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To help you in choosing and designing with HP
optoelectronic components, detailed specifications for HP bar
code components, motion sensing and encoder products,
LED displays, lamps, light bars and bar graphs, fiber optics,

- optocouplers and high reliability products are included in

this catalog.

How to Find the Right Information

To help you locate the product needed for your application,
there is a table of contents which indicates each section by
thumb-tab, an alphanumeric index following the table of
contents, and product selection guides in the opening of each
product line section. There are ten sections, one for

each of the product lines listed above plus a section
containing a complete listing of application bulletins and
notes. Section 10 is an appendix containing HP sales and
service as well as authorized distributor locations.

How to Order

To order complete applications information, use the business
reply card in the back of this book, or call your nearest HP
sales office. Ask for the Components office. There is a listing
of HP Component sales and service offices for the U.S. on
Pages 10-13 and 10-14. In Europe and the rest of the world,
look on pages 10-6 through 10-12 in the appendix for the
worldwide listing of HP sales and service offices.

Also in the appendix is a worldwide listing of HP authorized
distributors. These distributors offer off-the-shelf delivery
for most HP components.
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HFBR-1502 .. ...ceuviieiniieaininnnns 4-6
HFBR-1510 ......c.oovvienniain.s. .. 46
HFBR-1512 ... vtiiiiiinieannnnn, 4-6
HFBR-200T .....eovieineeaneannsns 4-88
HFBR-2201 .........ooveenniionnss 4-46
HFBR-2202 ..........ccovenneeniisn. 4-46
HFBR-2203 ..........cvvienneannasn. 4-58
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HFBR-2204 ......................... 4-58
HFBR-2207 ..................c.c...e. 4-74
HFBR-2208 .................cc.co.e.. 4-74
HFBR-2402 ......................... 4-26
HFBR-2404 ......................... 4-26
HFBR-2500 ...........ccooiennn.ns 4-6
HFBR-2501 ..............ccceueen... 4-6
HFBR-2502 ..............cccccen.n. 4-6
HFBR-2503 ..............ccoviun.n. 4-6
HFBR-3000 .....................i... 492
HFBR-3000, OPT 001 ................ 4-92
HFBR-3000, OPT 002 ................ 4-92
HFBR-300T ...............ccoeoiiees 4-92
HFBR-3021 .............ccocouiies 4-92
HFBR-3099 ..................cc..... 4-96
HFBR-3100 ...........cccoeeuennnnn. 4-92
HFBR-3100, OPT 001 ................ 4-92
HFBR-3100, OPT 002 ................ 4-92
HFBR-3200 ...............c.cceene. 4-94
HFBR-3300 .............ccccuvueenss 4-94
HFBR-3500 ...........ccocoovennnnnn. 4-6
HFBR-3501 ...........ccccovuennnnn. 4-6
HFBR-3502 ...............cccccvunen. 4-6
HFBR-3503 ........... TSR R 4-6
HFBR-3504 ..............ccoeeuvn.n. 4-6
HFBR-3505 ...............ccocouen.n. 4-6
HFBR-3506 .............c.ccccouen... 4-6
HFBR-3507 .............cccoiunnnen. 4-6
HFBR-3508 ...........c..ccouiunnn.nn 4-6
HFBR-3510 .............ccooviuinnen. 4-6
HFBR-3511 ..........coiiinn.n. 4-6
HFBR-3512 ...................... ... 46
HFBR-3513 ............ccooeiuennn... 4-6
HFBR-3514 .................ocoi.e. 4-6
HFBR-3515 .............ccocovnen... 4-6
HFBR-3516. ...........ccoinnnnn.n. 4-6
HFBR-3517 ........cc.cooieiiiininns. 4-6
HFBR-3518 .............cccouininn.n. 4-6
HFBR-3519 .......... e 4-6
HFBR-3530 ..........covvviinnnn.n. 4-6
HFBR-3579 .............ccocieennn... 4-6
HFBR-3580 ...........ccoovininnn... 4-6
HFBR-3581 ............ccccouiunnn... 4-6
HFBR-3582 ...............ccccunenn 4-6
HFBR-3589 ...........c.coevuinnen... 4-6




HFBR-3590 .........cciiiiiiiniiin, 4-6

HFBR-3591 .....cc0eeineeineaanenns, 4-6
HFBR-3600, OPT 001 ................. 4-6
HFBR-3602 .........ccvvienieeannnns 4-6
HFBR-3603 .....cuvveviennaennnnn, 46
HFBR-3604 ........covvienneaennnns. 4-6
HFBR-3605 ........oovvianieannnnnn. 4-6
HFBR-3606 .. .....oevveneeeannennn. 4-6
HFBR-3607 .....ovvvieiaiieennnnnn. 4-6
HFBR-3608 . .......ooveereaannnnns. 4-6
HFBR-3610 ...\eveeenieeniieennnnnn. 4-6
HFBR-3612 ....ovvieneeieaaninns, 4-6
HFBR-3613 ....oovviereaniieannenns, 4-6
HFBR-3614 ..., 4-6
HFBR-8615 .....ovveeieeeinneeneens. 4-6
HFBR-3616 .. ..'vvereenneeennenns, 4-6
=L T 4-6
HFBR-3618 .....c\vvereenieeennnns, 4-6
HFBR-3619 ....'veinieenieeennenns, 4-6
HFBR-3679 ....o'vveeereaieaannenns, 4-6
HFBR-3680 .. ....\veevreneeeannnnns. 4-6
HFBR-3681 ....'veneeenieeennenns, 4-6
HFBR-3689 .....\vveerienieeannnnnn. 4-6
HFBR-3690 .. ...\veereereeeannnns, 4-6
HFBR-369T ... .vveereeneeannennn, 4-6
HFBR-4000 .........c.cevvennnn. .. 496
HFBR-4201 ... 0'vieiieiiiannnnn, 4-46
HFBR-4202 ..........ccccieieinni.n. 4-46
HFBR-4501 .....'veeieineeannenns, 4-6
HFBR-4505 .. .....\veneeenneennnnnn, 4-6
HFBR-4511 ......ovuiieeiiieeannn... 4-6
HFBR-4515 ... ..ot 4-6
HFBR-4595 ... .\veiveenieeannennn. 4-6
HFBR-4596 ... .\vvenreenieeannennn. 4-6
HLMP-0103 ........ooeueenann... 6-109
HLMP-0300 ........oeuvieniiannnns 6-69
HLMP-0301 ... oeeeieeie s 6-69
HLMP-0354 ........ooveeniaann.n. 8-18
HLMP-0363 ......................... 8-24
HLMP-0364 ......................... 8-24
HLMP-0365 ..............cc.ccvvens 8-24
HLMP-0366 ......................... 8-24
HLMP-0380 .......voviieniiaananns 8-18
HLMP-0381 ... oovieieeiieiennsns 8-18
HLMP-0391 ............ooovieenn..s 8-24

New Products in BOLD Type.

HLMP-0392
HLMP-0400

HLMP-0401

HLMP-0454
HLMP-0463

HLMP-0464
HLMP-0465
HLMP-0466
HLMP-0480

HLMP-0481
HLMP-0491

HLMP-0492
HLMP-0503
HLMP-0504
HLMP-0554

HLMP-0563
HLMP-0564

HLMP-0565

HLMP-0566

HLMP-0580

HLMP-0581
HLMP-0591
HLMP-0592
HLMP-0904
HLMP-0930

HLMP-0931
HLMP-1000
HLMP-1002

HLMP-1002,
HLMP-1002,

HLMP-1071
HLMP-1080
HLMP-1100

HLMP-1100,
HLMP-1100,

HLMP-1120
HLMP-1200
HLMP-1201
HLMP-1300
HLMP-1301

HLMP-1301,
HLMP-1301,
HLMP-1301,

HLMP-1302
HLMP-1320

OPTO10 ................ 6-57
OPT101 ................ 6-57

OPTO10 ................ 6-57
OPT101 ................ 6-57

OPTO10 ................ 6-57
OPT101 ................ 6-57
OPT104 ................ 6-61




HLMP-1321 ..o e 6-105

HLMP-1340 ... ..., . 6-51
HLMP-1350 ..., 6-90
HLMP-1385 ........................ . 6-86
HLMP-1400 ......... .o 6-86
HLMP-1401 ... ..., 6-86
HLMP-1401,OPTO010 ................ 6-57
HLMP-1401, OPT 101 ................ 6-57
HLMP-1401,0PT 104 ................ 6-61
HLMP-1402 ......... ...t P 6-86
HLMP-1420 .............ccoiiinns, 6-105
HLMP-1421 ... ..o 6-105
HLMP-1440 ........ .. ..., 6-51
HLMP-1450 ........ ..., 6-90
HLMP-1485 ......................... 6-86
HLMP-1803 ...l 6-86
HLMP-1503, OPTO010 ................ 6-57
HLMP-1503, OPT 101 ................ 6-57
HLMP-1503,0PT 104 ............... . 6-61
HLMP-1520 ..., 6-105
HLMP-1521 ... ...l 6-105
HLMP-1523 .......... ...l 6-86
HLMP-1540 .......... ... oo . 6-51
HLMP-1550 ........ .. ..oooiiiiinnn, 6-90
HLMP-1585 ................... e 6-86
HLMP-1600 ...........cccoviiinnn.. 6-62
HLMP-1600, OPT 010 ................ 6-57
HLMP-1600, OPT 101 ................ 6-57
HLMP-1601 ...t 6-62
HLMP-1620 ............ ... .. . .00... 6-62
HLMP-1620, OPTO010 ................ 6-57
HLMP-1620, OPT 101 ................ - 6-57
HLMP-1621 .. ... .. ool 6-62
HLMP-1640 ......... ... enet, 6-62
HLMP-1640, OPT 010 ................ 6-57
HLMP-1640, OPT 101 ................ 6-57
HLMP-1641 ... ... ...l 6-62
HLMP-1660 ......................... 6-25
HLMP-1661 ..................... L., 6-25
HLMP-1674 ......................... 6-25
HLMP-1675 ......................... 6-25
HLMP-1687 ................ ... ...... 6-25
HLMP-1688 ................ el e 6-25
HLMP-1700 ............ooooiveien, 6-47
HLMP-1719 ...t 6-47

New Products in BOLD Type.

HLMP-1740 .................... SR 6-25
HLMP-1760 ......................... - 6-25
HLMP-1790 ................... .. ... 6-47
HLMP-1800 ................... ... ... 6-25
HLMP-1801 ........................ . 6-25
HLMP-1819 .......................:. 6-25
HLMP-1820 ..................... ... 6-25
HLMP-1840 ......................... 6-25
HLMP-1841 ......................... 6-25
HLMP-2000 .......................... 5-7
HLMP-2050 .......................... 5-7
HLMP-2100 .......................... 5-7
HLMP-2120 ............ ... .. ... ... . 5-7
HLMP-2135 . ... ... ... ... ... ... 5-7
HLMP-2155 ................. ... ...... 5-7
HLMP-2170 ................ ... ... 5-7
HLMP-2185 ................... ... .. 5-7
HLMP-2300 ............coooiiiiinan, 5-7
HLMP-2300, OPTLOO ................ 5-23
HLMP-2300, OPTLOT ................ 5-23
HLMP-2300, OPTLO3 ................ 5-23
HLMP-2300, OPTLO4 ................ 5-23
HLMP-2300, OPTS02 .......... PR 5-25
HLMP-2350 ........ovviiiiiiinnn... 5-7
HLMP-2350,0PTS02 ................ 5-25
HLMP-2400 ..........cooiiiiiiiiaan., 5-7
HLMP-2400, OPTLOO ................ 5-23
HLMP-2400, OPTLO1 ................ 5-23
‘HLMP-2400, OPTLO3 ................ 5-23
HLMP-2400, OPTLO4 ................ 5-23
HLMP-2400,0PTS02 ................ 5-25
HLMP-2450 ............ccoiiiiiintn 5-7
HLMP-2450,0PTS02 ................ 5-25
HLMP-2500 ..., 5-7
HLMP-2500, OPTLOO ................ 5-23
HLMP-2500, OPTLO1 ............ Vel 5-23
HLMP-2500,OPTLO3 ................ 5-23
HLMP-2500, OPTLO4 ................ 5-23
HLMP-2500,0PT S02 ................ 5-25
HLMP-2550 .......ooviiiiiiiin 5-7
HLMP-2550, OPTS02 ................ 5-25
HLMP-2598 . .........coooiiiiiinn o 5-21
HLMP-2599 ..............cooooooel 5-21
HLMP-2600 .........cooiiiiiiiiinn.n 5-7
HLMP-2600,O0PT S02 ............ ve.. 5-25




HLMP-2620 ............cciiiiiiine... 5-7

HLMP-2620, OPTS02 ................ 5-25
HLMP-2635 . ..., 5-7
HLMP-2635,0PTS02 ................ 5-256
HLMP-2655 ............ciiiiiii... 5-7
HLMP-2655, OPTLOO ................ 5-23
HLMP-2655, OPTLO1 ................ 5-23
HLMP-2655, OPTLO3 ................ 5-23
HLMP-2655, OPTL04 ................ 5-23
HLMP-2655, OPTLO6 ................ 5-23
HLMP-2655, OPTS02 ................ 5-25
HLMP-2670 . ..., 5-7
HLMP-2670, OPTS02 ................ 5-25
HLMP-2685 ........ ... ...t 5-7
HLMP-2685, OPTL00 ................ 5-23
HLMP-2685, OPTLO1 ................ 5-23
HLMP-2685, OPTL02 ................ 5-23
HLMP-2685, OPTLO3 ................ 5-23
HLMP-2685, OPTLO04 ................ 5-23
HLMP-2685, OPTLO5 ................ 5-23
HLMP-2685, OPTLO6 ................ 5-23
HLMP-2685, OPTS02 ................ 5-25
HLMP-2700 ......ooiiiiiiiiiiiiinn... 5-7
HLMP-2700, OPTS02 ................ 5-25
HLMP-2720 ... ..ot 5-7
HLMP-2720,0PTS02 ................ 5-25
HLMP-2735 .. ... i 5-7
HLMP-2735,0PTS02 ................ 5-25
HLMP-2755 ... ..o 5-7
HLMP-2755, OPTLOO ................ 5-23
HLMP-2755, OPTLO1 ................ 5-23
HLMP-2755, OPTLO3 ................ 5-23
HLMP-2755,OPTLO4 ................ 5-23
HLMP-2755, OPTLO6 ................ 5-23
"HLMP-2755,0PTS02 ................ 5-25
HLMP-2770 ... ..o 5-7
HLMP-2770,0PT S02 ................ 5-25
HLMP-2785 ... oo 5-7
HLMP-2785, OPTLOO ................ 5-23
HLMP-2785, OPTLO1 ................ 5-23
HLMP-2785,0PTLO2 ................ 5-23
HLMP-2785, OPTLO3 ................ 5-23
HLMP-2785, OPTLO4 ................ 5-23
HLMP-2785, OPTLO5 ................ 5-23
HLMP-2785, OPTLO6 ................ - 5-23
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HLMP-2785, OPTS02 ................ 5-25
HLMP-2800 .....ovvvieniieeeannnns, 5-7
HLMP-2800, OPT S02 ................ 5-25
HLMP-2820 .....oveeniiiaeenninns, 5-7
HLMP-2820, OPTS02 ................ 5-25
HLMP-2835 .........covveeennnn., 5-7
HLMP-2835, OPT S02 ................ 5-25
HLMP-2855 ......c0veeniiaeaaninn.., 5-7
HLMP-2855, OPTLOO ................ 5-23
HLMP-2855, OPTLOT ................ 5-23
HLMP-2855, OPTLO3 ................ 5-23
HLMP-2855, OPTLO4 ................ 5-23
HLMP-2855, OPTLO6 ................ 5-23
HLMP-2855, OPT S02 ................ 5-25
HLMP-2870 ......c0eeiieeaannenn., 5-7
HLMP-2870, OPT S02 ................ 5-25
HLMP-2885 .........eeuuieeannnn.., 5-7
HLMP-2885, OPTLOO ................ 5-23
HLMP-2885, OPTLOT ................ 5-23
HLMP-2885, OPTLO2 ................ 5-23
HLMP-2885, OPTLO3 ................ 5-23
HLMP-2885, OPTLO4 ................ 5-23
HLMP-2885, OPTLO5 ................ 5-23
HLMP-2885, OPTLO6 ................ 5-23
HLMP-2885, OPT S02 ................ 5-25
HLMP-2898 .........covviieennnnn.. 5-21
HLMP-2899 ...........cc.ceeennnn... 5-21
HLMP-2950 .......c..ovvveeeannn... 5-14
HLMP-2965 .........cccuveennn.. .. 5-14
HLMP-2980 ......................... 5-14
HLMP-3000 . ... ..vveeeeeeeannnn.. 6-72
HLMP-3001 ..., 6-72
HLMP-3002 .....oveeeneeeeeannnss. 6-72
HLMP-3003 .....oovvieenneaeannn... 6-72
HLMP-3050 ......ccvveennneeeannn... 6-72
HLMP-3105 ......c.oveenneeeeann... 6-62
HLMP-3112 ... 6-62
HLMP-3200 .........ooeveeeaennn... 6-78
CHLMP-3201 ..., 6-78
HLMP-3300 ......c0veenieeaeannn... 6-74
HLMP-3301 ..o, 6-74
HLMP-3315 ... .o, 6-101
HLMP-3316 .........cooveeennn... 6-101
HLMP-3350 ......ccoovnrneaeannn... 6-78
HLMP-3351 .......coiennieeannn... 6-78




HLMP-3365 ..., 6-78

HLMP-3366 .. .......cveeeenn... 6-78
HLMP-3390 ..... TR 6-51
HLMP-3400 .......ovieieeeen... 6-74
HLMP-3401 ... oo 6-74
HLMP=3415 .. ..., 6-101
HLMP-3416 .. ..o 6-101
HLMP-3450 .. .....ouieionennen.n, 6-78
HLMP-3451 ..ot 6-78
HLMP-3465 .. ..o, 6-78
HLMP-3466 .. ......ccovvenannnn... 6-78
HLMP-3490 .........oovuninaennnn... 6-51
HLMP-3502 .. .o 6-74
HLMP-3507 ... oieeeeeiae e 6-74
HLMP-3517 ...t 6-101
HLMP-3519 ....... e s 6-101
HLMP-3553 ..\ 6-78
HLMP-3554 .. ....ooieiian... 6-78
HLMP=3567 ..o, 6-78
HLMP-3568 .. ..oveie e, 6-78
HLMP-35980 .. ....oviiieeeaane. 6-51
HLMP-3600 ........ovoveeanaennnn. 6-62
HLMP-3601 ...voeiieeaeeeeen, 6-62
HLMP-3650 .. ...c.oueeennnn.. e 6-62
HLMP-3651 ......ovvenn. SR 6-62
HLMP-3680 .........covuveenenn... 6-62
HLMP=3681 ..ol 6-62
HLMP-3750 . .ovee e 6-51
HLMP-3762 ... ..o, 6-74
HLMP-3850 ......oovuaeeanennnnn.. 6-51
HLMP-3862 ...........ccvvveaenn... 6-74
HLMP-3950 .. ...oiieaeanen... 6-51
HLMP-3962 .............ooovvnenn... 6-74
HLMP-4700 ..o 6-47
HLMP-4719 ... ..o, 6-47
HLMP-4740 .................c....... 6-47
HLMP-5000 ........covvuvenenainn... 6-55
HLMP-5005 .. .....ovieieeeanan.n. 6-55
HLMP-5012 .. .00, 6-55
HLMP-5029 .. ......ovoiieanannn., 6-55
HLMP-5080 .................o.o.ee. 6-55
HLMP-5040 .. .....couvnieienannnn... 6-55
HLMP=5050 .. ......ivieeinnanennnn.. 6-55
HLMP-5060 .. ...ooeeeeieeeeaann... 6-55
HLMP-5070 ... ovieeie e 6-55
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HLMP-5080 ..............c..covve... 6-55
HLMP-6000 ................ AU 6-91
HLMP-6000, OPT 010 ................ 6-59
HLMP-6000, OPT 011 ................ 6-17
HLMP-6000, OPT 013 ................ 6-17
HLMP-6000, OPT 021 ................ 6-21
HLMP-6000, OPT 022 ................ 6-21
HLMP-6001 ..., 6-91
HLMP-6001, OPT 011 ................ 6-17
HLMP-6001, OPT 013 ................ 6-17
HLMP-6001, OPT 021 ................ 6-21
HLMP-6001, OPT 022 ................ 6-21
HLMP-6020 ...................c..... 6-91
HLMP-6021 ...........ccoiiii. .. 6-91
HLMP-6203 ......................... 6-97
HLMP-6204 ......................... 6-97
HLMP-6205 ..............c...c.v... 6-97
HLMP-6206 ............ S 6-97
HLMP-6208 ..............c...c.ue... 6-97
HLMP-6300 .............ccovenn... 6-91
HLMP-6300, OPT 010 ................ 6-59
HLMP-6300, OPT 011 ................ 6-17
HLMP-6300,OPT 013 ................ 6-17
HLMP-6300, OPT 021 ................ 6-21
HLMP-6300, OPT 022 ................ 6-21
HLMP-6320 ...................... ... 691
HLMP-6400 ..............c.c..ouv... 6-91
HLMP-6400,OPT 010 ................ 6-59
HLMP-6400, OPT 011 ................ 6-17
HLMP-6400, OPT 013 ................ 6-17
HLMP-6400, OPT 021 ................ 6-21
HLMP-6400, OPT 022 ............ .. 621
HLMP-6420 ......................... 6-91
HLMP-6500 ..............coveen... 6-91
HLMP-6500, OPT 010 ................ 6-59
HLMP-6500, OPT 011 ................ 6-17
HLMP-6500, OPT 013 ................ 6-17
HLMP-6500, OPT 021 ................ 6-21
HLMP-6500,0PT 022 ................ 6-21
HLMP-6520 ..............cc.oouu... 6-91
HLMP-6600 ...........cccoveenn... 6-66
HLMP-6600, OPT 011 ................ 6-17
HLMP-6600, OPT 013 ................ 6-17
HLMP-6600, OPT 021 ............ .. 621
HLMP-6600, OPT 022 ................ 6-21




HLMP-6620 ..............coiiinnnn,
HLMP-6620, OPT 011
HLMP-6620, OPTO013 ................
HLMP-6620, OPT 021
HLMP-6620, OPT 022 ................

HLMP-6653 .........................
HLMP-6654 .................... e
HLMP-6655 ............. ...t
HLMP-6656 .........................
HLMP-6658 ............... ... .. ...

HLMP-6700 ..................ccoonn
HLMP-6700, OPT 011
HLMP-6700, OPTO13 ................
HLMP-6700, OPT 021
HLMP-6700, OPT 022 ................

HLMP-6720 .........................
HLMP-6720, OPT 011
HLMP-6720, OPTO13 ................
HLMP-6720, OPT 021
HLMP-6720,0PT 022 ................

HLMP-6753 ...,
HLMP-6754 ......... ..o,
HLMP-6755 ........ccoiiiiiiiinnnn,
HLMP-6756 ..........cciiiiiiinnnnn.
HLMP-6758 ....... ..ot

HLMP-6800 .........................
HLMP-6800, OPT 011
HLMP-6800, OPTO013 ................
HLMP-6800, OPT 021
HLMP-6800, OPT 022 ................

HLMP-6820 .........................
HLMP-6820, OPT 011
HLMP-6820, OPTO13 ................
HLMP-6820, OPT 021
HLMP-6820, OPT 022 ................

HLMP-6853 .......... .o,
HLMP-6854 .........................
HLMP-6855 ..........cciiiiiiinnnnn,
HLMP-6856 ...........cccoiviinnnnn.
HLMP-6858 .......... ...,

HLMP-7000 ..........cciiiiiinninn.
HLMP-7019 .......... ... ...l
HLMP-7040 .........................
HLMP-D100
HLMP-D400
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HLMP-D401 ........................ 6-74
HLMP-D600 ........................ 6-74
HLMP-D601 ........................ 6-74
HLMP-K100 ........................ 6-39
HLMP-K400 ........................ 6-86
HLMP-K401 ........................ 6-86
HLMP-K402 ........................ 6-86
HLMP-K600 ........................ 6-86
HLMP-K601 ........................ 6-86
HLMP-L250 ......................... 6-31
HLMP-L251 ... ... ... .. it 6-31
HLMP-L350 ......................... 6-31
HLMP-L351 ......................... 6-31
HLMP-L550 ......................... 6-31
HLMP-L551 ......................... 6-31
HLMP-M200 ........................ 6-35
HLMP-M201 ........................ 6-35
HLMP-M250 ........................ 6-35
HLMP-M251 ........................ 6-35
HLMP-M300 ........................ 6-35
HLMP-M301 ........................ 6-35
HLMP-M350 ........................ 6-35
HLMP-M351 ........................ 6-35
HLMP-M500 ........................ 6-35
HLMP-M501 ........................ 6-35
HLMP-M550 ........................ 6-35
HLMP-M551 ........................ 6-35
HLMP-Q100 ........................ 6-39
HLMP-Q400 ........................ 6-91
HLMP-Q400, OPTO11 ............... 6-17
HLMP-Q400,OPTO013 ............... 6-17
HLMP-Q400, OPT 021 ............... 6-21
HLMP-Q400, OPT 022 ............... 6-21
HLMP-Q420 ........................ 6-91
HLMP-Q600 ........................ 6-91
HLMP-Q600, OPTO11 ............... 6-17
HLMP-Q600, OPTO013 ............... 6-17
HLMP-Q600, OPT 021 ............... 6-21
HLMP-Q600, OPT 022 ............... 6-21
HLMP-Q620 ........................ 6-91
HPDL-1414 ......................... 7-15
HPDL-2416 ............ccoviii.... 7-23
JANINS765 ... 8-18
JANTNGO92 ... 8-18
JANINGBO93 ... 8-18




JANINGBO94 ... 8-18 ANSA o 8-30

JANM19500/51901 ......oeevvennn... 8-18 ANBATXV .ot 8-30
JANM19500/52001 ....vvenvrennn.nn 8-18 ANBS .o 8-96
JANM19500/52101 ......cvvennn... 8-18 ANBETXV .o, 8-96
JANTXINS765 .....cvveennneann... 8-18 ANBSTXVB ..uviieieieeean 8-96
JANTXINGO92 .......ovveennrennn... 8-18 4NS5/883B ...........iiiiiiiiinin.. 8-96
JANTXINGO93 ........ceeennrenn... 8-18 5082-4200 . .....iii e 4-106
JANTXINGO94 ...........ccvvennn... 8-18 5082-4203 ...ttt 4-106
JTXM19500/51902 .........c.vn.... 8-18 5082-4204 . ......iiiiiiiiaiiai, 4-106
JTXM19500/52006 ............cun.... 8-18 5082-4205 ...\t 4-106
JTXM19500/52102 ... ....oevvenn... 8-18 5082-4207 . ..'uieeiei e 4-106
M87157/00101ACX .................. 8-30 5082-4220 ... 4-106
M87157/00102ACX .................. 8-30 5082-7100 ..ot 7-68
M87157/00103ACX .................. 8-30 5082-7101 ...veeeeeeanns ., 7-68
M87157/00104ACX .................. 8-30 5082-7102 . ..'vieeneeaeeaneanan 7-68
SL5E505 vt e e 3-13 5082-7285 ...\t 7-156
03075-40006 .....vveenreanneannnnns 2-63 5082-7295 . ...\t . 7-156
16800A ...ttt 2-58 5082-7300 ...ttt 7-135
16800A, OPT 001 .......cvvenae... . 2-64 5082-7302 ...ttt 7-135
16800A, OPT 002 .....ovvieannnnnn. 2-66 50827304 .......iiiiiii i, 7-135
16800-61000 . ....vvevrenneannnnn, 2-63 5082-7340 ...\ttt 7-135
16800-90001 .....ovvenreeninnnns. 2-63 5082-7356 ... ..uteiiaaaaens 7-135
16800-90004 . ......euveiiianinnnn, 2-63 5082-7357 .\ iiea e 7-135
16800-90006 . .........c.oiiiinii... 2-63 5082-7358 . ..........iiiiiiiii... 7-135
16801A ..t 2-58 50B2-7359 ...\ttt 7-135
16801A, OPT 001 .....vvvennn.s, 2-64 5082-7404 .. ..\tiiiiiaiia e 7-150
16801A, OPT 002 .....ouvveennnn.. 2-66 50827405 .. .....iiiiiieiienn, 7-150
16830A ...ttt 2-63 50827414 ..., 7-150
16832A ..t 2-63 5082-7415 ...ttt 7-150
16840A ... 2-63 5082-7432 . ..'uiiiiiiiaei e 7-150
16842A ..\t 2-63 5082-7433 ..........cciiiii... ... 7-150
178B5A oot eeeeeeee 2-63 50B2-7441 ... 7-156
INBTB5 ..o 8-18 50B2-7446 ..........iiiieiiii.. 7-156
INGO92 ..ot 8-18 50827610 ...'veeeenneaanieannns. 7-103
INBO93 ..o 8-18 5082-7610, OPTS02 ................ 7-135
INBODA . ..o, 8-18 5082-7611 . ourieniaaniaiiannsns 7-103
B930TA Lttt 4-100 5082-7611, OPTS02 ................ 7-135
ANAB ... ... 365 5082-7613 .. .uviieniiaiiannsnn, .. 7-103
ANAB ...t 3-65 5082-7613, OPTS02 ................ 7-135
ANBT oot 8-30 B50B2-7616 ...uve e, 7-103
ANBATXV ot 8-30 5082-7616, OPTS02 ................ 7-135
ANB2 L 8-30 50827620 ...\t 7-103
ANB2TXV .t 8-30 50827621 ...'uviiiaiaieanns, 7-103
ANBB ... 8-30 50B2-7623 .. ..'ti e 7-103
ANBBTXV .o 8-30 B0B2-7626 . ....eentietianeannnns 7-103




5082-7650 ...t 7-103

5082-7650, OPTS02 ................ 7-135
5082-7651 .....ooiiiiiiiiiiii 7-103
5082-7651,0PTS02 ................ 7-135
5082-7653 ... 7-103
5082-7653, OPTS02 ................ 7-135
5082-7656 ........ciiiiiiiiiiii 7-103
5082-7656, OPT S02 ................ 7-135
5082-7660 ......coiiiiiiiiiiiiiin 7-103
5082-7661 ....... i 7-103
5082-7663 .......coiiiiiiiiiii 7-103
5082-7663, OPTS20 ................ 7-135
5082-7666 ..........oiiiiiiiiiiin 7-103
5082-7666, OPTS20 ................ 7-135
5082-7730 ... 7-103
5082-7730,0PTS02 ................ 7-135
5082-7731 i 7-103
5082-7731,0PTS02 ................ 7-135
5082-7736 .....ccviiiiiiiiii 7-103
5082-7736, 0PT S02 ................ 7-135
5082-7740 ...ttt 7-103
5082-7740,0PTS02 ................ 7-135
5082-7750 ......oiiiiiiiiiiiii 7-103
5082-7750,OPTS02 ................ 7-135
5082-7751 .. ... 7-103

New Products in BOLD Type.

XV

5082-7756 ......ooiiiiiiiiiiinn. 7-103
5082-7756, OPTS02 ................ 7-135
5082-7760 ..., 7-103
5082-7760, OPTS02 ................ 7-135
BN134 ... . 8-66
BNI34TXV i 8-66
BN134TXVB .. ..o 8-66
BN135 .o 3-9
BN136 .. 3-9
BN137 i 3-36
BN138 ... 3-57
BN139 i 3-57
BNT40A ... 8-87
6N140A883B .........covvviiiiiie, 8-87
BN140TXV ... 8-87
6N140TXVB ... ..., 8-87
8102801EC ..., 8-69
8302401EC ........ ..ot 8-91




In 1964, Hewlett-Packard established a new
division having the charter of developing and
producing state-of-the-art electronic components
for internal use. By 1975, both microwave and
optoelectronic devices contributed to the growing
business of Hewlett-Packard and the Components
Group was formed. Today there are three
divisions: the Optoelectronics division, Optical
Communications division and Microwave
Semiconductor division. In addition to these three
divisions there is a specialized team of people to
develop, manufacture and market bar code
components.

The products of the Components Group are

vertically integrated, from the growing of LED
crystals to the development of the various on-

XVi

board integrated circuits to package design.
Vertical integration insures that HP quality is
maintained throughout product development and
manufacturing.

Over 5200 employees are dedicated to HP
Components, including manufacturing facilities in
Malasia and Singapore, factory and marketing
support in San Jose, California and a world-wide
sales force. Marketing operations for Europe are
located in Boeblingen, Germany.

Each field sales office is staffed with engineers
trained to provide technical assistance. An
extensive communications network links field
with factory to assure that each customer can
quickly attain the information and help needed.




Quality and reliability are two very important
concepts to Hewlett-Packard in maintaining the
commitment to product performance.

At Hewlett-Packard, quality is integral to product
development, manufacturing and final
introduction. “Parts per million” (PPM) as a
measure of quality is used in HP’s definition of
product assurance. And HP’s commitment to
quality means that there is a continuous process of
improvement and tightening of quality standards.
Manufacturing quality circles and quality testing
programs are important ingredients in HP
products.

Reliability testing is also required for the
introduction of new HP components. Lifespan
calculations in “mean-time-between-failure”
(MTBF) terms are published and available as
reliability data sheets. HP’s stringent reliability
testing assures long component lifetimes and
consistent product performance.

Warranty

HP’s Components are warranted against defects
in material and workmanship for a period of one
year from the date of shipment (in the case of
designated Fiber Optics and Bar Code products
90 days from the date of shipment). If HP
receives notice of such defects during the
warranty period, HP will repair or, at its option,

replace components that prove to be defective in
material or workmanship under proper use during
the warranty period. This warranty extends only
to HP customers.

NO OTHER WARRANTIES ARE
EXPRESSED OR IMPLIED. HP
SPECIFICALLY DISCLAIMS THE
IMPLIED WARRANTIES OF
MERCHANTABILITY, AND FITNESS FOR
A PARTICULAR PURPOSE.

THE REMEDIES PROVIDED HEREIN ARE
BUYER’S SOLE AND EXCLUSIVE
REMEDIES. HP SHALL NOT BE LIABLE
FOR ANY DIRECT, INDIRECT, SPECIAL,
INCIDENTAL, OR CONSEQUENTIAL
DAMAGES, WHETHER BASED ON
CONTRACT, TORT OR ANY OTHER
LEGAL THEORY.

The foregoing limitation of liability shall not
apply in the event that any HP product sold
hereunder is determined by a court of compentent
jurisdiction to be defective and to have directly
caused bodily injury, death or property damage;
provided, that in no event shall HP’s liability for
property damage exceed the greater of $50,000 or
the purchase price of the specific product that
caused such damage.
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Motion Sensing and Control

Motion Sensing

As an extension of our emitter/detector systems
capability, Hewlett-Packard has developed a family
of motion sensing products. These products
include optical shaft encoders for closed loop servo
applications and digital potentiometers for manual
input applications. HP’s Optical products provide
a digital link converting mechanical shaft rotation
into TTL logic level signals.

Our HEDS-5000 and HEDS-6000 series encoders
may be used in a wide variety of closed loop servo
applications varying from computer peripherals
and professional audio-video systems to automated
production equipment. Encoders also find wide-
spread use in industrial and instrument

_ applications in which digital information is needed
to monitor rotary motion.

With three easy to assemble components, the HP
encoder system takes advantage of a specialized
optical design and a custom integrated circuit to
deliver superior performance in a compact pack-
age. The design also minimizes the mechanical
tolerances required of the shaft and mounting sur-
face. The HEDS-5000 and HEDS-6000 encoders
are available with a range of options including
resolution and shaft sizes.

The HEDS-7000 series digital potentiometer is a
28 mm diameter encoder completely assembled
with a shaft and bushing, making it suitable for
panel mounting. The device converts manual
“rotary inputs into digital outputs using the same
high performance emitter/detector technology
used in our encoders. A digital potentiometer can

Optical Shaft Encoder

Digital Potentiometer

be used as an input mechanism in a variety of
applications including: test and measurement
equipment, CAD-CAM systems, and positioning
tables.

Motion Control

- To complement the motion sensing products, HP

has recently released two new motion control ICs.
The HCTL-1000 general purpose motion control
IC greatly simplifies the task of designing digital
motion control systems. The HCTL-1000 com-
pares the command position or velocity from a
host processor to the actual position or velocity
from an incremental encoder, and outputs an
appropriate motor command using one of four
programmable position and velocity control
modes. Some of its other features include a pro-
grammable digital filter, an electronic commutator,

“and a quadrature decoder/counter.

The HCTL-2000 Quadrature Decoder Counter
IC provides a one chip, easy to implement solution
to interfacing the quadrature output of an encoder
or digital potentiometer to a microprocessor. It
includes a quadrature decoder, a 12 bit up/down
state counter, and an 8 bit bus interface. The use
of Schmitt triggered inputs and a digital noise fil-
ter allows reliable operation in noisy environments.

For more information on these new product
developments, contact your local Hewlett-Packard
Components Field Engineer, or write Hewlett-
Packard Optoelectronics Division, 640 Page Mill
Road, Palo Alto, California 94304. :

S

Motion Control IC




Motion Sensing and Contro!
28 mm Diameter Encoders — HEDS-5000 Series

Option Code
Package Outline Drawing Part No. Channels Resolution Shaft Size Page No
a [ m]
HEDS-5000 AB C 100CPR 01 2mm 1-5
oPTO M D 192 CPR 02 3mm
E 200 CPR 03 1/8in.
F 256 CPR 04 5/32in.
G 360 CPR 05 3/16in.
HEDS-5010 A B, I H 400 CPR 06 1/4in.
oPTO M A 500 CPR 11 4mm
Y T | 512CPR 14 5mm
/ A
: ]
56 mm Diameter Encoders — HEDS-6000 Series
Option Code
Package Outline Drawing Part No. Channels Resolution Shaft Size Page No.
O M
HEDS-6000 A B E 200CPR 05 3/16in. 1-13
oPTO M H 400 CPR 06 1/4in.
A 500 CPR 07 5/16in.
I 512CPR 08 3/8in.
B 1000 CPR 09 1/2in.
J 1024 CPR 10 5/8in.
HEDS-6010 A B, I A 11 4mm
oPTO M 12 6mm
oy 13 8mm
A
]
Digital Potentiometer — HEDS-7500 Series
Package Outline Drawing Part No. Resolution Termination Page No.
HEDS-7500 256 CPR Color Coded Wire 1-21
>0 HEDS-7501 256 CPR Ribbon Cable
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Motion Control ICs — HCTL-XXXX Series

Page
Package Outline Part No. Description No.
vee]s Y whoe HCTL-1000 General Purpose Motion Control IC 1-23
ADO/DBO [ 2 39(]TS
AD1/DB1[] 3 38 [JALE
AD2/DB2 [] 4 37 JRW
AD3/DB3 [] 5 36 [ RESET
AD4/DB4 [ 6 35 [ Vee
AD5/DBS [] 7 34 [ EXTCLK
pBé [} 8 33 []INDEX
oB7 [] 9 32 D Vss
vss [} 10 31[1CcHA
Vee [ 11 30 [JcHB
PROF[] 12 29 [ PHD
(LT gn RE] 28 [1PHC
tmir [ 14 27 ] PHB
stor 15 26 [1PHA
PULSE d 16 25 [ mc7
sien [ 17 241 mce
mco [ 18 23 [ mcs
mc1 [ 19 221 mca
mcz [ 20 21 mc3
* SHOULD BE LEFT FLOATING.
HCTL-2000 Quadrature Decoder/Counter IC 1-43
Convenience Assembly Tools for 28 mm Diameter Encoders — Not Required
Page
Package Outline Drawing Part No. Description No.
HEDS-8930 HEDS-5000 Series Tool Kit e Holding Screwdriver 1-5
e Torque Limiting Screwdriver
o HEDS-8920 Hub Puller
o HEDS-8922 Gap Setter
HEDS-892X Centering Cones o Aid in High Volume Assembly

o Order in Appropriate Shaft Size
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TWO AND THREE CHANNEL | yens-5000
INCREMENTAL OPTICAL

28 mm DIAMETER

SERIES
ENCODER KIT

TECHNICAL DATA JANUARY 1986

Features

SMALL SIZE — 28 mm DIAMETER
100-512 CYCLES/REVOLUTION AVAILABLE
MANY RESOLUTIONS STANDARD
LOW INERTIA

QUICK ASSEMBLY

0.25 mm (.010 INCHES) END PLAY
ALLOWANCE

TTL COMPATIBLE DIGITAL OUTPUT
SINGLE 5V SUPPLY

WIDE TEMPERATURE RANGE

INDEX PULSE AVAILABLE

Description

The HEDS-5000 series is a high resolution incremental opti-
cal encoder kit emphasizing reliability and ease of assembly.
The 28 mm diameter package consists of 3 parts: the
encoder body, a metal code wheel, and an emitter end plate.
An LED source and lens transmit collimated light from the
emitter module through a precision metal code wheel and
phase plate into a bifurcated detector lens.

The light is focused onto pairs of closely spaced integrated
detectors which output two square wave signals in quadra-
ture and an optional index pulse. Collimated. light and a
custom photodetector configuration increase long life relia-
bility by reducing sensitivity to shaft end play, shaft
eccentricity and LED degradation. The outputs and the 5V
supply input of the HEDS-5000 are accessed through a 10
pin connector mounted on a .6 metre ribbon cable.

Outline Drawing
R
\w ¢ CONNECTOR
CENTER POLARIZED ;} | PHASE PLATE
|
CODE 1 —
WHEEL | —
EMITTER END PLATE—/ |
1.8 ENCODER BODY

SECTION A-A tror

TYPICAL DIMENSIONS IN MILLIMETRES AND (INCHES)

A standard selection of shaft sizes and resolutions between
100 and 512 cycles per revolution are available. Consult the
factory for custom resolutions. The part number for the
standard 2 channel kit is HEDS-5000, while that for the 3
channel device, with index pulse, is HEDS-5010. See Order-
ing Information for more details. For additional design
information, see Application Note 1011.

Applications

Printers, Plotters, Tape Drives, Positioning Tables, Auto-
matic Handlers, Robots, and any other servo loop where a
small high performance encoder is required.
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Block Diagram and Output Waveforms

(FOR COUNTER CLOCKWISE ROTATION OF CODE WHEEL
AS VIEWED FROM EMITTER END PLATE)

CYCLE: 360 ELEC. DEG.
PULSE WIDTH: 180 ELEC. DEG.
LOGIC STATE: 90 ELEC. DEG.
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EMITTER END PLATE - CODE WHEEL ENCODER BODY

Theory of Operation

The incremental shaft encoder operates by translating the
rotation of a shaft into interruptions of a light beam which are
then output as electrical pulses.

Inthe HEDS-5XXX the light source is a Light Emitting Diode
collimated by a molded lens into a parallel beam of light. The
Emitter End Plate contains two or three similar light sources,
one for each channel.

The standard Code Wheel is a metal disc which has N
equally spaced apertures around its circumference. A
matching pattern of apertures is positioned on the stationary
phase plate. The light beam is transmitted only when the
apertures in the code wheel and the apertures in the phase
plate line up; therefore, during a complete shaft revolution,
there willbe N alternating lightand dark periods. A molded
lens beneath the phase plate aperture collects the modu-
lated light into a silicon detector.

The Encoder Body contains the phase plate and the detec-
tion elements for two or three channels. Each channel
consists of an integrated circuit with two photodiodes and
amplifiers, a comparator, and output circuitry.

The apertures for the two photodiodes are positioned so that
a light period on one detector corresponds to a dark period
on the other (“push-pull”’). The photodiode signals are
amplified and fed to the comparator whose output changes
state when the difference of the two photocurrents changes
sign. The second channel has a similar configuration but the
. location of its aperture pair provides an output which is in

quadrature to the first channel (phase difference of 90°).
Direction of rotation is determined by observing which of the
channelsisthe leading waveform. The outputs are TTL logic
level signals.

The optional index channel is similar in optical and electrical
configuration to the A and B channels previously described.
An index pulse of typically 1 cycle width is generated for
each rotation of the code wheel. Using the recommended
logic interface, a unique logic state (Po) can be identified if
such accuracy is required.

The three part kit is assembled by attaching the Encoder
Body to the mounting surface using three screws. The Code
Wheel is set to the correct gap and secured to the shaft.
Snapping the cover (Emitter End Plate) on the body com-
pletes the assembly. The only adjustment necessary is the
encoder centering relative to the shaft. This optimizes quad-
rature and the optional index pulse outputs.

le—P—

ROTATION

Index Pulse Considerations

The motion sensing application and encoder interface cir-
cuitry will determine the necessary phase relationship of the
index pulse to the main data tracks. A unique shaft position
can be identified by using the index pulse output only or by
logically relating the index pulse to the A and B data chan-
nels. The HEDS-5010 allows some adjustment of the index
pulse position with respect to the main data channels. The
position is easily adjusted during the assembly process as
illustrated in the assembly procedures.

Definitions

Electrical degrees:
1 shaft rotation = 360 angular degrees
= N electrical cycles

1 cycle
Position Error:

The angular difference between the actual shaft position and
its position as calculated by counting the encoder’s cycles.

Cycle Error:

Anindication of cycle uniformity. The difference between an
observed shaft angle which gives rise to one electrical cycle,
and the nominal angular increment of 1/N of a revolution.

Phase:

The angle between the center of Pulse A and the center of
Pulse B. :

Index Phase:

For counter clockwise rotation as illustrated above, the
Index Phase is defined as:

= 360 electrical degrees

_ (¢ —¢2)
$q = 2
¢1istheangle, in electrical degrees between the falling edge
of | and falling edge of B. ¢2 is the angle, in electrical
degrees, between the rising edge of A and the rising edge
of I.

Index Phase Error:

The Index Phase Error (A®;) describes the change in the
Index Pulse position after assembly with respect to the Aand
B channels over the recommended operating conditions.

1-6




Absolute Maxumum Ratings

/Parameter . _ Symbol Min. ‘Max, Units pd't'es
Storage Temperatme Ts -55 100 °Calsius
Operating Temperature i Ta -55 100 °Celsius See/Note 1
Vibration ; . 20 g ‘See'Note 1
Shatt Ax;a( i?lay 50 (20 | mm(1inech/1000) TIRY
/Shaft Eccentricity Plus | 0w ol 1 (4) L mm{1inch/1000) TIR. | Movementshould be
’,,,Radial Play " ' “ il lamuted even under”
, ‘shock conditions,
SupplyVoltage Vée -0,5 Volts 4|. i
Output Voltage No* -0.5%; Valts T
,"”'Output Current” per : o = mA
' 30,000 R:B:M.
« | 250,000 Rad. Sec™
Recommended Operating Conditions
Parameter Symbol Min. Max.{_‘ Units Notes |
Temperature T -20 85 . |/ c°Celsius “| Non-condensingatmos.
Supply Voltage " vee 4.5 5.5 . Volt | Ripple <100mVp.p " '
Code Wheel Gap R 1.1 (45) | 'mmy(ingh/1000) | Nominal gap =
Shatt Perpendicularity 0.25 (10) | mm (inch/1000) | 0.63 mm (.026 in.) when shaft
» Plus Axial Play ‘TIR is at minimum gap position,
Shaft Eccentricity Plus 0.04 (1.5) | mm (ingh/1000) | 10 mm (0.4 inch) from
Radial Play TIR mounting surface.
Load Capacitance CL ' 100 pF

Encoding Characteristics

The specifications below apply within the recommended operating conditions and reflect performance at 500 cycles per
revolution (N = 500). Some encoding characteristics improve with decreasing cycles (N). Consult Application Note 1011 or
factory for additional details.

Parameter Symbol Min, Tip. Max. Units Noles”?See Definitions)

Position Error - A 10 40 Minutes of Arc | 1 Cycle = 43.2 Minutes

Worst Error Full See Figure 5.

Rotation

Cycle Error - AC 3 55 Electrical deg.

Worst Error Full

Rotation

Max. Count Frequency fmAx 130,000 | 200,000 Hertz f = Velocity (RPM) x N/60

Pulse Width Error - AP 16 Electricaldeg. | T=25°C,f=8 KHz

Worst Error Full See Note 2

Rotation

Phase Sensitivity to 520 Elec. deg/mm

Eccentricity (13) (Elec. deg./mil) | mil = inch/1000

Phase Sensitivity to 20 Elec. deg./mm

Axial Play (.5) (Elec. deg./mil) | mil = inch/1000

Logic State Width Error-}  AS 25 Electrical deg. | T=25°C,{=8 KHz

Worst Error Full See Note 2

Rotation

Index Pulse Width Py 360 Electrical deg. | T=25°C,f=8 KHz
See Note 3

index Phase Error Ady Q 17 Electrical deg. | See Notes 4,5

Index Pulse Phase +70 +130 Electrical deg. | See Note 5

Adjustment Range

AND CONTROL
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Mechanical Characteristics

Parameter Symbol Dimension Tolerance Units Notes
Qutline Dimensions See Mech. Dwg.
Code Wheel Available to 2 4 +.000 mm
Fit the Following Standard 3 5 -.015
Shaft Diameters
5/32 +.0002 inches
~.0005
178 +.0000 - inches
3/16 1/4 -.0007
Moment of Inertia J 0.4 (6 x 106} gem? {0z-in-s2)
Required Shaft Length 12.8 (.50) +0.5 (+0.02) mm (inches) See Figure 10,

Shaft in minimum
length position.

Bolt Circle 20.9 (.823) +0.13 (£.008)] mm (inches) | See Figure 10.
Mounting Screw Size 1.6 x 0.35 x5 mm mm
DIN 84
or
0-80 x 3/16 inches
Binding Head

EleCtI‘ical Character iStICS When operating within the recommended operating range.

Electrical Characteristics over Recommended Operating Range (Typical at 25°C).

Parameter Symbol Min. Typ. Max. Units Notes

Supply Current ’ Icc 21 40 mA HEDS-5000 (2 Channel)
36 60 HEDS-5010 (3 Channel)

High Level Output Vou 24 A loH = -40uA Max.

Voltage

Low Level Output VoL 04 v loL= 3.2 mA

Voltage

Rise Time ' tr 05 M8 Cy = 25 pF, RL = 11K Puli-up

Fall Time i 0.2 See Note 6

Cable Capacitance Cco 12 . pF/metres Output Lead to Ground

NOTES:

1.

The structural parts of the HEDS-5000 have been tested to 20g and up to 500 Hz. For use outside this range, operation may be limited
at low frequencies (high displacement) by cable fatigue and at high frequencies by code wheel resonarnces. Resonant frequency
depends on code wheel material and number of counts per revolution. For temperatures below -20°C the ribbon cable becomes
brittle and sensitive to displacements. Maximum operating and storage temperature includes the surface area of the encoder mount-
ing. Consult factory for further information. See Application Note 1011.

. In a properly assembled lot 99% of the units, when run at 25°C and 8 KHz, should exhibit a pulse width error less than 35 electrical

degrees, and a state width error less than 45 electrical degrees. To calculate errors at other speeds and temperatures add the values
specified in Figures 1 or 2 to the typical values specified under encoding characteristics or to the maximum 99% values specified in this
note.

. In a properly assembled lot, 99% of the units when run at 25°C and 8 KHz should exhibit an index pulse width greater than 260

electrical degrees and less than 460 electrical degrees. To calculate index pulse widths at other speeds and temperatures add the
values specified in Figures 3 or 4 to the typical 360° pulse width or to the maximum 99% values specified in this note.

. After adjusting index phase at assembly, the index phase error specification (A®i) indicates the expected shift in index pulse position

with respect to channels A and B over the range of recommended operating conditions and up to 50 KHz.

. When the index pulse is centered on the low-low states of channels A and B as shown on page 2, a unique Po can be defined once

per revolution within the recommended operating conditions and up to 25 KHz. Figure 6 shows how Po can be derived from A, B, and
| outputs. The adjustment range indicates how far from the center of the low-low state that-the center of the index pulse may be
adjusted.

. The rise time is primarily a function of the RC time constant of R_and C, . A faster rise time can be achieved with either a lower value of

R_ or C. Care must be observed not to exceed the recommended value of lg_ under the worst case conditions.
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Figure 1. Typical Change in Pulse Width Error or in State
Width Error due to Speed and Temperature
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Figure 3. Typical Change in Index Pulse Width Due to
Speed and Temperature
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Figure 2. Maximum Change in Pulse Width Error or in
State Width Error Due to Speed and Temperature

ELECTRICAL
DEGREES
30
204
10}
P
0 e~ 8 Ktl_x‘.
T _1o} N N\\_
£ I~ \\hi
g f N Kt
4 =1 \
-40
=] I I= g
a 0 «,
z o <
w 60
2 -0 5
i e} it |
o
90 .
-100 | 7004_
RITS e
-120 L s Lo i i i : i
-60  -40 20 [] 20 40 60 80 100

TEMPERATURE IN DEGREES CENTIGRADE

Figure 4. Maximum Change in Index Pulse Width Due to
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PIN
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DASHED LINES REPRESENT AN OPTIONAL INDEX SUMMING CIRCUIT.
STANDARD 74 SERIES COULD ALSO BE USED TO IMPLEMENT THIS CIRCUIT.

Figure 6. Recommended Interface Circuit
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FUNCTIO
CHANNEL A

N.C. OR GROUND
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N
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WILL PERMANENTLY DAMAGE THE DETECTOR IC.

MATING CONNECTOR
BERG 65-692-001 OR EQUIVALENT

Figure 7. Connector Specifications
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Figure 8. HEDS-5000 Series Encoder Kit

MOUNTING
SURFACE

ENCODER BODY

M 1.6 x .35 150 GH

g 12.8
7.9(.312) Lo OR
9. 2.5 MINIMUM -
(.10 MINIMUM) 0-80 UNF-2B
]
20.90 DIA.
10.2(.40) | (:823DIA.)
[ a]F]20/1.008)
(.990) DIAMETER :
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(212 + ,012)

UNITS mm (INCHES)

Figure 9. Code Wheel

ordering Information

OPTION*

HEDS-5 | [ﬁ_
L

C ]

RESOLUTION [CYCLES PER REVOLUTION)

ON SPECIAL REQUEST,

C ~ 100 CPR G — 360 CPR
D —-192CPR H — 400 CPR
E ~ 200 CPR A —~500CPR
F — 256 CPR 1 -512CPR

NOTE: OTHER RESOLUT!ONS AVAILABLE

SHAFT DIAMETER
01 —2mm
02 ~ 3mm
03— 1/8in.
04 ~5/32 in,
05— 3/16 in.
06 — 1/4in.
1M —4mm
14 ~5mm
00 ~ USE WHEN ORDERING
ENCODER BODIES

(INCHES) (.XX £.02 .XXX +.005)

Figure 10. Mounting Requirements

PRODUCT TYPE

0 — 28 mm COMPLETE KIT

1~ 28 mm CODE WHEEL

2 - 28 mm ENCODER BODY

3 — 28 mm EWMITTER END PLATE*

OUTPUTS

0 — 2 CHANNEL DIGITAL
1 — 3 CHANNEL DIGITAL

MECHANICAL GONFIGURATION

0 — 0.6 m {24 in.) CABLE

*NO OPTION IS SPECIFIED WHEN ORDERING

EMITTER END PLATES ONLY.




Shaft EnCOdeI' Kit Assembly See Application Note 1011 for further discussion.

The following assembly procedure represents a simple and reliable method for prototype encoder assembly. High volume assembly may
suggest modifications to this procedure using custom designed tooling. In certain high volume applications encoder assembly can be
accomplished in less than 30 seconds. Consult factory for further details. Note: The code wheel to phase plate gap should be set between

0.015 in. and 0.045 in.

rWARN/NG: THE ADHESIVES USED MAY BE HARMFUL. CONSULT THE MANUFACTURER'S RECOMMENDA TIONS.]

READ THE INSTRUCTIONS TO THE END BEFORE STARTING ASSEMBLY.

1.0 SUGGESTED MATERIALS

1.1 Encoder Parts
Encoder Body
Emitter End Plate
Code Wheel

1.2 Assembly Materials
RTV — General Electric 162
— Dow Corning 3145
Epoxy—Hysol 1C
Acetone
Mounting Screws (3)
RTV and Epoxy Applicators

1.3 Suggested Assembly Tools
a) Holding Screwdriver.
b) Torque Limiting Screwdriver, 0.36 cm kg (5.0 in. oz.).
c) Depth Micrometer or HEDS-8922 Gap Setter.
d) Oscilloscope or Phase Meter (Described in AN 1011). Either
may be used for two channel phase adjustment. An oscillo-
scope is required for index pulse phase adjustment.

14 Suggesled Circuits
) Suggested circuit for index adjustment (HEDS-5010).

3.0 ENCODER BODY ATTACHMENT

3.1 Place the encoder body on the mounting surface and slowly
rotate the body to spread the adhesive. Align the mounting
screw holes with the holes in the body base.

3.2 Place the screws in the holding screwdriver and thread them
into the mounting holes. Tighten to approximately 0.36 cm kg
(5.0in. 0z.) using a torque limiting screwdriver if available (See
notes a and b below). Remove centering cone if used.

Notes:

a) At this torque value, the encoder body should slide on the
mounting surface only with considerable thumb pressure.

b) Thetorque limiting screwdriver should be periodically calibrated
for proper torque. .

P P
(] T 0 T,

QUTPUT TO OSCILLOSCOPE

For optimal index phase, adjust encoder position to equal-
ize T1 and T2 pulse widths.

b) Phase Meter Circuit
Recommended for volume assembly. Please see Appli-
cation Note 1011 for details.

2.0 SURFACE PREPARATION

. ‘4.0 EPOXY APPLICATION

[ CAUTION: HANDLE THE CODE WHEEL WITH CAHE.J
4.1 Collect a small dab of epoxy on an applicator.
4.2 Spread the epoxy inside the lower part of the hub bore.

4.3 Holding the code wheel by its hub, slide it down the shaft just
enough to sit it squarely. About 3 mm (1/8").

THE ELAPSED TIME BETWEEN THIS STEP AND THE
COMPLETION OF STEP 8 SHOULD NOT EXCEED 1/2
HOUR.

2.1 Clean and degrease with acetone the mounting surface and
shaft making sure to keep the acetone away from the motor
bearings.

2.2 Load the syringe with RTV.

2.3 Apply RTV into screw threads on mounting surface. Apply
more RTV on the surface by forming a daisy ring pattern
connecting the screw holes as shown above.

[[cAUTION: KEEP RTV AWAY FROM THE SHAFT BEARING. ]

5.0 CODE WHEEL POSITIONING

5.1 Takeupany loose play by lightly puIIlng down on the shaft’s
load end.

5.2 Using the gap setter or a depth micrometer, push the code
wheel hub down to a depth of 1.65 mm (.065 in.) below the
rim of the encoder body. The registration holes in the gap
setter will align with the snaps protruding from the encoder
body near the cable.

5.3 Check that the gap setter or micrometer is seated squarely
on the body rim and maintains contact with the code wheel
hub.

5.4 No epoxy should extrude through the shaft hole.

[ DO NOT TOUCH THE CODE WHEEL AFTER ASSEMBLY.J
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6.0 EMITTER END PLATE

straight and straighten if necessary.

6.2 Holdthe end plate parallel to the encoder body rim. Align the
guiding pin on the end plate with the hole in the encoder
body and press the end plate straight down until it is locked
into place.

6.3 Visually check to see if the end plate is properly seated.

7.0 PHASE ADJUSTMENT

7.1 The following procedure should be followed when phase
adjusting channels A and B.

7.2 Connect the encoder cable.

7.3 Run the motor. Phase corresponds to motor direction. See
output waveforms and definitions. Using either an oscillo-
scope or a phase meter, adjust the encoder for minimum
phase error by sliding the encoder forward or backward on
the mounting surface as shown above. See Application Note
1011 for the phase meter circuit.

7.4 Nostress should be applied to the encoder package until the
RTV cures. Cure time is 2 hours @ 70° C or 24 hrs. at room
temperature.

Note: After mounting, the encoder should be free from mechani-
cal forces that could cause a shift in the encoder’s position
relative to its mounting surface.

8.0 INDEX PULSE ADJUSTMENT (HEDS-5010)

8.1 Some applications require that the index pulse be aligned
with the main data channels. The index pulse position and
the phase must be adjusted simultaneously. This procedure
sets index phase to zero.

8.2 Connect the encoder cable.

8.3 Run the motor. Adjust for minimum phase error using an
oscilloscope or phase meter (see 7.3).

8.4 Using an oscilloscope and the circuit shown in 1.4, set the
trigger for the falling edge of the | output. Adjust the index
pulse so that T1 and T2 are equal in width. The physical
adjustment is a side to side motion as shown by the arrow.

8.5 Recheck the phase adjustment.

8.6 Repeat steps 8.3-8.5 until both phase and index pulse posi-
tion are as desired.

8.7 Nostress should be applied to the encoder package until the
RTV hascured. Curetime: 2 hours @ 70°C or 24 hrs. at room
temperature.

CODE WHEEL REMOVAL

In the event that the code wheel has to be removed after the epoxy
has set, use the code wheel extractor as follows:

1 Remove the emitter end plate by prying a screwdriver in the
slots provided around the encoder body rim. Avoid bending
the wire leads.

2 Turn the screw on the extractor counter-clockwise until the
screw tip is no longer visible. '

3 Slide the extractor's horseshoe shaped lip all the way into the
groove on the code wheel's hub.

4 While holding the extractor body stationary, turn the thumb
screw clockwise until the screw tip pushes against the shaft.

5 Applying more turning pressure will pull the hub upwards
breaking the epoxy bond.

6 Clean the shaft before reassembly.

SPECIALITY TOOLS — Available from Hewlett-Packard

a) HEDS-8920 Hub Puller
This tool may be used to remove code wheels from shafts
after the epoxy has cured.

8

b) HEDS-8922 Gap Setter
This tool may be used in place of a depth micrometer as
an aid in large volume assembly.

a

165+ .03 mm

(.065 + 001 in.) \@/

c) HEDS-892X Centering Cones
For easier volume assembly this tool in its appropriate
shaft size may be used in step 3.0 to initially center the
encoder body with respect to the shaft and aid in locating
the mounting screw holes. Depending on the resolution
and accuracy required this centering may eliminate the
need for phase adjustment steps 7 and 8.

Part Number  Shaft Size
HEDS-8923 2mm
HEDS-8924 3 mm
HEDS-8925 1/8 in.

HEDS-8926 5/32in.
HEDS-8927 3/16 in.

HEDS-8928 1/4in.
HEDS-8929 4 mm
HEDS-8931 5 mm

d) HEDS-8930 HEDS-5000 Tool Kit

Holding Screwdriver

Torque Limiting Screwdriver, 0.36 cm kg (5.0 in. 0z.)
HEDS-8920 Hub Puller
HEDS-8922 Gap Setter
Carrying Case
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HEWLETT
PACKARD

(D

56 mm DIAMETER

TWO AND THREE
CHANNEL INCREMENTAL
OPTICAL ENCODER KIT

HEDS-6000
SERIES

TECHNICAL DATA JANUARY 1986

Features

192-1024 CYCLES/REVOLUTION AVAILABLE
MANY RESOLUTIONS STANDARD

QUICK ASSEMBLY

0.25 mm (.010 INCHES) END PLAY ALLOWANCE
TTL COMPATIBLE DIGITAL OUTPUT

SINGLE 5V SUPPLY

WIDE TEMPERATURE RANGE

SOLID STATE RELIABILITY

INDEX PULSE AVAILABLE

Description

The HEDS-6000 series is a high resolution incremental
optical encoder kit emphasizing ease of assembly and
reliability. The 56 mm diameter package consists of 3 parts:
the encoder body, a metal code wheel, and emitter end plate.
An LED source and lens transmit collimated light from the
emitter module through a precision metal code wheel and
phase plate into a bifurcated detector lens.

The light is focused onto pairs of closely spaced integrated
detectors which output two square wave signals in
quadrature and an optional index pulse. Collimated lightand
a custom photodetector configuration increase long life
reliability by reducing sensitivity to shaft end play, shaft
eccentricity and LED degradation. The outputs and the 5V
supply input of the HEDS-6000 are accessed through a 10
pin connector mounted on a .6 metre ribbon cable.

Outline Drawing
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CENTER
POLARIZED

CODE /’—
WHEEL
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EMITTER END PLATE-"" |

ENCODER 80DY

SECTION A-A

A standard selection of shaft sizes and resolutions between
192 and 1024 cycles per revolution are available. Consult
the factory for custom resolutions. The part number for the
standard 2 channel bit is HEDS-6000, while that for the 3
channel device, with index pulse, is HEDS-6010. See
Ordering Information for more details. For additional design
information, see Application Note 1011.

Applications

Printers, Plotters, Tape Drives, Positioning Tables, Auto-
matic Handlers, Robots, and any other servo loop where a
small high performance encoder is required.

61.2
{2.410)

25.9
(1.020)

3.25 DIA.
{0.128)

TYPICAL DIMENSIONS IN MILLIMETRES AND {INCHES),

559 MAX. DIA
(2.200)
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Theory of Operation

The incremental shaft encoder operates by translating the
rotation of ashaftinto interruptions of alight beam which are
then output as electrical pulses.

Inthe HEDS-6XXX the light source is a Light Emitting Diode
collimated by a molded lensinto a parallel beam of light. The
Emitter End Plate contains two or three similar light sources,
one for each channel.

The standard Code Wheel is a metal disc which has N
equally spaced slits around its circumference. An aperture
with a matching pattern is positioned on the stationary
phase plate. The light beam is transmitted only when the slits
in the code wheel and the aperture line up; therefore, during
a complete shaft revolution, there will be N alternating
light and dark periods. A molded lens beneath the phase
plate aperture collects the modulated light into a silicon
detector.

The Encoder Body contains the phase plate and the detec-
tion elements for two or three channels. Each channel
consists of an integrated circuit with two photodiodes and
amplifiers, a comparator, and output circuitry.

The apertures for the two photodiodes are positioned so that
a light period on one detector corresponds to a dark period
onthe other. The photodiode signals are amplified and fed to
the comparator whose output changes state when the dif-
ference of the two photo currents changes sign (“Push-
Pull”). The second channel has a similar configuration but
the location of its aperture pair provides an output whichisin
quadrature to the first channel (phase difference of 90°).
Direction of rotation is determined by observing which of the
channelsis the leading waveform. The outputs are TTL logic
level signals.

The optional index channel is similar in optical and electrical
configuration to the A,B channels previously described. An
index pulse of typically 1 cycle width is generated for each
rotation of the code wheel. Using the recommended logic
interface, a unique logic state (Po) can be identified if such
accuracy is required.

The three part kit is assembled by attaching the Encoder
Body to the mounting surface using two screws. The Code
Wheel is set to the correct gap and secured to the shaft.
Snapping the cover (Emitter End Plate) on the body com-
pletes the assembly. The only adjustment necessary is the
encoder centering relative to the shaft, to optimize quadra-
ture and optional index pulse output.
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Index Pulse Considerations

The motion sensing application and encoder interface cir-
cuitry will determine the need for relating the index pulse to
the main data tracks. A unique shaft position is identified by
using the index pulse output only or by logically relating the
index pulse to the A and B data channels. The HEDS-6010
index pulse can be uniquely related with the A and B data
tracks in a variety of ways providing maximum flexibility.
Statewidth, pulse width or edge transitions can be used. The
index pulse position, with respect to the main data channels,
is easily adjusted during the assembly process and is illus-
trated in the assembly procedures.

Definitions

Electrical degrees:
1 shaft rotation = 360 angular degrees
= N electrical cycles

1 cycle = 360 electrical degrees

Position Error:
The angular difference between the actual shaft position and
its position as calculated by counting the encoder’s cycles.

Cycle Error:

Anindication of cycle uniformity. The difference between an
observed shaft angle which gives rise to one electrical cycle,
andthe nominal angular incrementof 1/N of arevolution.

Phase:
The angle between the center of Pulse A and the center of
Pulse B.

Index Phase:
For counter clockwise rotation as illustrated above, the
Index Phase is defined as:

(p1 — p2)

P=—-~

2

¢1istheangle, in electrical degrees, between the falling edge
of | and falling edge of B. ¢2 is the angle, in electrical
degrees, between the rising edge of A and the rising edge
of I.

Index Phase Error:

The Index Phase Error (Ady) describes the change in the
Index Pulse position after assembly with respect to the Aand
B channels over the recommended operating conditions.

1-14




Absolute Maximum Ratings

Parameter | symbol
Storage Temperature: ¢
Operating Temperature
Vibration

Shaft Axial Play
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““Shaft Eccentricity Plus

mited
Radial Play

Siipply Voltage.
Output¥oltage
Output Current
Velogcity
Acceleration

Recommended Operating Conditions

er Symbol J1 / Max.
Temperature l ;
Supply Voltage
Code Wheel Gap Y
Shaft Perpendicularity " 0.25°(10)" c
Plus'Axial Play TIR

jpie < 100mVp~p
Nominal gap =
0.76 mm (.030 in.) when shaft

, _is at minimum gap position.
Shaft Eccentricity Plus 0.04(1.5) | mm (irich/1000) | 10 mm (0.4 inch) from
Radial Play TIR mounting surface.

Load Capacitance 100 pF

Encoding Characteristics

The specifications below apply within the recommended operating conditions and reflect performance at 1000 cycles per
revolution (N = 1000). Some encoding characteristics improve with decreasing cycles (N). Consult Application Note 1011 or
factory for additional details.

Parameter Symbol Min. Typ. Max. Units Notes (See Definitions!

Position Error A0 7 18 Minutes of Arc | 1 Cycle =216 Minutes
See Figure 5.

Cycle Error AC 3 55 Electrical deg.

Max. Count Frequency fmax 130,000 | 200,000 Hertz f = Velocity (RPM} x N/60

Pulse Width Error AP 12 Electrical deg. | T=25°C, f=8KHz
See Note 2

Phase Sensitivity to 227 Elec. deg/mm

Eccentricity (5.81 (Elec. deg./mily | mil=inch/1000

Phase Sensitivity to 20 Elec. deg/mm

Axial Play .5 {Elec. deg./mil) | mil = inch/1000

Logic State Width Error AS 25 Electrical deg. | T=25°C, f=8KHz
See Note 2

Index Pulse Width P 360 Electrical deg. | T=25°C, f=8KHz
See Note 3

Index Phase Error Ady 0 17 Electrical deg. | See Notes 4,5

Index Pulse +165 Electrical deg.

Adjustment Range




Mechanical Characteristics

Parameter Symbol Dimension Tolerance Units Notes
Outline Dimensions See Mech. Dwg.
Code Wheel Available to 4 +.000 mm
Fit the Following Standard .6 -.015
Shaft Diameters 8
3/16 3/8 +.0000 inches
V4 172 ~.0007
5/16  5/8
Moment of inertia J 7.7 (110 x 106 gem?2 {0z-in-s2)
Required Shaft Length 15.9 (0.625) +0.6 (+.024) mm {inches) | See Figure 10,

Shaft at minimum
length position,

Bolt Circle 46.0 (1.811) +0.13 (£.005) | mm (inches) | See Figure 10.
Mounting Screw Size 25x045x5 mm
OR
#2-56 x 3/16 inches
Pan Head

E|€Ctrlca| CharaCtel‘IStICS When operating within the recommen;led operating range.

Electrical Characteristics over Recommended Operating Range (Typical at 25°C).

Parameter Symbol Min. Typ. Max. Units Notes

Supply Current ice 21 40 mA HEDS-6000 (2 Channel)
36 60 HEDS-8010 (3 Channel)

High Level Qutput VOH 24 \ loH = -40uA Max.

Voltage

Low Level Output Vo 0.4 \ loL=382mA

Voltage

Rise Time tr 0.5 1S CuL = 25 pF, R = 11K Pull-up

Fall Time kel 0.2 See Note 6

Cable Capacitance Cco 12 pF/meter Output Lead to Ground

NOTES:

1.

The structural parts of the HEDS-6000 have been successfully tested to 20g. In a high vibration environment use is limited at low
frequencies (high displacement) by cable fatigue and at high frequencies by code wheel resonances. Resonant frequency depends on
code wheel material and number of counts per revolution. For temperatures below -20° C the ribbon cable becomes brittle and sensitive
to displacements. Maximum operating and storage temperature includes the surface area of the encoder mounting. Consult factory for
further information. See Application Note 1011.

In a properly assembled lot 99% of the units, when run-at 25° C and 8 KHz, should exhibit a pulse width error less than 32 electrical
degrees, and a state width error less than 40 electrical degrees. To calculate errors at other speeds and temperatures add the values
specified in Figures 1 or 2 to the typical values specified under encoding characteristics or to the maximum 99% values spectfled in
this note.

. In a properly assembled lot, 99% of the units when run at 25°C and 8 KHz should exhibit an index pulse width greater than 260

electrical degrees and less than 460 electrical degrees. To calculate index pulse widths at other speeds and temperatures add the
values specified in Figures 3 or 4 to the typical 360° pulse width or to the maximum 99% values specified in this note.

. Index phase is adjusted at assembly. Index phase error is the maximum change in index phase expected over the full temperature

range and up to 50 KHz, after assembly adjustment of the index pulse position has been made.

. When the index pulse is centered on the low-low states of channels A and B as shown on page 2, a unique Po can be defined once per

revolution within the recommended operating conditions and up to 25 KHz. Figure 6 shows how Po can be derived from A, B, and |
outputs. The adjustment range indicates how far from the center of the low-low state that the center of the index pulse may be
adjusted.

. The rise time is primarily a function of the RC time constant of RL and CL: A faster rise time can be achieved with' either a lower value of

RL or CL. Care must be observed not to exceed the recommended value of loL under worst case conditions.
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Figure 1. Typical Change in Pulse Width Error or in State
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DASHED LINES REPRESENT AN OPTIONAL INDEX SUMMING CIRCUIT.
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Figure 6. Recommended Interface Circuit
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PINOUT

5] PIN #  FUNCTION
i 1 CHANNEL A
2 Ve - —~—
RS 3 GROUND Fa \
g E 3 N.C. OR GROUND [ A A
5 N.C.OR GROUND 1 B!
9 ~ ~ i
6  GROUND 1] 1 (it
10 by 7 Vee - ¥ v, h
8 . CHANNELB \ ]
BOTTOM VIEW 9 Ve \\ ly
10 CHANNEL | ~d S
MATING CONNECTOR
EMITTER CODE WHEEL ~ PHASE ENCODER MOUNTING
BERG 65-692-:001 OR EQUIVALENT END PLATE ASSEMBLY  PLATE  BODY SURFACE
Figure 7. Connector Specifications Figure 8. HEDS-6000 Series Encoder Kit
SETSCREW 5.0 MIN.
2-56 (0.20)
HOLLOW OVAL
POINT —
18.0
(0.71) BC.
. REY .
46.00
(1.811)
25.4
(1.00)
50.5 15.9+ 0.6
(1.99) O1A- (0.625  0.024)
: 8.48+ 051
(0.334 + 0.020) MILLIMETRE .X £ 0.5 XX  0.10
UNITS mm (INCHES) (INCHES) {.XX £ 0,02 .XXX * 0.005)
Figure 9. Code Wheel Figure 10. Mounting Requirements

Ordering Information

HEDS-6 [ | [ |5
OPTION*! 1]

RESOLUTION [CYCLES PER REVOLUTION} PRODUCT TYPE
D — 192 CPR | ~512CPR 0 ~ 56 mm COMPLETE KIT
E - 200 CPR B — 1000 CPR " | 1 — 56 mm CODE WHEEL
H — 400 CPR ¥~ 1024 CPR 2 — 56 mm ENCODER BODY
A~ 500 CPR 3 — 56 mm EMITTER END PLATE®
NOTE: OTHER RESOLUTIONS AVAILABLE
ON SPECIAL REQUEST
QUTPUTS
SHAFT DIAMCTER 0 — 2 CHANNEL DIGITAL
1 — 3 CHANNEL DIGITAL

05 ~ 3/16 IN.
06 — 1/4 IN.
07 ~ 5/16 IN. MECHANICAL CONFIGURATION
08 — /8 IN.
09 — 1/2 IN. 0 — 0.6 m (24 IN.] CABLE
10 ~ 5/8 IN.
11 ~ 4 mm
12 ~ 6 mm *NO OPTION IS SPECIFIED WHEN ORDERING
13— 8 mm EMITTER END PLATES ONLY.
00 —~ USE WHEN ORDERING

ENCODER BODIES




S haft EﬂCOder Klt ASSGm bly See Application Note 1011 for further discussion.

The following assembly procedure represents a simple and reliable method for prototype encoder assembly. High volume assembly may
suggest modifications to this procedure using custom designed tooling. In certain high volume applications encoder assembly can be
accomplished in less than 30 seconds. Consult factory for further details. Note — the code wheel to phase plate gap should be set between
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0.015 in. and 0.045 in.

WARNING: THE ADHESIVES USED MAY BE HARMFUL. CONSULT THE MANUFACTURER'S RECOMMENDATIONS.

READ THE INSTRUCTIONS TO THE ENb BEFORE STARTING ASSEMBLY.

1.0 SUGGESTED MATERIALS

1.1 Encoder Parts
Encoder Body
Emitter End Plate
Code Wheel

1.2 Assembly Materials
RTV-General Electric 162
-Dow Corning 3145
Acetone’
Mounting Screws (2)

1.3 Assembly Tools

a) Torque limiting screwdriver, 0.5 cm kg. (7.0 in. oz.).

b) Straight edge. Straight within 0.1 mm (0.004 in.)

c) Oscilloscope. (Phase meter may be optionally used for two
channel calibration).
Hub puller. Grip-O-Matic-OTC #1000 2-jaw or equivalent.
Optional tool for removing code wheels.

e) Syringe applicator for RTV.

f) Torque limiting Allen wrench.0.5cmkg (7.0in. 0z.)

0.035 in. hex.

1.4 Suggested Circuits

a) Suggested circuit for index adjustment (HEDS-6010).

d

For optimal index phase adjust encoder position to equalize
T1 and T2 pulse widths.

b) Phase Meter Circuit
Recommended for volume assembly. Please see Appli-
cation Note 1011 for details.

3.0 ENCODER BODY ATTACHMENT

3.1 Place the encoder body on the mounting surface and slowly
rotate the body to spread the adhesive. Align the mounting
screw holes with the holes in the body base.

3.2 Place the two mounting screws into the holding bosses in the
body base, as shown.

3.3 Thread the screws into the mounting holes and tighten both to
0.5 cm kg (7.0 in. 0z.) using the torque limiting screwdriver.
(See notes A and B).

3.4 Itis not necessary to center the encoder body at this time.

Notes:

a) Atthistorquevalue, the encoder body should slide on the mount-
ing surface only with considerable thumb pressure.

b) The torque limiting screwdriver should be periodically calibrated
for proper torque.

2.0 SURFACE PREPARATION

N &

THE ELAPSED TIME BETWEEN THIS STEP AND THE
COMPLETION OF STEP8 SHOULD NOT EXCEED 1/2
HOUR.

2.1 Clean and degrease with acetone the mounting surface and
shaft making sure to keep the acetone away from the motor
bearings.

2.2 Load the syringe with RTV.

2.3 Apply RTV into screw threads on mounting surface. Apply
more RTV on the surface by forming a daisy ring pattern
connecting the screw holes as shown above.

CAUTION: KEEP RTV AWAY FROM THE SHAFT BEARING. I

4.0 APPLICATION OF RTV TO THE HUB

I CAUTION: HANDLE THE CODE WHEEL WITH CARE.

4.1 Make sure that the hex screw onthe hub does notenterinto the
hub bore.

4.2 Apply asmallamount of RTV onto the inner surface of the hub
bore.

4.3 Spread the RTV evenly inside the entire hub bore.

4.4 Holding the code wheel by its hub, slide it down onto the shaft
until the shaft extends at least halfway into the bore.

1-19




5.0

5.1

5.2

53

54

CODE WHEEL POSITIONING

ZZ

Position the Allen torque wrench mto the hex set screw in the
hub, as shown.

Pull the shaft end down to bottom out axial shaft play. Using
the straight edge, push the top of the hub even with the top of
the encoder boc'y. The Allen wrench should be used during
this movement to apply a slight upward force to the hub,
insuring continuous contact between the straight edge and the
hub.

Tighten the hex set screw to approximately 0.5 cm. kg. (7.0in.
oz.) and remove the straight edge.

The code wheel gap may now be visually inspected to check
against gross errors. A nominal gap of 0.8 mm (0.030 in.)
should be maintained.

7.0 PHASE ADJUSTMENT

7.1 The following procedure should be followed when phase
adjusting channels A and B.
7.2 Connect the encoder cable.

7.3 Run the motor. Phase corresponds to motor direction. See
output waveforms and definitions. Using either an oscilloscope
or a phase meter, adjust the encoder for minimum phase error
by sliding the encoder forward or backward on the mounting
surface as shown above. See Application Note 1011 for the
phase meter circuit.

7.4 No stress should be applied to the encoder package until
the RTV cures. Curve time is 2 hours @ 70°C or 24 hours
at room temperature.

Note: After mounting, the encoder should be free from mechanical
forces that could cause a shiftin the encoder’s position relative to its
mounting surface.

6.0

EMITTER END PLATE

6.1

6.2

6.3

Visually check that the wire pins in the encoder body are
straight and straighten if necessary. -

Align the emitter end plate so that the two flanges straddle the
track of the encoder body where the wire pins are located.
Press the end plate until it snaps into place.

Visually check to see if the end plate is properly seated.

8.0 INDEX PULSE ADJUSTMENT(HEDS-6010)

8.1 Some applications require that the index pulse be aligned with

~the main data channels. The index pulse position and the

phase must be adjusted simultaneously. This procedure sets
index phase to zero.

8.2 Connect the encoder cable.
8.3 Runthe motor. Adjust for minimum phase error using an oscil-
loscope or phase meter. (See 7.3).

8.4 Using an oscilloscope and the circuit shown in 1.4, set the
trigger for the falling edge of the P output. Adjust the index
pulse so that T1 and T2 are equal in width. The physical adjust-
ment is a side to side motion as shown by the arrow.

8.5 Recheck the phase adjustment.

8.6 Repeat steps 8.3-8.5 until both phase and index pulse position
are as desired.

8.7 No stress should be applied to the encoder package until
the RTV has cured. Cure time: 2 hours @ 70°C or 24 hours
at room temperature.
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PANEL MOUNT DIGITAL | Heps-7500
'POTENTIOMETER

SERIES

TECHNICAL DATA JAN-JARY 1986

Features

* DESIGNED FOR MANUAL OPERATION
o SMALL SIZE

* RELIABLE OPTICAL TECHNOLOGY

e 256 PULSES PER REVOLUTION STANDARD
Other Resolutions Available

e TTL COMPATIBLE DIGITAL OUTPUT
e SINGLE 5V SUPPLY

e —20° TO +85°C OPERATING RANGE
e 0.1 OZ.-IN. NOMINAL SHAFT TORQUE

Description

The HEDS-7500 series is a family of digital potentiometers
designed for applications where a hand operated panel
mounted encoder is required. The unit outputs two digital
waveforms which are 90 degrees out of phase to provide
resolution and direction information. 256 pulses per revo-
lution is available as a standard resolution. The digital
outputs and the 5 V supply input of the HEDS-7500 are
accessed through color coded wire or through a 10 pin
connector mounted on a 6 inch ribbon cable. Each digital
output is capable of driving two standard TTL loads.

The HEDS-7500 emphasizes reliability by using solid state
LEDs and photodiode detectors. A non-contacting slotted

Outline Drawing

| 153 (6) 309(1.22)
1 13.2 (052} —]
]
89 (0.35)
v
10 POSITION
IDC CONNECTOR

CENTER POLARIZED
OR

4 COLOR CODED

LEADS

=

THREAD 3/8-32
NUT SUPPLIED

TYPICAL DIMENSIONS {N MILLIMETRES AND {INCHES)

ra—12.7 (0.50)—»]

code wheel rotates between the LED and detector to pro-
vide digital pulses without wipers or noise. The
HEDS-7500 is configured to provide standard potentiome-
ter type panel mounting. Additional design information is
available in Application Note 1025.

Applications

The HEDS-7500 series digital potentiometer may be used
in applications where a manually operated knob is
required to convert angular position into digital
information.

.35 +0.000, -0.008 DIA.
{0.260 + 0.000, -0.0003)

<

L——-——;f’;; MAX. DIA.
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~ Absolute Maximum Ratings

Parameter Symbol Min. Max. Units Notes
Storage Temperature Ts ~40 +85 °C
Operating Temperature TA -40 +85 °C
Vibration 20 g 20 Hz ~ 2 kHz
Shock 30 g 11 msec
Supply Voltage Vee -0.5 7 v
Qutput Voltage Vo -0.5 Vee Y
Output Current per Channel lo -1 5 mA
Shaft Load — Radial 1 Ibs.

Axial 1 Ibs.

Recommended Operating Conditions

Parameter Symbol Min. Max. Units Notes

Temperature T -20 85 °C Non-condensing atmosphere
Supply Voltage Vee 45 55 \ Ripple <100 mV,,

Rotation Speed 300 RPM

EleCtrical Chal’aCteI'IStiCS When operating within the recommended operating range.

Electrical Characteristics Over Recommended Operating Range Typical at 25°C.

Parameter Symbol Min. Typ. Max. Units Notes

Supply Current lcc 21 40 mA

High Level Output Voltage VOH 2.4 \ lon = —40 uA Max.
Low Level Output Voltage VoL 0.4 \ loL =3.2 mA

CAUTION: Device not intended for applications where coupling to a motor is required.

WAVEFORMS RECOMMENDED INTERFACE CIRCUIT

CHANNEL A Vee T
0.01 uF

1
) _J._| I L 0
CHA A
1/6 74L814- .
90° + 45° .

CHANNEL B CHB B
J 1 1 1 1/6 74L814

GROUND
B 0 GROUND

CH B LEADS CH A FOR COUNTERCLOCKWISE ROTATION.
CH A LEADS CH B FOR CLOCKWISE ROTATION.

. STANDARD 74 SERIES COULD ALSO BE USED TO IMPLEMENT THIS CIRCUIT.

TERMINATION deri f ' i
Ordering Information
Ribbon Cable Termination Color Coded Wire Termination :
) PINOUT
=0« PIN#  FUNCTION COLOR DESIGNATION
1 CHANNEL A WHITE/BLACK/RED ~ CHANNEL A —
==} 2 Ve WHITE/BLACK/BROWN CHANNEL B Part Number Description
3 GROUND WHITE/RED Vee —
D 4 N.C. OR GROUND BLACK GROUND PPR Termination
5 N.C. OR GROUND .
| 9 &  GROUND . HEDS-7500 256 Wire
10T 7 Vee
8  CHANNELB HEDS-7501 256 Cable
9 Ve
BOTTOM VIEW 0 one
NOTE: REVERSE INSERTION OF THE
CONNECTOR WILL PERMANENTLY
DAMAGE THE DETECTOR IC.
MATING CONNECTOR

BERG 65-692-001 OR EQUIVALENT
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HCTL-1000

(ﬁ HEWLETT GENERAL PURPOSE
/2 PACKARD | |  MOTION CONTROL IC

TECHNICAL DATA JANUARY 1986

Features o
NC* 1 40 E
¢ DC, DC BRUSHLESS AND STEPPER MOTOR avoroee 2 oy e
CONTROL ADy /0B [] 3 g [J ALE
¢ POSITION CONTROL A7/ [ 4 a pRw
AD3/DB3[] 5 36 [ J RESET HOST
e VELOCITY CONTROL e 35 Pl vee PROCESSOR
¢ PROGRAMMABLE VELOCITY PROFILING “"S’ggsg ! o gf_N’g;;“
6
* PROGRAMMABLE DIGITAL FILTER oo a2P1vss
e PROGRAMMABLE COMMUTATOR JSSE 1 :; 32:: HerL »
cc
¢ PROGRAMMABLE PHASE OVERLAP Paosgl 12 2 Pevo
e PROGRAMMABLE PHASE ADVANCE Tl 28 Ipc
omiT (14 27 [IpHB
¢ GENERAL 8 BIT PARALLEL I/0 PORT stop] 15 261 pHia 0
* 8 BIT PARALLEL MOTOR COMMAND PORT = I ] S e
e PWM MOTOR COMMAND PORT weol] 15 23w —@
* QUADRATURE DECODER FOR ENCODER :n";'E ;Z : gxz
SIGNALS
*Should be left floating Figure 1. System Block
e 24 BIT POSITION COUNTER oouT Diagram

e SINGLE 5V POWER SUPPLY

* TTL COMPATIBLE of control systems with a minimum number of components.

e 1 OR2 MHz CLOCK OPERATION All that is needed for a complete servo system is a host
processor to specify commands, an amplifier and motor
Genera‘ Descnpt'on with an incremental encoder. No analog compensation or

velocity feedback is necessary (see Figure 1).
The HCTL-1000 is a high performance, general purpose
motion control IC fabricated in Hewlett-Packard NMOS

technology. It performs all the time-intensive tasks of digital Table Of Contents PAGES

motion control, thereby freeing the host processor for other GENERAL DESCRIPTION ....ovovoveennnn, 1
‘as"?aT“fhs‘mp'e programmabllity of ail contfol parameters  rHEQRY OF OPERATION ..................... 2
provides the user with maximum flexibility and quick design A BSOLUTE MAXIMUM RATINGS .............. 3
. . DC CHARACTERISTICS .....oovvvviinennnnn. 3

Package Dimensions AC CHARACTERISTICS . .....oovovenenannnnns 4
oRIENTATION NOTCE wores. TIMINGDIAGRAMS  .......viiiinninninnnnn. 5

SHAPE MAY VARY 1. EAGH FIN CENTEGLINE 1O B LOGATED FUNCTIONAL PIN DESCRIPTION .............. 9
------ 5 LONGHITUDINAL POSITION, HOW TO OPERATE THE HCTL-1000 .......... 10

— USER ACCESSIBLE REGISTERS ........... 10

s 05600£ 0010 — OPERATINGMODES .........cocvvvvnnnn.. 12
o sEATING AT — COMMUTATOR .......ccovviiiiinninnnn.. 15
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ooz 00m ‘2 — ENCODER INTERFACE .....covvnnennnn... 18

— AMPLIFIER INTERFACE ................... 18
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0.00%

o100 - precautions should be taken 1o avoid static damage.

40-PIN PLASTIC DUAL-IN-LINE PACKAGE
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CIMiT. STOP PROF INIT

T ‘l ______________ 15

POSITION
PROFILE EMERGENCY STATUS
ADo/DBg GENERATOR FLAGS MGo
AD1/DB; MCy
INPUT
AD2/DB2 ‘ COMMAND MC,
AD3/DB3 MOTOR MC3
COMMAND
AD4/DB, PORT MCa
ADs/DBs MCs
1/0 PORT + D(2)
DBg MCe
b DIGITAL )
DBy FILTER My
ALE -
_ } |
cs |
o= pwm [T PULSE
ol FEEDBACK PORT SIGN
R/W
PHA
. —:—» PHB
COMMUTATOR
QUADRATURE PHC
EXTCLK SAMeLE DECODER/
COUNTER PHD
RESET ———» !
|
| -
b e e 4
CHA CHB INDEX

Figure 2. Internal Block Diagram

Introduction

The purpose of this section is to describe the organization
of this data sheet. The front page includes the key features
of the HCTL-1000, a general description of the part, the
mechanical drawing and pin-out, and a Table of Contents.
Following this section is the Theory of Operation, which
gives the user a brief overview of how the HCTL-1000 oper-
ates by -describing the internal block diagram shown in
Figure 2. The following five sections give the specifications
of the HCTL-1000, including Absolute Maximum Ratings,
DC Characteristics, AC Characteristics, Timing Diagrams,
and Functional Pin Descriptions. The final two sections
include the detailed information on how to operate and
interface to the HCTL-1000. The How to Operate section
discusses the function and address of each software regis-
ter, and describes how to use the four position and velocity
control modes and the electronic commutator. The How to
Interface section describes how to interface the HCTL-1000
to a microprocessor, an encoder, and an amplfier.

Theory of Operation

The HCTL-1000 is a general purpose motor controller
which provides position and velocity control for dc, dc
brushless and stepper motors. The internal block diagram
of the HCTL-1000 is shown in Figure 2. The HCTL-1000
receives its input commands from a host processor and
' position feedback from an incremental encoder with quad-
rature output. An 8-bit bidirectional multiplexed address/data
bus interfaces the HCTL-1000 to the host processor. The
encoder feedback is decoded into quadrature counts and a
24-bit counter keeps track of position. The HCTL-1000
executes any one of four control algorithms selected by the
user. The four control modes are:

Position Control

Proportional Velocity Control

Trapezoidal Profile Control for point to point moves
Integral Velocity Control with continuous velocity profiling
using linear acceleration
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The resident Position Profile Generator calculates the neces-
sary profiles for Trapezoidal Profile Control and Integral
Velocity Contol. The HCTL-1000 compares the desired posi-
tion (or velocity) to the actual position (or velocity) to
compute compensated motor commands using a program-
mable digital filter D(z2). The motor command is externally
available at the Motor Command Port as an 8-bit byte and
at the PWM Port as a Pulse Width Modulated (PWM) signal.

The HCTL-1000 has the capability of providing electronic
commutation for dc brushless and stepper motors. Using
the encoder position information, the motor phases are
enabled in the correct sequence. The commutator is fully
programmable to encompass most motor encoder combina-

Absolute Maximum Ratings

Operating Temperature . ......... oo..... 0°Cto 70°C
Storage Temperature ..........ouu. . -40°C to +125°C
SupplyVoltage .......ovvriiininennnnn. -03Vto7V
InputVoltage vooovvv v inn. 03Vto7V
Maximum Power Dissipation ..........c.....,.. 095 W
Maximum Clock Frequency ................... 2 MHz

tions. In addition, phase overlap and phase advance can be
programmed to improve torque ripple and high speed per-
formance. The HCTL-1000 contains a number of flags
including two externally available flags, Profile and Initializa-
tion, which allow the user to see or check the status of_the
controller. It also has two emergency flags, Limit and Stop,
which allow operation of the HCTL-1000 to be interrupted
under emergency conditions.

The HCTL-1000 controller is a digitally sampled data system.
While information from the host processor is accepted
asynchronously with respect to the control functions, the
motor command is computed on a discrete sample time
basis. The sample timer is programmable.

D.C. CharacteristiCs ,=0°c to +70°C; Ve = 5 V + 5%; Vss =0 V

Parameter Symbol Min. Typ. Max. Units Test Conditions
Power Supply Vee 4.75 5.00 5.25 Vv
Supply Current loc 80 180 mA
Input Leakage Current lit 10 pA Vin=525V
Ig:;*;‘gsog;';;‘;m lioh +10 pA Vout =-03 10525V
Input Low Voltage Vip -0.3 08 \Y
Input High Voltage VIH 20 Vee Vv
Output Low Voltage VoL -0.3 0.4 v loL=22mA
Output High Voltage Vo 24 Vg SV lon =-200 A
Power Dissipation Pp 400 950 mw
Ta=25°C, f=1MHz
Input Capacitance Cin 20 pF unmeasured pins
returned to ground
Qutput Capacitance Load Cout 100 pF Same as above
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A.C. Electrical Specifications T, =0 70°c: v = 5.0 v  5%; Units = nsec

Clock Frequency
2 MHz 1 MHz

ID# | Signal Symbol Min. Max. Min. Max.
1 Clock Period toPER 500 1000
2 Pulse Width, Clock High toPWH 230 300
3 Puise Width, Clock Low topwi 200 200
4 Clock Rise and Fall Time ter 50 50
5 Input Pulse Width Reset tirsT 2500 5000
6 Input Pulse Width Stop, Limit tip 600 1100
7 Input Pulse Width Tndex, Index tix 1600 3100
8 Input Pulse Width CHA, CHB tiAB 1600 3100
9 Delay CHA to CHB Transition taB 600 1100
10 Input Rise/Fall Time CHA, CHB, Index tiABR 450 900
11 Input Rise/Fall Time Reset, ALE, CS, OE, Stop, Limit | tig 50 50
12 Input Pulse Width ALE, CS tiew 80 80
13 Delay Time, ALE Fall to CS Fall tAG 50 50
14 | Delay Time, ALE Rise to CS Rise tca 50 50
15 Address Set Up Time Before ALE Rise tASR1 20 20
16 | Address Set Up Time Before CS Fall tASR 20 20
17 Write Data Set Up Time Before CS Rise tpsk 20 20
18 Address/Data Hold Time tH 20 20
19 | SetUp Time, R/W Before CS Rise twes 20 20
20 | Hold Time, R/W After CS Rise twH 20 20
21 Delay Time, Write Cycle, CS Rise to ALE Fall tCSAL 1700 3400
22 | Delay Time, Read/Write, CS Rise to CS Fall toscs 1500 3000
23 | Write Cycle, ALE Fall to ALE Fall twe 1830 3530
24 Delay time, CS Rise to OE Fall tesor 1700 3200
25 Delay Time, OF Fall to Data Bus Valid toEDB 100 100
26 Delay Time, CS Rise to Data Bus Valid tespe 1800 3300
27 | Input Pulse Width OE tiPWOE 100 100
28 | Hold Time, Data Held After OE Rise tDOEH 20 20
29 | Delay Time, Read Cycle, C5 Rise to ALE Fall tCSALR 1820 3320
30 Read Cycle, ALE Fall to ALE Fall tRe 1950 3450
31 gﬁf&g:gls;veigvggs PROF, INIT, Pulse, Sign, tor 500 1000
a2 gg}ggjgeﬁ;ggg‘me, PROF, INIT, Pulse, Sign, toR 20 150 20 150
33 Delay Time, Clock Rise to Output Rise tgp 20 300 20 300
34 | Delay Time, CS Rising to MC Port Valid tesme 1600 3200

1-26




HCTL-1000 1/0 Timing Diagrams
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HCTL-1000 I/0 Timing Diagrams

There are three different timing configurations which can
be used to give the user flexibility to interface the HCTL-

for more details.

I. ALE/CS NON OVERLAPPED

A. Write Cycle

1000 to most microprocesors. See the I/0 interface section
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£
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5 @ 5@
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56

®
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®

VALID ADDRESS

VALID DATA
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HCTL-1000 1/0 Timing Diagrams =
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HCTL-1000 1/0 Timing Diagrams

1il. ALE WITHIN CS'

A. Write Cycle
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Functional Pin Description

INPUT/OUTPUT SIGNALS

Description

?iﬁ Niq:pber

Address/Data bus —_ Low 6 bits of 8 bit IO port whlch are multlplexed between address

| "AD0/DBO —

AD5/DB5 and data,
:D6,D7 ta bus — Upper 2 bits 'of 8 bit /0" porti used for data only. .

INPUT SIGNALS
" « , béscriptlon -
Channel AB — mput pins for position feedback from an mcremental shaft encoder. Two:
channels A and B, 90 degrees out of phase are, requlred
1d Encode lnterface section.
RW
ALE
cs
OE ‘ 40 Output Enable — enables the dala in the internal output Iatch ‘onto the externat data biis to
complete a ‘Réad operation.
Limit 14 Limit Switch — an internal flag which when externally set, triggers an unconditional
branch to the Initialization/Idle mode before the next control sample is executed. Motor
Command is set to zero, Status of the Llrmt Flag is momtored in the Status Register.
Stop 15 Stop Flag — an internal flag that is externally set. When flag is set during Integral Velogity
control mode, the Motor Command is decelerated to a stop.
+Reset 36 Reset — a hard reset of internal circuitry and a branch to Reset mode.
ExtClk 34 sExternal Clock :
Vee 11,35 Voltage Supply — Both Vg¢ pins must be connected to a 5.0 volt supply..
Vss 10,32 Circuit Ground
&NC 1 Not Connected — this pin should be left floating.
OUTPUT SIGNALS
Symbol Pin Number Description
MCQO-MC7 18 -25 Motor Command Port — 8 bit output port which contains the digital motor command
adjusted for easy bipolar DAC interfacing. MC7 is the most significant bit (MSB),
Pulse 16 Pulse — Puise Width Modulated signal whose duty cycle is proportional to the Motor
Command magnitude. The frequency of the signal is External Clock/100 and pulse width is
resolved into 100 external clacks.
Sign 17 Sign -— gives the sign/direction of the pulse signal.
PHA-PHD 26-29 Phase A, B, C, D — phase enable outputs of the commutator.
Prof 12 Profile Flag — status flag which indicates that the controller is executing a profiled posi-
tion move in the Trapezoidal Profile Control Mode.
init 13 Initialization/ldle Flag — status flag which indicates that the controller is in the Initialization/
idle mode.
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How to Operate the HCTL-1000
User Accessible Registers

The HCTL-1000 operation is controlled by a bank of 64 8-bit
registers, 32 of which are user accessible. These registers
contain command and configuration information necessary
to properly run the controller chip. The 32 user accessible
registers are listed in Table |. The register number is also the
address. A functional block diagram of the HCTL-1000
which shows the role of the user accessible registers is also
included in Figure 3. The other 32 registers are used by the
internal CPU as scratch registers and should not be
accessed by the user.

There are several registers which the user must configure to
his application. These configuration registers are discussed
in more detail below.

PROGRAM COUNTER (RO5H)

The program counter, which is a write only register, executes
the preprogrammed functions of the controller. The program
counter is used along with the.control flags FO, F3, and F5
in the Flag Register (ROOH) to change control modes. The
user can write any of the following four commands to the
program counter.

00H — Software Reset

01H — Initialization/Idle mode

02H — Align mode

03H — Control modes; flags FO, F3, and F5 in the Flag
Register (ROOH) specify which control mode will be
executed.

The commands written to the program counter are dis-
cussed in more detail in the section called Operating Modes
and are shown in flowchart form in Figure 4.

FLAG REGISTER (ROOH)

The flag register contains flags FO thru F5. This register is
also a write only register. Each flag is set and cleared by
writing an 8-bit data word to ROOH. The upper four bits are
ignored by the HCTL-1000. The bottom three bits specify
the flag address and the fourth bit specifies whether to set
(bit=1) or clear (bit=0) the addressed flag.

Bit number 7-4 3 2 1 0
Function Don't set/clear] AD2 AD1 ADO
care

FO — Trapezoidal Profile Flag — set by the user to execute
trapezoidal profile control. The flag is reset by the
controller when the move is completed. The status of
FO can be monitored at the Profile pin (12) and in
status register RO7H bit 4.

F1 — Initialization/Idle Flag — set/cleared by the HCTL-
1000 to indicate execution of the Initialization/Idle
mode. The status of F1 can be monitored at the
Initialization/Idle pin (13) and in bit 5 of the Status
register (RO7H). The user should never attempt to set
or clear F1.

F2 — Unipolar flag — set/cleared by the user to specify
bipolar (clear) or unipolar (sett mode for the Motor
Command Port.

F3 — Proportional Velocity Control Flag — set by the user
to specify proportional velocity control.

F4 — Hold Commutator Flag — set/cleared by the user or
automatically by the Align mode. When set, this flag
inhibits the internal commutator counters to aliow
open loop stepping of a motor by using the com-
mutator.

F5 — Integral Velocity Control — set by the user to specify
integral velocity control. '

STATUS REGISTER (RO7H)

The Status Register indicates the status of the HCTL-1000.
Each bit decodes into one signal. All 8 bits are user readable
and are decoded as shown below. Only the lower 4 bits can
be written to by the user to configure the HCTL-1000. To set
or clear any of the lower 4 bits, the user writes an 8-bit word
to RO7H. The upper 4 bits are ignored. Each of the lower 4
bits directly sets/clears the corresponding bit of the status
register as shown below. For example, writing XXXX0101 to
RO7H sets the PWM Sign Reversal Inhibit, sets the Com-
mutator Phase Configuration to “3 Phase”, and sets the
Commutator Count Configuration to “full”.

Status
Bit Function Note
o] PWM Sign Reversal Discussed in Amplifier
Inhibit Interface section
O0=off 1=on under PWM Port.
1 Commutator Phase Discussed in
Configuration Commutator section
0 = 3 phase
1 =4 phase
2 Commutator Count Discussed in
Configuration Commutator section
0 = quadrature
1 = full
3 Should always be set to
0
4 Trapezoidal Profile Discussed in Operating
Flag FO Mode section under
1=1in Profile Controt Trapezoidal Profile
Controf
5 Initialization/idie Discussed in Operating

Flag F11=in ) Mode section under
Initialization/ldle Mode | Initialization/ldle Mode

[ Stop Flag Discussed in
0 = set (Stop triggered) | Emergency Flags
1 = cleared {(no Stop) Section

7 Limit Flag Discussed in
0= set (Limit triggered) | Emergency Flags
1= cleared (no Limit} Section

1-32




TABLE I: REGISTER REFERENCE TABLE
Register | :
(Hex) - Function
ROOH All
ROSH All
RO7ZH Stat(is Register All
RO8H 8 bit Motor Command Port | All ent+80H
ROgH Al ,, ‘ ent - . !
ROCH | Position Control | 2's complement riwi2i
RODH Position Centrol - '2's complement /wi2]
ROEH , and Position Controf 2's'camplement riwi2l
ROFH ‘Sample Timer Al | scalar woo
R12H Actual Position (MSB) «| Position Control 2's complement |3
R13H Actual'Position | Position Control 2's complement ridi/wl4l
RMH i 'Actual Position:LSB) Position Contro 2's complement ri8l
R18H : t All i scalari®} .r/wiBl
R19H All i scalar’ “w
R1AH All scalar!S| 7w,
R1BH All scalarlSl vw'
BACH of Al 2's complement r/wi|
R1FH Maximum Phase Advance All scalarl5] r/wl6!
R20H Filter Zero, A All except &Calar /w
Proportional Velocity
R21H Filter,Pole, B All except scalar r/w
Proportional Velocity
R22H Gain, K All scalar t/'w
R23H Command Velocity (LSB) Proportional Velocity 2's complement riw
R24H Command Velocity (MSB) Proportional Velocity 2's complement /w
R26H Acceleration (LSB) Integral Velocity and scalari5 /w
Trapezoidal Profile
R27H Acceleration (MSB) Integral Velocity and scalarl®] t/w
Trapezoidal Profile
R2gH Maximum Velocity Trapezoidal Profile scalar!5! r/w
R29H Final Position (LSB) Trapezoidal Profile 2's complement ’w
R2AH Final Position Trapezoidal Profile 2's complement r/w
R2BH Final Position (MSB) Trapezoidal Profile 2's complement r’w
R34H Actual Velocity (LSB) Proportional Velocity 2's complement r
R35H Actual Velocity (MSB) Proportional Velocity 2's complement r
A3CH Command Velocity Integral Velocity 2's complement r’w
Notes: 4. Writing to R13H clears Actual Position Counter to zero.

]
=
]
3
w
]
=
=]
=
1=
=

AND CONTROL

1. Upper 4 bits are read only.

2. Writing to ROEH (LSB) latches all 24 bits.
3. Reading R14H (LSB) latches data into R12H and R13H.

5. The scalar data is limited to positive numbers (00H to 7FH).
6. The commutator registers (R18H, R1CH, R1FH) have further limits
which are discussed in the Commutator section of this data sheet.

COMMAND VELOCITY 8BIT PARALLEL
R24H MSB MOTOR COMMAND
R23H LSB N DIGITAL FILTER . l PORT
D (2) = K|(Z—~A/256) 'fr o— RO8H [ MCo-MC7
~ 4l(Z +B/256) | l
R20H A 1 PWM MOTOR —-PULSE
COMMAND POSITION Rai s SAMPLE TIMER COMMAND PORT | —osiGN
ROCH MSB - ROFH ROSH
RODH g T
ROEH LSB |
k3 S |
i COMMUTATOR
-~ ~.
-~ ~ R1BH RING
| - ~< RIAH X
[ = RIBH Y
| ACTUAL VELOCITY ACTUAL POSITION RICH OFFSET |—=PHA-PHD
posrnlon PROFILE GENERATION 233: ey B Riow vErooy
R14H LSB TIMER
INTEGRAL TRAPEZOIDAL
VELOCITY PROFILE
R27H ACCEL MSB | R27H ACCEL MSB
R26H ACCEL LSB | R26H ACCEL LSB QUADRATURE CONFIGURATION
R3CH COMMAND | R28H MAXIMUM DECODER REGISTERS
VELOCITY | - VELOCITY
R2BH FINAL POS. MSB ROOH FLAG REGISTER
R2AH FINAL POS. RO5H PROGRAM COUNTER
R29H FINAL POS. LSB cha  che RO7H STATUS REGISTER

Figure 3. Register Block Diagram
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EMERGENCY FLAGS — STOP AND LIMIT

Stop and Limit Flags are hardware set flags that signify the
occurrence of an emergency condition and cause the con-
troller to immediately take special action.

The Stop Flag affects the HCTL-1000 only in the Integral
Velocity Mode. When the Stop Flag is set, the system will
come to a decelerated stop and stay in this mode with a
command velocity of zero until the Stop Flag is cleared and
a new command velocity is specified.

The Limit Flag, when set in any control mode, causes the
HCTL-1000 to go into the Initialization/Idle Mode, clearing
the Motor Command and causing an immediate motor
shutdown.

Stop and Limit Flags are set by a low level input at their
respective pins (15, 14). The flags can only be cleared when
the input to the corresponding pin goes high, signifying that
the emergency condition has been corrected, AND a write
to the Status Register (RO7H) is executed. That is, after the
emergency pin has been set and cleared, the flag also must
be cleared by writing to RO7H. Any word that is written to
RO7H after the emergency pin is set and cleared will clear
the emergency flag, but the lower 4 bits of that word will
also reconfigure the Status Register.

DIGITAL FILTER (R22H, R20H, R21H)
All control modes use some part of the programmable dig-
ital filter D(z) to compensate for closed loop system stability.
The compensation D(z) has the form:

K (z - A/256)

D) = T 250

where z = the digital domain operator

K = gain (R22H)
A = zero (R20H)
B = pole (R21H)

The compensation is a first order lead filter which in combi-
nation with the sample timer T (ROFH) affects the dynamic
step response and stability of the control system. The
sample timer, T, determines the rate at which the control
algorithm gets executed. All parameters, A, B, K, and T, are
8-bit scalars that can be changed by the user any time.

The digital filter uses previously sampled data to calculate
D(z). This old internally sampled data is cleared when the
Initialization/Idle Mode is executed.

SAMPLE TIMER REGISTER (ROFH)
The contents of this register set the sampling period of the
HCTL-1000. The sampling period is

t=16 (ROFH 1) (1/frequency of the external clock)

The sample timer has a limit on the minimum allowable
sample time depending on the control mode being executed.
The limits are given below:

ROFH Contents

Minimum Limit
Position Control 7
Proportional Velocity Control 7
Trapezoidal Profile Control 15
Integral Velocity Control 15

The maximum value of ROFH is FFH (255 decimal). For
example, with a 2MHz clock, the sample time can vary from
64 pusec to 2048 usec.

Operating Modes

The HCTL-1000 executes any one of 3 set up routines or 4
control modes selected by the user. The 3 set up routines
include:

— Reset

— Initialization/Idle

— Align.

The four control modes available to the user include:

— Position Control

— Proportional Velocity Control
— Trapezoidal Profile Control
— Integral Velocity Control

The HCTL-1000 switches from one mode to another as a
result of one of the following three mechanisms:

1. The user writes to the Program Counter.

2. The user sets/clears flags FO, F3, or F5 by writing to the
Flag Register (ROOH).

3. The controller switches automatically when certain initial
conditions are provided by the user.

This section describes the function of each set up routine
and control mode and the initial conditions which must be
provided by the user to switch from one mode to another.
Figure 4 shows a flowchart of the set up routines and
control modes, and shows the commands required to switch
from one mode to another.
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SET UP ROUTINES

1.

Reset

The Reset mode is entered under all conditions by either
executing a hard reset (Reset Pin goes low) or a soft
reset (write 00H to the Program Counter, RO5H).

When a hard reset is executed, the following conditions
occur:

— All output signal pins are held low except Sign (17),
Databus (2-9), and Motor Command (18-25).

— All flags (FO to F5) are cleared.

— The PWM port (RO9H) is preset to FFH.

— The Motor Command Port (RO8H) is preset to 80H.
— The Commutator logic is cleared.

— The I/O control logic is cleared.

— A soft reset is automatically executed.

When a soft reset is executed, the following conditions
occur:

— The digital filter parameters are preset to

A (R20H) = E5H
B (R21H) = K (R22H) = 40H

— The sample timer (ROFH) is preset to 40H.
— The status register (RO7H) is cleared.

— The Position counters (R12H, R13H and R14H) are
cleared to 0.

From Reset mode, the HCTL-1000 goes automatically
to Initialization/Idle mode.

. Initialization/Idle

The Initialization/ldle mode is entered either automatically
from Reset or by writing 01H to the Program Counter
(RO5H) under any conditions.

In the Initialization/Idle mode, the following conditions
oceur:

— The Initialization/Idle Flag (F1) is set.
— The PWM port (RO9H) is set to 00H.
— The Motor Command port (RO8H) is set to 80H.

— Previously sampled data stored in the digital filter is
cleared.

It is at this point that the user should pre-program all the
necessary registers needed to execute the desired control
mode. The HCTL-1000 stays in this mode (idling) until a
new mode command is given.

RESET PIN WRITE 00H
Low

TO ROSH
RESET
WRITE 02H
TO ROSH INITIALIZATION
WRITE 03H
TO ROSH
ALIGN

WRITE 01H
TO ROSH

SET/CLEAR FO, F3, OR F5*

FO

TRAPEZOIDAL
PROFILE

(CONTROLLER CLEARS |}

FO AT THE END

OF THE MOVE.)

F3

PROPORTIONAL

VELOCITY —
CONTROL

F5
INTEGRAL
VELOCITY —a
CONTROL

POSITION

CONTROL

70,73,75

*Only one flag can be set at a time.

Figure 4. Operating Mode Flowchart
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3. Align 2. Proportional Velocity Control

The Align mode can be entered only from the Initializa-
tion/Idle mode by writing 02H to the Program Counter
(RO5H). This mode automatically aligns multiphase
motors to the Commutator. Align mode is executed only
when using the commutator feature of the HCTL-1000
and before any control modes are used.

The Align mode assumes that, during encoder/motor
assembly, the encoder index pulse has been physically
aligned to the last motor phase, the Commutator
parameters have been correctly preprogrammed (see the
section called The Commutator for details), and a hard
reset has been executed while the motor is stationary.

The Align mode first disables the commutator and with
open loop control enables the first phase (PHA) and then
the last phase (PHC or PHD) to orient the motor on the
last phase torque detent. Each phase is energized for
2048 system sampling periods. For proper operation, the
motor must come to a complete stop during the last
phase enable. Once the last phase torque detent is
found, the Commutator is enabled and commutation is
closed loop.

The HCTL-1000 then switches automatically from Align
to the Control Modes.

CONTROL MODES

Control flags FO, F3, and F5 in the Flag Register (ROOH)
determine which control mode is executed. Only one control
flag can be set at a time. After one of these control flags is
set, the control modes are entered either automatically from
Align or from the Initialization/Idle mode by writing 03H to
the Program Counter (RO5H).

1. Position Control
FO, F3, F5 cleared

Position Control performs point to point position moves 3.

with no velocity profiling. The user specifies a 24-bit
position command, which the controller compares to the
24-bit actual position. The position error is calculated,
the full digital lead compensation is applied and the
motor command is output.

The controller will remain position locked at a destination
until a new position command is given.

The actual and command position data is 24-bit two's
complement data stored in six 8-bit registers. Position is
measured in encoder quadrature counts.

The command position resides in ROCH (MSB), RODH,
ROEH (LSB). Writing to ROEH latches all 24-bits at once
for the control algorithm. Therefore, the command posi-
tion is written in the sequence ROCH, RODH and ROEH.
The command registers can be read in any desired order.

The actual position resides in R12H (MSB), R13H, and
R14H (LSB). Reading R14H latches the upper two bytes
into an internal buffer. Therefore, actual position registers
are read in the order of R14H, R13H, and R12H for
correct instantaneous position data. The position registers
cannot be written to, but they can all be cleared to 0 by a
write to R13H.

F3 set

Proportional Velocity Control performs control of motor
speed using only the gain factor, K, for compensation.
The dynamic pole and zero lead compensation are not
used.

The algorithm takes a user command velocity, calculates
the actual velocity, and computes the velocity error. The
velocity error is multiplied by K/4 and output as motor
command.

The command and actual velocity are 16-bit two’s com-
plement words. The units of velocity are encoder quadra-
ture counts/sample time. In addition, the command
velocity is internally divided by 16 to produce fractional
resolution. The 16-bit command is interpreted as 12-bits
of integer and 4-bits of fraction.

R24H R23H
e HIIL.FFFF

COMMAND VELOCITY FORMAT

The command velocity resides in unlatched R24H (MSB)
and R23H (LSB). The registers can be read or written to
in any order.

The actual velocity is computed only in this algorithm
and stored in scratch registers R35H (MSB) and R34H
(LSB). There is no fractional component in the actual
velocity registers and they can be read in any order.

The controller tracks the command velocity continuously
until new mode command is given. The system behavior
after a new velocity command is governed only by the
system dynamics, until a steady state velocity is reached.

Integral Velocity Control
F5 set

Integral Velocity Control performs continuous velocity
profiling which is specified by a command velocity and
command acceleration. Figure 5 shows the capability of
this control algorithm.

The user can change velocity and acceleration any time
to continuously profile velocity in time. Once the specified
velocity is reached, the HCTL-1000 will maintain that
velocity until a new command is specified. Changes
between actual velocities occur at the presently specified
linear acceleration.

The command velocity is an 8-bit two’s complement
word stored in R3CH. The units of velocity are quadrature
counts/sample time.

While the overall range of the velocity command is 8-bits,
two’s complement, the difference between any two
sequential commands cannot be greater than 7-bits in
magnitude (i.e., 127 decimal). For example, when the
HCTL-1000 is executing a command velocity of 40H
(+64D), the next velocity command must fall in the range
of 7FH (+127D), the maximum command range, to C1H
(-63D).
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2
> @O
O) CVEL2

CVEL1 A2
VELOCITY

(M A3

FO SET A3
CVEL3

CVEL = COMMAND VELOCITY R3CH T_
A = ACCELERATION R26H, R27H STOP TRIGGER

@ USER CHANGES ACCELERATION COMMAND
@ USER CHANGES VELOCITY COMMAND
Figure 5. Integral Velocity Mode

The command acceleration is a 16-bit scalar word stored
in R27H and R26H. The upper byte (R27H) is the integer
part and the lower byte (R26H) is the fractional part
provided for resolution. The integer part has a range of
00H to 7FH. The contents of R26H are internally divided
by 256 to produce the fractional resolution.

R27H R26H
onin FFFFFFFF/256

COMMAND ACCELERATION FORMAT

The units of acceleration are quadrature counts/sample
time squared.

Internally, the controller performs velocity profiling
through position control. From the user specified com-
mand velocity and acceleration, the controller internally
generates position profiles. In control theory terms,
integral compensation has been added and therefore,
this system has zero steady state velocity error.

The advantage that this mode has over Proportional
Velocity modes is that the system has zero steady state
velocity error. However, the drawback which comes along
with this advantage is that loop stability compensation is
more difficult to achieve. In the Integral Velocity Mode,
the system is actually a position control system and
therefore the complete dynamic compensation D(z) is
used in this control mode.

If the external STOP flag F6 is set during this mode
signaling an emergency situation, the controller automati-
cally decelerates to zero velocity at the presently specified
acceleration factor and stays in this condition until the
flag is cleared. The user then can specify new velocity
profiling data.

4. Trapezoidal Profile Control

FO set

Trapezoidal Profile Control performs point to point posi-
tion moves and profiles the velocity trajectory to a
trapezoid or triangle. The user specifies only the desired
final position, acceleration and maximum velocity. The
controller computes the necessary profile to conform to
the command data. If maximum velocity is reached before
the distance halfway point, the profile will be trapezoidal,
otherwise the profile will be triangular. Figure 6 shows
the possible trajectories with Trapezoidal Profile control.

The command data for this control mode is a 24-bit
two’s complement final position written to R2BH (MSB),
R2AH, and R29H (LSB). The acceleration resides in R27H
(MSB) and R26H (LSB). It is the same integer and fraction

A

MAXIMUM VELOCITY

VELOCITY FO SET
BY USER

FO CLEARED BY
HCTL-1000

TRAPEZOIDAL
——— MAXIMUM VELOCITY

VELOCITY
FoSeT ACCEL

BY USER

ACCEL  £gcLEARED BY
HCTL—1000

1/ WAY TO
FINAL POSITION
.

TRIANGULAR FINAL POSITION

Figure 6. Trapezoidal Profile Mode

format as discussed under Integral Velocity Control. The
maximum velocity is a 7-bit scalar (range is 00H to 7FH)
written to R28H with units of quadrature counts/sample.
The command data registers can be written/read in any
order.

Once desired data is entered, flag FO is set in the Flag
Register (ROOH) to commence motion (if already in Posi-
tion Control. When the Trapezoidal Profile move is
finished, the controller clears FO and Position Control
locks on the final position. The status of the Profile flag
can be monitored in the Status Register (RO7H) and at
the external Profile pin. During Trapezoidal Profile move
no new command data should be sent to the controller.

The internal profile generator produces a position profile
using the present command position (ROCH-ROEH) as
the starting point and the final position (R29H-R2BH) as
the end point. The controller actually performs position
control while the profile generator loads profile data into
the Command Position registers. The full digital filter is
applied for compensation.

Commutator

The commutator is a digital state machine that is configured
by the user to properly select the phase sequence for
electronic commutation of multiphase motors. The Com-
mutator is designed to work with 2, 3, and 4 phase motors
of various winding configurations and with various encoder
counts.

Besides the correct phase enable sequence, the Commutator
provides programmable phase overlap and phase advance.
Phase overlap is used for better torque ripple control. It can
also be used to generate unique state sequences which can
be further decoded externally to drive more complex ampli-
fiers and motors.

Phase advance allows the user to compensate for the fre-
quency characteristics of the motor/amplifier combination.
By advancing the phase enable command (in position), the
delay in reaction of the motor/amplifier combination can be
offset and higher performance can be achieved.

The ouput of the Commutator is on PHA (26) to PHD
(29). The inputs to the Commutator are the three encoder
signals, Channel A, Channel B, and Index, and the con-
figuration data stored in registers.

The Commutator uses both channels and the index pulse of
an incremental encoder. The index pulse of the encoder
must be physically aligned to a known torque curve location
because it is used as the reference point of the rotor
position with respect to the Commutator phase enables.
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The index pulse should be permanently aligned during
motor encoder assembly to the last motor phase. This is
done by energizing the last phase of the motor during
assembly and permanently attaching the encoder codewheel
to the motor shaft such that the index pulse is active. Fine
tuning of alignment for commutation purposes is done
electronically by the Offset Register (R1CH) once the com-
plete control system is set up.

1. Commutator Configuration Registers

The Commutator is programmed by the data in the
following registers. Figure 7 shows an example of the
relationship between all the parameters.

Status Register (RO7H)

Bit#1 — 0 = 3 phase configuration, PHA, PHB, and
PHC are active outputs.
1 = 4 phase configuration, PHA - PHD are
active outputs.

Bit#2 — 0 = rotor position measured in quadrature
counts.
1 = rotor position measured in full counts.

RING REGISTER (R18H)

The ring register is scalar and determines the length of the
electrical cycle measured in full or quadrature counts as set
by bit #1 in RO7H. The magnitude of Ring is limited to 7FH.

X REGISTER (R1AH)
Scalar data which sets the interval during which a phase is
the only one active.

Y REGISTER (R1BH)
Scalar data which sets the interval during which two
sequential phases are both active. Y is phase overlap.

X and Y must be such that:
X + Y = Ring/# of phases)

These three parameters define the basic electrical com-
mutation cycle.

OFFSET REGISTER (R1CH)

The offset is two’s complement data which determines the
relative start of the electrical cycle with respect to the index
pulse. Since the index pulse must be physically referenced
to the rotor, offset performs fine alignment between the
electrical and mechanical torque cycles.

PHASE ADVANCE REGISTERS (R19H, R1FH)

The phase advance feature performs the function of linearly
incrementing the phase advance according to measured
speed of rotation up to a set maximum.

VELOCITY TIMER REGISTER (R19H)

This register contains scalar data which determines the
amount of phase advance at a given velocity. The phase
advance is interpreted in the units set for the Ring counter
by bit #1 in RO7H. The velocity is measured in revolutions/
second.

Advance = NvAt
16 (R19H+1)
f external clk

N = encoder counts/revolution
v = velocity (revolutions/second)

where At =

3PHASE ENCODER: 90 COUNTS/REVOLUTION
FULL COUNTS
RING:
INDEX PULSE

CASE 11 213 | 4 | occursaT

X 3| 2| 2 | 2 | THEORIGIN

Y o | 1] 1| 1

OFFSET 0| o] 2| 2

ADVANCE 0] o] o | 1

ENABLE

252627;23293001 2!3 4 5!6 7 819101

PHA @ X
PHB [ X l

COUNTS

PHC

RING

[T x Tv]
PHB

[¥] x Tv [¥I x Jv
PHC i :
| L RiNG
| ! |
® vl x |v] v[ x [v]
PHA
v] x |v
PHB
OFFSET.—\
e [¥] x !Y v[ x |v]

i
I
® |v| x |v
PHA
PHB [l x v

Y| x |v|
|

OFFsET—" % ADVANCE

x|y
PHC

Figure 7. Commutator Configuration

MAXIMUM ADVANCE REGISTER (R1FH)
The scalar data sets the upper limit for phase advance
regardless of rotor speed.

Figure 8 shows the relationship between the phase advance
registers. Note: If the phase advance feature is not used, set
both R19H and R1FH to 0.

A
ADVANCE
(COUNTS)

MAX
ADVANCE [

SLOPE = NAt

VELOCITY
- (REVOLUTIONS/
SECOND)

Figure 8. Phase Advance vs. Motor Velocity.
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COMMUTATOR CONSTRAINTS )
There are several numerical constraints the user should be
aware of to use the Commutator.

The parameters of Ring, X, Y, and Max Advance must be
positive numbers (00H to 7FH). Additionally, the following
equation must be satisfied:

80H < gRing + Offset £ Max Advance < 7FH (1)

In order to utilize the greatest flexibility of the Commutator,

it must be realized that the Commutator works on a circular

ring counter principle, whose range is defined by the Ring

Register (R18H). This means that for a ring of 96 counts and

a needed offset of 10D, numerically the Offset Register can

be programmed as OAH (10D) or DOH (-80D), the latter

satisfying Equation 1.

Example: Suppose you want to commutate a 3 phase 15

deg/step Variable Reluctance Motor attached to a 192 count

encoder.

1. Select 3 phase and quadrature mode for commutator by
writing 0 to RO7H.

2. With a 3 phase 15 degree/step Variable Reluctance Motor

the torque cycle repeats every 45 degrees or 360 deg/45
deg/revolution.

(4) (192) counts/revolution
8/revolution

3. Ring Register

96 quadrature counts

4. By measuring the motor torque curve in both directions,
it is determined that an offset of 3 degrees, and a phase
overlap of 2 degrees is needed.

(4) (192)
360°

To numerically satisfy the commutator write A6H
(-90D) to Offset Register (R1CH).

Offset = 3° = 6 quadrature counts

= overlap = (2°) (4) (192) ~4
y P 360°
xty _
3 96
Therefore, x = 28
y=4

For the purposes of this example, the Velocity Timer and
Maximum Advance are set to 0.

How to Interface to the
HCTL-1000

1/0 INTERFACE

The HCTL-1000 looks to the user like a bank of 8-bit
registers which the user can read/write. The data in these
registers control the operation of the HCTL-1000. The user
communicates with these registers over an 8-bit address/
data multiplexed bidirectional bus. The four I/O control
lines, ALE, CS, OE and R/W, execute the data transfers.

There are three different timing configurations which can be
used to give the user greater flexibility to interface the
HCTL-1000 to most microprocessors (see Timing diagrams).
They are differentiated from one another by the arrangement
of the ALE signal with respect to the CS signal. The three
timing configurations are listed below.

1. ALE, CS non-overlapped

2. ALE, CS overlapped

3. ALE within CS

Any I/0 operation starts by asserting the ALE signal which
starts sampling the external bus into an internal address

latch. Rising ALE or falling CS during ALE stops the
sampling into the address latch.

CS low after rising_ALE samples the external bus into the
data latch. Rising CS stops the sampling into the data latch,
and starts the internal synchronous process.

In the case of a write, the data in the data latch is written
into the addressed location. In the case of a read, the
addressed location is written into an internal output latch.
OE low enables the internal output latch onto the external
bus. The OE signal and the internal output latch allow the
1/0 port to be flexible and avoid bus conflicts during read
operations.

The I/0 Port is designed to work with most microprocessor
systems and is easily fitted in as part of addressable RAM.

ADDRESS RIW
6 LATCH STROBES
EXTERNAL BUS ———54 =
8 8
7 |.D/:\AT1;:A1-| INTERNAL BUS
8
8 QUTPUT
7 LATCH
ALE
cs 1/0
RIW — CONTROL
OE

Figure 9. 1/0 Port Block Diagram
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ENCODER INTERFACE

The HCTL-1000 accepts TTL compatible outputs from 2 or
3 channel incremental shaft encoders such as the HEDS-
5000 and 6000 series. Channels A and B are internally
decoded into quadrature counts which increment or decre-
ment the 24-bit position counter. For example, a 500 count
encoder is decoded into 2000 quadrature counts per revolu-
tion. The position counter will be incremented when Chan-
nel B leads Channel A. The Ihdex channel is used only for
the Commutator and its function is to serve as a reference
point for the internal Ring Counter.

The inputs to the quadrature decoder from Channel A and
B, have a 3-bit state delay filter to filter out unwanted noise
spikes on the encoder input lines. Any transition on the input
pins must be stable during 3 consecutive external clock
edges before it is qualified internally as a legitimate transi-
tion. This 3-bit state delay filter, together with the quadrature
decoder, impose a limit on the encoder frequency.

The AC specifications give the delay requirements between
encoder signal edges. When calculating the encoder fre-
quency limit, the user must take into consideration the
external clock frequency and the encoder state width error.

The index signal of an encoder is used in conjunction with
the Commutator. It resets the internal ring counter which
keeps track of the rotor position so that no cumulative
errors are generated.

The Index pin of the HCTL-1000 also has a 3-bit filter on its
input. The Index pin is active low and level transition sensi-
tive. It detects a valid high to low transition and qualifies the
low input level through the 3-bit filter. At this point, the
Index signal is internally detected by the commutator logic.
This type of configuration allows an Index or Index signal to
be used to generate the reference mark for commutator
operation as long as the AC specifications for the Index
signal-are met.

AMPLIFIER INTERFACE

The HCTL-1000 outputs a motor command in two forms: an
8-bit Motor Command which can be connected to a DAC to
drive a linear amplifier and PULSE and SIGN output to drive
a PWM amplifier.

All control algorithms internally compute an error between
the desired command and actual feedback which is
processed through the digital filter. The result is an internal
8-bit 2's complement motor command. Before the internal
motor command is made externally available, it is addi-

tionally adjusted for different output formats and ease of
interfacing to external hardware. The sections below discuss
the externally available amplifier interfaces and their formats.
Tables Il and 11l summarize the amplifier interface outputs.

8-Bit Parallel Motor Command Port

The 8-bit Motor Command Port consists of register RO8H
whose data goes directly to external pins MC0-MC7. MC7 is
the most significant bit. RO8H can be read and written to,
however, it should be written to only during Initialization/Idle
mode. During any of the four Control Modes, the controller
writes the motor command into RO8H.

The Motor Command Port is the ideal interface to an 8-bit
DAC, configured for bipolar output. The data written to the
8-bit Motor Command Port by the control algorithms is the
internally computed 2's complement motor command with
an 80H offset added. This allows direct interfacing to a DAC.
Figure 10 shows a typical DAC interface .to the HCTL-1000.
An inexpensive DAC, such as MC1408 or equivalent, has its
digital inputs directly connected to the Motor Command
Port. The DAC produces an output current which is con-
verted to a voltage by an operational amplifier. Rg and Rg
control the analog offset and gain. The circuit is easily
adjusted for +5V to -5V operation by first writing 80H to
RO8H and adjusting Rg for OV output. Then FFH is written to
RO8H and Rg is adjusted until the output is 5V. Note that
00H in RO8H corresponds to =5V out.

The above interface is suitable to drive linear amplifiers and
DC motors because of the bipolar output. When using
commutated motors, the direction of rotation of the motor is
governed by the order of firing the motor phases which is
under commutator control. In this case, it is desirable to
have the Motor Command be unipolar to specify magnitude
only, not direction. The HCTL-1000 has the feature of digi-
tally configuring the 8-bit Motor Command Port into unipolar
mode. Flag F2 in the Flag Register ROOH controls this
function.

F2 clear — Bipolar mode
F2set — Unipolar mode

This mode functions such that, with the same circuit in
Figure 10 (or any DAC configured for similar bipolar opera-
tion) setting F2 will cause the DAC to output from 0V to 5V
only and to digital data on pins MCO to MC7 to be restricted
in the control modes from 80H to FFH. Internally the com-
mutator keeps track of the sign of the motor command for
proper commutation of the motor.

seak | L 5V 45V
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Vref- GND 1K 4{
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10 14
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MCs 21 9 As 464K 50 K
. MC1408
HeTL-1000 | “f2 8], 1K
mes |22 7} nq
mee b2 &l =
4
mc, P2 Ha lo +y
comp Vee LF356 6 Vout

1G| 3
75 pf

-12Vv
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Figure 10. Linear Amplifier Interface
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Internally, the HCTL-1000 operates on data of 24, 16 and
8-bit lengths to produce the 8-bit motor command, available
externally. Many times the computed motor command will
be greater than 8-bits. At this point, the motor command is
saturated by the controller. The saturated value output by
the controller is not the full scale value 00H, or FFH. The
saturated value is adjusted to OFH (negative saturation) and
FOH (positive saturation). Saturation levels for the Motor
Command Port are also included in Table II.

PWM Port

The PWM port outputs the motor command as a pulse
width modulated signal with the correct sign of polarity. The
PWM Port consists of the Pulse and Sign pins (pins 16 and
17) and RO9H.

The PWM signal at the Pulse pin has a frequency of
External Clock/100 and the duty cycle is resolved into the
100 clocks.

The Sign pin gives the polarity of the command. Low output
on Sign pin is positive polarity.

The 2's complement contents of RO9H determine the duty
cycle and polarity of the PWM command. For example, D8H
(-40D) gives a 40% duty cycle signal at the Pulse pin and
forces the Sign pin high. Data outside the 64H (+100D) to
9CH (-100D) linear range gives 100% duty cycle. RO9H can
be read and written to. However, the user should only write
to RO9H when the controller is in the Initialization/Idle
mode. Table Il gives the PWM output vs the internal motor
command.

When any Control Mode is being executed, the unadjusted
internal 2's complement motor command is written to RO9H.
Because of the hardware limit on the linear range (64H to
9CH; £100D), the PWM port saturates sooner than the 8-bit
Motor Command Port (00H to FFH; +127D to —128D). When
the internal Motor Command saturates above 8 bits, the
PWM Port is saturated to the full £100% duty cycle level.
Table Il gives the actual values inside the PWM port. Note
that the unipolar Flag, F2, does not affect the PWM port.

TABLE Il. MOTOR COMMAND PORT OUTPUTS
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Motor Command Port
RO8H, MCO0-MC7 DAC Output
Functional Condition Internal Motor Command Bipolar Unipolar Biploar Unipolar
During Control Modés 2's Complement F2=0 F2=1 F2=0 F2=1
Minimum Motor Command 80H 00H FFH -50V 50V
Negative Internal Motor
Command Saturation < 80H OFH FOH -44V 44V
Zero Motor Command 00H 80H 80H oV oV
Position Internal Motor
Command Saturation >7FH FOH FOH 44V 44V
Maximum Motor Command 7FH FFH FFH 50V 50V
TABLE Ill. PWM PORT OUTPUTS
Functional Condition Internal PWM Port
During Control Modes Motor Command ROSH Pulse Duty Cycle Sign
Minimum Motor Command 80H 80H 100% High
Negative Internal Motor Command Saturation < 80H 8FH 100% High
Minimum PWM Linear Range 9CH 9CH 100% High
Zero Motor Command 00H 0oH 0% Low
Positive Internal Motor Command Saturation >7FH 70H 100% Low
Maximum PWM Linear Range 64H 64H 100% Low
Maximum Motor Command 7FH 7FH 100% Low
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The PWM port has an option that can be used with H bridge
type amplifiers. The option is Sign Reversal Inhibit, which
inhibits the Pulse output for one PWM period after a sign
polarity reversal. This allows one pair of transistors to turn
off before others are turned on and thereby avoids a short
across the power supply. Bit 0 in the Status Register (RO7H)
controls the sign reversal inhibit option. Figure 11 shows the
output of the PWM port when Bit 0 is set.

Figure 12 shows an example of how to interface the HCTL-
1000 to an H bridge amplifier (amplifier schematic is simpli-
fied). An H bridge amplifier works such that either Q1 and Q4
conduct or Q2 and Q3 conduct. This allows for bipolar
motor operation with a unipolar power supply. The Sign
Reversal Inhibit feature prevents all transistors from being
on at the same time when the direction of motion is reversed.

SIGN

PULSE

TIME

Figure 11. Sign Reversal Inhibit
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SIGN —

Figure 12. H-Bridge Amplifier Interface
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Features

e FULL FUNCTION IN A SPACE SAVING
PACKAGE

e SUBSTANTIALLY REDUCED SYSTEM
SOFTWARE

e FULL 4X DECODE

e HIGH NOISE IMMUNITY:
SCHMITT TRIGGER INPUTS
DIGITAL NOISE FILTER

e 8 BIT TRISTATE INTERFACE

e 12 BIT BINARY UP/DOWN COUNTER TO
BUFFER THE CONTROL PROCESSOR

e 12 BIT LATCH AND INHIBIT LOGIC PROVIDE A
STABLE, 2 BYTE READ OPERATION

e 8 AND 12 BIT OPERATING MODES

Description

The HCTL-2000 is an HCMOS IC that performs the quad-
rature decoder, counter, and bus interface function. The
HCTL-2000 is designed to improve system performance in
digital closed loop motion control systems and digital data
input systems. It does this by shifting time intensive quad-
rature decoder functions to a cost effective hardware solution.
The HCTL-2000 consists of a 4x quadrature decoder, 12 bit
binary up/down state counter, and 8 bit bus interface. The
use of Schmitt triggered CMOS inputs and a 3 bit state
delay filter allows reliable operation in noisy environments.
The HCTL-2000 provides LSTTL compatible tri-state out-
put buffers. Operation is specified for a temperature range
from -40 to +85° C at clock frequencies up to 3.9 mHz.

Package Dimensions
R
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Applications

¢ INTERFACE QUADRATURE INCREMENTAL
ENCODERS TO MICROPROCESSORS

¢ INTERFACE DIGITAL POTENTIOMETERS TO
DIGITAL DATA INPUT BUSSES

Table of Contents
e OPERATING CHARACTERISTICS ............. 2
e FUNCTIONAL PIN DESCRIPTIONS ........... 3
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e FILTER OPTIMIZATION ....................... 9
e INTERFACING ......................iill AL
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— TO MOTOROLA6801 ..................... 12
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ESD WARNING: HCTL-2000 is implemented in a standard
HCMOS process with diode protection of all I/0 pads.
Standard precautions for handling HCMOS devices
should be observed.
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Operating Characteristics

Table 1. Absolute Maximum Ratings (all voltages below are referenced to Vgg)

Parameter Symbol Limits Units
DC Supply Voltage Vdg ~0.3 to +7 v
Input Voltage Vin ~0.3 {0 Vg4q 0.3 v
Storage Temperature Ts -40 to +125 °C
Operating Temperature Tl ~40 to +85 °C
Table 2. Recommended Operating Conditions
Parameter Symbol Limits Units
DC Supply Voltage Vdd +3to+6 \
Ambient Temperature TaY -40 to +85 °C
Table 3. DC Characteristics Vgq = 5V + 5%; Ta = —40 to +85°C
Symbol Parameter Condition Min. Typ. Max. Unit
vyt2l Low-Level 1.5 v
Input Voltage
Vint2l High-Level 35 v
’ Input Voltage
Vg 12 Schmitt-Trigger 3.0 4.0 v
Positive-Going
Threshold
V12 Schmitt-Trigger 1.0 15 Y
: Negative-Going
Threshold
Vi Schmitt-Trigger 10 1.5 Vv
Hysteresis
lin Input Current Vin = Vga -10 1 +10 uA
Vin = Vgs -10 1 +10 A
Von!?! High-Level loh = ~1.6BMA 2.4 45 v
Output Voltage
Vot Low-Level lop = +1.6mA 0.2 0.4 \%
Output Voltage
loz High-Z Output Vo = Vgg Or Vg -10 1 +10 pA
Leakage Current
l4a Quiescent Supply Vi = Vgs OF V4g 60 nA
Current Vg =HiZ
Cin Input Any toputt3! 5 pF
Capacitance
Cout Output Capacitance Any Output!d] 7 pF
NOTES:
1. Free Air.

2. In general, for any V4q between the allowable limits (+3V to +6V), Vj; = 0.3Vq4q and Vi, = 0.7Vyq; Vit and Vi vary as Fig 1; Vo = Vgq —

0.5V and Vg = Vgg + 0.2V @ (%) 1.6 ma respectively.
3. Excluding package capacitance.
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Figure 1. Typical Schmitt Trigger Input Threshholds

Functional Pin Descriptions

Table 4. Functional Pin Descriptions

Symbol Pin Description

Vdd 16 Power Supply

Vss 8 Ground

CLK The rising edge of this Schmitt trigger input controls the sampling of the CHA and CHB
inputs, and the clocking of the input of the noise filters, decoder, counter and internal
data latch, The falling edge of the CLK input controls the sampling of the OE and SEL
inputs to control the inhibit logic.

CHA 6 CHA and CHB are Schmitt trigger inputs which accept the output from a quadrature

cHB 7 encoded source, such as an incremental optical shaft encoder. The 4x decoding into
states produces count and direction information where the number of states is 4 times the
number of pulses on CHA or CHB (See Figure 8). Non-ideal state width affects the rela-
tionship between the clack frequency and the maximum encoder line frequency: See
“Digital Filter" and “Quadrature Decoder” section.

RST 5 This active low Schmitt trigger input clears the internal 12 bit up/down position counter
and the position latch. It also resets the inhibit logic. RST is asynchronous with respect to|
any other input signals. RST does not clear the input filter state machine nor the decoder
state machine.

OE 4 This HCMOS active low input directly controls the tri-state output buffers. In addition,
the OE and SEL inputs are sampled by the internal inhibit logic on the falling edge of
the clock to control the_l_o_ading of the internal position data latch. The above operation
constrains the timing of OE and SEL to be synchronous with the falling clock edge during
two byte read operations. See “Inhibit Logic".

SEL 3 This HCMOS input directly controls which data byte from the position latch is enabled
into the 8 bit tri-state output buffer. As in OE above, SEL also controls the internal inhibit
logic.

SEL BYTE SELECTED
0 high
1 low

Do 1 These LSTTL compatible tri-state outputs form an 8 bit output port through which the

DA 15 contents of the 12 bit position latch may be read in 2 sequential bytes. Inhibit jogic dis-
ables the position data latch inputs at the start of the read operation to hold the data

b2 14 stable throughout the 2 byte read operation. Once commenced, this sequence must be

D3 13 completed, or RST must be used to reset the inhibit logic, with resulting data loss. The

D4 12 high byte, containing bits 8-11, is read first. The most significant 4 bits of this byte are set

D5 o to 0 internally. The lower byte, bits 0-7, is read second.

Dé 10

D7 9
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Switching Characteristics

Table 5. Switching Characteristics Min/Max specifications at Vgq = 5.0 = 5%, T = —40 to +85°C; Typicals are
representative of Vgq = 5.0V, Tgase = 25°C

Symbol Description Min V| Typ.2l | Max.!Ul] Units
Tolk Rising edge to rising edge of clock period 255 136 — ns
Tehh Minjmum clock high hold time 125 70 — ns
3 | Tgld Delay from rising edge of clock to valid, — 126 230 ns
updated count information on D0-7
Tode!S) | OE to valid data on D0-7 — 47 86 ns
Todz OE delay to Hi-Z state on DO-7 o 30 55 ns
6 | Tgqyll SEL valid to stable, selected data byte, - 71 129 ns
delay to High Byte=delay to Low Byte
7 Teih Minimum clock fow hold time 35 20 e ns
8 | Tesl® SEL setup time prior to falling clock edge 36 20 — ns
9 | Tusl®! OE setup time prior to falling clock edge 31 17 - ns
10 | Tgp!® Hold time of SEL after falling clock edge 0 - — ns
11 | Ton'®l Hold time of OE after falling clock edge 0 e — ns
12 | Tyst RST active low hold time 50 27 — ns
18 | Tded Qutput Delay Time: Last Position Count Stable 5 36 —_ ns
on DO-7 after Rising Clock Edge. .
14 | Tdsd Qutput Delay Time: Last Data Byte Stable after 4 31 — ns
next SEL state change.
15 | Tdog Output Delay Time: Data Byte Stable after OE 3 25 e ns
Rising Edge

NOTES: : .

-

oms v

. All times specified from valid logic level to valid logic level of relevant I/O pins. Conformance to these limits is necesary to insure proper

operation over Ty = -40 to +85°C.

Typical times are for reference only.

Tcq specification and waveform assume valid stable SEL and OE from T = —

Tsdy specification and waveform assume data stable and valid on internal multiplexer inputs prior to the SEL transition.

Tode Specification and waveform assume data stable on buffer inputs.

Tss» Tos:» Tsh, Ton ONly pertain to proper operation of the inhibit logic. In other cases, such as 8 bit read operations, these setup
and hold times do not need to be observed.

Figure 2. Reset Waveform
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Operation

A detailed block diagram of the HCTL-2000 is shown in
Figure 6. The operation of each major function is described
in the following sections.

H | OCTAL

| CHANNEL 128IT 12BIT 2BIT

H ot A BINARY CTR LATCH MUX/BUFFER
T 8

: 1 4x Qo-Q7[180-87

i | ek DECODE 4 8
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Figure 6. Simplified Logic Diagram

DIGITAL FILTER

The digital filter section is responsible for rejecting noise
on incoming quadrature signals. Schmitt-trigger condition-
ing addresses the problems of slow rise and fall times and
low level noise. The major task of the filter is to deal with
short-duration noise pulses that cause the input-logic level
to momentarily change. Due to the nature of quadrature
decoding, noise pulses on one channel will not cause a
count error, but the coincidence of two overlapping noise
pulses, one on each input, can cause illegal state transi-
tions. False counts of undetermined direction will result
from the decoding of these illegal transitions (see Fig. 8).

A pair of filters rejects these noise pulses by sampling the
CHA and CHB logic levels and storing a time history in a
pair of shift registers. For each channel, if the input level
has had the same value on three consecutive rising clock
edges, that value becomes the new output of the filter; oth-
erwise the output is unchanged. This means that the CHA
filter output cannot change from high to low until the CHA
input has been low for three consecutive rising clock
edges. CHB is treated the same as CHA.

The operation of this digital filter section places one of two
timing constraints on the minimum clock frequency in rela-
tionship to the encoder count frequency. The first con-

“straint derives from the operation of the input filters. It
relates the maximum clock period to the minimum encoder
pulse width. The second constraint derives from the de-
coder operation and is covered in the “Quadrature Decoder”
section. It relates the maximum clock period to the min-
imum encoder state width (Tegg).

The explanation of constraint one above is as follows: It
takes a minimum of four positive clock transitions for a
new logic level on either CHA or CHB to propagate through
their respective filters, but the signal only needs to be sta-
ble for three consecutive rising clock edges (See Figure 7).
This means that the minimum encoder pulse width (Te) on
each channel must be = 3Tk, Where TgLk is the period
of the clock.

In the presence of noise, the filter will require that 3TgLk
be less than Tg, since noise pulses will interrupt the required
three consecutive constant level samples necessary for the
filter to accept a new input level. In general, the types of
noise that this filter will deal with will derive from the rotat-
ing system, i.e., motor noise, capacitively coupled level
changes from other encoder channels, etc. As such, these
noise sources will be periodic in nature and proportional to
the encoder frequency. Design for noise of this type is dis-
cussed later in the “Filter Optimization” section.
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Figure 7. Minimum Encoder Pulse Width with Respect to Tg

In addition to problems with noise, other common signal
problems enter into the determination of the maximum
TcLk for each application. The following quadrature signal
aberrations can all be accounted for by designing with
short enough TgLk to accommodate the reduction of the
effective encoder pulse width:

1) non-ideal encoder rise and fall times,

2) asymmetric pulses,

3) short (< 180 electrical degrees) pulses.

Designing for these non-ideal signals is discussed later in
the “Filter Optimization” section.

QUADRATURE DECODER

The Quadrature Decoder section samples the outputs from
the CHA and CHB filters. Sampling occurs on the rising
clock edge. The Decoder Section observes changes in
these outputs, and, on the rising clock edge, it outputs two
signals to the position counter. These signals specify when
to count and in which direction (up or down).

Encoder state changes are detected by comparing the pre-
vious sampled state to the current sampled state. If the two
are different, the counter section is signaled to count on
the next rising clock edge. Count direction (up or down) is
also determined by observing the previous and current
states, as shown in the quadrature state transition diagram
(figure 8). An illegal state transition, caused by a faulty
encoder or noises severe enough to pass the filter, will pro-
duce a count but in an undefined direction.

The second constraint on the relationship between Tgk
and the input quadrature signal, as previously mentioned in
the “Digital Filter” section, is the requirement by the 4x
decoder for at least one positive clock transition to occur
during each quadrature state to detect the state. This con-
straint is satisfied if: Teg > TgLk, Where Tgg is the time
interval corresponding to the shortest state width at the
maximum system velocity.

The combination of the following two errors must be exam-
ined in light of the minimum state width constraint to
ensure proper operation of the decoder section:
1) Phase shift deviations from 90 electrical degrees
between the CHA and CHB signals;
2) Pulse width errors resuiting in Tg shorter than 180
electrical degrees in either or both CHA and CHB.

Design for these conditions is discussed in the “Filter
Optimization” section.

COUNT Up

CHA CHB | STATE
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Figure 8. Elements of 4x Quadrature Decoding
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POSITION COUNTER

This section consists of a 12-bit binary up/down counter
which counts on rising clock edges as specified by the
Quadrature Decode Section. All twelve bits of data are
passed to the position data latch. The system can use this
count data in three ways:

A. System total range is <12 bits, so the count represents
“absolute” position.

B. The system is cyclic with <12 bits of count per cycle,
RST is used to reset-the counter every cycle, and the
system uses the data to interpolate within the cycle.

C. System count is >12 bits, so the count data is used as a
relative or incremental position input for a system com-
putation of absolute position.

In case C above, counter rollover occurs. In order to pre-
vent loss of position information, the processor must read
the outputs of the HCTL-2000 at intervals shorter than 512
times the minimum encoder line period. This minimum line
period (Tg|p) corresponds to the maximum encoder veloc-
ity of the design. Two’s complement arithmetic is normally
used to compute position from these periodic position
updates.

POSITION DATA LATCH

This section is a 12-bit latch which captures the position
counter output data on each rising clock edge, except when
its inputs are disabled by the inhibit logic section during
two-byte read operations. The output data is passed to the
bus interface section. The latch is cleared asynchronously
by the RST signal. When active, a signal from the inhibit
logic section prevents new data from being captured by the
latch, keeping the data stable while successive byte-reads
are made through the bus interface section.

BUS INTERFACE

The bus interface section consists of a 16 to 8 line multi-
plexer and an 8 bit, three-state output buffer. The multi-
plexer allows independent access to the low and high bytes

of the position data latch output. Since the latch is only
twelve bits wide, the upper four bits of the high byte are
internally set to zero. The SEL and OE signals determine
which byte is output and whether or not the output bus is
in the high-Z state, respectively.

INHIBIT LOGIC

The Inhibit Logic Section samples the OE and SEL signals
on the falling edge of the clock and, in'response to certain
conditions (see Figure 9 below), inhibits the position data
latch. The RST signal asynchronously clears the inhibit
logic, enabling the latch.

. INHIBIT
STEP{SEL | OF | CLK || SIGNAL | ACTION
1Ll 1 SET INHIBIT; READ HIGH BYTE
2 fu L1 1 READ LOW BYTE; STARTS RESET
3 [xiH|1 [ COMPLETES INRIBIT LOGIC RESET,

Figure 9. Two Byte Read Sequence

While the HCTL-2000 can be used with any microproces-
sor, the Bus Interface and Inhibit Logic sections have been
optimized for use with microprocessors similar to the
Motorola 6801. The 6801 has a double-byte fetch instruc-
tion (LDD) which produces two consecutive fetch cycles
on the bus. In the correct interface configuration, the first
cycle inhibits the position data latch and reads the high
data byte, and the second cycle reads the low byte and
resets the inhibit logic. A version of this configuration is
illustrated in Figure 14.

[ I CLR
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CLR
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Q——> INTERNAL INHIBIT SIGNAL
TO POSITION DATA LATCH

—op
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T

Figure 10. Simplified Inhibit Logic
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Filter Optimization

System design with the HCTL-2000 will require the user to
optimize its clock period for encoding errors and line noise
on the CHA and CHB inputs. In the absence of noise this
optimization is simplified. The critical encoding errors, min-
imum pulse width and minimum state width, occur at the
maximum designed system operating velocity. Input noise
can be caused by motor electromagnetic interference,
channel cross coupling, etc. The HCTL-2000 input filter
interacts with encoding errors and noise to form the major
system design constraints. This section will illustrate sys-
tem design techniques and will present guidelines useful in
implementing the HCTL-2000.

The discussion that follows will make use of the definitions
listed below:

Tht = The fundamental period character-
istic of a periodic noise source
TcLk = Period of HCTL-2000 clock input
signal
Tmn = Maximum pulse duration of
encoder noise
Temin = Te(min) = Minimum encoder line
pulse width including encoder
errors
Tesmin = Tes(min) = Minimum encoder
statewidth including encoder
errors
Telpmin = Period of maximum designed
encoder line frequency
RPM = Maximum designed operating
speed of the encoder in revolutions
per minute
N = Encoder line count
= Number of encoder counts per
revolution
K1 =60 sec./min.

ENCODING ERRORS

Design for quadrature signal errors proceeds as follows for
an ideal quadrature signal, i.e. all errors = 0:

Telp = 360°e = defined as one electrical (1)
cycle in electrical degrees
Te = 1/2Tg)p = 180°¢ ideal pulse (2)
width
Tes = 1/4Tgp = 1/2 T = 90°¢, ideal (3)
state width

In a real system there are quadrature signal errors, where
these errors are:

AP = Maximum encoder pulse width
error in °e, as a deviation from the
ideal pulse width of 180°e

AS = Maximum state width error in °e, as
a deviation from the ideal state
width of 90°e

The worst cases for pulse width and state width errors in
terms of time intervals will occur at the maximum designed
system operating velocity. These errors are typically avail-
able from encoder manufacturer’s data sheets.

K1
T (4)
elpmin (RPM) (N)
180-|AP| 5
Temin =(36T) Telpmin o)
90-|AS
Tesmin"—( 360 ') Telpmin ()

NOISE

In the absence of noise, the system design reduces to case
A in Table 6. In the presence of noise, cases B through E
describe the types of noise for which the above filters are
effective. Normal techniques for reducing noise on CHA
and CHB inputs may be required to reduce this noise to a
level that can be handled by the input filters.

Noise that can be filtered by the HCTL-2000 input filters is
noise where Tpt > Tesmin @nd Tmn < 2TcLk. This noise can
be subdivided into four categories, each having different
design constraints. These categories are differentiated by
the pulse width of noise on the individual encoder channels.

Dependant channel noise, as below in case B and C in
Table 6, is noise where the superposition of noise from
both encoder channels does not display a period shorter
than the minimum state width:

Tnt > Tesmin-

The graphic analysis of the effect of this type of noise
upon the filter operation is illustrated in Figure 11.

Tmn <TcLk AND Tpf> 4* (Terk)

Tnf— ] le—TeLk
A \ﬂ
|
|
ENCODER | |
OUTPUT | |
|
B |
il }
] i
| |
I
Gl |
A= —
| il
FILTERED* | i
SIGNAL : !
1
B’ ! |
] 1 1
| i !
I -
!‘-Te: min=4"(Tch)->: :<—>|—-—Tesmin=Tc|_K
(I H L 1 H i i
*Signal after Internal Input Filter
Figure 11. Noise is Encoder Ch | Dependent

Independant channel noise, as in case D and E in Table
6, is such that the noise on each channel is independant
of the noise on the other channel. The period of the
noise on each channel must satisfy the condition:

Tnf > Tesmin

independantly. The graphic analysis of the effect of this
type of noise on the filter operation is illustrated in Fig-
ure 12.
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Tmn <TcLk AND Tnf> 4* (Tcik)

FILTER DESIGN EXAMPLES

Tmn "! ;T“' _T "o Given the above rules, we can calculate the design parame-
; ters for a typical high performance motor loop as follows:
] \ l\ \ Where RPM = 3600 rev/min.
A N = 1000 counts/rev.
| AP =1 48%
ENCODER : AS =*60°¢
OUTPUT |= ~at 60°C, 1/Tejpmin = 60kHz
? i ! Then the following calculation accounts for signal errors:
1 |
| | K1 60 )
1 | T, o= ( ) = from eq. 4
: | elpmin RPM)(N) {3600) (1000) 9
I I
| ! = 16667 ns
FILTERED* ' | |
SIGNAL 'I |
Bl 11 180-]AP
| ¥ Temin = ( 360 | ) Telpmin
:‘——Tes min =5* (T(ELK)——": :‘—':‘— Tés min:=TcI.3(
180 - 48
*Signal after Internal Input Filter = ( 360 ) 116667 ns) from €q. 5
Figure 12. Nolise is Encoder Ch | Independent =6111ns
The set of design rules that are presented in Table 6 can be Toeri = ( 90 —|AS! ) T .
derived by examination of Figures 11 and 12, and the fol- esmin 360 elpmin
lowing constraints:
a)The encoder output signals must stay at a logic level = ( ——90_—60— ) (16667 ns) fromeq. 6
for a minimum of three consecutive clock pulses-before 360
the HCTL-2000 recognizes the logic. level change: = 1389 ns

Temin >3TcLK- If the noise is as in case B of Table 6, we can use the above
b)After acceptance by the HCTL-2000 input filtering sec-  to evaluate the system. )

tion, a state must exist for a minimum of TgLk to be

recognized by the internal logic. For the condition of noise such that Ty,n < 260 ns:

¢)The minimum encoded pulse width must be greater ToLk > 260 "§|- )
than twice the minimum state width: Temin > 2Tesmin- 255 ns< TgoLk < —%s—nw
d)The minimum clock period must be greater than 255 Toer 1389
ns, which is the minimum clock period for which the —esmin_ 2" =347ns
HCTL-2000 is guaranteed to operate over the entire 4 4
specified operating temperature range. Thus,

255 ns < ToLk < 347 ns

Similar calculations can be performed to design the filter
for the specifics of each system.

Table 6. Summary of Filter Design Rules for the HCTL-2000

Case _ Noise General "~ Pulse Width  Clock Period
Relationship Conditions Constraint Deslgn Criteria
A No noise on Temin > 2Tesmin Teik < Tesmin 25508 = Telk < (1/3)Temin
CHA or CHB
B Superposition of noise | Tesmin > Tns Telk> Tmn > 0 255ns < Teik < (1/4)Tesmin
on CHA or CHB Temin > 2Tesmin
c Superposition of noise |  Tesmin > Tnt 2Teik > Tmn = Teik 255ns = Tojk < (1/5) Tesmin
on CHA or CHB Temin > 2Tesmin | i ' :
D Noise on CHA or Tesmin > Tnt Tetk > Tmp >0 285ns < Tek < (1/5)Tesmin
on CHB Independent | Tomin > 2Tesmin
of sach other
E Noise on CHA or Tesmin> Tnt 2Tk > Tran 2 Teik 256ns = Toik < (1/7)Tesmin
on CHB Independent | Temin > 2Tesmin '
of each other
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Interfacing the HCTL-2000:
General

The 12 bit latch and inhibit logic on the HCTL-2000 allows
access to 12 bits of count with an 8 bit bus. When only 8
bits of count are required, a simple 8 bit (1 byte) mode is
available by holding SEL high continously. This disables
the inhibit logic. OE provides control of the tri-state bus,
and read timing is per Figures 3 and 4.

For proper operation of the inhibit logic during a two-byte
read, OE and SEL must be synchronous with CLK due to
the falling edge sampling of OE and SEL.

DY
(e

The internal inhibit logic on HCTL-2000 inhibits the transfer
of data from the counter to the position data latch during
the time that the latch outputs are being read. The inhibit
logic allows the microprocessor to first read the high order
4 bits from the latch and then read the low order 8 bits
from the latch. Meanwhile, the counter can continue to
keep track of the quadrature states from the CHA and CHB
input signals.

Figure 10 shows a logic diagram of the inhibit logic circuit.
The operation of the circuitry is illustrated in the read tim-
ing shown in Figure 13.
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|
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| | | | |
| [
> T - : | % ] ;
= | | | | |
|
| O 0

Figure 13. Internal Inhibit Logic Timing

ACTIONS

1. On the rising edge of the clock, counter data is trans-
ferred to the position data latch, provided the inhibit
signal is low.

2. When OE goes low, the outputs of the multiplexer are
enabled onto the data lines. If SEL is low, then the high
order data bytes are enabled onto the data lines. If SEL
is high, then the low order data bytes are enabled onto
the data lines.

3. When the HCTL-2000 detects a low on OE and SEL dur-
ing a falling clock edge, the internal inhibit signal is
activated. This blocks new data from being transferred
from the counter to the position data latch.

4. When SEL goes high, the data outputs change from
high byte to low byte.

5. The first reset condition for the inhibit logic is met when
the HCTL-2000 detects a logic high on SEL and a logic
low on OE during a falling clock edge.

6. When OE goes high, the data lines change to a high
impedance state.

7. To complete the reset of the inhibit logic, after the first
reset condition has been met, the HCTL-2000 needs to
detect a logic high on OE during a falling clock edge.
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Interfacing the HCTL-2000 to a Motorola 6801

This interface method provides the minimum part count
when the 6801 is operated in “MODE 5”. A typical 6801 cir-
cuit is shown in Figure 14. In Figure 14, the 74LS138

B B2 3 "
Ay ™ - 2 Az E2| 2
N N
s SR
39 -
tos 4 B arpl
E3
40 . |8
£
2 4
6801 29 [ o OF
Ap SEL
30 9
i B3] 0]
Dg Ds
iy 7 nj
. Ds 33 12 05 HETL-2000
PORT 4° E 5] el
S ) Bs
[2F] 14 P2
Dy ;’: 510,
22 Yoy

Figure 14. A Circuit to Interface to the 6801

address decoder can be eliminated if the HCTL-2000 is the
only occupant of Port 4.

The processor clock output (E) is used to clock the HCTL-
2000 as well as the address decoder. One of the address
decoder outputs drives the OE input. This results in HCTL-
2000 counter data being enabled onto the bus whenever an
external memory access is made to the HCTL-2000. This
example assumes the address assigned to the HCTL-2000
high byte is an even address. The least significant address
bit is connected to the SEL input. It determines which data
byte is output. When AO on the decoder equals 0 the chip
selects the high byte, and when A0 equals 1, the chip
selects the low byte. This configuration allows the 6801 to
read both data bytes with a single double-byte fetch instruc-
tion (LDD E, 01XX). The LDD instruction is a five cycle
instruction which reads external memory location 01XX
and stores the high order byte in accumulator A and reads
external memory location 01XX +1 and stores the low order
byte in accumulator B during the last two cycles. Figure 15
illustrates the sequence of events during all five cycles.

cveLE 1 CvCLE 2 " cveLEs CYCLE 4 | CYCLE 5 |

(cLock) | i i
| | | | I '
| | | |
| | , ' | |

.
ADDRESS  OPCODE OPCODE OPCODE OPERAND orerand | | |
BUS  ADDR. ADDR. +1 ADDR. +2 ADDR. ADDR. +1 | | |
| | | | I |
| | | | | |
| OPERAND OPERAND DATA DATA | |
DATABUS  OPCODE ADDR. HIGH ADDR. LOW HIGH BYTE Lowsyte | : :
| | [ | |
| | | | | |
| | | : ! ]
| | | | |
tos | | | ! l '
| | | | }
| | | | |

.

Ao(SEL) m

A
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Figure 15. Interface Timing for the 6801 LDD E
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ACTIONS

1.

E is the microprocessor clock output. On the rising edge
of E, if the internal inhibit is not active, then new data is
transferred from the internal counter to the position data
latch.

. An even address output from the 6801 has caused SEL

to go low. E goes high which causes the address de-
coder output for the HCTL-2000 OE input to go low.
This causes the HCTL-2000 to output the high byte of
the position data latch.

. The 6801 reads the data bus on the falling edge of E,

storing the high order data byte in accumulator A. The
chip detects that OE and SEL are low on the falling
edge of E and activates the internal inhibit signal. The
position data latch is inhibited and data cannot be trans-
ferred from the internal counter to the latch.

oy

. Eis now low, so the address decoder output is disabled

and OE goes high. The 6801 increments the address, so
SEL goes high. The position data latch is still inhibited.

. The address decoder is enabled after E goes high; so

OE goes low and the low data byte is enabled onto the
bus.

. The 6801 reads the data bus on the falling edge of E,

storing the low order data byte in accumulator B. The
chip detects that OE is low and SEL is high on the fal-
ling edge of E, so the first inhibit-reset condition is met.

. Eis now low, so the address decoder is disabled, caus-

ing OE to go high and the data lines to go to the high
impedence state. The 6801 continues its instruction exe-
cution, and the state of SEL is indeterminate.

. The HCTL-2000 detects OE is high on the next falling

edge of E. This satisfies the second inhibit reset condi-
tion so the inhibit signal is reset.

Interfacing the HCTL-2000 to
an Intel 8748

The circuit in Figure 15 shows the connections between an
HCTL-2000 and an 8748. Data lines DO-D7 are connected
to the 8748 bus port. Bits 0 and 1 of port 1 are used to
control the SEL and OE inputs of the HCTL-2000 respec-
tively. TO is used to provide a clock signal to the HCTL-2000.
The frequency of TO is the crystal frequency divided by 3.
TO must be enabled by executing the ENTO CLK instruc-
tion after each system reset, but prior to the first encoder
position change. An 8748 program which interfaces to the
circuit in Figure 16 is given in Figure 17. The resulting inter-
face timing is shown in Figure 18.

LOC OBJECT SOURCE STATEMENTS
CODE

000 99 00 ANL P1, 00H

002 08 INS A, BUS

003 A8 MOVE RO A

004 89 03 ORL P1, 01H

006 08 INS A, BUS

008 A9 MOV R1, A

009 89 03 ORL P1, 03H

0oB 93 RETR

1 2
To CLK
28 3
P SEL
27 af ...
P1o QE
19 9
Daz Dy
18 10
Dgg Ds
8748 pgg |7 b HerL-2000
16 12
Daa Dy
15 13
Doy O3
14 14
D2 13 15 b2
Dgy Dy
12 1
Dao Do

Figure 16. An HCTL-2000 to Intel 8748 Interface

ENABLE OUTPUT AND OUTPUT HIGHER ORDER BITS
LOAD HIGHER ORDER BITS INTO ACC

MOVE DATA TO REGISTER 0

CHANGE DATA FROM HIGH ORDER TO LOW ORDER BITS
LOAD ORDER BITS INTO AC

MOVE DATA TO REGISTER 1

DISABLE OUTPUTS

RETURN

Figure 17. A Typical Program for Reading HCTL-2000 with an 8748
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1 1

|
CLK |
|
O |
|1 |
|
| T
PROGRAM
EXECUTION  ANL, P1, 004 : INS A, BUS IMOVR,Al ORL P1, OIH }l INS A, BUS ] MOV R, A ] ORL P1, 03H RETR
| |
|1 | |
| | | |
|
i | | |
SEL | 1
' i
(] ! i
) I | |
—_— | ——
— i i T
OF |
| | |
|} ! |
| ' i
| |
' [
INHIBIT | |
] i A
' I
I BUS READ |
|| N | | |
DATA BUS HIGH BYTE LOW BYTE %/

|
ACTIONS Cb: ér)
®

e

© © ®

Figure 18. 8748 READ Cycle from Figure 14.

ACTIONS
1. ANL P1, O0H has just been executed. The output of

bits 0 and 1 of Port 1 cause SEL and OE to be logic low.
The data lines output the higher order byte.

. The HCTL-2000 detects that OE and SEL are low on the
next falling edge of the CLK and asserts the internal
inhibit signal. Data can be read without regard for the
phase of the CLK.

. INS A, BUS has just been executed. Data is read into
the 8748.

. ORL PORT 1, 01H has just been executed. The program
sets SEL high and leaves OE low by writing the correct
values to port 1. The HCTL-2000 responds by outputting
the lower byte. The HCTL-2000 detects OE is low and
SEL is high on the next falling edge of the CLK, and
thus, the first inhibit-reset condition is met.

5.

INS A, BUS has just been executed. Lower order data
bits are read into the 8748.

. ORL P1, 03H has just been executed. The HCTL-2000

detects OE high on the next falling edge of CLK. The
program sets OE and SEL high by writing the correct
values to port 1. This causes the data lines to be tri-
stated. This satisfies the second inhibit-reset condition.
On the next rising CLK edge new data is transferred

from the counter to the position data latch.
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Bar Code Products

1986 brings with it a further expansion of
Hewlett-Packard’s bar code line in three widely
diversified areas.

We have expanded our line of digital bar code
wands again this year with the introduction of
the HBCS-5XXX and HBCS-6XXX families of
wands. These Low Current Digital Bar Code
Wands are the latest technological advance from a
company that invented the Digital Wand.
Through sophisticated circuitry, these wands are
able to provide superior performance while
drawing less than 5 mA of current at 5 volts.
Performance improvements include high ambient
light rejection, including direct sunlight; a wider
range of resolution choices; and a new sensor
design specifically for reading thermally printed
bar codes.

Of course, these wands continue to offer the
other features you’ve come to expect from
Hewlett-Packard wands: sealed, sapphire tips,
wide scan angles, choice of case designs, and fully
compatible digital outputs.

A totally new product for 1986 is Hewlett-
Packard’s Industrial Digital Slot Reader. This
rugged scanner is designed specifically for
reading bar codes printed on 1.D. cards, badges,

- heavy paper stock, or traveller forms. It features

a large slot width for handling even multiple
laminated cards, a wide scan speed range, and a-
digital output that is compatible with wand
decoding software.

Available in both an infrared (880 nm) version
and a visible red (660 nm) version, the unit is
housed in a black epoxy finished, metal case. The
unique rear mounting system and tamper-proof
design makes it ideal for use in security or
industrial applications.

Finally, adding to our successful line of decoder
IC’s, is the new Multi-Purpose Decoder IC. This
extraordinary device is designed specifically for
the OEM who would rather not tie up valuable
resources developing bar code decoding software.
Packaged in a standard 40 pin DIP, the Multi-
Purpose Decoder IC accepts inputs from virtually
all hand-held scanning devices, including hand-
held lasers and other solid state non-contact
scanners. Now you have a way to simply and
inexpensively add quality bar code decoding to
your products and still retain the flexibility your
customers require. '

Look to Hewlett-Packard for performance
products designed to meet the OEM’s bar code
needs! '




Bar Code Wands

Page
Package Outline Drawing Part No. | Description Features No.
HBCS-5000 | Low Current Digital | Low Continuous Current Draw 2-6
" Bar Code Wand (Less Than 5mA)
T (with Switch) * High Ambient Light Rejection
Resolution 0.33mm | e 0 to 45° Scan Angle
* Push to Read Switch for Ultra Low
— HBCS-5100 | Low Current Digital Power Consumption
‘ Bar Code Wand e Rugged Polycarbonate Case
T (without Switch) e Sealed Sapphire Tip
Resolution 0.33mm | e Full Line of Options Available
HBCS-5200 | Low Current Digital
&\' Bar Code Wand
(with Switch)
dl Resolution 0.19mm
HBCS-5300 | Low Current Digital
" Bar Code Wand
A\l (without Switch)
Resolution 0.19mm
HBCS-5400 | Low Current Digital
%" Bar Code Wand
(with Switch)
al Resolution 0.13mm
— HBCS-5500 | Low Current Digital
Bar Code Wand
al (without Switch)
Resolution 0.13mm
HBCS-6100 | Low Current Digital |e Low Continuous Current Draw 2-6
Bar Code Wand (Less Than 5mA)
Resolution 0.33mm | e High Ambient Light Rejection
> [HBCS-6300 Ci Digital . OSto 45088(:3" pge
-6. Low Current Digital |e Sealed Sapphire Tip
\uw\\\\\ Bar Code Wand ® Metal Case
Al Resolution 0.19mm ] e Full Line of Options Available
HBCS-6500 | Low Current Digital
Bar Code Wand
Resolution 0.13mm
— HBCS-2200 | Sapphire Tip © Digital Output 2-26
ﬂ‘ Digital Bar Code Wand | @ 0-45° scan angle
al (with Switch) ® Replaceable Sapphire Tip
Resolution 0.19mm | @ Internal Shielding
— ® Push-to-read switch available for
— HBCS-2300 Sgpphlre Tip low power applications
‘ ) Digital Bar Code Wand | @ Rugged Polycarbonate Case
al (without Switch) © Fullline of options available
Resolution 0.19mm
HBCS-2400 | Sapphire Tip
%" Digital Bar Code Wand
(with Switch)
a Resolution 0.13mm
HBCS-2500 | Sapphire Tip
== Digital Bar Code Wand
Al (without Switch)
Resolution 0.13mm
' HBCS-4300 | Industrial Digital Bar | @ Digital Qutput 2-32
B \\\\\ Code Wand © 0-45°scanangle
Q Resolution 0.19mm | @ Replaceable Sapphire Tip
® Metal case
=) ' HBCS-4500 | Industrial Digital Bar | @ Full line ot options available
L& \\\\\ Code Wand
Q) Resolution 0.13mm

Package outline drawings not drawn to scale.
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Bar Code Wands

Page
Package Outline Drawing Part No. Description Features No.
""\ HEDS-3000 | Digital Bar Code Wand | ® Digital Output 2-38
w (with Switch) ® 0-30°scan angle
al Resolution 0.3mm ® Replaceable Tip
o Internal Shielding available for
v "\ HEDS-3050 | Digital Bar Code Wand improved electrical noise rejection
(Shielded) @ Push-to-read switch available for
@\ ) Resolution 0.3mm low power applications
- @ Full line of options available
‘—"\ HEDS-3200 | Digital Bar Code Wand 2-44
(with Switch)
@\ Resolution 0.19mm
‘—\ HEDS-3250 | Digital Bar Code Wand
(Shielded)
@\ Resolution 0.19mm
Component Level Bar Code Readers
Page
Package Outline Drawing Part No. Description Features No.
HBCR-1000 | Component Level |e Industry Standard Bar Codes 2-18
HBCR-1022 | Bar Code Reader |® Automatic Code Recognition
HBCR-1024 { with Sapphire Tip |® Full Duplex Serial or Parallel
HBCR-1025 | Wand ASCII Qutput
® Choice of High Performance
\éVands s
ingle 5 Volt Supply
- HBCR-1043 | Component Level |® ™M
al ==Fes] = |HBCR-1045 | Bar Code Reader
with Industrial
¢|@I— Metal Wand
| & E .
HBCR-2000 | Multi-Purpose ® Accepts Inputs from All Hand-Held| 2-12
Decoder IC Scanners, Including Lasers
o Largest Selection of Codes
Available
® Automatic Code Recognition
e Serial ASCII Qutput
e Standard 40 Pin Package
HBCS-7000 |Industrial Digital * 125 Mil Slot Width 2-68
Y Y Slot Reader, * Epoxy Finished Metal Housing
= [a] Visible Red, e Wide Scan Speed Range
Resolution 0.19mm  |e Tamper Proof Design
e Digital Output
Y S HBCS-7001 |Optics/Electornics
HO . Module, Visible Red,
o <4 Resolution 0.19mm
HBCS-7100 |Industrial Digital
& 3 Slot Reader,
= ) Infra-Red,
) Resolution 0.19mm
o Tc HBCS-7101 | Optics/Electronics
o k3

Module, Infra-Red,
Resolution 0.19mm
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Optical Reflective Sensors

Package Outline Drawing Part No. Description Features P:"g?
HBCS-1100 | High Resolution © 0.19mm spot size 2-52
Optical Reflective o Fully Specified and Guaranteed for
Sensor Assured Performance
ED ® Visible Light Source can Detect
Most Colors
® Photo IC Detector Optimizes
Speed and Response
o Standard To-5 Header
Bar Code Readers
Package Outline Drawing Part No. Description Features P;ge
16800A Programmable o Flexible Configuration 2-58
Bar Code o All Standard Industrial and
Reader Commercial Bar Codes Supported
o Choice of High Performance,
Rugged Wands
o Computer Control and Simple
Operator Feedback (16800A only)
o Internal Power Supply
e Meet UL, CSA, FCC Class B,
16801A | Non-Programmable VDE Level B

Bar Code
Reader




LOW CURRENT DIGITAL BAR CODE WANDS

HEWLETT
PACKARD

K

METAL, GENERAL PURPOSE RESOLUTION

POLYCARBONATE, GENERAL PURPOSE RESOLUTION

HBCS-6100
HBCS-6300
HBCS-6500
HBCS-5000/5100
HBCS-5200/5300
HBCS-5400/5500

METAL, LOW RESOLUTION

METAL, HIGH RESOLUTION
POLYCARBONATE, LOW RESOLUTION

POLYCARBONATE, HIGH RESOLUTION

TECHNICAL DATA JANUARY 1986

Features

e ULTRA LOW CONTINUOUS CURRENT DRAIN
— Less Than 5 mA

e HIGH AMBIENT LIGHT REJECTION
— Operates in Direct Sunlight

e AVAILABLE IN THREE RESOLUTIONS TO MEET
A VARIETY OF SCANNING NEEDS

o VISIBLE RED (655 nm) AND INFRARED (820 nm)
VERSIONS FOR READING A WIDE RANGE OF
PRINTING TYPES AND COLORS

e SCAN ANGLE 0 to 45 DEGREES

e AVAILABLE IN EITHER HIGH IMPACT
POLYCARBONATE OR INDUSTRIAL METAL
HOUSINGS

o OPERATING TEMPERATURE -20°C to +65°C

e SEALED REPLACEABLE SAPPHIRE TIP
— Provides Protection from Contamination Due
to Dirt and Debris

e DIGITAL OUTPUT
— Open Collector Output Compatible with TTL
and CMOS Logic

e SINGLE 5 VOLT SUPPLY

Description

Hewlett-Packard’s Low Current Digital Bar Code Wands are
hand-held scanners optimized to provide excellent reading
of all common bar code formats. The wands contain an
optical sensor with a 655 nm visible red or an 820 nm
infrared LED; a photodetector IC; and precision aspheric
optics. The internal signal conditioning circuitry converts
the optical information into a logic level pulse width repre-
sentation of the bars and spaces.

Available in a choice of three resolutions, these wands have
been designed to cover a wide range of bar code printing.
The general purpose resolution wands, with their 0.19 mm
(0.0075 in.) spot size, are excellent choices for reading a
wide range of bar code symbols. For reading very high
density symbols, the high resolution wands with a 0.13 mm
(0.005 in.) spot size, are the appropriate choice. For lower
resolution or poorly printed dot matrix symbols, the low
resolution wands have a spot size of 0.38 mm (0.13 in.) to
help reject extraneous spots and voids.

All of the wands have a special circuit design that provides
for extremely low current drain (less than 5 mA) with
continuous operation. This makes them ideal for use on
battery powered systems where low power drain will extend
battery life. These wands also have excellent ambient light
rejection, allowing full operation in direct sunlight.

All of HP's Low Current Digital Bar Code Wands are FCC
and VDE approved. They feature a shield for maximizing
immunity to electrostatic discharge (ESD), electromagnetic
interference (EMI) and ground loops. The shield is also
designed to eliminate noise from capacitively coupled inputs.

The standard wand configuration includes a strain relieved
coiled cord, which has a comfortable extended length of
190 cm (75 in.). Maximum length is 250 cm (100 in.). The
standard connector on the polycarbonate wands is a 5 pin,
240 degree DIN connector. On the metal wands the standard
connector is a 5 pin, 240 degree DIN connector with metal
locking ring.
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Applications

The digital bar code wand is a highly effective alternative to
keyboard data entry. Bar code scanning is faster and more
accurate than key entry and provides far greater throughput.
In addition, bar code scanning typically has a higher first
read rate and greater data accuracy than optical character
recognition. When compared to magnetic stripe encoding,
bar code offers significant advantages in flexibility of media,
symbol placement, and immunity to electromagnetic fields.

Hewlett-Packard’s Low Current Digital Bar Code Wands are
especially designed for battery powered applications where
low power drain is a primary concern. With continuous
current draws of less than 5 mA, these wands can be used
on battery powered systems without sacrificing battery life
or requiring special “strobing” circuits. They are also ideal
for AC powered systems where conventional wand current
drains may require an increased power supply design.

In addition to their low current drain, these wands are also
designed to work in high ambient light, such as outdoors or
near large windows. This feature is extremely useful in
applications such as inventory control on receiving docks,
automobile tracking outdoors and check-out stands out-
doors or near large store front windows.

Because the low resolution and the general purpose resolu-
tion wands use an emitter wavelength of 655 nm, they are
extremely versatile in the range of printing type and colors
that they will read, including thermal printing and dot matrix
printing.

Available in either a light weight polycarbonate case or a
rugged metal case, these wands are excellent choices for
both light industrial and commercial applications, or heavy
industrial and LOGMARS applications.

Recommended Operating Conditions

Parameter Symbol Min. Max. Units Notes
Nominal Narrow Element Width
HBCS-5000/5100/6100 0.33 (0.013) mm (in.)
HBCS-5200/5300/6300 0.19 (0.0075) mm {in.)
HBCS-5400/5500/6500 0.3 (0.005) mm (in.)
Scan Velocity VscaN 7.6 (3) 127 (50) cm/sec (in/sec)
Contrast Bw-Rg 45 % 1
Supply Voltage Vs 45 5.5 Volts 2
Temperature Ta -20 +65 °C
Ambient Light Ey 100,000 lux 3
Tilt Angle (See Figure 2)
Qrientation (See Figure 3)
NOTES:

1. Contrast is defined as Ry-Rpg where Ryy is the reflectance of the white spaces and Rp is the reflectance of the black bars, measured at
the emitter wavelength (655 nm or 820 nm). Contrast is related to print contrast signal (PCS) by PCS = (Rw-Rg)/Rw or Rw-Rg =

PCS*Rw.

I

Power supply ripple and noise should be less than 100 mV peak to peak.

3. Ambient light sources can be diffuse tungsten, sodium, mercury, fluorescent, sunlight, or-a combination thereof.

Absolute Maximum Ratings

Parameter Symbol Min. Max, Units Notes
Storage Temperature Ts -40 +75 °C

Operating Temperature Ta —20 © 65 °C

Supply Voltage Vg -0.5 +6.00 \'4

Output Transistor Power Py 150 mw

Output Collector Voltage Vo ~-0.5 +20 vV
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Electrical Operation

The HBCS-5XXX/6XXX family of digital bar code wands
consists of a precision optical sensor and an electronic
circuit that creates a digital output of the bar code pattern.
The open collector transistor requires only a pull-up resistor
to provide a TTL compatible output from a single 4.5V to
5.5V DC power supply.

A non-reflecting black bar resuits in a logic high (1) level
output, while a reflecting white space will cause a logic low
(0) level output (see Figure 1). The initial state will be
indeterminate. However, if no bar code is scanned, after a
short period (typically less than 1 second), the wand will
assume a logic low state. This feature insures that the first
bar will not be missed in a normal scan.

Electrical Characteristics

The wands provide a case, cable and connector shield
which must be terminated to logic ground or, preferably, to
both logic ground and earth ground. The shield is connected
to the metal housing of the 5 pin DIN connector.

All standard HP Low Current Digital Bar Code wands are
certified to meet FCC Class B and VDE Level B standards.
The shield must be properly terminated in order to maintain
these approvals and to keep the cable from acting as an
antenna, injecting electrical noise into the wand circuitry.
Grounding the shield will also provide a substantial improve-
ment in EMI/ESD immunity.

The recommended logic interface for the wands is shown in

Figure 5. This interconnection provides the maximum ESD
protection for both the wand and the user’s electronics.

Parameter Symbol Min. Typ. Max. Units Conditions Notes
Supply Current Is 35 5.0 mA Vg=50V 4,5
High Level Output Current loH 1.0 1A VoH =24V
Low Level Output Voltage Vor 0.4 \ loL = 16 mA
Output Rise Time ty 3.4 20 us 10%-90%
Transition

Output Fall Time tf 1.2 20 us R =1K 6
Switch Bounce

HBCS-5000/5200/5400 i tsb 0.5 50 ms 7
Electrostatic Discharge Immunity ESD 25 kV
Wake-Up Time tw 50 200 ms 9

NOTES:

. Push-to-read switch (if applicable) is depressed.
. Not including pull-up resistor current.
. See Figure 1.

O NO OGN

9. After this time, the wand is operational.

5V—

Switch bounce causes a series of sub-millisecond pulses to appear at the output (Vo).
. Shield must be properly terminated (see Figure 9). The human body is modeled by discharging a 300 pF capacitor through a 500 )
resistor. No damage to the wand will occur at the specified discharge level.

oV

|
|
|
|
|
|
I
|
J o
— I-—:Mus — 1248

Figure 1. Typical Output Waveform
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Depth of Field Testing

Hewlett-Packard Digital Bar Code Wands are designed for All Hewlett-Packard Digital Bar Code Wands are 100%
contact scanning. However, it is possible to read through tested for performance and digitizing accuracy after manu-
some overlay or covering material depending on the thick- facture. This insures you of the consistent quality product
ness of the material and the angle at which the wand is you expect from HP. More information about our test
held. Figure 2 shows the relationship between tilt angle and procedures, test set-up, and test limits are available upon
depth of field. request.

BAR CODE
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R AT \\
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Figure 2. Wand Height vs. Tilt Angle Figure 3. Preferred Orientation

Selection and Application Guide

HBCS | HBCS | HBCS | HBCS | HBCS | HBCS | HBCS | HBCS | HBCS
5000 5100 5200 5300 5400 5500 6100 6300 6500

Wavelength (nm) 655 655 655 655 820 820 655 655 820
Nominal Narrow Element Width

{mmy) 0.33 0.33 019 019 013 013 0.33 018 013

(inch) 0013 | 0.013 | 0.0075 ] 0.0075 | 0.005 | 0.005 | 0.013 | 0.0075 | 0.005
Case Material

Polycarbonate X X X X X X

Metal X X X
Switch Yes No Yes No Yes No No No No
Will Read Bar Codes Printed Using:

Regular Thermal Paper 4 Yes Yes Yes Yes No No Yes Yes No

Dye-Based Inks Yes Yes Yes Yes No No Yes Yes No

Carbon Based Inks (Note 10} Yes Yes Yes Yes Yes Yes Yes Yes Yes

Colors (Note 11) Yes Yes Yes Yes No No Yes Yes No
Best Choice For:

Widest Range of Bar Code Printing - X X X

Highest Resolution Printing X X X

Low Resolution or Poar Quality Printing] X X X
NOTES:

10. For “black-on-black” bar codes, use the infrared (820 nm) wands only.
11. For color bar codes the background (spaces) should reflect red light, and the bars should absorb red light.




Certification

FCC Certification (USA Only)

Model

FCC ldentification

HBCS-6100 through -61XX

FCC ID: CUP6Z9HBCS-6100
HEWLETT-—PACKARD

HBCS-6300 through -63XX

FCC ID: CUP6Z9HBCS-6300
HEWLETT—PACKARD

HBCS-6500 through -65XX

FCG ID: CUP6Z9HBCS-6500
HEWLETT-—PACKARD

HBCS-5000 through -5XXX

FCC ID: CUPBZ9HBCS-5000
HEWLETT—PACKARD

HBCS-5100 through ~-51XX

FCC ID: CUP6Z9HBCS-5100
HEWLETT—PACKARD

HBCS-5200 through ~52XX

FCC ID: CUP6Z9HBCS-5200
HEWLETT—PACKARD

HBCS-5300 through -53XX

FCC ID: CUP6Z9HBCS-5300
HEWLETT—PACKARD

HBCS-5400 through ~54XX

FCC ID: CUP6Z9HBCS-5400
HEWLETT—PACKARD

HBCS-5500 through -55XX

FCC ID: CUP6Z9HBCS-5500
HEWLETT—PACKARD

Interface

i

]

13.2(0.53)

f

59 (2.3

HBCS-5XXX

anf

=]

13.640‘53) @) 20 (0.79)

L 60 (2.36)

HBCS-6XXX

NOTES:

1. DIMENSIONS IN MILLIMETRES AND (INCHES).

PIN WIRE COLOR FUNCTION

1 RED Vs SUPPLY VOLTAGE

2 WHITE Vo OUTPUT

3 BLACK GROUND

a4 N/A N/C

5 N/A N/C

CASE - SHIELD (MUST BE
CONNECTED)

Figure 4. Connector

Specifications.

This equipment generates radio frequency energy and if
not installed and used properly, may cause interference to
radio and television reception. It has been type tested and
found to comply with the limits for a Class B computing
device in accordance with the specifications in Subpart J of
Part 15 of FCC Rules, which are designed to provide
reasonable protection against such interference, However,
there is no guarantee that interference will not occur in a
particular installation. If this equipment does cause inter-
ference to radio or television reception, which can be
determined by turning the equipment off and on, the user
is encouraged to try to correct the interference by one or
more of the following measures:

® Reorient the receiving antenna
© Relocate the wand with respect to the receiver
e Move the wand away from the receiver

If necessary, the user should consult the dealer or an
experienced radio/television technician for additional sug-
gestions. The user may find the following booklet prepared
by the Federal Communications Commission helpful: “How
to Identify and Resolve Radio-TV Interference Problems”.
This booklet is available from the U.S. Government Printing
Office, Washington, D.C. 20422, Stock No. 004-00345-4.

|
SHIELD | Vs (1)
}

|°TRANSZORB,
| PKE 7.5C
(3EACH)

| Vo(2)
-
[
|
[

4.7uF =

| GND(3)

| SHIELD
(S — =
WAND ELECTROSTATIC DISCHARGE  SYSTEM INTERFACE
SUPPRESSION INTERFACE

©®TRANSZORB IS A REGISTERED TRADEMARK OF GENERAL
SEMICONDUCTOR INDUSTRIES. TEMPE AZ.

Figure 5. Recommended Logic Interface (When earth ground is
not available, connect shield to logic ground, as shown
by dotted line).

The wands include a standard 5 pin, 240° DIN connector.
The detailed specifications and pin-outs are shown in Fig-
ure 4. Mating connectors are available from RYE Industries
and SWITCHCRAFT in both 5 pin and 6 pin configurations.
These connectors are listed below.

Connector Configuration
RYE MAB-5* 5 Pin
SWITCHCRAFT 61GASF* 5 Pin
SWITCHCRAFT 61HAS5F 5 Pin
RYE MAB-6* 6 Pin
SWITCHCRAFT 61HA6F 6 Pin

*Suitable for non-locking connector only.
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Maintenance Considerations

There are no user serviceable parts inside the wand. The tip
is designed to be easily replaceable, and if damaged it
should be replaced. Before unscrewing the tip, disconnect
the wand from the system power source. The part number
for the wand tip is HBCS-2999 for the HBCS-5XXX family
and HBCS-4999 for the HBCS-6XXX family. The tips can be
ordered from any Hewlett-Packard authorized distributor.

Optional Features

For options such as special cords, connectors or labels,
contact your nearest Hewlett-Packard sales office or author-
ized representative.

Wand Dimensions

2310.9) ‘l

SWITCH PADDLE

Figure 6A. HBCS-2999 Sapphire Tip

Figure 6B. HBCS-4999 Sapphire Tip

231{0.9) 1

i 134 (5.3) I

J— I IF

[ 300 (12.00) I 230 {9,00) l 790 {31.00) |

L‘IS (0.8}
E[ﬂIbC[UBf:v

i 200 {8.00) | 180.6 (7.00) I 590 {27.00 {

HBCS-50/52/5400

M ETAL CASE
/

/

/SAWHIRE TP

300 {12.00) l 00} 790 (31.00)
700 (8.00) T 1606 {7.000 ™} 590(27‘%.‘

HBCS-51/53/5500

/

T AR
O EER

2391094

l 158.0 (8.20}

|

17.61{0.69) —‘

u
< m

[ 133 (052) DIA,

/
N rd
DIMENSIONS IN ' 300 (12.00 230 (9.00 ' -
MILLIMETRES AND ‘ 700 {8,00) i 180.617.00) 1
HBCS-6XXX
Figure 7.
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BAR CODE DECODER IC

MULTI-PURPOSE | 0 2000

TECHNICAL DATA JANUARY 1986

Features

e IDEAL FOR HAND SCANNING APPLICATIONS
AND MANY AUTOMATED SCANNING
APPLICATIONS

e COMPATIBLE WITH THE SCANNERS NEEDED
FOR VIRTUALLY ALL HAND-HELD SCANNING
APPLICATIONS
— Laser Scanners
— Wands
— Slot Readers

¢ WIDE SELECTION OF INDUSTRY STANDARD
BAR CODES SUPPORTED
— Code 39 (3 of 9 Code)
— Extended Code 39
— Interleaved 2 of 5 Code
— UPC/EAN/JAN Codes
— Codabar (NW7 Code)
— Code 128

e AUTOMATIC CODE RECOGNITION
e FULL DUPLEX SERIAL ASCII INTERFACE

e EXTENSIVE CONFIGURATION CONTROL
THROUGH SOFTWARE COMMANDS

e STANDARD 40 PIN DIP PACKAGE
e AUDIO AND VISUAL FEEDBACK CONTROL
e SINGLE 5 VOLT SUPPLY

Description

Hewlett-Packard’'s HBCR-2000 Multipurpose Bar Code
Decoder IC offers a flexible bar code decoding capability
designed to give OEMs the ability to address a large number
of industry segments and applications. The decoder IC's
flexibility is made possible through sophisticated software
which allows the IC to accept data input from a wide variety
of digital scanners and to decode the most popular bar
code symbologies with full automatic code recognition.
Implémentation of the decoder IC is easy since it requires
only a few supporting chips and provides a standard
interface to the host.

The HBCR-2000 is compatible with the scanners needed
for virtually all hand scanning applications. Specifically,
it is compatible with moving-beam laser scanners such as
the Symbol Technologies’ LS7000, Symbol Technologies’
LS7000 I, and Spectra Physics’ SP2001; fixed-beam non-
contact scanners; Hewlett-Packard digital wands; and
Hewlett-Packard digital slot readers.

1820~-937p
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The decoder IC is also an excellent decoding solution for a
number of the stationary scanning applications found in
automated systems. In this case, the scan rates for moving-
beam applications must be similar to the scan rates for most
hand-held laser scanners (35-45 scans/second) and the
scan speeds for fixed-beam applications must be similar to
the scan speeds for wands and slot readers. For moving
beam applications, it is also important for the scanner to
utilize the three laser control lines on the IC.

The standard decoder |IC supports the bar code symbologies
now being used for most applications in the industrial, retail,
commercial, government, and medical markets. The bar
codes supported are: Code 39 (3 of 9 Code), Extended
Code 39, Interleaved 2 of 5 Code, UPC/EAN/JAN Codes,
Codabar (NW7 Code) and Code 128. If more than one code
is enabled, the decoder IC will automatically recognize and
decode the code being scanned. Bi-directional scanning is
allowed for all codes except UPC/EAN/JAN codes with
supplemental digits.

The HBCR-2000 communicates with the host through a
flexible, full duplex serial ASCII interface. OEMs may choose
either to convert this interface to a standard data communi-
cations protocol such as RS-232-C/V.24 or to connect the
decoder IC directly to another microprocessor for data
processing or data re-formatting. Operator feedback is sup-
ported through pins that allow for external LED drive and
beeper drive circuits. In addition, there are 21 programmable
functions covering items from laser redundancy check to
the tone of the beeper.
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Applications

Bar codes are rapidly becoming a preferred alternative to
other forms of data entry. Bar coding has proven faster and
more accurate than keyboard data entry. In addition, bar
code scanning typically has a higher first read rate and
greater data accuracy than optical character recognition.
When compared to magnetic stripe encoding, bar code
offers significant advantages in flexibility of media, symbol
placement and immunity to electromagnetic fields.

Manufacturers of data collection terminals, point-of-sale
terminals, keyboards, weighing scales, automated test equip-
ment and other data collection or material handling equip-
ment are finding a growing demand for bar code reading
capability in their products. The HBCR-2000 Multipurpose
Bar Code Decoder IC makes it easy to add bar code
reading capability for a wide variety of applications without
the need to invest in the development of bar code decoding
software.

Decoder IC Specifications

GENERAL INFORMATION

The HBCR-2000 is an NMOS decoding IC in a 40 pin Dual
In-Line package. When configured in a system, the HBCR-
2000 requires a crystal and an external 1K byte RAM. The
external RAM may be implemented using either a muiti-
plexed RAM chip (Intel 8185 or equivalent) or a non-
multiplexed RAM chip and a latch chip (Mostek MK4801 or
equivalent and 74LS373). The recommended crystal fre-
quency is 11.059 MHz (CTS Knights R1032-6BA.11.059 or
equivalent).

The decoder IC is designed to interface with most standard
microprocessors or other host systems through a full duplex
serial asynchronous ASCII port. It offers complete compati-
bility with Hewlett-Packard digital wands and digital slot
readers as well as hand-held laser scanners from both
Spectra Physics, Inc. and Symbol Technologies, Inc. Other
scanners, such as hand-held fixed-beam non-contact scan-
ners and the scanners used in some stationary scanning
applications, may also be used with the |IC.

Performance Features

BAR CODES SUPPORTED

The HBCR-2000 decoder IC is capable of reading six popu-
lar bar code symbologies: Code 39 (3 of 9 Code), Extended
Code 39, Interleaved 2 of 5 Code, UPC/EAN/JAN Codes,
Codabar (NW7 Code), and Code 128.

Code 39, an alphanumeric code, and Extended Code 39, a
full 128 character ASCII version of Code 39, may be read
bi-directionally for message lengths up to a maximum of 32
characters. An optional check character may be used with
these codes, and the decoder IC may be configured to
verify this character prior to data transmission. Enabling
Extended Code 39 will disable standard Code 39 as the
two are mutually exclusive.

The Interleaved 2 of 5 Code, a compact numeric only bar
code, may also be read bi-directionally for message lengths
from 4 to 32 characters. To enhance data accuracy, optional
check character verification and/or label length checking
may be enabled.

All popular versions of the UPC, EAN, and JAN bar codes
may be read bi-directionally, including UPC-A, UPC-E,
EAN-8, EAN-13, JAN-8, and JAN-13. All codes may be
enabled simultaneously or only the UPC codes may be
enabled. UPC, EAN, and JAN symbols with complementary
two digit or five digit supplemental encodations, or “add-
ons”, may also be read.

Codabar, a numeric only bar code with special characters,
may be read bi-directionally for message lengths up to a
maximum of 32 characters. The start and stop characters in
the symbol are normally transmitted, but transmission of
these characters may be disabled through a software
command.

Code 128, a compact full ASCIl bar code, may also be
scanned bi-directionally for message lengths up to a maxi-
mum of 32 characters.

Automatic code recognition is provided for the Interleaved 2
of 5 Code, UPC/EAN/JAN Codes, Codabar, Code 128, and
either Code 39 or Extended Code 39. Any subset of these
codes may be selected for decoding. The decoder IC's
default setting is for simultaneous reading of Code 39,
Interleaved 2 of 5 Code with variable lengths, UPC/EAN/JAN
Codes without supplements, Codabar, and Code 128.

SCANNER INPUT

The HBCR-2000 is designed to accept a digital input signal
either from a fixed-beam scanner, such as a wand, slot
reader, or fixed-beam non-contact scanner, or from a
moving-beam scanner such as a hand-held laser scanner.
The state of pin 7 must be set prior to power-up to reflect
the type of scanner connected to the decoder IC.

The decoding software has been specially designed to
operate with any of Hewlett-Packard's digital bar code
wands. Sapphire-tip digital wands feature a scan angle of 0
to 45 degrees, a variety of resolutions, and a TTL compatible
digital output. A complete wand selection guide is presented
in Table 2.

The decoder IC is also designed specifically for operation
with Hewlett-Packard's digital slot readers. These slot readers
feature a sealed case with a slot width of 3.2 mm (0.125 in.)
and either an infrared (880 mm) or visible red (660 mm)
LED light source. A separate module which contains the
slot reader optics and electronics is available for stationary
scanning applications or for configuration in applications
requiring a different slot width.

The decoding software for moving-beam scanners has been
designed to work with hand-held laser scanners manufac-
tured by Spectra Physics, Inc. and Symbol Technologies,
Inc. The delay time for automatic laser shutoff is adjustable
through a software command to the IC. A redundancy
check feature is available for applications which require
extreme accuracy. Applications which require and ability to
sense motor failure in a laser scanner or to calculate the
ratio of laser on-time to laser off-time must support these
requirements through external hardware.

The digital input signal from the scanner is connected to pin
12. When the decoder IC is used with a hand-held laser
scanner, the laser enable, laser trigger, and scanner synchro-
nization signal lines are connected to pins 6, 8, and 13,
respectively. Scanner input can be disabled by the host
system though a software command. This allows the appli-
cation program to enable bar code data entry only when
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expecting the operator to enter data which has been
encoded in bar code. The decoder IC also offers a single
read mode which can; be enabled through a software
command. The single read mode allows the application
program to prevent bar code data entry until a “Next Read”
command is sent, thereby allowing the host to process
transmissions and verify each scan before enabling sub-
sequent decodes.

DATA COMMUNICATIONS

The decoder IC can communicate with the host system
through a full-duplex, asynchronous, serial ASCII port. A
wide range of baud rate, parity, stop bits, and terminator
characters may be selected, as described in Table 1. In
addition, both request-to-send/clear-to-send hardware hand-
shake and Xon/Xofrr (DC1/DC3) character pacing are
available for control of the decoder IC’s data transmission.

OPERATOR FEEDBACK

The decoder IC has several provisions for signalling operator
feedback. Pin 14 provides a signal for an LED driver and pin
15.provides a signal for a beeper driver. An LED or beeper
driver connected to the decoder IC may either be connected
to the decoder IC may either be controlled directly by the
IC, with a signal generated after a good read, or may be
controlled by the host system. In addition, the tone of the

beeper can be varied by a software command to be one of
16 tones or the beeper may be silenced. '

POWER REQUIREMENTS
The decoder IC operates from a single SV DC power
supply. The maximum current draw is 175 mA. The maxi-
mum ripple voltage for the power supply should be less
than 100 mV peak-to-peak.

CONFIGURATION CONTROL

Configuration of the decoder IC may be determined through
hardwire connections and/or through software commands.
Hardwire selection is limited to key operating parameters. A
much greater range of configuration control is available
through software commands. A summary of the decoder IC
features and the configuration control available for these
features is presented in Table 1. A users manual which
provides detailed configuration information and example
schematics is suplied with the HBCR-2000. |

Handling Precautions

The decoder IC is extremely sensitive to electrostatic dis-
charge (ESD). It is important that good anti-static procedures
be observed when handling the IC. The package should not
be opened except in a static free environment.

Recommended Operating Conditions

Parameter Symbol Min. Typ. Max. Units Notes

Supply Voltage Voo 4.5 55 v 1

Ambient Temperature TA o] 70 °C

Crystal Frequency XTAL 11.059 MHz 2

Element Time Interval (Moving-Beam) EThym 22 555 usec 2,345

Etement Time Interval (Fixed-Beam) ETIg 150 70,000 usec 2,3,56,7
NOTES: . 4. Corresponds to a scan rate of 35 to 45 scans per second, a

1. Maximum power supply ripple of 100 mV peak-to-peak. )
2. Crystal frequencies from 3.5 Mhz to 12 MHz may be used. For
frequencies other than 11.059 Mhz, multiply the specified baud
rates, beeper frequencies, and element time interval ranges by
XTAL
~ 11.059 MHz
frequency of 11.059 MHz.

3. An element time interval (ETl) is the time period in the digital
signal from the scanner that corresponds to the physical width
of a printed element bar (bar or space) in the bar code symbol
ETIlp applies when pin 7 is tied low and ETIg applies when pin
7 is tied high.

. The ETI ranges specified assume a crystal

Absolute Maximum Ratings

scan rate which is common for hand-held laser scanners.

5. Element time intervals which are smaller than the minimum
ETI's specified will still be processed, but with additional width
errors that may cause the input signal to be undecodable.

6. The maximum scan speed may be calculated by dividing the
smallest narrow element width by 150 usec. For example, for
0.19 mm (0.0075 in.) narrow elements, the maximum scan
speed is 127 cm/sec (50 in./sec).

7. The minimum scan speed may be calculated by dividing the
largest wide element width by 70,000 usec. For example, for
1.52 mm (0.060 in.) wide elements, the minimum scan speed
is 2.2 cm/sec (0.9 in./sec).

Parameter Symbol Min. Max. Units Notes
Storage Temperature Ts -65 +150 °C
Pin Voltage Vin -0.5 +70 \'2 8
Power Dissipation Ppo 15 Watts

Note:

8. Voltage on any pin with respect to ground.
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TABLE 1. SUMMARY OF FEATURES AND CONFIGURATION CONTROL

Hardwire/
Software Default
Feature Function or Value Controll9] Setting[10]
° Scanner Type Wand/Slot Reader or Moving Beam Laser Scanner Hardwire Moving Beam
‘g Laser Scanner
Q | Laser Shutoff Delay Defines Laser On-Time prior to Automatic Shutoff Software 3 seconds
§ from O to 10 seconds in 100 ms steps
8| Laser Redundancy Check | Enables Requirement for Two Consecutive, Software Not Enabled
K3 Identical Decodes for a Good Read
§ Scanner Input‘Enable Enables Data Acquisition from Scanner Software Enabled
§ Single Read Mode Enables Requirement for a ‘Next Read’ Command Software Not Enabled
@ before Processing the next Scanner Input Signal
Extended Code 39 Both Code 39
Code 39 Interleaved
Interleaved 2 of § Code 2 of 5 Code
Code Select UPC/EAN/JAN Codes Software UPC/EAN/JAN
Codabar Codes
Code 128 Codabar
< Code 128
§ UPC/EAN/JAN together; or UPC Only Software UPC/EAN/JAN
£ | UPC/EAN/JAN together
@ | Decoding Options - Supplements
§ Enable 2 or 5 Digit Supplements Software Not Enabled
Q
Check Character Code 39 Check Character Both gﬁ Chetck
e aracter
Verification Enable Interleaved 2 of 5 Code Check Character Software Verification
Codabar Data Transmit or Suppress Start/Stop Characters Software Transmit
Transmission Option
{nterleaved 2 of 5 User Defined from 4 to 32 Characters Software Variable
Label Length Check or Variable Length Length
Baud Rate 1200, 2400, 4800, 9600 Hardwire 1200
@ Parity 0's, 's, Odd, Even Hardwire 0's
% Stop Bits 1or2 Hardwire 1
O "
= CR, CR/LF, ETX, None Hardwire
§ | Terminator Character - CR
E User Defined (10 Characters Max.) Software
§ Header Character User Detined (10 Characters Max.) Software No Header
= Character
o . o
Data Qutput Pacin No Pac
a put Facing RTS/CTS Hardwire o racing
XoNXOFF Software
% Good Read Beep Select Enables Good Read Beep and sets 1 of 16 tones Software Beep Enabled;
s ) Tone 12
"g’-; Sound Tone External Command to initiate Beep Signal Software N/A
u in 1 of 16 tones
‘3 LED Control Defines LED Control to be Internal, Software LED to Flash
2 : External, or both Automatically
o i ‘ Upon Good Read
§§ Status Request Gives Status of Decoder IC Configuration Software N/A
2.5' Hard Reset Resets Decoder IC to Hardwire Contiguration . Software N/A
o and Default Software Settings
NOTES:

9. Hardwire control is accomplished by tying the appropriate
input pins high or low. Software commands are sent by means

of escape sequences.

10. Default settings are those settings which result when the
relevant input pins have been tied to Ground and no software

commands have been sent to the decoder IC.
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Pinout BAUD{ d 1 ~ 40 [J Vec+5V)

RATE

g

2
sToPBITS[] 3

cts[] 4

RTS[]5

LASER ENABLE OUTPUT[] 6
SCANNER TYPE INPUT[] 7

LASER TRIGGER INPUT[] 8
RESET[] 9

RxD[] 10

TxbD 1

SCANNER SIGNAL INPUT [] 12

LASER SYNCHRONIZATION INPUT[] 13
LED OUTPUT[] 14

39 [ ADO
38 {1AD1
37 [0aAb2 |
36 []AD3 | ADDRESS
AND DATA
35 [ ADa
34 [ ADS
33| JAD6
32{1AD7
3 g +5V
30 [ ADDRESS LATCH ENABLE
29 [ANC
28 [ ] CODE 39 CHECK CHARACTER
27 [JEXTENDED CODE 39

BEEPER OUTPUT[] 15 261
_ : TERMINATOR
TO RAM cuup{"fq 16 s
RD
v »H PARITY
XTAL 2[] 18 23]
XTAL 1] 19 22 A9
= H TO RAM CHIP
Vss(GND)[] 20 21{] A8
Figure 1.

Block Diagrams
DECODER IC TO MEMORY
1K x 8 RAM WITH ADDRESS LATCH CHIP

8185 MULTIPLEXED 1K x 8 RAM

< >

ADDRESS CONTROL

DECODER VKag01
ic
SIMILAR
ADDRESS ADDRESS
CONTROL| 7415373 | CONTROL
DATA DATA

K~

ADDRESS DATA {T

Figure 2.

Scanner Compatibility

The HBCR-2000 is compatible with the complete line of
Hewlett-Packard digital wands, Hewlett-Packard digital slot
readers, and hand-held laser scanners manufactured by
both Symbol Technologies, Inc. and Spectra Physics, Inc.

The selection of Hewlett-Packard digital wands available for
use with the HBCR-2000 is presented in Table 2. For the two
families of sapphire-tip digital wands, the most widely used
wands are those which specify a recommended nominal
narrow element width of 0.19 mm (0.0075 in.). These wands
are capable of reading bar codes printed with a variety of
different printers and over a wide range of printed resolutions
(as specified by narrow element widths) and are, therefore,
considered to be general-purpose wands. The higher reso-
lution wands, with a recommended nominal narrow element
of 0.13 mm (0.005 in.), are recommended for applications in
which only high resolution bar codes are being read. For
applications which require a scanner to read medium or low
resolution bar codes, particularly those with edge roughness,

ADDRESS
CONTROL
DATA :
DECODER  } N e
ic Ny vl smitar
Figure 3.

ink smearing, spots and voids, or other minor print flaws,
the wands which specify a recommended nominal narrow
element width of 0.3 mm (0.012 in.) or 0.33 mm (0.013 in.)
are recommended.

The Hewlett-Packard slot readers and slot reader modules
which are available for use with the HBCR-2000 are pre-
sented in Table 3. The standard slot readers have a slot
width of 3.2 mm (0.125 in.) and are, therefore, capable of
reading bar codes on anything from paper to double-
laminated badges. For applications which require a different
slot width or which require a fixed-beam scanner in an
automated system, a module which contains the slot reader
optics and electronics assembly is also available.

The hand-held laser scanners compatible with the HBCR-
2000 include the Symbol Technologies’ LS7000, Symbol
Technologies’ LS7000 II, and Spectra Physics’ SP2001. For
detailed information on these scanners, please contact these
companies directly. :




TABLE 2. HEWLETT-PACKARD DIGITAL BAR CODE WANDS

Recommended[ 1, 121
Nominal Narrow Emitter[13] Tilt Typical Case

Part Number Element Width Wavelength | Angle | Current Material Switch Tip

HEDS-3000 03 mm 700 nm 0-30° 42 ma ABS Plastic Yes Open
§ (0.012 in.) <
8 | HEDSs-3050 | I I l l No | 82
E 3. 019 mm =&
o " o <=
S | HEDS-3200 (0.0075 in.) 820 nm | 35 ma | Yes { CH

HEDS-3250 | e | | | No |

HBCS-2200 019 mm 700 nm 0-45° 42 ma Polycarbonate Yes Sapphire

{0.0075 in.) Ball

,'% HBCS-2300 | | | | | No |
# | HBCS-4300 | | | | Metal | |
- 013 mm | |

HBCS-~2400 PSRN 820 mm Polycarbonate Yes |
g (0.005 in.)

HBCS-2500 | I | | | No |

HBCS-4500 | | | | Metal | |

~ 0.33 mm o Sapphire

HBCS-5000 (0.013 in.) 655 nm 0-45 3.5ma Polycarbonate Yes Ball
;‘% HBCS-5100 i | | | | No |
% HBCS-6100 | | | ] Metal | |
E 0.19 mm :
= -
s HBCS-5200 (0.0075 in.) | } v | Polycarbonate Yes |
5]
@ | HBCS-5300 I l l l | No l
8 | HBCS-6300 | | | 1 Metal 1 |
=3
0 013 mm
% HBCS-5400 (0,008 in.) 820 mm | | Palycarbonate Yes |
- | HBCS-5500 | | | | | No |

HBCS-6500 | | | | Metal | |

NOTES: tion) than specified may also be read as long as print quality is
11. The nominal narrow element width of a symbol may also be good.
referred to as the resolution of the symbol or as the ‘X' 13. Wands with an emitter wavelength of 655 mm are recom-

dimension of the symbol.
12. Nominal narrow element (bar/space) width, a term which

mended for reading bar codes printed on regular (white)
thermal paper or printed with Hewlett-Packard's Thinkjet
applies to the symbol and not to the scanner itself, is specified printer. Either 655 mm or 700 mm wands are recommended for
to facilitate selecting the best scanner for the symbol being bar codes printed with dye-based ink or in color.

read. The scanners are designed to accomodate printing 14. Low current sapphire-tip wands are designed to operate in all
tolerances around the nominal dimension specified. Bar codes ambient light environments including in direct sunlight and
having larger nominal narrow element widths (ie. lower resolu- under high intensity lamps.

TABLE 3. HEWLETT-PACKARD DIGITAL SLOT READERS

Recommended(15]

Nominal Narrow Emitter[16] | Temperature Case
Part Number Configuration Element Width Wavelength Range Material
HBCS-7000 Complete Slot Reader 0.19 mm (0.0075 in.) 660 nm -20 to +565°C Metal
HBCS-7001 Slot Reader Module | 660 nm | |
HBCS-7100 Complete Slot Reader 0.19 mm (0.0075 in.} 880 nm ~-40 to +70°C |
HBCS-7101 Slot Reader | 880 nm | |

NOTES: 16. The 880 nm slot reader is recommended for bar code symbols

15. The aperture design of the slot reader optical system allows
reading both high resolution bar code symbols and poorly
printed medium or low resolution bar code symbols with the
same scanner.

printed with carbon-based inks or for “black-on-black” bar
code symbols. The 660 nm slot reader is recommended for bar
code symbols printed with dye-based inks or printed on regular
thermal paper.
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HEWLETT
PACKARD

O

BAR CODE READERS

HBCR-1000
HBCR-1022
HBCR-1024
HBCR-1025
HBCR-1043
HBCR-1045

COMPONENT

Features

‘e INDUSTRY STANDARD BAR CODES
3 of 9 Code
Extended 3 of 9 Code
Interleaved 2 of 5 Code
UPC/EAN/JAN Codes

e AUTOMATIC CODE RECOGNITION

e FULL DUPLEX SERIAL OR PARALLEL ASCII
OUTPUT

e EXTENSIVE CONFIGURATION CONTROL
THROUGH SOFTWARE COMMANDS

e DECODERIC IN A STANDARD 40 PIN DIP
PACKAGE

e HIGH PERFORMANCE DIGITAL WANDS
45 Degree Scan Angle
Sealed Sapphire Tip
Polycarbonate or Metal Case
Wide Operating Temperature Range

e AUDIO AND VISUAL FEEDBACK CONTROL
e SINGLE 5 VOLT SUPPLY

Description

Hewlett-Packard’s HBCR-1000 series Component Bar Code
Readers are high performance product sets designed to sim-
plify the implementation of bar code reading capability in any
OEM system. The standard 40 pin decoder IC has been spe-
cially designed to work with any of several Hewlett-Packard
sapphire tip, digital wands. When combined with an external
RAM chip, the result is a component-level reader that allows
a manufacturer to easily add bar code reading to his
equipment.

The standard decoding chip supports four of the most popu-
lar codes: 3 of 9 Code, Extended 3 of 9 Code, Interleaved 2 of
5 Code, and UPC/EAN/JAN Codes. If more than one stand-
ard code is enabled, the reader will automatically recognize
and decode the code being scanned. Bi-directional scanning
is allowed for all codes except UPC/EAN/JAN with supple-
mental digits. For 3 of 9 Codes and Interleaved 2 of 5 Code, a
maximum of 32 characters (not including start and stop.char-
acters) are allowed.

The decoder IC may be set to communicate in either serial or
parallel ASCII. Operator feedback is supported through pins

-that allow for external LED drive and a beeper drive circuits.

In addition, there are thirteen programmable functions cover-
ing items from terminator character selection to the tone of
the beeper.

The readers are standard with your choice of sapphire tip
wands (see Reader Selection Guide, page 8). These wands

TECHNICAL DATA  JANUARY 1986

feature scan angles from 0 to 45 degrees, advanced H-P
optics, and are available in a wide choice of resolutions and
constructions to suit a variety of needs.

Applications

Bar codes are rapidly becoming a preferred alternative to
other forms of data entry. Bar coding has proven faster and
more accurate than keyboard entry. In addition, bar code
scanning typically has a higher first read rate and greater
data accuracy than Optical Character Recognition. When
compared to magnetic stripe encoding, bar code offers signif-
icant advantages in flexibility of media, symbol placement
and immunity to electromagnetic fields.

Manufacturers of data collection terminals, point-of-sale ter-
minals, keyboards, weighing scales, and other data collection
and material handling equipment are finding a growing
demand for bar code reading capability in their products. The
HBCR-1000 series Component Bar Code Readers make it
easy to add this capability without the need to invest in the
development of bar code decoding software.

The 40 pin decoder IC may be easily configured with most
common microprocessors using either a parallel ASCIl or
serial ASCII interface. The IC may be added to an existing
board, designed into an add-on board, or designed into an
entirely new system. Using the decoder IC as an integral part
of the host system will eliminate the need for the external bar

.code readers which are often used to perform the same

function.



Decoder IC Specifications

General Information

The HBCR-1000 series of Component Bar Code Readers
consists of an NMOS decoding IC in a 40 pin Dual In-Line
package, and a high performance digital bar code wand with
a sapphire tip. The readers require an external 1K x 8 bit
multiplexed RAM chip (Intel 8185 or similar) or a 1K by 8 bit
RAM and an address latch chip (Mostek MK4801 or similar
and a 74L.S373). To complete the reader, a 12 MHz crystal
must also be added.

The decoding IC is designed to interface with most standard
microprocessors, and can communicate in either serial or
parallel ASCII. It provides complete compatibility with the
output from Hewlett-Packard digital bar code wands.

Performance Features
Bar Codes Supported

The decoder IC in the HBCR-1000 series of Component Bar
Code Readers is capable of reading four popular bar code
symbologies: 3 of 9 Code, Extended 3 of 9 Code, Interleaved
2 of 5 Code and UPC/EAN/JAN Codes.

The 3 of 9 Code, an alphanumeric code, and the Extended 3
of 9 Code, a full 128 character ASCII version of the 3 of 9
Code, may be read bi-directionally for message lengths up to
a maximum of 32 characters. An optional checksum charac-
ter may be used with these codes, and the decoder IC may
be configured to verify this character prior to data transmis-
sion. Enabling the Extended 3 of 9 Code will disable the
standard 3 of 9 Code as the two are mutually exclusive.

The Interleaved 2 of 5 Code, a compact numeric only bar
code, may also be read bi-directionally for message lengths
up to a maximum of 32 characters. To enhance data accu-
racy, an optional checksum character verification and/or
label length checking may be enabled.

All popular versions of the UPC, EAN, and JAN bar codes
may be read bi-directionally, including UPC-A, UPC-E, EAN-
8, EAN-13, JAN-8, and JAN-13. All codes may be enabled
simultaneously or only the UPC codes may be enabled.

UPC, EAN and JAN codes with complementary two digit or
five digit supplemental encodations, or “add-ons”, may also be
read in one of two ways. If UPC, EAN and JAN codes are
enabled but neither two digit nor five digit supplemental
encodations are enabled, then only the main part of the sym-
bols printed with supplemental encodations will be read. If
the two digit or the five digit supplemental encodations are
enabled, then only symbols with these supplementals will be
read. In this case, the symbols may only be read in the direc-
tion which results in the supplement being scanned last.

Automatic code recognition is provided for the Interleaved 2
of 5 Code, UPC/EAN/JAN Codes, and either the 3 of 9 Code
or the Extended 3 of 9 Code. The decoder |IC’s default setting
is for simultaneous reading of the 3 of 9 Code, Interleaved 2
of 5 Code and UPC/EAN/JAN Codes.

Wand Input

The decoder IC has been specially designed to operate with
any of several Hewlett-Packard sapphire tip, digital bar code
wands. All of these wands feature scan angles from 0 to 45
degrees, TTL compatible digital output, and single 5 volt
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supply. Scanning speeds range from 7.6 cm/sec (3 in./sec) to
127 cm/sec (50 in./sec).

Wand input can be disabled by the host system through a
software command. This allows the application program to
control the operator’s ability to enter bar code data, thereby
preventing inadvertant data entry and allowing the host to
verify each scan before enabling subsequent scans.

The wand is connected to pin 12 of the decoder IC (see Fig-
ures 1 and 2).

Data Communications

The decoder IC can communicate with the host system
through either a serial ASCII or parallel ASCII port. The paral-
lel port allows for faster data communication between the two
devices. Both parallel and serial ports are bi-directional.

The serial port may also be connected directly to RS-232-C
level shifters to produce an RS-232-C compatible output. A
wide range of baud rate, parity, stop bits and terminator
characters may be selected, as described in Table 1. In addi-
tion, XoN/XoFr pacing for the decoder IC’s data transmission
is available.

The parallel port utilizes both a send and receive handshake
for data transfer between the decoder IC and the host sys-
tem. Timing diagrams for these handshakes are shown on
page 5.

The decoder IC has a 255 character output buffer which will
store data if transmission to the host is prevented. A buffer
overflow will actuate a signal on the beeper line for the
beeper to sound three times in rapid succession.

Feedback Features

The decoder IC has several provisions for signalling operator
feedback. Pin 14 provides a signal for an LED driver and pin
15 provides a signal for a beeper driver. An LED or beeper
driver connected to the decoder IC may be controlled directly
by the IC, with a signal generated after a good read; or may
be controlled by the host system. In addition, the tone of the
beeper can be varied by a software command to be one of 16
different tones.

Power Requirements

Both the decoder IC and the wands operate from a single +5
V DC power supply. The maximum current draw for the dec-
oder IC is 175 mA. The maximum current draw for the wands
is 50 mA. For both the IC and the wand power supplies, the
maximum ripple voltage should be less than 100 mV
peak-to-peak.

Configuration Control

Configuration of the decoder IC may be determined through
hardwire connections and/or through software commands.
Hardwire selection is limited to key operating parameters. A
much greater range of configuration control is available
through software commands. A summary of the decoder IC
features and configuration control these features is pres-
ented in the following table.
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Table 1. Summary of Features and Configuration Control

Hardwire/
Software Default
Feature Function of Value Controll1] Setting[2] Model3] Notes
l(\)/lode qf Parallel or Serial Mode Hardwire Parallel N/A
peration
Baud Rate 300, 1200, 2400, 9600 Hardwire 300 Baud Serial
Parity 0's, 1's, Odd, Even Hardwire 0's Serial 4
Stop Bits 1or2 Hardwire 2 Serial
Terminator CR, CR/LF, HT, None Hardwire CR Serial
Character » User Defined (10 Characters Max.) Software CR Both 5
Header ) No Header
Character User Defined (10 Characters Max.) Software Character Both
Data Output .
Pacing XON/XOFF Software No Pacing Both
. 3 of 9 Code 3 of 9 Code
Industrial Interleaved 2 of 5 Code Software
Code Select Interleaved
Extended 3 of 9 Code Both 2 of 5 Code
UPC/EAN/JAN together; Software UPC/EAN/JAN Both
UPC/EAN/JAN or UPC Only Codes
Code Enable 2 or 5 Digit Software Supplements
Select Supplements W Not Enabled
Suppress Zeros UPC-E Software Zeros Included
Checksum 3.0f 9 Code Checksum Both No
Verification Interleaved 2 of 5 Checksum Both
Enable Checksum Software Verification
Interleaved 2 of 5 .
f
Label Length User Qe ined up to 32 Characters Software Variable Length Both
or Variable Length
Check
s Disable | Disables Wand Input Soft Wand Input Both
canner Disable isables Wand Inpu oftware Enabled o
Good Read Enables Good Read Beep Beep Signal
Beep Select in one of 16 Tones Software Enabled; Tone =15 Both
External Command to Sound Tones
Sound Tone Defines 1 of 16 Tones Software N/A Both
. N LED to Flash Upon
LED Control Controls LED Driver Circuit Software Good Read Both
Gives Status of Decoder
Status Request IC Configuration Software N/A Both
Hard Reset Resets Decoder IC to Hardwire Software N/A Both
Configuration and Default Software
Settings
Notes:

1. Software commands are sent by means of escape sequence.

2. Default settings are those settings which result when the relevant pins have been tied to +5V and no software commands have been
sent to the decoder IC. ) :

3. Some functions apply only when the decoder IC is operating in the serial mode. Others apply in both the parallel and serial modes.
4. In the parallel mode, the parity is always odd.
5. In the parallel mode the terminator character is “CR" unless changed through software commands.




Recommended Operating Conditions

Absolute Maximum Ratings

"BAR CODE

Parameter Symbol | Min.| Typ.| Max.| Units | Notes Parameter Symbol | Min. | Max. | Units | Notes
Supply Storage B + N
Voltage Vec | 45 55|V 7 Temperature Ts 85 | +150 c
Ambient R Pin v
IN -0.5| +7.0 \ 9
Temperature Ta 0 70 c Voltage
Crystal Power
e P 2.0 Watts
Frequency XTAL 12 MHz| 8 Dissipation b
Note: Note:
7. Maximum power supply ripple of 100 mV peak-to-peak. 9. Voltage on any pin with respect to ground.
8. 12 MHz crystal is recommended.
Block Diagrams
SERIAL PINOUT PARALLEL PINOUT
BAUD_{E 1~ wpssy rocfn >~ awhssv
RATE 2 39 []07] 1 2 33 []0]
sTopBITS[] 3 38 1 2[] 3 38 [J1
2 PARALLEL| 3 2 | ADDRESS
PARITY{ g 37 P12 | appRess OUTPUT A g vp AND
Os 36 [J3 ~SX$A PORT 4 s 36 13 | DATA
Os 35 [14 | BUS TO 5] s 3504 [ BUSTO
TERMINATOR RAM
{E 7 34 [1s5 | RAMCHIP 6[]7 34 [15 | cHIP
SUPRESS ZEROS UPC-E [] 8 33[J6 L7 s 33[]6
RESET[} 9 32[77 ] RESET[} 9 32017 |
RxD[] 10 31[+5V nc[] 10 31[J+5V
>0 11 30 [J ALE — TO RAM CHIP SUPRESS ZEROES UPC-E [] 11 30 [ J ALE — TO RAM CHIP
WAND IN[] 12 29 [JNC WAND IN[] 12 29 [INC
ne[] 13 28 [ MODE (GND) CMDRDY [] 13 28 [ ] MODE (+5 V)
LED[] 14 27 [JEX 3 OF 9 CODE LED[] 14 27 [ JEX 3 OF 9 CODE
BEEPER[] 15 26 13 OF 9 CHECKSUM BEEPER[] 15 26 |13 OF 9 CHECKSUM
TO RAM cmP{W_RE 16 2 [Ine TO RAM cuw{w_ﬁc 16 25 |1 DATARDY
rRD[] 17 24 [INC R[] 17 24 [ ]CMDRD
xTAL2[] 18 23[INC XTAL2[} 18 23 [ ] DATAWR
XTAL 1] 19 221 A9 TO RAM CHIP XTAL 1] 19 220 A9 16 RAM CHIP
GND (] 20 21[]A8 GND[] 20 21[JAs
NC — Pins should be left floating
Figure 1. Figure 2.

DECODER IC TO MEMORY

8185 MULTIPLEXED

1K x 8 RAM WITH
ADDRESS LATCH CHIP

DECODER /‘
ic

1K x 8 RAM
ADDRESS
CONTROL
DATA v\ 8185
OR
j/ SIMILAR
Figure 3.

DECODER
ICc

<

ADDRESS CONTROL
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Parallel Mode Handshake Timing

HOST COMMANDS RECEIVED BY DECODER IC

(INPUT FROM

e CMDRDY
tcrR tcs tcA tcc
(OUTPUT TO —_
vkl CMDRD
(HOST COMMAND  PORT 1 N
TO BUS) PINS 8-1 N

*tcr = Falling edge of COMMAND READY to falling edge
of COMMAND READ. Max. = 22 us (MICRO SECONDS).

tcs = Command setup to rising edge of COMMAND
READY. Min. =0 us.

*tca = Rising edge of COMMAND READY to rising edge
of COMMAND READ. Typical = 6 us.

tcc = Rising edge of COMMAND READ to falllng edge of
COMMAND READY. Min. =0 pus.

DECODER IC DATA SENT TO HOST

(INPUT FROM

*Note: These timing specifications given are based on the assump-
tions that the wand is not active at the time. Since the wand input to
the microprocessor is .interrupt . driven, the timing might be
stretched if the wand is active during that time. All the timings
assume the microprocessor runs at 12 MHz.

HOST) DATARDY 7
tbo tDF top
(DATA TO PORT 1 \
BUS) PINS 8-1 N
tow toH |
A X £

*tpo = Falling edge of DATA READY to data output to
bus. Max. = 140us.

This number reflects that there is no decoding in progress,
no status, terminal ID, header or terminator change com-
mand is being executed at the time.

*toF = Data output to bus to falllng edge of DATA WRITE.
Max. =2 us

*tow = Rising edge of DATA READY to rising edge of
DATA WRITE. Max. =5 us.

*tpH = Data hold after rising edge of DATA WRITE.
Max. = 2 us.

top = Rising edge of DATA WRITE to falling edge of
DATA READY. Min. =0 us.
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DC Characteristics (Ta=0°C to 70°C, Vcc = 4.5V to 5.5V, Vss = 0V)

Symbol Parameter Min. Max. Unit | Test Conditions

ViL Input Low Voltage -0.5 0.8 \

ViH Input High Voltage (except Pins 9 and 18) 20 Vec +0.5 \

ViH1 Input High Voltage (Pins 9 and 18) 25 Ve +05 \ Pin 19 to Vss

Vot Output Low Voltage (Pins 1-8, 10-17, 21-28) 0.45 Y loL=1.6mA

Vou1 Output Low Voltage (Pins 30 and 32-39) 0.45 \ loL=3.2 mA

VOH1 Output High Voltage (Pins 30 and 32-39) 2.4 \ loH = —400 uA

e InpuL Low Surrent (Pins 1. -800 | wA | Vin=045V

liL2 Input Low Current (Pin 18) -25 mA Pin 19 to Vss; Vin = 0.45V
K] Input Leakage Current (Pins 32-39) +10 uA 0.45 < Vin < Vce

liH1 Input High Current to Pin 9 for Reset 500 uA ViNn=Vcc-1.5

lcc Power Supply Current 175 mA All Outputs Disconnected

Handling Precautions

The decoder IC is extremely sensitive to electrostatic dis-
charge (ESD). It is important that good anti-static procedures
be observed when handling the IC. It is recommended that
the package not be opened except in a static free environment.

Wand Specifications

General Information

Hewlett-Packard’s Sapphire Tip Digital Bar Code Wands are
hand-held scanners optimized to provide excellent reading of
all common bar code formats. These wands contain an opti-
cal sensor with a 700 nm visible red LED (HBCS-2200/-2300/
-4300) or an 820 nm infrared LED (HBCS-2400/-2500/-4500), a
photo detector IC, and precision aspheric optics. The internal
conditioning circuitry converts the optical information into a
logic level pulse width representation of the bars and spaces.

Recommended Operating Conditions

The HBCS-2200/-2300/-4300 with their nominal 0.19 mm
(0.0075 in.) spot size, are excellent choices for reading a gen-
eral range of bar code. The HBCS-2400/-2500/-4500 wands
have a nominal spot size of 0.13 mm (0.005 in.) and are ideal
for reading very high density bar code.

The HBCS-2XXX series of wands feature a durable, polycar-
bonate case. They are the ideal choices for general purpose
commercial and' light industrial applications. The HBCS-
4XXX series of wands feature a rugged metal case and are
recommended for heavy industrial and LOGMARS applications.

The standard wand configuration includes a strain-relieved
coiled cord which has a comfortable extended length of 190
cm (75 in.). Maximum length is 250 cm (100 in.). The standard
connector on the HBCS-2XXX family of wands is a 5 pin, 240
degree DIN connector. The connector on the HBCS-4XXX
family is a metal, 5 pin, 240 degree DIN connector with a
locking ring. Mating sockets for both connectors are listed
under the Mechanical Considerations section.

Parameter Symbol Min. Max. Units Notes
Nominal Narrow Element Width
HBCS-2200/2300/4300 0.19 (0.0075) mm (in.)
HBCS-2400/2500/4500 0.13 (0.005) mm (in)
Scan Velocity VscAN 761 127 (50) cm/sec (in./sec)
Contrast Rw-Rs 45 % 10
Supply Voltage Vs 45 55 Volts 11
Temperature TA -20 +65 °C
Tilt Angle (See Figure 5) 12
Orientation (See Figure 6)
Notes:

10. Contrast is defined as Rw-Rg, where Rw is the reflectance of the white spaces and Rg is the reflectance of the black bars measured at
the emitter wavelength (700 nm or 820 nm). Contrast is related to print contrast signal (PCS) by PCS = Rw-Rs/Rw or Rw-Rs = PCS*Rw).

11.Power supply ripple and noise should be less than 100 mV peak to peak.

12. Performance in sunlight will vary depending on shading at wand tip.
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Absolute Maximum Ratings

Parameter Symbol Min, Max. Units Notes
Storage Temperature Ts -40 +75 °C
Operating Temperature Ta -20 +65 °C
Supply Voltage
HBCS-2200/2300/4300 Vs -05 +6.00 \
HBCS-2400/2500/4500 Vs -0.5 +5.75 v
Output Transistor Power Pr 200 mw
Output Collector Volitage Vo -0.5 +20 \
(0.8 Mechanical Considerations
The wands include a standard 5 pin, 240° DIN connector.
5 The detailed specifications and pin-outs are shown in Fig-
$ 15 ure 7. Mating.connectors are available from RYE industries
g {0.08) and SWITCHCRAFT in both 5 pin and 6 pin configurations.
E These connectors are listed below.
? 10 HBCS-2200/-2300/-4300
0 [ | { i
£ (0.08) [ 7}, [ imce-24007 Connector Configuration
g ’ ~2500/-4500 RYE MAB-5* 5 Pin
5 os SWITCHCRAFT 61GASF* 5 Pin
2 !
< ¥ i
£ (002 CPOAL SWITCHCRAFT 81HAS5F 5 Pin
OPERATING RE RYE MAB-8* 6 Pin
0.0 SWITCHCRAFT 61HAGF 6 Pin

10 20 30 40
6 — TILT ANGLE — DEGREES

Figure 5. Wand Height vs. Tilt Angle

50

Figure 6. Preferred Orientation
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*Suitable for non-locking connector only.

pammmnn | A

59 (2.3)

HBCR-1000, -1022, -1024, -1025

|

13.2(0.53)

f

0.79)

=[S

I 60 (2.36)
HBCR-1043, -1045

NOTES:
1. DIMENSIONS IN MILLIMETRES AND (INCHES).

PIN WIRE COLOR FUNCTION

1 RED Vs SUPPLY VOLTAGE:

2 WHITE Vo OUTPUT

3 BLACK GROUND

4 N/A N/C

5 N/A N/C

CASE - SHIELD (MUST BE
CONNECTED)

Figure 7. Connector Specifications




Wand I/O Interfaces

Vee Vee
1K
WAND VWV ] 12| WAND INPUT WAND
CONNECTOR CONNECTOR K
V i 12| WAND INPUT »
. w E
[—]
SHIELD TRANZORBS S=
SHIELD P6KE 7.5C (THREE EACH) =&
=g
()
MINIMAL RECOMMENDED

Note:
The shield must be connected to ground for proper wand operation.

Figure 8. Wand Interfaces

Reader Selection Guide

The following table will help in selecting the proper Com-
ponent Bar Code Reader part number for a given appli-
cation. To use the table, first determine the minimum size
of the narrow elements in the bar codes to be read. Next,

determine the type of environment in which the reader’s
wand will be used. Finally, determine whether a switched
wand is required for the application.

Type of Environment

Type of Bar Code
w Commercial or Light Industrial

HBCR-1000 (Non-Switched)
HBCR-1022 (Switched)
HBCR-1025 (Non-Switched)
HBCR-1024 (Switched)

HBCR-1025 (Non-Switched)
HBCR-1024 (Switched)

HBCR-1000 (Non-Switched)
HBCR-1022 (Switched)

Heavy Industrial
HBCR-1043 (Non-Switched)

High, Medium or Low Resolution
(7.5 mil or Larger)

Very High Resolution HBCR-1045 (Non-Switched)

(Less than 7.5 mil
Security (Black-on-Black) Bar Code

HBCR-1045 (Non-Switched)

Colored (UPC/EAN/JAN) Bar Code HBCR-1043 (Non-Switched)

Maintenance Considerations

There are no user serviceable parts inside the wands. The tip
is designed to be easily replaceable, and if damaged should
be replaced. The table below will help determine the correct
replacement tip part number. Before attempting to replace

The wands or decoder IC are also available as replacement
parts. Should either become damaged, the correct replace-
ment part numbers .can be determined from the table
below.These parts can be ordered from any Hewlett-Packard

the wand tip, be sure that the wand is disconnected from any authorized distributor.

power source.

Reader Replacement Part Numbers
Part No. Wand Wand Tip Decoder IC
HBCR-1000 | HBCS-2300 | HBCS-2999 HBCR-1900
HBCR-1022 | HBCS-2200 | HBCS-2999 | HBCR-1900
HBCR-1024 | HBCS-2400 | HBCS-2999 | HBCR-1900
HBCR-1025 | HBCS-2500 | HBCS-2999 | HBCR-1900
HBCS-2999 HBCS-4999 HBCR-104,3' HBCS-4300 | HBCS-4999 | HBCR-1900
Figure 9a. Sapphire Tip Figure 9b. Sapphire Tip HBCR-1045 | HBCS-4500 | HBCS-4999 HBGR-1900

©Hewlett-Packard Company 1984
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H ETT SAPPHIRE TIP | HBCs-2200
| () vty DIGITAL BAR CODE | {ics 5a00
WANDS HBCS-2500

Features

e SCAN ANGLE 0 TO 45 DEGREES
e OPERATING TEMPERATURE -20°C TO +65°C

e AVAILABLE IN EITHER 0.19 mm (0.0075 IN.) OR 0.13

0.13 mm (0.005 IN.) RESOLUTION
e SEALED REPLACEABLE SAPPHIRE TIP

Provides Protection from Contamination Due to Dirt

and Debris

e DIGITAL OUTPUT
Open Coliector Output Compatible with TTL
and CMOS

e DECODABILITY SPECIFIED FOR GUARANTEED
PERFORMANCE

e SINGLES5 VOLT SUPPLY

e PUSH-TO-READ SWITCH (HBCS-2200/2400)
Minimizes Power Consumption in Battery Operated
Systems

e SOLID STATE RELIABILITY

e POLYCARBONATE CASE
Durable, yet Lightweight

Description

Hewlett-Packard’s Sapphire Tip Digital Bar Code Wands are
hand-held scanners optimized to provide excellent reading of
all common bar code formats. These wands contain an opti-
cal sensor with a 700 nm visible red LED (HBCS-2200/2300)
or an 820 nm infrared LED (HBCS-2400/2500); a photo IC
detector; and precision aspheric optics. The internal signal
conditioning circuitry converts the optical information into a
logic level pulse width representation of the bars and spaces.

Wand Dimensions
23 (0.9)‘1—

|
(L':[f N €3,

HBCS-2200/2400

i 134 (5.3}

! 260 (10} ! 200 (8) !

NOTE: DIMENSIONS IN MILLIMETRES AND {INCHES).

‘ i 134 (5.3} ‘
Uk |

TECHNICAL DATA JANUARY 1986

The HBCS-2200/2300 wands, with their nominal 0.19 mm
spot size, are excellent choices for reading a general range of
bar codes. The HBCS-2400/2500 wands have a nominal spot
size of 0.13 mm and are ideal for reading very high density
bar code.

All of the wands feature an internal shield for maximizing
immunity to electromagnetic interference (EMI), electrostatic
discharge (ESD), and ground loops. The shield is also
designed to eliminate noise from capacitively coupled inputs.

The HBCS-2200 and HBCS-2400, with their push-to-read
switch, are recommended for use in battery powered applica-
tions requiring low power consumption. The HBCS-2300 and
HBCS-2500 (without switch) are the usual choices for AC
powered systems.

The standard wand configuration includes a strain relieved
coiled cord, which has a comfortable extended length of 190
cm (75 in.). Maximum length is 250 cm (100 in.). The standard
connector is a 5 pin, 240 degree DIN connector.

HBCS-2300/2500

23(0.9) 1

740 740
(29} L 19 (0.8) {29)

I 260 (10)

! 200 (8)




Applications

The digital bar code wand is a highly effective alternative to
keyboard data entry. Bar code scanning is faster and more
accurate than key entry and provides far greater throughput.
In addition, bar code scanning typically has a higher first read
rate and greater data accuracy than optical character recog-
nition. When compared to magnetic stripe encoding, bar
code offers significant advantages in flexibility of media,
symbol placement and immunity to electromagnetic fields.

Hewlett-Packard’s sapphire tip wands are designed for use in
applications where dirt and debris are a common occurrence

and could cause clogging in a conventional open-tip wand. In
addition, the sapphire ball provides superior wear resis-
tance and improves scanning ease. The rugged yet light-
weight polycarbonate case makes these wands ideal for use
in commercial or light industrial applications.

Applications include remote data collection, work-in-process
tracking, point-of-sale data entry, inventory control, library
circulation control, medical records tracking, and repair/
service work.

Recommended Operating Conditions

Parameter Symbol Min. Max. Units Notes
Nominal Narrow Element Width
HBCS-2200/2300 0.19 (0.0075) mm (in)
HBCS-2400/2500 0.13 (0.005) mm (in.)
Scan Velocity VscaN 763 127 (50 cm/sec (in/sec)
Contrast Rw-Rs 45 % 1
Supply Voltage Vs 4.5 5.5 Volts 2
Temperature Ta -20 +65 °C
Tilt Angle (See Figure 8) 3
Orientation (See Figure 1)
Notes:

1. Contrast is defined as Rw-Rg, where Rw is the reflectance of the white spaces and Rs is the reflectance of the black bars, measured at the emitter

wavelength (700 nm or 820 nm). Contrast is related to print contrast signal (PCS) by PCS = (Rw-Re)/Rw or Rw-Rs = PCS*Rw.
2. Power supply ripple and noise should be less than 100 mV peak to peak.
3. Performance in sunlight will vary depending on shading at wand tip.

Absolute Maximum Ratings

Parameter Symbol Min. Max. Units Notes
Storage Temperature Ts -40 +75 °C
Operating Temperature TA -20 +65 °C
Supply Voltage
HBCS-2200/2300 Vs -0.5 +6.00 \
HBCS-2400/2500 Vs -05 +5.75 Vv
Output Transistor Power Pt 200 mwW
Qutput Collector Voltage Vo -0.5 +20 \
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Electrical Operation

The HBCS-2XXX family of digital bar code wands consists
of a precision optical sensor, an analog amplifier, a digitiz-
ing circuit, and an output transistor. These elements provide
a TTL compatible output from a single 4.5V to 5.5V power
supply. The open collector transistor requires an external
pull-up resistor for proper operation.

A non-reflecting black bar results in a logic high (1) level
output, while a reflecting white space will cause a logic low
(0) level output. The initial or “wake-up” state will be inde-
terminate. However, after a short period (typically less than
1 second), the wauid will assume a logic low state if no bar
code is scanned. This feature insures that the first bar will
not be missed in a normal scan.

The wands provide a case, cable, and connector shield
which must be terminated to logic ground or, preferably, to
both logic ground and earth ground. The shield is con-
nected to the metal housing of the 5 pin DIN connector.

Electrical Characteristics

Grounding the shield will provide a substantial improvement
in EMI/ESD immunity in AC powered systems. However, it
is essential that the shield be properly terminated even
when EMI and ESD are not a concern, otherwise the shield
will act as an antenna, injecting electrical noise into the
wand circuitry. :

The HBCS-2200/2400 wands incorporate a push-to-read
switch which is used to energize the LED emitter and elec-
tronic circuitry. When the switch is initially depressed,
contact bounce may cause a series of random pulses to
appear at the output (Vo). This pulse train will typically settle
to a final value within 5 ms.

The recommended logic interface for the wands is shown in
Figure 9. This interconnection provides the maximum ESD
protection for both the wand and the user’s electronics.

(Vs =4.5V t0 5.5V, Ta =25°C, RL = 1KQ to 10K(}, unless otherwise noted)

Parameter Symbol Min. Typ. Max. Units Conditions Notes
Supply Current Is 42 50 mA Vg = 5.0V 4
High Level Output Current loH 400 HA VoH = 2.4V
Low Level Output Voltage VoL 0.4 " loL =16 mA
Output Rise Time tr 34 20 us 10%-99%
Output Fall Time t 12 20 s Transiton
Switch Bounce
HBCS-2200/2400 tsb 05 5.0 ms 5
Electrostatic Discharge Immunity ESD 25 kV
Notes:

4. Push-to-read switch (if applicable) is depressed.

5. Switch bounce causes a series of sub-millisecond pulses to appear at the output (Vo).

6. Shield must be properly terminated (see Figure 9). The human body is modeled by discharging a 300 pF capacitor through a 500 Q

resistor. No damage to the wand will occur at the specified discharge level.

Block Diagram

HBCS$-2300/2500
(without Switch)

OPTICAL
SENSOR

ﬂl\ Vs (1)
L I 2 Vo)

AMP. DIGITIZER 1 jf GND {3)
[ — ™ F ' r/—l—_ SHIELD (CASE)

HBCS-2200/2400
(with Switch)

—0  O- ‘l\
Vs (1)
| ] LALIRVNPS

OPTICAL =
SENSOR AMP>— DIGITIZER T + GND (3)
‘ T _l r/—l—sum.n (CASE)




Scanning Performance

(Vs =5.0V, RL=1.0 to 10 K(}, Ta =25°C, Scan Velocity = 50 cm/sec)

Parameter Symbol HBCS- Typ. Max. Units Condition Fig. Note
Decodability Index 2200/2300 9 22 % 12,3 @
Dt 479 7.8 o
2400/2500 12 22 % 7 =
(=]
Average Width Error 2200/2300 0.005 mm EE
(Narrow Bars) (0.0002) (in.) 8
OSpn
2400/2500 | 0.024 mm
(0.0009) in.) Tilt Angle 0° to 40°
Average Width Error 2200/2300 0.003 mm Preferred Orientation
(Wide Bars) (0.0001 (in.) Standard Test Tag
2400/2500 | 0.023 mm
(0.009) (in.)
1,2,9 7
Average Width Error 2200/2300 | -0.011 mm
(Narrow Spaces) OSqn (-0.0004) (in.)
2400/2500 | -0.027 mm
(-0.0106) (in.)
Average Width Error 2200/2300 | -0.002 mm
(Wide Spaces) OSsw (—0.0001) (in.)
2400/2500 | -0.026 mm
(-0.0010) (in.)
Deviation from Average 2200/2300 0.018 0.048 mm
(Internal) de (0.0007) | (0.0019) (in)
2400/2500 | 0.019 0.052 mm
(0.0007) | (0.0020) | (in) 12,5 7
Deviation from Average 2200/2300 0.090 0.152 mm 6.9
(First Bar) db (0.0035) | (0.0060 (inJ
2400/2500 | 0.060 0.100 mm
(0.0024) | (0.0039) (in.)

Notes:

7. The test tag for the HBCS-2200/2300 Wands (Figure 2a) consists of black bars and white spaces with a narrow element width of 0.19 mm

(0.0075 in.) and a wide element width of 0.42 mm (0.0165 in.). This equates to a wide-to-narrow ratio of 2.2:1. A margin, or white reflecting
area, of at least 5 mm in width precedes the first bar.
The test tag for the HBCS-2400/2500 wands (Figure 2b) consists of black bars with a narrow element width of 0.13 mm (0.005 in.) and
wide element width of 0.43 mm (0.017 in.) giving a ratio of 3.4:1. The white spaces have a narrow element width of 0.28 mm (0.011 in.) and
wide element width of 0.64 mm (0.025 in.) yielding a ratio of 2.3:1. Both tags are photographically reproduced on diffuse reflecting paper
with a PCS greater than 90%.

8. Decodability index is a measure of the errors produced by the wand when scanning a standard test symbol at a constant velocity. It is
expressed as a percentage of the narrow element width.

For a more detailed discussion of the terms used here, see Hewlett-Packard Application Note 1013 “Elements of a Bar Code System”

(publication number 5953-9387).

HBCS-22/2400 HBCS-23/2500 a. HBCS-22/2300 Test Tag b. HCBS-24/2500 Test Tag

Figure 1. Preferred Wand Orientation Figure 2. Standard Test Tag Formats
(Test Tags Enlarged to Show Detail)

2-29




Typical Performance Curves

Vs=5V,RL=1KQ, TA=25°C, Tilt=15°, VscaN = 50 cm/sec unless otherwise specified)

DI — DECODABILITY INDEX — %

25.

. HBCS-2400/2500 -

i

-
o

i TP
HBCS-2200/2300

4 5 6

Vs — SUPPLY VOLTAGE — VOLTS

Figure 3. Decodability Index vs. Supply Voltage.

DEVIATIONS FROM AVG. WIDTH ERRORS — mm

0.140
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0.080
0.060
0.040 fersr " HBCS-2400/2500 ———1 61—
0020 feezrom ALL WANDS, —— do —
0

4 5 6
Vs —SUPPLY VOLTAGE — VOLTS

Figure 5. Deviation from Average Width Error
vs. Supply Voltage.
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HBCS-2400/2500
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Figure 7. Decodability Index vs. Temperature.
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Figure 4. Decodability Index vs. Scan Velocity.

0.140

0.120

0.100

. din
N HECS-2200/230¢ -

0.080

0.060

dby
w24
0.040 \‘ HBCS+2400/250¢ e

ALL WANDS de

0.020

DEVIATIONS FROM AVG. WIDTH ERROR — mm

] 20 40 60 80 100 120

Vscan — SCAN VELOCITY — cm/sec

' Figure 6. Deviation from Average Width Error

vs. Scan Velocity.

2,0
(0.08)

-
o

(0.06)

HBC! ;~2200123‘00
HBCS-2400/2500

-
=]

(0.04)

o
o

WAND HEIGHT — mm (INCHES)

- A
(0.02) TFYPICAL
OPERATING REGION

0.0

0 10 20 30 40 50
6 — TILT ANGLE — DEGREES

Figure 8. Wand Height vs. Tilt Angle.




Selection Guide

NOMINAL
NARROW
ELEMENT
WIDTH? "
g5=
S=
25
LESSTHAN | Y .| GREATER THAN OR £
7.5 MILS = > EQUAL TO 7.5 MILS =5
Y \
NO NEED YES NO NEED YES
SWITCHED SWITCHED
WAND? { WAND?

HBCS-2500

NOTES:

HBCS-2400

HBCS-2300 HBCS-2200

IF IT ISNECESSARY TO READ BAR CODE PRINTED IN COLORS OTHER THAN BLACK AND WHITE IT IS RECOMMENDED THAT EITHER THE

HBCS-2200 OR HBCS-2300 WANDS BE SELECTED.

IF IT IS NECESSARY TO READ SECURITY “BLACK-ON-BLACK" BAR CODE (CARBON-BASED BLACK AND WHITE BAR CODE WITH A BLACK
OVERLAY), IT IS RECOMMENDED THAT EITHER THE HBCS-2400 OR THE HBCS-2500 WANDS BE SELECTED.

fmmmm e — = R . .
e . ) Mechanical Considerations
gaRANSZORB : fvs% J_ onr The wands include a standard 5 pin, 240° DIN connector.
aTuF :; : P6KE 7.5C | 31/aW = The detailed specifications and pin-outs are shown in Figure
(3EACH) | ‘°“';r__< 10. Mating connectors are available from RYE Industries and
! Vol2) EE o SWITCHCRAFT in both 5 pin and 6 pin configurations.
| | These connecors are listed below.
| I' 741514 _ :
: GND(3) | Connector Configuration
I scTAlgsﬁf 'J,,%, A1 RYE MAB-5 5 Pin
WAND ;L_EEI‘R—OS;A?IC_D;SC_I-IA-R-(;E SUSTEM INTERFACE SWITCHCRAFT 61GASF 5 Pin
SUPPRESSION INTERFACE SWITCHCRAFT 61HASF 5 Pin
©TRANSZORB IS A REGISTERED TRADEMARK OF GENERAL RYE MAB-6 6 Pin
SEMICONDUCTOR INDUSTRIES. TEMPE AZ.
SWITCHCRAFT 61GAG6F 6 Pin

Figure 9. Recommended Logic Interface (When earth ground is
not available, connect shield to logic ground, as shown by dotted

line).

Maintenance Considerations

There are no user serviceable parts inside the wand. The tip
is designed to be easily replaceable, and if damaged it should
be replaced. Before unscrewing the tip, disconnect the wand

from the system power source. The part number for the wand
13.2(053) tip'is HBCS-2999. The tip can be ordered from any Hewlett-
N Packard franchised distributor.
i 59 (2.3)
NOTES:
1. DIMENSIONS IN MILLIMETRES AND (INCHES).
PIN WIRE COLOR FUNCTION
1 RED Vs SUPPLY VOLTAGE
2 WHITE Vo OUTPUT Figure 11. Sapphire Tip.
3 BLACK GROUND
4 N/A N/C H
5 A niC Optional Features
CASE - SHIELD (MUST BE . R
CONNECTED) For options such as special cords, connectors or labels, con-

Figure 10. Connector Specifications.

tact your nearest Hewlett-Packard sales office or franchised
Hewlett-Packard distributor.
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HEWLETT
PACKARD

(D

DIGITAL BAR CODE

INDUSTRIAL
HBCS-4300

HBCS-4500

WANDS

Features

e SEALED METAL CASE FOR HEAVY INDUSTRIAL
ENVIRONMENTS AND LOGMARS APPLICATIONS

e SCAN ANGLE 0 TO 45 DEGREES
e OPERATING TEMPERATURE -20°C TO +65°C

e AVAILABLE IN EITHER 0.19 mm (0.0075 IN.) OR
0.13 mm (0.005 IN.) RESOLUTION

e SEALED REPLACEABLE SAPPHIRE TIP
Provides Protection from Contamination Due to Dirt
and Debris

e DIGITAL OUTPUT
Open Collector Output Compatible with TTL
and CMOS

e DECODABILITY SPECIFIED FOR GUARANTEED
PERFORMANCE

¢ SINGLE 5 VOLT SUPPLY
e SOLID STATE RELIABILITY

Description

Hewlett-Packard’s Industrial Digital Bar Code Wands are
hand-held scanners optimized to provide excellent reading of
all common bar code formats. These wands contain an opti-
cal sensor with a 700 nm visible red LED (HBCS-4300) or an
820 nm infrared LED (HBCS-4500); a photodetector IC; and

Wand Dimensions

TECHNICAL DATA JANUARY 1986

precision aspheric optics. The internal signal conditioning
circuitry converts the optical information into a logic level
pulse width representation of the bars and spaces.

The HBCS-4300 wand, with its nominal 0.19 mm spot size, is
an excellent choice for reading a general range of bar codes.
The HBCS-4500 wand has a nominal spot size of 0.13 mm
and is ideal for reading very high density bar code.

Both wands feature an integral shield for maximizing immun-
ity to electromagnetic interference (EMI), electrostatic dis-
charge (ESD), and ground loops. The shield is also designed
to eliminate noise from capacitively coupled inputs.

The standard configuration includes a strain relieved coiled
cord, which has a comfortable extended length of 190 cm (75
in.) [maximum length is 250 cm (100 in.)]. The standard con-
nector is a 5 pin, 240 degree, metal, locking DIN connector.

METAL CASE
/SAPPHI RE TIP
A O B 259000
)v_____, 158.0 (8.20) -
l 17,6 (0‘69)—‘
T_ it 790 (31.00)
13.3 (0.52) DA, 590 {27.00)

DIMENSIONS (N 300 {12.00)

= =

230 {9.00}

MILLIMETRES AND (INCHES) ‘

200 (8,00}

| 80,6 {7.00}




Applications

The digital bar code wand is a highly effective alternative to
keyboard data entry. Bar code scanning is faster and more
accurate than key entry and provides far greater throughput.
In addition, bar code scanning typically has a higher first
read rate and greater data accuracy than optical character
recognition. When compared to magnetic stripe encoding,
bar code offers significant advantages in flexibility of media,
symbol placement and immunity to electromagnetic fields.

Hewlett-Packard's industrial bar code wands are designed for
use in applications which require the added ruggedness and
durability that a metal wand can provide. In addition, the
sapphire ball provides superior wear resistance and improves
scanning ease. The rugged yet lightweight aluminum case
makes these wands ideal for use in heavy industrial and
LOGMARS applications such as: shop floor data collection,
work-in process tracking, material tracking, and repair/ser-
vice work.

Recommended Operating Conditions

Parameter Symbol Min. Max. Units Notes
Nominal Narrow Element Width
HBCS-4300 0.19 (0.0075) mm (in.)
HBCS-4500 0.13 (0.005) mm (in.)
Scan Velocity VscaN 7.6 (3) 127 (50) cm/sec (in/sec)
Contrast Rw-Rs 45 % 1
Supply Voltage Vs 45 55 Volts 2
Temperature ' Ta -20 +65 °C
Tilt Angle (See Figure 8) 3
Orientation (See Figure 1)
Notes:

1. Contrast is defined as Rw-Rs where Rw is the reflectance of the white spaces and Rs is the reflectance of the black bars, measured at the
emitter wavelength (700 nm or 820 nm). Contrast is related to print contrast signal (PCS) by PCS = (Rw-Rs)/Rw or Rw-Rg = PCS*Rw.

2. Power supply ripple and noise should be less than 100 mV peak to peak.

3. Performance in direct sunlight will vary depending on shading at the wand tip.

Absolute Maximum Ratings

Parameter Symbol Min. Max. Units Notes
Storage Temperature Ts -40 +75 °C
Operating Temperature Ta -20 +65 °C
Supply Voltage
HBCS-4300 Vs -0.5 +6.00 \
HBCS-4500 Vs -0.5 +5.75 \
Output Transistor Power P 200 mw
Output Collector Voltage Vo -05 +20 Vv
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Electrical Operation

The HBCS-4XXX family of digital bar code wands consists
of a precision optical sensor, an analog amplifier, a digitiz-
ing circuit, and an output transistor. These elements provide
a TTL compatible output from a single 4.5V to 5.5V power
supply. The open collector transistor requires a pull-up
resistor for proper operation.

A non-reflecting black bar results in a logic high (1) level
output, while a reflecting white space will cause a logic low
(0) level output. The initial or “wake-up” state will be inde-
terminate. However, after a short period (typically less than
1 second), the wand will assume a logic low state if no bar
code is scanned. This feature insures that the first bar will
not be missed in a normal scan.

Electrical Characteristics

The wands provide a case, cable, and connector shield
which must be terminated to logic ground or, preferably, to
both logic ground and earth ground. The shield is con-
nected to the metal housing of the 5 pin DIN connector.

The shield must be properly terminated otherwise it will act
as an antenna, injecting electrical noise into the wand cir-
cuitry. Grounding the shield will also provide a substantial
improvement in EMI/ESD immunity.

The recommended logic interface for the wands is shown in
Figure 9. This interconnection provides the maximum ESD
protection for both the wand and the user’s electronics.

(Vs =4.5V t0 5.5V, Ta=25°C, RL = 1K to 10K}, unless otherwise noted)

Parameter Symbol Min. Typ. Max. Units Conditions Notes
Supply Current Is 50 mA Vs =50V
High Level Output Current loH 400 pA Voh = 2.4V
Low Level Output Voltage VoL 04 \) loL= 16 mA
Output Rise Time tr 34 20 us 10%-90%
Transition
Output Fall Time tf 1.2 20 us RL=1K
Electrostatic Discharge Immunity ESD 25 kV 4
Notes:

4. Shield must be properly terminated (see Figure 3). The human body is modeled by discharging a 300 pF capacitor through a 500 ()

resistor. No damage to the wand will occur at the specified discharge level.

Block Diagram

DIGITIZER

|

1 ) CALUVIS
[ r GND (3)
N SHIELD (CASE)




Scanning Performance

(Vs =5.0V, RL=1.0to 10 K(}, Ta = 25°C, Scan Velocity = 50 cm/sec).

Parameter Symbol HBCS- Typ. Max. Units Condition Fig. | Note
Decodability Index DI 4300 9 22 % 1,23 | 56 we
=
4500 12 22 % 458 8&
Average Width Error OSpn 4500 0.005 mm ==
(Narrow Bars) (0.0002) (in.) ©
4500 0.024 mm
(0.0009) (in.)
Average Width Error OSpw 4300 0.003 mm
(Wide Bars) 0.0001) (in.)
4500 0.023 mm
0.0009) (in.)

Tilt Angle 0° to 40° 1,23 5

Average Width Error OSgn 4300 -0.011 mm Preferred Orientation
(Narrow Spaces) -0.0004) (in.) Standard Test Tag
4500 -0.027 mm
-0.0106) (in.)
Average Width Error OSgsw 4300 -0.002 mm
(Wide Spaces) -0.0001) (in.)
4500 -0.026 mm
(-0.0010) (in.)
Deviation from Average de 4300 0.018 0.048 mm
(Internal) 0.0007) |(0.0019) (in.)
4500 0.019 0.052 mm
0.0007) |(0.0020) (in.) 193 5
Deviation from Average dbsy 4300 0.090 0.152 mm 6,7
(First Bar) (0.0035) |(0.0060) (in.)
4500 0.060 0.100 mm

0.0024) |(0.0039) (in.)

Notes:

5. The test tag for the HBCS-4300 Wands (Figure 2a) consists of black bars and white spaces with a narrow element width of 0.19 mm

(0.0075 in.) and a wide element width of 0.42 mm (0.0165 in.). This equates to a wide-to-narrow ratio of 2.2:1. A margin, or white
reflecting area, of at least 5 mm in width precedes the first bar.
The test tag for the HBCS-4500 wands (Figure 2b) consists of black bars with a narrow element width of 0.13 mm (0.005 in.) and wide
element width of 0.43 mm (0.017 in.) giving a ratio of 3.4:1. The white spaces have a narrow element width of 0.28 mm (0.011 in.) and wide
element width of 0.64 mm0.025 in.) yielding a ratio of 2.3:1. Both tags are photographically reproduced on diffuse reflecting paper with
a PCS greater than 90%.

6. Decodability index is a measure of the errors produced by the wand when scanning a standard test symbol at a constant velocity. It is
expressed as a percentage of the narrow element width.

For a more detailed discussion of the terms used here, see Hewlett-Packard Application Note 1013, “Elements of a Bar Code System”

(publication number 5953-9387).

a. HBCS-4300 Test Tag b. HBCS-4500 Test Tag

Figure 2. Standard Test Tag Formats
Figure 1. Preferred Wand Orientation (Test Tags enlarged to show detail)
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Typical Performance Curves

(Vs =5.0V,RL=10to 10 KQ, Ta=25°C, Tilt = 15°C, Vscan = 50 cm/sec, unless otherwise specified).

DI — DECODABILITY INDEX — %

25
20
15

[~~~ HBCS4500 —

o l
S HBCS-4300

— e ——————————— s e
5
0

4 5 6

Vs —SUPPLY VOLTAGE — VOLTS

Figure 3. Decodability Index vs. Supply Voltage
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Figure 5. Deviation from Average Width Error
vs. Supply Voltage
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Figure 7. Decor ability Index vs. Temperature
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DEVIATIONS FROM AVG. WIDTH ERROR — mm
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e | (3EACH) | 10uF
. Vo(2) | u
| |
| : 741514
: GND(3) K a—
1 SHIELDS. | 1 1
L (CASE] > S — 1 A =
WAND ELECTROSTATIC DISCHARGE ~ SYSTEM INTERFACE

SUPPRESSION INTERFACE

®TRANSZORB IS A REGISTERED TRADEMARK OF GENERAL
SEMICONDUCTOR INDUSTRIES, TEMPE AZ.

Figure 9. Recommended Logic Interface (When earth ground is
not available, connect shield to logic ground, as shown by dotted
line).

20(0.79)

]
e 13.6 (0.53) (

L 60 (2.36)

NOTES:
1. DIMENSIONS IN MILLIMETRES AND (INCHES).

PIN WIRE COLOR FUNCTION

1 RED Vs SUPPLY VOLTAGE

2 WHITE Vo OUTPUT

3 BLACK GROUND

4 N/A N/C

5 N/A N/C

CASE - SHIELD (MUST BE
CONNECTED)

Figure 10. Connector Specifications.

Mechanical Considerations

The wands include a standard 5 pin, 240°, metal, locking DIN
connector. The detailed specifications and pin-outs are
shown in Figure 10. Mating connectors are available from
SWITCHCRAFT in both 5 pin and 6 pin configurations.
These connectors are listed below.

Connector Configuration
SWITCHCRAFT 61HASF 5 Pin
SWITCHCRAFT 13EL5F 5 Pin
SWITCHCRAFT 61HABF 6 Pin

Maintenance Considerations

There are no user serviceable parts inside the wand. The tip
is designed to be easily replaceable, and if damaged it should
be replaced. Before unscrewing the tip, disconnect the wand
from the system power source. The part number for the wand
tip is HBCS-4999. The tip can be ordered from any Hewlett-
Packard authorized distributor.

Figure 11. Sapphire Tip.

Optional Features

For options such as special cords, connectors or labels, con-
tact your nearest Hewlett-Packard sales office or authorized
Hewlett-Packard distributor.
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HEWLETT
PACKARD

K

BAR CODE WAND

DIGITAL HEDS -3000

HEDS - 3050

TECHNICAL DATA  JANUARY 1986

Features

e 0.3 mm RESOLUTION
Enhances the Readability of dot matrix printed
bar codes

e DIGITAL OUTPUT
Open Collector Output Compatible
with TTL and CMOS

e PUSH-TO-READ SWITCH (HEDS-3000)
Minimizes Power in Battery
Operated Systems

® SINGLE 5V SUPPLY OPERATION _
e ATTRACTIVE, HUMAN ENGINEERED CASE
e DURABLE LOW FRICTION TIP

e SOLID STATE RELIABILITY
Uses LED and IC Technology

e SHIELDED CASE AND CABLE (HEDS-3050)
Maximizes EMI/ESD Immunity in AC
Powered Systems

Description

The HEDS-3000 and HEDS-3050 Digital Bar Code Wands
are hand held scanners designed to read all common bar
code formats that have the narrowest bars printed with a
nominal width of 0.3 mm (0.012in.). The wands containan
optical sensor with a 700 nm visible light source, photo IC
detector, and precision aspheric optics. Internal signal
conditioning circuitry converts the optical information
into a logic level pulse width representation of the bars
and spaces.

The HEDS-3000 comes equipped with a push-to-read
switch which is used to activate the electronics in battery
powered applications requiring lowest power consump-
tion. The HEDS-3050 does not have a switch, and features
internal metal shielding that maximizes immunity to

Wand Dimensions
HEDS-3000

PUSH-TO-READ  23{0.9) 3
SWITCH

[ © B v

1050 {41.0) ‘l

== {]]

NOTES:

] 133{5.2)
|

20 (0.8)J

electromagnetic interference, electrostatic discharge,
and ground loops in AC powered systems. Both wands
feature a strain relieved 104 cm (41 in.) cord with a nine-
pin subminiature D-style connector.

Applications

The Digital Bar Code Wand is an effective alternative to
the keyboard when used to collect information in self-
contained blocks. Bar code scanning is faster than key
entry and also more accurate since most codes have
check-sums built-in to prevent incorrect reads from being
entered. )

Applications include remote data collection, ticket
identification systems, security checkpoint verification,
file folder tracking, inventory control, identifying assem-
blies in service, repair, and manufacturing environments,
and programming appliances, intelligent instruments and
personal computers.

HEDS-3050

|v——t—-22 {0.9)
—_.

1. ALL DIMENSIONS IN MILLIMETRES AND {INCHES]

2. WEIGHT:

NET 4659 {1.502} SHIPPING 171g {5502.)

2-38




Electrical Operation

The HEDS-3000 and HEDS-3050 consist of a precision
optical sensor, an analog amplifier, a digitizing circuit, and
an output transistor. These elements provide a TTL com-
patible output from a single voltage supply range of 3.6V
to 5.75V. A non-reflecting black bar results in a logic high
(1) level, while a reflecting white space will cause a logic
low (0) at the Vo connection (pin 2). The output of the
wands is an open collector transistor.

The HEDS-3050 provides a case and cable shield (pin 5)

electronic circuitry. When the switchisinitially depressed,
its contact bounce may cause a series of random pulses to
appear at the output, Vo. This pulse train will typically
settle to a final value within 0.5 ms. This initial pulse train is
eliminated when a switchless HEDS-3050 is used.

Recommended Operating

Conditions

which must be connected to logic ground and preferably Parameter Symbbl Min. | Max. | Units
also to earth ground. This will provide a substantial Bar Width b 03
improvement in EMI/ESD immunity for the wand in AC ar ! b d mm
powered systems. Scan Velocity Vscan 76 76 cm/s
The recommended logic interface for the wands is shown Cantrast PCS 70 %
in Figyl:e 3. This interconnection provides maximum ‘ESD Supply Voltage Vs 3.6 575 v
protection for both the wand and the user's electronics.
Temperature Ta 0 55 °C

The HEDS-3000 incorporates a push-to-read switch Ori " See Fi 1
which is used to energize the 700nm LED emitter and rientafion ee rigure
Absolute Maximum Ratings

Parameter Symbol Min. Max. Units Notes

Storage Temperature Ts -20 55 °C 1

Operating Temperature Ta 0 55 °C

Supply Voltage Vs -0.5 6.0 \ 2

Output Transistor Power Pt 200 mwW

Output Collector Voltage Vo 20 \

Electrical CharacteristiCs (vs = 3.6v to 5.75v at Ta = 25°C, R = 2.2k0,unless otherwise noted)

Parameter Symbol | Min. | Typ. | Max. |Units Conditions Fig. | Notes
Switch Bounce (HEDS-3000 tsb 0.5 5 ms 3
High Level Output Current 1OH 400 | mA |Von = 2.4V, Bar Condition {Black) 3
Low Level Output Voltage | Vor 0.4 V |loL = 16mA, Space Condition (White); 3
Output Rise Time tr 2 us | 10%-90% Transition 3
Qutput Fall Time tf 100 ns | 80%-10% Transition 3
Supply Current Is 42 50 mA | Vs = 5V, Bar Condition {Black} 2,4
Block Diagram
HEDS-3000 s &"9‘9’
=IOV OPTICAL
(WITH SWITCH) SENSOR A ;fh___ Z:‘élv,

HEDS-3050 OPTICAL
(SHIELDED) (

DIGITIZER

S_r—vﬁ"’ Vo2
- [ GND (7)
= ] ﬁ’“——-”

)|
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GUARANTEED WIDTH ERROR PERFORMANCE
(Vs =5V, Ta=0°C to 55°C, RL = 2.2k, unless otherwise noted)

Parameter Symbol Min. Typ. Max. Units Conditions Fig. | Notes
_ogo 1 5
1 0.08 (3.2) | 0.13(5.2) mm Ta=25°C 26| 78
t Ab i -3)
s 1 0.10 (38) | 0.15(5.7) (in.x10%) Ta= Ma'rgin_z 5mm 11| 9,10
Bar 0° to 55° C | Height = 0.25mm 11
Width Tilt = 0°
Error -0.04 (-1.4)| 0.05 (1.8) | 0.10 (3.9) Ta=25°C |[Vscan =50cm/s 12| 67
[ Ab . — — mm Standard Test T N o
nterior 2 tandard Test Ta
-0.05 (-2.0) | 005 (20) | 0.11(4.3) |(in.x10% | Ta= Preferred Orentaton 0
0° t0 55°C X
b=s=0.3mm (0.012 in.) 5167
- - - - 050 2b=2s=0.6mm , s
Space 0.04(1.4) |-005(-18)|-010(-39) | |Ta=25°C |Z00E DM 6,11] 8,10
Width Interior as ) (in.x10"3)
Error 0.05 (2.0} |-0.05 (-2.0) | -0.11 (-4.3) {!™ Ta= 1
0° to 55°C
Tag Scan Velocity Vscan 7.6 76 cm/s 9 7
Emitter Peak —oc0
Wavelength A 700 nm Ta=25°C

TYPICAL WIDTH ERROR PERFORMANCE (vs =5V, Ta = 25°C, RL = 2.2k, unless otherwise noted)

Typical WE Typical WE
Tilt = 0° Tilt = 30°
Parameter Symbol | Height = 0.25mm Height = 0.0mm Units Conditions Fig. | Notes
From To mm
Margin | 1st] ¥ 0.08 (3.2) 0.11 (4.2) (inx1038) 121578
mm
. 1s 1b Ab 11 0.03 (1.2) 0.04 (1.6) (in.x10%) 12678
ar
Width 2s 1b | Abz- 0.06 (2.5) 0.07 (2.9) LS 12678
Error (in.x10 K
Margin = 5mm
. mm =1g=
1s 2b | Abi-2 0.02 (0.9) 0.02 (0.7) ) | 10=1s=0.3mm 121678
(inx10%)] " p=pg=0.6mm
) ) mm Ta=25°C
2s 2b | Abz-2 0.05 (1.9) 0.05 (2.1) (inx109)]| Vs=5V 12678
Y 1s ™ vscan=50cm/s
As1—1 -0.04 (-1.4) -0.04 (-1.4) (inx108) Preferred Orientation 121678
Jn.x Standard Test Tag
mm
3&3'3?: 2b 1s ASp—1 -0.03 (-1.0} -0.03 (1.1} (inx103) 121678
i
Error 1b 2 | st -0.07 (-2.7) -0.08 (-3.3) mm 12678
' : : : (in.x10°%) e
) ) . . - mm
2b 2s Asz—2 0.06 (-2.4) 0.06 {-2.4) (in.x103) 121678
Notes:

1. Storage Temperature is dictated by Wand case. 7. The standard test tag consists of black bars, white spaces (0.3

2. Power supply ripple and noise should be less than 100 mV.
3. Switch bounce causes a series of sub-millisecond pulses to
4.

mm, 0.012 in. min.) photographed on Kodagraph Transtar
TC5® paper with a print contrast signal greater than 0.9.

appear at the output, Vo. (HEDS-3000 only) 8. The print contrast signal (PCS) is defined as: PCS = (Rw - Rb)
Push-to-Read switch is depressed, and the Wand is placed on /Rw, where Ry is the reflectance at 700 nm from the white
a non-reflecting (black) surface. (HEDS-3000 only) spaces, and Ry is the reflectance at 700 nm for the bars.

5. The margin refers to the reflecting (white) space that preceeds 9. 1.0in. =254 mm, 1 mm = 0.0394 in.
the first bar of the bar code. 10. The Wand is in the preferred orientation when the surface of

6. The interior bars and spaces are those which follow the first
bar of bar code tag.

the label is parallel to the height dimension of the bar code.
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OPERATION CONSIDERATIONS

The Wand resolution is specified in terms of a bar and
space Width Error, WE. The width error is defined as the
difference between the calculated bar (space) width, B,
(8), and the optically measured bar (space) widths, b (s).
When a constant scan velocity is used, the width error can
be calculated from the following.

B =1tb* Vscan
S =1ts* Vscan
Ab=B-b
As=S-s

Where

Ab, As= bar, space Width Error (mm)

b, s = optical bar, space width (mm)

B, S = calculated bar, space width (mm)
Vscan = scan velocity (mm/s)

tb, ts = wand pulse width output(s)

The magnitude of the width error is dependent upon the
width of the bar (space) preceeding the space (bar) being
measured. The Guaranteed Width Errors are specified asa
maximum for the margin to first bar transition, as well as,
maximums and minimums for the bar and space width
errors resulting from transitions internal to the body of the
bar code character. The Typical Width Error Performance
specifies all possible transitions in a two level code (e.g. 2
of 5). For example, the Ab,_, Width Error specifies the
width error of a single bar module (0.3 mm) when
preceeded by a double space module (0.6 mm).

The Bar Width Error Ab, typically has a positive polarity
which causes the calculated bar, B, to appear wider than
its printed counterpart. The typical negative polarity of the
Space Width Error As, causes the measured spaces to
appear narrower. The consistency of the polarity of the
bar and space Width Errors suggest decoding schemes
which average the measured bars and measured spaces
within acharacter. These techniques will produce a higher
percentage of good reads.

The Wand will respond to a bar code  with a nominal
module width of 0.3 mm when it is scanned at tilt angles
between 0° and 30°. The optimum performance will be
obtained when the Wand is held in the preferred

R

HEDS-3000

HEDS-3050

Figure 1. Preferred Wand Orientation.

orientation (Figure 1), tilted at an angle of 10° to 20°, and
the Wand tip is in contact with the tag. The Wand height,
when held normal to the tag, is measured from the tip's
aperture, and when it is tilted it is measured from the tip’s
surface closest to the tag. The Width Error is specified for
the preferred orientation, and using a Standard Test Tag
consisting of black bars and white spaces. Figure 2
illustrates the random two level bar code tag. The
Standard Test Tag is photographed on Kodagraph
Transtar TC5® paper with a nominal module width of
0.3 mm (0.012 in.) and a Print Contrast Signal (PCS) of

greater than 90%.

BARWIDTH 0.3 mm (0.012in.) BLACK & WHITE

RwHiTE > 75%, PCS > 0.9 KODAGRAPH TRANSTAR TC5® PAPER

Figure <. Standard Test Tag Format.

©TRANSZORB IS A REGISTERED
TRADEMARK OF GENERAL

i’ _________ 7 SEMICONDUCTOR INDUSTRIES.
PUSH-TO-READ | v (o) | TEMPE AZ.
= s 1
—0 O + hidd ’
+ | I°TRANSZORB 1 31K 5% _LOwF
47uF == | | PBKE7.5C 1 31/aw =
e | (3EACH) | J0uF| |
\ Vo(2) | il
| i
| ' 741514
: GND(7) |
| | Agne
O U S U N =
HEDS-3000 ELECTROSTATIC DISCHARGE ~ SYSTEM INTERFACE

SUPPRESSION INTERFACE

Figure 3a. Recommended Logic Interface for H=DS-3000

©TRANSZORB IS A REGISTERED

_________ TRADEMARK OF GENERAL
;' : ': SEMICONDUCTOR INDUSTRIES.
SHIELD TEMPE AZ.
| Vs (9)
; ! a5y _
.|| |°TRANSZORB 13k se | Towr
= ||| PeKE75C 1 3174w =
azuf =R (1 0S8 e ! 10”;[
|
L Vo(2) | _D-
| |
| X 741514
|
| GND(7) |
| SHIELDS 7
L_6B_ > _ _ _ . a L ~
HEDS-3050  ELECTROSTATIC DISCHARGE

SUPPRESSION INTERFACE SYSTEM INTERFACE

Figure 3b. Recommended Logic Interface for HEDS-3050.
(When earth gi d is not availabl shield
to logic ground, as shown by dotted line)
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Typical Performance Curves (r, = 2.2kq)
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Figure 4. Width Error vs. Tilt (Preferred Orientation).
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Figure 6. Width Error vs. Height (Preferred Orientation).
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Figure 8. Width Error vs. Bar Width.
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Figure 5. Width Error vs. Tilt (Any Orientation).
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Figure 7. Width Error vs. Height (Any Orientation).

WE — WIDTH ERROR — mm

Figure 9.

0.15
0.10
4 1ST BAR
— |
0.05 b, INTERNAL BAR
WIDTH ERROR
-
0
-
s, INTERNAL SPACE
-0.05 WIDTH ERROR
' LU
PREFERRED ORIENTATION
-0.10 HEIGHT = 0.25 mm TILT = 0
STANDARD TAG (0.3 mm)
Ta=25C V=5V
-0.15 1 1 1 1 | I I

0 10 20 30 40 50 60 70 80
Vscan — SCAN VELOCITY — cm/s

Width Error vs. Scan Velocity.

2-42




0.15
0.10
[ 15T BAR
E
E
| 005
g Ab, INTERNAL BAR WIDTH ERROR
<
&
s 0
=
=]
=
| -0.05 As, INTERNAL SPACE WIDTH ERROR—
w I e
= T T
RRED ORIENTATION
-0.10 HEIGHT 025 mm TILT =0°
Vscan = 50 cm/s
STANDARD TEST TAG (0.3 mm)
Ta = 25°
-0.15

35 4.0 4.5 5.0 5.5 6.0
Vs — SUPPLY VOLTAGE -V

0.15
PREFERRED ORIENTATION
HEIGHT = 0.25 mm TILT=0°
STANDARD TAG (0.3 mm)
0.10|  vgean= 50 cm/s Vs =5V 1-1ST BAR
———
E
E
| 0.05
g Ab, INTERNAL BAR WIDTH ERROR
<
4
Yoo
X
=
=]
=
1 -0.05
w As, INTERNAL SPACE WIDTH ERROR
H
-0.10
-0.15

5° 10° 15° 20° 25° 30° 35° 40° 45° 50° 55°
Ta — TEMPERATURE - °C

Figure 10. Width Error vs. Supply Voltage.

MECHANICAL CONSIDERATIONS

The HEDS-3000/-3050 include a standard nine pin D-style
connector with integral squeeze-to-release retention mech-
anism. Two types of receptacles with the retention mech-
anism are available from AMP Corp. (Printed circuit
header: 745001-2 Panel mount: 745018, body; 66570-3,
pins). Panel mount connectors that are compatible with
the Wand connector, but do not include the retention
mechanism, are the Molex A7224, and AMP 2074-56-2.

MAINTENANCE CONSIDERATIONS

While there are no user serviceable parts inside the Wand,
the tip should be checked periodically for wear and dirt, or
obstructions in the aperture. The tip aperture is designed
to reject particles and dirt but a gradual degradation in
performance will occur as the tip wears down, or becomes
obstructed by foreign materials.

Before unscrewing the tip, disconnect the Wand from the
system power source. The aperture can be-cleaned with a
cotton swab or similar device and a liquid cleaner.

The glass window on the sensor should be inspected and
cleaned if dust, dirt, or fingerprints are visible. To clean the
sensor window dampen a lint free cloth with a liquid
cleaner, then clean the window with the cloth taking care
not to disturb the orientation of the sensor. DO NOT
SPRAY CLEANER DIRECTLY ON THE SENSOR OR

Figure 11. Width Error vs. Temperature.

HEDS-3001

Figure 12. Wand Tip.

After cleaning the tip aperture and sensor window, the tip
should be gently and securely screwed back into the
Wand assembly. The tip should be replaced if there are
visible indications of wear such as a disfigured, or
distorted aperture. The part number for the Wand tip is
HEDS-3001. Itcan be ordered from any franchised Hewlett-
Packard distributor.

OPTIONAL FEATURES

The wand may also be ordered with the following special
features:
e Special colors
Customer specified label
No label
Heavy duty retractable coiled cord
No connector
® With/without switch button
For mdre information, call your local Hewlett-Packard
sales office or franchised distributor.

15.8
(0.52)

WAND.
“ 2638
(1.05)

NOTES:
1. ALL DIMENSIONS IN MILLIMETRES AND (INCHES).

Wire HEDS-3000 HEDS-3050

Pin_| Color Function Function

1 NC NC NC

2 White Vo Output Vg OQutput

3 | NC NC NC

4 | NC NC NC

5 | — NC Shield

6 | NC NC NC

7 | Black Ground Ground

8 | NC NC NC

9 Red Vg Supply Voltage Vg Supply Voltage

Figure 13. Connector Specifications.

2-43




(bﬁ HEWLETT

PACKARD

HIGH-RESOLUTION

HEDS-3200
DIGITAL BAR CODE | HEDs3201
W AN D HEDS-3251

TECHNICAL DATA JANUARY 1986

Features

e 0.13 mm (0.005 in.) SPOT SIZE
Enhances Readability of High-Resolution Bar
Codes

o DECODABILITY SPECIFIED FOR BAR CODES
WITH 0.19 mm (0.0075 in.) NARROW BAR
WIDTH

o PUSH-TO-READ SWITCH (HEDS-3200/3201)
Minimizes Power Consumption in Battery
Operated Systems

e SHIELDED CASE, CABLE, AND CONNECTOR
(HEDS-3250/3251)
Maximizes EMI/ESD Immunity in AC Powered
Systems

e DIGITAL OUTPUT :
Open Collector Output Compatible with TTL and
CMOSs

e SINGLE 5V SUPPLY OPERATION
e ATTRACTIVE, HUMAN ENGINEERED CASE
e DURABLE, LOW FRICTION TIP

e SOLID STATE RELIABILITY
Uses LED and IC Technology

Description

Hewlett-Packard’s High-Resolution Digital Bar Code Wands
are hand-held scanners optimized to read all common bar
code formats that have the narrowest bars (spaces) printed
with a nominal width of 0.19 mm (0.0075 in.). The wands
contain an optical sensor with an 820 nm infrared LED,
photo IC detector, and precision aspheric optics. Internal
signal conditioning circuitry converts the optical informa-
tion into a logic level pulse width representation of the
bars and spaces. The output signal is specified to be
decodable when scanning a 2-level bar code which has a
narrow bar (space) width of 0.19 mm (0.0075 in.) and a
minimum wide bar (space) to narrow bar (space) ratio of
2.2:1. The 3 of 9 Alphanumeric Code is an example of
such a bar code.

The HEDS-3200/01, with a push-to-read switch, are
recommended for use in battery powered applications
requiring low power consumption. The HEDS-3250/51 fea-
ture an internal shield which maximizes immunity to
electromagnetic interference (EMI), electrostatic discharge
(ESD), and ground loops. These wands are recommended
for use in AC powered systems.

Both standard wand configurations are available with

either a strain relieved 104 cm (41 in.) straight cord or a
strain relieved coiled cord. The coiled cord has a maxi-
mum extended length of 250 cm. (100 in.) and a
comfortably extended length of 190 cm. (75 in.). The
standard connector for all models is a 5 pin, 240 degree
DIN connector. ’

Applications

The High-Resolution Digital Bar Code Wand is an effective
alternative to the keyboard when used to collect informa-
tion in compact, self-contained blocks. Bar code scanning
is faster than key entry and is also more accurate since
most codes have built-in checksums which prevent incor-
rect data from being entered.

High-resolution bar codes are typically used in applica-
tions where the number of characters to be represented
and the physical space available together require a bar
code symbol with high information density. The primary
code characteristics which influence information density
are the code structure and the narrow bar (space) width.
Once the bar code type has been selected, a high-resolu-
tion symbol is used to achieve the highest information
density for that code structure.

Applications for high-resolution bar codes include:
material handling and inventory control; remote data col-
lection; item identification for assemblies in service, repair,
manufacturing, or testing; ticket identification; security
checkpoint verification; file folder tracking; book, maga-
zine, or general publication distribution; fixed asset
accounting; and the programming of microprocessor-
based systems such as consumer products (appliances,
video recorders, games, etc.), intelligent instrumentation
and control equipment, personal computers, and cal-
culators.
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Selection Guide

NOTES:
1. Straight Cord Dimensions are 41 in. wand-to-connector.
2. Coiled Cord Dimensions are 29 in. wand-to-coil, 8 in. coil (collapsed), 10 in. coil-to-connector.

Part Number e Case Configuration . Cord Configuration Note
HEDS-3200 Switched : Straight 1
HEDS-3201 Switched Coiled 2
HEDS-3250 Shielded, Non-Switched Straight 1 s =
HEDS-3251 Shielded; Non-Switched . Coiled 2 8=
==
=4

Absolute Maximum Ratings

Parameter Symbol Min. Max. Units Notes
Storage Temperature Ts -20 55 °C 3
Operating Temperature Ta -20 55 2e

Supply Voltage Vs -05 6.0 \

Qutput Transistor Power Pt 200 mwW

QOutput Collector Voltage Vo 20 \%

NOTE:
3. Maximum Storage Temperature is dictated by the wand case.

Recommended Operating Conditions

Parameter _ Symbol Min. ‘Max. Units Notes
Bar/Space Width b,s 0.150 (0.006) mm (in.)
Scan Velocity VSCAN 5 100 cm/sec
Contrast Rw-Rb 65 % 4
Temperature ’ TA -20 55 °C
Relative Humidity RH 95 % 5
Ambient Light Ev 2000 Tux 6
Supply Voltage Vs 45 5.5 v 7
Tilt Angle (<] o} 30 degrees
Height See Figure 7
Orientation See Figure 1 8
NOTES:
4.

Contrast is defined as Rw-Rp where Rw is the reflectance at 820 nm from the white spaces and Ry is the reflectance at 820 nm from the

black bars. Contrast is directly related to Print Contrast Signal (PCS = (Rw-Rb /Rw) as it is equivalent to RwxPCS.

. Non-Condensing.

. Ambient Light sources can be diffuse tungsten, fluorescent, sunlight, or a combination thereof. Performance in ambient light levels
above 2000 lux will vary depending on the light source and shading at the wand tip.

Power Supply ripple and noise should be less than 100 mV.

The wand is in the preferred orientation when the surface of the wand label is parallel to the bars and spaces in the bar code symbol’
as shown in Figure 1.

o~ oo
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Electrical Operation

The High-Resolution Digital Bar Code Wands consist of a
precision optical sensor, an analog amplifier, a digitizing
circuit, and an output transistor. These elements provide a
TTL compatible output from a single 4.5V to 5.5V power
supply. The open collector transistor used at the output
requires an external pull-up resistor for proper operation.

A non-reflecting black bar results in a logic high- (1) level
while a reflecting white space will cause a logic low (0)
level. The initial or “wake-up” state will always be the cor-
rect (logic low) state when the wand is placed
on reflecting white surface. The initial state is indetermi-
nate if the wand is placed on a black surface or is pointed
into free space.

The HEDS-3250/51 provide a case, cable, and connector
shield which must be terminated to logic ground or, prefer-
ably, to both logic ground and earth ground. This will

provide a substantial improvement in EMI/ESD immunity in
AC powered systems. It is recommended that the shield be
properly terminated even when EMI and ESD are not of
concern because the shield will otherwise act as an
antenna, injecting-electrical noise into the wand circuitry.

The HEDS-3200/01 incorporate a push-to-read switch
which is used to energize the LED emitter and electronic
circuitry. When the switch is initially depressed, contact
bounce may cause a series of random pulses to appear at
the output Vo. This pulse train will typically settle to a final
value within 5 ms. The final value will be the initial or
“wake-up” state.

The recommended logic interface for the wands is shown

in Figure 3. This interconnection provides maximum ESD
protection for both the wand and the user’s electronics.

EleCtI‘ical CharaCteriStiCS (Vs = 4.5V t0 5.5V, Ta = 25°C, RL = 1.0-10 k(}, unless otherwise noted)

Parameter Symbol Min, Typ. | Max. | Units | Conditions Fig. | Notes
Switch Bounce . tsb 0.5 5 ms ]
{HEDS-3200/3201)
High Level Output 1oH 400 | wA | Von=24V 3
Current Bar condition
(Black)
Low Level Output VoL 04 v oL = 16 mA 3
Voitage Space Condition
{White}
Cutput Rise Time tr 2 us 10%-90% 3
TFransition
{R=1.0k0
Cutput Fall Time i 100 ns 90%-~10% 3
Transition
Suppiy Current Is 35 ‘50 mA | Vg=5V, 10
Bar Condition
(Black)
NOTES:

9. Switch bounce causes a series of sub-millisecond pulses to appear at the output, Vo (HEDS-3200/3201 only).
10. Push-to-Read switch is depressed (if applicable) and the wand is scanning on a non-reflecting (black) surface.

Block Diagram

HEDS-3200/3201 OPTICAL
(with switch) SENSOR

T
o 2 Vs(t)

-.. ==_F‘-_—Z?«'§’m

HEDS-3250/3251 grmcat N p—— 1 V() é'ﬁ g)l
{shielded) : E SHIELD {CASE]
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Scanning Performance (vs=sv, r. = 1.0-10kq, Ta=25°C, Vscan = 50 cm/sec)

Parameter ' Symbol Min. Typ. Max. Units Conditions Fig. | Notes
Tilt = 0 to 30° 1,2 11,13
Decodability Index Di 14 22 % 4,5 14
Preferred 6,7
Orientation 8
Average Width Error OSbn 0:030 mm™ | Standard Test 1,2 12
(Narrow Bars) (0.0012) {in.) Tag 9
Average Width Error OSbw 0.021 mm
(Wide Bars) (0.0008) {in.)
Average Width Error OSsn -0.015 mm
{Narrow Spaces) (-0.0006) (in.}
Average Width Error OSsw -0.044 mm
(Wide Spaces) (-0.0017) {in.}
Deviation from Average de 0.023 0.038 mm 1,2 15
{Internal Elements) (0.0009) | {0.0015) {in.) 4,5
6,7
8
Deviation from Average db1 0.054 0.110 mm
(First Bar) (0.0021} | (0.0043) {in.)

NOTES:

11. The standard test tag is designed to include all possible combinations of wide or narrow bars and spaces. The tag, shown in Figure 2,
consists of black bars and white spaces with a narrow element width of 0.19 mm (0.0075 in.) and a wide element width of 0.42 mm
(0.0165 in.). This equates to a wide-to-narrow ratio of 2.2:1. A margin, or white reflecting area, of at least 5 mm in width precedes the
first bar. The test tag is photographically reproduced on KODAGRAPH TRANSTAR TC5® paper with Rw = 0.9 and PCS greater than
0.9, yielding a contrast greater than 0.81.

12. The difference between the calculated bar (space) width derived from the digital output and the optically measured bar (space) width
defines width error (WE). The Average Width Error for the narrow or wide bars (spaces) specifies the systematic error in the output
signal. This systematic error is largely due to paper bleed and is thus very dependent on the symbol media.

13. DI =94e+A0S/4 4 100, expressed as a percentage of the module width. “de” is the deviation from the average width error for the internal
bars (spaces), “AOS” is the difference in average width error between the wide and narrow bars (spaces), and “m” is the optically
measured narrow bar (space) or “module” width. The-first bar is not included due to its unique characteristics.

14. Dl is calculated independently for bars and spaces and the worst-case, largest DI is used. This results in a DI specification which
applies only to the bars since the DI for the bars is characteristically larger than the DI for the spaces.

15. Deviation from the Average Width Error (de, db1) specifies the random errors in the output signal which are largely due to digitizing
noise. The first bar, which generally appears larger than the interior bars, has a deviation significantly larger than the deviation for the
interior bars (spaces).

]
_— BAR WIDTH 0.19 mm (0.0075 in.) BLACK & WHITE
HEDS-3200/01 HEDS-3250/51
CONTRAST > 65% KODAGRAPH TRANSTAR TC5® PAPER
Figure 1. Preferred Wand Orientation Figure 2. Standard Test Tag Format
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TRANSZORB IS A REGISTERED
TRADEMARK OF GENERAL

SEMICONDUCTOR INDUSTRIES.

fmm o mmm o  TEMPE AZ
PUSH-TO-READ : vt |
0 o + 5 .l '
+
, | 1 TRANSZORB 1 DK 5% 01uF
a7uF == || PEKE7.5C | S1/aw =
T | (3EACH) | 104F
. Vo(2) | D_
| |
| : 741814
: GND (3) |
| |
b e e mm - Bl =
HEDS-3200/01  ELECTROSTATIC DISCHARGE

SUPPRESSION INTERFACE

SYSTEM INTERFACE

TRANSZORB IS A REGISTERED
TRADEMARK OF GENERAL
SEMICONDUCTOR INDUSTRIES.
TEMPE AZ.

r=---——-=-=-- bl
! |
SHIELD
! Vs(1) [y )
|| ¥ TrANSZORS, 1 31K 5% O1uF
47uF = || | PEKE7.5C | S1/aW =
- | (EACH) | 104F
. Vo(2) | En)
| |
| ' 741514
I a0 | ——
|_SHIELDS. T
S T (7Y h ) p— r— v
HEDS-3250/51  ELECTROSTATIC DISCHARGE -

SUPPRESSION INTERFACE

SYSTEM INTERFACE

Figure 3a. Recommended Logic Interface for HEDS-3200/01

Typical Performance Curves

(Vs =5V, RL=1.0kQ, TA=25°C, Tilt=

Figure

Width Error vs. Temperature
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Decodability Index and Deviation from Average

Figure 3b. Recommended Logic Interface for HEDS-3250/51.
(When earth ground is not available, connect shield
to logic ground, as shown by dotted line)

15°, unless otherwise specified)
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Figure 5. Decodability Index and Deviation from Average
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Figure 8. Decodability Index and Deviation from Average
Width Error vs. Scan Velocity

Operation Considerations

The HEDS-32XX series of wands provide TTL compatible
pulse widths whose widths are determined by the printed
bar (space) width and the scan velocity (Vscan). When
scanning a black and white printed bar code, the wand will
output a logic high (1) for a non-reflecting black bar and a
logic low (0) for a reflecting white space.

The serial time data from the wand represents the bar
code symbol's binary data in a width modulated format.
When scanning a 3 of 9 Code symbol at a constant veloc-
ity, for example, the longer (wide) time intervals encode
binary ones (1) and the shorter (narrow) time intervals
encode binary zeros (0). The wide (1) and narrow (0) time
intervals may represent either bars or spaces.

The wand's serial data is supplied to a decoder which
translates the time width data into binary character bit
images. The decoding algorithm sets a decision threshold
which is compared to the pulse width data supplied by the
wand. Those time intervals which are larger than the thres-
hold are decoded as ones (1), and those smaller as logic
zeros (0). The accuracy of this decision is dependent upon
the ability of the algorithm to compensate for systematic
and random errors introduced by the wand and the
printer.

Printers and wands can be characterized as having both
Offset (systematic) and Noise (random) errors. The printer
Offset (OSp) results from ink bleeding or ink shrinkage.
Ink bleeding causes the bars to be printed wider and the
spaces narrower. Conversely, ink shrinkage causes bars to
be narrower and spaces wider. The random component
for the printer is the variation of the printed bar (space)
widths centered around the Offset (OSp).

For the wands, Offset (OSw) causes bars to be wider and
spaces narrower than they are actually printed. The ran-
dom component (dm) for the wand is the variation of the
width error centered around the wand Offset (OSw):

An algorithm that creates a separate decision threshold
(T) for bars and spaces compensates for the offset errors
of both the printer and the wand. When this is done, the
dominant errors become the random components of the
printer and the wand. The optimal algorithm to calculate a
decision threshold (T) selects the time mid-point between

£

! 0060,
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o
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2 ° = .
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Figure 9. Average Width Errors vs. Tilt Angle

the time intervals for the wide and narrow bars, or spaces,
within a single character. This threshold, in the worst case,
can be expressed by:

N(min) +W(min),
2

T=

where

T = decision threshold
N(min) = minimum narrow width
W(min) = minimum wide width

When evaluating a population of bars and spaces, the
threshold (T) should always be greater than the widest
narrow bar (space) and smaller than the narrowest wide
bar (space). The condition shown below describes the
worst-case condition:

N(min) + W(min)
2
Each of these three components — N(max), N(min), and

W(min) — can be represented as a nominal element width
plus offset and random components.

N(max) <

When the offset and random errors are combined to
represent the narrowest narrow, and the narrowest wide
bar (space), they can be inserted into the previous equa-
tions. With a little algebraic manipulation, the equation can
be segmented to describe a decodability limit (DL) for the
bar code as it compares to a decodability index of the
printer (Dlp) and the wand (Dlw). This analysis leads to the
two error sensitivity equations shown below:

Bar Error Sensitivity
Decodability Limit (DLb) > Printer (Dlpp) + Wand (Dlbw)

(WB:NB — 1) - (OSbpN — OSppw) + (36bpN + dbpw)
4 4am

+ (OSbwN — OSbww) + 4debw
4m

" BAR CODE
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Space Error Sensitivity
Decodability Limit (DLs) > Printer (Dlsp) + Wand (Dlsw)

(WSINS — 1) - (OSspN — OSspw) + (38spN + 8spw)
4 4m

+ (OSswN — OSswN) + 4desw
4m

The first term of the equation estimates the offset and ran-
dom errors of the printer (Dlp) while the second term
describes the offset and random errors of the wand (Dlw).
The random errors of the wand (debw, desw) are the com-
bination of the wide (dww) and narrow (dwN) random
components. The individual random components are
summed because, in the case of the wand, they are
approximately equal.

These two equations allow a system designer to predict,
given the wide to narrow ratio (W:N), module width (m),
and errors (OS, &), whether the decoder will correctly re-
cognize the narrow time interval as a narrow bar (space)
and the wide time interval as a wide bar (space). The (W:N
— 1)/4 factor in the equation is defined as the decodability
limit (DL) of the symbology. To ensure decodability, this
number should be greater than the sum of the errors
introduced by the printer and wand. The wand may, how-
ever, render a decodable signal even if the combination of
printer and wand errors exceed the decodability limit (DL).
This results from the introduction of other random varia-
bles such as the operator scan velocity, acceleration and
deceleration profiles, and the sampling times of the de-
coder time interval counter. These factors can bias the
printer and wand errors, thus permitting the decoder to
make the correct decision.

When using the prescribed decoding algorithm and the
concept of decodability presented above, the system
designer should independently evaluate the decodability
of the bars and the spaces. The decodability index for the
wand (Dlw) is typically larger for bars than for spaces
while the decodability index for the printer is typically
larger for the spaces. If an algorithm which does not
separate bars and spaces is used, the designer must eval-
uate the offset differences between the bars and spaces in
addition to the analysis presented above. This introduces
another variable into the system as the wand offset is
dependent on the characteristics of the paper media.

The best first read rate can be achieved when good quality
printed bar code symbols are used. Good quality high-
resolution bar codes can be pre-printed or printed
on-demand with “drummer” label printers using OCR rib-
bons and good quality label stock. Bar code symbols
which are printed on very translucent media, as are some
photolithographic symbols, can cause the wand offset to
be excessive due to paper bleed. This will degrade system
performance, particularly for algorithms which compare
bars and spaces.

The high resolution wand is not recommended for use
with bar codes printed on dot matrix printers because of
the print flaws (spots and voids) which are characteristic
of this printing process. These flaws may be large enough
to be recognized as bars (spaces) by a high resolution
wand, leading to a mis-read.

Table 1. Definition of Terms

Bars Spaces |Definition

DLy DLs decodability limit

Dipp Disp printer decodability index
Dibw Dlsw wand decodability index

WB:NB |WS:NS |wide to narrow ratio

OSepN | OSspN | printer offset, narrow element
OSppw | OSspw | printer offset, wide element
OSpwN | OSswN | wand offset, narrow element
OSpww | OSsww {wand offset, wide element

SbpN SspN printer random error, narrow element
Sbpw SspW printer random error, wide element
depw desw wand random error

m m module width {narrow element width)

Mechanical Considerations

The HEDS-32XX wands include a standard 5 pin, 240
degree DIN connector. The detailed specifications and
pin-outs are shown in Figure 10. Mating connectors are
available from RYE Industries and Switch Craft in both 5
pin and 6 pin configurations. These connectors are listed
below:

Connector Configuration
RYE MAB-5 5 Pin
Switch Craft 61GASF 5 Pin
Switch Craft B1HASF 5 Pin
RYE MAB-6 6 Pin
Switch Craft 61GAGF 6 Pin

13.2(0.53)

! 59(2.3)

NOTES:
1. DIMENSIONS IN MILLIMETRES AND (INCHES).

PIN WIRE COLOR HEDS-3200/01 X HEDS-3250/51

1 RED Vs SUPPLY VOLTAGE Vs SUPPLY VOLTAGE
2 WHITE Vo OUTPUT Vo OUTPUT

3 BLACK GROUND GROUND

4 N/A N/C N/C

5 N/A . N/C N/C

CASE - N/C SHIELD

Figure 10. Connector Specifications
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Maintenance Considerations

While there are no user serviceable parts inside the Wand,
the tip should be checked periodically for wear and dirt, or
obstructions in the aperture. The tip aperture is designed
to reject particles and dirt but a gradual degradation in
performance will occur as the tip wears down, or becomes
obstructed by foreign materials.

Before unscrewing the tip, disconnect the Wand from the
system power source. The aperture can be cleaned with a
cotton swab or similar device and a liquid cleaner.

The glass window on the sensor should be inspected and
cleaned if dust, dirt, or fingerprints are visible. To clean the
sensor window dampen a lint free cloth with a liquid
cleaner, then clean the window with the cloth taking care
not to disturb the orientation of the sensor. DO NOT
SPRAY CLEANER DIRECTLY ON THE SENSOR OR
WAND.

After cleaning the tip aperture and sensor window, the tip
should be gently and securely screwed back into the
Wand assembly. The tip should be replaced if there are
visible indications of wear such as a disfigured, or dis-
torted aperture. The part number for the Wand tip is
HEDS-3001. It can be ordered from any franchised
Hewlett-Packard distributor.

Wand Dimensions

HEDS-3200/01

23(0.9) 1
[}
L 20 {0.8)
- ¥
1050 (41)

L 740 (29)
20 (0.8}

b W=

260 {10} 200 {8}

I' 133(5.2)

3

HEDS-3001

Figure 11. Wand Tip

Optional Features

The wand may also be ordered with the following special
features:

e Special colors

e Customer specified label

e No label

e Special Retractable Coiled Cords

e 9 Pin subminiature D-style plastic connector (same as
HEDS-3000/3050)

® No connector (stripped and tinned leads)

For more information, call your local Hewlett-Packard
sales office or franchised distributor.

HEDS-3250/51

2310.9) 1

[0 R )
HERSARALANR,

i 133(5.,2}

e

L 20 (0.8)
[T [ y

1050 (41)

133 (6.2

L g

L 740 {29}
20 (0.8)

NOTES:
1. ALL DIMENSIONS IN MILLIMETRES AND (INCHES).
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(ﬁﬁ HEWLETT

PACKARD

HIGH RESOLUTION
OPTICAL REFLECTIVE

HBCS-1100

SENSOR

TECHNICAL DATA JANUARY 1986

Features

e FOCUSED EMITTER AND DETECTOR
IN A SINGLE PACKAGE

e HIGH RESOLUTION — .190mm SPOT SIZE

e 700nm VISIBLE EMITTER

e LENS FILTERED TO REJECT AMBIENT LIGHT
e TO-5 MINIATURE SEALED PACKAGE

e PHOTODIODE AND TRANSISTOR OUTPUT

e SOLID STATE RELIABILITY ’

Description

The HBCS-1100 is a fully integrated module designed for
optical reflective sensing. The module contains a.178mm
(.007 in.) diameter 700nm visible LED emitter and a
matched |.C. photodetector. A bifurcated aspheric lens is
used to image the active areas of the emitter and the
detector to a single spot 4.27mm (0.168 in.) in front of the
package. The reflected signal can be sensed directly from
the photodiode or through an internal transistor that can
be configured as a high gain amplifier.

Applications

Applications include pattern recognition and verification,
object sizing, optical limit switching, tachometry, textile
thread counting and defect detection, dimensional
monitoring, line locating, mark, and bar code scanning,
and paper edge detection.

Package Dimensions

Mechanical Considerations

The HBCS-1100 is packaged in a high profile 8 pin TO-5
metal can with a glass window. The emitter and
photodetector chips are mounted on the header at the
base of the package. Positioned above these active
elements is a bifurcated aspheric acrylic lens that focuses
them to the same point.

The sensor can be rigidly secured by commercially
available two piece TO-5 style heat sinks, such as
Thermalloy 2205, or Aavid Engineering 3215. These
fixtures provide a stable reference platform and their
tapped mounting holes allow for ease of affixing this
assembly to the circuit board.

o — se.l oas 223 {0,328)
5 5 i K 2
MAXIMUM SIGNAL POINT 8510335 . ' SRR
0.86 (0.034)
0.730.029) | i
@ ¢ e ! [y
= 411 112 0005 " _|[NEH Y
5.08 REFERENCE PLANE 0.162) 73 (0029)
©.200) =] 508 15.24 (0.600) 1150 (045)
827 ¢ 025 {0.200) 712.70 (0,500} 11.22 (0.442)
{©.168) = 10,010)
NOTES:
1. ALL DIMENSIONS (N MILLIMETERS AND {INCHES).
2. ALL UNTOLERANCED D INS ARE FOR REF E ONLY

3. THE REFERENCE PLANE 1S THE TOP SURFACE OF THE PACKAGE.
4. NICKEL CAN AND GOLD PLATED LEADS.

5. $.P. SEATING PLANE.

6. THE LEAD DIAMETER [S 0.45mm (0.018in.) TYP.
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Electrical Operation

The detector section of the sensor can be connected as a
single photodiode, or as a photodiode transistor amplifier.
When photodiode operation is desired, itis recommended
that the substrate diodes be defeated by connecting the
collector of the transistor to the positive potential of the

power supply and shorting the base-emitter junction of .

the transistor. Figure 15 shows photocurrent being
supplied from the anode of the photodiode to an inverting
input of the operational amplifier. The circuit is
recommended to improve the reflected photocurrent to
stray photocurrent ratio by keeping the substrate diodes
from acting as photodiodes.

SCHEMATIC DIAGRAM

REFLECTOR 3 1

REFERENCE R
PLANE

ANODE V" _ —|
ve 6 IE} N |
-‘ =
aN °

The cathode of the 700nm emitter is physically and
electrically connected to the case-substrate of the device.
Applications that require modulation or switching of the
LED should be designed to have the cathode connected to

. the electrical ground of the system. Thisinsures minimum

capacitive coupling of the switching transients through
the substrate diodes to the detector amplifier section.

The HBCS-1100 detector also includes an NPN transistor
which can be used to increase the output current of the
sensor. A current feedback amplifier as shown in Figure 6
provides moderate current gain and bias point stability.

CONNECTION DIAGRAM

TOP VIEW

s PIN | FUNCTION
CATHODE Ds | 1 TRANSISTOR COLLECTOR
——— 4 2 TRANSISTOR BASE, PHOTODIODE ANODE
SUBSTRATE,CASE 3 PHOTODIODE CATHODE
4 LED CATHODE, SUBSTRATE, CASE
Ds-SUBSTRATE DIODES 2 8 5 NG
J) J) 6 LED ANODE
Ve \3 7 NC
8 TRANSISTOR EMITTER
. . _ o
Absolute Maximum Ratings at T,=25°C
Parameter Symbol Min. Max. Units Fig. Notes

Storage Temperature Ts +75 °C
Operating Temperature Ta +70 °C
Lead Soldering Temperature 260 °C 1

1.6mm from Seating Plane for 10 sec.
Average LED Forward Current IF 50 mA 2
Peak LED Forward Current IFPK 75 mA 1 1
Reverse LED Input Voltage VR 5 "
Package Power Dissipation Pp 120 mwW 3
Collector Output Current lo 8 mA
Supply and Output Voltage Vo, Ve, Ve -0.5 20 \" 10
Transistor Base Current Is 5 mA
Transistor Emitter Base Voltage Ves .5 v

CAUTION: The small junction sizes inherent to the design of this bipolar component increase the component'’s susceptibility to damage
from electrostatic discharge (ESD). It is advised that normal static precautions be taken in handling and assembly of this component to
prevent damage and/or degradation which may be introduced by ESD.
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System Electrical/Optical Characteristics at T,=25°C

Parameter Symbol Min. | Typ. | Max. | Units Conditions Fig. | Note
575 Ta=-20°C
Total Photocurrent (Iprtips) Ip 150 250 | 375 nA [ Ta=25°C | IF=35mA, Vp=Vc=5Y 23 4
80 Ta=70°C 15
Reftected Photocurrent (Ipr) to ler
internal Stray Photocurrent (Ips) Ips 4 8.5 r=35mA, V¢=Vp=5V 3
- : 000
Slew Rate .08 V/us |RL=100K IPk=50mA 6
Re= 10M ton=100us, Rate = 1kHz
Image Diameter A7 mm |1F=35mA 2 =4.27mm (0.168in.) 8,10 89
Maximum Signél Point 4,01 4.27 452 | mm [Measured from Reference Plane 9
50% Modulation Transfer k
Function MTF 25 Inpr/mm{IF=35mA, £ =4.27mm 1011 57
Depth of Focus AR .
FWHM 1.2 mm | 50% of Ip at=4.27mm 9 5
Effective Numerical Aperature N.A. 3
Image Location D 51 mm |Diameter Reference to Centerline 6
\ R=4.27Tmm
Thermal Resistance B4c 85 °C/W
Detector Electrical/Optical Characteristics at T,=25°C
Parameter Symbol Min. | Typ. | Max. | Units Conditions Fig. | Note
Dark Current lpD 5 200 pA |Ta=25°C IF=0, Vp=5V,
10 nA |Ta=70°C Reflection=0%
Capacitance Cp 45 pF [Vp=QV, Ip=0, f=1MHz
Flux Responsivity Ro 22 _‘7A_V_ A=700nm, Vp=5V 12
Detector Area Ap .160 mm?2 [Square, with Length=.4mm/Side
Emitter Electrical/Optical Characteristics at T,=25°C
Parameter Symbol Min. | Typ. | Max. | Units Conditions Fig. | Note
Forward Voltage VF 1.6 1.8 VvV {IF=35mA 13
Reverse Breakdown Voltage BVr 5 V. {Ir=100pA
Radiant Flux de 5 9.0 W [lg=35mA, A=700nm 14
Peak Wavelength Ap 680 700 720 nm |{lp=35mA 14
Thermal Resistance [CATe} 150 °C/W
Temperature Coefficient of Vg AVE/AT -1.2 mV/° Clig=35mA

2-54




Transistor Electrical Characteristics at T,=25°C

Parameter Symbol Min. | Typ. | Max. | Units Conditions Fig. | Note

Collector-Emitter Leakage Iceo 1 nA |Vge=5V

Base-Emitter Voltage VBE 86 V  |lc=10pA, I8=70nA
w

Collector-Emitter Saturatlon w E

Voltage VCE(SAT) 4 vV |lg=1gA, Ig=10pA Sz

[-~y-

Collector-Base Capacitance Ccs 3 pF |f=1MHz, Vcg=5V = =
(&)

Base-Emitter Capacitance Cge 4 pF [{f=1MHz, Vge=0V

Thermal Resistance Ouc 200 °C/W

NOTES:

1. 300us pulse width, 1 kHz pulse rate.

2. Derate Maximum Average Current linearly from 65°C by 6mA/°C.

3. Without heat sinking from Ta = 65°C, derate Maximum Average Power linearly by 12mW/°C.

4. Measured from a reflector coated with a 99% reflective white paint (Kodak 6080) positioned 4.27mm (0.168in.) from the reference plane.

5. Peak-to-Peak response to black and white bar patterns.

6. Center of maximum signal point image lies within a circle of diameter D relative to the center line of the package. A second emitter

image (through the detector lens) is also visible. This image does not affect normal operation.

. This measurement is made with the lens cusp parallel to the black-white transition.

. Image size is defined as the distance for the 10%-90% response as the sensor moves over an abrupt black-white edge.

. (+) indicates an increase in the distance from the reflector to the reference plane.

10. All voltages referenced to Pin 4.

11. CAUTION: The thermal constraints of the acrylic lens will not permit the use of conventional wave soldering procedures. The typical
preheat and post cleaning temperatures and dwell times can subject the lens to thermal stresses beyond the absolute maximum
ratings and can cause it to defocus.

© 0~

a
g 16
aa |
Y 2.0 5 ., -20°C /
20 o M o°c+\
- ~
<z 18 £ 25°C Tﬂy//
=) = < . +
Wi chk 50°C
Sg= O °C /
Sux 16 i~‘§ 1.0 }—-»70°C 7
s25 g l )2 /
X0 \ X \ S os
<08 14 \ A -
=e0 ‘ \ \ g% /
sz I i g5 os A
oS ) > ¢ % \2 & | ON
PEX FIERINHRA I 53
<5< 1.2 = ™ % " —— A L 04—
o= ~ \\ \ 1 &=
1 o
>§< 2 \ \ 2 02
2HE 1o A A 0
= 1 10 100 1000 10,000 0O 10 20 30 40 50 60 70 80
tp — PULSE DURATION (ps) Ig — DC FORWARD CURRENT (mA)
Figure 1. Maximum Tolerable Peak Current vs. Pulse Duration 5V Figure 2. Relative Total Photocurrent vs. LED DC
Forward Current
REFLECTOR 3 1
REFERENCE 9
PLANE
[ ————
Ie = 35mA ANODE - J
! |
|
HP 6177
= | o
|
ATHODE s
¢ 4 | QY W P R, 1
2
_I_ SUBSTRATE, CASE e ‘ 8
= Ip=lpr+lps +

NANOAMPERE METER
NOTE: (KEITHLEY MODEL 480)
1. Ip MEASUREMENT CONDITIONS ARE; £ = 4.34mm,

KODAK 6080 PAINT REFLECTOR.

2. Ips MEASUREMENT CONDITIONS ARE; = oo -L

A CAVITY WHOSE DEPTH IS MUCH GREATER THAN
THE HBCS-1100 DEPTH OF FIELD.

Figure 3. 1p Test Circuit
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hre — DC FORWARD CURRENT GAIN

(NORMALIZED AT Ig = 100nA, Ta = 25°C)

1rpx = 50mA
tp= 10045, RATE = 1KHz
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K

HEWLETT
PACKARD

BAR CODE READERS

 16800A
16801A

TECHNICAL DATA JANUARY 1986

Features

THREE INDUSTRIAL BAR CODES
STANDARD:

— 3 0of 9 Code

— Interleaved 2 of 5 Code

— Industrial 2 of 5 Code

AUTOMATIC CODE RECOGNITION

OPTIONAL BAR CODES AVAILABLE
— UPC/EAN/JAN

— Codabar

— Others

FLEXIBLE DUAL RS-232-C (V.24) DATA
COMMUNICATIONS
— Facilitates a Wide Variety of Configurations

PROGRAMMABLE OPERATION (16800A only):
— Two LED Status Indicators

— Beeper Control

— Code Selection

— Data Communication Configuration

— Reader Operational Status

HIGH PERFORMANCE DIGITAL WANDS:
— 45 Degree Scan Angle

— Sealed Sapphire Tip

— Polycarbonate or Metal Case

INTEGRAL POWER SUPPLY
TABLETOP OR WALL MOUNTABLE
BUILT-IN SELF TEST

WORLDWIDE HP SERVICE

Description
The 16800A and 16801A are high performance bar code
readers. The 16800A includes a wide range of programma-
ble features which allow the reader to be fully integrated into
sophisticated data entry systems. The 16801A is non-
programmabile, providing a more cost-effective solution for
applications which do not require programmability.

The standard reader supports three popular industrial bar
codes: 3 of 9 code, Interleaved 2 of 5 code, and Industrial 2 of
5 code. If more than one standard code is enabled, the
reader will automatically recognize which code is being
read. Options are available for reading UPC/EAN/JAN
codes, Codabar code, and other bar codes. Bidirectional
scanning is provided for all bar codes supported.

The 16800A and 16801A may be configured with a wide
range of computer systems; including minicomputers, desk-
top computers, and personal computers. Dual RS-232-C
(V.24) ports facilitate operation in both stand-alone and
eavesdrop configurations. In an eavesdrop configuration,
the reader will generally be operated in conjunction with an
RS-232-C terminal.

Interactive systems design is supported in the 16800A
through programmable operator feedback and reader con-
trol features. A multi-tone'beeper and two LED indicators are
provided to allow simple, yet flexible audio and visual pro-
grammable feedback. Local operator feedback is provided
in the 16801A through a beeper which sounds to signify a
good read.

Reader performance can be optimized by selecting the wand
appropriate for the environment and the type of symbol
being read. The wands offer a 45 degree scan angle, a
rugged case, and a sealed sapphire tip. The sapphire tip may
be replaced by the user if it is damaged.
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Applications

Bar codes offer a method of entering data into computers
which is fast, accurate, reliable, and which requires little
operator training. Implementation of a bar code system can
lead to increased productivity, reduced inventory costs,
improved accountability, increased asset visibility, and
reduced paperwork. Customer satisfaction will also improve
as a result of improved quality control, reduced shipping
errors, and reduced order and ship times. On-line, real-time
interactive systems will allow the user to take full advantage
of the contributions offered by bar code systems. The
16800A and 16801A provide a high performance solution for
applications which require on-line bar code data entry.
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The most common type of data stored in bar code is item
identification information used in a wide range of applica-
tions such as:

— Inventory Control

— Work-in-Process Tracking

— Distribution Tracking

— Order Processing

— Records Management

— Point-of-Sale

— Government Packaging and Shipping

Bar codes can also be used in applications where informa-
tion about an item or a transaction must be accurately
entered into the host computer. Item location, employee
identification, work steps, equipment settings, equipment
status, and inspection results are some of the types of infor-
mation which can be entered using bar codes.

Typical Configuration

The dual RS-232-C (V.24) output provided by the 16800A

and 16801A allows a single reader to be configured in a wide

range of on-line applications. Three typical system configu-

rations are outlined below:

e Stand-Alone Reader — The 16800A/16801A is in direct
communication with the host minicomputer, desktop
computer, or personal computer.

Computer
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e Multiplexed — A cluster of 16800A/16801As communi-

cates’ with the host computer through a muitiplexer.
Where the advantages of fiber optic data communica-

tions are desired, the Hewlett-Packard 39301A Fiber

Optic Multiplexer can be used.

MUX

e Eavesdrop — The 16800A/16801A is in an eavesdrop
configuration between an RS-232-C terminal and the
host computer. The reader can be configured to transmit
to the computer, to the terminal, or to both
simultaneously.

Computer

Terminal

Wand Selection

The 16800A and 16801A bar code readers include a 16830A
digital bar code wand which is capable of reading bar code
symbols which have nominal narrow bar/space widths of
0.19 mm (0.0075 in.) or greater. This includes a wide range of
high, medium, and low resolution bar codes including
standard 3 of 9 code [0.19 mm (0.0075 in.)].

An optional 16832A digital bar code wand is available for
very high resolution codes with nominal narrow bar/space
widths of 0.13 mm (0.005 in.) to 0.20 mm (0.008 in.). The 820
nm near-infrared emitter in the 16832A wand also enables it
to read the black-on-black bar codes used in some security
systems. This wand is not recommended for dot matrix
printed bar codes or colored bar codes.

The 16830A and 16832A wands feature a rugged polycarbo-
nate case designed for light industrial and commercial

Computer

applications. Applications which require an industrial wand
are supported by the optional 16840A and 16842A digital bar
code wands. These wands feature a solid metal case and
internal construction designed for abusive environments.
The 16840A and 16842A have the same bar code reading
characteristics as the 16830A and 16832A, respectively.

All wands are also available under accessory product
numbers.

Code Selection

The 16800A and 16801A offer user flexibility in the imple-

mentation of the three standard bar codes:

e Single Code-Selection or Automatic Code Recognition
(any combination of the three standard codes)

e Checksum Verification Selectable

e Variable Message Length up to 32 characters
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e Selectable Message Length Check (Interleaved 2 of 5
code and Industrial 2 of 5 code)
® Any specified code resolution

Optional bar codes will also provide a high degree of user
flexibility. The code reading configuration is switch selecta-
ble. Additional information on bar code symbologies is
available in the Operating and Installation Manual and in
Application Note 1013 — “Elements of a Bar Code System”.

16800A Additional Capabilities

The 16800A offers the advantage of programmable control
over all aspects of the code reading configuration. This
capability enables the applications software to determine
what code can be read depending on the type of data to be
entered. For example, the 3 of 9 code could be enabled for
entering item identification information and then the 3 of 9
code disabled and Interleaved 2 of 5 code enabled for enter-
ing a different type of data such as employee identification
or job status. This allows different bar codes to be used in the
system while at the same time preventing the operator from
entering the wrong type of data into the data base.

Data Communications

The 16800A and 16801A provide a flexible dual RS-232-C
(V.24) serial ASCII data communications capability which
can support a wide range of system configurations. The
reader offers the user the choice of full or half duplex trans-
mission when in character mode and, if in an eavesdrop
configuration with a terminal, the reader can also be oper-
ated in block mode. The user can tailor the reader’s data
communication configuration to the application by select-
ing the appropriate transmission mode (full/half duplex),
operating mode (character/block mode), data rate, parity,
terminator, stop bits, and inter-character delay on the readily
accessible DIP switches. Request to Send/Clear to Send and
DC1/DC3 (XON/XOFF) traffic control is available.

16800A Additional Capabilities

The 16800A offers expanded data communications capabili-
ties with the added benefit of programmable control. In
addition to programmable control of the transmission mode
(full/half duplex) and the operating mode (character/block
mode), the 16800A provides the following programmable
features:

e User-definable header (up to 10 characters)
e User-definable terminator (up to 10 characters)
e DC1/DC3 (XON/XOFF) traffic control enable/disable

Operator Feedback

The 16800A and 16801A provide good read feedback to the
operator by sounding an integral beeper. Beeper volume
can be adjusted as appropriate for the application.

16800A Additional Capabilities

Interactive operator feedback is provided in the 16800A
through two programmable LED indicators and program-
mable beeper control. The user has programmable control
over operator feedback as follows:

e Local good read beep enable/disable

e | ocal good read beep tone (16 tones available)

e Computer commanded beep (16 tones available)

e Red LED Indicator on/off

e Green LED Indicator on/off

Programmable operator feedback can be used to prompt the
operator, to signify that data has been validated by the com-
puter, to differentiate between different workstations in
close proximity, to provide additional LED feedback in
extremely noisy environments, or for a variety of other
reasons.

Reader Control and Status
(16800A only)

The 16800A provides the user with added programmable
control over the reader’s operation and also enables the user
to obtain on-line status information regarding the reader’s
configuration and functionality. The programmable control
and status features are described below:

Scanner Enable/Disable — When disabled, further bar code
scans are ignored.

Single Read Enable/Disable — When enabled, a single bar
code scan can be entered between “Next Read” commands.
Hard Reset — Commands the reader to return to the operat-
ing configuration prescribed by the DIP switch settings. An
automatic self-test is also executed.

Status Request — Commands the reader to send the status
of its operating configuration to the computer.

BAR CODE
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Specifications
General
Typical Wand Reading Characteristics:

16830A 16832A
Parameter Units or 16840A | or 16842A
Minimum
Recommended mm 0.190 0.127
Nominal Narrow in. 0.0075 0.005
Element Width
Tilt Angle degrees 0-45 0-45
Scan Speed cm/sec 7.6-127 7.6-127
in./sec 3-50 3-50
Wavelength nm 700 820
Bar Codes Supported:
Standard: 3 of 9 Code (ANSI MH10.8M-1983;
MIL-STD-1189)

Interleaved 2 of 5 Code (ANSI MH10.8M-1983)
Industrial 2 of 5 Code

UPC/EAN/JAN (Option 001)
Codabar (Option 002) C
Others (contact factory)

Optional:

Data Communications

Data Rate: 110, 300, 600, 1200, 2400, 4800,
9600 baud. Switch Selectable.

Parity: 0’s, 1's, Odd, Even. Switch
Selectable.

Terminator: CR, CR/LF, Horizontal Tab

(HT), None. Switch Selectable.

User defined. Maximum of 10
characters each.

Programmable Header/
Terminator (16800A
only):

Stop Bits:

! 1 or.2. Switch Selectable.
Inter-Character Delay:

30 ms or None. Switch
Selectable.

Standard Asynchronous
Communications
“Interface:

EIA Standard RS-232-C (CCITT
V.24)

Full or half duplex, asynchro-
nous. Switch selectable.
Programmable in 16800A.

Character or Block Mode.
" Switch selectdble. Program-
mable in 16800A.

Request to Send/Clear to Send.

DC1/DC3 (XON/XOFF). Switch
Selectable. Programmable in
16800A.

255 Characters

Transmission Modes:
Operating Modes:

Traffic Control:

Qutput Buffer:

Environmental Conditions

Temperature, Free Space
Non-Operating:

Operating:
Humidity:
Altitude:
Non-Operating:
Operating:
Vibration:
Shock:

Ambient:
-40 to 75°C (-40 to +167°F)
0 to +55°C (+32 to 131°F)

5 to 95% (non-condensing)

Sea level to 15300 metres
(50,000 feet)

Sea level to 4600 metres
(15,000 feet)

0.38 mm (0.015 in.) p-p,
5 to 55 to 5 Hz, 3 axis

30g, 11 ms, 1/2 sine

Physical Specifications

Weight, including wand:

Weight, polycarbonate
wand only:
(including coiled cord)

Weight, industrial
wand only:
(including coiled cord)

Reader Dimensions:

'Polyéarbonate Wand

Dimensions:

Industrial Wand
Dimensions:

Wand Cord Length:

Power Requirements
Input Voltage:

2.0 kg (4.4 pounds)
0.13 kg (0.3 pounds)

0.16 kg (0.4 pounds)

260 mmW x 189 mmD X 71 mmH
(10.25in.W x7.4in.D x 2.8 in.H)

134 mmW x 23 mmD x 20 mmH
(5.3in.W x0.9in.Dx0.8in.H)

158 mmW x 24 mmD x 18 mmH
(6.2in.Wx0.9in.Dx0.7 in.H

94 cm (37 in.) — retracted
206 cm (81 in.) — extended

100V (+5%, -10%) at 48-66 Hz

(Opt. 210)
120V (+5%, -10%) at-48-66 Hz
(Standard)
220V (+5%, -10%) at 48-66 Hz
(Opt. 222)
240V (+5%, -10%) at 48-66 Hz
(Opt. 224)

Power Consumption:: 20 VA maximum

Regulatory Agency Approvals

RFI/EMI:
— VDE 0871 level B
— FCC Class B

Safety Approvals:

— UL478, UL114 for EDP and office equipment
— CSA C22.2-154 for EDP equipment
— VDE 0730 part 2P for EDP and office equipment

— Complies with IEC

standard #380 and #435 for EDP

and office equipment

Installation

All product preparation and installation can be performed by
the owner/user. Refer to the Operating and Installation

Manual supplied with the

unit for detailed instructions.
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Supporting Literature

For further information refer to:

16800A/16801A Option 001 Data Sheet, Publication Number
5954-2156 (Available through local sales office)

16800A/16801A Option 002 Data Sheet, Publication Number
5954-2157 (Available through local sales office)

16800A/16801A Operating and Installation Manual, P/N:
16800-90001

16800A/16801A Option 001 Operating and Installation Man-
ual Addendum, P/N: 16800-90004

16800A/16801A Option 002 Operating and Installation Man-
ual Addendum, P/N: 16800-90006

Application Note 1013, “Elements of a Bar Code System”,
Publication Number: 5953-7732 (Available through local
sales office)

Application Bulletin 59, “HP 16800A/16801A Bar Code

Siegler ADM-31 to a DEC F_’DP—11 Computer”, Publication
Number: 5953-9365 (Available through local sales office)

Application Bulletin 61, “HP 16800A/16801A Bar Code
Reader Configuration Guide for an IBM 3276/3278 Termi-
nal”, Publication Number: 5953-9361 (Available through
local sales office)

Application Bulletin 62, “HP 16800A/16801A Bar Code
Reader Configuration Guide for an IBM 4955F Series 1 Pro-
cess Control CPU/Protocol Converter and an IBM 3101
Terminal’, Publication Number: 5953-9362 (Available
through local sales office)

Application Bulletin 63, “HP 16800A/16801A Bar Code
Reader Configuration Guide for an IBM 5101 Personal
Computer”, Publication Number: 5953-9363 (Available
through local sales office)

Application Bulletin 68, “HP 16800A/16801A Bar Code
Reader Configuration Guide for a MICOM Micro 280 Mes-
sage Concentrator”, Publication Number: 5953-9382 ( Avail-
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Reader Configuration Guide for a DEC VT-100 or Lear able through local sales office)

Ordering Information

PRODUCT NO. DESCRIPTION
16800A PROGRAMMABLE BAR CODE READER — Includes 16830A digital wand, internal power supply
for 120V line voltage, power cord, and Operating and Installation Manual. Reader supports 3 of 9
Code, Interleaved 2 of 5 Code, and Industrial 2 of 5 Code.
16801A BAR CODE READER — Includes 16830A digital wand, internal power supply for 120V line voltage,
power cord, and Operating and Installation Manual. Reader supports 3 of 9 Code, Interleaved 2 of 5
Code, and Industrial 2 of 5 Code.
-001 Add UPC/EAN/JAN code reading capability; Delete Industrial 2 of 5 code
-002 Add Codabar code reading capability; Delete Industrial 2 of 5 code
-210 100V power supply
-222 220V power supply
-224 240V power supply
-320 Delete 16830A digital wand; Add 16832A digital wand
-400 Delete 16830A digital wand; Add 16840A industrial digital wand
-420 Delete 16830A digital wand; Add 16842A industrial digital wand
-610 Add Wall Mounting Kit
-910 Additional Operating and Installation Manual
ACCESSORIES
16830A General Purpose Digital Bar Code Wand
16832A High Resolution Digital Bar Gode Wand
16840A Industrial (Metal) General Purpose Bar Code Wand
16842A Industrial (Metal) High Resolution Bar Code Wand
HBCS-2999 16830A/16832A Replacement Sapphire Tip
HBCS-4999 16840A/16842A Replacement Sapphire Tip
16800-61000 Wall Mount Kit
HEDS-0200 20 foot Wand Extension Cord
03075-40006 External Wand Holder
17355A 2.7 metres (9 feet) Male-Male RS-232-C cable. Shielded.
LITERATURE
16800-90001 Operating and Installation Manual
16800-30004 Option 001 Operating and Installation Manual Addendum
16800-90006 Option 002 Operating and installation Manual Addendum
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OPTION 001

TECHNICAL DATA JANUARY 1986

Features

e FLEXIBLE COMMERCIAL CODE READING
CAPABILITY
— UPC-A, UPC-E
— EAN-8, EAN-13
— JAN-8, JAN-13
— 2-Digit Supplemental Encodation
— 5-Digit Supplemental Encodation

e TWO STANDARD 'INDUSTRIAL BAR CODES
— 3 0f 9 Code
— Interleaved 2 of 5 Code

e AUTOMATIC CODE RECOGNITION

e COMPATIBLE WITH UPC SHIPPING
CONTAINER SYMBOL SPECIFICATION

e HIGH PERFORMANCE DIGITAL WANDS
— 45 Degree Scan Angle
— Replaceable, Sealed, Sapphire Tip
— Polycarbonate or Metal Case

- codes. The implementation of the Interleaved 2 of 5 code

Description

Option 001 adds bar code reading capability for the Uni-
versal Product Code (UPC), European Article Numbering
Code (EAN), and Japanese Article Numbering Code (JAN)
to the HP 16800A Programmable Bar Code Reader and HP
16801A Non-Programmable Bar Code Reader.

All popular versions of the UPC, EAN and JAN bar codes
may be enabled, including UPC-A, UPC-E, EAN-8,
EAN-13, JAN-8 and JAN-13. All codes may be read simul-
taneously, or only UPC-A and UPC-E may be enabled.

UPC, EAN, and JAN codes with complementary-2-digit or
5-digit supplemental encodations, or “add-ons”, may be
read in one of two ways. If UPC, EAN, and JAN codes are
enabled but neither 2-digit nor 5-digit supplemental enco-
dations are enabled, then symbols printed with, or without,
supplements can be read and only the main symbol will be
output. If 2-digit (or 5-digit) supplemental encodations are
enabled, then only symbols with 2-digit (or 5-digit) sup-
plements can be read and both the main symbol and the
supplement are output. 2-digit and 5-digit supplemental
encodations may be enabled simultaneously.

Two standard industrial codes, the 3 of 9 code and Inter-
leaved 2 of 5 code, may also be read with Option 001.
These two codes may be enabled individually, simultane-
ously, and/or in conjunction with the UPC, EAN, and JAN

is compatible with the UPC Shipping Container Symbol
Specification.

2-64




Industrial 2 of 5 code reading capability, available with the
standard HP 16800A and HP 16801A, is not provided with
Option 001. :

Applications

Option 001 to the HP 16800A and HP 16801A Bar Code
Readers provides an excellent solution for both commer-
cial and industrial applications by supporting the popular
UPC, EAN, and JAN codes as well as the industry stand-
ard 3 of 9 and Interleaved 2 of 5 codes.

Typical applications for UPC, EAN, and JAN codes
include:

— Point-of-sale

— Inventory control in retail stores

— Order entry for retail products

— Tracking periodical and/or book returns

— Tracking coupon receipts

— Production line tracking in consumer products manu-
facturing plants )

The 3 of 9 code and Interleaved 2 of 5 code are commonly
used for work-in-process tracking and inventory control
applications. Some applications may require that the 3 of 9
code or Interleaved 2 of 5 code be read interchangeably
with the UPC, EAN, and/or JAN codes. For example, pro-
ducts which are marked with a UPC code may be shipped
in a container marked with the Interleaved 2 of 5 code.
The automatic code recognition capability of the HP
16800A and HP 16801A allows these codes to be read
interchangeably.

Typical applications for 3 of 9 code and Interleaved 2 of 5
code include:

— Inventory control

— Work-in-process tracking

— Distribution tracking

— Records management

— Government packaging and shipping
— Labor reporting

— Asset management

Wand Selection

The HP 16800A and HP 16801A Bar Code Readers include
an HP 16830A digital bar code wand which is capable of
reading bar code symbols which have nominal narrow
bar/space widths of 0.19 mm (0.0075 in.) or greater. A 700
nm visible red emitter enables the HP 16830A to read a
wide variety of colored bar codes. This wand is recom-
mended for reading the UPC, EAN, and JAN bar codes.

An optional HP 16832A digital bar code wand is available
for very high resolution codes having nominal narrow
bar/space widths of 0.13 mm (0.005 in.) to 0.20 mm (0.008
in). An 820 nm near-infrared emitter enables the HP
16832A to read black-and-white bar codes and the black-
on-black bar codes used in some security systems. It

cannot read colored bar codes and, therefore, is not
recommended for reading the UPC, EAN, and JAN bar
codes.

Applications which require an industrial wand are sup-
ported by the optional 16840A and 16842A digital bar code
wands. These wands feature a solid metal case and inter-
nal construction designed for abusive environments. The
16840A and 16842A have the same bar code reading char-
acteristics as the 16830A and 16832A, respectively.

Supporting Literature

For further information, refer to:

16800A/16801A Option 001 Operating and Installation
Manual Addendum, P/N: 16800-90004

16800A/16801A Operating and Installation Manual, P/N:
16800-90001

16800A/16801A Data Sheet, Publication No.: 5954-2155

ordering Information

Product

Number Description

16800A PROGRAMMABLE BAR CODE

-001 READER

Includes 16830A digital wand, inter-
nal power supply for 120 V line
voltage, power cord, and Operating
and Installation Manuals. Reader
supports UPC, EAN, JAN, 3 of 9, and
Interleaved 2 of 5 codes.

16801A NON-PROGRAMMABLE BAR CODE

-001 READER

Includes 16830A digital wand, inter-
nal power supply for 120 V line
voltage, power cord, and Operating
and Installation Manuals. Reader
supports UPC, EAN, JAN, 3 of 9, and
Interleaved 2 of 5 codes.

-210 100 V power supply

-222 220 V power supply

-224 240 V power supply

-320 Delete 16830A digital wand; add 16832A
digital wand

-400 Delete 16830A digital wand; add 16840A
industrial digital wand

-420 Delete 16830A digital wand; add 16842A
industrial digital wand

-610 Add Wall Mounting Kit

-910 Additional Operating and Installation
Manuals
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OPTION 002

Features

e CODABAR CODE READING CAPABILITY

e TWO STANDARD INDUSTRIAL BAR CODES
— 3 0of 9 Code
— Interleaved 2 of 5 Code

e AUTOMATIC CODE RECOGNITION

¢ HIGH PERFORMANCE DIGITAL WANDS
— 45 Degree Scan Angle '
— Replaceable, Sealed, Sapphire Tip
— Polycarbonate or Metal Case

Description

Option 002 adds bar code reading capability for Codabar
to the HP16800A Programmable Bar Code Reader and
HP16801A Non-Programmable Bar Code Reader. Trans-
mission of the start and stop characters which are part of
each Codabar symbol is user-selectable.

Two standard industrial codes, the 3 of 9 code and Inter-
leaved 2 of 5 code, may also be read with Option 002.
These two codes may be enabled individually, simultane-
ously, and/or in conjunction with the Codabar code.

Industrial 2 of 5 code reading capability, available with the
standard HP16800A and HP16801A, is not provided with
Option 002.

Applications

TECHNICAL DATA JANUARY 1986

Codabar code is commonly used for material tracking,
customer identification, and traceability in four specific
application areas:

— Libraries

— Hospitals

— Film Processing
— Package Tracking

The 3 of 9 code is also popular in these applications,
especially where an alphanumeric code is. preferred. In
some circumstances, both the 3 of 9 code and Codabar
code may need to.be read interchangeably. This capability
is provided.by the automatic code recognition feature of
the HP16800A and HP16801A.

The 3 of 9 code and Interleaved 2 of 5 code are generally
preferred in industrial applications and in applications
which involve interfacility or intercompany movement of
goods. These applications include:

— Inventory control

— Work-in-process tracking

— Distribution tracking

— Records management

— Government packaging and shipping
— Labor reporting

— Asset management
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Wand Selection

The HP16800A and HP16801A Bar Code Readers include
an HP16830A digital bar code wand which is capable of
reading bar code symbols which have nominal narrow
bar/space widths of 0.19 mm (0.0075 in.) or greater. This
wand is recommended for reading all low resolution bar
codes, such as those produced with dot matrix printers,
and for reading high resolution 3 of 9 and Interleaved 2 of
5 bar codes. It may also be used to read most high resolu-
tion Codabar symbols.

An optional HP16832A digital bar code wand is available
for very high resolution codes having nominal narrow
bar/space widths of 0.13 mm (0.005 in.) to 0.20 mm (0.008
in.). This wand may provide superior performance when
reading high resolution Codabar symbols since this code
has a nominal narrow bar width of 0.17 mm (0.0065 in.). An
820 nm near-infrared emitter enables the HP 16832A to
read black-and-white bar codes and the black-on-black
bar codes used in some security systems.

Applications which require an industrial wand are sup-
ported by the optional 16840A and 16842A digital bar code
wands. These wands feature a solid metal case and inter-
nal construction designed for abusive environments. The
16840A and 16842A have the same bar code reading char-
acteristics of the 16830A and 16832A, respectively.

Supporting Literature

For further information refer to:

16800A/16801A Option 002 Operating and Installation
Manual Addendum, P/N: 16800-90006

16800A/16801A Operating and Installation Manual,
P/N: 16800-90001

16800A/16801A Data Sheet, Publication No: 5954-2155

Ordering Information

Product
Number Description
16800A Programmable Bar Code Reader
-002 Includes 16830A digital wand, internal
power supply for 120V line voltage,
power cord, and Operating and Instal-
lation Manuals. Reader supports
Codabar, 3 of 9, and Interleaved
2 of 5 codes.
16801A Non-Programmable Bar Code Reader
-002 Includes 16830A digital wand, internal
power supply for 120V line voltage,
power cord, and Operating and Instal-
lation Manuals. Reader supports
Codabar, 3 of 9, and Interleaved
2 of 5 codes.
-210 100V Power Supply
-222 220V Power Supply
-224 240V Power Supply
-320 Delete 16830A Digital Wand; add
16832A Digital Wand
-400 Delete 16830A Digital Wand; add
16840A Industrial Digital Wand
-420 Delete 16830A Digital Wand; add
16842A Industrial Digital Wand
-610 Add Wall Mounting Kit
-910 Additional Operating and Installation
Manuals
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INDUSTRIAL HBCS-7000
DIGITAL BAR CODE | [iacerioo
SLOT READERS HBCS-7101

TECHNICAL DATA JANUARY 1986

Features

e MINIMAL FIRST BAR DISTORTION
— Compatible with Most Decoding Software

e LARGE SLOT WIDTH
— Allows Reading Multiple Laminated Cards

e SEALED METAL CASE
— Can Be Installed Outdoors or in Wet
Environments

e TAMPER PROOF DESIGN
— ldeal for Security Applications

® AVAILABLE IN EITHER VISIBLE 660 nm OR
INFRARED 880 nm VERSIONS

e WIDE TEMPERATURE RANGE
— —40 to 70°C (HBCS-7100)
— —20 to 55°C (HBCS-7000)

e WIDE SCAN SPEED RANGE
e BLACK TEXTURED EPOXY FINISH
e SINGLE 5 VOLT SUPPLY

Description

Hewlett-Packard’s Industrial Digital Slot Readers are de-
signed to provide excellent scanning performance on a
wide variety of bar coded cards and badges. They contain a
unique optical/electrical system that integrates over a large
area of the bar/space pattern, providing a greatly improved
first read rate even on poorly printed bar codes.

The HBCS-7000 has a visible red (660 nm) optical system
with a resolution of 0.19 mm (0.0075 in.). The HBCS-7100
model has an infrared (880 nm) optical system with a
resolution of 0.19 mm (0.0075 in.).

The extra large depth of field allows these slot readers to
have a slot width of 3.175 mm (125 in.), thus making it
possible to read even multiple laminated cards and badges.
When used as a stand alone optics module, the maximum
depth of field is dependent on resolution.

The optics and electronics are housed in a rugged metal-

case. The cases are fully gasketed and sealed, making them
suitable for use in outdoor or wet environments. The black
epoxy coating adds a durable, finished look to these Digital
Slot Readers. When installed using the rear screw holes, the
units become tamper-proof, making them excellent choices
for security access control.

The optical system is centered in the slot track, allowing the
user to easily scan from either direction. The wide slot width
makes it easy to insert and slide the cards. The optical
system is covered with a recessed window to prevent con-
tamination and reduce the wear on the cards.

The standard slot reader comes with the optical/electrical
assembly mounted on a base plate with an opposite rail. A
104 cm (41 in.) straight cord and a 5 pin, 240 degree,
locking DIN connector are also standard.

The optical/electrical system is also available as a separate
unit which can be integrated into other equipment or used
as a stand alone sensor assembly.

Applications

The digital bar code slot reader is a highly effective alterna-
tive to keyboard data entry. Bar code scanning is faster and
more accurate than key entry and provides far greater
throughput. In addition, bar code scanning typically has a
higher first read rate and greater data accuracy than optical
character recognition. When compared to magnetic stripe
encoding, bar code offers significant advantages in flexibility
of media, symbol placement and immunity to electro-
magnetic fields.

Hewlett-Packard’'s Industrial Digital Slot Readers are de-
signed for applications where high first read rate and dura-
bility are important factors. The epoxy coated metal case,
with its tamper-proof mounting system, makes these slot
readers ideal choices for security access control, time and
attendance recording and other bar coded badge and card
reading applications.
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Specifications

Parameter Symbol Min. Max. ) Units Notes
Nominal Narrow Element Width

HBCS-7000/7001 0.19 (0.0075) mm (in.)

HBCS-7100/7101 019 (0.0075) mm (in.) L2
Scan Velocity = h “ VSCAN ' 305 (120) cm/sec (in/sec) Eg
Contrast : . Rw-Re 45 Yo 1 = %
Supply Voltage Vs 45 - 55 Volts 2 e
Temperature

HBCS8-7000/7001 Ta -20 +55 °C 3

HBCS:7100/7101 Ta -40 : +70 ¢ °C 3
Supply Current Is 100 mA

Notes:

1. Contrast is defined as Ry-Rg where Ry is the reflectance of the white spaces and Rg is the reflectance of the black bars, measured at

the emitter wavelength (660 nm or 880 nm). Contrast is related to print contrast signal (PCS) by PCS = (Rw-Rg)/Rw or Rw-Rg =
PCS x Ry,.

. Power supply ripple and noise should be less than 100 mV peak to peak.
3. Non-condensing. If there is a frost or dew covering over the optics window, it should be removed for optimal scanning performance.

Selection Guide

n

Part Number Description

HBGS-7000 Complete Slot Reader assembly with 660 nM visible red light source and 019 mm
{0.0075 in.} nominal resolution.

HBCS-7100 Complete Slot Reader assembly with 880 nM infrared light source and 0.19 mm (0.0075
in.) nominal resolution.

HBCS-7001 Optics/electronics module only with 660 nM visible red light source and 019 mm
(0.0075 in.} nominal resolution.

HBCS-7101 Optics/electonics module only with*880 nM infrared light source and 0.19 mm (0.0075
in.) nominal resolution. ‘

HBCS-7998 Optional side rail assembly for use with HBCS-7001/7101.

Dimensions

COMPLETE SLOT READER 38.10_ OPTICS/ELECTRONICS MODULE
HBCS—7000/7100 I"(Lso) - 3.175 1270 HBCS-7001/7101 20.32
) il ~ " (0.125) (050) (0.80)
17.526 T ) ’ T T
069 L //$\ [t =] I
f f ) l_m_l =)
MOUNTING : 19.05
HOLE MOUNT (0.75)
ING
HOLE [/' T~y 1270
127.00 114.30 [e] O {(0550)
38.10
(5.00) (04.50) : ,‘qrx | 4 "50)
CABLE ' %
EXITS
(a) LOCATING 127.00
) PIN (5.00)
< \ RAIL ONLY
4 . HBCS-7998 P
(.80)
27.94 ” l l | |
(1.10) (@
19.05 [ f 5334
(0.75) (0.210)
DIMENSIONS IN MILLIMETRES . 52.07 127.00 | 10668 {0-
AND (INCHES). (2.05) ! (5.00) (0.42)
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Optocouplers

Hewlett-Packard’s original approach toward
integrated output detectors provides performance
not found in conventional phototransistor output
devices. A family of optocouplers has been
established to provide reliable, economical, high
performance solutions to problems caused by
ground loops and induced common mode noise
for both analog and digital applications in
commercial, industrial and military products.

The capabilities of this family span a wide range.
Device selections include: programmable AC/DC
power sensing input with logic output; speeds up
to 40M bits/s; CTR gains as high as 2000% and
input currents as low as 0.5 mA. HP’s HCPL-
2200 features guaranteed propagation delay of 300
ns max. from 0 to 85 degrees C with a wide VCC
range from 4.5 V to 20 V and ICC of only 6 mA.
Additionally, the high CMR of 1000 V/us and
built-in hysteresis help assure reliable circuit
design.

Hewlett-Packard also has available highly linear
optocouplers that are useful in analog
applications, a unique integrated-input optically

coupled line receiver that can be connected
directly to twisted pair wires without additional
circuitry, and optocouplers that provide complete
isolated transmit and receive functions for a 20
mA current loop. Commercial burn-in and
screening programs are available for Hewlett-
Packard’s plastic optocouplers upon special
request. See the High Reliability section (page 8-1)
for additional details.

Many of these devices are available in dual
channel versions as well as in hermetic DIP
packages. For military users, Hewlett-Packard’s
established, and DESC recognized hi-rel
capability facilitates economical, hi-rel purchases.

Hewlett-Packard plastic optocouplers are now
available for surface mount (see Option 100)
applications, and higher insulation voltage (see
Option 010) applications. Our newest optocoupler,
the HCPL-2400, features a guaranteed data rate

of 20 MBaud over temperature. Additionally the
HCPL-2400 simplifies high speed design with speci-
fications for pulse width and channel distortion, and
power supply noise immunity.
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High Speed Optocouplers

Typical Current | Specified Withstand Test
Data Rate | Transfer Input Voltage Page
Device Description Applicationl!] (NRZ) Ratio Current Standard* | Option 010**| No.
6N135 Transistor Qutput Line Receiver, Analog | 1 Mbit/s | 7% Min. 16 mA 3000Vdc | 2500Vac| 3-9
0 8] Vee Gircuits, TTL/CMOS, au N
Annnslz? Vs TTL/LSTTL Ground
CATHODE @ -151 Vo Isolation
@ 156N | BN136 19% Min.
HCPL-4502 Pin 7 Not Connected
HCPL-2502 15-22%
SL5505 Telephone circuits, 1 Mbit/s | 15% Min. 16 mA 1500 V dc 3-13
Approved by CNET 40% Max.
anone, 1] HCPL-2530 |  Dual Channel Line Receiver, Analog | 1 Mbit/s | 7% Min. 16 mA 3000V dc | 2500V ac | 3-15
Transistor Qutput Circuits, TTL/CMOS, an LY
CATHODE: (2 TTL/LSTTL Ground
CATHODE [3}- HCPL-2531 Isolation 19% Min.
ANODE, [4}
% HCPL-2200 |  Low Input Current High Speed Logic 5M bit/s 4TTL 1.6 mA 3000V dc | 2500V ac | 3-19
- Optically Coupled Ground Isolation, Loads L\ [-\Y
FNODE(Z Logic Gate LSTTL, TTL, CMOS
CATHODE 3] 3 State Output Logic Interface
t Vg = 20 V Max.
o HCPL-2300 |  Low Input Current, High Speed. Long 8 M bit/s 5TIL 0.5mA 3000V dc: | 2500Vac | 3-23
High Speed Opto- Distance Line Loads
ANODE[Z
wng Coupler Receiver, Computer n n
Peripheral Interfaces,
@ CMOS Logic Interface
HCPL-2400 | 20 MBaud, High High Speed Logic 4Mbit/s| STTL | 50mA | 3000Vdc | 2500Vac | 3-29
Common Mode Isolation, A{D and Loads K
Rejection, Optically | Parallel/Serial n
Coupled Logic Gate Conversion, Communi-
3 State Output cations, Networks,
Computers
0 6N137 Optically Coupled Line Receiver, High 10Mbit/s| 8TIL 5.0 mA 3000V dc | 2500V ac | 3-35
ANODEZ] Logic Gate Speleq Logic Ground Loads A [-\Y
cATHODE 3] Isolation
4
7 HCPL-2601|  High Common Mode Line Receiver, High 10 Mbit/s | 8TTL 5.0mA 3000Vdc | 2500Vac | 3-39
ANODE[Z Rejection, Optically Speeq Logic Ground Loads L-\Y L-\Y
CATHODE B Coupled Logic Gate Isolation in High
Ground or Induced
Noise Environments
( HCPL-2602 |  Optically Coupled Replace Conventional [10Mbit/s | 8TTL 5.0 mA 3000Vdc | 2500Vac | 3-43
“NIZ;EEF Line Receiver Line Receivers in High Loads L-\Y L-\Y
-IN[3] Ground or Induced
@l Noise Environments
ANODE; [1] HCPL-2630 |  Dual Channel Line Receiver, High 10Mbit/s| 8TTL 5.0 mA 3000V de | 2500Vac | 3-49
CATHODE; 2] Optically Coupled Speed Logic Ground Loads L-\Y L-\Y
CATHODE, [3 Gate Isolation
ANODE: (4}
HCPL-2631|  Dual Channel, Line Receiver, High 10Mbit/s | 8TTL 5.0 mA 3000V dc | 2500Vac | 3-53
High Common Mode Speed Logic Ground Loads (-1 [-\Y
Rejection, Optically Isolation in High
Coupled Logic Gate Ground or Induced
Noise Environments

*Standard Parts meet the UL1440 V ac test for 1 minute.

**Option 010 parts meet the UL 2500 V ac test for 1 minute.
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High Gain Optocouplers

Typical Current | Specified Will;lstfnd Test
Data Rate | Transfer Input oltage Pag
Device Description Applicationl!] (NRZ) Ratio Current Standard* | Option 010** |  No.
6N138 Low Saturation Line Receiver, Low 100k bit/s | 300% Min. | 1.6 mA 3000 Vdc | 2500Vac | 3-57
Voltage, High Gain Current Ground L-\Y A
Output, Vgg =7 V Max. | Isolation, TTL/TTL,
0 LSTTL/TTL,
ANODE 2} CMOS/TTL
CATHODE 3] 6N139 Low Saturation Line Receiver, Ultra 400% Min. | 0.5mA
E Voltage, High Gain Low Current Ground
Output, Voo =18V Isolation, CMOS/
Max. LSTTL, CMOS/TTL,
CM0S/CMO0S
ANODE, 1} HCPL-2730 |  Dual Channel, High Line Receiver, Polarity | 100k bit/s | 300% Min. | 1.6mA | 3000Vdc | 2500Vac | 3-61
Gain, Vg =7V Max. | Sensing, Low Current A A
HCPL-2731|  Dual Channel, High Ground Isolation 400% Min. | 0.5mA
Gain, Vgg = 18 V Max.
4N45 Darlington Qutput AC Isolation, Relay- 3k bit/s | 250% Min. | 1.0mA 3000Vdc | 2500Vac | 3-65
Ve =7V Max. Logic Isolation -\ L\
4N46 Darlington Output 350% Min. | 0.5mA
Vg = 20 V Max.
AC/DC to Logic Interface Optocoupler
Input Withstand Test
Typical | Threshold | Output Voltage Page
Device Description Application1] Data Rates | Current Current Standard* | Option 010**|  No.
HCPL-3700 AC/DC to Logic Limit Switch 4KHz |25mATH| 42mA 3000 V dc 3-69
1l Threshold Sensing Sensing, Low Voltage 1.3mA TH- L-\Y [-\Y
i Interface Optocoupler | Detector, Relay
: Contact Monitor
[h I
I I
20 mA Current Loop Optocouplers
Withstand Test
) Input Output Voltage
Typical Char- Char- Page
Device Description Application(!] Data Rates | acteristics | acteristics Standard* | Option 010** No.
HCPL-4100 |  Optically Coupled Isolated 20 mA 20 kBd (at | TTL/CMOS |27 VMax. | 3000Vdc | 2500Vac | 3-75
il ! 20 mA Current Loop Current Loop in: 400 metres) Compliance %Y au
f ! Transmitter e Computer Voltage
i E Peripherals
E@ﬂ  Industrial
Control Equipment
e Data
Communication
Equipment
HCPL-4200 [  Optically Coupled 6.5mA 3 State 383
[ ok, | 1] 20 mA Current Loop Typ. Output
== Il Receiver Threshold
i by i Current
( ' 1

*Standard Parts meet the UL1440 V ac test for 1 minute.
**Option 010 parts meet the UL 2500 V ac test for 1 minute.




Optocoupler Options (Do not apply to Hermetic Optocouplers)

Option Description
010 Special construction and testing to ensure the capability to withstand 2500 V ac input to output for one minute. Testing is
recognized by Underwriters Laboratories, inc. (File No. E55361). This specification is required by U.L. in some applications
where working voltages can exceed 220 V ac.
100 Surface mountable optocoupler in a standard sized dual-in-line package with leads trimmed (butt joint). Provides an

optocoupler which is compatible with surface mounting processes.

Very High Voltage Isolation

Hewlett-Packard Low Cost Fiber Optic links provide cost
effective isolation of voltages from 10KV to hundreds of KV.
TTL compatibility with data rates up to 5 MBd can be
attained using the HFBR-1510/2501/3510. See page 6-5,
1986 Catalog for more details or contact your Hewlett-
Packard Field Representative.
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Hermetic Optocouplers

Screened with
Group B Data

Typical Current Specified Withstand
Data Rate | Transfer Input Test Page
Device Description Application (NRZ) Ratio Current Voltage No.
6N134 Dual Channel Line Receiver, 10M bit/s | 400% Typ. | 10mA 1500 Vdc | 8-66
. Hermetically Sealed Ground Isolation for
Optically Coupled High Reliability
Logic Gate Systems
8102801EC DESC Approved Military/High 8-69
6N134 Reliability
6N134TXV TXV — Screened 8-66
6N134TXVB | TXVB — Screened Use 8102801EC
with Group B in New Designs
Data
, 3. | HCPL-1930 Dual Channel Line receiver, High 10M bit/s | 400% Typ. 10 mA 1500 Vdc 8-73
@ s Hermetically sealed Speed Logic Ground
o a1 High CMR Line Isolation in High
b T Lo S Receiver Optocoupler | Ground or Induced
o 25 Noise Environments
H e " )
o B | HCPL- MIL-STD-883 Military/High
L1931 Class B Part Reliability
W] ——he v | HCPL-5700 | Single Channel Line Receiver, Low 60k bit/s | 200% Min. | 0.5mA 500Vdc | 879
a4 L U b Hermetically Sealed | Current Ground
A [F}rw High Gain Optocoupler | Isolation, TTL/TTL,
P o LSTTL/TTL, CMOS/TT
‘ Pe o (HCPL-5701 | MIL-STD-883 Military/High
Class B Part Reliability
¥ e v | HCPL-5730 | Dual Channel Line Receiver, Polarity 8-83
2[}:ﬁT - Hermetically Sealed Sensing, Low Current
, ;Kgd . v High Gain Optocoupler | Ground Isolation
‘[? {S s ow| HCPL-5731 MIL-STD-883 Military/High
Class B Part Reliability
6N140A Hermetically Sealed Line Receiver, Low 100k bit/s | 300% Min. | 0.5mA 1500 V.dc | 8-87
(6N140) Package Containing Power Ground
4 Low Input Current, Isolation for High
High Gain Optocouplers | Reliability Systems
8302401EC DESC Approved Military/High 8-91
6N140A Reliability
6N140A/883B | MIL-STD-883 Use 8302401EC 8-87
(6N140/883B) | Class B Part in New Designs
6N140TXV [ TXV — Hi-Rel
Screened
6N140TXVB | TXVB — Hi-Rel
Screened with
Group B Data
4N55 Dual Channel Line Receiver, 700k bit/s | 9% Min. 16 mA 1500 Vdc | 896
Hermetically Sealed Analog Signal
Analog Optical Ground Isolation,
Coupler Switching Power
Supply Feedback
Element
4N55/883B MIL-STD-883 Military/High
Class B Part Reliability
4N5S5TXV TXV — Hi-Rel Use
Screened 4N55/883B in
4NS5TXVB | TXVB — Hi-Rel New Designs




(b HEWLETT
A PACKARD

OPTOCOUPLER OPTION

FOR 2500 Vac/ | opTION 010

1 MINUTE REQUIREMENT

TECHNICAL DATA JANUARY 1986

Features

e SPECIAL CONSTRUCTION AND TESTING

* UL RECOGNITION FOR 2500 V ac/1 MINUTE
REQUIREMENT (FILE NO. E55361)

AVAILABLE FOR ALL PLASTIC OPTOCOUPLERS
¢ 480 V ac LINE VOLTAGE RATING

Description

Option 010 consists of special construction on a wide range
of Hewlett-Packard plastic optocouplers. After assembly,
each unit is subjected to an equivalent electrical perfor-
mance test to insure its capability to withstand 2500 Vac
input to output for 1 minute. This test is recognized by
Underwriters Laboratory as proof that these components
may be used in many high voltage applications.

Applications

The 2500 Vac/1 Minute dielectric withstand voltage is
required by Underwriters Laboratory when components are
used in certain types of electronic equipment. This require-
ment also depends on the specific application within the
equipment. Some applicable UL documents are listed
below.

UL Spec.

Number = Specification Title

1577 Standard for Optical Isolators
Applications

114 Appliance and Business Equipment

347 High Voltage Industrial Control
Equipment

478 Information Processing and Business
Equipment

508 Industrial Control Equipment

544 Medical and Dental Equipment

698 Industrial Control Equipment for Use in
Hazardous Locations

773 Plug-in, Locking Type Photocontrols

913 Intrinsically Safe Apparatus and
Associated Apparatus

916 Standard for Energy Management
Equipment

1012 Power Supplies

1244 Electrical and Electronic Measuring and

Testing Equipment
1410 Television and Video Products

DEVICE MARKING

'TYPE NUMBER

(b] XXXX/ DATE CODE

YYWWARJ)

UL
010\ RECOGNITION

PIN
ONE OPTION CODE

Specifications

All specifications for optocouplers remain unchanged when
this option is ordered. The 2500 Vac/1 Minute capability is
validated by a factory 3200 Vac/1 Second dielectric voltage
withstand test.

Ordering Information

To obtain this high voltage capability on plastic opto-
couplers order the standard part number and Option 010.

Examples:
6N135 HCPL-3700
Option 010 Option 010

This option is currently available on all standard catalog
plastic optocouplers except SL5505.

OPTOCOUPLERS
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SURFACE MOUNT OPTION
FOR OPTOCOUPLERS

OPTION 100

Features

¢ SURFACE MOUNTABLE
Leads Trimmed for a Butt Joint Connection

e COMPATIBLE WITH VAPOR PHASE REFLOW AND
WAVE SOLDERING PROCESSES

e MEETS ALL ELECTRICAL SPECIFICATIONS OF
CORRESPONDING STANDARD PART
NUMBERS

e LEAD COPLANARITY WITHIN 0.004 INCHES

e AVAILABLE FOR ALL OPTOCOUPLERS IN
PLASTIC PACKAGES

e AVAILABLE IN STANDARD SHIPPING TUBES

Description

Option 100.is an optocoupler in a standard sized dual-in-line
package, with trimmed leads (butt joint). The distance from
the printed circuit board (PCB), to the bottom of the opto-
coupler package, will be typically 0.035 inches. The height of
the optocoupler package is typically 0.150 inches, leaving a
distance of 0.185 inches from PCB to the top of the opto-
coupler package.

Applications

Option 100 enables electronic component assemblers to
include HP optocouplers on a PCB that utilizes surface-
mount assembly processes. Option 100 does not require
“through holes” in a PCB. This reduces board costs, while
potentially increasing assembly rates and increasing compo-
nent density per board.

Specifications

All electrical specifications for optocouplers remain un-
changed when this option is ordered. In addition, the
device will withstand typical vapor phase reflow soldering
‘conditions of 215°C for 30 seconds, and wave solder
immersion for 5 seconds, @ 260°C.

TECHNICAL DATA JANUARY 1986

Ordering Information

Option 100 is available for all optocouplers in plastic
packages.

To obtain surface-mountable optocouplers, order the stan-
dard part number and Option 100.

Examples:
6N136 HCPL-2200
Option 100 Option 100
OPTION 100 DRAWING
[ 17 9 o] =
Xxxx—1 TYPE NUMBER
ﬁp] vYwWsy T PATE conE
106—F Y- RECOGN(TION
- OPTION CODE
PiIN | ® .
PR RG —

0.64 (0.025)

4.95{0,195) N,
£ 0.10 {0.004) MAX, ,

DIMENSIONS IN MILLIMETRES (INCHES)

Note: For complete dimensions, refer o outline drawing
of corresponding catalog part number,
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6N135
6N136
HCPL-2502
HCPL-4502

HIGH SPEED
OPTOCOUPLERS

TECHNICAL DATA JANUARY 1986

QUTLINE DRAWING*

D RN
——o! lc—-— 1.78 (070} MAX.
e 118 {.047) MAX.

t
| 470 (186 MAX. NCE 8 :’f“
== 4 anooe ’ 7|vg
WUl ¥

Los10020
i MIN, CATHODEE

— 292 1.115) MIN,
ove]( o0} ¢ —~"L~o.ss {025} MAX. NG 4 E

T40(056) | a—mmfornn 2:28 LO90)
1 286 {110)

DIMENSIONS IN MILLIMETRES ANO {INCHES).

Features

HIGH SPEED: 1 Mbit/s
e TTL COMPATIBLE

¢ HIGH COMMON MODE TRANSIENT IMMUNITY:
>1000V/us TYPICAL

e 2 MHz BANDWIDTH
e OPEN COLLECTOR OUTPUT

o RECOGNIZED UNDER THE COMPONENT
PROGRAM OF U.L. (FILE NO. E55361) FOR
DIELECTRIC WITHSTAND PROOF TEST
VOLTAGES OF 1440 Vac, 1 MINUTE AND
2500 Vac, 1 MINUTE (OPTION 010).

Description

These diode-transistor optocouplers use an insulating layer
between the light emitting diode and an integrated photon
detector to provide electrical insulation between input and out-
put. Separate connection for the photodiode bias and output
transistor collector increases the speed up to a hundred times
that of a conventional photo-transistor coupler by reducing the
base-collector capacitance.

The 6N135 is for use in TTL/CMOS, TTL/LSTTL or wide
bandwidth analog applications. Current transfer ratio (CTR) for
the 6N135 is 7% minimum at If = 16 mA.

The 6N136 is designed for high speed TTL/TTL applications. A
standard 16 mA TTL sink current through the input LED will
provide enough output current for 1 TTL load and a 5.6 k() pull-
up resistor. CTR of the 6N136 is 19% minimum at Ir = 16 mA.

The HCPL-2502 is suitable for use in applications where
matched or known CTRis desired. CTR is 15 to 22% at Ir = 16 mA.
The HCPL-4502 provides the electrical and switching perfor-
mance of the 6N136 and increased ESD protection.

*JEDEC Registered Data (The HCPL-2502 and HCPL-4502 are not
registered.)

SCHEMATIC

2
ANODE L4

CATHODE O
3

**Note: For HCPL-4502, pin 7 is not connected.

Appllcatlons

Line Receivers — High common mode transient immunity
(>1000V/us) and low input-output capacitance (0.6pF).

e High Speed Logic Ground Isolation — TTL/TTL, TTL/LTTL,
TTL/CMOS, TTL/LSTTL.

e Replace Slow Phototransistor Isolators — Pins 2-7 of the
6N135/6 series conform to pins 1-6 of 6 pin phototransistor
couplers. Pin 8 can be tied to any available bias voltage of
1.5V to 30V for high speed operation.

e Replace Pulse Transformers — Save board space and
weight.

e Analog Signal Ground Isolation — Integrated photon detec-
tor provides improved linearity over phototransistor type.

Absolute Maximum Ratings

Storage Temperature* .................. -55°C to +125°C
Operating Temperature* ................. -55°C to 100°C
Lead Solder Temperature™ ................. 260°C for 10s

(1.6mm below seating plane)
Average Input Current — IF* ... ...t 25mAl1l
Peak Input Current — IF* ... ..., 50mAl2|

(50% duty cycle, 1 ms pulse width)

Peak Transient Input Current — IF*  ........... ... ... 1.0A

(<1us pulse width, 300pps)
Reverse Input Voltage — VR* (Pin3-2) ................. 5V
Input Power Dissipation* ............cooeiinnen. 45mw!3|
Average Output Current — 10* (Pin6) ................ 8mA
Peak Output Current® ........ ..., 16mA
Emitter-Base Reverse Voltage* (Pin 5-7, except -4502) ... 5V
Output Voltage* — Vo (Pin6-5) ............... -0.5V to 15V
Supply Voltage* — Vo (Pin6-5) ............... -0.5V to 15V
Output Voltage — Vo (Pin6-5) ............... -0.5V to 20V
Supply Voltage — Vcc (Pin8-5) .............. 0.5V to 30V
Base Current — Ig* (Pin 7, except HCPL-4502) ........ 5mA
Output Power Dissipation* ..............couvnn. 100mWw!4

CAUTION: The small junction sizes inherent to the design of this
bipolar component increases the component’s susceptibility to
damage from electrostatic discharge (ESD). It is advised that
normal static precautions be taken in handling and assembly of
this component to prevent damage and/or degradation which may
be induced by ESD.

See notes, following page.

OPTOCOUPLERS




E |€Ctrlca| S peCIflcatiOHS Over recommended temperature (Ta = 0°C to 70° C) unless otherwise specified.

Parameter Sym. Device Min.| Typ* Max. Units Test Conditions Fig. Note
6N135 7| 18 % IF = 16mA, Vo = 04V, Vog = 48V
Ta=28°C
“ BN136
CTR*| popLasoz | 19 | % % 124| 512
Current Transfer Ratio HCPL-2502 | 15 18 22 %
BN135 5 19 %
CTR y gg’g jgoz 15| 25 % | IF=16mA, Vo =05V, Veo = 45V 5
6N135 g 0.1 0.4 ) IF =16 mA, o = 1.1mA, Voo = 4.5V,
Logic Low Ta=25°C
Vor 6N136
t Voita = = =
Output Voltage HOPL-2502 04 04 v !FA :1551122\. lo =24mA, Vcg = 4.5V,
HCPL-4502
IF = 0mA, Vo = Vige =55V
- | 3 500 nA T omee 8
Logic Hig on’ IF = 0mA, Vo = Veg = 15V
Qutput Current 0.0t 1 1A Ta=25°0
lon 50 uA Ir = 0mA, Vo = Vcg = 15V
Logic Low = = Y
Supply Current lccu . 50 uA Ir = 16mA, Vo = Open, Voc = 15V
. ir = 0mA, Vo = Open, Vce = 15V
Logic High IccH 0.02 1 uA .ﬁA — @ = Open, Vcc = 15
| rent
Supply Curren IccH 2 wA | IF = 0mA, Vo = Open, Vcc = 15V
Input Forward Voltage VE* 15 1.7 \Y {F = 16mA, TA=25°C 3
Temperature Coefficient | AVF " o -
of Forward Voltage ATA 18 mv/C ) IF = 16mA
Input Reverse . - -
Breakdown Voltage BVR 5 V| IR=104A, Ta=25°C
input Capacitance CiN 60 pF f=1MHz, Ve =0
% RH, t = 5, V|.o = 3KV dC,
Input-Output li-0* 1 uA ;‘.SA/‘;Z?C %8, Vio = 3kV de 6,11
‘ {nsulation [OFT 510 | Visa 3500 Vams | RH = 50%, t= 1 min. 13
Resistance (input-Output) | Ri-0 1012 Q0 Vi-0 = 500Vdc 6
Capacitance =
(Input-Output) Cro 06 pF f=1MHz 6
Transistor DC = =
Current Gain hre 150 Vo =5V, o =8mA
*For JEDEC registered parts. “*All typicals at Ta =25°C
- . o e . _ o -
SW|tCh|ng SpeC|f|Cat|0ns at TA — 25 C Vce =5V, IF = 16mA, unless otherwise specified
Parameter Sym. Device Min. | Typ.** Max. Units Test Conditions Fig. Note
Propagation Delay 6N135 0.2 15 s RL = 4.1k}
Time to Logic Low B6N136 - 59 89
\ at Output tor* | HePpL2802 02 08 us | Ru=19k0
HCPL-4502
Propagation Delay 6NT35 13 1.5 us RL = 4.1k}
Time to Logic High 6N136 _ 58 89
at Output w0 | oL 2002 03 08 gs | RL=1.9k0
HCPL~4502
Cammon Mode Tran- 6N135 1000 V/us IF = 0mA, Vem = 10 Vp.p, RL = 4.1k0
sient Immunity at Logic 6N136 — — — 10 789
High Level Output ICM”l HOPL 2302 1000 Vigs | Ie=0m, Vom = 10 Vp.p, RL = 1.9k02
HCPL-4502
Common Mode Tran- 6N'135 1000 Vigs | Vem = 10Vp ., BL = 41K
sient Immunity at Logic BN13 _ _ 10 7,89
Low Level Output ICML| HCPL—2§02 1000 Vigs | Vom=10Vp.p, R = 1.9k0
HCPL-4502
Bandwidth BW 2 Mz RL = 1000 8 10

NOTES: 1. Derate linearly above 70°C free-air temperature at a rate of 0.8mA/°C.

2. Derate linearly above 70°C free-air temperature at a rate of 1.6mA/°C.

3. Derate linearly above 70°C free-air temperature at a rate of 0.9mW/°C.

4, Derate linearly above 70° C free-air temperature at a rate of 2.0mW/°C.

5. CURRENT TRANSFER RATIO is defined as the ratio of output collector
current, |, to the forward LED input current, If, times 100%.

6. Device considered a two-terminal device: Pins 1, 2, 3, and 4 shorted
together and Pins 5, 6, 7, and 8 shorted together.

7. Common mode transient immunity in Logic High level is the maximum
tolerable (positive) dVcp/dt on the leading edge of the common mode

8.
9.
10.
1.
12.

13.

pulse Vg, to assure that the output will remain in a Logic High state (i.e., Vg > 2.0V).
Common mode transient immunity in Logic Low level is the maximum tolerable (negative)
dVg/dt on the trailing edge of the common mode pulse signal, Vcpy, to assure that the
output will remain in a Logic Low state (i.e., Vg <0.8V).

The 1.9k load represents 1 TTL unit load of 1.6mA and the 5.6k pull-up resistor.
The 4.1k load represents 1 LSTTL unit load of 0.36mA and 6.1kS2 pull-up resistor.

The frequency at which the ac output voltage is 3dB below the low frequency asymptote.

This is a proof test. This rating is equally validated by a 2500 Vac, 1 sec. test.

The JEDEC registration for the 6N136 specifies a minimum CTR of 15%. HP guarantees a
minimum CTR of 19%.

See Option 010 data sheet for more information.
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lo — OUTPUT CURRENT — mA

tp — PROPAGATION DELAY — ns

10

-
!/ POt w30 A

'/ | 25 mA

T =250 — 40 mA

Vg = 5.0V

"_—SSmA

—
-

5
K/-/‘m“m

18 mA
10 mA
Ig = BmA
0 1 1 i L i i i 1
[1] 10 20
Vo — OUTPUT VOLTAGE — V
Figure 1. DC and Pulsed Transfer Characteristics.
P e Tp =26°C ~
£
/)
1
- +
] Ve r/
] M;
3
2 /
<
2 /
g /
I
- /
//
1 1.20 1.30 1.40 150
Vg — FORWARD VOLTAGE — VOLTS
Figure 3. Input Current vs. Forward Voltage.
b dg = 13mA,V‘cc =50V
Lo = —=GNT35 {Ry = 4,1k
1500 | ~~6N136, HCPL-2502, HCPL-450Z (Ry » 1.9k0)
o
- Lo fom 2 =
| . - -
el
— L
,/
L A
1000 >
TN
L. Ly ®HL,
o N
500
- | A AN
e o R I NS P2 =
0
60 -40  -20 0 20 40 60 80 100

Tp — TEMPERATURE —°C

Figure 5. Propagation Delay vs. Temperature.

NORMALIZED CURRENT TRANSFER RATIO

NORMALIZED CURRENT TRANSFER RATIO

IoH — LOGIC HIGH OUTPUT CURRENT — nA

15
oot v v o GN 136
s GN136, HCPL-4602
1.0 -
7 x
7
NORMALIZED
g = 16mA
Vy =DAV
Vee =8
f/ T =26°C
05 /
01 o1l Lol L)l i1 L1
) 1 10 100

g — INPUT CURRENT — mA

Figure 2. Current Transfer Ratio vs. Input Current.

R
AN e BN 136, HCPL-4502
1.0 zZ N : f
3
yid NORMALIZED
7 te =16mA
| Vg * 04V
09 \IN: Voo =5V
T =28°C
A
\\‘
AN
0.8 \\
0.7
06
-60 -40 -20 0 20 40 60 80 100 120 140

10+4

Ta — TEMPERATURE —°C

Figure 4. Current Transfer Ratio vs. Temperature.

10%3

102

=0

P Vo = Vo = 6.0V

/]

//

101

o
2

-
<

[ +25 +50
Ta — TEMPERATURE - °C

+75 +100

Figure 6. Logic High Output Current vs. Temperature.
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Ts = 25°C
2]
T Spie s iemA o
w R, = 1002 |
2 -10 R, =220 N
H s
o 4 R, = 47002 ;/\\\
[ 15 Ry = Ik
g 30 T T a \\
@ o %
& Ta = 26°C, Ry = 1009, Vec =BV S
7 < \
2 ; 2
o " g 25
« -
E .20 2
u 30 [ N ARE ER IS IS AR RN
< 01 0.1 1.0 . 10
3
< f — FREQUENCY — MHz
I 0
2
5 /
w
3
< 1 8 +15V
=
2 0 4%
ol 0 4 8 12 16 25 oy 2| - 7 A,
als Ig — QUIESCENT INPUT CURRENT — mA A
20k2
SET I 3 s Vo
Figure 7. Small-Signal Current Transfer Ratio vs. Quiescent AC o) 2N3053
Input Current. INPUT 0.1 uF
\J a4 5
5602 2 10092
\
16V de
.25V p-pac
Figure 8. Frequency Response.
I |
o-——-—l-— PULSE
GEN.
i | Zp= 500 Ie
| 5V 1= 5ns - 1 8 —O +5V
[P —— {
|
| 2 //c( 7 R.
1.8V | 15V 10% DUTY CYCLE
‘ \ Vou /£ < 100us 3 M Vo
t tPLH = .
PHLTS LH ~ Ir MONITOR
4 5
ICL= 15pF
1009 =

Figure 9. Switching Test Circuit.*

Vo —— - 5V
SWITCH AT A: Ig=0mA

Vo —l VoL

SWITCH AT B: I = 16mA

*JEDEC Registered Data

t, ti=8ns

+5V

Vem

+ M
7D

PULSE GEN.

|||—

Figure 10. Test Circuit for Transient Immunity and Typical Waveforms.
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TECHNICAL DATA JANUARY 1986
OUTLINE DRAWING* SCHEMATIC
04070
9.90: }
lcc 8
Vee
2 [3
ANODE 9 //
VE
CATHODE O Vo
3
GND
} 470 1851 MAX, Ne 8]Veo
anope f2] 7|ve 7
051 020 Vs
MIN,  CATHODE 3] 6|vo
o.gv;i.oam ! s Lo e (5 ]ano
7.40 (055} [._.L__géggg%
DIMENSIONS (N MILLIMETRES AND {INCHES),
Absolute Maximum Ratings
Storage Temperature .............. -55°C to +125°C Reverse Input Voltage — VR (Pin3-2) ............. 3V
Operating Temperature ............. -55°C to 100°C Input Power Dissipation ................... 45mw /3!
Lead Solder Temperature ............. 260°C for 10s  Average Output Current — lo (Pin6) ........... 8mA
(1.6mm below seating plane) Peak Output Current ...........covvviiinnnnn. 16mA
Average Input Current — If ................. 25mAlll  Emitter-Base Reverse Voltage (Pin 5-7) ........... 5V
Peak Input Current — I ......coiiirinnenn.. 50mAl2]  Supply and Output Voltage — Vcc (Pin 8-5),
(50% duty cycle, 1 ms pulse width) VO (PIN6-5) «iviriiiiiiiiiienieeennnns -0.5V to 15V
Peak Transient Input Current — IF  ............. 1.0A BaseCurrent—IB (Pin7) ...........cooiiininn, 5mA
(<1us pulse width, 300pps)  Output Power Dissipation ................. 100mw (4]
EleCtl‘IcaI SDeCIflcatlonS (Ta = 25°C) unless otherwise specified.
Parameter Symbol Min. Max. Units Test Conditions Note
CTR 15 40 % Ie = 16mA, Vo = 0.4V, Vog = 4.5V
Current Transfer Ratio 2 £ o et 5
CTR 8 % Ir = 2mA, Vo = 5.0V, Vo¢ = 4.5V
Logic Low = - =
Output Voltage \'18 0.4 \ Ie = 16mA, 10 = 2.4mA, Vcc = 4.5V
Logic High loH 50 nA IF = 0mA, Vo = Veo = 10V
Output Current toH 25 whA | If=0mA, Vo =Vcc= 10V, TA=70°C
Input Forward Voltage VE 1.8 \ IF = 20mA
input Reverse Current s 50 pA Vg =3V
Input-Output Insulation | 1.0 A 45% Relative Humidity, t = 5s 6
Leakage Current -0 : '“ Vi—o = 1500Vdc
Resistance 9 —
{tnput-Output) Ri-o 10 0 Vi-o = 100Vdc 6
E{ﬁ’;:‘:f‘ga?,? hre 100 | 400 — | Vo=5V,10=3mA
Capacitance Ci-o 1.3 pF f=1MHz 6

3-13
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Switching Specifications at T,=25°C

Vee =5V, If = 16mA, unless otherwise specified

Parameter Symbol Min. Max. Units Test Conditions Note
Propagation Delay
Time to ngic Low at topt 0.8 us R = 1.9kQ 7
Output (Fig. 1)
Propagation Delay .
Time to Logic High at teLH 0.8 us R =1.9kQ 7
Output (Fig. 1)
Breakdown Voitage _
Collector/Emitter Vier) CEO 22 v lc = 10mA 8
Breakdown Voltage -
Collector/Base Vigr) CBO 40 v le = 10uA
Breakdown Voltage -
Emitter/Base Visr) EBO 3 V| g = 10uA
Collector/Base _
Current leso 50 nA Vg = 22V
Notes:
1. Derate linearly above 70°C free-air temperature at a rate of 0.8mA/ °C.
2. Derate linearly above 70°C free-air temperature at a rate of 1.6mA/ °C.
3. Derate linearly above 70°C free-air temperature at a rate of 0.9mW/°C.
4. Derate linearly above 70° C free-air temperature at a rate of 2.0mW/°C.
5. CURRENT TRANSFER RATIO is defined as the ratio of output collector current, 1o, to the forward LED input current, Ir, times 100%.
6. Device considered a two-terminal device: Pins 1, 2, 3, and 4 shorted together and Pins 5, 6, 7, and 8 shorted together.
7. The 1.9 K load represents 1 TTL unit load of 1.6 mA and the 5.6 KQ pull-up resistor.
8. Duty Cycle < 2%, Pulse Width < 300 us.

IF
[ p— | PULSE
GEN. f
| Zo=5082 F
5V t,= 5ns -
| y—— !
(SATURATED 1
RESPONSE) |
5V 1.5V
8 ! 10% DUTY CYCLE
Vo
1/f = 100us
tPHL —> - tPLH—>]
I MONITOR

1002

Figure 1. Switching Test Circuit.

[N}

/
}«
3

*CL INCLUDES PROBE AND
FIXTURE CAPACITANCE

L

O +5V

Vo

L= 15pF

CAUTION: The small junction sizes inherent to the design of this
bipolar component increases the component’s susceptibility to
damage from electrostatic discharge (ESD). It is advised that
normal static precautions be taken in handling and assembly of
this component to prevent damage and/or degradation which may

be induced by ESD.
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HEWLETT
PACKARD
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DUAL HIGH SPEED

HCPL 2530

OPTOCOUPLER | HCPL-2531

TECHNICAL DATA JANUARY 1986

OUTLINE DRAWING SCHEMATIC
; 9.40 1.370)
5790 (:390)
lcc
- TYPE NUMBER ~— 8y
I, $—————0 Vee
FDATE CODE 1 F1
7.36 (
7.88 (310 b4
i - l
RECOGNITION | Ve g4 <y
PIN Vor
ONE ' i f
—e| Ja——178(.070} MAX ©
e -— 1.19 (.047} MAX.
ANODE‘ 1 VCC
7, I
‘ 4.70 (.185) MAX. il 4 F2
| v catoog | 2 Vo 0 o
-
i ! | Losi o Vea ;,' = Ve
1 MIN. cathooe, | 3 - Voa 3 5
= - ! L— 2.92 {.115) MIN, e 0 +———O GND
076 Logoy 1 " I—0.65 (025) MAX,
140 (——‘055) I“‘"l—‘* 2.28 (090} ANODE, | 4 GND
280 {110}
DIMENSIONS IN MILLIMETERS AND {INCHES)

* HIGH SPEED: 1 Mbit/s

TTL COMPATIBLE

HIGH COMMON MODE TRANSIENT IMMUNITY:
>1000V/us TYPICAL

HIGH DENSITY PACKAGING

3 MHz BANDWIDTH

OPEN COLLECTOR OUTPUTS

RECOGNIZED UNDER THE COMPONENT
PROGRAM OF U.L. (FILE NO. E55361) FOR
DIELECTRIC WITHSTAND PROOF TEST

VOLTAGES OF 1440 Vac, 1 MINUTE AND
2500 Vac, 1 MINUTE (OPTION 010).

Description

The HCPL-2530/31 dual couplers contain a pair of light
emitting diodes and integrated photon detectors with
electical insulation between input and output. Separate
connection for the photodiode bias and output transistor
collectors increase the speed up to a hundred times that of
a conventional phototransistor coupler by reducing the
base-collector capacitance.

The HCPL-2530 is for use in TTL/CMOS, TTL/LSTTL or
wide bandwidth analog applications. Current transfer ratio
(CTR) for the -2530 is 7% minimum at | = 16 mA.

The HCPL-2531 is designed for high speed TTL/TTL
applications. A standard 16 mA TTL sink current through
the input LED will provide enough output curent for 1 TTL
load and a 5.6 kQ pull-up resistor. CTR of the -2531 is 19%
minimum at Ir = 16 mA.

® Line Receivers — High common mode transient immunity
(>1000V/us) and low input-output capacitance (0.6pF).

® High Speed Logic Ground lsolation — TTL/TTL, TTL/
LTTL, TTL/CMOS, TTL/LSTTL.

@ Replace Pulse Transformers — Save board space and weight.

® Analog Signal Ground lIsolation — Integrated photon de-
tector provides improved linearity over phototransistor type.

@ Polarity Sensing.

@ Isolated Analog Amplifier — Dual channel packaging en-
hances thermal tracking.

Absolute Maximum Ratings

Storage Temperature . .............. -55°C to +125°C
Operating Temperature . . . .. ......... -55°C to +100°C
Lead Solder Temperature . ............. 260°C for 10s
(1.6mm below seating plane)

Average Input Current — I (each channel) . . . ... 25mAl1]
Peak Input Current — I (each channel) . ........ 50mA (2]
(50% duty cycle, 1 ms pulse width)

Peak Transient Input Current — Ig (each channel) . ... 1.0A
(<1us pulse width, 300pps)

Reverse Input Voltage — Vg (each channel) .. ........ 5V

Input Power Dissipation (each channel) . ....... 45mw 3]
Average Output Current — 1g (each channel) . ...... 8mA
Peak Output Current — Ig (each channel). ......... 16mA
Supply Voltage - Vg (Pin8-5) .......... - 0.5V to 30V
Output Voltage - Vo (Pin7,6-5) ......... - 0.5V to 20V
Output Power Dissipation (each channel) . . . . .. 35mw (4]

See notes, following page.
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Electrical Specifications

Over recommended temperature (Ta = 0°C to 70°C) unless otherwise specified.

Parameter Sym. ‘l')‘l::vl;‘l:.e Min. Typ.”" Max. Units Test Conditions Fig.| Note
2630 7 18 % 1g = 18mA, Vo = 0.5V, Vg = 4.5V
2531 19 24 % Ta=25°C
Current Transfer Ratio | CTR 252 5 3 % A 12| 58
%
5541 15 % fg = 18mA, Vg = 0.5V, Vpo = 4.5V
2530 0.1 0.5 \ Ig = 16mA, Ig = 1.1mA, Vop = 4.5V,
Logic Low v Ta=25C 5
Qutput Voltage OL 53 0.1 0.5 v fp=16mA, Ig = 24mA, Voo = 4.5V,
Ta=28"C
TA=25°C,Ipg = g2 =0,
3 500 A 6 5
Logic High o " Vo1 = Vo2 = Veg = 58V
Output Current = =
50 pA F1=1F2=0, 5
Vp1 =Vga=Vgg =15V
Lagic Low 1gq = Igg = 16mA
Supply Current lec 100 A Vo1 = Vog = Open, Vi = 18V
Logic High Ip1 = lpg = OmA
X A
Supply Cutrent locH 0.05 4 # Vo1 = Va2 = Open, Vog = 18V
Input Forward Voltage | Vp 15 1.7 v Ip = 16mA, Tg = 25°C 3 5
Temperature Coefficient | AVF mne
il 3 -1 c IE = 16 5
of Forward Voltage ATA 16 mvy F = 16mA
Input Reverse o
v lg= A, Ta=25"C 5
Breskdown Voltage VR 5 F=10u A
Input Capacitance SN 80 pF f=1MHz, VE=0 5
Input-Output o' 1 A 45% RH,t =88, V|_o=3kV dc.Tp=25°C 7,13
{nsulation
OPT. 010 | Vigo 2500 Vams RH £ 50%, {=1 min. 14
Resistance 12 v = BOOV. 7
{input-Output} R0 10 a -0 de
Capacitance
. F f= 1MH 7
{Input-Output) -0 06 p z
tnput~input Insulation 45% Relative Humidity, t=5s 8
Leakage Current 11t 0.005 1A V(o) = 500Vde
Resistance {Input-Input) | Ry 1011 0 V). = 500Vdce 8
Capacitance £ £= 1MH 8
{Input-lnput) Ci 0.25 p z
*For JEDEC registered parts. **All typicals at 25°C.
. . P . .
SWltChlng SDelelcatlonS at TA= 25°C Vce =5V, Ig = 16mA, unless otherwise specified
Parameter Sym. I:lttvl;? Min. Typ. Max. Units Test Conditions Fig. | Note
Propagation Delay 2530 0,2 15 s R = 4.1kQ
Time To Logic Low PHL 59 | 1011
at Output 2531 0.2 0.8 us R =1.9kQ
Propagation Delay 2530 1.3 1.5 us Ry =4.1kQ
Tire 1o Logic High PLH 59 | 10,11
at Output 2531 0.3 0.8 us Ry =1.9k82
Common Mode Tran- 2630 1000 Vius Ig =0mA,Ry =4.1k2,Vem=10Vp.g
sient Immunity at Logic ICMHI 10 | 9,104
High Level Output 2531 1000 Vius g=0mA, Ry =1.9kQ, Vem=10Vp.p
Common Mode Tran- 2530 1000 Vius Ven=10Vpp, B = 4.1k0
sient {mmunity at Logic ‘CML t 16 | 910,11
Low Level Output 2531 1000 Vius Vewm = 10Vp.p, R = 1.9k
Bandwidth BW 3 MHz Ry = 10002 8 12
NOTES: 8. Measured between pins 1 and 2 shorted together, and pins 3 and 4 11. The 4.1k load represents 1 LSTTL unit

N ogrLN

Derate linearly above 70°C free-air temperature at a rate of 0.8mA/°C.
Derate linearly above 70°C free-air temperature at a rate of 1.6mA/°C.
Derate linearly above 70°C free-air temperature at a rate of 0.9mW/°C.
Derate linearly above 70°C free-air temperature at a rate of 1.0mW/°C.
Each channel.

CURRENT TRANSFER RATIO is defined as the ratio of output collector

current, 10, to the forward LED input current, |, times 100%.
Device considered a two-terminal device: Pins 1, 2, 3, and 4 shorted
together and Pins 5, 6, 7, and 8 shorted together.

shorted together.

Common mode transient immunity in Logic High level is the maximum
tolerable (positive) dVm/dt on the leading edge of the common mode
pulse VM, to assure that the output will remain in a Logic High state
(i.e., Vo > 2.0V). Common mode transient immunity in Logic Low
level is the maximum tolerable {negative) dVcpm/dt on the trailing
edge of the common mode pulse signal, VoM, to assure that the output
will remain in a Logic Low state (i.e., Vg < 0.8V).

The 1.9k load represents 1 TTL unit load of 1.6mA and the 5.6kQ
pull-up resistor.
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12,

13.

14.

load of 0.36mA and 6.1kS2 pull-up resistor.
The frequency at which the ac output
voltage is 3dB below the low

frequency asymptote.

This is a proof test. This rating is equally
validated by a 2500 Vac, 1 sec. test.

See Option 010 data sheet for more
information.
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Figure 9. Switching Test Circuit.
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Figure 10. Test Circuit for Transient Immunity and Typical Waveforms.
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Features

o COMPATIBLE WITH LSTTL, TTL, AND CMOS
LOGIC

e 2.5 MBAUD GUARANTEED OVER
TEMPERATURE

e LOW INPUT CURRENT (1.6 mA)

WIDE Vcc RANGE (4.5 TO 20 VOLTS)

e THREE STATE OUTPUT (NO PULLUP
RESISTOR REQUIRED)

¢ GUARANTEED PERFORMANCE FROM 0°C
TO +85°C

e INTERNAL SHIELD FOR HIGH COMMON
MODE REJECTION

e RECOGNIZED UNDER THE COMPONENT
PROGRAM OF U.L. (FILE NO. E55361) FOR
DIELECTRIC WITHSTAND PROOF TEST
VOLTAGES OF 1440 Vac, 1 MINUTE AND
2500 Vac, 1 MINUTE (OPTION 010).

Applications

Isolation of High Speed Logic Systems
Computer-Peripheral Interfaces
Microprocessor System Interfaces
Ground Loop Elimination

Pulse Transformer Replacement
Isolated Buss Driver

High Speed Line Receiver

Description

The HCPL-2200 is an optically coupled logic gate that com-
bines a GaAsP LED and an integrated high gain photon
detector. The detector has a three state output stage and has
a detector threshold with hysteresis. The three state output
eliminates the need for a pullup resistor and allows for direct
drive of data busses. The hysteresis provides typically 0.1

QUTLINE DRAWING
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mA of differential mode noise immunity and el

potential for output signal chatter. The detector IC has an
internal shield that provides a guaranteed common mode

transient immunity of 1,000 volts/usec. Higher
fications are available upon request.
power supply rejection eliminates the need
power supply bypassing precautions.

The Electrical and Switching Characteristics of the HCPL-
2200 are guaranteed over the temperature range of 0°C to
85°C. The HCPL-2200 is guaranteed to operate over a Vcc
range of 4.5 volts to 20 volts. Low Ir and wide Vcc range

allow compatibility with TTL, LSTTL, and CMO!

Irand low Icc resultin lower power consumption compared
to other high speed optocouplers. Logic signals are trans-
mitted with a typical propagation delay of 160 nsec when a
120 pF peaking capacit