = NUMBER OF CHANNELS 

FROM 2T064 
INCREMENTS OF 2 CHANNELS 

A/D SECTION 

l 
AID RESOLUTION, AND SYSTEM 
THROUGHPUT RATE 

12B = 12 BINARY BITS 
250 KHz THROUGHPUT RATE 

POWER 

A~ 115VAC 
E ~ 230VAC 
J "100VAC 

For pricing, see 
pages 188, 1895 

INCREMENTS 
FULL SCALE ANALOG INPUT SYSTEM OUTPUT DATA FORMAT 

PUT CONFIGURATION 

ED- 256 CHANNELS MAX. 

MULTIPLEXER IN 

S = SINGLE END 
D = DIFFERENT! AL-- 128 CHANNELS MAX. 

A= OVTO +SV 
B=OVT0+10V 
C = ±SV 
D = ±10V 

1 =STRAIGHT BINARY lUNIPOLAR INPUT) 
2 =OFFSET BINARY (BIPOLAR INPUTJ 
3 = 2·s COMPLEMENT (BIPOLAR INPUT) 

CONVERSION MODE 

1 =STANDARD 
DIFFERENTIAL SIMULTANEOUS SAMPLE AND HOLD USES 2 CHANNELS PER PC BOARD 2 =OVERLAPPED L.~TCH AND MUX UPDATE (AUTOLOADJ 

PDS-32 l1-T-i::_ 
D/A NUMBER OF 

CHANNELS(') D/A RESOLUTION 

D/A SECTION 

l l 
FULL SCALE OUTPUT 

INPUT DATA FORMAT VOLTAGE RANGE 

I) FROM 1 TO 
INCREMEN 
1 CHANNEL 

32 12B = 12 BINARY BITS A =STRAIGHT BINARY (UNIPOLAR OUTPUT) 1 =OVTO +5V 

POWER(') 

A= 115VAC 
E -c 230VAC 
J ·~ 100VAC 

TSOF 14B = 14 BINARY BITS B = OFFSET BINARY (BIPOLAR OUTPUT) 2 =OVTO +10V 
C = 2'S COMPLEMENT (BIPOLAR OUTPUT) 3 = ±5V 

NOTES: 
1. D/A Channels are limited to 16 when any number of 

Simultaneous SAMPLE/HOLD Channels are 
ordered. Otherwise up to 32 D/A Channels may 
be ordered. 

2. When both A/D and D/A Sections are required, 
make the appropriate selection using both ordering 
numbers. 

*For 14-bit DI A's, ±1 OV range is available on special order. 

TIMING DISCUSSION 
The key to understanding PDAS-250 is to visualize the overlapped 
conversion method. The traditional route to increasing data acquisi­
tion system speed was to shorten the times that each component 
needed to perform its function. This meant getting the MUX to settle 
in 2 µS, the Sample/Hold Amplifier to acquire and track signals to 
rated accuracy in 2µS and to perform AID conversion in 2µS. There 
was little thought to reorganizing the sequence of events. 
PDAS-250 does this by redesigning the timing architecture. An im­
portant point in the PDAS-250's overlapped conversion timing is that 
the controlling computer must keep track of the channel addresses 
since the address presented to the data acquisition section disap­
pears before the AID data is available. One way to do this is with stag­
gered files in computer memory. Depending on when data is taken, 
an offset of one or two channel addresses will yield data which has 
the proper channel number aligned with its AID data. For multi­
accumulator computers, temporary storage of one or two channel 
addresses (i.e., using the CPU accumulators as a FIFO buffer) will ac­
complish the same result. A hardware channel address register will 
do likewise. 

See listing of conventional ("standard") data acquisition timing ver­
sus PDAS-250 overlapped timing. Note that a model number de­
signator selects either of these timing options. "Standard" conver­
sion takes 6 µS whereas "overlapped" conversion takes 4 µS. 
Ii> PDAS-250 Standard Data Acquisition Timing occurs as follows: 

1. Select multiplexer channel 
2. Wait 4 microseconds for mux settling and S/H input stage ac­

quisition. 
3. Simultaneously switch S/H to Hold and start A/D conversion. 
4. At end of conversion, latch AID data into output registers. 

4 = ±1ov· 

Combined A/D & D/A Sections: 
PDAS-256-32S1 D12B3A/PDS-32-16-12BC4A 

3. Single Ended inputs and Differential inputs cannot 
be combined. 

4. D/A section power must comply with A/D Section. 
5. Add a slash and join the A/D & D/A section model 

numbers for combined A/D-D/A systems. 

Ii> PDAS-250 Overlapped Latch and Mux Update occurs as follows: 
Note that we will start at a different point in the timing. 
1. Assuming thatthe muxand S/H input stage have been previously 

settled for 2 µS min., do the following four things almost simulta­
neously: 
A. Simultaneously switch the S/H to Hold 
8. Start AID Conversion 

Here's the difference: 
C. Update the mux channel address bits to the next channel. The 

mux is allowed to settle during AID conversion. However. the 
S/H is still holding the previous sample until conversion is 
completed. 

D. Since the previous AID sample still held in the AID converter is 
about to disappear with the next AID convert command, and 
since the computer may not yet have taken the data, the 
converter's output buffer register switches to latch (hold) the 
previous AID data. 

There are two 100 nS delays installed in the circuit. The first de­
lay insures that a clean, glitch less analog signal is stored by the 
SHM-6 sample/hold amplifier. The second delay insures that a 
Take Data output isn't presented until sufficient time is allowed 
to assure that digital data is latched in the output buffer register. 
This prevents a lightning-fast host computer from taking data 
before it is definitely latched in the buffer-register. 

2. At the end of conversion, the S/H switches to sample the new 
channel which has been settled in the mux for 2 µS during A/D 
conversion. The S/H will then take at least. 2 µS to acquire the 
new channel to full accuracy. 
Al.so at the end of conversion, the output buffer latches are upda­
ted with the latest AID conversion (i.e. the latches switch to fol­
low). 
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PDAS-250 TIMING DIAGRAMS CONTINUED 

Simplified Timing and Block Diagrams 
(Refer to Timing Diagram on previous page) 

INPUT 
ANALOG 
SIGNAL 
FROM 
MUX 

1965 

MUX 
ADDR. 

START 
CONV. 

BUSY 
E.O.C. 

HOLD 
SAMPLE 

CHAN.A ><~· ____ c_HA_N_N_EL_B ___ -.1)(~ __ c_HA_N._c __ ~ 
.-4µ,SSETTLING--j ...... ,__ ___ 6µ.S -----•-I 

(INTERNAL DELAY) n .... __________ fl 
.____ ___ I 

l-2µs-I 

~-__.II .__ _ ___.I 
~l·-------6µ5 ------<~ ... 

PREVIOUS 
DATA VALID 
(TAKE DATA) 

... 
DATA 
VALID 

(TAKE DATA) 
CHANNEL A 

STANDARD CONVERSION MODE (option 1) 
SEQUENTIAL OR RANDOM ADDRESSING 166 KHz 

MUXDATAIN 

HOLD 

SAMPLE 

START CONVERT 

BUSY 

E.O.C. 

UP DATE LATCH 
(FOLLOW) 

LOAD REG 
(HOLD LATCH) 

SYSTEM BUSY OUT 
(H-10409) 

OUTPUT 
DATA VALID 

:==:>( __ c_H_AN_N_E_L_1_~><~ __ cH_A_N_N_EL_2_,_J><~--cH_A_N_N_EL_3_~><==:: 
_,.2µ5--~ 

l---4µ5---
---~n n.__ __ __.IL 

} 
· 2µ$DELAY · 

-----~F211s=J-- I I 
-I 14--1oons ----------. 

--J f-1oons 

TAKE~D-AT.-A-- 4µ5 ----:rAK: DATA 

....,.~.........,..."n"T<'<,....,.....,.""""l....,.~~.....,~}""~.,..,.:~""""""""".,..,..,.........,~"" CHANNEL 1 x...--C-HA-NN-EL_2_ 

PDAS-250 OVERLAPPED CONVERSION SEQUENTIAL MODE 250 KHz 
(CONVERSION MODE 2) 

AID ANALOG MODULE 
---------- 10413 ----------... 

SHM-6 
SAMPLE/HOLD 

lHOLD 
COMMAND 

ADC-EH12B3 
AID CONVERTER 

START CONVERT 

( H-10405 ) 

I 
I 
I 
I 
I 

AID BUSY 
(E.O.C.) 

100nS 
DELAY 

OUTPUT 
BUFFER 

REGISTER 

L J 
J LOA5 l 

REGISTER 
(UPDATE/LATCH) 

PDAS-250 ANALOG MODULE BLOCK DIAGRAM 

I 
I 
I 
I 
I 

100nS 
DELAY 

L 
J 

LATCHED 
DIGITAL 
DATA 
OUTPUTS 

DELAYED 
SYSTEM 

BUSY OUT 
c'i'Ai<E i5A'i'A1 

( H-10409 ) 



FEATURES 
Brings connections to front of rack mount­
ing for easy accessibility 
50 Conductor Analog Signal Input/Output 
Barrier Screw-Terminal Strips 
Fits into any Standard 19" Wide Rack 
Mount , 3.5" High 
User supplied ribbon connector for attach­
ing to any desired systems 
Numbered contacts reduce wiring errors 
Ideal for Datel's SineTrac A/D-D/A Boards 

DESCRIPTION 

The Datel Interface Panel Model 56-11446-1 
is a rack mounted device for bringing con­
nections from the rear to the front of a rack 
mount for easy accessibility. It has 50 screw­
on terminals for making quick and sure elec­
trical connections. Also these terminals are 
numbered 1 through 50 for quick easy refer­
ence and these numbers correspond to the 
numbers on the connectors. Connections 
are made through a 50 pin or less user­
supplied ribbon connector. One of the major 
advantages of this type of connection is that 
it does not require soldering of individual 
wires. For example. ribbon connector suppli­
ers have devised a mass termination method 
based on the "U" contact principle which 
displaces insulation from round conductors 
during terminating to permit multiple con­
nections in a single operation. This method 
saves considerable labor cost and also g real­
ly reduces the chance of a wiring error. 

The Date I Interface Panel finds use in making 
the pin connections on the back of many of 
Datel's slide-in data acquisition and compu­
ter peripheral boards easily accessible from 
front panel locations. Specifically, Datel's 
data acquisition SineTrac A/D-D/A boards 
are slide-in printed circuit cards that are 
electrically and mechanically compatible 
with a variety of computer systems. They 
expand and make more useful the analog in­
put and output characteristics of the system 
they are used with. A few specific exam­
ples are the Sine Trac 6800 series which is 
used with Motorola's EXORciser micro­
computer system and the ST-LSI series 
used with DEC's PDP-11/03 and LSl-11 
microcomputers. Also, ST-800 and 
ST-711/732 are offered for Intel and 
MULTIBUS-compatible computers. This 
Interface Panel can also be used with 
Datel's System 256, a high performance 
computer input/output system with 256 
expandable AID and DI A channels. How­
ever, the usefulness of this Interface 
Panel is not limited to these devices for it 
can be used with any system that can use 
ribbon cable and connectors. 

DEC and PDP are Digital Equipment Corp. 
trademarks 

Intel and MULTIBUS are Intel Corp. 
trademarks 

Model 56-11446·1 
50 Conductor A/D-D/A 

Screw-Terminal Interface Panel 

• 
• 

Typical Installation with Model DAS-256, Datel-lntersil's Multichannel 
Data Acquisition System 

l 

I 

l 
__ j 

SPECIFICATIONS MODEL 56-11446-1 

Support. ........... Fits into standard 19" (48,2 cm). Rack mounting holes 
are 18.25" (46,3 cm) apart in length and 3" (7,6 cm) 
apart in height. 

Terminals ........... 2 rows of 25 screw on terminals which will make easy 
and sure electrical connections with #6 terminal lugs. 

Connections ........ Ribbon Header connectors and cables. 
See Ordering Guide. 

Dimensions ......... 19"L x 3.47"H x Jl,''D 
48,2 x 8,81 x 1.27 

Channels ........... 50 Conductors 
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MODEL 56-11446-1 

ORDERING GUIDE 0 

The Interface Panel is ideal for use with Datel's 
SineTrac-series A/D-0/A computer peripheral boards. 
The table below refers to various SineTrac boards and 
the required ribbon connectors on each board type. 
Note that some Sine Trac boards use PC edgeboard 
signal connectors instead of ribbon connectors. This will 
require PCB-to-ribbon adapter connectors (available 
from 3M and other suppliers). Also, channel address 
and control signals are passed only between various 
Master, D/A, A.DX and OMA SineTracs and need not 
connect to the Interface Panel (refer to individual 
SineTrac brochures and users manuals for details). 

PROCEDURE 
Refer to the columns below left to find the SineTrac 

board used and the number of connectors. The number 

SINETRAC BOARD RIBBON CONNECTORS 

Product 
ST-800DA Series 
ST-6800ADX Series 
ST-6800 Master Board 
ST-LSl2 

ST-LSl2-ADX 

ST-LSI Master Board 

ST-LSI-DA Series 
ST-LSl-ADX Series 
ST-NOVA A/D Section 
ST-NOVAD/A Section 
ST-PDP A/D Section 
ST-PDP D/A Section 

ST-LSl-RLY 
ST-711RLY, 711, 732" 
ST-724" 

Number 
of Pins 

20 
20 
20 
26 
40 
26 
50 
20 
40 
40 
40 
40 
20 
50 
10 

40 
50 
50 

Number of Connectors 
Required per Board 

1 
1 
1 
1 
1 
1 
2 
1 
2 
1 
2 
2 
1 
2 
1 

1 
(2) 58-2076061 
(1) 58-2076061 

of pins will determine the matching female header 
connector which must be installed by the user on the 
Interface Panel. The number of connectors will deter­
mine how many Interface Panels will be needed. 
Header connectors are listed in the lower right column. 

Then the user must fabricate a ribbon cable using a 
connector socket selected from the list in the upper 
right. Cable length will of course be determined by the 
SineTrac board location in the computer. 

NOTE: Because of the many pin-number variations, 
the Interface Panel does not include a right angle 
header, or socket connector. However, The Sine Trac 
boards include socket connectors ready for ribbon 
cable fabrication. 
Interface Panel Model 56-11446-1 

CONNECTOR SOCKET 
FOR SINETRAC RIBBON CABLE 

Number Daiei Part 
of Pins Number 

10 58-2079130 
20 58-2079135 
26 58-2079139 
34 58-2079141 
40 58-2079143 
50 58-2079137 

HEADER CONNECTORS* 
FOR DATEL'S INTERFACE PANEL 

Number 
of Pins 
10 
20 
26 
34 
40 
50 

Daiei Part 
Number 
58-2079020 
58-2079040 
58-2079042 
58-2079045 
58-2079050 
58-2079057 

*This chart is for male connectors on the interface panel 
"PCB-to-ribbon connector (solder tab conns. are included) 

Connector Socket 

Typical SineTrac 
Application 

DIMENSIONS IN 
INCHES 

Printed in US A Copyright© 1980 Datel-lntersil, Inc. All rights reserved 

'"EJ'l~" 11 CABOT BOULEVARD. MANSFIELD. MA 02048 /TEL (617)339-9341 I TWX 710-346-1953 / TLX 951340 
~ l.51.!:::::i Santa Ana. (714)835-2751. (L.A.) (213)933-7256 •Sunnyvale. CA (408)733-2424 • Gaithersburg, MD (301 )840-9490 

DIMihCii.'igon • Houston, (713)781-8886. Dallas. TX (214)241-0651 OVERSEAS: DATEL (UK) LTD-TEL: ANDOVER (0264)51055 
lNJ UIS~ lb • DATEL SYSTEMS SARL 602-57-11 • DATELEK SYSTEMS GmbH (089)77-60-95 • DATEL KK Tokyo 793-1031 

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE 
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DL-2 

LPS-16 

DL-2R 

Low-Power Digital 
Cassette Data Loggers 

IN THIS SECTION 

SELECTION GUIDE 200S 

DL-2 201S-204S 

UNCASED DL-2 205S 

DL-2T 206S 

DL-2R 207S,208S 

LPS-16 209S-211S 

LPS-16 INST. AMPL., START CLOCK 212S, 213S 

LPR-16 214S-217S 

ICT 218S-226S 

199$ 
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:'c·Je page 205 S 

: ..•. ·page209S 

~:>ee page 207 S 

Se2 page 214 S 

:(;):: - c 

See page 206 S 

200S 

LOW POWER CASSETTE 
DATA LOGGER GUIDE 
LOGGERS (Write-Only) 

BIT NUMBER OF 
MODEL TRANSPORT& DATA BIT DENSITY& INPUT ANALOG INPUT START POWER 
&PRICE FORMAT RATE CAPACITY TYPE CHANNELS RANGES CLOCK REQUIRED 

Dl-2 ICT·WZ2 (Modi· Writing 615 bits per Analog 32 Differential ±5mVDC Preset in· + 12 voe 500 
tied). Simulla- Rate 100 inch. 2 Mbits or36-bit Low Level or 64 FSto ± tervals 1 µA (standby) 
neous 2-T,.,ck, bits per per cassette. CMOS Single-ended VDCFS, sec. to 30 70 mA (re· 
single chanflel second. 5 120K AID digital High Level gain resis· hrs., front cording) 
digital comple- 12-bitA/D samples per tor select panel se-
mentary NAZ samples cassette. with op- lected. 

per sec- tional pre- One year 
ond, max. amp calendar 

Uses LPR-16 clock re-

Reader/Interface corded 
with each 
scan 

Uncased 
Dl-2 Same as DL-2 above less housing but substantially lower cost. Uses DL-2R Reader Interface 

LPS-16 ICT-WZ2 (Modi- Writing 615 bits per Analog 16 Single- ± 10 mVdc Optional + 12Vdc 10 
lied). Simulta- rate 100 inch. 2 Mbits or serial ended High FS to± 5 Xtal/AC µA (standby) 
neous 2·Track, bits per per cassette. 1-bit Level or op- Vdc FS, oscillator/ 70 rnA (re-
single channel second. 5 120KAID CMOS lion al 8 Oil- gain resis- binary di- cording) 
digital, com pie- 12-bitA/D samples per digital or ferential Low tor select vider, 
mentary NAZ samples cassette. optional Level with op- pin-se-

per sec- parallel tional pre- lected or 
ond 16-bit amp logic pro-

Uses LPA-16 CMOS gramma-

Reader/Interface digital ble. 400 
ms to4 
Hrs. pe-
riod. No 
calendar 
clock. 

-
ICT ICT Series. Simul Writing 615 bits per Serial 1· No analog None, + 12 Vdc 10 

taneous 2-Track, rate100 inch. 2 Mbits bit channels (Use supplied µA (standby) 
single channel bits per per cassette. CMOS LPS-16 above externally 70mA(re-
digital, cornple- second. 5 120K 16-bit digital or instead) ICT is by user o~ cording) 
mentary NAZ. 16-bitdigi- words per optional digital recorder may 

tal words cassette. parallel only. ICT is an adapt 
per sec- 16-bit LPS-16 with the LPS-16 
ond. CMOS analog data ac- clock 

Uses LPA-16 digital quisition sec-

Reader/Interface tion removed. 

READERS (Read-Only) 
MODEL OUTPUTS PRINTOUT FRONT PANEL 

DL-2A Full Serial 20 rnA TTY loop and Hexadecimal ASCII (3 char. LED Hex. 7-Segrnent display 

NOTES 

Includes 
weatherproof 
housing. -10 
D-cel I battery 
tray. sealed 110 
con nee-
tors. Front 
panel mux 
short-cycle 
or manual 
header write 

Omits con-
nectors, 
housing and 
battery tray. 
Inputs are 
through PC 
edge board 
connectors. 
Readily fits 
user-sup-
plied NEMA 
housing. 

Panel-mount 
module. 
Stored 
CMOS 
shared-bus 
control com· 
mands. Auto-
ma tic 
channel se-
quencer re· 
cords chan. 
address on 
tape. No 
clock re-
corded. No 
front panel 
controls or 
displays. 

Panel mount, 
like LPS-16. 2 
spare card 
slots availa-
ble. 

HS-232-C, 75 to 9600 Baud. per A/D sam~le) Decimal ASCII (Headers, Clock) Binary LED (AID, 
(9 digits/clock). Octal/Hex. ASCII Int. Header) Transport Controls 
(Int/Ext. Headers), formatted with and Status. Channel Select (octal 
~ces and line feeds thumbwhee!l_ 

LPA-16 Full serial 20 mA TTY loop and Hexadecimal ASCII (3 char. per Transport controls and status 
AS-232-C, 75 to 9600 Baud AID sample, 1 char. per channel only. (No data display) 

number), formatted with spaces 
and line feeds 

TESTER (For DL-2) 
MODEL POWER SUPPLY DISPLAY D/A CALiBRATOR NOTES 

DL-2T Internal AC supply or Set/Display Clock, ext Optional 12 bits and Used on DL-2 Only 
internal 6V 0-cell batteries headers, Write External polarity 
or external 6 Vdc Headers. Display AID 

channels. Display internal 
octal headers. 

Contact Datel's sales office for fall ordering information and pricing 



@~lb DL-2 64-Channel 
~U~U[b Battery-Powered 

Weatherproof Cassette Data Logger 
FEATURES 

• 64 channel cassette digital tape data ac­
quisition system in a sealed weatherproof, 
high reliability ruggedized metal case 

• One year lithium battery supply 

• -10°c to +60°C operating temperature 
range (·40°C range optional) 

• +10mV, ±SmV or ±5V, 0 to +SV Volt in­
put ranges, 100 megohm impedance, 
100dB CMR differential configuration 

• 6mW standby power CMOS design, 1 
watt power while scanning, +12VDC 
power 

• 1 second to 30 hour selectable scan rates 

GENERAL DESCRIPTION 

For remote environmental recording or long term unattended field 
measurement of any variable, the battery powered Data Logger 2 
will record up to 64 channels of analog data on a Philips-type 
digital tape cassette. The Data Logger 2 is housed in a sealed, 
weatherproof ruggedized metal case and will' operate for mo~e 
than a year on its internal lithium battery supply in temperatures 
from -10'C to t60°C. Military type sealed connectors are used for 
all analog inputs and CMOS circuitry is employed for a low stand­
by drain of 6 milliwatts. 
Philips-type digital cassettes with 300 feet of tape are used to 
record analog data in selectable scan lengths from 1 second to 30 
hours. The number of channels to be scanned is preset on front 
panel thumbwheel switches for efficient use of the tape. The in­
cremental single direction NRZI recording method combined 
with low power electronics results in a running current of 100mA 
max. In addition, a header word may be recorded on the tape for 
later computer indentification of that particular tape. A longer 
36-bit external header may be entered using the input connectors. 

In each scan of the selected number of input channels, a 40-bit 
clock word is recorded before each scan. This 40-bit clock word 
contains a 36-bit one-year digital clock derived from a CMOS 
crystal oscillator and having one second resolution. The last 
4-bits of the clock word are used to flag a low battery voltage. 
The system will continue running with a low battery voltage but 
the user is advised that readings may be unreliable. 
A normal scan consists of the clock word, a 12-bit rile gap and a 
string of 14-bit data words up to 64 channels. 
The 14-bit data words consist of an analog voltage represented 
by 12 binary bits and 2 additional high level/low level bits to 
describe whether full scale is ±5 millivolts or 5 volts. A 2-bit 
character gap begins each word. 
The Data Logger 2 can accept up to 64 high level or 64 low level 
channels or a mix of 32 high level arid 32 low level channels. Full 
external control of the Data Logger 2 is also provided using the 
input connectors. This includes such flexibility as varied scan rate 

for selected inputs by using a second external clock and control 
circuit. 
A long life, 10 Amp-hour lithium battery supply is mounted 
on the front inside cover of the Data Logger 2. A second set of 
D-size battery holders allows rewiring to alkaline, mercury or 
carbon-zinc batteries or for a parallel set of lithium batteries, or 
any other D cells. 

The internal CMOS circuitry of the Data Logger 2 features fast 
power turn-on initiated by the clock control. An MOS high ac­
curacy analog multiplexer is followed by a differential FET front 
end instrumentation amplifier for low level inputs. A fast acting 
sample and hold amplifier is followed by a 12-bit A/D converter 
at the output. The parallel A/D words are then assembled and 
formatted into serial information fed to the tape head driver 
amplifiers. Motor stepper drive circuits, clock and control/ 
addressing systems complete the electronics. 

The instrumentation amplifier provides low level differential inputs 
down to 10 mV span, full scale. Common mode rejection of 11'0 dB is 
maintained over ±5V common mode range for high noise immunity. 
Overall accuracy (high level-no preamp) is ±.04% of Full Scale 
Range, ±12 ppm of FSR/' C temperature drift. Low level accuracy (with 
the preamp) is ±0.3% of FSR ±1/2 LSB (8 bits) ±100 ppm of FSR/°C 
temperature drift (see specifications). 

The sample and hold exhibits a 100 nsec. aperture time and 
A/D settling and conversion occurs within 450 microseconds. 
The tape is stepped at 100 bits per second so that A/D words are 
written in 160 msec. (120 msec. for the 12-bit data, 20 msec. for 
the High Level/Low Level bits and 20 msec. for the intercharacter 
tape gap). A complete recording of a 64-channel scan takes about 
11 seconds. This limits the maximum sampling rate unless a smal­
ler number of channels is selected. Tape capacity is about 2 
megabits including all gaps. About six hours is required to fill a 
tape at continuous running. 
The complete system weighs 20 lbs. (9, 1 Kg) with batteries and 
measures 12"H x 12"W x 1.0"D (305 mm x 305 mm x 254 mm). 
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DATA LOGGER 2 BLOCK DIAGRAM 
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DATA LOGGER 2 
Specifications (Typical over-10°C to+60°C unless otherwise noted) 

Number of Analog Channels: 
Selectable up to 64. Can be mixed up to 32Low Level and 32 
High Level channels or up to 64 High Level or Low Level 
channels. 

Power Supply: 
+14.75 Volts DC composed of 4 or 5 D-size Lithium cells, non­
rechargeable, 2.8 or 3.4 Volts per cell. 10 Amp-hours per 
cell. ( 10) D-size battery holders provided for customer con­
version to NiCad, Alkaline or Carbon-Zinc D-cells, or for a 
parallel set of Lithium batteries. 

Power Supply Requirement: 
12V (-.5, +1V): 

150mA typ, 200mA max during load forward 
70mA typ, 1 OOmA max during motor stepping 
50011A typ, 1 mA max during standby 

Power Supply Operating Range: 
+10 Volts to +14.5 Volts DC. Low battery flag is encoded on 
tape when voltage drops to +11 Volts . However, system will 
continue operating down to +10 Volts at rated specifications. 

Battery Power Usage: 
Approximately 615mA-Hrs. per cassette. 

AC Supplies: (optional} 
115VAC ±10% 
100VAC ±10% 
230VAC ±10% 

AC Line Frequencies: 
47 to 440 Hz 

External Battery Supply: 
Connected through sealed 1/0 connectors. 

System Weight: 
20 lbs. (9, 1 Kg) 

Clock Accuracy: 
±10ppm (initial), ±10ppm (1 yr. aging), ±15ppm/°C 

Dimensions: 
12"H x 12"W x 10"0 (305mm x 305mm x 254mm) 

System Temperature Ranges: 
Operating: -10°C to +60°C, non-condensing (-40°C optional) 
Storage: -55°C to +70°C 

202S 

DATA LOGGER 2: 
Analog Specifications (Typical over -10°C to +60°C unless other­
wise noted) 

Input Ranges: 
Low Level differential -5mV to +5mV or 0 to +10mV, (Other 
LL ranges> 10mV span available on special order). High Level 
single-ended -5V to +5V or 0 to +5V. 

Input lmpldance: 
;;.., 100 megohm single-ended or differential. 

CMV: 
±5V (differential only) 

CMRR: 
110dB to 1 OOHz (differential only with 1 K source unbalance). 

Accuracy: (High Level-No Preamp) 
±0.4% of FSR ±J/2 LSB (12 bits) 

Temperature Coefficient: (High Level-No Preamp) 
±12 ppm of FSR/°C (-10°c to +60°C) 
±50 ppm of FSR/° C (-40° C to -10° CJ 

Accuracy: (Low Level-With Preamp) 
±0.3% of FSR ±1/2 LSB (8 bits) 

Temperature Coefficient: (Low Level-With Preamp) 
±0.01% of FSR/0 c ±(0.0001% of FSR/0 c x Gain*) 
*Where gain= 10 Volts+ Full Scale Low Level Input Span 

Resolution: 
12 binary bits 

Aperture Time: 
100 nanoseconds max. (sample & hold). 

AID Conversion Time: (including input settling time) 
450 microseconds. 

Sample Time: 
150 microseconds. 

Input Connection (Differential, Low Level): 
Analog HI, Analog LO and shield ground for each input. 
(Single-Ended, High Level): Analog HI and ground 

Overvoltage: 
±10V (HL) 
±5V (LL) (Must ext. limit current to 5mA) 



SPECIFICATIONS, CONT. 

DATA LOGGER 2 

Recorder Characteristics 

Storage Media: 
Standard Philips certified data tape cassette 300' length (91 m). 

Storage Method: 
2 channel complementary NRZI, one recording direction. 

Storage Density: 
615 bits per inch. 

Number of Tracks: 
Two, data on Track one, data on Track two. 

Tape Format: 
40-bit digital clock word, 12-bit file gap and one scan of 14 
bit binary A/D words (up to 64 A/D words). Internal header 
12 bits (4 digit octal) written from front panel push button 
and 4 digit thumbwheel switch. External header 36 bits writ­
ten from external source and strobe. (parallel data). 

Gaps: 
3 bit gap written before every 14 bit A/D word, (12 bit A/D 
word +2 bit HL/LL Channel ID) 12 bit gap written after every 
clock or header word (Int. or Ext.) 

Tape Storage Capacity: 
2.2 megabits (gaps are considered as bits) per 300 ft. cassette. 

Write Speed: 
100 steps/sec. (one bit (data gap)/step). Incremental. 

Data Format: 
Serial NRZI 

Motor: 
Single 1.5° angle capstan drive stepper motor coupled to take 
up reel by slip clutch mechanism. 

Capstan: 
.250" diameter 

Step Angle: 
1.5° 

Angular Accuracy: 
±8 min. of arc non-accumulative. 

Tape Motion Control: 
Single capstan pinch roller. Drive head is engaged mechanically 
during write time. 

Tape Tension: 
0.4 oz. 

Error Rate: 
1 bit in 107 

Type of Cassette Loading: 
Front (after instrument housing sealed front cover is opened). 

Recording Head: 
Dual channel single gap high quality digital type. 

Operating Mode: 
Write only. 

FRONT PANEL CONTROLS; 

Scan Rate: 
1, 2, 5, 10, 20 or 30 seconds, minutes or hours and max. (Max. 
is maximum rate allowed by the setting of the scan length 
switches), to nearest second resolution. 

Scan Length: 
Four digit octal thumbwheel switch selects the number of 
channels/scan. (Two digits for High Level and two digits 
for Low Level), or (two switches for CH-1-32 and two switches 
for CH33-64 for all H Lor LL channels). 

Header (Octal): 
Four digit octal thumbwheel switch may be entered on tape. 
(Same switch as scan length). 

Enter Internal Header: Ont./Ext.l 
Push button switch enters front panel header on tape. (When 
in the Ext. Mode). Locking toggle switch. When in Int .. the 
Internal Clock has control of the Data Logger via the scan 
length switches. (Except in between scans, external data may 
be entered). When in the Ext. position, the logger may be 
externally controlled; also an Internal Header or External 
Header may be entered. 

Load Forward: 
Push button switch will light BOT (Beginning of tape) lamp 
if tape is over clear leader and will move tape forward to oxide 
while depressed. (When in the EXT. Mode). 

BOT Lamp: 
Will indicate, (when load forward button is depressed) when 
tape is on clear leader. Lamp is on when over clear leader and 
off when over oxide coating on tape. 

Clock Reset: 
Push button switch, will reset 1 year internal clock to zero. 
(When in the Ext. Mode). 

Power On/Off: 
Toggle switch will turn the power on or off. 

Analog Input Selector: 
Four position selector switch selects High Level/Low Level, or 
High Level and Low Level channels to be scanned. 
There is also an Ext. position which is used for optional ex­
ternal control of thse functions. 

DATA LOGGER 2 
Digital Inputs 

NOTE: CMOS logic levels used. External CMOS driver logic 
should be used and should track Vdd logic bus from the 3-cell 
tap or drive through protective external diodes. (Avail. from Ext. 
connector). 22K ohm pulldowns on all external digital inputs, 
1 uSec min. 
Clock Inputs: 

36 lines for pre-setting internal 1 year digital clock or for 
entering External Header. 

Load Clock: 
1 line presets internal clock to comply with 36 line input. 

Enter Header: 
1 line enters External Header. Must be spaced 500 mSec min. 
from adjacent scans. 

Start Scan: 
1 line will cause a clock to be written and a word scan to occur 
(used for external calibration or control). One microsecond 
minimum duration. 

DATA LOGGER 2 
Digital Outputs 

Status Output: 
1 line, indicates when system is busy. This line is used if ex­
ternal data is to be written in between scans. 36 bits of external 
data may be entered on tape from the external header inputs, 
provided time is allowed by selecting the proper scan rate 
position for the number of channels to be scanned, plus the 
36 external bits. i.e.: it takes 450 ms to write the 36 bits 
on tape. 

Clock Output: 
1 line, 1 second time base. 

Head Track 1 & 2: 
4 lines, represent data written on Track 1 and Track 2 respec­
tively. When the Data Logger 2 Tester is used, these lines are 
used to recover data from the Head to be displayed on the 
Tester. 
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Data Logger 2 
Ordering Guide 

J 
CHANNEL 
CONFIGURATION 

A = 32 High Level 
B = 32 Low Level 
C = 32 High Level 

and 
32 Low Level 

0 = 64 High Level 
E = 64 Low Level 

Available under GSA Contract 

DL-2 

INPUT RANGES & CODING 

Note: 
High Level (HLJ Inputs are single-ended 
Low Level (LL) Inputs are differential 

1 = Bipolar (offset binary) 
LL: -5mV to +5mV 

and/or 
HL: -5V to +5V 

2 = Bipolar (2's complement) 
LL: -5mV to +5mV 

and/or 
HL: -5V to +5V 

3 = Unipolar (straight binary) 
LL: 0 to +10mV 

and/or 

HL: Oto +5V 
4 = Special Low Level Range 

(contact factory) 

(not useable 
if TTY, 
RS-232-C 
output is used) 

Notes: 1 Coding types 1,2,&3 cannot 
be intermixed. --

2 Coding must be specified at time 
of order. 

3 High level and low level channels 
may be ordered in the same unit, 
but all coding must be the same. 

4 Low level 0 to +5mV is not offered. 

l 
INTERNAL POWER SUPPLIES 

A* = ( 10) internal 0-cell battery 
holders installed and internal 
115 V AC/60Hz supply 

E * = ( 10) internal D-cell battery 
i holders installed and internal 

220 V AC/50Hz supply 
J * = ( 10) internal 0-cell battery 

holders installed and internal 
100 VAC/60Hz supply 

X = External battery connector and 
(10) internal 0-cell holders 
installed. No internal AC 
power supply furnished .. 

Batteries are not included, please 
order separately below. 

Low temperature operation (-40°C 
to +60°Cl available on special 
order, contact Date I. 

r 
HOUSING, CONNECTORS, 
AND BATTERY TRAY 

Leave Blank = included 
1 = not included 

For -4o0 c to +eo0 c extended temperature version, add suffix -3982 

Data Logger 2 
Prices (single quantity) with Housing 

OL-2A (32HL) 
OL-28 (32LL) 
OL-2C (32HL/32LL) 
OL-20 (64HL) 
OL-2E (64LL) 

See Page 200S For Prices 
Without Housing (Add "1" suffix) 

OL-2A (32HL) 
DL-28 (32LL) 
DL-2C (32HULL) 
Ol-20 (64HL) 
OL-2E (64LL) 

204S 

Prices include connectors and a cassette but do not include 
Lithium batteries. 

Lithium batteries are 0-SIZE "Eternacell" Model 550S-BT 
manufactured by: 

Power Conversion Inc. 
70 Mac Questen Parkway South 
Mt. Vernon, NY 10550 

or available from Oatel, part number 33-121 31-2, 
(5 required) 

Certified digital tape cassettes, 300 feet (91 m) 

Model 
12123-1 
12123-2 

43-12123-5 

Operating Temp. 
+10°C to +45°C 
-40°C to +70°C 

450 Ft. Cassette 



FEATURES 
• Model DL-2 Cassette Data Logger 

less the housing, connectors and 
battery tray at a substantial cost 
saving. 

• Same high performance analog 
specifications as DL-2: 
A. 64 HL SE or 32 LL Dlff. Chan­

nels. 
B. One-year crystal-controlled re­

cording calendar clock. 
C. Automatic scan-start clock, 1 

second to 30 Hours. 
D. ±5 mVdc FS to ±5 Vdc FS input 

ranges. Resistor-selected high­
gain instrumentation amplifier. 

• Micro-powered standby operation 
from any 12-Volt battery: 500 mi­
croamps standby between scans, 
70 mA while recording. 

• Uses DL-2R playback Reader and 
full serial computer interface. 

• Designed for simple mounjing in a 
user-suppled low-cost NEMA hous­
ing or for test panel mounting. 

Uncased Low-Cost DL-2 
Low-Power 64-Channel 

Cassette Data Logger 

• Input connections made through OUTLINE DIMENSIONS (INCHES) 
PC edgeboard connectors. 

DESCRIPTION 
Datel-lntersil's highcperformance 
long-term battery-powered DL-2 cas­
sette data logger is available in an un­
cased version at substantial cost sav­
ings. The uncased DL-2 deletes the 
weatherproof housing, battery tray 
and sealed connectors. Inputs may be 
made to the printed circuit edgeboard 
connectors in the card cage behind 
the front panel. The uncased DL-2 is a 
complete front panel assembly which 
includes an integral rear card cage 
containing all circuit boards. The out­
line dimensions are convenient for 
low cost user-supplied NEMA­
housing mounting or for laboratory 
mounting on a test panel. 

ORDERING INFORMATION 
To order the uncased DL-2, simply 
add a "1" suffix to the regular DL-2 
model number. Refer to page 2048 for 
full model numbering. 
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DL· 2T Weatherproof 
Portable Tester /Calibrator 

for the Data Logger 2 

FEATURES 

• Completely exercises and calibrates all 
functions of the Data Logger 2 weather· 
proof analog cassette recording system. 

• Functionally tests all displays and the 
A/D converter. 

• Tests all batteries under full operational 
load. 

• Contains A/D and Digital clock readouts 
for full calibration and presiitting of the 
Data Logger 2. 

• Operates from built-in lithium battery 
supply or AC power supply. 

• Performs a complete self-test to ensure 
proper Tester operation. 

DESCRIPTION 

The Data Logger2 weatherproof, battery-powered data acquisition 
and cassette data-logging system will normally require a complete 
system check-out before committing it to prolonged unattended 
data monitoring. In addition, the Data Logger 2 will occasionally 
need on-site field calibration to establish its accuracy. The ideal 
instrument to perform these tests and calibration is the Data 
Logger 2 Tester, model DL·2T. 

The D L-2T Tester is particularly valuable because it tests the Data 
Logger 2 and itself. The D L-2T Tester completely exercises the 
Data Logger 2 on locatio~ and performs a self-check to be sure all 
internal systems are functioning properly in the Data Logger 2. 

ORDERING INFORMATION 

DL-LT 

When testing the Data Logger 2, the DL-2T Tester provides input 
control signals to recover data directly from the head of the cas­
sette transport. Data is displayed on one of two readouts on the 
front panel of the DL·2T Tester. 

To ensure a complete test of all systems, the DL-2T Tester oper­
ates from the internal lithium battery power supply of the Data 
Logger 2 with the exception of display lamps and drivers powered 
by a separate 6 volt battery in the D L-2T Tester, or from the 
internal AC power supply. 

The Tester has 2 basic operating modes. In the Logger Mode, the 
Data Logger 2 is tested. In the Tester Mode, the DL-2T tests itself. 

- ....... - T - -· ---------
.---..____,L~ l 
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Di A Colibrotion Ni"'nb,.r of Channels Power Supply 

l=With J 
2 = Wit hov~ .. -

32 Hl 
8 ·" 32 ll 
C = 32 Hl & .32 ll. 
D = 64 Hl 
E=64ll .... 

Power Supply and Cables Included 
Batteries are not included (four required) 
Batteries are Daiei part 33-12131-1, 

1~l15YAC 

2' ~ 230 YAC 
3 ~ 100 YAC 

, (All AC supplies _tl0'%, 
47to440Hz) 
8oltery dips ore standard 
on all models, ro that AC 
or DC operation may be 
used. 

Instruction Manual, part number 58·12140-28 (included) 

DL-2T1 Tester with 13-bit DIA calibrator 
DL·2T2 Tester less D/A calibrator 

Coding 

A = Straight Binary 
B ~ Off.et Binary 
C = 2's complement 

Normal Temp. Range; 0°C. to +60°C. 
Contact Datel for extended range 
1--40°C. to +60°C.) Add suffix 
--3982 
(Example: Dl-2T2A3B-398Z) 
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DL·2R Cassette Tape 
Reader and Serial 

Computer Interface for DL·2 

FEATURES 

• Digital Cassette Tape Reader for 
the 64-channel Data Logger 2 (see 
page 201S) 

• Displays digital one-year calendar 
clock, binary AID data words, in-
ternal octal or external digital 
header words. 

• Includes full serial computer inter­
face: 
1. Teletypewriter (TTY) 20 mA iso­

lated current loop 
AND_ 

2. EIA RS-232-C voltage levels 
used by computer serial 1/0 
ports and CRT terminals. 

• Front panel controls allow manual 
search for data sample and individ­
ual channel data 

•Serial 1/0 controls allow full remote 
control by computer. 

• Preformats ASCII printout into 
hex/binary AID characters and 
decimal clock characters. 

GENERAL DESCRIPTION 

Digital cassette tapes written on the Data Logger 2 containing 
up to 64 channels of analog data may be read directly on the 
Data Logger 2 Reader, model DL-2R. This reader accepts 
Philips-type tape cassettes written in Datel's NRZI digital for­
mat. Information recorded on tape such as temperature, pres­
sure, rainfall, and wind velocity from external sensors may be 
transferred directly into a mainframe computer or minicom­
puter data bus using the DL-2R Cassette Reader. 

The Data Logger 2 Reader has two front panel displays, one 
to list 12 bit binary A/D data words and another decimal 
display for the calendar clock or external header word. The 
9-digit calendar clock in the Data Logger 2 records up to one 
year of data with one-second resolution. Using clock words, 
the DL-2R Reader can be stepped through manually or by 
computer control to find a particular record written at any 
time. The binary display also shows octal internal headers 
and the decimal display can be used for external digital 
header words. 

The Data Logger 2 Reader has complete front panel controls 
to select the channel of interest, to properly start the tape and 
load data into a computer. A complete serial teletypewriter/ 
RS-232-C interface is included inside the 19" x 19" x 5%" cab­
inet of the DL-2R. 

The serial teletypewriter/RS-232-C interface directly con­
nects to a variety of 1/0 devices sucll as CRT terminals, and 
mainframe computers accessed by remote TTY terminals. 

The DL-2R Reader contains special handshaking functions 
for full computer compatibility. These include word sent and 
word taken signals and an abort flag which stops the Reader if 
transmitted words are not accepted 3 times in succession. 

Another important feature of the DL-2R Reader is that it con­
nects directly to a variety of data acquisition/processing sys­
tems. These include connection to a local, "quick-look" tele­
typewriter terminal with or without arithmetic capabilities. 

The housing of the DL-2R Reader is brushed aluminum and is 
51/4 " high, 19" deep, and 19" wide. It can be rack mounted or 
set up for stand-alone, table top configuration. The DL-2R 
Reader is complete and includes AC power supplies for 
115/60, 220/50 or 100/60 power voltages. 

Cassette tapes are mounted directly on the front panel tape 
deck. The system can be completely operated through the 
front panel controls or remotely by computer or teletype­
writer terminal. 

The complete system weighs approximately 25 pounds. 
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DL-2R 
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SPECIFICATIONS 
(Typical @ +25 ° C unless otherwise noted) 

GENERAL 
Function 
Media 

Number of 
Tracks 
Tape Motion 

Tape Speed 
Reading Format 
Reading Density 
Bit Rate 

Bit Capacity 

Record, Word or 
I ntercharacter 
Gap 
File Gap 
Power Required 

Mechanical 
Dimensions 

Read Only 
Standard Philips-type certified· 
digital tape cassette 
Two tracks, one's and zero's, read 
simultaneously 
One direction, capstan stepper 
motor drive 
2.75 inches per second 
Complementary NRZI 
615 bits per inch 
1700 bits per second from read 
amplifier 
2.2 million bits per cassette 
(including all gaps) 
3 bits 

12 bits 
115/100/230 VAC, 47 to 440 Hz 
(specify), 65W max. 
19"0 x 19"W x 5.25"H 
(48,3 cm x 48,3 cm x 13,3 cm) 

TAP·E DATA FORMAT 
The DL-2R Reader is designed to respond to the tape 
data format of the DL-2 Data Logger data acquisition/ 
recording system. 

The Data Logger 2 normally records a full scan 
starting with a 40-bit clock word, 12 bit gap and up to 
64 channels of 12 bit binary A/D words. The exact 
tape format of the.Data Logger 2 is as follows: 

3 bit lntercharacter gap 
36 bit Calendar clock word (9 BCD 

4 bit 
12 bit 

3 bit 
12 bit 

2 bit 
3 bit 

12 bit 

digits) 
Battery low voltage flag 
File gap 
lntercharacter gap 
Binary A/D data word 
(Channel 1) 
High Level/Low Level flag 
I ntercharacter gap 
Binary A/D data word 
(Channel 2) 

Up to 64 12-bit A/D data words and 2 bit HL/LL 
flags and 3 bit gaps are recorded per scan. 

The Data Logger 2 Reader is designed to decode the 
calendar clock word first and to stop and display this 
word in the 12-bit file gap. This allows an operator to 
decide if he wishes to select a particular A/D word in 
that scan for display. · 

FRONT PANEL 
Controls - Local/Remote, Continuous/Scan, High 

Level/Low Level, A/Dor Internal Header 
Word, Start, Rewind, Load Forward, 
Displayed Channel Select (Octal). 

Displays - Internal Header, EOT/BOT, Busy, 
Rewind, Abort, Clock (ID), External 
Header (ID), Battery Low, End of File, 
AID or Internal Header Readout (12 
binary LED's), External Header or Clock 
Readout (9 Hexadecimal 7-Segment 
displays). 

SERIAL INTERFACE 
Output Type 

Baud Rates 
(Internal 
jumper 
selected) 

RS-232-C 
Signals 

Parity 

Serial Data ' 
Word Format 

Full serial optoisolated 20 mA 
teletypewriter (TTY) current loop 
and RS-232-C voltage levels (±3V 
min) 
Isolation: 300 VRMS, 100 MO 
typical 

75 
110 
150 
300 
600 

1200 
2400 
4800 
9600 

Protective Ground 
Signal Ground 
Received Data 
Clear to Send 
Data Terminal Ready 
Odd, Even or Fixed (Internal jumper 
selected) 
110 Baud: (11 bits/word) 
1 start bit, 7 data bits, 
1 parity bit, 2 stop bits 
All Other Baud Rates: (10 bits/ 
word) 
1 start bit, 7 data bits, 
1 parity bit, 1 stop bit 
(1 or 2 stop bits are jumperable for 
any Baud rate) 

PRINTOUT FORMAT 
Note: Clock Word: 
D = Decimal Data DDD58 DDSDDSDD5p CR LF LF 
8 = Octal Data '-¥-' ....,..... ........, _,..., 

H =Hexadecimal DAY HR MIN SEC 
S =Space 
P =Internal 
Parity Error 
B = Battery Low 
Flag 
H =High Level 
Channel 
L= Low Level 
Channel 
CR=ASCll 
Carriage Return 
LF = ASCII Line 
Feed 

Front Panel Thumbwheel Header: 
8888 ~ CR LF LF 

Analo~ Channel Data: 
HHHSLSHH~SHHHS~SHH~CRLF ........-- ........... ~ 
12- Chan. Next. Chan. 
Bit A/D No. 

(2 LF's for last word in scan) 

(Note: 1 TTY line= four 
10-character A/D Channels) 
External Header Word: 
HHHHHHHHHi:, CR LF 

MODEL NUMBERING 

DL~ 00_.-_'-_-_-_-_-::rj___ _____ _ 
Power Supply 
A= 115 VAC* 
E= 230 VAC* 
J = 100 VAC* 

*Frequency, 47 to 
440 Hz 

Included with Reader: 

Baud Rate 
A=75 F=1200 
B = 110 G = 2400 
C=150 H=4800 
D=300 J=9600 
E=600 

(Programmed by internal PCB 
jumpers) 

Note: Word format is 11 bits for 
110 baud and 10 bits for all other 
baud rates 

58-2079260 DB-25P TTY Connector (Spare) 
58-2083065 Dataphone Connector Hood (Spare) . 
58-12140-7 Instruction Manual 



LPS-16 Miniature 
Micro-Power 16-Channel 

Cassette Data Logger 
FEATURES 

• 16 Analog channel, write-only battery-powered data 
acquisition and incremental digital cassette recorder. 

•Consumes less than 1 watt (+12Vdc at 80mA) while recording, 
120 microwatts in standby. 

•Tape moves briefly only while recording. 
• A/D resolution is 12 binary bits. 
•Stores 120,000 A/D data samples per cassette, 5 samples per 

second. 
•Weighs only 2 pounds. Size: 4" x 4W' x 71/2' 
•Stored-command, shared-bus multiplexed 1/0 controls for 

multiple loggers. 
•Optional 8-channel differential low level inputs, selectable to 

±50mVFS. 

• Optional Scan Start Timer, 200 ms to 2 hours, xtal or RC­
controlled. 
Optional 16-bit Parallel Data Input for ident codes, headers, 
counters, calendar clocks, etc. 

•Companion Reader (LPR-16) for playback to computer port, 
TTY or RS-232-C Terminal 

APPLICATIONS 
Portable Weather Station 
Geophysical and Seismic Monitor 
Oceanographic Probe 
Traffic and Noise Logger 
Pollution, Water, Waste, or Stack Quality Recorder 
Natural Resource Exploration 
RF Field Strength and Transmission Logger 
Remote Utility Load Recorder 

GENERAL DESCRIPTION 

electrical voltage output. And on the playback end, the user must 
provide his choice of computer and of course the computer program 
for his unique application to perform arithmetic on the data (integrate 
data, compute averages, make X-Y plots) and to arrange numerical 
data and text in tabular form on the printout including engineering units 
(wind speed MPH, barometric pressure, inches of mercury, relative 
humidity). 

NEW!! TWO IMPORTANT OPTIONS: 
Datel's LPS-16 is an ultra-low power A/D data acquisition system and 
micro-powered digital cassette recorder. Measuring only 4"H x 4.5"W 1. 
x 7"0 (1 DO x 114 x 178 mm), the 16-channel data logger takes only 
134 cubic inches (2200 cu. cm.) of equipment volume and 17.6 square 
inches (114 sq. cm.) of panel area. 

Adjustable-gain Low Level Differential Input Amplifer 
8 Differential Channels 
Resistor-selectable fixed gain range of ±50mV to ±5V full 
scale (±50mV supplied standard) 

The 2-pound (0,9 kg) module is ideal for portable and unattended data 
logging applications such as oceanography, environmental 
monitoring, seismology, meteorology, water and waste quality 
monitors, traffic and noise loggers. 

The entire system is powered by a single +12 VDC external battery 
supply drawing only 80 mA during brief recording periods and 1 0 
microamps in long-term standby between data scans. Combined with 
high data density on the cassette, the LPS-16 can operate for months 
on flashlight batteries. 

The write-only LPS-16 is complemented by a companion cassette 
reader, Date\ Model LPR-16, which functions as a serial computer en­
try system for TTY or RS-232-C interfacing. 

A complete operating system built around the LPS-16 Data Logger 
and LPR-16 Computer Reader would also include the user's selection 
of input sensors, cabling, signal conditioners, preamplifiers and 
transducers which make the conversion from physical variables 
(temperature, atmospheric pressure, wind speed, humidity, etc.) to 

2. 

At ±50mV FSR: Drift ±40ppml° C, Accuracy ±0.05% FSR 
±'h LS8, CMV±10V, CMR 94d8 (100d8, ±10mV FSR) 
Model LPS-16-1285 __ ~ 

Selectable Start Timer and Parallel Data Input. 
Crystal or RC-controlled selectable 16-stage 
divider interval start timer 
Range: 5 starts/sec. to 1 start/2 hours or longer 
16-bit parallel CMOS data input, latchable 
register 
Add suffix "-7041" to model number 
(example: LPS-16-1285-7041, 

binary 

storage 
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"' I .... 
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SLOWLY 
VARYING SIGNALS ~ 

TRANSDUCERS.~ 
SENSORS. 
EXT. CIRCUITS, 

KEYBOARD CALENDAR CLOCK l 
PARALLEL & Jlfln.lL SERIAL DIGITAL INPUTS 

1flJlJL ~~~L~L~p~~~NNEL 

RECORDER 
SYSTEM 

~~ 
LPS-16 

POWER 
SUPPLY 
BATTERIES 

App II cation 
Development 
Systems 

RECORDED 
CASSETTE 
LOADED 
INTO 
READER 

OPERATION 
The LPS-16 includes CMOS digital electronics for ultra-low power. 
The 16 single-ended high-level analog input channels are connected 
to an internal multiplexer using MOS sol.id-state switches. The output 
of the multiplexer individually connects each channel to a sample and 
hold amplifier to hold the analog signal stable for the next stage which 
is the Analog to Digital Converter. The A/ D converter has 12 binary 
output bits which allow the input signal to be digitized to one of 4096 
possible 12-bit codes. This 12-bit parallel digital representation of the 
selected input is then converted to serial data for timed writing on the 
cassette tape. An additional 4-bit address is also written along with 
each A/D data sample to identify the channel number. A unique low­
noise, low-power, high density recording method is used where 2 
tracks on tape are assigned to zero or one bits, respectively. Data is 
arranged in files of selectable length, typically 64 AID samples per file. 
AID samples are separated by a 3-step bitless word gap and a 12-
step gap separates files. On playback, the Reader may stop tape 
motion between files for formatting and transmission to the computer. 

On the LPS-16 Data Logger, tape moves only while writing AID data. 
The tape is stopped at all other times and the system automatically 
powers down to conserve the batteries and tape. 

Channel addressing may be controlled internally from an automatic 
address sequencer which can be hard-wire short cycled to any 
channel count or externally controlled from a 4-bit address code 
supplied by the user. In addition the user may al.so record synchronous 
serial 16-bit digit data shifted in from an external shift register. Such 
digital data might include an externally-generated date-time clock, 
cassette identification (header), tachometer-counter inputs (wind 
speed) switch closures, BCD data, etc. The user must also supply 
various CMOS digital controls such as AID start commands, 
random/sequential addressin'g status, serial digital record mode, 
serial digital data and others. Various CMOS digital outputs also 
appear for the user to monitor including the.end of AID conversion, 
address sequencer outputs, tape motion status, etc. 

All operation of the LPS-16 must be made through these digital 
controls, requiring either hard-wiring, switches or control logic 
supplied by the user; there are no front panel controls (Datel also offers 
a full system, Model DL-2, with dedicated front panel controls, date­
time clock, low level preamplifier and weatherproof housing - please 
contact Datel's sales offices). 

210$ 

CRT 
TERMINAL 

DATEL 
LPR-16 
READER 

TTY /RS-232-C SERIAL 
ASCII BUS (HALF DUPLEX) 

PERFORMANCE 

OTHER 
RS-232-C 
ASCII 
DEVICES: 

MODEM 
ACOUSTIC 
COUPLER 

MINI OR MICRO­
COMPUTER OR 
MAINFRAME 
PROCESSOR 

I 
I 
I 
I 
I USER'S 
I APPLICATION 
I PROGRAM 

I 
I 

'¥ 

PLAIN-LANGUAGE 
PRINTOUT: 

07104176 

TANK NO. 4 
PRESSURE 
FLOW 

1430 HRS 

TEMP 182"F 
37.8 PSI 
25.9 GPH 

The LPS-1 6 employs a stepping motor cassette transport with a 
capstan drive operating at 90 steps per second. Since one bit may be 
written with each step, the maximum recording rate is 90 bits per 
second. Each A/D data sample takes 16 bits (12 data, 4 address) plus 
3 steps for the gap (19 steps total). Therefore, maximum data 
throughput is approximately 5 samples per second (200 milliseconds 
per sample). This requires that data be slowly-varying DC (less than 1 
Hz bandwidth). 

Bit density on tape is 615 bits per inch and one 300-foot cassette can 
hold about 2.2 million steps or about 120,000 AID samples, assu'ming 
efficiently-long 64-word files. 

AID system accuracy is within ±0.025% of the full scale range, ±Y2 
LSB where the input ranges are Oto +5V, O to -5V, -5V to +5V, and 
+5V to -5V (inverted analog coding) with 100 Megohm input 
impedance. System temperature drift is within ±40 ppm of FSR/° C 
and linearity· is ±Y2 LSB (fully monotonic) over the -1 0° C to +60° C 
operating temperature range. 

Due to the low power requirement, no rewind motor is provided and 
users must rewind tapes before insertion into the LPS-16. 

The mechanical design consists of a cassette tape transport with a 
front loading door and mounting plate for panel attachment. The 
CMOS electronics are contained in five small printed circuit boards 
and a small card cage, all of which is part of the transport mounting 
plate. 

Analog inputs are through a miniature connector on top of the rear 
board and digital .1/0 is provided through a rear motherboard PCB 
edge-finger connector. 



. ' ' I SPECIFICATIONS, MODEL LPS-16 
(Typical at +25° C unless noted) 

ANALOG INPUTS See page 382 for Scan Timer and 
Parallel Input Information 

Number of Analog Inputs ...... 16 (8 differential low 
level LPS-16-12B5) 

Input Channel Configuration ... Single ended (optional differential) 
Input Voltage Ranges .......... OV to -5VFS or ±5VFS, 

0 to +5VFS (optional 
selectable to ±50mVFS) 

Channel Input Impedance ...... 100 MegOhms "ON" or "OFF" 
NOTE: When the 12VDC system 
power is turned off each channel 
has an input impedance of 
10K Ohms 

Channel Input Overload ....... ±1 OV (max.) 
Channel Mode of Operation .... Random or Sequential 
Channel Input Acquisition Time 150 µsec - includes input 

SYSTEM PERFORMANCE 

System Aperture Time ........ . 
System Accuracy ............. . 

System Linearity ............. . 
AID Resolution ............... . 
System Temperature . ......... . 
Coefficient 
System Throughput Rate ..... . 

Input Channel Scan Rate ..... . 
AID Digital Output Coding .... . 

Cassette Tape Storage . ....... . 
Method 
Cassette Tape Format (2) ..... . 

Cassette Tape Record Gap . .... 

settling time 

50 nsec 
±0.025% of FS ±Y2LSB 
(±0.05% FSR ±Y2LSB for ±50mV) 
±Y2LSB 
12 Binary Bits 
±40 ppm of FSR/°C 

200 msec per 16 bit word (12 
bit A/D plus 4 bit channel address) 
Up to 5 per second 
Straight Binary - Unipolar Input 
Offset Binary or 2's complement -
Bipolar Input 
Two channel NRZI: Track #1 -Data, 
Track #2 - l'5aia (Complement) 
16 bit words (12 AID bits 
plus 4 bits for channel 
address) 
3 bit gap separates each 
16 bit word 

ORDERING INFORMATION 

Cassette Tape End-of-File ..... Twelve bit file gap every 64th word, or 
Gap selectable 1, 2, 4, 8, 16. 32, externally 

controlled 

RECORDER CHARACTERISTICS 

Storage Media ................. Standard Philips certified 
cassette 300 foot length 

Storage Method ............... 2 channel NRZI 
Number of Tracks ............. TWO: Data on track one 

Data complement on track two 
Tape Format ........... i,. • • • • • • 16 bit words 

(12 A/D data bits and 
4 channel address bits) 

Tape Storage Capacity . . . . . . . . 120,000 sixteen bit words 
including gaps and load forward 

Write Speed . . . . . . . . . . . . . . . . . . . 90 steps per second 
5 sixteen bit words per second (max.) 

Data Input/Output ............. Serial NRZI or parallel 
Play-Back Speed .............. See Datel's LPR-16 Reader, 2.75 ips, 

1700 bits/sec. optional 
Motor ........... , . . . . . . . . . . . . . Single 1 .5° angle stepper coupled 

to take-up reel by slip clutch 
mechanism 

Tape Motion Control. .......... Single capstan pinch rolier drive 
Error Rate ..................... 1 bit in 107 

Recording Head . . . . . . . . . . . . . . . Dual channel single gap 
High quality digital type 

Operating Mode . . . . . . . . . . . . . . . Write only 

PHYSICAL-ENVIRONMENTAL 

Input Power Requirements ..... 

Operating Temperature Range . 
Storage Temperature Range ... . 
Relative Humidity ............ .. 
Physical Size wlElectronics ... . 
(includes electronics) 
Weight ....................... . 

+12VDC ±8% 
80 ma when recording (960 mw) 
1 Oµa during standby (120 µw) 
NOTE: Includes tape transport 
plus all electronics 
-10°c to +60°c 
-35°C to +70°C 
10% to 95% w/o condensation 
4" H X 4Y2' W X 7%"D 
(6W' deep behind panel) 
2 lbs. includes recorder 
and electronics 

LPS-16-128- I L L~---------------1 l 
FULL SCALE ANALOG INPUT 

1 = OV to -5V 
2 = ±5V, inverted analog 
3 = 0 to +5V 
4 = ±5V, conventional 
5 = ±50mV, range may be 

changed by selecting 
resistor 

FOR EXAMPLE: 
LPS-16-12B 

4 

I 
±5V 

Conventional 

B 
Offset 
Binary 

32 
I 

32 Words 

AID OUTPUT FORMAT 
A =STRAIGHT BINARY, 

UNIPOLAR INPUT 
B =OFFSET BINARY, 

BIPOLAR INPUT 
C = 2's COMPLEMENT, 

BIPOLAR INPUT 

MODEL 
LPS-16-12B 
Low Level: 
LPS-16-12B5 
Scan Timer/ 
Parallel Input: 
Add suffix, 
"-7041" 
(Example: 
LPS-16-12B5B64- 7D41 

FILE LENGTH 
DD =NONE 
01 = 1 WORD 
D2 = 2 WORDS 
D4 = 4 WORDS 
08 = 8 WORDS 
16 = 16 WORDS 
32 = 32 WORDS 
64 = 64 WORDS 
99 = EXTERNALLY 

CONTROLLED 
FILE LENGTH 

Connectors are included with each unit. 

Spare Connectors: 

SCANTIMERI 
PARALLEL INPUT 

Leave =Not 
Blank Included 

Suffix-
7041' =Included 

Digital 1/0, Daiei 58-2075D60 
Analog In, Datel 58-2D77DOO. 
TAPE CASSETTE MODEL 12123-1 

PRERECORDED CASSETTE MODEL 37-6077-1 

GSA Contracted: Datel's products are available both direct 
and through the General Services Administration (GSA). If 
you are connnected with a military or federal agency or 
receive federal funds, you may be entitled to purchase Datel's 
data loggers and other products through GSA to expedite 
requisitioning and order processing. 
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FEATURES 
• 8 Differential Channels. 
• Resistor-selectable fixed gain for Full Scale Ranges from 

±10mV to +SV USOmV supplied standard) 
• At +somv FSR, Zero Drift is ~+:40 ppm of FSR/0 c. System 

accuracy is :+ 0.05% FSR ±1h LSB 
• Common Mode Rejection measures 94dB on ±SOmV FSR 

(100dB, ±10mV FSR) 
Common Mode Voltage can range up to ±10dc 

APPLICATIONS 
• Data logging of remote bridge-type pressure tranducers, 

temperature sensors, or strain gauges 
• Logging of any low level signal (to ±10mV full scale) 
• Any remote sensing application where long cables result 

in common mode voltage to :'::10Vdc 

2128 

ANALOG INPUT SPECIFICATIONS 
(Typical at +25° C unless noted). (NOTE: 
For complete specifications, see LPS-16 
data sheet). 

Number of Inputs . 8 Differential 
Input Channel 
Configuration .... Differential 
Input Voltage 
Ranges .......... 'SOmV Full Scale (standard) 

Channel Input 

Any F.S. Range from '10mV to+ SV can be 
selected by the user 

Impedance . . . 100 Megohms when converting 
Channel Input 
Overvoltage ...... 1 sv (rnax .. no damage) 
Channel Mode ol 
Operation .. Random or Sequential addressing 
Channel Input 
Acquisition Time . 150 Microseconds (includes input settling time) 

INSTRUMENTATION AMPLIFIER 
Input-Offset 
Voltage Drift ...... · 1.0 µVI" c 
Gain Temperature 
Coefficient . . . ... 1 20 ppm of FSRI° C 
Zero Drift ........ + 40 ppm of FSR/° C 

Gain Equation . , .. GAIN __ 2QO,OOQ_ 

Common Mode 

R2 (in 0) 
Factory selected gain is 100 for ':50 mV Full 
Scale Range; for ±50mV FSR, R2 ~ 2k0 l:0.1%, 
10 ppm/° C 

Rejection ........ 94dB on +somv FSR 
100dB on+ 10mV FSR 

Common Mode 
Voltage Range .... _+ 10Vdc rnax., 7.1V RMS 

LPS-16 Data Logger 
Optional Low Level 

I nstru,mentation 
Preamplifier 

NOTE: This LPS-16 option affects only input specifications, as listed 
below. For complete data logger specifications, see LPS-16 data sheet. 

GENERAL DESCRIPTION 
Datel-lntersil's miniature LPS-16 battery-powered cassette data log­
ger is now available with a low level instrumentation amplifier which 
provides high gain and rejection of comm.on mode noise. This option 
permits the LPS-16 to accept signals directly from many bridge-type 
transducers and sensors, without requiring external preamps and 
additional chassis, and without additional power drain. The preamp 
option is full differential for high common mode rejection from long 
cables. 

The circuit consists of a Datel-lntersil precision AM-201 instrumenta­
tion amplifier which is powered up only while writing scans on cas­
sette, to conserve battery power. Input gain is set by a fixed gain resis­
tor installed on the circuit board by the user. 

The low level LPS-16 differs from the conventional unit by using a dif­
ferential Amplifier/Mux/Sample-Hold board in place of the single­
ended Mux/Sample-Hold board in a stacked board pair (the stacked 
pair also includes a sequencer board). Users may purchase the in­
strumentation amplifier board alone to add differential inputs to any 
existing LPS-16 at any time. 

ORDERING INFORMATION 
MODEL DESCRIPTION 
LPS-16-1285 ..... Complete LPS-16 Data Logger with 

Instrumentation Preamplifier, ± 50mV FSR. 
43-6731-1 ........ Assembled Arnplifier/Mux/Sarnple-Hold Board 

alone. 
58-2077000 .... , . Analog Input Connector, P2, (spare; one 

provided with LPS-16). 

NOTE: This LPS· 16 option affects only input specifications, as listed 
below. For complete data logger specifications, see LPS·16 data sheet. 
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LPS· 16 OPTION 
Sel•ctable Start Timer 

and Parallel Input 
NOTE: All specifications and operation information for the LPS-16 apply to the 

LPS-16 with Start Timer and Parallel Input, except Power Requirements 
as noted below. See LPS-16 data sheet. 

FEATURES 
• Crystal or RC-controlled selectable 16-stage binary 

divider 
• Range: 5 Starts/2 seconds to 1 Start/4 Hours or longer 
• RC Time Constant may be set to yield nearly any time 

interval 
• 16-Bit Parallel CMOS data input, Latchable Storage 

Register 
• LPS-16 with Start Timer/Parallel Port option draws 4mA 

with Crystal Oscillator, 210 µA with RC oscillator in 
Standb.Y Mode 

APPLICATIONS 
• Automatic Recording of Data at selected intervals - with 

Time Heading or Identification code. 

SPECIFICATIONS 
(Typical at +25° C unless noted) 
(All specifications are as for standard LPS-16, except 
Input Power below. See LPS-16 data sheet for full 
specifications). 

INPUT POWER REQUIREMENTS 

(Total LPS-16 including 
Start Timer and Port) 

+12 voe .i8% 

Crystal Osc. RCOsc 
84mA 80.2 mA Recording 
4mA 210µA Standby 

NOTE: Includes tape transport plus all 
electronics. 

GENERAL DESCRIPTION 
This single option is a selectable interval start timer combined with a 
16-bit CMOS parallel input register. The timer will automatically start 
recording of A/D data at preselected intervals from 400 mS to 4 hours. 
This eliminates the need for an external timer or remote start input. 
However, these latter options may also be used in addition to the in­
ternal timer. The timer consists of an oscillator which may be crystal 
or RC-controlled and a 16-stage cascaded binary CMOS divider. In­
tervals are user-selected by com bi nations of oscillator frequency and 
divider stage jumper. 

The timer/port option differs from conventional LPS-16's by adding 
these circuit components to the ADC-HG converter board. The com­
pletely assembled board (including the AID converter) is available 
for present LPS-16 users. 

The 16-bit parallel input port is included with the timer option. The 
port is ideal for ident codes, headers, calendar (Julian) clock codes, 
counters, etc. Such paralleled data may be latched and recorded at 
any time except during an AID scan recording. 

ORDERING INFORMATION 

MODEL 
SUFFIX-7041 

43-6945-2 

DESCRIPTION 
To designate a complete LPS-16 with Start 
Timer and Parallel Input, add suffix-7041 to 
model number. (Example: LPS-16-
1265664-7041 ). 

Assembled ADC-HG/Timer/Parallel Input PC 
Board alone (For existing LPS-16's). 

SELECTABLE START INTERVAL TIMER 
AND 16-BIT PARALLEL INPUT 

EXT. 
START 

STATUS 2 LOAD 

i---
c:::::J . L __ 

16PARALLEL 
CMOS INPUTS 

LATCHING 16-BIT 
SHIFT REGISTER 

TIMEBASE 
CODE SELECT 

SHIFTCLK. 

STARTCONV. 

START 
FF'S 
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ACQUISITION 
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FEATURES 
• Digital Cassette Tape Reader for 

the 1~channel LPS-16 Data 
Logger (see page 209S) 

•Includes full serial computer 
Interface 
1, Teletypewriter (TTY) 20 mA 
· isolated current loop 

AND 
2. EIA RS-232-C voltage levels 

used by computer serial 1/0 
ports and CRT terminals 

•Serial RS-232-C 1/0 controls allow 
remote control by computer 

• Preformats ASCII printout into 
hex/binary A/D characters, extenal 
headers, and channel numbers. 

0 c=i 0 
0 0 

LPR·16 
TAPE 

TRANSPORT. 

AC 
POWER 

2148 

POWER 
SUPPLY 

PRE· 
RECORDED 
CASSETTE 

READ AMPLIFIER 
& MOTOR 

CONTROL BOARD 

1JL1lfUL 

MOTHER 

BOARD 

BLOCK DIAGRAM 

LPR-16 CassetJ;e Tape 
Computer Interface/Reader 
for tPS-16 Logger Cassettes 

SERIAL ASCII 
HEXADECIMAL 
INPUT /OUTPUT 

ISOLATED TTY/RS-232-C 
INTERFACE BOARD 

FRONT PANEL 
CONTROLS& 

INDICATORS BOARD 

~ ~ ~ ~ 

AND FLOATING 
POWER SUPPLY 

DESCRIPTION 
The LPR-16 Digital Cassette Reader is 
a combination tape playback reader 
and serial computer interface unit 
which is designed to read cassettes 
written on Datel-lntersil's LPS-16Cas­
sette Data Logger. 

The unique noise-rejecting, single­
channel, dual track digital format of 
the LPS-16 logger tapes are converted 
into ASCII hexadecimal (16 state) 
characters which will print out directly 
on any 20 mA current loop or RS-232-
C interface teletypewriter (TTY) or 
CRT terminal without the aid of an ex­
ternal computer. The LPR-16 reader 
will also transmit directly to the serial 
110 port on most computers. Since 
raw binary data is first converted by 
the LPR-16 into hexadecimal ASCII 
data, the user will normally want to 
write a reformatting and printout pro-. 
gram for his computer to do arithmetic 
on the data and to present the data in 
final engineering units and in tabular 
or graphic form. 

The LPR-16 Reader is 5.25 inches high 
and fits standard 19 inch-width 
RETMA racks. The read-only LPR-16 
includes a 100, 115or230VACpower 
supply and cassette transport front 
panel controls. The housing includes 
rack slides and weighs 25 pounds 
(11,4 kg). 
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SPECIFICATIONS, MODEL LPR-16 
(Typical at +25°C, unless noted) 

GENERAL 
Function .................... Read Only 
Media ....................... Standard Philips type 

certified digital tape 
cassette 

Number of Tracks ............ Two, read simultaneously 
Tape Motion ................. One direction, capstan 

stepper motor drive 
Tape Speed .................. 2. 75 inches per second 
Reading Format .............. Complementary NAZI 
Reading Density ............. 615 bits per inch 
Bit Rate ...................... 1700 bits per second from 

read amplifier 
Bit Capacity ................. 2.2 million bits per 

cassette (including all 
gaps) 

Word Length ................. 8, 12, or 16 bits 
lntercharacter Gap ........... 3 bits 
Fi le Gap ..................... 12 bits 
Words Per File ................ 1,2,4,8,16,32,64 (standard 

is 64 words per file) 
Power Required .............. 100,115 or 230 VAC, 47 to 

440 Hz, 60 watts max. 
Size ......................... 19"W x 5.25"H x 19"D 
Weight ...................... 30 lbs. including slides 

SERIAL INTERFACE 
OutputType ................. Full serial, both 

optoisolated 20 mA 
teletypewriter (TTY) 
current loop and RS-232-
C voltage levels (±3V 
min) 

MODEL NUMBERING 

Baud Rates (Jumper 
Selected) 75 

110 
150 
300 
600 

1200 
2400 
4800 

·9600 

RS-232-C Signals ............ Protective Ground 
Signal Ground 
Received Data 
Clear to Send 
Data Terminal Ready 

Parity ....................... Odd, Even or Fixed 
(Jumper select) 

File Length .................. 1,2,4,8, 16,32,64 words 
(Jumper selectable) 

Format ...................... 1 Start bit, 7 data bits, 1 
or 2 Stop bits (Jumper 
selectable) 

Printout ..................... Alphanumeric 
hexadecimal (16-state) 
data representing: 
1. Channel Address 
2. Data word (12 A/D bits 

represented by 3 hex 
characters) 

Carriage Return (CR), 
Space and Line Feed (LF) 
characters are 
automatically issued. 

Word Length ................. Automatically formats to 
8, 10, 12,14 or 16 bit words 
recorded from a Datel 
LPS-16 or ICT-WZ 
cassette recorder. 

Output Devices .............. Teletypewriters, CRT 
terminals, computer serial 
TTY /RS-232-C 1/0 ports 
and modem serial 
couplers. 

LPR-1&-2 T exo T _T.___ ._ _______ -~~~==:~---_-_-_-_-_-_-_ -~----_-_-_-_-].___· ___ _ 
POWER SUPPLY 

A= 115 VAC* 
E = 230 VAC* 
J = 100 VAC* 

*Frequency, 
47 to 440 Hz 

BAUD RATE 

A= 75 
B = 110 
c = 150 

D = 300 

E= 600 

F = 1200 
G = 2400 
H = 4800 

J = 9600 

Programmed by internal 
PCB jumpers. 
Note: Word format is 11 
bits for 110 baud and 10 
bits for all other baud 
Y'ltPS 

NUMBER OF A/D 
WORDS PER FILE 

01 = 1 16 = 16 
02 = 2 32 = 21 
04= 4 64= 64 

(Standard) 
08= 
(Programmed by PCB 
jumpers) 

SERIAL INTERFACE TYPE 

R = RS-232-C 
T = Teletypewriter 
(This selects an internal 
jumper which floats the TTY 
power supply.) 

B = Both TTY and RS-232-C. 
Power supply will be 
grounded for both 
interfaces 
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TELETYPEWRll'ER/RS-232-C INTERFACE 

DESCRIPTION 

LPS-16 Data Logger tapes may be played back on the 
LPR-16 Tape Cassette Reader and Interface to teletype­
writers and to RS-232-C serial 1/0 devices. Both of these 
devices accept serial words using 8-bit ASCII coding. The 
teletypewriter may be connected by a 2-wire 20mA current 
loop at fixed speeds of ( 10) 11-bit words per second or 110 
BAUD. RS-232-C devices include CRT terminals and high 
speed printers with speeds up to 9600 BAUD. The serial 
TTY/RS-232-C interface for the LPR-16 Reader has a 
choice of BAUD speeds and with the required floating 
power supply and optoisolated outputs needed for TTY 
(teletypewriter) devices. Another very important reason to 
obtain this interface is that many small computer systems 
electrically simulate a TTY connection. When the interface 
is connected to a teletypewriter, paper tapes may be 
punched off-line while cassette data is being typed out. 
These paper tapes may be later read back into a computer 
in on-line mode at higher speeds than the teletypewriter by 
using a high speed paper tape reader. Since the data rates 
from the tape cassettes are relatively slow, this would be a 
more efficient method of transferring data to a high-speed 
computer or processor. 

HEXADECIMAL OUTPUT 

Because of the binary coding of the LPS-16, printout on 
the teletypewriter and RS-232-C device will be in hexadec-

OUTPUT FORMAT 

Data will be outputed in ASCII hexidecimal characters with 
0 to 9 and A to F characters ( 16 states). 

The letter symbols are as follows: 

A Address (hexadecimal) 
CR Carriage Return 
D Data Character (hexadecimal) 
LF Line Feed 
S Space 

1. 16 bits/word (full four character hexadecimal). 

A. Data file with channel address ( 12 bit ADC & 4 bit 
address) 
12345671234567 
DDDSASSDDDSASS, etc., for (8 x 7 = 56 characters/ 
line). (64 A/D words/file max.). Each line followed 
by a CR & LF. Each file followed by a CR, LF & LF. 

B. Data file without channel address 
Not applicable (16 bit data file will always have 
address). 

C. Digital Header File 
1234512345 
DDDDSDDDDS, etc. for (5 x 8 = 40 characters/line), 
(64 16-bit words/file max.) Each line followed by a 
CR & LF. Each file followed by a CR, LF & LF. 

imal code from 0 to 9 then A through F to indicate 16 
states. Thus, teletypewriter output will be alphanumeric up 
to the .letter F. This hexadecimal code can be decoded by 
computer programming to make a second printout in 
conventional decimal numbers. Some form of computer 
programming will normally be required to calibrate analog 
inputs of the LPS-16. Transducer and other sensor data will 
normally require computer-corrected offsetting and range 
manipulation. In some cases non-linear inputs may be 
linearized using a look-up table in the computer memory. 
The teletypewriter interface then will allow a "quick-look" 
at the data using a local teletypewriter operated off-line. 

The LPS-16 Data Logger normally records in 8, 10 or 12 bit 
binary A/D words. Full parallel 16-bit digital words for any 
purpose from external sources may also be recorded on the 
LPS-16 if identified by a different file length. External 
digital words (for time codes, digital identification headers, 
etc.) are printed out along with the analog words and the 
printout for both formats is listed below. 

Word length is automatic, in that the interface will 
recognize 8, 10, 12, 14 or 16 bit word lengths (however, all 
data words must be the same length and all digital words 
must be the same length for any one file). The logic will 
adjust the number of characters/line and print the space 
between the A/D word and channel number automatically. 
If no channel number is recorded, this space may be 
eliminated by selecting the no ND channel number option. 

2. 14 bits/word (4 character hexadecimal with MSD limited 
to 0-3) 

A. Data file with channel address ( 10 bit ADC & 4 bit 
address) 
Same as 16 bit data file, except MSD will never be 
more than 3. 

B. Data file without channel address 
Not applicable ( 14 bit data file will always have 
address). 

C. Digital Header File 
Same as 16 bit header file except: MSD will never be 
more than 3. 

3. 12 bits/word (3 character hexadecimal) 

A. Data file with address (8 bit A/D with 4 bit address) 
123456123456 
DDSASSDDSASS, etc., for (6 & 8 = 48 characters/ 
line), (64 A/D words/file max.). Each line followed 
by a CR & LF. Each file followed by a CR, LF & LF. 

B. Data file without address (12 Bit ND) 
(No space in data option required) 
12341234 
DDDSDDDS, etc .. for 4 x 16 = 64 characters/fine), 

(Continued on reverse side) 



TELETVPEWRITER/RS-232-C INTERFACE 

OUTPUT FORMAT (Continued) 

(64 A/D words/file max.). Each line is followed by a 
CR, LF. Each file followed by a CR, LF & LF. 

C. Digital Header File 
12341234 
DDDSDDDS, etc., for (4 x 16 = 64 characters/line). 
(64 12-bit A/D words/file max.). Each line followed 
by a CR, LF, LF. 

4. 10 bits/word (3 character hexadecimal with MSD limited 
to 0-3). 

A. Data file with address (8 bit A/D & 2 bit address). 

This is only applicable if channel scan is limited to 4 
channels maximum, i.e.: channel 0-3. (Data is the 
same as 12 bit data, except the channel address will 
not exceed 3, i.e., 4 channels.) 

B. Data file without address ( 10 bit A/D) 
Same as 12 bit, except MSD will not exceed 3. 

C. Digital header file 
Same as 12 bit, except MSD will not exceed 3. 

5. 8 bits/word (2 characters hexadecimal). 

A. Data file with address 
Not applicable: (8 bit A/Dis minimum word length). 

B. Data file without address (8 bit A/D). 
(No space in data option required.) 
DDSDDS, etc. for (3 x 16 = 48 characters/line), (64 
A/D words/file max.). Each line if followed by a CR, 
LF. Each file followed by CR, LF & LF. 

C. Header File 

DDSDDS, etc. (3 x 16 = 48 characters/line), (64, 8 
bit words/file max.). Each line if followed by a CR, 
LF. Each file followed by CR, LF, LF. 

Digital/Header words of any length from 1 bit to 16 bits 
may be recovered by the TTY /RS-232-C card. However, 
word lengths other than 8,. 10, 12, 14 & 16 bits are 
non-standard on the LPS-16 and require external logic to 
accomplish the writing of such data. (Consult Datel for 
applications assistance.) 

Consult LPR-16 System Instruction Manual 
for full details and specifications. 

LPR-16-2 READER HEXADECIMAL TTY/RS-232C OUTPUT 

Data output from the LPR-16-2 TTY /RS-232C Reader is presented 
in hexadecimal form. This consists of 4-bit binary groups which are 
designated by 16 single characters from 0 to 9 and A through F. 
Thus a 12-bit binary AID word can be represented by 3 groups of 4 
bits or 3 hexadecimal characters. After ASCII formatting and 
sequencing, the analog data appears as hexadecimal printout on a 
teletypewriter or CRT terminal. The end-user of the raw data will 
require this information to be in some other form (probably decimal 
numbers) and appearing in some unique format. That is, instead of 
channel 4, the printout must say, for example, "TANK NO. 4 
TEMP." In addition, the raw voltage must be offset, scaled, lin· 
earized or applied to some special function. Finally, the proper units 
must be applied to the ultimate printout. The· net result is that 
instead of the representation "4F5 B," a user will want to printout 
"TANK NO. 4 TEMP 182 DEG. F" for example. 

This printout formatting and data manipulation is best done in the 
user's computer program (since each application is unique). 

The LPR-16-2 TTY /RS-232-C is brought out in hexadecimal for the 
following reasons: 

1. To simplify the interface electronics and offer the lowest possi· 
ble cost. 

2. To be able to provide some sort of TTY /CRT printout just for 
data verification or very fast manual data calculation before the 
final printout formatting program is on-line, and without re-

quiring computer connection when first operating the Reader 
with a TTY. 

3. To offer a 4-bit data format with the widest possible bussing 
utility. The 4-bit hex data can easily be reformatted by the user 
to suit his particular electronics. 4,8, and 16-bit microprocessor 
and minicomputer CPU busses are usually organized in some 
4-bit multiple, thus aiding the reformatting design task. 

Conversion to decimal printout from the LPR-16-2 hexadecimal 
output can be done several ways in the final printout formatting 
program. 

1. The tables available from Datel can be manually keypunched and 
loaded into memory at one time. This then constitutes a look-up 
table resident in the computer. This method provides high speed, 
but takes up memory (usually not a problem with a mainframe 
system). 

2. A hex to decimal subroutine can be called up for each data 
point. Such a ''CALL HEX" subroutine for example can be 
generated from the steps required to manually convert from hex 
to decimal. In addition, offsetting and scaling factors can easily 
be programmed for specific data channels. 

This technique takes more processing time per data point, but 
doesn't require the hex table stored in the look-up memory. The 
"CALL HEX" subroutine, however, would have to be stored and 
would take a considerable number of steps in assembly language. 

; 
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TRANSPORT FEATURES 

"" Simple, reliable capstan/pinch roller 
stepping motor drive 

"" Ultra-low power (700 milliwatts while writ­
ing) using CMOS electronics 

"" True standby incremental performance 
starts writing within 20 milliseconds 

"" High data capacity: Up to 2.2 million bits 
per 300 foot cassette 

RECORDER SYSTEM FEATURES 

"" Accepts digitized analog, serial or paral­
lel digital inputs 

"" Ideal for +12VDC battery portable digital 
data recorders 

"" Reader Systems available to interface 
most computer terminals, RS-232-C CRT 
displays, modems and teleprinters (TTY) 

INTRODUCTION 
Datel presents its !CT-series digital incremental cassette 
tape transport systems. These unique data recorders and 
reader systems offer a new concept to the instrument 
designer-miniature, removable ultra-low power, digital 
data storage. Using a Philips data tape cassette, low power 
incremental stepping motor and CMOS electronics, these 
recorders are ideal for portable-battery-powered data col­
lection instruments. 

The ICT cassette transport forms the nucleus of your low 
power, portable data recorder. It is ideal for recording serial 
or parallel CMOS logic signals for any type of customized 
data. 

A separate rack-mounting reader/interface system, model 
LPR-16 (see page 213S) is used to play back tape cassettes 
and includes a full serial interface for convenient computer 
entry and printout. The companion LPR-16 will connect di­
rectly to 20 mA current loop teletypewriters (TTY's) and RS-
232-C CRT terminals. 

Date! also offers a new concept to the engineer or scientist 
interested in data recording with tape systems. The ICT­
series offers a simplified approach with circuit card modules 
which are specified in terms familiar to circuit designers 
who know digital logic. Data entry, retrieval and power-up, 
power-down considerations are simplified to the point of 
providing and accepting logic levels at the required times. 
For a complete system design, details of the transport's flux 
levels and motor drive are transparent to the designer, re­
quiring only a knowledge of ultimate word size, bit rate and 
data capacity. Yet Datel's transport and individual card mod­
ules are fully specified so that customized systems may be 
created at any level from transports alone up to fully pack­
aged systems. 

218S 

ICY-Series Incremental 
Ultra-Low Power 

Digital Cassette Recorder 

With very fast power turn-on, the tape moves only when ac­
tually recording data or creating a gap. At all other times 
when not recording data, the transport and power­
multiplexed electronics remain turned off to save tape and 
batteries. The fast turn-on, turn-off feature means that tape 
is up to writing speed within 10 milliseconds with no coast­
ing when turned off. Data systems such as seismic re­
corders may be designed to record only when data is actu­
ally present, providing a very large data capacity per 
cassette. Hand-held stock inventory recorders move the 
tape only when keyboard data has been entered. 

MODELS AVAILABLE 
Datel offers these cassette recorders and companion 
readers as complete systems or as general purpose compo­
nent modules for the widest range of applications. The basic 
!CT-series transports are available with a family of printed 
circuit cards, parallel-to-serial/formatter cards, writehead 
amplifier and motor controllers. Transport and PC cards 
may be purchased separately at any time to build complete 
customized low power digital recording systems. 

APPLICATIONS 
Complete Cassette Data Logging Systems from Date! are 
available to record up to 16 or 64 analog channels, both as 
user-mounted modular systems and as stand-alone, 
weather-proof automatic data acquisition/logging systems 
(refer to Daiei Models LPS-16 and DL-2). Applications in­
clude oceanographic buoys and submersible probes, porta­
ble air and water quality environmental monitors, traffic and 
noise loggers, natural resources exploration, vehicular test­
ing, seismic and geophysical measurements, RF field 
strength and transmission loggers, unmanned weather sta­
tions and biomedical loggers. 
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DIGITAL CASSETTE TRANSPORT SPECIFICATIONS 
' -

GENERAL 

Recording Medium 

Number of Tracks 

Recording Direction 

TAPE MOTION 

Motor 

Equivalent 
Tape Speed Range 

Bit Density 

Bit Cell Spacing 

Bit Writing Rate 

MODEL ICT-WZ 
COMPLEMENTARY 

NRZ 
FORMAT 

Philips magnetic tape cassette, certified for 
digital operation by using a bit-error check 
for dropouts. The transport is designed to 
accept cassettes complying with ANSIX3. 
48, ECMA 34 and ISO/DIS3407 specs. 

Two half-width tracks, 
recorded 
simultaneously 

One direction only 

4-winding. 24 pole. permanent magnet 
stepping motor 

Zero to 0.163 inches 
persecond(4, 13 
(l1m/sec) 

615 bits per inch 
(615 FRPI) 24 bits 
per mm 

0.00163 inches per 
bit( 0,0414 mm per bit) 

Zero to 100 bits/sec­
ond. asynchronous 

STEPPING MOTOR CHARACTERISTICS 

Tape Drive 
Capstan Diameter 

Capstan Rotation 
Step Angle 

Stepping Rate 

Number of Stator Windings 

Winding Resistance 

Winding Inductance 

Motor Steps per Bit Cell 

Winding Voltage 

Hub and Capstan Torques 
and Tape Tension 

0.1 246 inches 
3,16mm 

1.5° 

Zero to 1 00 steps 
per second. 
asynchronous 

4 

450 ohms per winding, ±20% 

335 millihenries per winding, ±20% 

±10V min. to ±24V max 

Suitable for cassettes within 
ANSl/ECMA/ISO specifications 

WRITE HEAD CHARACTERISTICS 

Tape Saturation Current 

Suggested Write Current 

D.C. Resistance 

Effective Track Width 

Nominal Space 
Between Tracks 

5mAtyp 

7.5mAtyp. 

50ohms ±20% 

0.057 inches (1, 45 mm) 

0.035 inches (0,88 mm) 
(Tracks are symmetrically spaced) 

DATA CHARACTERISTICS USING 
DATEL'S ELECTRONICS & CASSETTES 

Recording Format 

Connector Type 

Error Rates (Typical) 

Character Record Length 

2-track serial com pie· 
mentary NRZ:1 'son 
Track 1, O's on Track 2 

Dual-readout 44-pin PC edgeboard fingers 
(male) to connect to card cage. Mates to a 
Cinch 'ii251-23-30-160 or Viking 2VH-22/­
IAN or Datel 'ii36-2075060 

1 repeatable in 5 
cassettes 

8, 10, 12, 14or 16bit 
characters or words 

File or Block Length 

Gaps 

Gap Stepping Rate 

Time to Generate 
Full Gap Length 

Power Consumption 
(Transport & 
Tapehead only) 

Files consisting of 1, 
2, 4, 8, 16, 32 or 64 
characters or words 
per block or any 
length 

3-bit intercharacter, 
or inter-word gaps 
added before each 
character. 1 2-bit end­
of-file gap written 
after each file. 

100 steps/sec. 

0.12 sec. 

700 mW typ_ @ 100 steps/sec 
. (+12VDC@60mA) 

DATA CAPACITY (Assuming 64 8-bit characters per block or file. 
plus non-data characters and 282 feet (86 m) usable 
recording area) 

Block or File Length in­
cluding Controls and Gaps 

Block or Files per 
Cassette 

Bit Cells per Block or 
File (including Gaps and 
Control Characters) 

Time per Block or File 
(not including gaps) 

Time to Fill a Cassette 
(continuous running at 
max. step rate) 

Bit Writing Rate 

Playback Speed, typical 

1 .06 inches 
(26, 9 mm) 

3200 files 

652 

6.4 seconds 

5.8 hours 

1 00 bits/sec. 

1 700 bits/sec 
(LPR-16 Reader, 
2.75 ips) 

-------------------------------
Time to Generate 
Full Gap Length 

PHYSICAL 

Weight 

Dimensions 

0.1 2 sec. @ 1 00 
steps/sec. 

1 .25 pounds (0,567 kilogram) 

3.91" High x 4.5" Wide x 4.2" Deep 
(99,3 x 114,3 x 106,7 mm) 

-----------------~ -------
Maximum Extension in 
Front of Mounting Panel 

(door closed) 
(door open) 

Maximum Depth Behind 
Mounting Panel 

Mounting Method* 
*Shock or vibration must 
be negligible while 
recording 

Mounting Position 

Temperature Range 
(Operating) 

Temperature Range 
(Storage) 

Power Consumption 
(Auxiliary Cards and 
EOT /BOT Detector) 

Relativ~ktumidity 

1.40" (35,6 mm) 
2.26" (57,4 mm) 

1.94" (49,3 mm) from panel front surface 

Front insertion into a panel cutout, secured 
by (4) 4-40 bolts inserted from the rear into 
tapped Helicoil thread inserts. 0.187" 
(4, 75 mm) deep 

Horizontal or vertical. Recommended with 
cassette vertical, tapehead at top for easy 
cassette insertion. 

-4o0 c to + 70°c 

-10°c to +6o0 c 
(-4o0 c optional) 

(with high temp. cassettes) 

The Write board and Formatter consume 
approximately 120 microwatts each 
(+12VDC@ 10 microamps). The EOT/BOT 
Lamp and detector consume 900 mW 
(+12VDC@ 75 mAJ .. 

20% to 80%. non-condensing 
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CASSETTE TRANSPORT OUTLINE DIMENSION - INCHES (MM) 

MECHANICAL DIMENSIONS 
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RECORDER SYST ·! ,, .• ~RO CAGE OUTLINE DIMENSIONS -·INCHES (MM) 
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MODELS AVAILABLE 

0.45 
(11,4) 

REAR PCB 
CONN. 

The ICT series is available in several configurations from 
transport only to full parallel recorder system. 

The basic ICT transport is a panel-mounting assembly 
which fits through a front panel cutout. The transport in­
cludes the stepping motor, write head and optional EOT/ 
BOT clear leader photo-detector. 

All electronics are mounted in the optional 5-slot card cage 
which attaches to the rear of the transport. A motherboard 
in the bottom of the cage includes PC board connectors and 
forms a power/data/control bus accessible through a rear 
1/0 PCB connector. See page 2238 for full model variations. 

CASSETTE TRANSPORT FEATURES 
Datel's incremental cassette transport features a design 
simplicity not found in other mechanisms. An elegantly sim­
ple tape speed control is provided using a four-winding 
stepping motor with 48 rotor steps per revolution and 

geared down capstan drive. The stepping motor relies on 
electronically rotating the stator field around permanent 
magnet multi-pole rotors instead of mechanical brushes 
and a commutator. A CMOS clock sequences the stepping 
motor drivers. This avoids the usual method found in con­
tinuous recorders employing slotted strobe discs, tachome­
ters or pre-recorded clock tracks. Instead of a second motor 
to maintain take-up tape tension, a spring belt and friction 
clutch takeoff from the capstan drive maintain constant 
take-up hub torque and tape tension. 

The I CT-series write-only transports are optimized for ultra­
low battery power with bit writing rates within words of 100 
bits/second. This bit rates are adequate for a wide variety of 
portable and long term instrumentation applications. How­
ever, on playback, !CT-recorder cassettes may be read at 
the full speed of most computer cassette readers, typically 
several thousand bits per second. 
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Complementary NRZ 
ICT-WZ Recorder System Block Diagram 
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• 
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END OF FILE ... 
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... START FILE GAP 
, 
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SERIAL DATA 
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~•&-BOT PARALm DATA 

POWER ON RESET 
·--

?). ?). 

...__. .__. 

FILE WORD 
LENGTH LENGTH 
JUMPERS JUMPERS 

MOTHER­
BOARD 
CONNECTOR 

ICT cassette systems accept serial and parallel digital inputs. 
These are presented to input terminals at the proper times and are 
internally stored. DATA ACCEPTED flag signals appear, allowing 
the user's external electronics to clear and load the input bus with 
the next group of data. This can occur in parallel or bit by bit 
in full serial by using the shift clock output. 

Since the tr;msport must run at a given ·tape speed, data bits must 
be ready fa.st enough for input to the write electronics. However, 
the transport is truly character or word incremental so that the 
tape can stop within a block or file and wait after writing one 
word for new data that isn't ready yet. 

ICT-WZ COMPLEMENTARY NRZ BOARDS 
In addition to the Write Step Board, ICT-WZ Recorder systems 
have the Formatter Board available. An optional A/D C1mverter 
Board, and Sample/Hold, Multiplexer, Channel Sequencer are also 
available for analog inputs. Refer to complete analog systems 
specifications under Datef's LPS-16 series. 

The ICT-WZ Formatter Board accepts parallel CMOS digital 
words from 8 to 16 .bits long, stores them and shifts them over 
serially to the Write Step Board. The Formatter also supplies a 
3-step bitless gap beginning each word to the Write Step Board 
and a longer 12 step gap at the end of a file or from external com­
mand. Word length from 8 to 16 bits is jumper programmed as 
is a word counter which automatically generates the 12-step fife 
gap after the jumper-selected number of words per file. File 
length can also be externally controlled. 
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MODEL NUMBERING AND ORDERING GUIDE · 

__ __,,A __ _ 

CCT-WZ ' 

Transport, 
Write-Only 

1 
T Sensor EOT/BO 

1=With 
2=With 

out 

-r 
l 

Card Cage Housing 
Motherboard. Hdwr. 

A=Without 
B=With 

36-10727-1 

2 SPARE CARD 
SLOTS FOR A/D 
CONVERTER OR 
OPTIONAL CIRCUITS 

Write Step Brd 
36-2625-1 

1 =Without 
2=With 

Contact Datel 
for +5V-powered 
recorders, model 
ICT-W5Z 

Formatter Brd. 
36-2633-1 

A=Without 
B=With 

COMPLEMENTARY NRZ WRITE-ONLY CASSETTE TRANSPORT SYSTEMS 

Model ICT-WZ 1 Transport only, less EQT /BOT sensor ................................... . 
Model ICT-WZ2 Transport only, with EQT /BOT sensor ................................... . 
Card Cage and Hardware, with Motherboard for Comp. NRZ systems, P/N 36-10727-1 ....... . 
Write Step PC Board, P/N 36-2625-1 .................................................. . 
Formatter PC Board, PIN 36-2633-1 .................................................. . 
Cassettes ( + 10°C to +45°C) P/N 12123-1 ............................................. . 
Cassettes (-40°C to + 70°C) P/N 12123-2 ............................................. . 
Connectors. Dual 44-pin, Datel 58-2075060 (Included) ................................... . 

For full analog 16-channel data logging systems (includes A/D converter, mux. 
sample/hold and channel sequencer), refer to the model LPS-16 
numbering and order guide. 
Universal Auxiliary Bread board PIN 36-3267 .......................................... . 
Jumper Board, PC Plug to Plug, P/N 36-3269 for access to Formatter inputs ................ . 
Model ICT-WZ1 B2A-3942 Transport less EQT /BOT w/Write Step on standoffs 

(cage not required) ............................................................... . 
Model ICT-WZ'2B2A-3950 Transport w/EOT/BOT w/Write Step on standoffs 

(cage not required) ............................................................... . 
37-6077-1 Prerecorded Test Cassette .......................................... . 
Manual, 58-12140-1 O (Included) ...................................................... . 
Extender Board. PC Jack to Plug, P/N 36-3956-1 .. · ..................................... . 
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ICT SERIES SELECTION GUIDE 

The Model numbering shown in this brochure has been 
designed so that a user can select exactly the electronics 
configuration required by the application. Cost require­
ments and mounting considerations are an important point 
to consider when ~ordering. For example, most users will 
find the optional card cage ideal for mounting the drive and 
formatting electronics cards. However, these cards or the 
entire cage may be separately mounted if a user needs 
shorter front panel depth. This will require a user-fabricated 

cable or interconnection scheme, however the cards are 
small enough (3" x 4" - 76,2 x 101,6 mm) to be self-support­
ing when mounted in a PC jack. 

In particular, users selecting only the Write Step card 
(ICT-WZ2A2A system) may have the Write Step card at­
tached directly to the transport without requiring the card 
cage. 
(Jhe WZ version is Model ICT-WZ1 B2A-3942 

SEQUENCE OF CARDS 
In general, ICT systems should be selected by filling up the 

card cage from the transport on back. The motherboard wir­
ing on the bottom of the card cage assigns specific cards to 
particular cage card guides and connector slots. Cards fur­
ther back from the transport will not work without all the 
preceding cards. 

equivalent to those offered by Datel. The ICT electronics 
are proven designs with efficient packaging at reasonable 
costs. Datel's ICT electronics will save a designer who is not 
thoroughly familiar with tape electronics the circuit debug­
ging time and expense required of an original design. This is 
particularly important as the card level approaches the cas­
sette transport. Experienced users or those with custom for­
mats are, however, encouraged to purchase only the transport 
and optional write step card and proceed with their design. 

Users are encouraged to purchase as complete a system 
as required for the application. Choosing fewer cards or only 
the transport will generally require user design of electronics 
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SIMPLIFIED ICT-WZ COMPLEMENTARY NRZ 
MODEL SELECTION 

Four systems should be selected ranging from transport 
to full system. 

Model 
Number 

ICT-WZ1 
(Transport 
System) 

Description 

Transport 
Mechanism 
Only 

Input Type 

Direct input to 
Write-head wind­
ings and 4-phase 
stepper motor 
windings. 

ICT-WZ1 B2A Transport, 
(Unformatted Card Cage, 
Serial System) Write Step 

CMOS logic 
inputs, unformat­
ted full serial. 
Write Step re­
quires external 
write clock timing 
but codes write­
head signals to 
complementary 
NRZ coding. 

Card 

ICT-WZ1 B2A- Transport less Same as above. 
3942 Cage, with 

Write Step 
mounted to 
transport by 
standoffs. 

ICT-WZ182B 
( 16-Bit Paral­
lel System) 

Transport, Accepts full paral-
Card Cage, lei or serial 8 to 
Write Step and 16 bits CMOS 
Formatter data and formats 
Cards. in files of selec­

tive word length. 
Parallel inputs are 
stored. Files are 
jumper-::;elected 
to any length. 

Contact Datel for optional analog input {A/D Converter) to 
the ICT-WZ system. 
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ICT AND LPS SYSTEM MOUNTING DIAGRAM 
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COMPLEMENTARY NR2 CASSETTE FORMATTING 

RECORDING FORMAT 
Date! uses a unique digital recording method. A dual-track complementary NRZ (CNRZ) method is used for high noise 
immunity and self-clocking on playback. This high capacity method uses both tracks of the tape simultaneously and 
records in only one direction. Using separate 1 's and O's tracks and very small gaps, one cassette can hold up to 2.2 
million bits. · 

l ONE CASSETTE, I 282 feet, MIN. of tape consisting 
of hundreds or thousands of files 

-----Tape Motion / '-.... Time-~· ___ __.. 
/ ...... 

/ ............ ..... 
/ ............ 

I '-.... 
// ................ 

1111111------~---~ Jlll -------~---_.1111 

I -...., 

./~ .... ---------. . ..................... . 
............ 

Previous 
File 

File Gap 
12 Steps 

File Gap Next 
12 Steps File 

,,,,,. ....... , 
_O_N_E_·_F_I L-E-,-l Consisting of 1, 2, 4, 8, 16, 32 or 64 words (64 typical) 

,,,- if controlled by the formatter word counter (jumper select). 
/ ,,,. ,,,. May be any word count ir externally control led. 

/ ' 
/ ' ,,,. ' 

/ ' 
/// ' ..... , 

/ ' 
/ ', 

Track 1 
(One's) I 
Track 2 --======:-------r----i==~--------=r--i==--= ,=====-----=.--=== 
(Zero's) .__ _____ _,I ''----~-----'' l._.__J .__ ___ _,I -------------:------------------------------------

s s s 0 1/0 T T T 
E E E 
p p p 

, I , 

0 0 0 0 

H 
Bit cell spacing 

3-Step interword 
gap (no flux changes) 

Voltage waveforms 
driving write heads 0.00163 inches (615 bits/in.) 
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...... ------~!ONE woi:m, \consisting of 8, 10, 12, 14, or 16 bits plus 
. . . three steps before each word (interword gap) 

T (See above) Tape may stop here indefinitely (bet~een words or files) 
in long term incremental applications. 

3-Step interword gap shown. 2-Step gaps may be used if required. 

0 0 ... 
Gap starts here 
when next word 
is written 



END OF 
INSTRUMENTS AND SYSTEMS 

SECTION 

FOR OUR COMPLETE CATALOG OF 
DATA ACQUISITION COMPONENTS 

INVERT THIS VOLUME AND 
TURN TO PAGE 1C. 
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