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INTELLIGENT POWER PRODUCTS

Harris Semiconductor is a pioneer in developing and producing advanced Intelligent
Power products for the most demanding commercial, industrial and automotive
applications in this world -- and beyond.

This databook fully describes Harris Semiconductor’s line of Intelligent Power prod-
ucts. It includes a complete set of data sheets for product specifications, application
notes with design details for specific applications of ‘Harris products, and a descrip-
tion of the Harris quality and high reliability program.

Harris Semiconductor also offers an extensive line of power discrete components.
These devices (MOSFETs, MegaFETs, L2FETs, enhanced-mode insulated gate
bipolar transistors, ruggedized power MOSFETs and advanced discrete) can be
found in the Harris Power MOSFETSs catalog.

This book is divide into 13 major sections. Section 1 contains a complete index of
types. Sections 2 through 9 cover each major category of devices offered by Harris
Intelligent Power. Section 10 provides additional application notes to supplement the
data sheets. Harris Quality and Reliability, Packaging and Ordering Information and
Sales Offices appear in Section 11, 12 and 13 respectively.

It is our intention to provide you with the most up-to-date information on Intelligent
Power Products. For complete, current and detailed technical specifications on any
Harris devices please contact the nearest Harris sales, representative or distributor
office; or direct literature requests to:

Harris Semiconductor Literature Department
P.O. Box 883, MS CB1-28
Melbourne, FL 32901
(407) 724-3739
FAX 407-724-3937

Harris Semiconductor products are sold by description only. All specifications in this product
guide are applicable only to packaged products; specifications for die are available upon
request. Harris reserves the right to make changes in circuit design, specifications and other
information at any time without prior notice. Accordingly, the reader is cautioned to verify that
information in this publication is current before placing orders. Reference to products of other
manufacturers are solely for convenience of comparison and do not imply total equivalency of
design, performance, or otherwise.
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INTELLIGENT POWER PRODUCTS
TECHNICAL ASSISTANCE

For technical assistance on the Harris products listed in this databook,
please contact the Field Applications Engineering staff available at one of the follow-
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Low Side Switches Selection Guide

TYPE NUMBER
CA3242 CA3262 CA3262A CA3272 CA3292 HIP0080 HIP0081 CA3282
(QUAD) (QUAD) (QUAD) (QUAD) (QUAD) (QUAD) (QUAD) (OCTAL)
LOGIC
INVERTING | INVERTING | INVERTING | INVERTING | INVERTING | INVERTING | INVERTING | SELECT
Qutput Current Rating 0.6A 0.7A 0.7A 0.4A 0.4A 0.5A 1.0A 0.5A
Vgar @ Current Rating 0.8V 0.6V 0.6V 0.4v 0.4v - - 0.5V
Roy Output Resistance - - - - - 1.0Q 0.5Q -
Voltage Rating (Vcc)sus 35vDC 35VDC 4°VDC 40Vpe 32VDC 35 79 32\/00
(Clamp) (Clamp) (Clamp) (Clamp)
Load Dump Voltage 80Vpk 80Vpk 80Vpk 80Vpk 80Vpk 80Vpk 80Vpk TBD
(Vpeak) .
Output Current Limiting No 1.4A 1.3A 1.2A 1.2A 1.5A 3A 1.5A
Short-Circuit Protection Yes No No No No Yes Yes Yes
Latches Latches Latches Latches
OFF OFF OFF OFF
Thermal-Limiting No Yes Yes No No No No No
Temperature, T +155°C +155°C
Thermal Shutdown No No No Yes Yes Yes Yes Yes
Temperature, T, +165°C +165°C +150°C +150°C +170°C
Fault Indicator Flag No No No Yes Yes Yes Yes Yes
Diagnostic Feedback No No No No No Yes Yes Yes
TEMPERATURE RANGE
-40°C to +85°C X X
-40°C to +125°C X X X X X X
PACKAGE OPTIONS
16 DIP (Std) X X X
15 SIP X X
28 PLCC X X X X
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CA3242

Quad-Gated Inverting Power Driver For

i

May 1992

Interfacing Low-Level Logic to High Current Load

Features

¢ Driven Outputs Capable of Switching 600mA Load
Currents Without Spurious Changes in Output State

¢ Inputs Compatible with TTL or 5 Volt CMOS Logic
¢ Suitable for Resistive or Inductive Loads
¢ Output Overload Protection

¢ Power-Frame Construction for Good Heat Dissipation

Applications

* Relays

¢ Solenoids

¢ AC and DC Motors

¢ Heaters

¢ Incandescent Displays

¢ Vacuum Fluorescent Displays

Ordering Information

Description

The CA3242 quad-gated inverting power driver contains four
gate switches for interfacing low-level logic to inductive and
resistive loads such as: relays, solenoids, AC and DC
motors, heaters, incandescent displays, and vacuum fluores-
cent displays.

Output overload protection is provided when the load current
(approximately 1.2A) causes the output Vgg(sat) to rise
above 1.3V. A built-in time delay, nominally 25us, is provided
during output turn-on as output drops from Vpp to Vgar- That
output will be shut down by its protection network without
affecting the other outputs. The corresponding Input or
Enable must be toggled to reset the output protection circuit.

Steering diodes in the outputs in conjunction with external
zener diodes protect the IC against voltage transients due to
switching inductive loads.

To allow for maximum heat transfer from the chip, the two
center leads are directly connected to the die mounting pad.
In free air, junction-to-air thermal resistance (Rgya) is 50°C/
W (typical), This coefficient can be lowered to 40°C/W (typi-
cal) by suitable design of the PC board to which the CA3242
is soldered.

TEMPERATURE
PART NUMBER RANGE PACKAGE
CA3242E -40°C to +105°C | 16 Lead Plastic DIP
Pinout Block Diagram
16 LEAD DUAL-IN-LINE
PLASTIC PACKAGE (E SUFFIX)
TOP VIEW
—
OUTA[T] 1] IN A
P °
CLAMP [2] 15 INB I TRUTH TABLE
ouTB[3] [14] ENABLE vee @__, p ENABLE| IN | ouT
GND [4] 13 GND > " H
oND 3] 7 anD GND (12 5) GND .
outc[g] 1] Vee GND (13 4) GND T "
7 10)
cLAMP [7] 19 INc enasLe () D_ Pl —9to+(3ours
outp 8] [5]ND
‘ ‘ —(2) cLamp
]
INB (: )
‘—E oo oura
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 1561.1

Copyright © Harris Corporation 1992
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Specifications CA3242

Absolute Information (T, = +25°C) Unless Otherwise Specified

Logic Supply Voltage, Vg « e v evveiiieeiiiininiinnnn, v
Logic Input Voltage, Viy o e v v eeeiiii it 15V
Output Voltage, Vogx « -« v v vevrrinnneinerennnnnnns 50Vpc
Output Sustaining Voitage, Vegsys -« o evveeerrennnnnns 35Vpe
OutpUt CUITeNt, lg. v oo iie i ieiee i nnaes 1Apc
Power Dissipation, Pp
UPtoB0%C ..ovii ittt 1.5W
Above 60°C.......covuuiinnnn Derate Linearly at 16.6mW/°C
Up t0 90°C w/heat sink (PCBoard) ...........ccuueene. 1.5W
Above 90°C w/heat sink (PC board) . . Derate Linearly at 25mwW/°C

Ambient Temperature Range

Operating. .. vvvveeeennnerneneeenannanns -40°C to +105°C

SOrAge + vt vviiii it -55°C to +150°C
Maximum Junction Temperature, Ty .......covvvnennne. +150°C
Maximum Thermal Resistance

Junction-to-Air Bja. . v it 60°C/W

Junction-to-Case, 0,c to pins 4, 5,12, 13 atseat ....... 12°C/wW
Lead Temperature (During Soldering)

At distance 1/16” + 1/32" (1.59 £ 0.79mm) from

casefor10SmMax.....oovveeiieiniinninninnnnnns +265°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings® may cause permanem damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those i

d in the op

of this specification is not implied.

Electrical Specifications AtT,=

-40°C to +105°C, V¢ = 5V Unless Otherwise Specified

LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN MAX UNITS

Output Leakage Current lcex Vg =50V, V)y = 0.8V - 100 HA
Qutput Sustaining Voltage Veesus) Ic=100mA, V|y =0.8V. 30 - \
Collector Emitter Saturation Voltage Veesan Ig = 100mA, V|\ = 2.4V - 0.25 \

Ig = 400mA, V) = 2.4V - 0.6 \

Ic = 600mA, V) = 2.4V - 0.8 \Y
Input Low Voltage ' - 0.8 \"
Input Low Current I Viny=0.8V - 10 pA
Input High Voltage Vi = 600mA 2 - Vv
Input High Current ™ lc =700mA, V|\ = 4.5V - 10 RA
Supply Current ON lecion) lg =700mA, Vee = Viy = 5.5V - 80 mA
Supply Current OFF Icc(oFr) - 5 mA
Clamp Diode Leakage Current Ir Vg =50V - 100 HA
Clamp Diode Forward Voltage Vg lg=1A - 1.8 \%

Ie=1.5A - 25 v
Turn-On Delay trHL - 20 us
Turn-Off Delay tpLH - 30 us
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@D HARRIS CA3262

PRELIMINARY

LOW SIDE
SWITCHES

May 1992 Quad-Gated Inverting Power Driver
Features Description
¢ Independent Over-Current Limiting On Each Output The CA3262 is used to interface Low-Level Logic to High
« Independent Over-Temperature Limiting On Each Output ~ Current Loads. Each Power Driver has four inverting
switches consisting of a non-inverting logic input stage and
* Output Drivers Capable of Switching 700mA Load an inverting low-side driver output stage. All input stages
* Inputs Compatible With TTL or 5V CMOS Logic have a common enable input. Each output device has inde-
¢ Suitable For Resistive, Lamp or Inductive Loads pendent current limiting (I ) a_qd thermal [imitiqg (TUM) for
« Power-Frame Construction For Good Heat Dissipation protection from oyer-logd cqndlthns. Steering dlode‘s in the
) outputs are used in conjunction with external zener diodes to
* Operational Temperature Ranges protect the IC against over-voltage transients due switching
- CA3262A........coiniininnn, -40°C to +125°C  of inductive loads. To allow for maximum heat transfer from
= CA3262 .....coiiiiiiii i -40°C to +85°C the chip, all ground pins on the DIP and PLCC package are
. . . . directly connected to the mounting pad of the chip.
Applications System Applications y op P
« Solenoid o Aut ti The CA3262 can drive four incandescent lamp loads without
olenol utomotive modulating their brilliance when the “cold” lamps are
* Relay ¢ Appliance energized.
* Light ¢ Indust.rial Control Outputs can be paralleled to drive large loads. The
* Steppers * Robotics maximum output current is determined by the minimum limit
* Motors for over-current limiting which is typically 1.2 Amps but may
« Displays be as low as 0.7 Amps.
The best choice for over-voltage protection is to provide
H ; zener clamping diodes connected to the CLAMP pins with
Ordering Information inductive loads. A typical zener diode voltage value for the
PART TEMPERATURE CA3262 is 30 Volts or a value sufficient to guarantee that the
NUMBER RANGE PACKAGE CA3262 output does not exceed the sustaining voltage limit
CA3262E -40°C to +85°C 16 Pin DIP of 40 Volts when the zener diode is conducting. (Continued
CA3262AE 40°C to +125°C | 16 Pin DIP on 2-8)
CA3262AQ -40°C to +125°C 28 Pin PLCC
Pinouts
16 LEAD (DIP (E SUFFIX) 28 LEAD PLCC (Q SUFFIX)
TOP VIEW TOP VIEW
w
v o & <« @
ouT A[T] [15] INA EZ 5, <o 2
CLAMP[2] [i5] NB INDEX © 0 022z z W
out B[3] EENABLE L, (41 [3] 2] [7] 5] 7] 9]
/ 3
GND[2 73] GND
[ :I GND [5]
GND 5] [12] GND
outc[g] ] Vee GND [§]
cLAmP[7] o] NG GND [7]
ouT D[] 5] IND GND E
GND E
GND [10]
GND [1]
02 i3 1] 9] [
[3] = a Q o
5352z
-t
o g ©

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures.
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Functional Block Diagram
"

Vec o— 8
(18) Tum —o OUTD
9 (14)
IND
(16) :[ :)
Ium Yy
= 6
Tum l—o ouTC
10 - (12)
INC o————— 7
) :D— o cLAMP
(13)
14 um
ENABLE =
(26) 3
I Tum I —o OUT B
15 @)
INBo——
@) 1 O—
: y
LIM
= 1
16 { @
INA o—— 2
W d )] L5 cuwe
(3)
Ium
NOTES:
1. Pins 4, 5, 12, 13 ground (Package E)
2. Pins 5-11, 19-25 ground (Package Q)
3. Pin numbers in parentheses apply to the Plastic 28 Leaded Chip Carrier (PLCC)
TRUTH TABLE
ENABLE IN ouT
H 5H
H L
L X

H = High, L = Low, X = Don't Care

Description (Continued)

Over-voltage protection may or may-not be satisfied by
connecting the CLAMP pin to a positive voltage equal or
greater than the output load power supply. In many
applications transient variations and non-tracking conditions
may allow forward conduction through the steering diodes,
further up-setting an unstable condition.

Current-limiting is provided as protection for shorted or over-
loaded output conditions. Voltage is sampled across a small
metal resistor in the emitter of each output stage. When the
voltage exceeds a preset comparator level, drive is reduced
to the output. Current limiting is sustained unless thermal
conditions exceed the preset thermal shutdown temperature
of 155°C.

If an output is shorted, the remaining three outputs will
continue to function normally unless the continued heat
spreading is sufficient to raise the junction temperature at

any other output to a level greater than 155°C. High ambient
temperature conditions may allow this to happen. The
degree of interaction is minimized by separation of the
output devices, each to a separate corner of the chip. The
output stage does not oscillate when in the current limiting or
thermal limiting mode.

As noted, the thermal resistance of both the DIP and PLCC
packages are improved by direct connection of the leads to
the chip mounting pad. In free air, the junction-to-air thermal
resistance, 6, is 50°C/W (typical) for the DIP package and
40°C/W (typical) for the PLCC package. This coefficient can
be lowered to 40°C/W and 30°C/W respectively by suitable
design of the PC board to which the CA3262 is soldered.




Specifications CA3262

Absolute Maximum Ratings

Logic Supply Voltage, Vog « ««cvvvevvirenniniinieeeinnnn 7.0v
Logic InputVoltage, ViN « «« e vvvvv i 15V
Output Voltage, Vogx -« v v veeevnien e niniinnn 60V
Output Sustaining Voltage, Vegsus) « -+« v vvvreerreneneens 40V
Output CUIreNt, do. . o oo vttt 1A
Storage Temperature Range ................. -65°C to +150°C
Operating Temperature Range:

CA3262AE, CA3262AQ ..........covvnnn -40°C to +125°C

CA3262E ..ottt -40°C to +85°C
Thermal Resistance, 8j,:

CAB262AQ ...ttt it 43°C/W

CA3262E, CA3262AE ..........ccivviinniinnnns 60°C/W
Maximum Junction Temperature ...........cceuivnnn. +150°C
Lead Temperature (Soldering 10s)........covvvvvenn. +265°C

Power Dissipation, Pp:
CA3262E, CA3262AE:

Upto+60°C (FIEB AIN. . cvv v et ieneeeenannann 1.5W
Above +60°C: ............... Derate Linearly at 16.6mW/°C
Up to +90°C w/heat sink (PCBoard): . ....c.vvvunrnnn. 1.5W
Above +90°C;

w/heat sink (PC Board):. ......... Derate Linearly at 25mW/°C

CA3262AQ:

Upto +85°C (FreB Air): . vvveee e iiiiiienannenns 1.5W
Above +485°C: .............u... Derate Linearly at 23mwW/°C
Up to +105°C with heat sink (PCBoard): .............. 1.5W
Above +105°C;

with heat sink (PC Board):........ Derate Linearly at 33mwW/°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings™ may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those ir din the op

of this specification is not implied.

Electrical Specifications At V¢ =5.5V, T, = -40°C to +125°C, CA3262A; T, = -40°C to +85°C for CA3262

CA3262 CA3262A
PARAMETERS SYMBOL TEST CONDITIONS MIN | TYP | MAX ] MIN | TYP | MAX | UNITS
Output Leakage Current lcex VcE = 60V, VenagLe = 0.8V - - 100 - - 50 HA
Output Sustaining Voltage Vegsus) | Ic = 40mA 40 - - 40 - - v
Collector Emitter Saturation Vegsan | Vin=2V, Vee = 4.75V
Voltage (See Figure 5) Ic = 100mA B ) 0.25 ) ) 0.15 v
Ic = 200mA - - - - - 0.2 v
Ic = 300mA - - - - - 0.25 \
Ic = 400mA - - 0.4 - - 0.3 \
Ic = 500mA - - - - - 0.4 v
Ig = 600mA - - 0.6 - - 0.5 \
lc =700mA, T, =-40°C - - 0.6 - - 0.5 \
Input Low Voltage ViL - - 0.8 - - 0.8 \
Input High Voltage Viu 2 - - 2 - - \
Input Low Current I Vin=0.8V - - 10 - - 10 HA
Input High Current Iy VN = VenasLe = 5.5V, Ig = 600mA - - 10 - - 10 HA
Supply Current All Outputs ON lccon) | Vin=2V, VenasLe = 5.5V, - - 70 - - 55 mA
(See Figure 4) louta = louts = lourc = loutp = 250mA
Supply Current All Outputs OFF | lcciorry | Vin=0V - - 10 - - 10 mA
(See Figure 4)
Clamp Diode Leakage Current 15 Vg =50V . - 100 - - 50 HA
Clamp Diode Forward Voltage Ve lg=1A,V|y=0V - - 1.7 - - 1.7 \
(See Figure 7) 7= 1.5A, Vpy = OV T - 21| - - T21] v
Turn-On Delay (See Figure 6) | teyi, tey | lout = 500mA - - 10 - - 10 us
Over Current Limiting (Note 1) lum Vour = 4.5V to 24.5V 0.7 - 18 | 07 g 1.8 A
DESIGN PARAMETER
Over Temperature Limiting Tum - 155 - - 155 - °c
(Junction Temperature)
NOTE:

1. With voltage on the collector of the output transistor as indicated (Voyt = 4.5V to 24.5V) and with that output transistor turned on, the
current will increase to a limiting value which will be a value of 0.7 A, minimum. That output will shortly thereafter (approx. 5ms) go into
over-temperature limiting. (Excessive dissipation during thermal limiting may damage the chip.)

LOW SIDE
SWITCHES




CA3262

O vee

CONSTANT
CURRENT D () C)
SOURCES

lREFERENCE

VOLTAGE
INPUT 1.2VOLTS

| -

ENABLE ”
TO SUBSEQUENT STAGES

| .

pr— L4

FIGURE 1. CA3262 EQUIVALENT SCHEMATIC OF ONE INPUT STAGE

t1

+5V i b
P : ﬁﬁﬁb% RELAY
N
. '
\
\
\
N
\
\
\
\
\
A
\
\
\
TTLOR \ -
CMOS !
LOGIC :
LEVEL \
INPUTS : MOTOR
\ HIGH CURRENT
@n | \ HIGH SIDE DR
\ *— \
‘ :
\ \
| : )
\
16 | \
O— :
hilke E ‘. : -
\ : -
\ 1LIM \ PINS 4,5, 12 & 13 GROUND (PACKAGE E)
\ A ! PINS 5-11 & 19-25 GROUND (PACKAGE Q)
\ pey \
w

..................................................... PIN #'S IN PARENTHESIS APPLY TO PACKAGE Q

FIGURE 2. QUAD-GATED INVERTING POWER DRIVER (QDR) SCHEMATIC WITH TYPICAL
LOAD-DRIVE APPLICATIONS SHOWN. (SEE FIGURE 3)

EACH OF THE QDR OUTPUTS SHOWN INFIG 31S A
COMPOSITE CIRCUIT WITH OVER-TEMPERATURE _ '-=-==========sssssosesooshossocosoonns
SENSE FOR THERMAL LIMITING & OVER-CURRENT
SENSE TO PROVIDE CURRENT LIMITING

\

\

B \

TLIM — TEMP. \
— _—T SENSE !

1 — N

\

v

ILIM BANDGAP |
= VOLT. REF. }

\

\

.

FIGURE 3. QUAD-GATED INVERTING POWER DRIVER (QDR)
OUTPUT EQUIVALENT CIRCUIT
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SUPPLY CURRENT (Icc) - mA

PROPAGATION DELAY TIME (lg) - us

80 T T T T T
SUPPLY VOLTAGE (Vcc) = 5.5V

70

60

50

\\ Vin =2V, lout = 250mA (EACH)

40 - I

30 ~

20 THERMAL SHUTDOWN
Lo

10 Vin = OV, loyt = OmA B
1 g 1 1

0 ————

-40 -20 0 20 40 60 80 100
AMBIENT TEMPERATURE (Ty) - °c
FIGURE 4. TYPICAL SUPPLY CURRENT (PIN 11)
CHARACTERISTICS
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FIGURE6. TYPICALPROPAGATIONDELAYTIME
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T T L} T 1
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0. 4—(
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FIGURE 5. TYPICAL COLLECTOR-TO-EMITTER SATURA-
TION VOLTAGE CHARACTERISTICS IN

QUAD-GATED INVERTING POWER DRIVER
OUTPUT
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-
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FIGURE 7. TYPICAL CLAMP-DIODE FORWARD
VOLTAGE CHARACTERISTICS

CHARACTERISTICS
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2]
a
LL'J” 0.5 4 1-CA3262E, CA3262AE W/O HEAT SINK
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E‘_ 7 4 - CA3262AQ WITH PC BOARD HEAT SINK
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FIGURE 8. PACKAGE DISSIPATION RATING CHART
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@ HARRIS CA3272

Quad-Gated Inverting Power Driver With

May 1992 Fault Mode Diagnostic Flag Output
Features Description
¢ Independent Over-Current Limiting on Each Output The CA3272 quad-power NAND driver contains four NAND-
g gate switches for interfacing low-level logic to inductive and
¢ ::g:g:r::‘egtaglvgue:perature Shutdown With Hys- resistive loads such as: relays, solenoids, AC and DC
P motors, heaters, incandescent displays, and vacuum fluo-
¢ Capable of Switching 600mA Load Currents rescent displays.
« Inputs Compatible With TTL or 5 Volt CMOS Logic To allow for maximum heat transfer from the chip, all ground
. leads are directly connected to the die substrate and to the
* Suitable For Resistive or Inductive Loads ground bond pads. In free air, junction-to-air thermal resis-
« Power-Frame Construction for Good Heat Dissipation  1ance (Reua) is 40°C/W (typical).
This coefficient can be lowered to 30°C/W (typical) by
* Fault Mode Output Flag suitable design of the PC board to which the CA3272 is
» Operating Temperature Range...... -40°C to +125°C  soldered.
) i B . The individual outputs are protected with over-current limit-
Applications System Applications ing () and over-temperature (T \) shutdown. Any one
LIM
« Solenoid « Automotive output that faults (see Fault Logic Table) will switch Pin 1to a
Rel Aooil constant current pulldown.
¢ Rela . iance
i pp . If an output load is shorted, the remaining three outputs
* Light ¢ Industrial Control function normally unless the junction temperature (typically
o Steppers * Robotics +165°C) of those outputs is exceeded. The output stage
« Motors does not change state (oscillate) when in the current limit
Displ mode.
* Displays
\splay All inputs and enable have internal pulidowns to turn “off” the
outputs when inputs are floating.
Order ing Information The CA3272 can drive four incandescent lamp loads without
TEMPERATURE modulating their brilliance when “cold” lamps are energized.
PART NUMBER RANGE PACKAGE Outputs can be “ganged” to drive large loads.
CA3272 20°C to +125°C 28 Lead PLCC The CA3272 is supplied in a plastic 28 leaded chip carrier,
PLCC (Q suffix).
Pinout PLASTIC 28 LEADED CHIP CARRIER (PLCC)
(Q SUFFIX)
TOP VIEW
@ < K g .
2
8% 3%:¢z%
INDEX _[4] [3] [2] [7] 8] 7] e
L. . N
GND 5] GND
GND [€] GND
GND[7] GND
GND [8] 22] GND
GND 3] GND
GND@J GND
GND 1] [i5] GND
[12] (3] {4 [e] 7] ]
pefszed
o (<)
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2223.1

Copyright © Harris Corporation 1992 2.12
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Block Diagram

Vee
26
ENABLE t

l

14

U

F ’ O
ouTD
Tum
|
]
lum [ i ' QD 0.020
12
F O
outc

QcC 0.02Q

O »

Tum
17
O 1 ) 7
INC ]
l 8 lum
= — F
Tum
27
O ™\ ]
INB L+
i g lum
= 1 F

ouTB

QB 0.02Q

y

OouTA
Tum

lum QA 0.020

e 1 P e

GROUNDPINS5-11,19-25

TRUTH TABLE
ENABLE IN ouT

H H

H H

L X H

H = High, L = Low, X = Don't Care
FAULT LOGIC TABLE

IN ouT FAULT MODE
H L H Normal
H H L Over Current, Over Tempera-
L L L ture or Short to Power Supply
L H H Normal
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Specifications CA3272

Absolute Maximum Ratings (T, = +25°C) Unless Otherwise Specified

Logic Supply Voltage, Vog .« o v vt vveneennneeniennnens 7V Ambient Temperature Range

Logic InputVoltage, Viy « e o viii it 15v Operating. .....coovveiiiinneiiiiinnnnnn. -40°C to +125°C
Output Voltage, VEgx « «« v v vvvvreennnnrnnnnennns -12, +50Vpc F100] Vo -55°C to +150°C
Output Sustaining Voltage, Vegsys) <« coevvrveneneens 40Vpe  Maximum Junction Temperature, Ty.......ooovvnenuns +150°C
Output CUIreNt, lg. e e v v et ittt iiiieen et 1.6Apc Maximum Thermal Resistance

Power Dissipation, Pp Junction-to-Air, Bja. . .. i i e 43°CW
UPtoB85%C .ottt ieiiiie it 1.5W  Lead Temperature (During Soldering)

Above 85°C ...l Derate Linearly at 23mW/°C At distance "6 * V/5," (1.59 + 0.79mm) from

Up to 105°C w/Heat Sink (PCBoard). . .................. 1.5W casefor 10SmMax. ....ovveeeeneennnnninaaenens +265°C

Above 105°C w/Heat Sink (PC Board). . . .Derate Linearly at 33mW/°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications At T, =-40°C to +125°C, V¢ = 5V Unless Otherwise Specified

LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN MAX | UNITS
Output Leakage Current leex Ve = 50V, VenapLe = 0.8V - 100 pA
Output Sustaining Voltage Veesus) | Ic =40mA 40 - \"
Collector Emitter Saturation Voltage Vegsan |l =400mA, Viy =2V, Ve = 4.75V, Ty = +125°C - 0.4 v
I = 500mA, Vjy = 2V, Vg = 4.75V, Tp = +25°C - 0.5 v
Ic = 600mA, V|y = 2V, Vo = 4.75V, Ty = -40°C - 0.6 \'
Input Low Voltage Vi - 0.8 v
Input Low Current I Viy=0.8V 10 60 pA
Input High Voltage Vi 2 - \
Input High Current ™ Vin = 5.5V, Venapre = 5.5V 10 60 HA
Supply Current ON (All Outputs ON) lccon) | lout(A, B, C, D) = 250mA, Viy = 2V - 60 mA
VenasLe = 5.5V
Supply Current OFF lecorry | ViN=0V - 10 mA
(All Outputs OFF)
Turn-On Delay teHLs teLH - 10 us
Over Current Limiting* Vour = 4.5V to 24.5V, R (Min) = 4Q 0.7 1.6 A
(For Each Output)
Fault Output loL lgoap = 30pA 40 80 pA
lon - 2 pA
VoL - 0.4 v
Output Sense Thresholds Vur Input = 2V Min 3 5.5 \
Vir Input = 0.8V Max 3 5.5 v
DESIGN PARAMETER
Over Temperature Limiting 165 (Typical) °C
(Junction Temperature)

* With voltage on the collector of the output transistor as indicated (Voyt = 4.5V to 24.5V) and with that output transistor turned on, the current
will increase to a limiting value which will be a value of 0.7A minimum. That output will shortly (=5ms) thereafter go into over temperature
shutdown. (Excessive dissipation during thermal shutdown may damage the chip.)
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INPUT

INPUT
ENABLE

FORCE OUTPUT TURN-OFF FOR
UNTERMINATED INPUTS.

FIGURE 1. SCHEMATIC OF ONE INPUT SECTION

Ve R
18 O—> q
CONSTANT |?| ouTD
CURRENT IND 14  RELAY
SOURCE S
QD
“ourc HGHT
REFERENCE INC 12
VOLTAGE cMoS he
1.2v OR Qc
TTL 4§ ENABLE —
To LOGIC 28 I ™y _OuTrB
SUBSEQUENT LEVEL F 4
STAGES INPUTS INB SOLENOID
27 1
FAULT QB
11
* INPUT AND ENABLE PULLDOWN SOURCES INA
o
l 28
L l GROUNDED

SOLENOID

FIGURE 2. QUAD-GATED INVERTING POWER DRIVER
(QDR) SCHEMATIC WITH TYPICAL LOAD-DRIVE

APPLICATIONS SHOWN (SEE FIGURE 3)

FAULT FROM
OTHER CHANNELS

FAULT

DETECTOR

THERMAL
SHUTDOWN
WITH
HYSTERESIS

BASE >
DRIVE

X

——O OUTPUT

ENABLE
TO OTHER
CHANNELS

OUTPUT
CURRENT
LMt

L

$ o000
> (METAL)

FIGURE 3. QUAD-GATED INVERTING POWER DRIVER (QDR) OUTPUT EQUIVALENT CIRCUIT. THE FAULT
OUTPUT REQUIRES A PULL-UP LOAD SUCH AS AN EXTERNAL RESISTOR (Rgxy). A CAPACITOR,

Cgxy SHOULD BE USED TO SUPPRESS SWITCHING SPIKES
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RIS

SEMICONDUCTOR

@

PRELIMINARY

CA3282

CMOS Octal Serial
Solenoid Driver

May 1992
Features Description
* Eight Open Collector Drivers The CA3282 is a logic controlled, eight channel octal serial
solenoid driver. The serial peripheral interface (SPI) utilized
* Capable of 1A Per Output by the CA3282 is a serial synchronous bus compatible with
e Capable of 0.5A All Outputs “ON" Harris CDP68HCO5, or equivalent, microcomputers. The
. functional diagram for the CA3282 is shown in Figure 1.
* Transient Protection Each of the open collector output drivers has individual pro-
 Current Limiting tection for over voltage and over current; each output chan-
nel has separate output latch control. Under normal ON
* Individual Output Latch conditions, each output driver is in a low, saturation state.
« Individual Fault Unlatch & Feedback Comparators in the diagnostic circuitry monitor the output
drivers to determine if an out of saturation condition exists. If
* Common Reset Line a comparator senses a fault, the respective output driver is
« Operating Temperature Range. . ... .. -40°C to +125°C unlatched. In addition, over current protection is provided
P 9 P 9 with current limiting in each output, independent of the diag-
« High Voltage Power BiMOS nostic feedback loop.
The CA3282 is fabricated in a Power BiMOS IC process, and -
Applications is intended for use in automotive and other applications hav-
ing a wide range of temperature and electrical stress condi-
* Logic & pP Controlled Drivers tions. It is particularly suited for driving lamps, relays, and
« Solenoids, Relays & Lamp Drivers solenoids in applications‘where low operating.power. high
breakdown voltage, and high output current at high tempera-
* Automotive & Industrial Systems tures is required.
¢ Robotic Controls The CA3282 is supplied in 15 lead Power SIP package with
lead forms for either vertical or surface mount.
Pinout Block Diagram
v ~ 1s—outrur4
14—=outPuts TRANSIENT .
o BE=uprure PROTECTION | >4
> 11— RESET 2u
10— voD | =O
PGND PIN 9 ——miso = SHIFT _I OUTPUT | Il 3<
(TAB) MUST BE 8 f———vss mosi»] © [ REGISTER LATCH [ |
ELECTRICALL z — ggsl z
Y CONNECTED : ::E SCK M w T
(@) 4 F——D ouTtPUTO miso¥ LIMIT SSense
3 E——ourruT1 — | = _L
2 ———>ouTtPuT2 CEd =
N\ ~__ _1f——>outpur3 e =
¢ & | I'controL |_|piaGNosTIC
15 LEAD POWER SIP (TOP VIEW) LOGIC CIRCUITRY
vyvYy
i . TO DRIVERS
Ordering Information 1THRUZ
PART TEMPERATURE PACKAGE & FIGURE 1. BLOCK DIAGRAM OF THE CA3282 OCTAL DRIVER
NUMBER RANGE LEAD FORM WITH SPI (SERIAL PERIPHERAL INTERFACE) BUS
CA3282AS1 -40°C to +125°C 15 Pin Plastic SIP
Staggered Vertical
CA3282AS2 -40°C to +125°C 15 Pin Plastic SIP
Surface Mount

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures.
Copyright © Harris Corporation

1992
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Specifications CA3282

Absolute Maximum Ratings Thermal Characteristics

DC Logic Supply, Vppe e« v vt venvviie i, -0.7Vto +7.0V  Thermal Resistance Junction-Case,8,c............ +3°C/W Max
Output Voltage, Voo oo v ovviiiiiiii e -0.7Vto 40V Thermal Resistance Junction-Ambient, 6,4 ........ +35°C/W Max
Output Current, I oap -« vvvereeniiiereneeneniinnns 1AMax Lead Temperature (During Soldering):

Input Voltage, Vi e e oo ve it i 7V Max At distance '/16 :‘/32 In. (1.59 £ 0.79mm)

Operating Temperature Range. .. ............. -40°C to +150°C fromcasefor 10smax ........oovviivenininnnennns +265°C
Storage Temperature Range (Tgyg) - -« o v v voveee -55°C to +150°C

Electrical Specifications vy = -5V + 5%,T; = -40°C to +125°C; Unless Otherwise Specified.

LOW SIDE
SWITCHES

LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Quiescent Supply Current lop All Outputs ON, 0.5A Load Per Output 5 10 mA
Output Clamping Voltage Voc ILoap = 0.5A, Output Programmed OFF 30 32 40 )
Output Clamping Energy Eoc lLoap = 0.5A, Output ON 20
Output Leakage Current lo LEAK Output Programmed OFF
Vo =24V 150 1000 pA
Vo = 14V 150 500 pA
Vo =5V 150 200 pA
Output Saturation Voltage Vgar- Output Programmed ON
lLoap = 0.5A 0.3 0.5 v
lLoap = 0.75A 0.4 1.25 v
lioap = 1.0A 0.6 2.0 \%
Output Current Limit lo umiT Output Programmed ON, Vgut > 3V 1.05 1.5 A
Turn-On Delay tpHL lo = 500 mA, No Reactive Load 1 10 us
Turn-Off Delay tpLH lo = 500 mA, No Reactive Load 2 10 us
Fault Reference Voltage Vo rer Output Programmed ON, Fault Detected If 1.6 1.8 2.0 \"
Vo > Vo rer
Fault Reset Delay (After CE Low | typ See Figure 2 T8D 65 250 us
to High Transition)
Output OFF Voltage Vorr Qutput Programmed OFF, Output Pin Float- 0 1 "
ing
LOGIC INPUTS (MOSI, CE, SCK and RESET)
Threshold Voltage at V1. Vpp =5V £10% 0.2Vpp | 0.3Vpp \"
Falling Edge
Threshold Voltage at Vi, Vpp =5V £10% 0.6Vpp | 0.7Vpp v
Rising Edge
Hysteresis Voltage Vy Vi,V 0.85 1.4 2.25 \"
Input Current ) Vpp =5.5V,0< V)< Vpp -10 +10
Input Capacitance C 0<V,<Vpp 20 pF
LOGIC OUTPUT (MISO)
Qutput LOW Voltage VoL lop = 1.6 mA 0.2 0.4
Output HIGH Voltage Vou loL =0.8 mA Voo Voo
-1.3v -0.2v
Output Tristate Leakage Current | o, Vpp = 5.25V, 0 < Vi < Vpp, CE Pin Held High -10 +10 pA
Output Capacitance Cour 0 < Vo < Vpp, CE Pin Held High 20 pF




Specifications CA3282

Serial Peripheral Interface Timing (See Figure 2)

LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN TYP | MAX | UNITS
Operating Erequency foper D.C. | Note 1 1.0 MHz
Cycle Time 1 {teve 1.0 0.1 us
Enable Lead Time (2) [tean <100 | 1000 ns
Enable Lag Time ©3) [taa <100 | 1000 ns
Clock HIGH Time 4 [twscku 410 50 ns
Clock LOW Time (5) |twsckL 410 50 ns
Data Setup Time 6) |tsu 150 20 ns
Data Hold Time @ It 150 20 ns
Enable Time @) |ten 50 1000 ns
Disable Time 9 |tois 150 1000 ns
Data Valid Time (10) |ty 75 360 ns
Output Data Hold Time (11) |to 0 50 ns
Rise Time (MISO Output) (12) {tso Vpp = 20% to 70%, C, = 200pF 35 150 ns
Rise Time SPI Inputs (SCK, MOSI, CE) (12) [t Vpp =20% to 70%, C, = 200pF 90 ns
Fall Time (MISO Output) (13) tso Vpp =20% to 70%, C, = 200pF 45 150 ns
Fall Time SP!I Inputs (SCK, MOSI, CE) (13) |t Vpp = 20% to 70%, C|_ = 200pF 90 ns
NOTE:

1. Operating Frequency is typically greater than 10MHz but it is application limited primarily by external SPI input rise/fall times and MISO

output loading. )
ce | [

SCK

(CPOL =0, CPHA=1)

voa 1 | | 1 | | |
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Signal Descriptions

Output 0 - Output 7 - Power Output Drivers. The input and
output bits corresponding to Output O thru Output 7 are
transmitted and received most significant bit (MSB) first via
the SPI bus. The outputs are provided with current limiting
and voltage sense functions for fault indication and protec-
tion. The nominal load current for these outputs is 500mA,
with current limiting set to a minimum of 1.05A. An on chip
clamp circuit capable of handling 500mA is provided at each
output for clamping inductive loads.

RESET - Active low reset input. When this input line is low,
the shift register and output latches are configured to turn off
all output drivers. A power on clear function may be imple-
mented by connecting this pin to Vpp with an external resis-
tor, and to Vgg with an external capacitor. In any case, this
pin must not be left floating.

CE - Active low chip enable. Data is transferred from the shift
register to the outputs on the rising edge of this signal. The
falling edge of CE loads the shift register with the output volt-
age sense bits coming from the output stages. The output
driver for the MISO pin is enabled when this pin is low. CE
must be a logic low prior to the first serial clock (SCK) and
must remain low until after the last (eighth) serial clock cycle.
A low level on CE also activates an internal disable circuit
used for unlatching output states that are in a fault mode as
sensed by an out of saturation condition. A high on ( CE
forces MISO to a high impedance state. Also, when CE is
high, the octal driver ignores the SCK and MOSI signals.

SCK, MISO, MOSI - See Serial Peripheral Interface (SPI)
section in this data sheet.

Vpp and Vgg - Positive and negative power supply lines.
Serial Peripheral Interface (SPI)

The Serial Peripheral Interface (SPI) utilized by the CA3282
is a serial synchronous bus for control and data transfers.
The clock (SCK), which is generated by the microcomputer,
is active only during data transfers. In systems using
CDP68HC05 family microcomputers, the inactive clock
polarity is determined by the CPOL bit in the microcomput-
er’s control register. The CPOL bit is used in conjunction with
the clock phase bit, CPHA to produce the desired clock data
relationship between the microcomputer and octal driver.
The CPHA bit in general selects the clock edge which cap-
tures data and allows it to change states. For the CA3282,
the CPOL bit must be set to a logic zero and the CPHA bit to
a logic one. Configured in this manner, MISO (output) data
will appear with every rising edge of SCK, and MOSI (input)
data will be latched into the shift register with every falling
edge of SCK. Also, the steady state value of the inactive
serial clock, SCK, will be at a low level. Timing diagrams for
the serial peripheral interface are shown in Figure 2.

SPI Signal Descriptions

MOSI (Master Out/Slave In) - Serial data input. Data bytes
are shifted in at this pin, most significant bit (MSB) first. The
data is passed directly to the shift register which in turn con-

trols the latches and output drivers. A logic “0" on this pin will
program the corresponding output to be ON, and a logic “1”
will turn it OFF.

MISO (Master In/ Slave Out) - Serial data output. Data
bytes are shifted out at this pin, most significant bit (MSB)
first. This pin is the serial output from the shift register and is
tri stated when CE is high. A high for a data bit on this pin
indicates that the corresponding output is high. A low on this
pin for a data bit indicates that the output is low. Comparing
the serial output bits with the previous input bits, the micro-
computer implements the diagnostic data supplied by the
CA3282.

SCK - Serial clock input. This signal clocks the shift register.
New MISO (output) data will appear on every rising edge of
SCK and new MOSI (input) data will be latched into the shift
register on every falling edge of SCK. The SCK phase bit,
CPHA, and polarity bit, CPOL, must be set to 1 and O,
respectively in the microcomputer’s control register.

Functional Description

The CA3282 is a low operating power, high voltage, high cur-
rent, octal, serial solenoid driver featuring eight channels of
open collector drivers. The drivers have low saturation volt-
age and output short circuit protection, suitable for driving
resistive or inductive loads such as lamps, relays and sole-
noids. Data is transmitted to the device serially using the
Serial Peripheral Interface (SPI) protocol. Each channel is
independently controlled by an output latch and a common
RESET line that disables all eight outputs. Byte timing with
asynchronous reset is shown in Figure 3. The circuit
receives 8 bit serial data by means of the serial input
(MOSI), and stores this data in an internal register to control
the output drivers. The serial output (MISO) provides 8 bit
diagnostic data representing the voltage level at the driver
output. This allows the microcomputer to diagnose the con-
dition at the output drivers. The device is selected when the
chip enable (CE) line is low. When CE is high, the device is
deselected and the serial output (MISO) is placed in a tri
state mode. The device shifts serial data on the rising edge
of the serial clock (SCK), and latches data on the falling
edge. On the rising edge of chip enable (CE), new input data
from the shift register is latched in the output drivers. The
falling edge of chip enable (CE) transfers the output driver
fault information back to the shift register. The output drivers
have low ON voltage at rated current, and are monitored by
a comparator for an out of saturation condition, in which
case the output driver with the fault becomes unlatched and
diagnostic data is sent to the microcomputer via the MISO
line. A typical microcomputer interface circuit is shown in
Figure 4. This circuit is also cascadable with another octal
driver.

Shift Register

The shift register has both serial and parallel inputs and out-
puts. Serial output and input data are simultaneously trans-
ferred to and from the SPI bus. The parallel outputs are
latched into the output latch in the CA3282 at the end of a
data transfer. The parallel inputs jam diagnostic data into the
shift register at the beginning of a data transfer cycle.
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FIGURE 3. BYTE TIMING WITH ASYNCHRONOUS RESET
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FIGURE 4. TYPICAL MICROCOMPUTER INTERFACE WITH
THE CA3282

Output Latch

The output latch holds input data from the shift register which
is used to activate the outputs. The latch circuit may be
cleared by a fault condition (to protect the overloaded
outputs), or by the RESET signal.

Output Drivers

The output drivers provide an active low output of 500mA
nominal with current limiting set to 1.05A to allow for high
inrush currents. In addition, each output is provided with a
voltage clamp circuit to limit inductive transients. Each out-
put driver is also monitored by a comparator for an out of
saturation condition. If the output voltage of an ON output pin
exceeds the saturation voltage limit, a fault condition is
assumed and the latch driving this output is reset, turning the
output off. The output comparators, which also provide
diagnostic feedback data to the shift register, contain an
internal pulldown current which will cause the cell to indicate
a low output voltage if the output is programmed OFF and the
output pin is open circuited.

CE High to Low Transition

When CE is low, the tri-state MISO pin is enabled. On the
falling edge of CE, diagnostic data from the output voltage

comparators will be latched into the shift register. If an output
is high, a logic one will be loaded into that bit in the shift
register. Ifthe output is low, a logic zero will be loaded. During
the time that CE is low, data bytes controlling the output
drivers are shifted in at the MOSI pin most significant bit
(MSB) first. A logic zero on this pin will program the cor-
responding output to be ON, and a logic one will'turn it OFF

CE Low to High Transition

When the last data bit has been shifted into the CA3282, the
CE pin should be pulled high. At the rising edge of CE, shift
register data is latched into the output latch and the outputs
are activated with the new data. An internal 150msec delay
timer will start at this rising edge to compensate for high
inrush currents in lamps and inductive loads. During this
period, the outputs will be protected only by the analog
current limiting circuits since resetting of the output latches by
fault conditions will be inhibited during this time. This allows
the device to handle inrush currents immediately after turn
on. When the 150msec delay has elapsed, the out-put
voltages are sensed by the comparators and any out of
saturation outputs are latched off. The serial clock input pin
(SCK) should be low during CE transitions to avoid false
clocking of the shift register. The SCK input is gated by CE so
that the SCK input is ignored when CE is high.

Detecting Fault Conditions

Fault conditions may be checked as follows. Clock in a new
control byte and wait approximately 150msec to allow the
outputs to settle. Clock in the same control byte and note the
diagnostic data output at the MISO pin. The diagnostic bits
should be identical to the data clocked in. Any differences will
indicate a fault at the corresponding outputs. For example, if
an output was programmed ON by clocking in a zero, and the
corresponding diagnostic bit for that output is a one,
indicating the driver output is still high, then a short circuit or
overload condition may have caused the output to unlatch.
Alternatively, if the output was programmed OFF by clocking
in one, and the diagnostic bit for that output shows a zero,
then the probable cause is an open circuit resulting in a
floating output.
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@D HARRIS CA3292

ADVANCED INFORMATION Quad-Gated Inverting Power Driver
May 1992 With Fault Mode Diagnostic Flag Output
Features Description
e LoadCurrentSwitch ................c.... 600mA The CA3292 quad-power NAND driver contains four NAND-

gate switches for interfacing low-level logic to inductive and
resistive loads such as: relays, solenoids, AC and DC
¢ Fault Mode Diagnostic Flag Output motors, heaters and incandescent displays. The CA3292 is
similar to the CA3272, except for zener diode over-voltage
clamp protection on each output. Each output is protected
« Independent Over-Current Limiting for current limiting, over-temperature shutdown and has
diagnostic feedback to indicate fault conditions.

The FAULT DETECTOR block diagram of the CA3292 is
shown in Figure 1 in an equivalent logic form while the func-

* Suitable for Resistive or Inductive Loads

¢ Over-Voltage Zener Clamp

¢ Independent Over-Temperature Shutdown
* Temperature Shutdown Hysteresis

« Operating Temperature.............. -40°C to +125°¢C tion block diagram with all four switches is shown in Figure 2.
Channel A is one of the 4 power switching functions dis-
* High Dissipation Power-Frame Package played in the FAULT DETECTOR diagram. Transistor Q, is
: the protected power transistor switch that drives the “OUT A”

Volt CMOS or TTL Input Logic
* 5 Volt CMOS P 9 terminal. The dotted block outlines the logic block associated
Applications with the FAULT DETECTOR. The ENABLE input is common

to each of the 4 power switches and, when low, disables the

* Drivers For: FAULT output. From the “IN A” input to the “OUT A” output,

- Solenoids - Injectors the switch condition is inverting (NAND). When IN is high,
- Relays - Steppers OUT is low and the switch is conducting. The FAULT
- Power Output - Motors DETECTOR senses the IN and OUT states and switches Qg

“ON" if a fault is detected. When a fault is detected, transistor

- Lamps - Displays Qg activates a sink current source to pull-down the FAULT
« System Use: pin to a O (low) state. Both shorted and open load conditions
- Automobiles - Industrial are detected.
- Appliances - Robotics
Pinout Block Diagram
PLASTIC 28-LEADED PLASTIC LEADED CHIP CARRIER
(JEDEC MO-047AB) L I
(Q SUFFIX) DET.
w ENABLE
[ < K 3
3¢3fzczs
INDE: [4] [3] [2] [4] [od] [27 [od
*
GND [5]
GND [6] IN
GND
anD [8]
GND [9]
GND [10]
GND [11] . .
Ordering Information
l%l I%ﬂ%l |iE} @1%1 llg PART TEMPERATURE
£ 222z NUMBER RANGE PACKAGE
o o
CA3292Q -40°C +125°C 28 Lead PLCC
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2946

ight © Harris C: ion 1
Copyrig t © Harris orporation 1992 2.00
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Specifications CA3292

Absolute Maximum Ratings

Logic Input Supply Voltage, Veg. .+« vvveeeeevnvnnnnn. +7.0V  Ambient Temperature Range:

Logic Input Voltage, Viy « v oo vveviiiiiniiin e 15V Operating Temperature Range . . .............. -40°C to +125°C
OUtPUL VOItage, VGLAMP - -« + v v v ceverererenneaeennes (Note1)  Storage Temperature Range. ................. -55°C to +150°C
Output Sustaining Voltage, Vogsys) «+« -« -vverneerese- (Note1)  Maximum Junction Temperature, Ty . .........coovvunnn. +150°C
OutputCurrent, lg. . ... ivvi i 1.6A  Maximum Thermal Resistance:

Power Dissipation: Junction-t0-Air, Rgja v cvvvieiiiiii i 43°C/W
[0 o e -1 o P 1.5W  Lead Temperature (During Soldering):

AbOVEB5°C ....iiiiiiiiiianne Derate Linearly at 23mW/°C At distance /g + Vg, in. (1.59 + 0.79 mm) from .
Above 105°C w/heat sink (PC Board) . Derate Linearly at 33mW/PC  €ase for 108 MaX. -« v v v vvvenennnrenennernnenneennens 265°C
Up to 125°C w/heat sink (PCBoard) .......covvevennn.. 1.0W

Above 125°C w/ heat sink (PC Board) . Derate Linearly at 33mW/°C
NOTE:

1. The output voltage level is limited by the clamping action of the internal zener diode. See the clamp voltage limits specified in the electrical

characteristics table.

Electrical Specifications At T, =-40°C to +125°C, V¢ = 5.5V Except as Noted.

LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Output Leakage Current lcex Vee 24V, VenasLe = 0.8V 100 HA
Output Clamp Voltage Veuamp | Icg = 300pA 28 40
COLLECTOR EMITTER Veesan | Ic = 400mA, Viy 2V, Ve = 475V, Ty = +125°C 0.4 v
SATURATION VOLTAGE: o = 500mA, Vi 2V, Voo = 4.75V, T, = +25°C 05 v
Ic = 600mA, Viy 2V, Ve = 4.75V, T, = -40°C 0.6 v

LOGIC INPUT THRESHOLDS:

Input Low Voltage ' 0.8 Vv

Input High Voltage Vin 2.0 v

Input Low Current e Vin< 0.8V 10 60 HA

Input High Current hu Vin = 5.5V, Venasie = 5.5V 10 60 HA
SUPPLY CURRENT:

All Qutputs ON lccon) | lout(A,B,C,D) = 250mA, 60 mA

Vin =2V, Venapie = 5.5V

All Outputs OFF lccoF) 10 mA
Turn-On Delay teHLs teLn 10 us
Over-Current Limiting for each Vour = 4.5V to 24.5V, 0.7 1.6 A
Output (Note 1) RL = (Min.) = 4Q
FAULT OUTPUT, | oap = 30pA:

Output Low Current loL 40 80 HA

Output High Current lon 2 HA

Output Low Voltage VoL loL = 30pA 0.4 v
Output Sense Thresholds:

Output High Threshold Vur Viy = 2.0V (Min.) 3 5.5 v

Output Low Threshold Vit Vjy = 0.8V (Max.) 3 5.5 v
OVER-TEMPERATURE SHUTDOWN (DESIGN PARAMETER):

Typical Junction Temperature 165 °c
at Thermal  Shutdown

NOTE:

1. With voltage on the collector of the output transistor as indicated (Voyr = 4.5V to 24.5V) and with that output transistor switched “ON”,
the current will increase to a limiting value which will be a value of 0.7A, minimum. That output will shortly thereafter (~5 ms) go into
Over-Temperature shutdown. (Excessive dissipation during thermal shutdown may damage the chip.)
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@' SEMICONDUCTOR

ADVANCE INFORMATION

May 1992

HIP0080

HIP0081

Quad Inverting Power Driver With
Diagnostic Interface

L]

.

Features

Low Side Power MOSFET Output Drivers
Output Driver Protection:

- Over-Current Shutdown

- Over-Temperature Shutdown

- Over-Voltage Internal Clamp

Load Currents Switching Capability with All Outputs ON:

= HIPOOBT.......iiiiiiiiiiiiinnnnnns 1 Amp Each
- HIP0080........coivvieennnnnnnnn 0.5 Amp Each
Regulated 5V Logic Interface

5 Volt CMOS Inputs logic

Fault Mode Output for Shorts, Opens & Over-Temperature
16 Bit Serial Diagnostic Register

SPI Bus Compatible Data Readout

3°C/W - 15 Lead Power SIP Package

-40°C to +125°C Operating Temperature

Applications

Drivers For: ¢ System Use:

Description

The HIP0080/0081 Quad Power Drivers contain four individually
protected NDMOS power output transistor switches to drive induc-
tive and resistive loads such as: relays, solenoids, injection drivers,
AC and DC motors, heaters and incandescent displays. The 4
Power Drivers are low-side switches driven by CMOS logic input
control stages. The output drivers are protected against over-cur-
rent, over-temperature and over-voltage. An intemal drain-to-gate
zener diode provides the clamping protection for over-voltage.
Diagnostic circuits provide ground short, supply short, open load
and thermal overload detection for each of the 4 output stages.
Each of the 4 input drivers and their respective diagnostic filters are
controlled by one ENABLE input.

The inputs are CMOS logic compatible and individually control the

output drivers with an active high state for tum-on. All other control
inputs are active high with the exception of the Chip Select (CS)
which is active low. The DATAIN and DATAQUT are positive logic
and the Clock (CLK) input for the Serial Interface is active on the
rising edge of the CLK pulse. All inputs include a nominal level of
hysteresis. IN1, IN2, IN3, IN4 and ENABLE have pull-down resis-
tors of approximately 100kQ. This switches off any channel that
has an unterminated input.

Ordering Information

X . : PART TEMPERATURE PACKAGE &
- zo:enouds Isnlectors - :utc:.motlve NUMBER RANGE LEAD FORM
- Pe ayso out - Mte:’pe's - | ';p ":"Icles TIPO0BTAST | -40°C10 +125°C | 15 Pin Plastic SIP Staggered Ve,
- Power Output - Motors - Industrial

owe P . naus . HIPO0B1AS2 | -40°Cto +125°C | 15 Pin Plastic SIP Surface Mount |
- Lamps - Displays - Robotics .
i HIPOOBOAM | -40°C to +125°C | 28 Pin PLCC
Pinouts 15 LEAD PLASTIC SIP 28 LEAD PLCC
TOP VIEW TOP VIEW
=
2
GND PIN & TAB MUST BE g C
o~ -
ELECTRICALLY CONNECTED R ERE R
y \< Y nlalalolzizicENg
4 .
GND [3] 25 GND
GND [6] 24 GND
GND[7] 23 GND
D O 0o ( GND [3] [ GND
GND [3] 27] GND
T GND [i0] 29 GND
0ZUZ000OM<0ZUZ0
§35RgRoREaceEeS 2 T T T [ [ 9
[*] F—’ Z y Qg o o Z <« <
c m Ok 2 d& z2 &
5 253%5°%3
5 [=]

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures.
Copyright © Harris Corporation 1992

File Number 3018
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Specifications HIP0O08O, HIP0081

Absolute Maximum Ratings

Supply Voltage, Veg e v e e v e v vie i -16Vto 45V  Thermal Resistance ................ Gja Oc
OutputVoltage Vg o ovvveeiiiviiiinieneeennns -0.5 to Ve amp HIP0080, HIPOOB1. .. ............. 35°C 3CW
InputVoltage, Viy .« oo vv i -0.5Vto 7V Lead Temperature (During Soldering)

OULPUL CUITENE, IgUT« « < v e veeienerenreanenennen -2Ato +3A At distance '/, + /35" (1.59 + 0.79mm) from

Operating Temperature Range. ............... -40°C to +125°C Casefor 10S MaX. ....ooevveenreennnnennneennnnnn +265°C
Operating Junction Temperature Range. ........ -40°C to +150°C

Storage Temperature Range, Tgrg. ..+« oo vnvenn -55°C to +150°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indi 1 in the operational jons of this specification is not implied.

Electrical Specifications V¢ =5.510 25V + 5%, T, = -40°C to +125°C; Unless Otherwise Specified

LIMITS
HIP0080 HIP0081
PARAMETER SYMBOL TEST CONDITIONS MIN ] TYP | MAX MINj TVLLMAX UNITS

POWER OUTPUTS:
Output ON Resistance Ron Vee 101025V, lgyr=1A Ve - - 1.0 - - 0.5 Q

5.510 10V, loyr = 0.7A 2.0 1.0 Q
Output Over-Voltage Clamp Veuame | Output Programmed OFF 27 - 43 73 - 85 \
Range
Output Short Prot. Current Isc 1.5 - 2.1 3 - 4.1 A
Range ’ .
Output Short Circuit Det. Delay tscoLy - 6 - - 6 - ps
Output ON-OFF Voltage Ramp (Resistive load) - 10 - - 10 - Vius
Rate
Turn-On Delay tH. | Voo = 14V, Rioap =14Q - - 8 - - 8 us
Turn-Off Delay ton Vee = 14V, Riopp =14Q - - 8 - - 8 us
SUPPLY:
Power Supply Current lec - 20 - - 20 - mA
Power Supply Reset Active Vee mst 3 - 4 3 - 4 V'
Shut-Down Current Mode Isyton | Enable LOW - 20 - - N/A - pA
INPUTS:
Low-Level Input Voltage Vi - - 1 - - 1 v
High-Level Input Voltage Vin 3.5 - - 3.5 - - \
Input Hysteresis Threshold VIN_HYS 0.85 - 2251 0.85 - 2.25 \
Input Pull-Down Resistance Rpd - 100k - - 100k - Q
DATAOUT:
Tristate Leakage Current Ipo_LEAK -10 - 10 -10 - 10 pA
Logic High Output Voltage Vou loy=1.6 mA 3.7 - - 3.7 - - \
Unloaded Max. DATAOUT Vien | No Load - - 5 - - 5 \
Logic Low Output Voltage Vou oy =-1.6 MA - - 0.4 - - 0.4 Vv
Oscillator Frequency fosc - 500 - - 500 - kHz
Serial Interface Clock Freq. fok - - 2 - - 2 MHz
DIAGNOSTIC & PROTECTION:
Over-Temperature Shutdown : 150 - - 150 - - °c
Threshold
Shutdown Temp. Hysteresis - 15 - - 15 - °c
Output Short-to-Gnd Thd ) - 24NV | - - 24NVee | - v
Short-to-Gnd Hysteresis - .02xVee - - .02xVee - \
Open-Load Resistance for No- 10 - 20 10 - 20 kQ
Load Warning ‘
Filter Delay Time for O.L. or - 12 - - 12 - us
Short-to-Gnd
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HIP0080, HIP0081

Overview

As shown in the Functional Block Diagram, each output stage
has voltage and temperature sensors with comparators and
delay filters. Four bits of diagnostic information is provided as
feedback from each of the four stages. The diagnostic data for all
outputs is converted to a serial sequence of 16 bits which is out-
put to a diagnostic register. The data may be read when the Chip
Select, CS is low and the Clock, CLK transitions positive. With
CS low, the CLK clock input synchronously shifts the register
data while new data is shifted in from the DATAIN input. After 16
clocks, the DATAIN information is shifted to the DATAOUT output.
The diagnostic register is cleared after the falling edge of CS to
allow new diagnostic data to be stored while the existing serial
data is read. Figure 2 shows a complete functional signal flow
diagram. In each switching channel, the diagnostic sense circuits
set 1 bit in the diagnostic register for each of the 4 diagnostics
fault conditions as follows:

Bit 1 - indicates a thermal overload when the sensed junction
temperature of the output is greater than 150°C. When over-tem-
perature is sensed, the sensor output directly gates-off the drive
to the power output and the respective fault bit is set in the diag-
nostic register. When the chip is sufficiently cooled, the output is
gated-on if the input remains ON.

Bit 2 - indicates the fault condition for an output-to-supply short
(shorted load). A small value of resistance (~0.01Q) in the
source-to-ground line of the output stage is used to sense the
output short. A comparator senses the voltage level and filters
the output to provide an input to the control stage and to the
diagnostic register. The control state directly shuts down the

output when an over-current condition is sensed. Under this
condition of fault, the input driver is latched off. To restore the
output drive, the short must be removed and the input toggled
OFF and then ON.

Bit 3 - indicates the condition of an output to ground short. Each
output stage has drain-to-supply (Ve 1) and drain-to-ground pull-
up and pull-down resistors of approximately 10kQ to sense this
condition. When the output is off and the sense level is low, an
output-to-ground short is detected by the comparator.

Bit 4 - indicates the condition of an open load on the output. The
same divider noted above is used to set the output level. If the
sense level is at or near the mid-range of the voltage supply,
V1 when the output is in the off condition, a no-load condition
is detected.

For normal operating conditions, a Reset tums off all outputs
when the V¢ level drops below 3.5 volts. The intemal bandgap
and bias supply function includes a 5V regulated supply for the
low voltage signal and logic circuits.

Filters are used on the outputs of the fault sensing comparators
to avoid the detection of short duration transient spikes. The on
chip oscillator is used to clock an internal shift register in each
filter. If the fault condition is longer than a preset number of clock
cycles, the fault condition is recognized and the respective bit is
set in the diagnostic register. No filter is used in the thermal-
overload feedback circuit and the bit is set when themmal
shutdown occurs.

Functional Block Diagram

1 OF 4 SWITCH/CHANNELS

Veet
1L

IN1 7 INPUT
DRIVER
POR EN

Meeeccccccccmncccccnns D TR

...................... Y
ENABLE Q—_Eg:mm

1 h.

.

! /A EN r__

= CONTROL & 16 BIT

= 500 KHz OSC
— ' 7 piaGNOSTIC SHIFT  CK —
CS o—1—]

|/ REGISTER w/SERIAL

Veel )
1
\
BANDGAP \
& \
\
VOLTAGE 5 Vee

DATAINO———— [ INTERFACE

| I POR REF BIAS
‘ =
(PWR-ON RST) SOURCES | +5TO+25V
\ OPERATION
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HIP0080, HIP0081

Serial Data Timing Information:

The order or sequence of bits for the diagnostic register isas  Switching Channel 4:
follows:

13  Over-temperature oT4
Switching Channel 1: 14 Shortto Supply SB4
1 Over-temperature oT1 : 15  Short to Ground SG4
2 Short to Supply SB1 16 Open Load ol4
3 ShorttoGround se Referring to figure 1, the error bits are jammed from DI (DATAIN)
4 Open Load on to DO (DATAOUT) when enabled by CS going low (active).

The GATE is an intemal control signal that goes high when CS

Switching Channel 2: goes low. The CLK signal starts when activated to read the first

5 Over-temperature oT2 diagnostic data bit (OT1). The first DO bit following the CS low
and GATE high is a fault error flag which goes high if any one of
6 Short to Supply §B2 the 16 fault bits have been set HIGH. This Fault Flag data bit
7 Short to Ground SG2 precedes the 16 fault bits and is ORed with the fault bits. In cas-
caded operation (See Fig 3), the DI input for the first of the
8  Open Load o12 selected chips should be tied to ground. When cascaded, the
Switching Channel 3: error flags are also cascaded. A fault condition is immediately
evident without reading all bits. However, all bits must be read to

9  Over-temperature oT3 determine on which chip the diagnostic bit has been set.
10  Short to Supply SB3 The diagnostic interfaces to the HIP0080 and HIP0081 are SPI

compatible. The microcontroller is programmed to control the
1 Shortto Ground SG3 read and respond action based on the diagnostic readout. The
12 Open Load oI3 Error Flag bit requires a separate input back to the microcontrol-
ler. When the CLK signal starts, the serial sequence starting with
the first diagnostic bit (OT1) is input to the microcontroller.

CLK

+————— START OF 16 DATA DIAGNOSTIC DATA BITS

i X
" ) 01'1>< sBi Xsm X ol X or >L ______

2 sB2...

(DI OR ERROR FLAG)

FIGURE 1. DATA AND CLOCK TIMING
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HIP0080, HIP0081

& BIAS

IN1 ——>
] R DR_OUTY
o, (DATAPATH) , (DRVR) —————— outy
7 74
IN2
DATAIN & ] oracntL DR OUTY oura
_ N
g . (DATAPATH) 2 (ORVR)
2 0 0
w
m|
£ IN3 —}—
= DR3_CNTL
<« TEST & , "1 (oataPaTh) , D(’:)—;I‘g‘ L, ouTs
74 74
N4
¢—»| PDRACANTL DR_OUT1
. (DATAPATH) , oRvRy [ ours
NS MG
4 &f l
> — — por DATA |, Vec
TS — | BUF_BIAS
ok CONTROL — I 1
ENABLE ‘ DATAOUT
SERIAL ©0)
L 4 DATAOUT  }—
(DRIVER)

SHIFT
REGISTER

DI

FIGURE 2. FUNCTIONAL SIGNAL FLOW DIAGRAM

FIGURE 3. CASCADED CHIP OPERATION TO READ DIAGNOSTIC DATA

A/
BANDGAP cc
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MOSFET Driver Circuits

High Side Selection Guide

MAX. | RECOMMENDED MAX. MAX. | CURRENT RECOMMENDED
TYPE FUNCTION SUPPLY | SUPPLY VOLT CURRENT FREQ. LM PACKAGE | APPLICATION
CA3273 | 400mA High Side 25V 4Vpg to 24Vpe 400mA - 1.2A TO-202 Solenoid or Lamp
Driver Modified Drive
HIP1030 |1 Amp High Side 25V 4.5Vpc to 25Vpe 1 Amp - 14A 5Pin SIP | Motor Control
Driver Solenoid or Lamp
HV400 Single High Speed| 30V 15Vpc to 40Vpe 6 Amps 300kHz No 8PDIP& |SMPS
(Pulsed Gate) SOIC
ICL7667 | Dual Power 18V 1.5Vpc to 15Vpe 1.5 Amps 100kHz No 8 P/CDIP, |SMPS
(Pulsed Gate) Can &
SoIc

3-2




S

SEMICONDUCTOR

& CA3273

May 1992 High-Side Driver

Features Description

¢ Equivalent High Pass p-n-p Transistor The CA3273 is a power IC equivalent of a p-n-p pass tran-

. sistor operated as a high-side-driver current switch in either

e CurrentLimiting...................... 0.6Ato 1.2A the saturated (ON) o cutoff (OFF) modes. The CA3273

¢ Over-Voltage Shutdown .............. +25V to -40V  incorporates circuitry to protect the pass currents, excessive

. . o input voltage, and thermal overstress. The high-side driver is

* Junction Temperature Thermal Limit. ........... +150°C  intended for general purpose, automotive and potentially

e Equivalentbetaof 25.................. 400mA/0.5V  high-stress applications. If high-stress conditions exist, the

¢ Internal Bandgap Voltage and Current Reference

Applications

¢ Fuel Pump Driver

¢ Relay Driver

* Solenoid Driver

¢ Stepper Motor Driver
* Remote Power Switch
¢ Logic Control Switch

use of an external zener diode of 35 volts or less between
supply and load terminals may be required to prevent dam-
age due to severe conditions (such as load dump, reverse
battery and positive or negative transients). The CA3273 is
designed to withstand a nominal reverse-battery (VBAT =
13V) condition without permanent damage to the IC. The
CA3273 is supplied in a modified 3-lead TO-202 plastic
power package.

Package

——— (@) Vsw
[ —— (1) Vcc

[ [ —— (3) Vour

MODIFIED TO-202

Ordering Information

Block Diagram
OUTPUT PASS
Vee | lee Rs TRANSISTOR |, Vo
. A
PIN 1 T PIN3
S AL
DRIVE & LIMITING 3
CONTROL § Loap
L
CA3273 =
PIN2

Vsw I CONTROL

_f INPU

HIGH SIDE
SWITCHES

PART TEMPERATURE PACKAGE &
NUMBER RANGE LEAD FORM
CA3273 -40°C to +85°C TO-202 MODIFIED

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.

Copyright © Harris Corporation 1992
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Specifications CA3273

Absolute Maximum Ratings

Fault Max, Vg (Limited Igg, 40t0 +485°C) .......... 25V to 40V
Operating Vg (R = 40Q, 4010 +85°C) .. ... vvvnninnnnes 16V
Operating Veg (R =40Q, 4010 +25°C) ... ovvvvvvnennnnns 24V
Vo (Output) Inductive Pulse Rating (-40 to +85°C),

VawOpen. . ..ot Vee + 12V
Operating lcg (4010 +85%C) . ..ovvvvevnininevnenennes 1.2A
lo (-40 to +85°C) 400mA
lo (-40 to +25°C) 600mA
Dissipation, Pp at +25°C Ambient (Note1)................ 1.8W
Derate Above +25°C (No Heat Sink) . .............. 14.3mW/rC

Thermal Resistance, Junction to Ambient.............. +70°C/W
Junction Temperature (Note 2) . . ......oeviveneennnnn. +150°C
Ambient Temperature Range:

Operating Temperature Range ............... -40°C to +85°C

Storage Temperature Range. .. ............... -40°C to +150°C
Lead Temperature (During Soldering):
At distance 1/16+ 1/32 in. (1.59 £ 0.79 mm)
fromcasefor12smax. ........cooiiiiiiiinnn.. +260°C
NOTES:

1. Pp=(Vec - Vo) X lo + Ve X Isw, Ty = Ta + Pp X (6;3)

2. Thermal limiting (shutdown) occurs at +150°C on the chip.

Electrical Specifications at T, = -40°C to +85°C,(See Block Diagram For Test Pin Reference)

LIMITS
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Operating Voltage Range Vee Vcc Reference toVgy 4 - 24 \
Sat. Voltage(Vc - Vo): Vsar lo=-400 mA, Vg = OV - - 0.5 \
Vo= 16V

Operating Load Ry Vee =16V 1o 24V 40 - - w
Overvolt, Typ Vee(rho) Vaw =0V, R = 1kQ 25 - 40 v
(Increase V) (Vo goes Low)
Current Limiting lo(m) Vee =16V, Vg =1V - - 1.2 Amp
Control Current, Switch ON: Ve = 16V,Vgy =0V

Isw (no load) lo =0mA - -15 - mA

lsw (max. load,) lp = -400mA - -22 - mA
Control Current, Switch ON: Vee =24V, g = -600mA - -33 - mA

lsw (max. load,) Vsw =0V
Max. Control Current: R =40Q, Vgy =1V

High Vge: lswiveey | Voo =24V -50 - - mA

Low Vg Iswoveey | Vec=7V -50 - - mA
Output Current Cutoff: Vo =0V, Vgo =16V

o (SWOFF1) Vew = 16V -10 - +100 pA

lo (swoFF2) Vgw = 15V -100 - +100 pA
Control Current, Switch OFF: Vg = Open

No Load: Iswriveey | Vec =24V, Vg = 23V -200 - +50 pA

lswwoveey | Vec =7V, Vsw =6V -200 - +50 pA

3-4




CA3273

OUTPUT PASS
Vee Rx TRANSISTOR Vo
INPUT AN ' OUTPUT
PIN1 > . - PIN3
Y v v v
ANDGAP OVER-VOLTAGE THERMAL CURRENT
VOLTAGE/CURREN MITING
TAGEICLRR SHUTDOWN LIMITING LIMITI
I l l OUTPUT DEVICE
.| BASE DEVICE
»] conTROL CIRCUIT

FIGURE 1. FUNCTION BLOCK DIAGRAM OF CA3273

LAMP
C 3 Vour 2 @ ]

3 Vsw
PIN20 CONTROL INPUT

RESISTIVE

) SOLENOID

— ; RELAY

Vee
1 CA3273
2 =
Vsw 2
Ve o
A (SWITCH) -

il

FIGURE 2. TYPICAL APPLICATION WITH ZENER DIODE
(< Vg +12V) FOR INDUCTIVE SWITCHING PULSE
OVER-VOLTAGE PROTECTION

FIGURE 3. TYPICAL LOADS
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@D HARRIS HIP1030

ADVANCE INFORMATION 1A High Side Driver With

May 1962 _ Over-Load Protection
Features Description
» Over Operating Range: -40°C to +125°C The HIP1030 is a Power Integrated Circuit designed as a
- 1V Max at 1A Saturation Voltage High Side Driver to switch power to the output load. The
- 1A Current Switching Capability functional block diagram for the HIP1030 is shown in Figure
- 455V to 25V Power Supply Range 1. ltis the equivalent of a PNP pass transistor operated as a
- PPl g high side current switch in either the saturated ON mode or
* Over-Voltage Shutdown Protected switched OFF. The HIP1030 is designed with internal circuitry
c Limiti to protect the pass transistor from being damaged by over
* Over-Current Limiting stress conditions of current, voltage or temperature. It is
o Thermal Limiting Protection particularly well suited for driving lamps, relays, and
solenoids in automotive and industrial control applications
* 80Vpk Load Dump where voltage and current over-load protection at high
« Reverse Battery Protection temperatures is required. The HIP1030 is suppliedina 5 lead
TO-220 Power SIP package.
Applications
* Motor Driver/Control Ordering Information
« Driver forSolenoids, Relays and Lamps PART TEMPERATURE PACKAGE AND
« MOSFET and IGBT Driver NUMBER RANGE LEAD FORM
HIP1030AS -40°C to +125°C | 5 Pin Plastic SIP
¢ Driver for Temperature Controlier (5 Lead TO-220)
Pinout Functional Block Diagram
TO-220 5 LEAD
TOP VIEW [ttt H
: >t a4
" T—J—————— 5V (CONTROL) Vee 4 R ¢ Vour
0O :;?ngND @ 1 ‘»/f/‘ ? ‘5
—————— 2 Vo7 (LOAD) : I 7 T EIZ NEG. :
[ F————1Vearr (Vce) : camp: o
+ Vearn) ;| (OVER- || cumment | | thermaL | | controL [|ZENER:
| sHUTDOWN LIMIT umt || cireuir i
TAB (GND) INTERNALLY CONNECTED TO PIN 3 _+_ ! I I !
Vin :
O 2
1 HIP1030 !
TAB cHP
GND GND
CAUTION: These devices are itive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2788.3

Copyright © Harris Corporation 1992 3.6



Specifications HIP1030

Absolute Maximum Ratings

Continuous Supply Voltage «........coevviiivvnniinnnnn. 25V Thermal Resistance (Bjc). ... ..o veveneeeieniienen 4°C/W
Input Voltage, ViN « « e e e vvvvneiieii e i -1Vto +7V  Junction Temperature .. .......ccovvvvienunnennenenens 150°C
Load Current, gyt « e vvveeverennannnns Internally Limiting 1.4A  Ambient Operating Temperature. . ............. -40°C to +125°C
Load Dump (Survival) +80Vpk Storage Temperature............oovevunvennn -40°C to +150°C
Lead Temperature (Soldering 10smax) «......c.oevvevarns 265°C
NOTE: Pd = (Vcc - Vour)(lour) + (Vec)lanp)
Tj = Ta + (Pd)(Thermal Resistance)
Electrical Specifications T, =-40°C to +125°C, V}y = 2V; Ioyr = 0.5A, Unless Otherwise Specified
LIMITS
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Operating Voltage Range Vee 4.5 - 24 \
Over-Voltage Shutdown Vovsp 26 - 36 \'
Over-Temperature Limiting TumiT - 150 - °Cc
Negative Pulse Output Clamp Veuamp Vee - Ve -28 v
Voltage
Input Bias Current In Vi = 0.8V - - 30 iy n
Input Control OFF ViL - - 0.8 \
Input Control ON Vi 2.0 - - \
Short Circuit Current Limiting Isc -1.4 - -3.0 A 3 ‘.ﬂ
L
Supply Current - Full Load locMax lour=1A - - 1.1 A g:, 'L_’
Supply Current - No Load lquienscent | Vin = 0V; lout = 0A; Vg = - - 100 pA () ;
12V Iwn
Output Saturation Voltage Vsar lour = 1A - - 100 pA
Output Leakage lorr Viy=0.8V -50 - - pA
Typical Application
0.47uF POWER  socomceco e mcccceme oo e e m e eemm .
1 SUPPLY ! o :
L : T )i_] :
_ Vee H Rs } Y Vour
(1)t AAA !
{()— VW X T2
: ] ] ] '|z NEG.
: Py CLAMP/ 9
veard ¢ | voLtace CURRENT THERMAL CONTROL | | 2ENER 9
r i | SHUTDOWN LimiT LmiT CIRCUIT i
’ ’
5 | | Po=
’
H y LOADS:
Vin ! RELAYS
5 )— i SOLENOIDS
H ' LAMPS
e 19%0 1 MOTORS
TAB CHIP
LOGIC SWITCH
T0 Vin — _
GND GND

37



S

SEMICONDUCTOR

@ HV400

May 1992 High Current MOSFET Driver
Features Description
e FastFallTimes................... 16ns at 10,000pF The HV400 is a single monolithic, non-inverting high current
driver designed to drive large capacitive loads at high slew
* No Supply Current in Quiescent State rates. The device is optimized for driving single or parallel
o Peak Source Current ...........coeveeeeennans 6A connected N-channel power MOSFETs with total gate
charge from 5nC to >1000nC. It features two output stages
* Peak Sink Current ............c.coviiinnnnes 30A  Linned out separately allowing independent control of the
« High Frequency Operation ................. 300kHz MOSFET gate rise and fall times. The current sourcing out-
put stage is an NPN capable of 6A. An SCR provides over
Applications 30A of current sinking. The HV400 achieves rise and fall

* Switch Mode Power Supplies
* DC/DC Converters
* Motor Controllers

« Uninterruptible Power Supplies

Ordering Information

times of 54ns and 16ns respectively driving a 10,000pF load.

Special features are included in this part to provide a simple,
high speed gate drive circuit for power MOSFETs. The
HV400 requires no quiescent supply current, however, the
input current is approximately 15mA while in the high state.
With the internal current steering diodes (pin 7) and an
external capacitor, both the timing and MOSFET gate power
come from the same pulse transformer; no special external
supply is required for high side switches. No high voltage
diode is required to charge the bootstrap capacitor.

PIN4

PART TEMPERATURE The HV400 in combination with the MOSFET and pulse
NUMBER RANGE PACKAGE transformer makes an isolated power switch building block
for applications such as high side switches, secondary side
HV400CP 0°C to +75°C 8 Pin Plastic Mini-DIP regulation and synchronous rectification. The HV400 is also
suitable for driving IGBTs, MCTs, BJTs and small GTOs.
HV400CB 0°C to +75°C 8 Pin Plastic SOIC
The HV400 is a type of buffer; it does not have input logic
HV400IP -40°C to +85°C | 8 Pin Plastic Mini-DIP level switching threshold. voltages. This single stage design
achieves propagation delays of 20ns. The output NPN
Hv40018 -40°Cto +85°C | 8 Pin Plastic SOIC begins to source current when the voltage on pin 2 is
FIVACOMIBES" 55°C 10 +125°C | 8 Pin CorDIP approximately 2V more positive than the voitage at pin 8.
The output SCR switches on when the input pin 2 voltage is
HV400Y +25°C DICE 1V more negative than the voltage at pins 3/6. Due to the
- — use of the SCR for current sinking, once the output switches
* Contact Harris for availability date. low, the input must not go high again until all the internal
SCR charge has dissipated, 0.5us - 1.5us later.
Pinout Schematic
HV400 (PLASTIC MINI-DIP AND SOIC) PIN1
TOP VIEW
PIN2 * D1
Y N— o PINS
V+SUPPLY [T1] [8] SOURCE OUTPUT
¢——o PIN7
INPUT [2] 7] DIoDES PING o § oG
SINK OUTPUT E [6] SINK OUTPUT
GND [4] 5] GND

PINS

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.

Copyright © Harris Corporation 1992
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Specifications HV400

Absolute Maximum Ratings

Voltage Between PintandPin4/5................c.o0s
Input Voltage Pin7 (Max). . .....oovvvivvennnnnnd

Input Voltage Pin7 (Min) ............ooovviitnn,

Input Voltage Pin2toPind/5. .............oiviivnnnen
Input Voltage Pin2toPin6 ..........coiiiiiiiiniiinns
Maximum Clamp Current (Pin 7)
Maximum Junction Temperature
Storage Temperature Range ..............

35V Thermal Resistance................
PDIP
SOIC

Operating Temperature Range

HV400CP/CB. ......ovvviiii i
HV400IP/B ... .. A

R
93.8°C/W 31.5°CW
157.1°C/W 42.8°C/W
Power Dissipationat Ty =+25°C ............... 1.33W Mini-DIP
Power Dissipationat Ty =+425°C ...........c.covennn

0.8W SOIC

0°C < Tp < +70°C

-40°C < Tp < +85°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

DC Electrical Specifications  Vgyppy = 15V

LIMITS
PARAMETERS SYMBOL CONDITIONS TEMPERATURE MIN l TYP I MAX UNITS
INPUT (PIN 2)
Input High Differential Voltage Viy Vourt = 0V, oyt HI = 10mA +25°C 0.6 1.7 2.8 \
(Pin2-Pin8) Ful 05 - 35 v
Input Low Differential Voltage Vi Vour =12V, loyr LO =-3mA +25°C -1.1 -0.9 -0.8 \
(Pin 2 - Pin 3/6) Ful 26 | - 065 | V
Input High Current In Vpin 1,2 = 30V, | source =0 +25°C 15 18 20 mA
’ Full 15 22 mA
Input High Current Peak linp | source = 6A, 1us pulse, +25°C 700 mA
Vin =9V, Voyr =0V
Input Low Current Im Vpin 2 = -30V +25°C -80 -50 HA
Ful -120 7y
SOURCE OUTPUT (PIN 8)
High Output Voltage Vou Vin =+V, oyt = 150mA +25°C 124 128 134 v
Full 12.0 13.5
Peak Output Current lops Vi =9V, 1ps Pulse, +25°C 6 A
Vour =0V
Output Low Leakage loL Vour =0V, Viy =0V +25°C 0 10 50 A
Full 55 pA
SINK OUTPUT (PIN 3/6)
Low Output Voltage Vo Vin =0V, Igyt = -150mA +25°C 0.8 0.89 1.0 \
Full 0.8 1.05 \
Peak Output Current lops Vin =0V, Sps Pulse, +25°C 30 A
Vour =4V
Output High Leakage lon Vin= 15V +25°C 0 0.3 2 pA
Full 0 13.5 pA
DIODES D1 AND D7 (PIN 7)
Forward Voltage Ve Ip = 100mA +25°C 0.9 1.03 1.1 \
Full 0.8 1.4 \"
Reverse Leakage Current In Vg =30V +25°C 0 0.1 1 A
Full 0 1 pA
Diode (Pin 7) Stored Charge Qpp Ip = 100mA +25°C 6.5 nC

NOTE: Limits are 100% tested at +25°C; limits over the full temperature range are guaranteed but not tested.

HIGH SIDE
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Specifications HV400

Pin Descriptions

SYMBOL

DESCRIPTION

DC INPUT PARAMETERS

ViH The differential voltage between the input (Pin 2) to the output (Pin 8) required to source 10mA
Vi The differential voltage between the input (Pin 2) to the output (Pins 3, 6) required to sink 3mA
™ The current required to maintain the input (Pin 2) high with loyt = 0A

hup The input (Pin 2) current for a given pulsed output current

" The current require to maintain the input (Pin 2) low

DC OUTPUT PARAMETERS

Vou The output (Pin 8) voltage with input (Pin 2) = V+
lops The pulsed peak source current form output (Pin 8)

loL The output (Pin 8) leakage current with the input (Pin 2) = Ground
Vou The output (Pins 3, 6) voltage with the input (Pin 2) = Ground
lops The pulsed peak sink current into output (Pins 3, 6)

lo The output (Pins 3, 6) leakage current with the input (Pin 2) = V+

Vg The forward voltage of diode D1 or D7

Ir The reverse leakage current of diode D1 or D7
Qrr The time integral of the reverse current at turn off

AC PARAMETERS (See éwitching Time Specifications)

Tr The low to high transition of the output

Te The high to low transition of the output
Tor The output propagation delay from the input (Pin 2) rising edge

Tor The output propagation delay from the input (Pin 2) falling edge
Tor The minimum time required after an output high to low transition before the next input low to high transition

3-10




Specifications HV400

Switching Time Specifications vgyppy =15V

LIMITS
PARAMETERS SYMBOL CONDITIONS TEMPERATURE | MIN TYP MAX | UNITS
Rise Time Ta See Switching Test Circuit Full 50 66 ns
Fall Time Te See Switching Test Circuit Full 15 24 ns
Delay Time (Lo to Hi) Tor See Switching Test Circuit Full 20 25 ns
Delay Time (Hi to Lo) Tor See Switching Test Circuit Full 17 28 ns
Minimum Off Time Tor See Switching Test Circuit Full 900 1500 ns
NOTES:
1. Switching times are guaranteed but not tested
2. Typical values are for +25°C
Switching Diagram and Test Circuit
INPUT
ov
Vour
OUTPUT
+V
Ct
330pF
sov $ R1100 1W
14 | c2
------------------------- -y
1N914 , :r ; SouF
o—7Pp} ‘l % i ' $ 50V
) ]
2! P8
1 ¢
[} ,
' ]
: - ,
w TN ] I/ N
GND ---- E E cL r 0.9V
INPUT : ! 0.01F RL OUTPUT
500 SOURCE i ! CHIP I 100K
(RISE & FALL TIMES <10ns) ! i CAP
’ ’
1 )
4 o °
% 47 M
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HV400

HV400 Switching Test Circuit

PULSE
ouT

Parts List

R1 100Q, 1W Carbon Resistor

R2 Wire

RL 100KQ, 1/8W Carbon Resistor

C1 330uF, 50V Capacitor

C2 1uF, 50V Capacitor

C 0.01uF, 50V Chip Capacitor

D1 1N914 Diode - ‘

J1, J2 PC Mount Banana Jack Johnson 108-0740-001
J3, J4 PC Mount SMA Connector Johnson EFJ142
U1 Harris HV400 I.C.

aNo (D—¢
n v
.2 "
a
3.5 "
HV400 AC TEST BOARD




HV400

Application Information
Circuit Operation

The HV400's operation is easily explained by referring to the
schematic. The control signal is applied to pin 2. If the
control signal is about 2V above pin 8, the output NPN Q1
turns on charging the MOSFET gate from a capacitor
connected to pin 1. Resistor R4 helps keep the SCR off by
applying a reverse bias to the SCR anode gate.

When the control input drops about 1V below pin 3/6, PNP
Q2 turns on which triggers the SCR by driving both the
anode and cathode gates. The SCR discharges the
MOSFET gate and when its current becomes less than
10mA, it turns off. Transistor Q2 conducts any gate leakage
currents, through resistors R1 and R2, once the SCR turns
off. Figure 7 shows the output characteristics before the
SCR turns on and after it turns off. When the SCR turns on,
resistor R4 provides a path to remove Q1 base charge.
Resistor R3 provides the base current for Q2 to reduce the
turn off delay time. Resistors R1 and R2 reduce the SCR
recovery time.

The two diodes connected to the diode input pin 7 provide
some operation flexibility. With pins 2 and 7 connected
together, diode D1 provides a path to recharge the storage
capacitor once the MOSFET gate is pulled high and, along
with diodes D2 and D3, keeps Q1 from going into hard
saturation which would increase delay times. Diode D7
would clamp the input near ground and provide a current
path if an input DC blocking capacitor is used.

Alternatively, pin 7 can be connected to pin 6 so that the
SCR and NPN Q1 don't have to pass reverse current if the
output “rings” above the supply or below ground. When high
performance diodes are required, pin 7 can be left
disconnected and external diodes substituted.

The diodes in series with pin 2 decouple the input from the
output during negative going transitions. The absence of
input current turns off Q1 and allows Q2 to trigger the SCR.
Diode D8 turns off Q2 once the SCR turns on pulling the out-
put low, otherwise Q2 would saturate and slow down circuit
operation. In addition, the diodes D2, D3 and D8 improve
noise immunity by adding about 2.5V of input hysteresis.

The HV400 is capable of large output currents but only for
brief durations due to power dissipation.

Circuit Board Layout

PC board layout is very important. Pins 3 and 6 should be
connected together as should pins 4 and 5. Otherwise the
internal interconnect impedance is doubled and only half of
the bond wires are used which would degrade the reliability.

The bootstrap capacitor should hold at least 10x the charge
of the MOSFET and should be connected between pins 1
and 4/5 with minimum lead lengths and spacings. Likewise,
the HV400 should be as close to the MOSFET as possible.
Any long PC traces (parasitic inductances) between the
MOSFET gate and pins 8 or 3/6 or between the source and

pins 4/5 should be avoided. Inductance between the HV400
and the MOSFET limit the MOSFET switching time. If they
are too large, the HV400 may operate erratically as
discussed below.

Cross Conduction Faults

It is possible to have both Q1 and the SCR on at the same
time resulting in very large cross conduction currents. The
SCR has larger current capacity so the output goes low and
the storage capacitor is discharged. The conditions that
cause cross conduction and precautions are discussed
below.

Minimum Off Time

The SCR requires a recovery time before voltage can be
reapplied without it switching back on. Figure 13 shows how
this SCR recovery time, called “minimum off time” (Tog), is a
function of the load capacitance. If the input voltage goes
high before this recovery time is complete, the SCR will
switch back on.

Note that reverse current flowing through the SCR, for
example due to load inductance ringing, extends the
minimum off time. Since the minimum off time is really
dependent upon how much stored charge remains in the
SCR when the anode (pin 3/6) is taken positive, it may vary
for different applications. Figure 13 indirectly shows that the
minimum off time increases with larger currents. It also
increases at elevated temperatures as shown in Figure 14.
Excessive ringing increases the minimum off time since the
stored charge doesn't begin to dissipate until the current
drops below 10mA for the last time. Rising anode voltage
acts on the internal SCR capacitance to generate its own
triggering current. The excess stored charge increases this
capacitance. Faster rise times and/or higher voltages also
increase the amount of internal trigger current from the inter-
nal capacitance so applications with larger dV/dt require
longer minimum off times.

The minimum off time must be considered for all occur-
rences of SCR current. For example, in a half bridge switch
mode power supply, there are two MOSFET's connected to
the transformer primary. Assume that the high side MOSFET
switch is off. When the low side MOSFET switch is turned
on, the HV400 driving the high side MOSFET will have to
sink gate current from Cgq and will have to source gate
current when the low side MOSFET switches back off. Both
of these current pulses will try to flow through pin 3/6 since
the pin 8 output is turned off. Sourcing current from pins 3/6
through the SCR is possible, the pin 3/6 voltage becoming
negative with respect to pins 4/5 (See Figure 8). But a better
practice would be to connect a Schottky diode between pins
4/5 (anode) and 3/6 (cathode) so reverse current does not
flow through the SCR.

False SCR Triggering

The SCR may be triggered inadvertently. The output may
overshoot the input due to inductive loading or over driving
the output NPN (allowing it to saturate). Whenever pin 6 is
more positive than pin 2 by 1V, the SCR is triggered on. Also,
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if the output rises too rapidly, greater than 0.5V/nS, the SCR
may self trigger. Both issues are resolved by minimizing the
load inductance and inserting sufficient resistance, usually
0.1 to 10 ohms, between pin 8 and the load.

A very fast negative going input voltage can result in
minimum off times of about 2.5us. If the output can not keep
up with the falling input, the stored charge of diode D4 is
transferred into the base of Q2. This excess charge in Q2
must have time to dissipate. Otherwise, when pin 3/6 goes
positive, Q2 will turn on and trigger the SCR. An external
diode in series with pin 2, as shown in Figure 1, will prevent
D4 from discharging into the base of Q2 but that will also
reduce the output voltage by the forward voltage of that
diode.

Internal Diodes

The internal diodes connected to pin 7 are provided for
convenience but may not be suitable for large currents.
Since they are part of the integrated circuit, they are
physically small, operate at high current densities, and have
long recovery times. Figure 15 shows that their forward
characteristics degrade above 100mA. In addition, Figure 16
shows their reverse recovery charge as a function of forward
current. The product of this charge, the applied reverse
voltage and the frequency is the additional power dissipation
due to the diodes. For stored charge calculations, use the
peak forward current within 100ns of the application of
reverse bias. In addition to the extra power dissipation, the
capacitance of these diodes may extend the switching delay
times.

Power Dissipation Calculations

The power required to drive the MOSFET is the product of
its total gate charge times the gate supply voltage (maximum
voltage on HV400 pin 1, 2 or 7) times the frequency.
Assuming that the MOSFET gate resistance is negligible,
this power is dissipated within the HV400. If resistors are
placed between the HV400 and the MOSFET, then some of
the power is dissipated in the resistors, the percentage
depending upon the ratio of resistors to HV400 output
impedance.

There are two other sources of power dissipation to
consider. First there is the power in R3 which is the product
of the input pin 2 current and voltage (with no output current)
times the duty cycle. Second is the product of the pin 7 diode
stored charge, which is dependent upon the forward current,
times the applied diode reverse voltage times the frequency.
This information is available from figures 3 and 16 in this
data sheet.

Applications Circuits

The HV400 was designed to interface a pulse transformer to
a power MOSFET. There must be some means to balance
the transformer volt-second product over a cycle. The
unipolar drive shown in Figure 1 lets the core magnetization
inductance reverse the primary and secondary voltages. The
zener diode on the primary side limits this voltage and must

be capable of dissipating the energy stored in the
transformer. The load may be connected to either the power
MOSFET drain or source.

Vs
)

AAA
\AAs

) ' 5 POWER
= HV400 MOSFET

FIGURE 1. UNIPOLAR DRIVE

A diode is added in series with pins 2 and 7 to allow the
transformer secondary to go negative. The charge storage of
the pin 7 diode may cause the turn off delay time to be too
long. Alternatively, pin 7 could be left disconnected and a
second external diode connected between the transformer
(anode) and pin 1 (cathode). In some applications the diode
in series with pin 2 may be unnecessary but the -35V input
to output or ground maximum rating should be observed.

Sometimes the volt-second balance is achieved by a push-
pull drive on the pulse transformer primary. This is especially
useful if there are two secondary windings driving two
HV400's out of phase such as in a half-bridge configuration

Other times it is more convenient to achieve volt-second
balance by using capacitors to block DC in the primary and
secondary windings as shown in Figure 2. The pin 7 diodes
provide a path for discharging the secondary side DC block-
ing capacitor. Both capacitors, Cjy and Cg, should be at
least 10 times the equivalent MOSFET gate capacitance.

The HV400 can be used as a current booster for low side
switches by connecting directly to the PWM output. The
circuit would be similar to the switching time test circuit.

It is worth restating that some consideration (and experimen-
tation) should be given to the choice of external components,

i.e. resistors, capacitors and diodes, to optimize
performance in a given application.
7 1
Gt P 1 3
Cin l Cs i
2 8: Rour i

® o
AA
\AJ
E 3 . .
AAAS
T

HV400
FIGURE 2. BIPOLAR DRIVE WITH DC BLOCKING CAPACITOR
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Typical Performance Curves T,=+25°C Unless Otherwise Specified
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Typical Performance Curves T, = +25°C Unless Otherwise Specified (Continued)
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Typical Performance Curves T, = +25°C Unless Otherwise Specified (Continued)
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Metallization Topology

DIE DIMENSIONS: ) GLASSIVATION:
66.9 x 71.65 x 19 mils Type: Silox
(1700 x 1820 x 483um) Thickness: 12kA + 2kA
. Type: Nitride
METALUZAﬂON' Thickness: 3.5kA +2.5kA
Type: Aluminu
Thickness: 16kA + 2kA TRANSISTOR COUNT: 3
SUBSTRATE POTENTIAL (POWERED UP): PROCESS: HFSB Linear Dielectric Isolation
Unbiased

Metallization Mask Layout

HV400Y
w w
o5 o5
xa <%
a5 35
[7Xe] (72X}
g g

v+ (1)
INPUT (2) (7) DIODES
SINK OUTPUT (3) | (6) SINK OUTPUT
i 1U I |
[T T b
GROUND (4) - (5) GROUND

NOTE: Pin Numbers Correspond to Mini-DIP and SOIC Packages Only.
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T HARRIS ICL7667

May 1992 Dual Power MOSFET Driver
Features Description
* Fast Rise and Fall Times The ICL7667 is a dual monolithic high-speed driver
- 30ns with 1000pF Load designed to convert TTL level signals into high current
outputs at voltages up to 15V. Its high speed and current
* Wide Supply Voltage Range output enable it to drive large capacitive loads with high slew
- Vgc=45t0 15V rates and low propagation delays. With an output voltage

swing only millivolts less than the supply voltage and a

* Low Power Consumption maximum supply voltage of 15V, the ICL7667 is well suited

- 4mW with Inputs Low for driving power MOSFETs in high frequency switched-

- 20mW with Inputs High mode power converters. The ICL7667’s high current outputs

« TTL/CMOS Input Compatible Power Driver minim.ize power Igsses ip the power MOSFET_s by rapidly

- Ree=7QT charging apd discharging the .gate capacntance.. The

ouTt yp ICL7667’s input are TTL compatible and can be directly
Direct Interface with Common PWM Control ICs driven by common pulse-width modulation control ICs.

Pin Equivalent to DS0026/DS0056; TSC426

. L Order Information wo
Typical Applications at
TEMPERATURE 7“o
« Switching Power Supplies PART NUMBER RANGE PACKAGE 5 'E‘
« DC/DC Converters ICL7667CBA 0°C to +70°C 8 Pin SOIC In
* Motor Controllers ICL7667CPA 0°C to +70°C 8 Pin Plastic
ICL7667CJA 0°C to +70°C 8 Pin Ceramic DIP
ICL7667CTV 0°C to +70°C TO-99 Can
ICL7667MTV" -55°C to +125°C | TO-99 Can
ICL7667MJA* -55°C to +125°C | 8 Pin Ceramic DIP

* Add /883B to Part Number for 883B Processing

Pinouts Functional Diagram
TO-99 CAN (TV)
TOP VIEW Vee
V+

=2mA

% E\>¢ ll:>o_ out

m__|

V-

8 LEAD DUAL-IN-LINE PACKAGE (PA, JA, BA)
TOP VIEW

\J

e [7] BLEE

INA E_D@TZ] OUTA

V- La___ EIW-

INB E—D"—E ours

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2853.1
Copyright © Harris Corporation 1992 3-19




Specifications ICL7667

Absolute Maximum Ratings

Supply Voltage V+to V- . .. ..ottt 15V Linear Derating Factors

InputVoltage. . .. ...oovvvneiinninnennnnns V--0.3V to V+ +0.3V TO99 ittt 6.7mW/°C above 50°C
Package Dissipation, Ty +25°C . ......cvvvnnevinnnnn 500mwW Plastic DIP Package .............c.... 5.6mW/°C above 36°C
Storage Temperature Range ................. -65°C to +150°C Ceramic DIP Package................ 6.7mW/°C above 50°C
Lead Temperature (Soldering 10s). . .........coviunnnn +300°C )

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational ions of this specification is not implied.

Operating Temperature Range
ICL7B67C ..o evvesee e ee e e iiaens 0°C10+70°C  ICL7667M ....uvvnnninnienrennnenneennes -55°C to +125°C

Electrical Specifications

ICL7667C, M ICL7667M
T, =+25°C -55°C < T < +125°C
PARAMETERS SYMBOL TEST CONDITIONS MIN | TYP | MAX | MIN | TYP | MAX | UNITS
DC SPECIFICATIONS
Logic 1 Input Voltage Vin Vec=4.5V 2.0 - - 2.0 - - \
Logic 1 Input Voltage Viu Ve =15V 2.0 - - 2.0 - - v
Logic 0 Input Voltage ViL Voo =4.5V - - 0.8 - - 0.5 v
Logic 0 Input Voltage Vi Ve =15V - - 0.8 - - 0.5 v
Input Current I Ve = 15V, Vjy = OV and 15V 0.1 - 01 [ -01 - 0.1 HA
Output Voltage High Vou Vee =4.5V and 15V Vee | Vee - Vee - - v
-0.05 -0.1
Output Voltage Low VoL Voo =4.5V and 15V - 0 0.05 - - 0.1 \
Output Resistance Rout Vin =ViL lour = -10mA, Ve = 15V - 7 10 - - 12 Q
Output Resistance Rout VN = Vi, lout = 10mMA, Ve = 15V - 8 12 - - 13 Q
Power Supply Current lec Vee = 15V, Viy = 3V both inputs - 5 7 - - 8 mA
Power Supply Current lee Vee = 15V, Viy = OV both inputs - 150 | 400 - - 400 nA
SWITCHING SPECIFICATIONS
Delay Time To2 Figure 3 - 35 50 - - 60 ns
Rise Time Tr Figure 3 - 20 30 - - 40 ns
Fall Time Te Figure 3 - 20 30 - - 40 ns
Delay Time Tps Figure 3 - 20 30 - - 40 ns
* NOTE: All typical values have been characterized but are not tested.
Test Circuits
V-=15V v
90%
'_ﬁ_ INPUT
l4.7;|F l 0.1uF 10%
= = =0.4V
INPUT _D._ —l—> OUTPUT
ICL7667 _T_ Cy =1000pF 15v
INPUT RISE AND D, =
FALL TIMES <10ns
J__ OUTPUT

ov
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Typical Performance Characteristics

RISE AND FALL TIMES vs.C_

1ps
100
@
£ TRISE
w
=
10 pd
TeaLL
L
10 100 1000 10K 100K pF
Vee =15V
Tg, Tg vs. TEMPERATURE
50
40
TRAND T
30
CL=1nF
[}
£ / Vee=15V
20
10
0
-55 0 425 70 +125
°c
lcc vs. FREQUENCY
100 Ve =15V
z /
E 10
38 L~
/ Vec=5V
1 Kj i
Cp =1nF
100pA 1
10k 100k ™ 10M
FREQUENCY

Tp1s Tpz vS. TEMPERATURE

100 T
90 C_=1nF —
80 Veg=15V  —
70
60
] 1D, e
2 50
//
40
—
30 ] ™ |
20 — —
10
0
-55 [} +25 70 +125
°c
lcc vs.Cp
30 T
200kHz » L~
)
10
- —" L/
< L~
E = 20kHz
Q
©
3.0
1
10pF 100pF inF 10nF
Vee =15V
NO LOAD I¢c vs. FREQUENCY
100 JE—
Veo =15V /
<
E 10 Z
Q /
°
1 Vee=5V
— cc=
]
CL=10pF
100pA s
10k 100k 1M 10M

FREQUENCY

3-21

HIGH SIDE
SWITCHES




ICL7667

Typical Performance Characteristics (Continued)

DELAY AND FALL TIMES vs. V¢
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Detailed Description

The ICL7667 is a dual high-power CMOS inverter whose
inputs respond to TTL levels while the outputs can swing as
high as 15V. Its high output current enables it to rapidly
charge and discharge the gate capacitance of power
MOSFETs, minimizing the switching losses in switchmode
power supplies. Since the output stage is CMOS, the output
will swing to within millivolts of both ground and Vg without
any external parts or extra power supplies as required by the
DS0026/56 family. Although most specifications are at Vg =
15V, the propagation delays and specifications are almost
independent of Vc.

In addition to power MOS drivers, the ICL7667 is well suited
for other applications such as bus, control signal, and clock
drivers on large memory of microprocessor boards, where
the load capacitance is large and low propagation delays are
required. Other potential applications include peripheral
power drivers and charge-pump voltage inverters.

Input Stage

The input stage is a large N-channel FET with a P-channel
constant-current source. This circuit has a threshold of about
1.5V, relatively independent of the V¢ voltage. This means
that the inputs will be directly compatible with TTL over the
entire 4.5V - 15V V¢ range. Being CMOS, the inputs draw
less than 1pA of current over the entire input voltage range
of ground to Vgg. The quiescent current or no load supply
current of the ICL7667 is affected by the input voltage, going
to nearly zero when the inputs are at the 0 logic level and
rising to 7mA maximum when both inputs are at the 1 logic
level. A small amount of hysteresis, about 50mV to 100mV at
the input, is generated by positive feedback around the
second stage.

Output Stage

The ICL7667 output is a high-power CMOS inverter,
swinging between ground and Vgg. At Vg = 15V, the output
impedance of the inverter is typically 7Q. The high peak
current capability of the ICL7667 enables it to drive a
1000pF load with a rise time of only 40ns. Because the
output stage impedance is very low, up to 300mA will flow
through the series N- and P-channel output devices (from

Vce to ground) during output transitions. This crossover
current is responsible for a significant portion of the internal
power dissipation of the ICL7667 at high frequencies. It can
be minimized by keeping the rise and fall times of the input to
the ICL7667 below 1us.

Application Notes

Although the ICL7667 is simply a dual level-shifting inverter,
there are several areas to which careful attention must be paid.

Grounding

Since the input and the high current output current paths
both include the ground pin, it is very important to minimize
and common impedance in the ground return. Since the
ICL7667 is an inverter, any common impedance will
generate negative feedback, and will degrade the delay, rise
and fall times. Use a ground plane if possible, or use
separate ground returns for the input and output circuits. To
minimize any common inductance in the ground return,
separate the input and output circuit ground returns as close
to the ICL7667 as is possible.
Bypassing
The rapid charging and discharging of the load capacitance
requires very high current spikes from the power supplies. A
parallel combination of capacitors that has a low impedance
over a wide frequency range should be used. A 4.7uF
tantalum capacitor in parallel with a low inductance 0.1uF
capacitor is usually sufficient bypassing.
Output Damping
Ringing is a common problem in any circuit with very fast
rise or fall times. Such ringing will be aggravated by long
inductive lines with capacitive loads. Techniques to reduce
ringing include:

1. Reduce inductance by making printed circuit board traces

as short as possible.
" 2. Reduce inductance by using a ground plane or by closely
coupling the output lines to their return paths.
3. Use a 10Q to 30Q resistor in series with the output of the

ICL7667. Although this reduces ringing, it will also slightly
increase the rise and fall times.
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4. Use good bypassing techniques to prevent supply voltage
ringing.

Power Dissipation

The power dissipation of the ICL7667 has three main
components:

1. Input inverter current loss
2. Output stage crossover current loss
3. Output stage I°R power loss

The sum of the above must stay within the specified limits for
reliable operation.

As noted above, the input inverter current is input voltage
dependent, with an Igc of 0.1mA maximum with a logic 0
input and 6mA maximum with a logic 1 input.

The output stage crowbar current is the current that flows
through the series N- and P-channel devices that form the
output. This current, about 300mA, occurs only during output
transitions. Caution: The inputs should never be allowed to
remain between V,_and V| since this could leave the output
stage in a high current mode, rapidly leading to destruction
of the device. If only one of the drivers is being used, be sure
to tie the unused input to a ground. NEVER leave an input
floating. The average supply current drawn by the output
stage is frequency dependent, as can be seen in lgg vs.
Frequency graph in the Typical Characteristics Graphs.

The output stage IR power dissipation is nothing more than
the product of the output current times the voltage drop
across the output device. In addition to the current drawn by
any resistive load, there will be an output current due to the
charging and discharging of the load capacitance. In most
high frequency circuits the current used to charge and
discharge capacitance dominates, and the power dissipation
is approximately

Pac = CVcc?t
where C = Load Capacitance, f = Frequency

In cases where the load is a power MOSFET and the gate
drive requirement are described in terms of gate charge, the
ICL7667 power dissipation will be

Pac = QgVecf

where Qg = Charge required to switch the gate, in Coulombs,
f = Frequency.

Power MOS Driver Circuits

Power MOS Driver Requirements

Because it has a very high peak current output, the ICL7667
the at driving the gate of power MOS devices. The high
current output is important since it minimizes the time the
power MOS device is in the linear region. Figure 4 is a
typical curve of charge vs. gate voltage for a power
MOSFET. The flat region is caused by the Miller
capacitance, where the drain-to-gate capacitance is
multiplied by the voltage gain of the FET. This increase in
capacitance occurs while the power MOSFET is in the linear

region and is dissipating significant amounts of power. The
very high current output of the ICL7667 is able to rapidly
overcome this high capacitance and quickly turns the
MOSFET fully on or off.

18 T T

16 |— Ip=1A ‘// /
14 I /, /
12 .VDD,= 50V / /

@ 10 .[ ! /, Vo= _|
8 s | | esopF / 878V,
3 6 //1 /N T |
> -

4 // VDP =200V

2 630pF

0 212pF

201 |

0 2 46 8 10 12 14 16 18 20
Qg (NANO COULOMOS)

FIGURE 4: MOSFET GATE DYNAMIC CHARACTERISTICS

Direct Drive of MOSFETs

Figure 6 shows interfaces between the ICL7667 and typical
switching regulator ICs. Note that unlike the DS0026, the
ICL7667 does not need a dropping resistor and speedup
capacitor between it and the regulator IC. The ICL7667, with
its high slew rate and high voltage drive can directly drive the
gate of the MOSFET. The 1527 IC is the same as the 1525
IC, except that the outputs are inverted. This inversion is
needed since ICL7667 is an inverting buffer.

Transformer Coupled Drive of MOSFETs

Transformers are often used for isolation between the logic
and control section and the power section of a switching
regulator. The high output drive capability of the ICL7667
enables it to directly drive such transformers. Figure 6 shows
a typical transformer coupled drive circuit. PWM ICs with
either active high or active low output can be used in this
circuit, since any inversion required can be obtained by
reversing the windings on the secondaries.

Buffered Drivers for Multiple MOSFETs

In very high power applications which use a group of MOS-
FETs in parallel, the input capacitance may be very large
and it can be difficult to charge and discharge quickly. Figure
8 shows a circuit which works very well with very large
capacitance loads. When the input of the driver is zero, Q1 is
held in conduction by the lower half of the ICL7667 and Q2 is
clamped off by Q1. When the input goes positive, Q1 is
turned off and a current pulse is applied to the gate of Q2 by
the upper half of the ICL7667 through the transformer, T1.
After about 20ns, T1 saturates and Q2 is held on by its own
Cys and the bootstrap circuit of C1, D1 and R1. This boot-
strap circuit may not be needed at frequencies greater than
10kHz since the input capacitance of Q2 discharges slowly.
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ICL7667

15V
+165Vpc
+Ve +V IRF730
R e ]
SG1527 ICL7667 =

L L

15v

+165VDC
31K
+Ve 3 +V IRF730
" vout
: >——"3
E1 L =
TL494 _1_ ICL7667 =
c2 I > I::_L IRF730 T
E2 L -
GND _| 1K v =
L 1

FIGURE 5. DIRECT DRIVE OF MOSFET GATES

15v

CA CB Vy

+V
1pF b +165V
EA => - . IM— IRF730
IRF730
.

470 ov

SG1524 ICL7667

ijl

1uF
EB Dn————]
-185V
-V

470 m
*_Lﬁ Vour
' L

FIGURE 6. TRANSFORMER COUPLED DRIVE CIRCUIT
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ICL7667

V+
/
0.1uF 1 I ]
L 4.7uF 0.1pF
—— o !E L I
e Dy
N
ATWF
= Ry <
o ¥ 1000pF
> 1 : :—N == T
—
1 2200pF FF10
12 j IRFF120
I .
s — y s
S
12
NJerreer j—) IRFF120
T —"
= FIGURE 7. VERY HIGH SPEED DRIVER =
OUTPUT CURRENT vs. OUTPUT VOLTAGE
-4 LI 1
f=10kHz __‘
415V -
(7]
= -8
1 - 250kHz IN4001 ° SLOPE = 600
SQUARE + - a5V S . -
WAVE - L
INTTL /2 10pF 5 »
LEVELS [ICL7667 - O 12
INGOO1 5, ATF >
I 14
5 20 40 60 80 100
loyt - MA
FIGURE 8. VOLTAGE INVERTER
Other Applications Figure 9, a voltage doubler, is very similar in both circuitry

Relay and Lamp Drivers

The ICL7667 is suitable for converting low power TTL or
CMOS signals into high current, high voltage outputs for
relays, lamps and other loads. Unlike many other level
translator/driver ICs, the ICL7667 will both source and sink
current. The continuous output current is limited to 200mA
by the IR power dissipation in the output FETs.

Charge Pump or Voltage Inverters and Doublers

The low output impedance and wide Vgc range of the
ICL7667 make it well suited for charge pump circuits. Figure
8 shows a typical charge pump voltage inverter circuit and a
typical performance curve. A common use of this circuit is to
provide a low current negative supply for analog circuitry or
RS232 drivers. With an input voltage of +15V, this circuit will
deliver 20mA at -12.6V. By increasing the size of the capaci-
tors, the current capability can be increased and the voltage
loss decreased. The practical range of the input frequency is
500Hz to 250kHz. As the frequency goes up, the charge
pump capacitors can be made smaller, but the internal
losses in the ICL7667 will rise, reducing the circuit efficiency.

and performance. A potential use of Figure 8 would be to
supply the higher voltage needed for EEPROM or EPROM
programming.

Clock Driver

Some microprocessors (such as the 68XX and 65XX
families) use a clock signal to control the various LS|
peripherals of the family. The ICL7667’s combination of low
propagation delay, high current drive capability and wide
voltage swing make it attractive for this application. Although
the ICL7667 is primarily intended for driving power MOSFET
gates at 15V, the ICL7667 also works well as a 5V high-
speed buffer. Unlike standard 4000 series CMOS, the
ICL7667 uses short channel length FETs and the ICL7667 is
only slightly slower at 5V than at 15V.

+15V +15
1-250kHz
SQUARE . - IN4001
wave 3.5V
1” .
LEVELS |CL7667 10uF IN4001 T 47TuF

FIGURE 9. VOLTAGE DOUBLER

3-25

HIGH SIDE
SWITCHES







ELLIGENT

POWER ICs
HALF BRIDGES
PAGE

HALFBRIDGE SELECTIONGUIDE ......... ..., P 4-2

HALF BRIDGE DATA SHEETS

CA3169 Solenoid and Motor Driver (1/2 HDrver) . ... ..ottt it e it 4-3

HIP2500 Half-Bridge 500V Driver (PRELIMINARY) .. ... eees 4-8

SP600 Half-Bridge 500V DIVEr . ...\ e 4-11 n
SP601 Half-Bridge 500Vpg Driver .. ... e 4-18

HALF BRIDGE




MOSFET Driver Circuits

Half Bridge Selection Guide

MAX. MAX. PULSED MAX.
BUS | RECOMMENDED GATE PWM SHOOTTHRU RECOMMENDED
TYPE FUNCTION VOLT | SUPPLY VOLT CURRENT FREQ. |[PROTECTION| PKG. APPLICATION
CA3169 |/, H Driver N/A 10.5V to 18V N/A 40kHz Yes 5Llead |Motor Control
. TO-220

HIP2500 |N-Channel 500Vpc 10 to 15Vpe 2 Amps 100kHz No 14 PDIP | Motor Control
Half Bridge SMPS

HIP2501 |N-Channel 3 500Vpe 10to 15Vpe 0.5 Amp 100kHz No 18 PDIP | Motor Control
Phase SMPS

SP600 N-Channel 500Vpc | 14.5t0 16.5Vp¢ 0.5 Amp 20kHz Yes 22 PDIP | Motor Control
Half Bridge

SP601 N-Channel 500Vpe | 14.5t0 16.5Vp¢ 0.5 Amp 20kHz Yes 22 PDIP | Motor Control
Half Bridge

HIGH SIDE DRIVERS THAT CAN BE USED IN HALF BRIDGE CONFIGURATION

HV400 N-Channel 30Vpe 15 t0 30Vpe 6A (ON) Source | 20KHz(MC) N/A 8PDIP | Motor Control
Power Driver 30A(OFF) Sink | 200KHz 8 SOIC |SMPS

(SMDS)

ICL7667 |N, P-Channel 15Vpe 4.510 15Vpe 0.3 Amp 1MHz No TO-99 | Motor Control
Half Bridge 8PDIP | SMPS
Driver
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CA3169

Solenoid and Motor Driver
(1/2 H Driver)

Features

¢ Chip Encapsulated in a 5-Lead Plastic TO-220
Style Package (VERSA-VI)

Output Short Circuit Protection
Thermal Overload Protection

3

3

Solenoid Inductive “Kick” Protection with
Internal-Clamp Diodes

Output Sink and Source Capacity of 600mA
Minimum Overtemperature

and Vertical

.

Horizontal
Available

Separate Sink Circuit and Source Circuit, Each
Individually Controlled

Mounting Packages

Applications

¢ Latching Solenoid Driver (Single and Multiple)
Non-Latching Solenoid Driver

Relay Driver

3

3

Lamp Controller

.

Lamp Driver

.

Motor Controller (Forward and Reverse)
Stepper Motor Controller

On-Off Logic Controllers (TTL Logic)
Intermediate Power Driver

Triac, SCR, and Transistor Drivers

.

.

Description

The CA3169 ia a monolithic integrated circuit capable of driving
lamps and other devices that can be changed between two states
(on or off). Transistors, SCR’s, and triacs are some of the solid
state devices that can be controlled by the CA3169. This device
can also control relays, solenoids (latching or nonlatching), motors
(DC - forward and reverse) and DC stepping motors.

The CA3169 contains a separate source driver circuit with internal
current limiting protection and a separate sink driver circuit. The
sink driver contains an energy absorbing diode to protect the
device against any inductive “kick” during state changes. The
CA3169 is protected against overvoltage conditions on the output
drivers and overtemperature conditions (thermal-shutdown protec-
tion).

The input operating levels are TTL compatible. The source and
sink outputs are in their off condition (non-conducting) when their
respective inputs are in a Hl state, or open-circuited. The outputs
are in their on state (conducting) when their respective inputs are
LO. The VERSA-VI package is available with two lead configura-
tions. The CA3169 has a vertical-mount lead form, and the
CA3169M has a horizontal-mount lead form.

Ordering Information

PART NUMBER TEMPERATURE PACKAGE
CA33169 -40°C to +85°C 5 Lead Plastic SIP
Staggered Vertical
CA33169M -40°C to +85°C 5 Lead Plastic SIP
Surface Mount

Pinout
5 PIN PLASTIC TO-220 SIP
TOP VIEW
MOUNTING
FLANGE
(TERM. 6) B e | i gﬁqlmg%m?m
e t—— |
GROUND | ™ F—————— 3 SINK OUTPUT
l [E=—————12 SOURCE OUTPUT
PR = — vCC

Functional Block Diagram

SUPPLY
voLTage P Vee
b3
CURRENT )
LIMITING
SOURCE IN
© g SOURCE OUT
INPUTA THERMAL ®
PROTECTION OUTPUT A
SINK OUT
¢ ®
D2
OVER VOLTAGE 3A MAX OUTPUT B
PROTECTION SURGE
sng IN ; l ..... .
4 2.5A MAX
INPUT B V h].----‘ SURGE

MOUNTING FLANGE
(GND)

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures.

Copvrioht @ Harris Corporation 1992

1277.2

File Number
4-3
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Specifications CA3169

Absolute Maximum Ratings

Supply Voltage (Pin 1 to GND) Power Dissipation, Ppat Ta=90°C ............covuenn. 15W
POSItIVE . . .ot e 41VDC Thermal Resistance, JunctiontoCase: ................. 4°C/W
Negative . ..ot e 1.4V DC Junction Temperature . .........cviiiiininiinn, +150°C
SINKCUITENE . ...t eeeee e 1.9A Operating Temperature . . . .......ooovunue... -40°C to +85°C
Source Current......... Controlled by Internal Current Limiting Storage Temperature. ..............oo.uun. -55°C to +150°C

Input Voltage: Lead Temperature (During Soldering):

Sink Input (PiIN4t0GND) . . ..o ov v iiie e ieenanes 17V At Distance 1/16 £ 1/32 in. (1.59 + 0.79mm)
Source Input (Pin 5 to GND) 17V fromcasefor10smax. ........oovviivviennnenn.n. +265°C

Maximum Forward Current - Diode D1.................... 2.5A

Maximum Forward Current - Diode D2..................... 3A

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications at T, = +25°C, V¢ = 10.5V to 18V Unless otherwise specified.

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNIT
Output Leakage Current, Pin 2 Inputs Open V¢ = 4V to 18V -110 +0.5 110 pA
See Figure5 Source and Sink Loads = 20Q
Output Leakage Current, Pin 3 Inputs Open V¢ = 4V to 18V -110 0.5 110
See Figure 5 Source and Sink Loads = 20Q
Thermal Resistance 04c - 3 4 °CW
Quiescent Current, Pin 1 Device “ON” Input Terminals - 70 100 mA
See Figure 4 Shorted, Vg = 14V
Quiescent Current, Pin 1 Device “OFF” Input Terminals - 17 40
See Figure 3 Open, Vge = 14V
Thermal Shutdown Temperature R = Short Circuit 128 140 162 °c
Overvoltage Shutdown -Circuit R =20Q 20 25 27 \
Upper Trip Point, Pin 1 Voltage
See Figure7
Overvoltage Shutdown - Circuit R =20Q 18 214 23
Lower Trip Point, Pin 1 Voltage
See Figure 7
Input Logic Levels; Source Input - Pin 5, Sink input - Pin 4
Input Low Threshold Vi Ve = 14V (See Note 1) - 0.4 0.8 v
Sink or Source
Input High Threshold Viy Ve = 14V (See Note 2) 1.9 24 -
Sink or Source
Input Low Current I Vin< 0.4V -0.9 -0.3 - mA
Sink or Source
Input High Current i ViN<5.5V -110 -23 110 pA
Sink or Source
Qutput Voltage, Pin 2 Vos Referenced to V¢ with - 1 1.6 \
See Figure 6 Isource = 600mA, See Note 3
Short-Circuit Current Limit, 0.65 1.11 2.6 A
Pin 2 to Ground
Turn-On Delay to Output-On, C_ = 100pF, RL = 33Q - 0.45 5.6 us
Pin2
Turn-Off Delay to Output-Off, Cy = 100pF, RL = 33Q - 5 55 us
Pin 2
Sink Outputs
Qutput Saturation Voltage V; Isink = 600mA VIN < 0.4V - 0.3 0.85 \
See Figure 9 See Note 3
Qutput Saturation Voltage Vs Ising = 1000mA VIN £ 0.4V - 0.8 1.65
See Figure 9 See Note 3
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CA3169

Electrical Specifications at T, = +25°C, V¢ = 10.5V to 18V Unless otherwise specified. (Continued)

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNIT
Turn-On Delay to Output-On 70,4 CL = 100pF, RL = 33Q to V¢ - 0.45 5.6 Hs
Pin 3
Turn-Off Delay to Output-Off Torr CL = 100pF, RL = 33Q to V¢ - 0.95 25
Pin3
NOTES:
1. Isource Of Isink < 600mMA, Vg < 1.5V, Vgink < 0.75V.
2. Isource OF lsink € 100HA, Veouree = GND, for Vgink 20Q to Ve,
3. Measured over temperature range of -40°C to +85°C.
TRUTH TABLE FOR SOLENOID DRIVER
TTL Logic Conditions: 0<VL <0.8,1.9<VH<55
INPUT A INPUT B OUTPUT A OUTPUT B
SOURCE IN SINK IN SOURCE OUT SINK OUT A
v, v, HIGH (ON) LOW (ON)
Vi Vu HIGH (ON) (OFF)
Vi v (OFF) LOW (ON)
Vy \'m (OFF) (OFF)
V+
? V+
R -
at 3 Tk 3n
3 p:
o l . Qis
b1 I l a6 Q17 r‘
R2 R3 R4
100K S 27K $ 75K l
Q2
a3 R17 ‘—Kms
@ Q4 a5 Rz}(s X
SOURCE Q20
ENABLE
SR8 R20
> 7.5K CONSTANT 500
CURRENT
SOURCE
SOURCE 2
V+ OUTPUT
< SINK
SR D2 OUTPUT
>-—
Q38
K ass £33
MOUNTING
SI ;'?_;f( FLANGE

FIGURE 1. DETAILED SCHEMATIC OF THE INPUT CIRCUIT

FOR CA3169.

FIGURE 2. DETAILED SCHEMATIC OF THE OUTPUT CIRCUIT

FOR CA3169.
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CA3169

Test Circuits
(VCC = VIN = PIN 1 VOLTAGE)

la oFf laon

s 1 6
s = o |2 s 31_
Vin

36V 3 4 =

TO

uu%
a
<<
w N -

=
H

=

el

FIGURE 3. QUIESCENT CURRENT DEVICE “OFF”. FIGURE 4. QUIESCENT CURRENT DEVICE “ON”.
ViN=4VTO 18V
Vin=14V Vos
20Q l
et I
WA 2 5 = 2003 ]2 5
20Q 3 4 < Hs 4
OUTPUT
LEAKAGE —> 209%
CURRENTS
FIGURE 5. OUTPUT LEAKAGE CURRENTS. FIGURE 6. OUTPUT SOURCE VOLTAGE (REFERENCED TO
VCC).
Vin=18V
C v] 1 6 1Q
10003 ['2—- 2 5 3_—1— 500 ! :
3 a = N E 2 5
3 4 _—
1000 V=18V =
PROCEDURE

1. Measure V12.
2. Increase Vg until V12> 2V,
3. Measure Vcc; this voltage is the high trip point. Pin 2 shouldbe  when V. is turned on, 1IN should be equal to or greater than 1A.

off; i.e., pin 3 should be high. Thermal shutdown will operate properly if the input current drops
4. Observe and measure the voltage at pin 3. below 0.5A (0.3A typ.) in 10 to 15 seconds. Cover the unit during
5. Decrease Vg until pin 3 switches, i.e., < 18V. The supply voltage this test in the event that the thermal shutdown is not operating
will be the low trip point voltage. properly.
FIGURE 7. OVERVOLTAGE PROTECTION. FIGURE 8. THERMAL SHUTDOWN.
Vin =14V
4b 1 6 ‘ —l
20Q < 2 5
3 4 1
< + -
2003 Vsar
iR
e I =600mA

FIGURE 9. OUTPUT SATURATION VOLTAGE.
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CA3169

Typical Applications

Vee Vee
l SOURCE OUT A |
L g B L
SOURCE) OUTPUT A = INPUTA = _INPUTA
LAMP B @ sooomrorsl’ (SOURCE) " » 2 s (SOURCE)
{ ) PUTB 3 4 INPUT B 3 4 INPUT B
(SINK) (SINK)
LAMP A ?
L SINK OUT B
When input A goes low, lamp A will light. Input A and input B must both be low for the solenoid to switch.
When input B goes low, lamp B will light.
FIGURE 10. LAMP DRIVER. FIGURE 11. NON-LATCHING SOLENOID.
MOTOR
M
Vee —
1 1 el || I —
RELAY OUTPUTA 5 = _INPUTA 1 2 3 1 2 3
B oUTPUTE 2 (SOURCE) A B
4 {g&ukj; B 6 5 4 6 5 4
" RELAY A = INPUT INPUT = INPUT INPUT
2A 1A 2B 1B
(SOURCE $SINK (SOURCE ‘SINK
= INA) INA) INB) INB)

When opposing inputs go low, the motor will switch direction; if
source input A and sink input B both go low, current will flow from A
to B. If source input B and sink input A both go low, current will flow

Relay A will close when in input A goes low. Relay B will close when from B to A.

input B goes low. Both relays will close when both inputs go low.

FIGURE 12. RELAY DRIVER. FIGURE 13. MOTOR DRIVER OR LATCHING SOLENOID
DRIVER.
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% SEMICONDUCTOR

HIP2500

PRELIMINARY

May 1992 Half-Bridge 500Vp¢ Driver
Features Description
e MaximumRating ..........coiiiiiiinnnnnnns 500V The HIP2500 is a high voltage integrated circuit (HVIC)

.

Ability to Interface and Drive N-Channel Power Devices
Floating Bootstrap Power Supply for Upper Rail Drive

CMOS S4chmitt-Triggered Inputs with Hysteresis and
Pull-Down

100kHz Operation

Single Low Current Bias Supply Operation ....7mA Typ
Latch-up Immune CMOS Logic

PeakDrive ......coiiiriirinrannnnnenaaad Up to 2.0A
Gate Drive Switching Time < 150ns Typ

Applications

High Frequency Switch-Mode Power Supply
Induction Heating and Welding

Switch Mode Amplifiers

AC and DC Motor Drives

Electronic Lamp Ballasts

Battery Chargers

UPS Inverters

optimized to drive MOS gated power devices in half-
bridge topologies. It provides the necessary control for
PWM motor drive, power supply, and UPS applications.

Ordering Information

PART TEMPERATURE PACKAGE

HIP25001P -40°C to +85°C 14 Lead Plastic DIP

Pinout Functional Block Diagram
14 PIN PLASTIC DIP
TOP VIEW
\J
Lo [7] 1] NC HIP2500
com [Z] 3] Vss S
uv LEVEL LATC i_‘
Ve [3] 2] LN Voo Lo SHIFT | LATCH
Ne [3] 1] sp HIN
Vs [5] [10] HIN
Ve [5] 5] Voo 0 % .
Ho [7] 3] NC Loaic | 6 Vee
UN :’?— 5 L0
Vss coMm

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures.
Copyright © Harris Corporation 1992
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Specifications HIP2500

Absolute Maximum Ratings Full Temperature Range Unless ~ Thermal Characteristics
Otherwise Noted, All Voltages Referenced to Vgg Unless Otherwise Noted.

Floating Supply Voltage, Vg .. .. ..covvvt Vg-0.5V to Vg+16.5V  Thermal Resistance, Junction-to-Ambient 6ja
(Positive Terminal) Plastic DIP Package . ...........eueueneenens 75°CW
Floating Supply Voltage, Vg . . v oo v iviinen i 500V Maximum Package Power Dissipation at +85°C
(Common Terminal) Plastic DIP Package . .. .....ceuveeneeenenennnanns 500mW
High Side Channel Output Voltage, Vyo - .. ... .. 0.5V to Vg+0.5V  Maximum Junction Temperature Range.. . .. ..... -40°C to +125°C
Fixed Supply Voltage, Vo .« « v ovvvvvevniinninn -0.5Vt0 16.5V  storage Temperature Range, Tg. ... vvonwn. .. -40°C to +150°C
Low Side Channel Output Voltage, Vip . . . .. . .. 0.5V to Vc+0.5V  Operating Ambient Temperature Range, Ty . . - . . . . -40°C to +85°C
Logic Supply Voltage, Vpp .+« <o v cvvvvein i -0.5V to 16.5V
Logic Input Voltage, Viy . ... ... iinn -0.5V to Vpp+0.5V

[HIN, LIN & SD (Shutdown)]

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Recommended DC Operating Conditions

Floating Supply Voltage, Vg . ............... Vg+10V to Vg+15V  Low Side Channel Output Voltage, VLO. ... .......... OV to Vee
(Floating Terminal) Logic Supply Voltage, Vpp - «vvvvvvvvneirinnninnnn. 4V to Ve

High Side Channel Output Voltage, Vg -+« e cevvvvennn 10Vto Vg  Floating Supply Voltage, Vg . ............oouunn. -4.0V to 500V
(With Respect to Vg) (Common Terminal)

Fixed Supply Voltage, Vo« + v v vvevv e 10V to 15V

Electrical Specifications V¢ = (Vg-Vs) = Vpp = 15V, Cop = Vss = 0 and T, = +25°C, Unless Otherwise Noted

PARAMETER 1 SYMBOL | MIN I TYP | MAX l UNITS

DC CHARACTERISTICS

Quiescent V¢ Current lace - 1.4 1.7 mA
Quiescent Vgg Current lass - 280 400 HA
Quiescent Vpp Current lapp - 0.1 1 HA
Logic Input Bias Current, V,y = Vpp (HIN, LIN, SD) IN+ - 12 20 pA
Logic Input Leakage Current, V|y = Vgg (HIN, LIN, SD) IN- - 0 1 pA
Logic Input Positive Going Threshold Viyt+ 7.5 8.0 8.5 v
Logic Input Negative Going Threshold Vry- 5.5 5.9 6.3 \
Undervoltage Positive Going Threshold Uv+ 6.8 8.3 9.85 \
Undervoltage Negative Going Threshold uv- 6.3 8.2 9.5 \
Output High Open Circuit Voltage (HO, LO) Vout+ - - 15 \
Output Low Open Circuit Voltage (HO, LO) Vout- - - 0.1 \"
Output High Short Circuit Current (Sourcing) lout+ 1.9 23 - A
Output Low Short Circuit Current (Sinking) lout 2 25 - A
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Specifications HIP2500

Switching Specifications

PARAMETER 1 SYMBOL MIN TYP MAX UNITS
HIGH SIDE CHANNEL WITH 500V OFFSET, CL = 1000pF
High Side Turn-On Propagation Delay ton 350 420 500 ns
High Side Turn-Off Propagation Delay torr 300 365 450 ns
High Side Turn-On Rise Time tr 20 28 35 ns
High Side Turn-Off Fall Time te 20 28 35 ns
LOW SIDE CHANNEL, CL = 1000pF
Low Side Turn-on Propagation Delay ton 275 350 425 ns
Low Side Turn-off Propagation Delay torr 225 275 330 ns
Low Side Turn-on Rise Time tr 20 27 35 ns
Low Side Turn-off Fall Time te 20 27 35 ns
Shutdown Propagation Delay
High Side Shutdown tspHo 300 385 450 ns
Low Side Shutdown tspLo 240 300 360 ns
HIGH SIDE CHANNEL WITH 500V OFFSET, CL = 1000pF
Propagation Delay Matching (Between HO and LO) M, 0 - 75 ns
Minimum On Output Pulse Width (HO, LO) PWoutMiny - 35 50 ns
Minimum Input Pulse Width (ON) PWonminy - 200 250 ns
Minimum Input Pulse Width (OFF) PWorrmiNy - 245 350 ns
Deadtime LO Turn-off to HO Turn-on DHtoy 125 145 170 ns
Deadtime HO Turn-off to LO Turn-on DLton 15 25 120 ns
MAXIMUM TRANSIENT CONDITIONS
Offset Supply Operating Transient dvg/dt | . ; | 50 r Vins
Logic Truth Table
HIN LIN uvy uvp SD HO Lo COMMENTS

0 0 0 0 0 0 0 Normal Off

0 1 0 0 0 0 1 Lower On

1 0 0 0 0 1 0 Upper On

1 1 0 0 0 1 1 Both On

X X X X 1 0 0 Chip Disabled

X X 1 1 X 0 0 Ve UV Lockout and Vgg Lockout

X 1 1 0 0 0 1 Vps UV Lockout

1 X 0 1 0 1 0 Vec UV Lockout
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SEMICONDUCTOR

SP600

Half-Bridge 500V ¢ Driver

@

May 1992
Features Description
e MaximumRBating ..........cccvieeiiiinnnnns 500V The SP600 is a smart power high voltage integrated circuit

(HVIC) optimized to drive MOS gated power devices in half-
bridge topologies. It provides the necessary control and
management for PWM motor drive, power supply, and UPS
applications.

Ability to Interface and Drive Standard and Current
Sensing n-Channel Power MOSFET/IGBT Devices

Creation and Management of a Floating Power Supply
for Upper Rail Drive

Simultaneous Conduction Lockout

.

Overcurrent Protection ordering Information

+ Single Low Current Bias Supply Operation
A PART TEMPERATURE PACKAGE
« Latch Immune CMOS Logic
0 O, H H
« Peak Drive in Excess of 0.5 Amp SP600 -40°C to +85°C 22 Pin Plastic DIP
Pinout Functional Block Diagram
22 PIN DIP - Vs
TOP VIEW | 12
ow
m‘fE I:ITOP Veias 62 Ryo G"U
heuese (2] zilsor | 3 lont | 8
Vas[3] 20]ne i — JEVEL] loper Ss cauf 3
Voo [4] 19]o1u 4 il E 17
Vpp  25QRgs
Ves[s] i8] G1u -~ | TR,
TIP, [} rlezs | ST *
cLi7] 6] cL2 T cL2
caL[z] [i5] TRIP, = f 16
] = PHASE
il ] st HRIPSEL S'a 1 Y
piL[i9] [13] Vour . 2sar
: A2,
Vor EIVBS MASPALTS
4 DIL
=D g
lons GiL
[ 3 s \ &
CMOS m 'OFFB R GoL z
TiMING | |y | Your 3
comgm ano | T E 8
FILTER | =" uv
LockK
T | uT TRIP,
. S o — |
Snd Nl I 7
ITRIPSEL < :::
» 3
IrapseL Vss

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
Copyright © Harris Corporation 1992
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Specifications SP600

Absolute Maximum Ratings Full Temperature Range, All
Voltage Referenced to Vgg Unless Otherwise Noted. Notes 1, 2.

Low Voltage Power Supply, Vgjag (Note 1)............... 18Vpe
Floating Low Voltage BootStrap ...................... 18Vpe
Power Supply to Phase, Vgg
Low Voltage Signal Pins
Fault, lep SEL: VDD' TR'PL, cL1 » GaL...... -0.5VDQ to VDD +0.5
G1L, D1L, Vpg, TOP, BOT
CL2, TRIPy, G1U, G2U, D1U to Phase ..... -0.5ypg to Vgs+0.5
High Voltage Pins
Phase, VPHAGE <+ vrerrerrerenerreeneanninnanns 500Vpe

(Vess Voun TRIPy, CL2, G2U & D1U: 0V-18V Higher Than
Phase)
Dynamic High Voltage Rating Phase,.............
DVpuase/a

NOTES:

10,000V/us

Power Dissipation and Thermal Characteristics

Thermal Resistance, Junction-to-Ambient 6a
Plastic DIP Package 75°C/W
Maximum Package Power Dissipation at T, = +85°C, Pg
Plastic DIPPackage .........cooiiiiiiiieeninnann, 500mwW
Operating Ambient Temperature Range, Tp ....... -25°C to +85°C
Storage Temperature Range, Tg..........ouun. -40°C to +150°C

ion d o

1. Care must be taken in the application of Vg ag as not to impose high peak dissip

dsona ly small metallized noise dropping resistor (Ryp).

Prolonged high peak currents may result if +15Vpg is applied abruptly and/or if the local bypass capacitor Cpp is large. It is suggested that Cpp be < 10MFD.
If it is desirable to switch the 15Vpc source or if a Cpp is larger, additional series impedance may be required.

2. Consult factory for additional package offerings.

CAUTION: Stresses above those listed in *Absolute Maximum Ratings® may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indit

d in the op

of this specification is not implied.

Electrical Specifications

(Vpias = 15V, Pulsed <300ms), Unless Otherwise Noted, All Parameters Referenced to

Vgs Except TRIPy, CL2, G1U, D1U, & Vg Referenced to PHASE. DF: Vpg to Vg, CF: Vg to PHASE

PARAMETER | symeoL [ temp | wmin TvP | mAx | units
DC CHARACTERISTICS
Input Current (5V < Vop, Vgor: Vrripgg < 15V) m +25°C - 20 30 pA
-40°C to +85°C - 30 33 pA
Ig1as Quiescent Current (All Inputs Low) lgias, +25°C - 1.7 2.05 mA
-40°C to +85°C - 17 2.1 mA
Ig1as Quiescent Current (Voyr 2 Viias, and All Inputs lpiasy +25°C - 17 2.05 mA
Low) -40°C to +85°C - 17 2.1 mA
Ips Quiescent Current Bootstrap Supply lgs +25°C - 875 1000 pA
-40°C to +85°C - 900 1060 pA
TOP Threshold Level Viop +25°C 7 8 9 \"
-40°C to +85°C 6.95 8 9.1 \
BOTTOM Threshold Level Veor +25°C 7 8 9 v
-40°C to +85°C 6.9 8 9.1 v
Current Trip Select Threshold Level ViRIPgg, +25°C 7 8 9 \
-40°C to +85°C 6.95 8 9.1 v
Trip Lower and Upper Comparator Threshold Vrrip LUy +25°C 90 105 125 mvV
Level - Normal (iripggy = Vss) -40°C o +85°C 90 105 127 mv
Trip ll.ower and Upper Comparftor Threshold VrRIP LUg +25°C 110 130 150 %
\';‘::2 u5:°s‘ (ripgg, = Vop) % of Measured 40°C10485°C | 109 130 152 %
Under Voltage Lockout Thresholds (Vpp & Vgg) Viock +25°C 9 10 115 v
-40°C to +85°C 9.7 10.5 118 v
Phase Out of Status Voltage Threshold (PHASE) Vosvt +25°C 5 7 9 \"
-40°C to +85°C 47 7 9.6 \'
Faultbar Impedance at lggag = 1MA RF +25°C 500 760 1000 Q
-40°C to +85°C 450 760 1100 Q
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Specifications SP600

Electrical Specifications (Vgus = 15V, Pulsed <300ms), Unless Otherwise Noted, All Parameters Referenced to
Vg Except TRIPy, CL2, G1U, D1U, & Vgg Referenced to PHASE. DF: Vg to Vgg, CF: Vgg to PHASE

PARAMETER SYMBOL TEMP MIN TYP MAX UNITS
Upper/Lower Source Impedances (lsoyrce = 10mA) Rso Ly +25°C 12 17 23 Q
-40°C to +85°C 7 17 29 Q
Upper/Lower Sink Impedances (Igyk = 10mA) Rsiuwu +25°C 8 12 16 Q
-40°C to +85°C 5 12 20 Q
Bootstrap Supply Current Limiting Impedance Rgs +25°C 2 3.5 5 Q
-40°C to +85°C 1.4 3.5 5.6 Q
Noise Dropping Resistor Impedance Rno +25°C 6 10 14 Q
-40°C to +85°C 5.4 10 14.6 Q
High Voltage Leakage (500V Vgs, Vour, PHASE,' Ik +25°C - 1 3 pA
:F‘I/Z:; CL2,G1U, G2U, & D1U to Vgg. All other Pins "40°C 10 +85°C " 1 3 A
Miller Clamp Diodes; D1U and D1L (i = 10mA) Vo +25°C 1.05 1.4 1.7 v
-40°C to +85°C 1.05 1.4 1.7 v
Noise Clamping Zeners; CL2 and CL1 (Iz = 10mA) | Veio-Low +25°C 6.35 6.61 6.85 v
-40°C to +85°C 6.15 6.61 7.15 Vv
Noise Clamping Zeners; CL2 and CL1 (Iz = 50mA) | Vcia.High +25°C 77 8.1 8.7 \"
Vour Limiting Resistance Ry +25°C 2 3.5 5 Q
-40°C to +85°C 1.4 3.5 5.6 Q

NOTE: Maximum Steady State + 15Vpc Supply Current = Igjas, + lgg

Switching Characteristics (Al Referenced to V,,, Except: Trip,, CI2, G1u, G2u, And D1u Referenced to PHASE. Dg: Vpg to Vg,
Ck: Vgs to PHASE)

HALF BRIDGE

PARAMETER SYMBOL TEMP MIN TYP MAX UNITS

Refresh One Shot Timer tRer +25°C 200 350 500 us

-40°C to +85°C 180 350 540 us
Delay Time of Trip I/u Voltage (Itgp sel. low) to torrry +25°C 2 3 4 Hs
G2U/G2L Low (50% Overdrive 40°C to +85°C 185 3 435 s
Delay Time of Trip | Voltage (lygp sel. low) to ten +25°C 2 3 4 Hs
Faultbar Low 40°C to +85°C 185 3 435 us
Delay Time of Phase Out of Status to Faultbar tosve +25°C 500 700 900 ns
Low (TOP High) -40°C to +85°C 400 700 1050 ns
Minimum Logic Input Pulse Width: TOP & tiniw +25°C 300 430 600 ns
BOTTOM 40°C10+85°C | 275 430 660 ns
Minimum G1U/G1L On Time ton +25°C 1.6 23 3.1 us

-40°C to +85°C 1.5 24 3.4 us
Minimum Pulsed Off Time, G2U/G2L torr +25°C 1.3 2.0 3.4 us

-40°C to +85°C 1.05 24 3.9 ps
Turn On Delay Time of G1U (BISTATE MODE) tonp +25°C 25 32 4.5 us

-40°C to +85°C 2.1 33 5.2 us
Turn On Delay Time of G1L (BISTATE MODE) tong +25°C 25 3.2 4.5 us

-40°C to +85°C 2.1 3.3 5.2 us
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Switching Characteristics (All Referenced to V,, Except: Trip,, CI2, G1u, G2u, And Diu Referenced to PHASE. Dg: Ve to Vgg,

Cr: Vgs to PHASE) (Continued)

PARAMETER SYMBOL TEMP MIN TYP MAX UNITS
Turn On Delay Time of G1U (TRISTATE MODE) tong +25°C 0.75 1.0 1.5 us
-40°C to +85°C 0.60 11 175
Turn On Delay Time of G1L (TRISTATE MODE) tonp +25°C 0.75 1.0 1.5 us
-40°C to +85°C 0.60 11 1.75 us
Turn Off Delay Time of G2U and G2L torrp +25°C 0.75 1.0 145 us
-40°C to +85°C 0.60 1.1 1.75 us
Minimum Dead Time: G1U offto G1L on, or G1L to.T. +25°C 1.5 25 3.5 us
off to G1U on (BISTATE MODE) 40°C 1o 485°C 12 26 2 bs
Fault Reset Delay to Clear Faultbar taT +25°C 3.4 4.5 6.6 us
-40°C to +85°C 3.15 4.8 7.4 us
Rise Time of Upper & Lower Driver (Load = tRun +25°C 25 50 100 ns
2000pF) -40°C 1o +85°C 15 50 115 ns
Fall Time of Upper & Lower Driver (Load = trun +25°C 25 50 100 ns
2000pF) -40°C 10 +85°C 15 50 115 ns

Recommended Operating Conditions and Functional Pin Description (All Voltages Referenced to Vsg, Unless

Otherwise Noted. See Figure 1)

PARAMETER CONDITION
Faultbar Open Drain Fault Indicator Output
ITRIP SELECT Digital input Command to Increase TRIP L and U Threshold by 30%
Vaias 14.5V to 16.5V with 15V nominal, = 1.5mA DC BIAS Current
Voo CpptoVss
Vgs COMMON
Trip1 100mV Signal to Shut Off LOWER Drive and Trigger a Fault Output
cL1 Lower Noise Clamp Zener
G2L & GiL Low Impedance Driver Designed to Drive Power MOS Transistors (LOWER)
Vor Current Limiting Charging Resistor for Bootstrap Capacitor Power Supply
Vgs Bootstrap Supply, Normally a Diode Drop Below Vpp Voltage with Respect to the Floating PHASE Reference
Vour Load Connection Node
Phase Floating Reference Point for High Side Control Circuitry: Vgg, TRIPy, CL2, G1U, G2U & D1U
Tripy 100mV Signal, Referenced to PHASE, to Shut Off UPPER Drive
CcL2 Upper Noise Clamp Zener
G2U & G1U Low Impedance Driver Designed to Drive Power MOS Transistors (UPPER)
Top Digital Input to Command the UPPER On
Bot Digital Input to Command the LOWER On
D1U Miller Clamp UPPER to Vgg
DiL Miller Clamp LOWER to Vpp
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Timing Diagram

TOP

BOT

REFRESH
ONE SHOT

lonB

VALID BOTpyn

loreT

IonT

lorrB

UPPER

LOWER

Vour

|

L Lo
—

© - 0 = 0 - 0 <% 0 -0 = 0 =20 = 0+ o0 =

l

I

Voc _\_/_\L/—_
COM
TRISTATE MODE SLOWER THAN REFRESH ONE SHOT TIMER
NOTE: BOT switching not relevant.

ToP 1 —| I——
0
BOT 1
0 ____I I___

REFRESH 1
ONESHOT ¢

I || |
ON °
1

VALIDBOToN I l | |
1

N I TL
OFF 0

. . 1 1|
'ON °

lorrB ! rL I I I l
0
1

UPPER | I I I I I
0
1

LOWER ” I I ”
0
Voc

Vour H \ ’ \’
coM

BISTATE MODE SLOWER THAN REFRESH ONE SHOT TIMER

Typical Circuit Configuration

TRUTH TABLE
Applicable to Typical Circuit Configuration (Figure 1)
INPUTS OUTPUTS
TOP BOT TRIP_ TRIPy PHASE Vaias UPPER LOWER | FAULT BAR
0 0 0 X X 1 0 0 1
1 1 0 0 1 1 1 0 1
1 1 0 1 1 1 0 0 0
1 1 0 X 0 1 0 0 0
X X 1 X X 1 0 0 0
0 1 0 X X 1 0 1 1
1 0 0 X X 1 0 0 1
X X X X X 0 0 0 0

NOTE: 0 = False, 1 = True, X = Don’t Care
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25Vpc < Vunk <500Vpe
Rcu Rpu
L L
s 3
19 |18 |17 |45 14 A
DIU GIU G2U TRIPy PHASE Vout o2
12 CFF
3 >-721 — BoT Vs
g 2 VDFQ—J“ . 3™ vour
= PR N
8 e — ToP SP600 oIL 10 — LOAD
= HVIC A
B mor 9 Fou 1
b GiL AW /
5 2 RpL
> hnp seLecT GoL o8 M
Veias Voo  Vss TRIP_ £
‘b
SReL com
1§V 3 4 . 5 >
— 13
lgias Cop
FIGURE 1. TYPICAL CIRCUIT CONFIGURATION
LEGEND
Application Specific Reu Upper Gate Charging Resistor
Application Specific Rpu Upper Gate Discharge Resistor
Application Specific Rpy Upper Current Pilot Resistor
Application Specific RoL Lower Gate Charging Resistor
Application Specific RpL Lower Gate Discharging Resistor
Application Specific RpL Lower Current Pilot Resistor
3uF @ > 15DC Coo Local LV Filter Capacitor
0.22pF Ceramic X7R @ > 15Vp¢ Ce Flying Capacitor for Bootstrap Supply
Harris P/N A114M or Equiv PRV 2 V| De Flying Diode for Bootstrap Supply

Refer to ‘Additional Product Offerings’ for information concerning power output devices.
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Functional Description

The SP600 provides a flexible, digitally controlled power
function which is intended to be used as PWM drivers of
n-channel MOSFETs and/or IGBTs for up to 240VAC line
rectified totem-pole applications. The CMOS driveable
inputs are filtered and captured by the control logic to deter-
mine the output state. The logic includes fixed timing to pro-
hibit simultaneous conduction of the external power switches
and, thru the Vot sense detector, verifies the output voltage
state is in agreement with the controlled inputs. The
> 11VDC floating power supply required to drive the upper
rail external power device is created and managed by the
HVIC through Cf and Df. This capacitor is refreshed from the
Vpp supply each time Vgyr goes low. If the upper channel is
commanded on for a long period of time, the bootstrap
capacitor Cf is automatically refreshed by bringing Vour low.
This is accomplished by turning off the upper rail MOSFET/
IGBT, momentarily turning on the lower rail output device,
followed by returning control back to the upper switch. Other-
wise, Cf would gradually deplete its charge allowing the
upper switch to come out of saturation. The upper and lower
gate drivers allow for controlled charge and discharge rates
as well as facilitate the use of nearly lossless current sensing
power MOS devices. The over current trip level can be
boosted 30% on a pulse by pulse basis by logic level ‘1’
applied to lygip seLect- A FAULT output signal is generated
when any of the following occurs:

V bias is low
Over current is detected
V phase doesn't agree with the input signal

Reset of FAULT is provided by externally removing power or
by holding both TOP and BOT inputs low for the required
reset time (trtyax)-

Each application can be individually optimized by the selec-
tion of external components tailored to ensure proper overall
system operation including:

Determining the ratings and sizing of MOSFETs and IGBTSs,
mixed or matched, as well as flyback diodes (FBD).

The selection of separate gate charge (R¢) & discharge (Rp)
impedance chosen per the load capacitance, frequency of
operation, and D/Dy dependent recovery characteristics of
the associated FBDs. Rp should also be sized to prevent
simultaneous bridge conduction by ensuring gate discharge
in the allotted turn off pulse width (torr miN)-

The selection of over current detection resistors (Rp), com-
patible with current sense MOSFETs/IGBTS or shunt(s) may
be used.

For the floating bootstrap supply Dg & Cg must be deter-
mined. Dg must support the worse case system bus voltage
and handle the charging currents of Cr Proper selection
should take into consideration Trg and Tgg per the desired
operating frequency. Proper selection of Cg is a trade off
between the minimum tgy time of the lower rail to charge up
the capacitor, the amount of charge transfer required by the
load, and cost. Due to automatic refresh the capacitor is
replenished every 350us TYP (or even sooner if input com-
mands the TOP to switch at a faster repetition rate).

The local filter capacitor (Cpp) should be sized sufficiently
large enough to transfer the charge to Cr without causing a
significant droop in Vpp. As a rule of thumb it should be at
least 10 times larger than Cg and be located adjacent to the
Vpp and Vgg pins to minimize series resistance and
inductance.

Refer to Application Note AN-8829 for more details about module operation and selection of external components.

HALF BRIDGE
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HARRIS

SEMICONDUCTOR

SP601

May 1992 Half-Bridge 500V Driver
Features Description
e MaximumRBating ........coivveeienneennnnns 500V The SP601 is a smart power high voltage integrated circuit

for Upper Rail Drive

Overcurrent Protection

* Ability to Interface and Drive Standard and Current
Sensing N-Channel Power MOSFET/IGBT Devices

+ Creation and Management of a Floating Power Supply

Simultaneous Conduction Lockout

bridge topologies. It provides the

management for PWM motor drive, power supply, and UPS

applications.

(HVIC) optimized to drive MOS gated power devices in half-

necessary control and

Ordering Information

¢ Single Low Current Bias Supply Operation
) PART TEMPERATURE PACKAGE
¢ Latch Immune CMOS Logic
10 0, ;. .
« Peak Drive in Excess of 0.5 Amp SP601 -40°C to +85°C 22 Pin Plastic DIP
Pinout Functional Block Diagram
22 PIN DIP - Vs
TOP VIEW | ]
DU
FAULT [1] w Vas 62 Bno 1
hapse [2] Eg-LE g \AA G‘:U g
Vaus[3] NC Vop ever s — g
[ OFFT. e Q G2u
Voo [4] DU 4 SHIFT n ) 5
Vss| 5] GiU VDOF 250 Rgs TRIPy
TRIP, [6] G2y 1 L%k ——ﬂ_: 15
cu cL2 ouT -
caL[3] [i5] TP, = ,r&
GiL[sg] [14] PHASE - = PHASE
DiL{10g) E Vout T%P HRIPSEL [ | a ) "I 1 250 Rof.
Vor [11] [12] Ves 22 A0 Vour
| = s
=L » DiL
- D y
! GiL
'ONB s 6 «
lorra A G:L
v, 3
¥ |seRee =
A =
FILTER | = uv
LOCK
FAULT out TRIP,
+.
ﬁl 6
cLt
L 7
rRipsEL =
s
R

ol
_ffLLl
i
"X} $<

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.

Copyright ©Harris Corporation 1992
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Specifications SP601

Absolute Maximum Ratings Full Temperature Range, All
Voltage Referenced to Vgg Unless Otherwise Noted. Notes 1, 2.

Low Voltage Power Supply, Vgias(Note 1). ...t 18Vpe

Floating Low Voltage BootStrap ..............coovuie. 18Vpe
Power Supply to Phase, Vgg

Low Voltage Signal Pins

Fault, lrgip set, Voor TRIP, CL1, GaL...... -0.5Vpc to Vpp +0.5

GIL, DiL, Vs TOP, BOT

CL2, TRIP,, G1U, G2U, D1U to Phase .. . .. -0.5ypc to Vgs+0.5
High Voltage Pins

Phase, vPHASE ................................. SOOVDC

(Ves» Vour TRIPy, CL2, G2U & D1U: 0V-18V Higher Than
Phase)
Dynamic High Voltage Rating Phase,............. 10,000V/us
DVpyasera

NOTES:
1. Care must be taken in the application of Vg ag as not to impose high peak di

Power Dissipation and Thermal Characteristics

Thermal Resistance, Junction-to-Ambient 6a
Plastic DIP Package 75°CIW
Maximum Package Power Dissipation at T, = +85°C, Pg
Plastic DIP Package .......ocvviiiiieiniiennnnnns 500mwW
Operating Ambient Temperature Range, Ty .. ..... -25°C to +85°C
Storage Temperature Range, Tg. .....oovvnvnn. -40°C to +150°C

d d

ipati ona

ly small metallized noise dropping resistor (Ryp).

Prolonged high peak currents may result if +15Vpg is applied abruptly and/or if the local bypass capacitor Cpp is large. It is suggested that Cpp be < 10MFD.
Ifitis desirable to switch the 15Vpg source or if a Cpp is larger, additional series impedance may be required.

2. Consult factory for additional package offerings.

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indit 1in the op

of this specification is not implied.

Electrical Specifications .(Vg,s = 15V, Pulsed <300ms), Unless Otherwise Noted, All Parameters Referenced to
Vgs Except TRIPy, CL2, G1U, D1U, & Vgg Referenced to PHASE. DF: Vp¢ to Vgs,

CF: VBS to PHASE

PARAMETER [symor | Temp | min | Tve | max | units
DC CHARACTERISTICS
Input Current (5V < Vop, Veor: Vrripgg, < 15V) Iin +25°C - 20 30 HA
-40°C to +85°C - 30 33 pA
lgias Quiescent Current (All Inputs Low) lpias, +25°C - 1.7 2.05 mA
-40°C to +85°C - 1.7 241 mA
Igias Quiescent Current (Voyt 2 Vas, and All Inputs IBiasy, +25°C - 1.7 2.05 mA
Low) -40°C to +85°C - 17 2.1 mA
lgs Quiescent Current Bootstrap Supply lgs +25°C - 875 1000 HA
-40°C to +85°C - 900 1060 HA
ENABLE Threshold Level V7op +25°C 7 8 9 \
-40°C to +85°C 6.95 8 9.1 \
UP/DN Threshold Level Veot +25°C 7 8 9 \
-40°C to +85°C 6.95 8 9.1 v
Current Trip Select Threshold Level V1RIPge, +25°C 7 8 9 v
-40°C to +85°C 6.95 8 9.1 \"
Trip Lower and Upper Comparator Threshold Viare LUy +25°C 90 105 125 mv
Level - Normal (Iraipggy = Vss) 40°C 10+85°C | 90 105 127 | mv
Trip Lower and Upper Compal;ator Threshold Vtrp Lug +25°C 110 130 150 %
b‘i‘;ﬁ: uf:“t (Irmipsg = Voo) % of Measured 40°C 10 +85°C | 109 130 152 | %
Under Voltage Lockout Thresholds (Vpp & Vgs) Viock +25°C 9 10 11.5 \
-40°C to +85°C 9.7 10.5 11.8 \"
Phase Out of Status Voltage Threshold (PHASE) VosvT +25°C 5 7 9 v
-40°C to +85°C 4.7 7 9.6 \
Faultbar Impedance at Icgag = 1MA RF +25°C 500 760 1000 Q
-40°C to +85°C 450 760 1100 Q

rHALFBRIDGE n
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Specifications SP601

Electrical Specifications .(Vgas = 15V, Pulsed <300ms), Unless Otherwise Noted, All Parameters Referenced to
Vgg Except TRIPy, CL2, G1U, D1U, & Vpg Referenced to PHASE. DF: Vpg to Vgs,
CF: Vgs to PHASE (Continued)

PARAMETER ' SYMBOL TEMP MIN TYP MAX | UNITS
Upper/Lower Source Impedances (Igoyce = 10MA) Rso v +25°C 12 ’ 17 23 Q
-40°C to +85°C 7 17 29 Q
Upper/Lower Sink Impedances (Igiyg = 10mA) Rsiwu +25°C 8 12 16 Q
-40°C to +85°C 5 12 20 Q
Bootstrap Supply Current Limiting iImpedance Rgs +25°C 2 3.5 5 Q
-40°C to +85°C 1.4 3.5 5.6 Q
Noise Dropping Resistor Impedance Rno +25°C 6 10 14 Q
-40°C to +85°C 5.4 10 14.6 Q
High Voltage Leakage (500V Vgs, Vout, PHASE, I +25°C - 1 3 pA
TRIPy, CL2, G1U, G2U, & D1U to Vgs. All other Pins "40°C 1o +85°C N 1 3 A
at Vgg)
Miller Clamp Diodes; D1U and D1L (Ip = 10mA) Vpyun +25°C 1.05 1.4 1.7 \
-40°C to +85°C 1.05 1.4 1.7 v
Noise Clamping Zeners; CL2 and CL1 (I = 10mA) | Veion-tow .+25°C 6.35 6.61 6.85 \
-40°C to +85°C | 6.15 6.61 7.15 \
Noise Clamping Zeners; CL2 and CL1 (Iz=50mA) | Vcion1-High +25°C 7.7 8.1 8.7 \s
Voyr Limiting Resistance Ry +25°C 2 3.5 5 Q
-40°C to +85°C 1.4 3.5 5.6 Q

NOTE: Maximum Steady State + 15Vpc Supply Current = Igjas, + Igs

Switching Characteristics (Al Referenced to Vg, Except: Trip,, CI2, G1u, G2u, And D1u Referenced to PHASE. Dg: Vpg to Vs,
Cr: Vgs to PHASE)

PARAMETER SYMBOL TEMP MIN TYP MAX UNITS

Refresh One Shot Timer tRer +25°C 200 350 500 us

-40°C to +85°C 180 350 540 ps
Delay Time of Trip /u Vollage (ltrip sel. low) to torrry +25°C 2 3 4 us
G2U/G2L Low (50% Overdrive _40°C 1o +85°C 1.85 3 4.35 us
Delay Time of Trip | Voltage (lgp sel. low) to N +25°C 2 3 4 Hs
Faultbar Low 40°C 10 +85°C | 185 3 435 us
Delay Time of Phase Out of Status to Faultbar tosve +25°C 500 700 900 ns
Low (TOP High) ’ 40°C10+85°C | 400 700 1050 ns
Minimum Logic Input Pulse Width: TOP & tiNw . +25°C 300 430 600 ns
BOTTOM 40°C10+85°C | 275 430 660 ns
Minimum G1U/G1L On Time - ton +25°C 1.6 23 3.1 us

-40°C to +85°C 15 2.4 3.4 us
Minimum Pulsed Off Time, G2U/G2L torr . +25°C 1.3 20 3.4 us

-40°C to +85°C 1.05 2.1 39 us
Turn On Delay Time of G1U (BISTATE MODE) tonp +25°C 25 3.2 4.5 us

-40°C to +85°C 2.1 3.3 5.2 us
Turn On Delay Time of G1L (BISTATE MODE) tong +25°C 25 32 45 s

-40°C to +85°C 241 33 5.2 us

4-20




Specifications SP601

Switching Characteristics (Al Referenced to Vg, Except: Trip,, CI2, G1u, G2u, And D1u Referenced to PHASE. Dg: Vp to Vgs,

Ck: Vgg to PHASE) (Continued)

PARAMETER SYMBOL TEMP MIN TYP MAX UNITS

Turn On Delay Time of G1U (TRISTATE MODE) tonp +25°C 0.75 1.0 1.5 us

-40°C to +85°C 0.60 1.1 1.75 us
Turn On Delay Time of G1L (TRISTATE MODE) tong +25°C 0.75 1.0 1.5 us

~40°C to +85°C 0.60 1.1 1.75 us
Turn Off Delay Time of G2U and G2L torrg +25°C 0.75 1.0 1.45 us

-40°C to +85°C 0.60 1.1 1.75 ps
Minimum Dead Time: G1U off to GiL on, or G1L tor +25°C 1.5 2.5 3.5 us
off to G1U on (BISTATE MODE) 40°C to +85°C 10 26 4 s
Fault Reset Delay to Clear Faultbar taT +25°C 3.4 4.5 6.6 us

-40°C to +85°C 3.15 4.8 7.4 us
Rise Time of Upper & Lower Driver (Load = taun +25°C 25 50 100 ns
2000pF) -40°C to +85°C 15 50 115 ns
Fall Time of Upper & Lower Driver (Load = teunL +25°C 25 50 100 ns
2000pF) -40°C to +85°C 15 50 115 ns

Recommended Operating Conditions and Functional Pin Description (Al Voltages Referenced to Vgg, Unless

Otherwise Noted. See Figure 1)

PARAMETER CONDITION
Faultbar Open Drain Fault Indicator Qutput
IrRIP SELECT Digital Input Command to Increase TRIP L and U Threshold by 30%
Veias 14.5V to 16.5V with 15V nominal, = 1.5mA DC BIAS Current
Vop Cpp to Vss
Vss COMMON
Trip | 100mV Signal to Shut Off LOWER Drive and Trigger a Fault Output
CL1 Lower Noise Clamp Zener
G2L & G1L Low Impedance Driver Designed to Drive Power MOS Transistors (LOWER)
Vor Current Limiting Charging Resistor for Bootstrap Capacitor Power Supply
Vgs Bootstrap Supply, Normally a Diode Drop Below Vpp Voltage with Respect to the Floating PHASE Reference
Vour Load Connection Node
Phase Floating Reference Point for High Side Control Circuitry: Vgs, TRIPy, CL2, G1U, G2U & D1U
Tripy 100mV Signal, Referenced to PHASE, to Shut Off UPPER Drive
cL2 Upper Noise Clamp Zener
G2u & G1U Low Impedance Driver Designed to Drive Power MOS Transistors (UPPER)
ENABLE Digital Input to ENABLE the UP/DN Command to Turn on Top/Bottom Devices
UP/DN Digital Input to Top/Bottom Device (If ENABLE is High)
D1U Miller Clamp UPPER to Vgg
DiL Miller Clamp LOWER to Vpp
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SP601

Timing Diagram

ENABLE 1 ——‘—I———— ENABLE 1
0 ) 0
UP/DOWN 1 UP/DOWN 1
0 0
1
REFRESH REFRESH 1
ONESHOT 0 LI l—-J ONESHOT —L,—I__J_I_I——
. L I ‘
lonB lonB ° " n n
1 | 1
VALIDBOToN | VALID BOTgon 0 | I I |
loreT ! I | ” ﬂ lorrT 1
0 'OFF °
lonT : n ” T | ﬂ n
0 ON o
1
B H | I lorB 1 | | l"l
lorF ° oFF 0 I_I
1 1
UPPER UPPER | l | | | |
0 0
1
LOWER | n n Lower | ” | | ”
0

Voc \
vV, DCc
T com \/ U Vour - om
TRISTATE MODE SLOWER THAN REFRESH ONE SHOT TIMER BISTATE MODE SLOWER THAN REFRESH ONE SHOT TIMER
NOTE: BOT switching not relevant.

Typical Circuit Configuration

TRUTH TABLE
Applicable to Typical Circuit Configuration (Figure 1)
INPUTS OUTPUTS
UP/DN ENABLE TRIP, TRIPy PHASE Veias UPPER LOWER FAULT BAR
0 0 0 X X 1 0 0 1
1 1 0 0 1 1 1 0 1
1 1 0 1 1 1 0 0 0
1 1 0 X 0 1 0 0 0
X X 1 X X 1 0 0 0
0 1 0 X X 1 0 1 1
1 0 0 X X 1 0 0 1
X X X X X 0 0 0 0

NOTE: 0 = False, 1 = True, X = Don't Care
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SPe01

25Vpc s Vunk S 500Vpe
Rcu Rpu \
2 3 | B "
19 |18 bz 157 [1a ¥ N
D1U GIU G2U TRIPy PHASE Vour e—2
Cpx2
a>2 1 EenaBLe Vas o1
o D,
. Bt P
= PR N
3 >—1— UP/IDN SP601 p1L o410 — LOAD.
= HVIC ~ I -
w e FAII T -
£« Faum GIL o
a_2 RpL
>—1— haip seLecT coL 2wy
Veis Voo Vss  TRIP o2
3 RpL
COM
15V 3 |4 B 5 1
— C
Iias Cop
FIGURE 1. TYPICAL CIRCUIT CONFIGURATION
LEGEND
Application Specific Rcu Upper Gate Charging Resistor
Application Specific Rpy Upper Gate Discharge Resistor
Application Specific Rpy Upper Current Pilot Resistor
Application Specific ReL Lower Gate Charging Resistor
Application Specific RoL Lower Gate Discharging Resistor
Application Specific RpL Lower Current Pilot Resistor
3uF @ >15DC Cop Local LV Filter Capacitor
0.22uF Ceramic X7R @ > 15Vp¢ Ce Flying Capacitor for Bootstrap Supply
Harris P/N A114M or Equiv PRV 2 V|« De Flying Diode for Bootstrap Supply

Refer to ‘Additional Product Offerings’ for information concerning power output devices.
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SP601

Functional Description

The SP601 provides a flexible, digitally controlled power
function which is intended to be used as PWM drivers of
n-channel MOSFETs and/or IGBTs for up to 240VAC line
rectified totem-pole applications. The CMOS driveable
inputs are filtered and captured by the control logic to deter-
mine the output state. The logic includes fixed timing to pro-
hibit simultaneous conduction of the external power switches
and, thru the Voyt sense detector, verifies the output voltage
state is in agreement with the controlled inputs. The
> 11VDC floating power supply required to drive the upper
rail external power device is created and managed by the
HVIC through Cf and Df. This capacitor is refreshed from the
Vpp supply each time Voyr goes low. If the upper channel is
commanded on for a long period of time, the bootstrap
capacitor Cf is automatically refreshed by bringing Vour low.
This is accomplished by turning off the upper rail MOSFET/
IGBT, momentarily turning on the lower rail output device,
followed by returning control back to the upper switch. Other-
wise, Cf would gradually deplete its charge allowing the
upper switch to come out of saturation. The upper and lower
gate drivers allow for controlled charge and discharge rates
as well as facilitate the use of nearly lossless current sensing
power MOS devices. The over current trip level can be
boosted 30% on a pulse by pulse basis by logic level ‘1’
applied to ltrip seLecT- A FAULT output signal is generated
when any of the following occurs:

V bias is low
Over current is detected
V phase doesn’t agree with the input signal

Reset of FAULT is provided by externally removing power or
by holding the ENABLE input low for the required reset time
(trtmax)-

Each application can be individually optimized by the selec-
tion of external components tailored to ensure proper overall
system operation including:

Determining the ratings and sizing of MOSFETs and IGBTSs,
mixed or matched, as well as flyback diodes (FBD).

The selection of separate gate charge (R¢) & discharge (Rp)
impedance chosen per the Idad capacitance, frequency of
operation, and D/Dy dependent recovery characteristics of
the associated FBDs. Rp should also be sized to prevent
simultaneous bridge conduction by ensuring gate discharge
in the allotted turn off pulse width (torr min)-

The selection of over current detection resistors (Rp), com-
patible with current sense MOSFETs/IGBTS or shunt(s) may
be used.

For the floating bootstrap supply D & Cg must be deter-
mined. Dg must support the worse case system bus voltage
and handle the charging currents of Cr Proper selection
should take into consideration Trg and Tgg per the desired
operating frequency. Proper selection of Cg is a trade off
between the minimum toy time of the lower rail to charge up
the capacitor, the amount of charge transfer required by the
load, and cost. Due to automatic refresh the capacitor is
replenished every 350pus TYP (or even sooner if the UP/DN
input switches at a faster repetition rate).

The local filter capacitor (Cpp) should be sized sufficiently
large enough to transfer the charge to Cg without causing a
significant droop in Vpp. As a rule of thumb it should be at
least 10 times larger than Cr and be located adjacent to the
Vpp and Vgg pins to minimize series resistance and
inductance.

Refer to Application Note AN-8829 for more details about module operation and selection of external components.
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AC to DC Converter Selection Guide

1. Electrical Characteristics at T, = +25°C, 14 Lead Dual-In-Line (E) Package
Operating Temperature Range (T,): -55°C to +125°C.

AC INPUT
VOLTAGE AT MAX MAX INPUT SENSOR CONTROL CURRENT
50-60Hz & DC SUPPLY CURRENT RANGE (RX) | TO THYRISTOR GATE
DEVICE DESCRIPTION 400Hz (VAC) VOLTS (V) (mA) (KQ) (mA)
CA3059 Zero Voltage Switch 24V 14 1 210100 Up to 124 with Internal
120V Supply; Up to 240 with
CA3079 208/230V 10 2 21050 One External Supply
277V
NOTE:




@

HARRIS

SEMICONDUCTOR

CA3059
CA3079

Zero-Voltage Switches for 50-60Hz and

May 1992 400Hz Thyristor Control Applications
Features Description
¢ Relay Control ' The CA3059 and CA3079 zero-voltage switches are mono-
« Valve Control lithic §ilticorf| j:gegrated cirt?tuir:§ designred tt.o corfﬂro/l-\ ?; t.hyristtorlitn
a variety of ower switching applications for AC input volt-
* Synchronous Switching of Flashing Lights ages 0{ 24V, 1p 20V, 208/230\9/, :r?d 277V at 50-60?!2 and
* On-Off Motor Switching 400Hz. Each of the zero-voltage switches incorporates 4 func-
« Differential Comparator with Self-Contained Power tional blocks (see the Functional Block Diagram) as follows:
Supply for Industrial Applications 1. Limiter-Power Supply - Permits operation directly from an
¢ Photosensitive Control AC line.
* Power One-Shot Control 2. Differential On/Off Sensing Amplifier - Tests the condition
* Heater Control of external sensors or command signals. Hysteresis or
¢ Lamp Control proportional-control capability may easily be implement-
T Feat ed in this section.
e reatures
yp CA3059 CA3079 3. Zero-Crossing Detector - Synchronizes the output pulses
* 24V, 120V, 208/230V, 277V at 50/60.... X X of the circuit at the time when the AC cycle is at zero volt-
or 400Hz Operation age point; thereby eliminating radio-frequency interfer-
o DifferentialInput .................. X X ence (RFI) when used with resistive loads.
* Low Balance Input Current (Max) - yA... 1 2 4. Triac Gating Circuit - Provides high-current pulses to the
¢ Built-In Protection Circuitfor ........ X X gate of the power controlling thyristor.
Opened or Shorted Sensor (Term 14) In addition, the CA3059 provides the following important
* Sensor Range (Rx) - kQ............. 2-100 2-50  4yxiliary functions (see the Functional Block Diagram).
* DCMode (Term 12) ................. X 1. Abuilt-in protection circuit that may be actuated to remove
* External Trigger (Term §)............ X drive from the triac if the sensor opens or shorts.
* External Inhibit (Term 1) ... ... X 2. Thyristor firing may be inhibited through the action of an
« DC Supply Volts (Max) ............. 14 10 internal diode gate connected to Terminal 1.
o, -
* Operating Temperature Range (°C) ... -5510 +125 3. High-power dc comparator operation is provided by over-
riding the action of the zero-crossing detector. This is ac-
Ordering Information complished by connecting Terminal 12 to Terminal 7.
Gate current to the thyristor is continuous when Terminal
PARTNUMBER | TEMPERATURE PACKAGE 13 is positive with respect to Terminal 9.
CA3059 -55°C to +125°C | 14 Lead Plastic DIP The CA3059 and CA3079 lied in 14 lead duak
- e an are supplied in ead dual-in-
CA3079 -55°C 10 +125°C | 14LeadPlastic DIP | ;o piastic packages. They are also available in chip form
CA3059H +25°C Dice (H suffix).
CA3079H +25°C Dice
Pinouts
CA3059 CA3079
TOP VIEW TOP VIEW
J 7/
iNHiBIT [1] [14] FAIL-SAFE po Not usk [1] 12 DO NOT USE
Dc sumv% [13] SENSE AMP IN DC SUPPLYE 13 SENSE AMP IN
HIGH CURRENT HIGH CURRENT
NEG. TRIGGER L3 [12] zcD OVERRIDE NGH CURRENTS 19 bo NoT USE
TRIGGER OUT [4] 11] R DRIVER (COM) TRIGGER OUT [4] 1] R DRIVER (COM)
ACIN[5] 0] R DRIVER V* AC IN[5] [1d R DRIVER V*
TRIGGER IN [€] 9] SENSE AMP REF DO NOT USE [§] 9] SENSE AMP REF
commonN [7] 8] common common [7] 8] common

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
Copyright © Harris Corporation 1992
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CA3059, CA3079

Functional Block Diagram

POWER AL
< \AAS SUPPLY

I A EXTERNAL
8-

INHIBIT
ACINPUTE 2
VOLTAGE

CIRCUIT INHIBIT

ON/OFF
SENSING

+
g Eng
Y

* NTC SENSOR

* NEGATIVE TEMPERATURE COEFFICIENT

AC INPUT VOLTAGE (50/60 OR 400Hz) INPUT SERIES RESISTOR (Rg) DISSIPATION RATING FOR Rg
VAC kQ w
24 2 0.5
120 10 2
208/230 20 4
277 25 5
NOTE: Circuitry within shaded areas, not included in CA3079
B See chart

A |C = Internal connection - DO NOT USE (Terminal restriction applies only to CA3079)

OR DC MOD
8 : fr _ Pscson

Z
OPERATION ﬁF A\ W
TR 15V I

— COMMON

FrMAASE S mnn Saan AL (R SO v, SR (P ‘
LINE \
\
INPUT Re \
10K !
\
\
\
A
N
SR |
315
—-0®
SRs SRy \FOR
$ 15K 325 |INCREASED
ATE DRIVE

T Lo Ty PP

________________________________________ '\ TO
THYRISTOR
GATE

All resistance values are in Q coﬂ?ﬁ ON llrmlﬁl]‘_r EXTFE%';ML

NOTE: Circuitry within shaded areas TRIGGER

not included in CA3079
A (C = Internal connection - DO NOT USE (Terminal restriction applies only to CA3079)

FIGURE 1. SCHEMATIC DIAGRAM OF CA3059 AND CA3079
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Specifications CA3059, CA3079

Absolute Maximum Ratings T, = +25°C
DC Supply Voltage (Between Terminals 2 & 7)

L0751 14v

CAB079. ittt ov
DC Supply Voltage (Between Terminals 2 & 8)

{07 b0 L1 T 14v

(07 b0 £ T 10V
Peak Supply Current (Terminals 5&7) ................... 150mA
Output Pulse Current (Terminal 4) .. .....oovvivinennnn 150mA

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indicated in the

Power Dissipations

Up to Ty = +55°C CA3059, CA3079 ......cvuennnnn 700mwW

Above Ty = +55°C CA3059, CA3079 ..... Derate Linearly 6.67mW/°C
Ambient Temperature

Operating. . .o vvvreneeninneerrenieaanns -55°C to +125°C

£ 1e] - Vo - -65°C to +150°C

Lead Temperature (During Soldering)
Atdistance /6" + /3" (1.59 £ 0.79) from case

for 10 S6CONAS MAX . o o e vnrieeeeviineeenennennns +265°C

/ jons of this specification is not implied.

P

Electrical Specifications T, = +25°C, For all Types, Unless Otherwise Specified. All voltages are measured with respect to
Terminal 7. For Operating at 120Vgys, 50-60Hz (AC Line Voltage) (Note 1)

LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN | TYP I MAX | UNITS
DC SUPPLY VOLTAGE (Figure 2a, 2b, 2c)
Inhibit Mode At 50/60Hz Vg Rs=8kQ, I =0 6.1 6.5 7 \
At 400Hz Rs = 10kQ, I =0 - 6.8 - \
At 50/60Hz Rg=5KkQ, I =0 - 6.4 - v
Pulse Mode At 50/60Hz Vs Rg=8kQ, I =0 | 6 6.4 7 v
At 400Hz Rg=10kQ, I, =0 - 6.7 - '
At 50/60Hz Rg=5kQ, I =0 - 6.3 - \'
GATE TRIGGER CURRENT (Figures 3, 4(a)) IgT(4) Terminals 3 and 2 connected, - 105 - mA
Vgr=1V
PEAK OUTPUT CURRENT (PULSED) (Figures 4, 5)
With Internal Power Supply lom(4) Terminal 3 open, Gate Trigger 50 84 - mA
Figure 4a, 4b Voltage (Vg7) =0
Terminals 3 and 2 connected, Gate 90 124 - mA
Trigger Voltage (Vgr) = 0
With External Power Supply lom(4) Terminal 3 open, V+ =12V, Vg7 =0 - 170 - mA
Figure 5a, 5b, 5¢ Terminals 3 and 2 connected, 240 - mA
V+=12V,Var=0
INHIBIT INPUT RATIO (Figure 6) Vo/V, Voltage Ratio of Terminals 9 to 2 0.465 | 0.485 | 0.520 -
TOTAL GATE PULSE DURATION (Note 2) (Figure 7a, 7b, 7c, 7d)
For Positive dv/dt 50-60Hz tp Cexr=0 70 100 140 us
400Hz Cext=0,Rexr=0 - 12 - us
For Negative dv/dt 50-60Hz tn Cexr=0 70 100 140 us
400Hz Cexr =0, Rgxy = o0 - 10 - us
PULSE DURATION AFTER ZERO CROSSING (50-60Hz) (Figure 7a)
For Positive dv/dt tpy Cexr=0, Rgxr =0 - 50 - us
For Negative dv/dt the - 60 - us
OUTPUT LEAKAGE CURRENT (Figure 8)
Inhibit Mode [ ] [ - Jooot] 10 [ ua
INPUT BIAS CURRENT (Figure 9)
CA3059 | - 220 | 1000 nA
CA3079 - 220 | 2000 nA
COMMON-MODE INPUT VOLTAGE RANGE Vemr Terminals 9 and 13 connected - 1.5t05 - v
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Specifications CA3059, CA3079

Electrical Specifications T, = +25°C, For all Types, Unless Otherwise Specified. All voltages are measured with respect to
Terminal 7. For Operating at 120Vgys, 50-60Hz (AC Line Voltage) (Note 1) (Continued)

LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN l TYP |MAX UNITS
SENSITIVITY (Note 3) (Figures 4(a), 11)
Pulse Mode I AV, ]Terminal 12 open I - I 6 I - I mv
NOTES:

1. The values given in the Electrical Characteristics Chart at 120V aiso apply for operation at input voltages of 208/230V, and 277V, except

for Pulse Duration. However, the series resistor (Rg) must have the indicated value, shown in the chart in the Functional Block Diagram,
for the specified input voltage.

2. Pulse Duration in 50Hz applications is approximately 15% longer than shown in Figure 7(b).
3. Required voltage change at Terminal 13 to either turn OFF the triac when ON or turn ON the triac when OFF.

Maximum Voltage Ratings T, = +25°C

MAXIMUM
CURRENT
) ) MAXIMUM VOLTAGE RATINGS T, = +25°C RATINGS
NOTE NOTE | NOTE NOTE NOTES
TERM. 3 1 3 3 2,3 In | lour
1 No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 | mA | mA
1 - - - ) 15 10 n - . . - - - 10 | 0.1
Note 3
2 150 | 10
3 - .
4 0.1 | 150
5 50 | 10
Note 1
6 - .
Note 3
7 . .
8 0.1 2
9 . .
10 . -
1 1 " -
12 50 | 50
Note 3
13 - -
14 2 2
Note 3 |

This chart gives the range of voltages which can be applied to the terminals listed horizontally with respect to the terminals listed vertically.
For example, the voltage range of horizontal Terminal 6 to vertical Terminal 4 is 2 to -10 volts.

NOTES:

1. Resistance should be inserted between Terminal 5 and external supply or line voltage for limiting current into Terminal 5 to less than 50mA.
2. Resistance should be inserted between Terminal 14 and external supply for limiting current into Terminal 14 to less than 2mA.
3. For the CA3079 indicated terminal is internally connected and, therefore, should not be used.
* Voltages are not normally applied between these terminals; however, voltages appearing between these terminals are safe, if the specified
voltage limits between all other terminals are not exceeded.
** For CA3079 (OV to -10V).
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CA3059, CA3079

1000F 73 yg

EXTERNAL

. LOAD
All resistance CURRENT

values are in Q

FIGURE 2(a). DC SUPPLY VOLTAGE TEST CIRCUIT FOR
CA3059 AND CA3079

120VRMS, 50/60Hz OPERATION

Ta = +25°C
s 6.5 T
*» N Rg =5kQ
> 6.0 (INHIBIT
% MODE)
& 55 N\
B \ \)
8 =0
2 Rs = 10kQ \
Z (INHIBIT Re = 5KQ
o 45 % MODE) S = 1
- \ s
z 4.0 Rg = 10kQ \ )
?;ULSE
ODE)
35

0 1 2 3 4 5 6 7 8
EXTERNAL LOAD CURRENT, I; (mA)

FIGURE 2(c). DC SUPPLY VOLTAGE vs. EXTERNAL LOAD
CURRENT FOR CA3059 AND CA3079

OSCILLOSCOPE
WITH
HIGH GAIN
INPUT
e @ G
° = Var

AA L AA

vy vy

6K 5K 7% 1004F

FIGURE 4(a). PEAK OUTPUT (PULSED) AND GATE TRIGGER
CURRENT WITH INTERNAL POWER SUPPLY
TEST CIRCUIT FOR CA3059 AND CA3079

120VRMS, 50/60Hz OPERATION
INPUT RESISTANCE (Rg) = 10kQ
NO EXTERNAL LOAD
s
S 7.00
< INHIBIT MODE
o]
I ers
2 —
6.50 L PULSE MODE 4
8 7
- /
; 6.25 .
5 6.00| 7
5.75

<75 50 25 0 25 50 75 100 125
AMBIENT TEMPERATURE (°C)

FIGURE 2(b). DC SUPPLY VOLTAGE vs. AMBIENT TEMPERA-
TURE FOR CA3059 AND CA3079

120VRMS, 50/60Hz OPERATION
u Ta =+25°C
E 120
s 110 SN
= .
L 100 ~ -
= \ TERMINALS 2& 3
[+ 90 CONNECTED -
‘é‘l 80 [y \\
€ 70 N
= 6 ‘
g 50 —
40 TERMINAL 3 IOPEN
0 1 2 3

GATE TRIGGER, Vgr (V)

FIGURE 3. GATE TRIGGER CURRENT vs. GATE TRIGGER
VOLTAGE FOR CA3059 AND CA3079

120VRMS, 50/60Hz OPERATION
GATE TRIGGER, Vgr =0 (V)

<
E
=
<
3 s
a
o 150 TERMINALS 2 &3 ]
5 CONNECTED
R t
2 \4
E 100
o
X 75
g TERMINAL 3 OPEN
e I T

50

<75 50 -25 0 25 50 75 100 125
AMBIENT TEMPERATURE (°C)

FIGURE 4(b). PEAK OUTPUT CURRENT (PULSED) vs. AMBI-
ENT TEMPERATURE FOR CA3059 AND CA3079
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CA3059, CA3079

Rs
10K

120VRMS
60Hz
o OSCILLOSCOPE
lom@) | <10 T
S +1% ] HIGH GAIN
INPUT
= Var

All resistance values are in Q

FIGURE 5(a). PEAK OUTPUT CURRENT (PULSED) WITH EXTER-
NAL POWER SUPPLY TEST CIRCUIT FOR CA3059

250

EXTERNAL

*,, 0,

4
"o,

200

o,
2,
e,
o]

150

2, 02,
4

100

PEAK OUTPUT, PULSED lopqy, MA)

.

50

e 3V
3v

120VRMS, 50/60Hz OPERATION
GATE TRIGGER VOLTS (Vgr)= 0

s TERMINALS 2 & 3 CONNECTED
vsss7: TERMINAL 3 OPEN

40

50 -20 10 70 100 130

AMBIENT TEMPERATURE (°C)

FIGURE 5(c). PEAK OUTPUT CURRENT (PULSED) vs. AMBI-
ENT TEMPERATURE FOR CA3059

FIGURE

T T T
120VRMS, 50/60Hz OPERATION

z
E 300 | GATE TRIGGER, VGT = 0 (V)
g TERMINALS 2 & 3
3 20 s CONNECTED
8 | |
a 20 - TERMINAL 3 OPEN
=2
Z 1m0 »
2 '/
100
5 /
< /o
% 50
w 4
a.
0
0 5 10 15 20

EXTERNAL POWER SUPPLY, V+ (V)

FIGURE 5(b). PEAK OUTPUT CURRENT (PULSED vs. EXTER-
NAL POWER SUPPLY VOLTAGE FOR CA3059

120VRMS
60Hz

[ ———

All resistance
values in Q

FIGURE 6(a). INPUT INHIBIT VOLTAGE RATIO TEST CIRCUIT
FOR CA3059 AND CA3079

120VRMS, 50/60Hz OPERATION

0.60

0.55

0.50

0.40

0.35

INPUT INHIBIT VOLTAGE RATIO, Vo/V,

0.30

50 25 0 25 50 75 100 125

AMBIENT TEMPERATURE (°C)

FIGURE 6(b). INPUT INHIBIT VOLTAGE RATIO vs. AMBIENT
TEMPERATURE FOR CA3059 AND CA3079
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CA3059, CA3079

AC LINE

- dv/dt

120VRMS, 50/60Hz OPERATION
300 | Ta= +25°C |

tp (POSITIVE dv/dt)

200

p ty (NEGATIVE dv/dt) |

100

TOTAL GATE PULSE DURATION, t (us)

0

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

NOTE: Circuitry within shaded area not included in CA3079. EXTERNAL CAPACITANCE, IC(ex)! (1F)
All resistance values are in Q
FIGURE 7(a). GATE PULSE DURATION TEST CIRCUIT WITH AS- FIGURE 7(b). TOTAL GATE PULSE DURATION vs. EXTERNAL
SOCIATED WAVEFORM FOR CA3059 AND CA3079 CAPACITANCE FOR CA3059 AND CA3079
700 -~ 40
120VRMS, 50/60Hz OPERATION q 120VRMS, 50/60Hz OPERATION
600 | Ta=+25°C < \ Ta = +25°C
z
£ ty1 (NEGATIVE dv/dt) g \\
zd 1 3
.9_ g 400 W 20 \‘ 8
=2 300 2 St (POSITIVE dvidy) ok
S& " a \ (= R
a5 " w o
ﬁ o 20 -_ tpy (POSITIVE dv/dt) ] 5 0 S
() >
2N 100 ~ -&' ty (NEGATIVE dv/dt) 2 %
2 o
0 = 0 |
0 001 0.2 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 10 100
EXTERNAL CAPACITANCE, Cgx) (1F) EXTERNAL RESISTANCE, IRExT)! (kQ)
FIGURE 7(c). PULSE DURATION AFTER ZERO CROSSING vs.EX- FIGURE 7(d). TOTAL GATE PULSE DURATION vs. EXTERNAL
TERNAL CAPACITANCE FOR CA3059 AND CA3079 RESISTANCE FOR CA3059
100 ——————
- 120VRMS, 50/60Hz OPERATION
+ INPUT RESISTANCE (Rg = 100kQ
i‘; | NO EXTERNAL LOAD I V+=6V
Rl
¥ i
g 7
<
w
-
-
2 1! v 4
-
2
o
0.1 l
80 -60 40 20 0 20 40 60 80 100 120 140
AMBIENT TEMPERATURE (°C)
FIGURE 8. OUTPUT LEAKAGE CURRENT (INHIBIT MODE) vs. FIGURE9. INPUT BIAS CURRENT TEST CIRCUIT FOR CA3059
AMBIENT TEMPERATURE FOR CA3059 AND CA3079 AND CA3079
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CA3059, CA3079

TOTAL GATE PULSE DURATION, t (us)

TIME FROM ZERO CROSSING
TO END OF PULSE, t4 (1s)

220VRMS, 50/60Hz OPERATION
INPUT RESISTANCE (Rg) = 10kQ

©
8

60Hz, tp
(+ dv/dt)

/

| SOHz tp __
(+ dv/dt)

»
g

100 1
60Hz, ty
S50Hz, ty 3
ppws ( dvldti
0 1
° 0.02 0.04 006  0.08 01
EXTERNAL CAPACITANCE (iF)
(a)

600 T T

220VRMS, 50/60Hz OPERATION S0Hz 1

INPUT RESISTANCE (Rg) = 10k ___ | "o M

1 l I
60Hz, tyy
400 (- dvidt)
200 -~ [ 60Hz, tpy |
50Hz, tpy (+ dv/dt)
(+ dv/dt) '
0
0 0.02 0.04 0.06 0.08 0.1
EXTERNAL CAPACITANCE (4F)

()

TOTAL GATE PULSE DURATION, t (1s)

& -]
o o
o o

N
o
o

TIME FROM ZERO CROSSING
TO END OF PULSE, t{ (us)

220VRMS, 50/60Hz OPERATION I
INPUT RESISTANCE (Rg) = 20kQ 50Hz, tp
1 1 (+dvidt) [
60Hz, tp | | \
(+ dv/dt)
| —
1
14
j T
- 60Hz, ty
50Hz, ty (- dvidt) —
(- dv/dt) l l
| ]
0 0.02 0.04 0.06 0.08 01
EXTERNAL CAPACITANCE (uF)
(b)
220VRMS, 50/60Hz OPERATION
600 | INPUT RESISTANCE (Rs) = 20ka2
60Hz, ty¢
(- dv/dt) /
400 | 50HZ, tyy »4
(- dv/dt)

50Hz, tp,

(+ dv/dt)
200

60Hz, tp,
(+ dv/dt)
0
0 002 004 006 0.8 0.1

EXTERNAL CAPACITANCE (uF)
(d)

FIGURE 10. RELATIVE PULSE WIDTH AND LOCATION OF ZERO CROSSING FOR 220 VOLT OPERATION FOR CA3059 AND CA3079

ASENSOR RESISTANCE, ARgy - Rofr ()

T L] L] L) L]
SENSOR RESISTANCE = 5kQ
30 / 18
™
20 |- TERMINALS 7 & 12 CONNECTED 12
DC GATE CURRENT MODE
| (CA3058 & CA3059) _
B "
10 — 6
TERMINAL 12 OPEN
PULSED GATE CURRENT MODE
(ALL TYPES)
o R PR 0
75 50 25 0 25 50 75 100 125
AMBIENT TEMPERATURE (°C)

SENSITIVITY, AVy3 (mV)

FIGURE 11. SENSITIVITY vs. AMBIENT TEMPERATURE FOR

CA3059 AND CA3079

TERMINAL 14, V4 (V)

—

THYRISTOR TURN-OFF

AREA OF UNCERTAIN
OPERATION

AREA OF NORMAL
3 OPERATION |

AREA OF UNCERTAIN
OPERATION

11-WRISTOR TURN-OFF

L

25 50 75

50 25 0

AMBIENT TEMPERATURE (°C)

FIGURE 12. OPERATING REGIONS FOR BUILT-IN PROTEC-

TION CIRCUIT FOR CA3059
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CA3059, CA3079

ton = 0.67 R,C,
R,(max. value allowable) = 1ImQ

FIGURE 13. LINE-OPERATED ONE-SHOT TIMER

j OFF o AAA
vy
ON 10KQ RL
MT,
120VAC
60Hz 9
I + 7] MT
100pF CA3059 1
1svoc T CA3079
3
1
ty=0.67 R,C,

FIGURE 14. LINE-OPERATED THYRISTOR CONTROL TIME
DELAY TURN-ON CIRCUIT

"M ON L
10KQ S
OFF W3 R, RL
A'A'A
= ct :: R2 5) (6) (1 MT;
2
2R G
T Nl e 2 mry
1svbc T. 13 CA3059 0
3] N1C J
$) SENSOR 7
ty= RyCy 3) G
R,R DaDad
Ry = e
Ry + R,
FIGURE 15. ON/OFF TEMPERATURE CONTROL CIRCUIT WITH DELAYED TURN-ON
SWITCHED l
LOAD o
o—rA MT,
120VAC T23008
l 2w Séé‘}?,?.m MAX LOAD = 2.5A
== AND TRIAC MT,
CONTROL
L
10KQ 3 L_)
) = S5 Re L | eskQ
= M = R1
L QO
R7 <
RESET SENSOR (18 sk 3
Voo+ PULSE GENERATOR
ouTPUT N J CA3097E THYRISTOR/
. COS/MOS CD4040A TRANSISTOR ARRAY
:OTF' » Hich 12-STAGE COUNTER ©- ©
erminal 1 goes “High”
(Logic “17) after 2048 n QJOXBXOXDID c1
pulses are applied to R
Terminal 10. ® 1KS " =
For 8 hour delay: = 13KQ =
R, = 12MQ
Cy=2uF =

FIGURE 16(a). LINE-OPERATED IC TIMER FOR LONG TIME PERIODS

5-11

ACTODC
CONVERTERS




CA3059, CA3079

SENSOR ILLUMINATION

COUNTER RESET
(TERMINAL 11 OF CD4040)

“CLOCK” PULSES
(TERMINAL 8 OF CA3097E)

COUNTER OUTPUT
(TERMINAL 1 OF CD4040)

TERMINAL 6 OF CA3059 AND
TERMINAL 5 OF CA3097E

TERMINAL 4 OF CA3059
AND POWER IN LOAD

FIGURE 16(b). TIMING DIAGRAM FOR FIGURE 16(a)

; “DAY” : “NIGHT” :
_I———ez-——| e
R
, 2% -
L=— o.g., 8 HRS —| !
1 PULSE/SEC —> :
R 2L

2

—
(S S— e

Cy
LYl
=
120VAC | 10K
60Hz 2W
. W T23028
1 MAX LOAD = 2.5A
RESET = caose TRIAC
RUN RECTIFIER
) PULSE
GENERATOR
% 1K G TRIAC .
= 10K MONOSTABLE
04
ASTABLE
= . RESET | 4+Vpp (=+6.5V)
120pps 4
" " 1 16 A
+Vpp (= +6.5V]
10 COS/MOS CD4020A Do ¢ )
°°‘ = 14-STAGE BINARY
0.001 COUNTER

27 28 29 210 211 212 213 14

TTTITTT]

PROGRAMMING
INTERCONNECTIONS

B o0—

CD4048A
EXPANDABLE
8 INPUT GATE

Vss Kb  Ke

FIGURE 17(a). PROGRAMMABLE ULTRA-ACCURATE LINE-OPERATED TIMER.
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CA3059, CA3079

TIME PERIODS (t = 0.5333 s)

1t 2 | a4 | e | et | s | ea 128t o
CD4020A TERMINALS
a b | c | d | e | ] g9 h
CD4048A TERMINALS

A B c D E F G H

c NC NC NC NC NC NG NC 1t
NC c NG NG NC NC NG NC 2t
c c NG NC NC NC NC NC 3t
NG NC c NC NG NG NC NC 4t
c NC c NG NC NC NC NC 5t
NC c c NC NC NC NC NC 6t
c c c NC NC NG NC NC 7t
NC NC NC c NC NG NC NC 8t
c NC NC c NC NC NC NC ot
NC c NC c NC NG NC NC 10t
c c NC c NC NC NG NC 11t
NG NC c c NC NC NC NC 12t
c NG c c NC NC NG NC 13t
NC c c c NC NC NG NC 14t
c c c c NC NC NC NC 15t
c c c c NC c c NC 11t
NC NC NC NC c c c NC 112t
c NC NC NC c c c NC 113t
c c c c c c c c 255t

NOTES:

1. to =Total time delay =ny t+ny t+. .. Nyt

2. C = Connect. For example, interconnect terminal a of the CD4020A and terminal A of the CD4048A.
3. NC = No Connection. For example, terminal b of the CD4020A open and terminal B of the CD4048A connected to +Vpp bus.

AC

SUPPLY

VOLTAGE /W\/\/\//\\\[\J
|
|

CA3059

OUTPUT I

(PINS 4 AND 6) I
I

|
CD4048A /. ”
1
|

OUTPUT 1"

|

FIGURE 17(b). “PROGRAMMING"” TABLE FOR FIGURE 17(a).
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CA3059, CA3079

Operating Considerations
Power Supply Considerations for CA3059 and CA3079

The CA3059 and CA3079 are intended for operation as self-
powered circuits with the power supplied from and AC line
through a dropping resistor. The internal supply is designed
to allow for some current to be drawn by the auxiliary power
circuits. Typical power supply characteristics are given in
Figures 2(b) and 2(c).

Power Supply Considerations for CA3059

The output current available from the internal supply may not
be adequate for higher power applications. In such applica-
tions an external power supply with a higher voltage should
be used with a resulting increase in the output level. (See
Figure 4 for the peak output current characteristics.) When
an external power supply is used, Terminal 5 should be con-
nected to Terminal 7 and the synchronizing voltage applied
to Terminal 12 as illustrated in Figure 5(a).

Operation of Built-In Protection for the CA3059

A special feature of the CA3059 is the inclusion of a protec-
tion circuit which, when connected, removes power from the
load if the sensor either shorts or opens. The protection cir-
cuit is activated by connecting Terminal 14 to Terminal 13 as
shown in the Functional Block Diagram. To assure proper
operation of the protection circuit the following conditions
should be observed:

1. Use the internal supply and limit the external load current
to 2mA with a 5kQ dropping resistor.

I-_ 4-10
(0.102-0.254)

2. Set the value of Rp and sensor resistance (Ry) between
2kQ and 100kQ

3. Theratio of Ry to Rp, typically, should be greater than 0.33
and less than 3. If either of these ratios is not met with an
unmodified sensor over the entire anticipated tempera-
ture range, then either a series or shunt resistor must be
added to avoid undesired activation of the circuit.

If operation of the protection circuit is desired under condi-
tions other than those specified above, then apply the data
given in Figure 12.

External Inhibit Function for the CA3059

A priority inhibit command may be applied to Terminal 1. The
presence of at least +1.2V at 10pA will remove drive from
the thyristor. This required level is compatible with DTL or
T2L logic. A logical 1 activates the inhibit function.

DC Gate Current Mode for the CA3059

Connecting Terminals 7 and 12 disables the zero-crossing
detector and permits the flow of gate current on demand
from the differential sensing amplifier. This mode of opera-
tion is useful when comparator operation is desired or when
inductive loads are switched. Care must be exercised to
avoid overloading the internal power supply when operating
in this mode. A sensitive gate thyristor should be used with a
resistor placed between Terminal 4 and the gate in order to
limit the gate current.

2-60
(1.321-1.524)

59-67
(1.499-1.702)

Dimensions in parentheses are in millimeters and are derived from
the basic inch dimensions as indicated. Grid gradations are in mils
(10 inch).

The photographs and dimensions represent a chip when it is par of
the wafer. When the wafer is cut into chips, the cleavage angles are
57° instead of 90° with respect to the face of the chip. Therefore, the
isolated chip is actually 7 mils (0.17mm) larger in both dimensions.

DIMENSIONS AND PAD LAYOUT FOR CA3059H AND CA3079H
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Full Bridge Selection Guide

PEAK OUTPUT
CURRENT NO LOAD MAXIMUM
PART NUMBER DESCRIPTION EACH DRIVE SUPPLY VOLTAGE SUPPLY CURRENT
CA3275 Dual H-Drive +150mA 8Vito 16V 20mA
HIP4010 Power H-Switch 0.5A +4V to 15V 15mA
or
2V to £7.5V
HIP4011 3 Phase Motor Controller 5A 10.4V to 13.2V 15mA
HIP4080 H-Bridge Drive 2A 8V to 16V 20mA
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CA3275

Dual-H Driver

Features
¢ Dual-H Drivers on One IC
¢ 1+ 150mA Maximum Current

¢ Logic Controlled Switching

L]

Direction Control

PWM gyt Control

* 18V Over-Voltage Protection

¢ 300mA Short-Circuit Protection

Nominal 10V to 16V Operation

Internal Voltage Regulation With Bandgap Reference

.

Applications

¢ Dual H-Switch For Air Core Gauge Instrumentation
¢ uP Controlled Sensor Data Displays

* Speedometer Displays

¢ Tachometer Displays

* Stepper Motors

» Slave Position Indicators

Description

The CA3275 Dual-H Driver is intended for general-purpose
applications requiring Dual-H drive or switching, including
direction and pulse-width modulation for position control.
While all features of the IC may not be utilized or required,
they would normally be used in instrumentation systems with
quadrature coils, such as air-core gauges, where the coils
would be driven at frequencies ranging from 200Hz to
400Hz. The coils are wrapped at 90° angles for independent
direction control. Coils wound in this physical configuration
are controlled by pulse width modulation, where each coil
drive is a function of the sine or cosine versus degrees of
movement. The direction control is used to change the direc-
tion of the current in the H-Driver coil.

The switch rate capability of the IC is typically 30kHz regard-
less of the inductive load. Over-current limiting is used to
limit short circuit current. Over-voltage protection (in the
range of 18V to 40V) causes the device to shut down the
output current drive. Thermal shutdown limits power dissipa-
tion on the chip. The CA3275 is supplied in a 14 lead dual-in-
line plastic package.

Ordering Information

PART TEMPERATURE PACKAGE

CA3275E -40°C to +85°C 14 Lead Plastic DIP

CA3275 f
Shaars ROTOR
DRIVER
L]
LB§ cos

MICROPROCESSOR
PHASE, DIRECTION ),
& PWM CONTROL

Pinout Block Diagram
14 LEAD DUAL-IN-LINE PLASTIC
PACKAGE (E SUFFIX)
TOP VIEW
\J
colL A- [T} [13] coiL A+
Vee [2] [13] GND
vee 3] 72] PWMA SENSOR &
CONVERTER D
pwmB [4] [17] DIR A A, VIF, ETC
DIR B [5] [10] anD
Vee [6] 9] GND
CcoIL B- [7] 8] COILB+

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
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Specifications CA3275

Absolute Information (T¢ = +25°C) Unless Otherwise Specified

Operating Vg « v vvvvevnrreneneeninrenneeennneannenes 16V Ambient Temperature Range
Transient Vg, 30 Seconds Maximum [T o -40°C to +85°C
Peak Vg, 0.4 Seconds Maximum.......... Storage -55°C to +150°C
Maximum Continuous Output Current, Lead Temperature (During Soldering). ................. +265°C
Each Drive At distance 1/16 + 1/32" (1.59 £ 0.79mm) from case for 10s max
Maximum PWM Output Switching Current,............... +150mA
Each Drive
Power Dissipation, Pp
UPtO470%C ettt it ceaei i eans 750mwW
Above +70°C......ovieiiinnnnn Derate Linearly at 11.1mW/°C
CAUTION: Stresses above those listed in “Absolute Maximum Ratlngs’ may cause permanenr damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the op ions of this specification is not implied.
Electrical Specifications At T, = +25°C, V¢ = 16V Unless Otherwise Specified
LIMITS
PARAMETERS SYMBOL MIN TYP MAX UNITS
Operating Supply Voltage Range Vee 8 - 16 \
Supply Current (Note 1) lee - 8 20 mA
INPUT LEVELS
Logic Input, Low Voltage Vi - - 0.8 v
Logic Input, High Voltage Vi 35 - - v
Logic Input, Low Current, V, =0V " -10 - = HA
Logic Input, High Current, V, = 5V ™ - - 10 pA
OUTPUT: RLA = RLB = 138Q
Maximum Source Saturated Voltage Vgar - High - 1.2 1.75 v
Maximum Sink Saturated Voltage Vgar - Low - 0.25 05 v
Differential Vg7 Voltage, Both Outputs Saturated Diff - Vgar - 10 100 mv
Switching Specifications
LIMITS
PARAMETERS SYMBOL MIN | TP | MAX | UNITS
SOURCE CURRENT (See Figure 3)
Turn-Off Delay Tscoff - - 2 us
Fall Time Tscr - - 22 us
Turn-On Time Tsc-oN - - 1 us
Rise Time Tscr - - 0.4 us
SINK CURRENT (See Figure 4)
Turn-Off Delay Tsck-oFF - - 1.6 us
Fall Time TSCK-F - - 0.4 us
Turn-On Time Tsck-oN - - 0.6 us
Rise Time Tsck-R - - 0.2 us

NOTE:
1. No load, PWMA = PWMB = 5V, DIRA =DIRB = 0V
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CA3275

Vee
SHORT SHORT
CIRCUIT CIRCUIT
PROTECTION PROTECTION
‘ a1 Q3
POWER  POWER
DIRA N
| el | ,COILA- COIL A,
@ Q4
PWMA > POWER POWER
Vee
CIRCUIT CIRCUIT
PROTECTION PROTECTION
INTERNAL VOLTAGE T
SUPPLY WITH =
BANDGAP REFERENCE Vee
OVERVOLTAGE PROTECTION 1
AND THERMAL SHUTDOWN |
CIRCUITS
SHORT SHORT
CIRCUIT CIRCUIT
PROTECTION PROTECTION
| a a3
= POWER  POWER
| | COILA- COILA,
@ Q4
PWMA > POWER  POWER
SHORT SHORT
CIRCUIT CIRCUIT
PROTECTION PROTECTION
=

FIGURE 1. CA3275 DUAL-H DRIVER SCHEMATIC

LB

[V ores
MOTOR
°

Vee
colL A- A COIL A+
Rietanl ) i}
Vee GND
u._.____..Ez: H3
Vee PWMA
PWMB _,__._ﬂ{z E&
DIRB — GND
DIRB ——>—————— 5 10}
Vee [ GND
5 5}
COIL B~ — coiL B+ .
e o;
DIRA —>
PWMA =+

FIGURE 2. QUADRATURE STEP-MOTOR APPLICATION SCHEMATIC

FULL BRIDGE




CA3275

Vs

bRO—9¢ - coiL
DUt @ S1501CL  CLINCLUDES PROBE AND TEST CAPACITANCE
L

Pwi D>—}p | Toor
DIR PULSE
50% 50%
TEST CIRCUIT 1 —_ —
X 90%

90% I/
COIL OUTPUT
TEST CONDITIONS: PWM = 0V, Vg = 16V
DIR PULSE PARAMETERS: 10% 10%
F=1kHz, W = 100us, TR = TF = 1us, AMPL = 4V ]
Tscon | Tsch TscoffF_| Tscr
I 1
TscorF, TscF Tscon | Tsch
90% 90%
COIL OUTPUT
K 10% 10% A=

FIGURE 3. SOURCE SWITCHING TEST CIRCUIT AND VOLTAGE WAVEFORMS

Vs
TEST CONDITIONS: PWM = 0V, Vg = 16V Q
DIR PULSE PARAMETERS:
F = 1kHz, W = 100ys, TR = TF = 1us, AMPL = 4V 9

RL 150
DR[>—+¢
DUT )
PWM [ § :;pF C INCLUDES PROBE AND TEST FIXTURE CAPACITANCE
[
TEST CIRCUIT 2
PWM PULSE
" PWM PULSE PARAMETERS:

F = 1kHz, W = 100ps, TR = TF = 1ps, AMPL = 4V

TskoFr  TskF

COIL + OR - OUTPUT

FIGURE 4. SINK SWITCHING TEST CIRCUIT AND VOLTAGE WAVEFORMS
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HIP4010

Power H-Switch

Features
¢ Two Independent 1/2 H-Switch Drivers

e SingleSupply....covvivieiniinnnannnn +4V to +15V
e Dual Supplies................ocevvvinn +2V to 7.5V
o Switching Capabilities. ..........ccevvivinan 0.5A

CMOS Input (TTL Compatible)
« Complementary (CMOS) Switching Circuit

Over-Temperature Protection

Current-Overload Protection

“Dynamic Braking” Circuit
RdSgN «vevnenvnnnennnn 0.5Q per Switching MOSFET

Applications:
¢ Motor Control

¢ Relay Driver

¢ Solenoid Driver

¢ Stepper Motors

Ordering Information

Description

In the Functional Block Diagram of the HIP4010 the four
switches and a load are arranged in an H-configuration so
that the polarity of the dc supply voltage (from terminals
Vppa and Vgga) applied to the load can be selected by
switching; thereby directing the flow of load current in either
direction. This is commonly known as 4-quadrant load con-
trol. As drawn in the Functional Block Diagram, switches P1
and N2 are “closed;” when current flows from Vpp, through
P1, through the load, and then through N2 to terminal Vgga;
where load terminal OUT1 is at a positive potential with
respect to OUT2. Switches P1 and N2 are operated syn-
chronously by the control logic. The control logic switches P2
and N1 to an “open” state when P1 and N2 are “ON". When
the switch states are reversed, P1 and N2 are open and N1
and P2 are closed. Consequently, current then flows from
Vppa through P2, through the load, and through N1 to termi-
nal Vgga, Where load terminal OUT2 is then at a positive
potential with respect to OUT1.

The HIP4010 POWER H-Switch is designed in a high speed
BiMOS-E technology, using both CMOS and bipolar transis-
tors. The BiMOS-E process adds a drain extension implant
to 3u poly-gate CMOS transistors, enhancing the device
voltage capabilities. Vertical bipolar transistors, having high
gain-bandwidth and transconductance, are standard in the
BiMOS-E technology.

The HIP4010 POWER H-Switch is available in a 16 Lead
Dual-In-Line Plastic Package with heat spreading frame con-

TEMPERATURE PACKAGE & struction to enhance thermal dissipation. Under normal con-
PART NUMBER RANGE LEAD FORM ditions, the HIP4010 can dissipate 1.5W (typ.) in free air at
0 L F
HIP4010MP _55°C to +125°C 16 Lead DIP +60°C and can dI.SSIpale 1.5W (typ.) at +105°C with a PC-
Board as a heat-sink.
Pinout Functional Truth Table
16 LEAD DUAL-IN-LINE PLASTIC PACKAGE HIP4010 H-SWITCH
TOP VIEW
SWITCH DRIVER 1 SWITCH DRIVER 2
- INPUTS OUTPUT INPUTS OUTPUT
vss [0 16] P28
P1 N1 EN1 ouT1 P2B N2 EN2 ouT2
1 2] 5] N2
N E E ILE H L H OH L L H OH
VDD E '1_‘3] Voo L L H oL H L H oL
Vopat E [12] Vppa2 H H H oL L H H oL
ent [6 11] Enz L H H oL H H | H oL
ourt [7] 9] out2 X X L z L H H oL
8 9
Vssat [8 [o] vssa2 L = Low logic level; H = High logic level
Z = High Impedance (off state)
OH = Output High (sourcing current to the output terminal)
NOTE: Terminals 4, 5, 12 and 13 are interconnected | OL = Output Low (sinking current from the output terminal)
X =Don't care

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures.
Copyright © Harris Corporation 1992 6-7
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Specifications HIP4010

Absolute Maximum Ratings

DC Supply Voltage (Between Vppa1 and Vgga1 Terminals). ... 16V
DC Supply Voltage (Between Vppa2 and Vgsa2 Terminals). ... 16V
DC Supply Voltage (Between Vpp and Vgg Terminals) ....... 16V
DCinputVoltage ........cvvviiiiiiiiiinneneernnnnnns 16V
Input Terminal Current .. .. .oovviivineiinirennennne, 1mA
Recommended DC Operating Voltage Range

(VDD to Vgs, VDDA1 to Vss;ﬂ , VDDA2 to VSSAZ) ..., +4Vio +15V
Operating Temperature Range. . .............. -55°C to +125°C
Junction Temperature, Ty......coovviiiininiineneen.s +150°C
Lead Temperature (During Soldering) ................. +265°C

Power Dissipation (Pp)

Upto+60°C (FTe@ Air). ... vvveeeieeeeneneennnnennnn 1.5W .
Above +60°C ................. Derate linearly at 16.6mwW/°C
Up to +90°C, with Heat Sink (PC Board). ............... 1.5W
Above+90°C ..........eiiuun.. Derate linearly at 25mwW/°C

Maximum Thermal Resistance (Free Air*) Junction-to-Air . ... +60°C/W

* In free air, the junction-to-air thermal resistance (Rg,,) is typically
+50°C/W. This coefficient can be lowered to 40°C/W by suitable
design of the PC board to which the HIP4010 package is soldered.

CAUTION: Stresses above those listed in "Absolute Maximum Flatmgs may cause permansn! damage to the device. This is a stress only ratlng and operation

of the device at these or any other conditions above those i d in the

of this specification is not implied.

Typical Values Intended Only for Design Guidance

TA =+25°C, VDDA1 , vDDA2v and Vpp = +12V; VSSA1 ) VSSA2I and
Vgg = 0V, Unless Otherwise Specified

PARAMETERS SYMBOL TEST CONDITIONS TYPICAL VALUES UNITS
Output Current 0.5 A
Input Resistance 0.5 TQ
Saturation Voltage Igink = 0.5A Vsar 0.25 \"
Response Time Rise 1, C_=5pF 1.0 us
Response Time Fall t RL=1Ma 0.2 pus
Electrical Specifications T, =+25°C, Vgga1, Vssa2, and Vgg = 0V, Unless Otherwise Specified
LIMITS
PARAMETERS SYMBOL MIN TYP MAX UNITS
Vopal, Vopa2, and Vpp = +12V:
Input Current ci - 40 50 pA
Input Voltage Range Vi 0.0 - 12.0 v
Idle Supply Current; loyr =0 IsuppLY - 10 15 mA
Output Voltage High; (Vsar) Isource = 0.5A Vou 11.65 1.7 11.75 v
Output Voltage Low; (Vsar) Isink = 0.5A VoL 0.25 0.30 0.35 v
Response Time Rising Edge tor - 1.0 TBE ps
Response Time Falling Edge tor - 0.1 TBE us
Output Source Current - 500 530 mA
Output Sink Current 450 500 530 mA
Vppal, Vppa2, and Vpp = +5V:
Input Current cn - 40 50 pA
Input Voltage Range Vi 0.0 - 5.0 v
Idle Supply Current; lgyt =0 IsuppLY - 3.0 4.0 mA
Output Voltage High; lsoyrce = 0.5A Vou 4.55 4.6 4.65 \
Output Voltage Low; (Vgar) lsink = 0.5A VoL 0.35 0.40 0.45 v
Response Time Rising Edge tor - 1.0 TBE pus
Response Time Falling Edge or - 0.1 TBE us
Output Source Current 450 500 530 mA
Qutput Sink Current 450 500 530 mA
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HIP4010

Application to the “DIRECTION" terminal; resutting in either clockwise (CW)
The Functional Block Diagram shows an application block O counterclockwise (CCW) shatt rotation. When the “BRAKE"
diagram of a motor-driver circuit using HIP4010 as a “Ful" erminal is transitioned HIGH (while holding ENABLE at HIGH),
H-Switch. The “left’ and “right” H-Switch's are driven from the gates_ of both N1 and N2 are driven HlGI—]. Thus, if current
the control input terminals to the output switching transistors ~ Was flowing through N1 (f,'°"}, the motor terminal OUT1) at the
of the HIP4010. The circuit is intended to safely start, stop, Moment of “dynamic braking,” it would continue to flow through
and provide control of rotational direction for a motor requir- V1 10 the Vssal/Vssa2 extemal groun'ci tie, then continue
ing no more than 0.5 A of supply current. The stop function through diode D4 to motor teminal OUT2; the resistance of the
includes a “dynamic braking” feature. n?oto_r winding (and tl)e series-connected p_ath) d|s§|pates the

) ) . kinetic energy stored in the system. Reversing rotation, current
With the “ENABLE" terminal LOW, MOSFET Switches P1and  fiowing through N2 (from the motor terminal OUT2), at the
P2 are “oft” i.e., supply current is cut oft. With the "BRAKE"  moment of “dynamic braking”, would continue to flow through
terminal LOW and “ENABLE" transitioned HIGH, either P1, N2 npo 10 the Vgga2Vgsal tie, then continue through diode D2 to

or P2, N1 can be driven into conduction; the CMOS-pair  the motor terminal OUTH, to dissipate the stored kinetic energy
chosen for conduction is determined by the logic level applied a5 previously described.

Functional Block Diagram

g +—> .V
[ ettt Rttty el M )
\ 1}
P2 | :
.
BRAKE | N2— { | controL :
-] Locics « \
ON EN2_ W g H
orrd | Ec « !
. 4y 3
\ 0wz 8] 1
' 46 0 I
DIRECTION P i a0
! ~ -l B
w
Ni_ | CconTROL - '
] Locica !
ENABLE EN1_ 4 ]
sl - ;
Vssa2 i ILF
(DIGITAL (0.5A FAULT FLAG)
GROUND) X =
Terminal Assignment Information
Vppal Positive terminal-pin for power-supply; Vppa1 is internally connected to Vppa2 and Vpp.
Vppa2 Positive terminal-pin for power-supply; Vppa2 is internally connected to Vppal and Vpp.
Vpp Positive terminal-pin for power-supply suited to digital circuits; Vpp is internally connected to Vppa1 and Vppa2.
Vgsal Negative terminal-pin for power-supply; used in conjunction with Switch Driver 1.
Vssa2 Negative terminal-pin for power-supply; used in conjunction with Switch Driver 2.
Vss Negative terminal-pin for power-supply suited for digital circuits.
P1, P2B Input pins used to control the direction of output current flow in Switch Driver 1 and Switch Driver 2, respectively.
N1, N2 Input pins used to activate the Dynamic Braking of Switch Driver 1 and Switch Driver 2, respectively.
EN1, EN2 Input pins used to enable Switch Driver 1 and Switch Driver 2, respectively.
OUT1, OUT2 Output pins for Switch Driver 1 and Switch Driver 2, respectively.
ILF Qutput pin (flag); high logic level signify that Switch Driver1, Switch Driver2, or both are in “Current Limit” state
NOTES:

1. Terminals P1, P2, N1, N2, P2B, EN1 and EN2 are internally connected to protection circuits intended to guard the CMOS gate-oxides
against damage due to electrostatic discharge. However, these devices are sensitive to electrostatic discharge. Proper I.C. handling pro-
cedures should be followed.

2. For maintenance of performance and reliability, Harris Semiconductor strongly recommends that the “IC Handling Procedures”, located
in Section 1 of the current Analog Products Data Book, be followed closely by any activity involved with IC products.
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HIP4011

Three-Phase Brushless DC Motor Controller

Features

¢ 3A DC, 5A Peak Output Current
+ 16V Max. Rated Supply Voltage

* Built-in “Free-Wheeling” Diodes

Undervoltage Sense

Rotor Conditions

¢ Output dv/dt Limited to Reduce EMI
+ External Dynamic Brake Control Switch With

e Thermal & Current Limiting Protects Against Locked

« Provides Analog Current Sense & Reference Inputs the supply drops below a predetermined switch point. Power

¢ Decode Logic with lllegal Code Rejection

Description

The HIP4011 motor driver is intended for three phase
brushless motor control at continuous output currents up to
3A. It accepts inputs from buffered Hall effect sensors and
drives three motor windings, regulating the current through
an external current sensing resistor, according to an analog
control input. Output "freewheeling” diodes are built in and
output dv/dt is limited to decrease the generated EMI.
Thermal and current limiting are used to protect the device
from locked rotor conditions. A brake control input forces all
outputs to ground simultaneously to provide dynamic
braking, and an internal voltage sensor does the same when

down braking energy is stored in an external capacitor.

Applications Ordering Information
¢ Drive Spindle Motor Controller
PART TEMPERATURE
¢ 3¢ Brushless DC Motor Controller NUMBER RANGE PACKAGE
¢ Brushless DC Motor Driver for 12V Battery Powered HIP40111S -40°C to +85°C 15 Lead Power SIP
Appliances
¢ Phased Driver for 12V DC Applications
e Logic Controlled Driver for Solenoids, Relays &
Lamps
Pinout OUTPUT TRUTH TABLE
15 LEAD POWER SIP FORCE
TOP VIEW SENSOR BRAKE
INPUTS INPUT* OUTPUTS
15— SGND = SIGNAL GROUND
- 14 ——> SPD = SPEED CONTROL A B [ FBRK A B [
Fer ot 2 1SEN CioENsE ¥ 0o o 0 OFF | OFF | OFF
> =
ELEorioALLY © S WA psenon | T T o
CONNECTED : — 8\(;}9 .:.P3¥IERTVB+
—> _ =OUTPU
_ = Cl
o i‘=> g‘llnc =gg;l':sun7vc 1 1 0 0 OFF | 1 0
_ + = '+
3 ———> SENC = SENSE INPUTC 0 0 1 0 OFF| 0 1
2|——> SENB = SENSE INPUTB
AN ~__ 1= SENA = SENSEINPUT A 1 o[ 1 0 1| 0o |OFF
0 1 1 0 0 [OFF| 1
1 1 1 0 OFF | OFF | OFF
X X X 1 0 0 0
* Undervoltage and Force Brake logic truth table
entries are identical.
“X* = Don't Care
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2939.1

Copyright © Harris Corporation 1992
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Specifications HIP4011

Absolute Maximum Ratings

Supply Voltage, SV+orPV+. . ....oovvviiinn o ns -1Vto +16V
Referred to SGND or PGND (Note 1)

QOutput Current, CoNtiNUOUS .+ .ot vvviviivriinr i rennen 3A

Output Current, Peak (Note 2) .. ......covvviiiiiiieniennn 5A

Substrate (PGND)Current. . ... ..cvvviiinn e erennennns 1A

Logic InputCurrent. . .......coiiiiiiiiit, -20mA to +20mA
(Clamped to SV+ and SGND)

NOTES:

1. PV+ and SV+ are to be tied together, as are PGND and SGND.

Dissipation/Temperature Ratings

Power Dissipation (Note@ 3) .. .....coviveienvnrnnnnnnn.. 25W
Junction Temperature Range, Operating ............... +150°C
Storage Temperature Range. .. ............... -55°C to +150°C

2. Operating above the continuous current rating causes a decrease in operating life.
3. Derate power dissipation above case temperature of +75°C at 0.33 Watts/°C.

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indicated in the op

of this specification is not implied.

Electrical Specifications T, = +25°C and SV+ = PV+ = 10.4V to 13.2V, Unless Otherwise Specified

LIMITS

CHARACTERISTIC TEST CONDITION MIN TYP MAX UNITS
SUPPLY (SV+) CURRENT
No Drive Qutputs Off 10 mA
With Drive Outputs On 15 mA
LOGIC INPUT CURRENT
Sensor Inputs SENA, SENB & SENC = 0V to 3V -0.5 -1.5 mA
Brake Input FBRK = 0.8V to 2.4V 50 150 HA
LOGIC INPUT THRESHOLDS
Sensor Inputs Logic “0” Input Voltage 1.8 v
Sensor Inputs Logic “1” Input Voltage 3 v
Brake Input Logic “0” Input Voltage 0.8 \
Brake Input Logic “1” Input Voltage 2.4 \Y
AMPLIFIER INPUT (SPD)
Bias Current 700 nA
Offset Voltage 3 mV
Input Range (Linear) 0 1 v
Input Impedance 1 MQ
SYSTEM BANDWIDTH (Note 1) 35 kHz
CURRENT LIMIT Rsense = 0.20Q 5 A
THERMAL LIMIT
Threshold 155 °C
Hysteresis 40 °c
OUTPUT DRIVERS
On Saturation (See Note 5) lout = 3A, Vpmos + Vnmos 2.2
On Saturation (See Note 5) lout = 0.6A, Vpmos + Vnmos 0.44 \"
Off Leakage PV+ > Vout > PGND or Isen 1 mA
Slew Rate (See Note 2) 0.5 V/uS
FREEWHEEL DIODES
Forward Drop lout=1A 1.5 Vv

6-11

FULL BRIDGE




HIP4011

Electrical Specifications T, = +25°C and SV+ = PV+ = 10.4V to 13.2V, Unless Otherwise Specified (Continued)

LIMITS
CHARACTERISTIC TEST CONDITION MIN TYP MAX UNITS
INTERNAL BRAKE DRIVER
Undervoltage Trip Point, PV+ (See Note 3) 2.7 3.3 v
Hysteresis (See Note 4) 40 60 %
On Saturation Each Nmos, lout = 3A 0.4 v
BRAKE CAPACITOR (BCAP)
Discharge Leakage SV+=PV+=3Vto 12V, BCAP = 10V 5 pA
NOTES:
1. The system bandwidth is fixed by an internal RC network around the amplifier.
2. Internal limiting of turn on and turn off drive is used to limit output dv/dt.
3. The braking action starts at the given trip point with a falling supply voltage.
4. Hysteresis causes the brake to be removed at a higher trip point with a rising supply voltage.
5. This value includes the combined voltage drops of one upper plus one lower switch at the indicated current.
Functional Block Diagram
SIGNAL T e ;L'". ““““““““““““ 1 BCAP
v+ o ! J VBS (BRAKE 110 L BRAKE
1mA | v+ (ssuss REF) ! .
\4PV+ T
SENA  __ [SPV }-oPOWERV:
1 {OUTA  MOTOR0A
HALL ] W11
SENSOR —L— L i H L ]
A= =
V+ t - | MOTOR¢B

DECODE

&3
o @DE{

\
1
\
\
\
v
\
\
\
\
v
\
\
\
H 1)
\ 1
\ 13
\ .
\ 1
' 1
\ :
\ LoGic 10UTB
L
E YR E:
}
N CODE : g
\ REJECTION '
SENSOR \ E
: * ioutc
\ H —1 ¢
\ 4 15 MOTOR ¢C
5 CURRENT ) :12 ISEN
: LIMITING ! :
E v ISEN
\ Veo L L 17 ,ggsgsm
) CURRENT ummuc :
§ ( REF) 1K J1K : RESISTOR
v r—a
E |PGND
FBRK \
FORCE \ THERMAL | L TAD
BRAKE "6 v SENsING | T -JT— ! =
! L \ SUBSTRATE
E‘ Ry E GND
v
IREF 14 | = Ry 3
v — AV ‘ '
é-- \ 39K |
la \ '
< : :
lJ
SIGNAL | 15 = E
GND [SGND | '
1

THREE-PHASE BRUSHLESS CONTROLLER
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HIP4080

High Frequency H-Bridge Driver

ADVANCE INFORMATION

May 1992

Features

* High Voltage Capability;
Voltage to 95VDC

........................... 80V (Max)
Small Surface Mount Package

Drives 1000pF Load at 450KHz in Free Air at 50°C with
Rise and Fall Times of Typically 10ns

Bootstrap Supply Max

Bus Voltage

User-Programmable Dead Time

Drives 4 N-Channel Devices in H-Bridge Configuration

On-chip Charge-Pumps Maintain Bootstrap Supplies
¢ HEN Pin can PWM Upper Switches Only

HEN (High Enable) and DIS (Disable) Pins Override
Input Control

Proprietary Circuitry Minimizes On-Chip Switching

Description

The HIP4080 is a high frequency, medium voltage H-Bridge
N-Channel MOSFET driver IC, packaged in a 20 or 24 pin
plastic SOIC. Due to its ability to switch at frequencies
greater than 500KHz,the HIP4080 is particularly well suited
for driving Voice Coil Motors for medium and large computer
disk drives, switching amplifiers in high-efficiency switching
audio amplifiers and H-Bridge power supplies depending on
load and cooling techniques.

Short propagation delays of approximately 70ns and dead
times of typically 40ns coupled with “minimum on times” of
about 100ns allow a nearly distortionless, ripple-free current
waveform and maximum control loop crossover frequencies
providing rapid, fine control of the driven load.

HIP4080 can also drive any small, medium voltage brush
motor, and two HIP4080s can be used to drive high perfor-
mance stepper motors, since the short minimum “on-time”
can provide fine micro-stepping capability.

Losses
* Input Logic Thresholds Compatible with 5 and 15 volt  Ordering Information
Logic Levels
. ) PART NUMBER TEMPERATURE PACKAGE
* On-Chip Control Circuit Initializes Bootstrap Capaci- - -
tors upon Chip Enable HIP4080IP -40°C to +85°C | 20 Pin Plastic DIP
. . HIP4080iB -40°C to +85°C 20 Pin Plastic SOIC
Applications
* MediunmvLarge Voice Coil Motors
+ H-Bridge Power Supplies
* Digital Power Amplifiers for Hi-Fi systems
¢ High Speed Stepper Motor controls
Pinout
20 PIN PLASTIC DIP
20 PIN SOIC
TOP VIEW
U
sHB [1 20] BHO
HEN [2] 1] BHS
pis [3] 1] BLO
vss [4] 7] BLS
out [ [16] Voo
N+ [&] 15] Vee
IN- [7] [13] ALs
HDEL [g] [13] ALO
LDEL [3] [12] AHS
AHB [1] [11] aHo

CAUTION: These devices are itive to elect
Copyright © Harris Corporation 1992

ge. Users should follow proper I.C. Handling Procedures.
6-13
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HIP4080

Functional Block Diagram

_J ? 7 E AHB BHB E i L
R LEVEL SHIFT LEVEL SHIFT Al
e AND LATCH W’ [11] AHO BHO [20] 4@ AND LATCH oup
Voo l [iz] AHS BHS [i9] J .
HEN E—b— TURN-ON TURN-ON _q:
= DELAY DELAY
> | —
Dis
P
out 5]
TURN-ON W [3] ALO BLO [ig] TURN-ON
N+ [€] } DELAY DELAY
n [TH6 2] ALs BLS
HDEL [B]
LoEL [3}
vss [4]
Typical Application
75V
e —ia e
20}
12v 19} Lo .
DIs 18 WA
— 7}
A'A E | — —‘
6V —AAA— ;1__5}—-4 12v —I::— —J_—C"‘_
13}
IN —WA—e 3]
!
i
$ $3
b3 > o
1]
$ GND vy
\

AA

\AAS

YVv

$ GND
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Specifications HIP4080

Absolute Maximum Ratings

Supply Voltage, Vppand Veg. v vvvvvevinnnennnn -0.3Vto 16V Input Current, HDELand LDEL. .................. -5mA to OmA
Input, Outputor /O Voltage . . ............... -0.3Vto Vpp+0.3V  PhaseSlewRate...........c.ooiviiiiiiiiienennnnnn 20V/ns
Voltage on AHS,BHS................. -2.0V (Transient) to 80V Storage Temperature Range.................. -65°C to +150°C
Voltage on ALS,BLS ....... -2.0V (Transient) to +2.0V (Transient) Lead Temperature (Soldering 10S) .. .............vvun. +300°C
Voltage on AHB, BHB. .......... Vans, srs-0-3V 10 Vays, gus+16V  Maximum Package Power Dissipation at +25°C (Note 1)

Voltage on ALO,BLO............... Vats, BLs"0.3V to V¢ +0.3V SOICPackage. . ..ovvvnrvteiienniieinneninnnns 750mW
Voltage on AHO,BHO ......... Vans, BHg-0-3V t0 Vayp, pug+0-3V

NOTE:

1. Derate power dissipation above ambient temperature of 25°C by 7mW/°C. Pgiss = 0.144 + 0.26® foum + 2 Vec? Cp (fowm + foig) Where
fowm = pwm frequency and fp g = direction change frequency (in Hertz) C = load capacitance (in Farads)

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

of the davice at these or any other conditions above those indicated in the op | sections of this specification is not implied.

Operating Conditions

Supply Voltage, Vppand Veg. o+ v vvvvvnnninnnn +10Vto +15V  Voltage on AHB,BHB.......... Vaus, gus+10V 10 Vays, gus+15V
Voltage on ALS,BLS ...........oiiiiiiiiinnnn, -1.0V +1.0V  Input Current, HDELand LDEL................ -500pA to -50pA
Voltage on AHS,BHS. .. ..., -1Vto 75V Operating Temperature Range . . ................ 0°C to +125°C

Electrical Specifications
Specifications apply over recommended operating conditions, Unless Otherwise Specified

LIMITS

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP r MAX UNITS
QUIESCENT SUPPLY CURRENTS (specified with static inputs that fully switch outputs)
Vpp Current lop 8 12 20 mA
V¢c Current v lec laro=lplo=0 0 100 200 RA
AHB Current IaHB lajo = 0 -40 20 0 pA
BHB Current lgHB lgHo=0 -40 -20 0 pA
AHS Current lans lao =0 -5 0 1 pA
BHS Current [ lgo =0 . 5 0 1 pA
INPUT COMPARATOR
Offset Voltage Vos -5 0 +5 mv
Input Bias Current lig 0 1 4 pA
Input Offset Current los -1 0 +1 HA
Input Common Mode Voltage CMVR 1 - Vpp-1.5 v
Range
Voltage Gain AVOL 10 25 - V/imv
OUTPUT (OUT)
High Level Output Voltage Vou IN+>IN-, lop = -300pA Vpp-0.4 - - \
Low Level Output Voltage VoL IN+<IN-, g = 300pA - - 0.4 \
High Level Output Current lon Vour=Vop/2 - - 2.4 mA
Low Level Output Current loL Vour = Vpop/2 4.5 - - mA
DIS, HEN
Low Level Input Threshold : VoL 1.4 2.1 - v
Voltage
High Level Input Threshold V1y - 24 27 v
Voltage
Input Hysteresis Vhys - 0.3 - \
GATE DRIVER OUTPUTS
Peak Pullup Current lo+ Ve = 12V - 2 -
Peak Pulldown Current lo- Vee =12V - 2 - A

6-15
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Specifications HIP4080

Switching Specifications

LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS

Minimum Input Pulse Width Tewin IHDEL =-100 pA - 100 - ns
ILDEL = -50 pA :

Mimimum Output Pulse Width TewouT IHDEL = -100 pA - 100 - ns
ILDEL = -50 pA

HEN Prop. Delay TpHEN IHDEL =-100 pA - 70 - ns
ILDEL = -50 pA

Upper Prop. Delay (Turn-Off) TeH IHDEL =-100 pA - 70 - ns
ILDEL = -50 pA

Lower Prop. Delay (Turn-tog) TeL IHDEL =-100 pA - 70 - ns
ILDEL = -50 pA

DiSable Prop. Delay Teois IHDEL =-100 pA - 150 - ns
ILDEL = -50 pA

Dead Time ToH IHDEL = -100 pA - 40 - ns
ILDEL = -50 pA
Lower off toUpper on,
C, = 1000 pF

Dead Time TotHL IHDEL =-100 pA - 40 - ns
ILDEL = -50 pA
Upper off toLower on,
C = 1000 pF

Rise Time Tr C=2500pf - 20 - ns
C=1000pf - 10 - ns

Fall Time Te C =2500pf - 20 - ns
C,=1000pf - 10 - ns




POWER SUPPLY CIRCUITS
VOLTAGE MONITORING CIRCUITS

ENT

POWERICs

REGULATORS/POWER SUPPLIES DATA SHEETS

CA723, CA723C

CA1523

CA1524, CA2524,
CA3524

CA3085, CA3085A,
CA3085B

CA3277

HIP5060
HIP5062
HIP5063
HIP5500

ICL7644, ICL7645,
ICL7646, ICL7647

ICL7660
ICL7660S
ICL7662
ICL7663S
ICL7665S
ICL7673

ICL8211, ICL8212

Voltage Regulators Adjustable from 2V to 37V at Output Currents Up to 150mA Without
External Pass Transistors . ... ..ottt it it

Voltage Regulator Control Circuit For Variable Switching Regulator. . ................

Regulating Pulse Width Modulator . ...........c i
Positive Voltage Regulators from 1.7V to 46V at Currents Upto 100mA . .............

Dual 5V Regulator With Logic Controlled Startup for Microcontroller Applications. . . . ...
Power Control IC Single Chip Power Supply . ..........ciiiiiiiiii i,
Power Control IC Single Chip Dual Switching Power Supply . ............cooiiiun..
Power Control IC Single Chip Power Supply ...t
High Voltage IC Half Bridge Gate Driver. .. ........ ..ot
Low Voltage Step-Up Converters . . .......ouniiinii it

CMOS Voltage Converer . ... oottt ettt e it e e
Super Voltage Converer. . .. ...ttt it e e
CMOS Voltage CONVEMET . . ..ottt it et e et
CMOS Programmable Micropower Positive Voltage Regulator .....................
CMOS Micropower Over/Under Voltage Detector. .. ...t
Automatic Battery Back-Up Switch .. ........ . o i

Programmable Voltage Detectors . ... ..ot e

7-1

7-3
7-11
7-16

7-31

7-39
7-42
7-48
7-55
7-59
7-63

7-72
7-81
7-91
7-101
7-108
7-118
7-124
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Selection Guide

POWER SUPPLY CIRCUITS
INPUT OUTPUT MAXIMUM
VOLTAGE VOLTAGE OUTPUT SWITCHING | QUIESCENT
DEVICE DESCRIPTION RANGE RANGE CURRENT FREQUENCY | CURRENT | TEMP. RANGE
CA723 Linear Voltage Regulators 9.5V to 40V 2V 1o 37V 150mA - 3.5mA -55°C to +125°C
CA723C 4.0mA 0°C to +70°C
CA1523 Variable Internal Pulse Regulator for | 11V to 15V 59Vto7.5V* 50mA =~ 200kHz 34mA 0°C to +70°C
Switch Mode Power Supplies
CA1524 Pulse Width Modulators 8V to 40V 4.8Vt052V* | 100mA Max Rating for | 1kHz to 300kHz 10mA -55°C to +125°C
CA2524 4.8V1o5.2v+ | Fach Output Driver 0°C to +70°C
CA3524 4.6V 105.4V* 0°C to +70°C
CA3085 Linear Voltage Regulators 7.5V to 30V 1.8V to 26V 12mA to 100mA - 4.5mAat | -55°C to +125°C
ViN =30V
CA3085A 7.5V to 40V 1.7V to 36V 12mA to 100mA 5.0mA at
Vin =40V
CA30858 7.5V to 50V 1.7V to 46V 12mA to 100mA 7.0mA at
VN =50V
CA3277 Smart Microprocessor Dual-Fixed 5V | 6.2V to 18V | Output 1-Full Time | Output 1 - 50mA - 400pA -40°C to +85°C
Regulator, Overvoltage Shutdown, (Shutdown) |5V +0.25V Output 2- 80mA
Thermal Shutdown, Current Limited Output2- Switched
5V 10.25V
HIP5060 Single Chip, Low Side Switch, 16V to 45V | Determined by Power DMOS Transis- | 1MHz Internal, 20mA 0°C to +85°C
Current Controlled PWM External Circuitry | tor 60V - 10A External Input
HIP5062 Single Chip, Dual Low Side Switch 16V to 42V | Determined by Two Power DMOS 1MHz Latched 25mA 0°C to +85°C
Current Controlled PWM External Circuitry | Transistors 60V - 5A External Loop
HIP5063 Basic Single Chip, Low Side Switch 12V 1o 60V | Determined by Power DMOS Transis- | External Clock 14mA 0°C to +85°C
Current Controlled PWM External Circuitry | tor
HIP5500 Half Bridge Power Supply Regulator | 10V to 15V -VBS to 500V | 2.3A peak, 200mA cont. | 30kHz to 300kHz 7mA -40°C to +150°C
ICL7644* Low Voltage Boost Type Step-Up 1.15V104.0V| 4.5Vt05.5V 150mA 18kHz 80pA -40°C to +85°C
ICLzeas | Converters 115V1056V| 4.5Via55V aopA | O°Clo#70%C
ICL7646 1.15Vto 4.0V 4.5V to 5.5V 80pA
ICL7647 2.0V to 3.6V 2.7V 10 3.3V 80pA
ICL7660SM | Super Voltage Converter (Charge 3Vito 12V -12V t0 22.8V 45mA 10kHz to 35khZ 200pA -55°C to +125°C
1cL7660sI | PumP Type) 180pA | -25°C to +85°C
ICL7660SC 180pA 0°C to +70°C
ICL7662M Voltage Converter (Charge Pump 4.5V to 20V -4.5V to -20V 90mA 10kHz 250pA -55°C to +125°C
IcLee2C | 1¥Pe) 2004A | 0°Cto+70°C
ICL7663SA | Linear Voltage Regulators 1.0V to 16V 1.3Vto 16V |40mA - Voyrz - 10pA -25°C to +85°C
ICL76635 Ron - 100 Vours 120A 0°C to 470°C
* Reference Voltages - Output Voltage Limited by External Device
** The ICL76XX Series have an Additional Shutdown Feature; In Shutdown Mode Quiescent Current < 5pA
VOLTAGE MONITORING CIRCUITS
VOLTAGE QUIESCENT OUTPUT INPUT TRIP TEMPERATURE
DEVICE DESCRIPTION RANGE CURRENT CURRENT VOLTAGE RANGE
ICL7665SAl CMOS Micropower Over/ 1.8Vto 16V 10pA 2mA 1.312% -25°C to +85°C
ICL7eesSAC | Under Voltage Detector 13£6% 0°C to +70°C
ICL7665SI 1.3+2% -125°C to +85°C
ICL76655C 1.318% 0°Cto +70°C
ICL76731 Automatic Battery Back-up Switch 2.5V to 15V 5pA 38mA 50mv* -25°C to +85°C
ICL7673C 0°C to +70°C
ICL8211M Programmable Voltage 1.8V to 30V 350pA 3mA 1.15+3.5% -55°C to +125°C
\ICL8211C Detectors 1.15-6.0% 0°C to +70°C
ICL8212M 9mA 1.15+3.5% -55°C to +125°C
ICLB212C 1.15-13% 0°C to +70°C

* Primary to Back-up Source Voltage Differential

72 .




CA723
CA723C

Voltage Regulators Adjustable from 2V to 37V at Output
Currents Up to 150mA Without External Pass Transistors

HARRIS

SEMICONDUCTOR

@

May 1992

Features

* Up to 150mA Output Current
Positive and Negative Voltage Regulation
Regulation in Excess of 10A with Suitable Pass

Description

The CA723 and CA723C are silicon monolithic integrated cir-
cuits designed for service as voltage regulators at output voit-
ages ranging from 2V to 37V at currents up to 150 milliamperes.

Transistors L X Each type includes a temperature-compensated reference
¢ Input and Output Short-Circuit Protection amplifier, an error amplifier, a power series pass transistor, and
* Load and Line Regulation................... 0.03%  a current-limiting circuit. They also provide independently acces-
« Direct Replacement for 723 and 723C Industry Types sible inputs for adjustable current limiting and remote shutdown
* Adjustable Output Voltage ............... 2V 1o 37V  and, in addition, feature low standby current drain, low tempera-
A pp lications ture drift, and high ripple rejection.

The CA723 and CA723C may be used with positive and nega-
: 2;:; ‘:isn an:eS::lal::’:/oltage Regulator tive power supplies in a wide variety of series, shunt, switching,
ating Reg and floating regulator applications. They can provide regulation
¢ Switching Voltage Regulator at load currents greater than 150mA and in excess of 10A with
* High-Current Voltage Regulator the use of suitable n-p-n or p-n-p external pass transistors.
* Temperature Controller

The CA723 and CA723C are supplied in the 10 lead TO-5 style

Ordering Information package (T suffix), and the 14 lead dual-in-line plastic package

(E suffix), and are direct replacements for industry types 723,

PART TEMPERATURE PACKAGE
D - - 723C, mA723, and mA723C in packages with similar terminal
CA723E -55°C 10 +125°C | 14Lead Plastic DIP arrangements. They are also available in chip form (“H” suffix).
_EEO 0,
CA723T 55°C10+125°C | 10Lead Can All types are rated for operation over the full military-tempera-
CA723CE -55°C to +125°C 14 Lead Plastic DIP ture range of -55°C to +125°C.
CA723CT -55°C to +125°C 10 Lead CAN
Pinouts Functional Block Diagram
14 PIN PLASTIC DIP (E SUFFIX)
TOP VIEW
\J
NC E E NC
CURRENT — 'REQUE|
T L2 13| & vfunnm;wmo COMPENSATION
; - TEMPERATURE-
CURRENT['5 12 | ¥4 UNREG COMPENSATED
SENSE ] INPUT ZENER INVERTING
weur LT = v INPUT Ve
Nonanv, 1] 44 Vrer SERIES PASS
weur | S [ 0] vo ‘p’;%,’i7>"-0 ERROA TRANSISTOR
AME + Vo REGULATED
vaer [ s |+ o] v. NON-INVERTING obTPuUT
S INPUT
V- E 7 E NC . vz
¢ ommrl Sgmmew
10 PIN CAN (T SUFFIX) v- CURRENT S
TOP VIEW LIMITER
CURRENT LIMIT

V-, (CASE INTERNALLY
CONNECTED TO TERM 5)

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.

File Number 788.2
Copyright © Harris Corporation 1992 7.3
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Specifications CA723, CA723C

Absolute Maximum Ratings

DCSupplyVoltage .......coovviviiiiiiniiiennnnnnn, 40V
(Between V+ and V- Terminals)
Pulse Voltage for 50ms
Pulse Width (Between V+and V- Terminals) ............. 50V
Differential input-Output Voltage. . . . ................o 0t 40V
Differential Input Voltage
Between Inverting and Noninverting Inputs................ 5V
Between Noninverting Inputand V- .. ................... 8V
Current From Zener Diode Terminal (Vz) .. ............... 25mA
Device Dissipation
CA723T, CA723CT,Upto Ta=+25°C ............... 800mW
CA723E, CA723CE, Upto Ty =+425°C........ccvtnen 1000mW
CA723T, CA723CT, Above TA =+25°C............. 6.3mW/C
CA723E, CA723CE, Above Tp=+25°C . ........... 8.3mW/rC

Operating Conditions

Ambient Temperature Range

Operating Temperature Range .............. -55°C to +125°C
Storage Temperature Range . ............... -65°C to +150°C
Lead Temperature, During Soldering .................. +265°C

At a distance 1/16” £ 1/32" (1.59mm * 0.79mm) from case for 10s
max

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

Airatard

of the device at these or any other conditions above those il

in the op

of this specification is not implied.

DC Electncal Specifications T, = +25°C, V4= Vg = V| = 12V, V- =0, Vo = 5V, I_ = 1mA, C, = 100pF, Cger =0, Rgcp = 0, Unless Other-
wise Specified. Divider impedance R;R; + R; + R; at noninverting input, Terminal 5 = 10kQ. (Figure 20)

CA723 CA723C
PARAMETERS TestconomioN | miN | Tve | max | min | tve | max Junirs
DC CHARACTERISTICS
Quiescent Regulator Current, lg I.=0,V,=30V - 2.3 3.5 - 2.3 4 mA
Input Voltage Range, V, 9.5 - 40 9.5 - 40 v
Output Voltage Range, Vg 2 - 37 2 - 37 v
Differential Input-Output Voltage, V, - Vo 3 - 38 3 - 38 \
Reference Voltage, Vger ) 6.95 7.15 7.35 6.8 7.15 7.5 \Y
Line Regulation (Note 1) V=12V to 40V - 0.02 0.2 - 0.1 0.5 % Vo
Vi=12Vto 15V - 0.01 0.1 - 0.01 0.1 % Vo
V, =12V to 15V, - - 0.3 - - - % Vo
Ta =-55°C to +125°C
V| =12V to 15V, - - - - - 03 | %Vo
=0°C to +70°C
Load Regulation (Note 1) I = 1mA to 50mA - 0.03 0.15 - 0.03 0.2 % Vo
IL = 1mA to 50mA, - - 0.6 - - - % Vo
Ta = -55°C to +125°C
IL = 1mA to 50mA, - - - - - 0.6 % Vo
=0°C to +70°C
Output-Voltage Temperature Coeffi- Ta =-55°C to +125°C - 0.002 | 0.015 - - - %/°C
cient, &Vo = 0°C 10 +70°C - - - - [ 0003 | 0015 | %rec
Ripple Rejection (Note 2) f=50Hz to 10kHz - 74 - - 74 - dB
f = 50Hz to 10kHz, - 86 - - 86 - dB
Crer = 5pF
Short Circuit Limiting Current, I Rgcp =10Q, Vo =0 - 65 - - 65 - mA
Equivalent Noise RMS Output Voltage, | BW = 100Hz to 10kHz, - -20 - - 20 - uv
Vy (Note 2) Crep=0
BW = 100Hz to 10kHz, - 25 - - 2.5 - pv
Crer = 5uF
NOTES:

1. Line and load regulation specifications are given for condition of a constant chip temperature. For high dissipation condition, temperature

drifts must be separately taken into account.
2. For Crer (See Figure 20)
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CA723, CA723C

Typical Performance Curves (CA723)
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FIGURE 1. EQUIVALENT SCHEMATIC DIAGRAM OF THE CA723 AND CA723C

g

MAX JUNCTION TEMP (T ) = 150°C
THERMAL RESISTANCE = 150°C/W
QUIESCENT DISSIPATION (PQ) = 60mW
(NO HEAT SINK)

-
o
o

\',
\

MBIENT TEMPERATURE (Tp) = +25°C T

N

v
1=}

~N

\ﬁ_

MAXIMUM LOAD CURRENT (I) - mA

+125°C

0
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20 30 40

DIFFERENTIAL INPUT - OUTPUT VOLTAGE (V- Vo) - V

FIGURE 2. MAX LOAD CURRENT vs. DIFFERENTIAL INPUT-
OUTPUT VOLTAGE

0.05

OUTPUT VOLTAGE (Vg) =5V

INPUT VOLTAGE (V) = 12V
SHORT CIRCUIT PROTECTION

RESISTANCE (Rgcp) = 102

B
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e,

-55°C

N

.0.15 |- AMBIENT TEMP (Tp) = +25°C

+125°C

LOAD REGULATION - %Vp
S
o

0 5

10 15 20 25 30

OUTPUT CURRENT (lp) - mA
FIGURE 4. LOAD REGULATION WITH CURRENT LIMITING

OUTPUT VOLTAGE (Vo) = 5V
INPUT VOLTAGE (V) = 12V
SHORT CIRCUIT PROTECTION
o 0.05 | RESISTANCE (Rscp) = 0
* I
= 0
e AMBIE?TBTEM&%%ATURE
=+
; -0.05 >\i
[T] \
o 55°C
a -01 N \.
< N "
S +125°C
-0.15
0.2

0 20 40 60 80 100
OUTPUT CURRENT (10) - mA

FIGURE 3. LOAD REGULATION WITHOUT CURRENT LIMIT-

ING
OUTPUT VOLTAGE (Vo) = 5V
INPUT VOLTAGE (V) 12
0.1 | SHORT CIRCuUIT Pnonscnou
"1 | “RESISTANCE (Rgcp) =
R e
>
a? o T T T
z AMBIENT TEMPERATURE (Ty) = -65°C |
E 01
3
2. T\
= [ 25
<
S-03 N
+125°C \
o4 I\

o

20 40 60 80 100
OUTPUT CURRENT (lo) - mA

FIGURE 5. LOAD REGULATION WITH CURRENT LIMITING
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CA723, CA723C

Typical Performance Curves (CA723) (Continued)
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FIGURE 6. CURRENT LIMITING CHARACTERISTICS

MAX. JUNCTION TEMP. (T) = 150°C
THERMAL RESISTANCE =150°C/W

< 150 QUIESCENT DISSIPATION (Pq) = 60mW
E TO-5 STYLE PACKAGE WITH NO HEAT SINK
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z
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S AMBIENT TEMPERATURE (Tp) = +25°C
5 50 |
2
5 \
= 70°C

0 1
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DIFFERENTIAL INPUT - OUTPUT VOLTAGE (V- Vo) - V

FIGURE 8. MAX LOAD CURRENT vs. DIFFERENTIAL INPUT-
OUTPUT VOLTAGE

QUTPUT VOLTAGE (Vo) =5V
INPUT VOLTAGE (V) = 12V
SHORT CIRCUIT PROTECTION
RESISTANCE (Rgcp) = 0
° ! ] ) )
N AMBIENT TEMPERATURE (Ty) = +25°C
z 0°C
o
=
3 ~—
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-
-0.2
0 20 40 60 80 100

OUTPUT CURRENT (lg) - mA

FIGURE 10. LOAD REGULATION WITHOUT CURRENT LIMIT-
ING

OUTPUT VOLTAGE (Vo) = REFERENCE
VOLTAGE (VRer)
LOAD CIRCUIT (1)) =0

AMBIENT TEMPERATURE (Ty) = -55°C

! ~ 4259C

+125°C

QUIESCENT CURRENT (lg) - mA
©

0 10 20 30 40

INPUT VOLTAGE (V}) - V
FIGURE 7. QUIESCENT CURRENT vs. INPUT VOLTAGE

MAX. JUNCTION TEMP. (T,) = 125°C

THERMAL RESISTANCE = 125°C/W

QUIESCENT DISSIPATION (Pg) = 60mW

DUAL - IN - LINE PLASTIC PACKAGE
WITH NO HEAT SINK

-mA
-
o
o

100

AMBIENT TEMPERATURE (Tp) = +25°C

50

MAXIMUM LOAD CURRENT (Ip)

N \
70°C l
0 L | |
20 30 40
DIFFERENTIAL INPUT - OUTPUT VOLTAGE (V- Vo) -V

0 10
FIGURE 9. MAX LOAD CURRENT vs. DIFFERENTIAL INPUT-
OUTPUT VOLTAGE FOR CA723CE

OUTPUT VOLTAGE (Vg) =5V
INPUT VOLTAGE (V)) = 12V
SHORT CIRCUIT PROTECTION
RESISTANCE (Rgcp) = 1002
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OUTPUT CURRENT (lp) - mA
FIGURE 11. LOAD REGULATION WITH CURRENT LIMITING




CA723, CA723C

Typical Performance Curves (CA723) (continued)
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FIGURE 12. CURRENT LIMITING CHARACTERISTICS

OUTPUT VOLTAGE (Vo) = REFERENCE
VOLTAGE (VRgf)

LOAD CURRENT (IL) =0

QUIESCENT CURRENT (lg) - mA

AMBIENT TEMPERATURE Ta) = +25°C
\
0°C
i
—_—— 70°C
0 10 20 30 40

FIGURE 13. QUIESCENT CURRENT vs. INPUT VOLTAGE

INPUT VOLTAGE (V) -V

Typical Performance Curves (CA723 and CA723C)
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FIGURE 14. LOAD REGULATION vs. DIFFERENTIAL INPUT-
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FIGURE 16. LINE TRANSIENT RESPONSE
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CA723, CA723C

Typical Performance Curves (CA723 and CA723C) (Continued)

10 TINPUT VOLTAGE (Vg = 12V
< €| OUTPUT VOLTAGE lvo) 5V
g 6 4 o 4| LOAD CURRENT (1)) = 50mA
- INPUT VOLTAGE (V) 2 = | AMBIENT TEMPERATURE (Tp) = +25°C dl
<] F A SHORT CIRCUIT PROTECTION
[ . 2 B g 1 RESISTANCE (Rscp) = 0 i
: < R o e 1 e e e 7 e T
o u 2 M | I | 111 1
g 2 0 w g LOAD CAPACITANCE (C)=0
< ’ \ 2 w 2 4 +
= OUTPUT VOLTAGE (Vo) | i - I LU
o [ T T O P =01
>0 14 e 8
5 M T 1T 5 g s
[ INPUT VOLTAGE (V)) = 12V a 5 4
2.2 | OUTPUT VOLTAGE (Vo) = 5V 44z ]
o LOAD CURRENT (1) = imA 2
AMBIENT TEMPERATURE (T,) = +2! -1 0.01
_4 | SHORT CIRCUIT PROTECTION RESISTANCE(R,")-O s A 2 666 2 4 €85 2 468 2468
-5 5 15 25 35 45 100 1k 10k 100k 1M
TIME (t) - ps FREQUENCY (f) - Hz
FIGURE 18. LOAD TRANSIENT RESPONSE FIGURE 19. OUTPUT IMPEDANCE vs. FREQUENCY
Typical Application Circuits
V+ V¢ V+ Vg
v >__T_—Y Vi >——T—Y
VRer Vo VRer Vo
Rscp Rscp
AAA "‘V‘ >
CURRENT REGULATED CURRENT REGULATED
LiM. OUTPUT R LIM. OUTPUT 15V
CURRENT CURRENT <
SENSE R3 SENSE SR
v, ] NON c1_ [mv. 2
INPUT == 50 INV 100pF | INPUT SR
V- J,__-.l P INPUT . l__| f_
—L_ comp L. comp -
Circuit Performance Data: Circuit Performance Data:
Regulated Output Voltage 5V Line Regulation (AV, = 3V) 1.5mV
Line Regulation (AV|= 3V) 0.5mV Load Regulation (Al_ = 50mA) 4.5mV
Load Regulation (Al_ = 50mA) 1.5mV
oad Hegu a_llgL(ilzL m ) m ) Note: R3 = ,sﬁj;ﬂ,%é For Minimum Temperature Drift
Note: R3= Ry 13 For Minimum Temperature Drift R3 May Be Eliminated For Minimum Component Count
FIGURE 20. LOW VOLTAGE REGULATOR CIRCUIT FIGURE 21. HIGH VOLTAGE REGULATOR CIRCUIT
(Vo=2VTO 7V) (Vo=7VTO 37V)




CA723, CA723C

Typical Application Circuits (continued)

V+ Ve 2 )
I 3 i T RS Y Ve
= R23 Vper vz ézm v+ 1
Vaer Vo
——o v
i3 [ onn
< CURRENT < REGULATED
LM, CURRENT Rscp QUTPUT 15V
—>
CURRENT
SENSE CURRENT < R1
R3 < NON ™ INV. SENSE .S
ZRIZ . INPUT NON NV, -
Ay Y weut qv- gcomp INV INPUT E:L R2
REGULATED INPUT . )
fo0pFT OUTPUT-15v v- poouP =
1 T_100pF
Circuit Performance Data: P .
Line Regulation (Av; = 3V) 1mV E’."c”g Per,'m.ma"ze Pg'\‘j" 1 5my
Load Regulation (Al_ = 100mA) 2mV ine Regulation (Avj= 3V) 1.5m
Note: For Applications Employing the TO-5 Style Package Load Regulation (Al = 1A) 15mV
and Where V3 Is Required, An External; 6.2V Zener Diode
Should be Connected in Series with Vg (Terminal 6).
FIGURE 22. NEGATIVE VOLTAGE REGULATOR CIRCUIT FIGURE 23. POSITIVE VOLTAGE REGULATOR CIRCUIT (WITH

EXTERNAL n-p-n PASS TRANSISTOR)

vi
vi
SR3 J
< 60Q 2N5956
v+ & or I Vs i Ve REGULATED
VRer Ve Vo 2N6108 VRErF Vo ., OUTPUTSV
- R3S Rer
{ 27k03 200"
<
Rl & CURRENT >3 CURRENT SR4
3 LIM, Sk me LIM. $seka
S Rscp £
CURRENT CURRENT =
SENSE SENSE
INV. ~ ‘L NON™T INV.
< NON INPUT REGULATED 23 INV i INbUT
RS > v- ¢ comp
;E b}rg&T v _l_c%“:" OUTPUT 5V v INPUT S‘o, .
= L I coonr = = =00k
Circuit Performance Data: Circuit Performance Data:
Line Regulation (Avj= 3V) 0.5mV Line Regulation (Av;= 3V) 0.5mV
Load Regulation (Al = 1A) 5SmV Load Regulation (Al = 10mA) 1mV
Short Circuit Current 20mA
FIGURE 24. POSITIVE VOLTRAGE REGULATOR CIRCUIT FIGURE 25. FOLDBACK CURRENT LIMITING CIRCUIT

(WITH EXTERNAL p-n-p PAS TRANSISTOR

7-9

7|

REGULATORS/
POWER SUPPLIES




CA723, CA723C

Typical Application Circuits (continued)

3ns )
*'.?.K“,Q V=85V
} V+ } Ve
VREF Vo
= I:maz
>
3?(?2:: R1 <R
p CURRENT  $Rscp
b LIM. >10
1 NON
N CURRENT
A2 | INV. SENSE
INPUT
—— INv. |
R3 <& INPUT
3kQ S R2 V- 9
e COMP 5 b0t uF
REGULATED
OUTPUT-50V

Circuit Performance Data:
Line Regulation (Avi= 20V) 15mV
Load Regulation (Al = 50mA) 20mV
NOTE: For applications employing the TO-5 Style Package and
where V7 is required, an external 6.2V zener diode should
be connected in series with Vg (terminal 6)

FIGURE 26. POSITIVE FLOATING REGULATOR CIRCUIT

vi
i"* fve Vo Rscp NOTE2
O AVAVA

VRer
—
REGULATED
OUTPUT 5V
<D
CURRENT
RS LiM.
CURRENT
SENSE
L. NON INV.
R23 INV cowmp INPUT R3
TINPUT @ v ¢ R
L = C1 2 o cesL
= = ==00"WF  onses3 ',  LoGiC
= ~ INPUT

Circuit Performance Data:
Line Regulation (AV|= 3V) 0.5mV
Load Regulation (AL = 50mA) 1.5mV
Short Circuit Current 20mA
NOTE: 1. A current limiting transistor may be used for shutdown if
current limiting is not required.
2. Add a diode if Vo > 10V.

FIGURE 28. REMOTE SHUTDOWN REGULATOR CIRCUIT WITH
CURRENT LIMITING

RS
10k0 Vi Vg v
_L YVy ] I 1
=l | = to, £,
Vz
> 1
3r2 M 2Ns211
1 <SR3 2
N S 3 CURRENT
sz f\ h {LIM.
sl sigfe
NON W
L INV. INPUT
2R LNpuT c1
s Ly L oootr
COMP
REGULATED
OUTPUT-100V

Circuit Performance Data:
Line Regulation (Av;= 20V) 30mV
Load Regulation (Al =100mA) 20mV
NOTE: For applications employing the TO-5 Style Package and
where V7 is required, an external 6.2V zener diode should
be connected in series with Vg (terminal 6)

FIGURE 27. NEGATIVE FLOATING REGULATOR CIRCUIT

Y V)
v+ Ve
7 > R4
P © r 3 000
vz 100Q
REGULATED
$ c OUTPUT 5V
R1 3 ——o0 —
CURRENT LIM.
-———o0
CURRENT SENSE
| INV NON INV.
R2SINPUT ¢ V- © COMP INPUT
1 c1
l 0.0051F

Circuit Performance Data:
Line Regulation (Av, = 10V) 0.5mV
Load Regulation (Al = 100mA) 1.5mV
NOTE: For applications employing the TO-5 Style Package and
where V7 is required, an external 6.2V zener diode
should be connected in series with Vg (terminal 6).

FIGURE 29. SHUNT REGULATOR CIRCUIT
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CA1523

Voltage Regulator Control Circuit
For Variable Switching Regulator

Features

¢ Operates up to 200kHz
¢ Pins ESD Protected

¢ Remote ON/OFF

* Slow Start with Reset

Overcurrent Sensing

Lower Peak Currents than PWM Regulator:
- Less Prone to Magnetic Saturation

Ordering Information

Description

The CA1523* monolithic silicon integrated circuit is a vari-
able interval pulse regulator designed to provide the control
circuitry for use in switching regulator circuits. It operates
from 11 volts to 15 volts.

The regulator provides a single output drive capable of
300mA source/200mA sink. The maximum operating
frequency is better than 200kHz. An attractive feature of the
CA1523 is that the timing capacitor charge and discharge
current is set up externally via a single resistor. The ratio of
charge to discharge current is internally set at a maximum of
2 to 1 allowing simultaneous change in output pulse width
with increased frequency at higher load. The pulse width
variation at higher frequencies effectively compensates for

CURRENT SENSE [2]

the losses in magnetics and thereby increases the power
PART TEMPERATURE supply efficiency at higher load end by as much as 20
NUMBER RANGE PACKAGE percent.
CA1523E 0°C to +70°C 14 Lead Plastic DIP The CA1523 is supplied in a 14-lead dual-in-line plastic
package (E suffix).
* Formerly RCA Developmental Type No. TA11977
Pinout

14 LEAD PLASTIC DIP
TOP VIEW

ERROR [1]

GND [3]
RISE TIME [4]

ouTPUT GND [5]

OUTPUT E
Vee E

[12] TIMING

[13] ZENER

[12] onvoFF

[11] ovER cuRRENT
[10] sLow sTART
9] Loaic outpuT

8] NC

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
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Specifications CA1523

Absolute Maximum Ratings

DCSupplyVoltage .. .....coovviiiiiiiiiiiiiinneennenn 15V Ambient Temperature Range:

Supply Current: OPerating. ..« . vvvveiee e 0°C to +70°C
JG(MAX) +  + + + + e e e e emee et e e e e +50mA StOrage ..o vt -55°C to +150°C
leaxy 11s,1800pF Load ............. ...t +300, -200 mA  Lead Temperature (During Soldering):

Device Dissipation: At distance Y/;6 % in. (1.59 £ 0.79mm) from
UptoTa=70C ..ot 530mwW casefor10Smax. .....covvviiiiiinineeeinnneens +265°C
Above Tp=70°C..........cunt. Derate Linearly at 6.7 mW/°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indi

ted in the op | sectit

of this specification is not implied.

Electrical Specifications T, = +25°C, Refer to condition shown in test circuit; Vy = 13V, V, = 5.9V Unless Otherwise Specified

LIMITS
PARAMETERS PIN TEST CONDITIONS MIN I TYP I MAX | UNITS

POWER SUPPLY, V¢ (PIN 7)
Supply Voitage 7 - 9.5 13 - Vv
Supply Current 7 Ve =+13V 20 27 34 mA
Zener Voltage 13 - 7.8 8.4 8.9 \
OUTPUT PULSE (PIN 6)
Maximum Pulse Width 6 Measured at 6V Threshold Level 5.5 6.5 75 us
Minimum Pulse Width 6 Measured at 6V Threshold Level 2 3 4 Hs
Output High Voltage 6 lg = OMA, V, = 0V 1.4 12 12.6 \
Output Low Voltage 6 lg = 50mA, V4, = 0V 0.6 1 1.3 \"
Rise Time 6 Measured at 1.8 and 10V Threshold Levels 250 600 1250 ns
Fall Time 6 Measured at 1.8 and 10V Threshold Levels 50 200 350 ns
ERROR VOLTAGE RANGE (PIN 1)
Error Voltage Reference 1 Adjust Ry; Observe Pin 6 Min/Max 5.9 6.8 7.5 v

Frequency Range
CHARGE CURRENT (PIN 14)
Charge Current 14 Adjust Ry, Vq =7.5V; Set V4 =0V, then V4 = 2.5V 190 220 250 pA
Discharge Current 14 Adjust Ry = 5.9V; Set V4 = 5.5V, then 5V 95 110 125 pA
Slow Start Discharge Current 14 Maintain V4 = 5V, Vo = 5.5V 20 30 40 HAV

Set Vyo = 5.5V, Measure |4 (Hi)

Set V4o =4V, Measure ly4 (L0)

Limits = ly4 (Hi) - 14 (LO)

1.5

LOGIC TESTS
Discharge Voltage 10 Pin 12 = 1kQ to GND 1.7 24 3.2 \
Output Inhibit Voltage 7 Increase V; until Vg 2 2V 7.9 8.4 9.1 \
Overcurrent Trip Voltage 1 Vy2 = 5V; V4o = 0V; Increase V4 until Vg < 0.5V 1.1 1.25 1.4 \
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CA1523

Other Desirable Features

Other desirable features along with various circuit block
function explanations are listed below.

¢ The Oscillator is a sawtooth generator whose charge
(rise) cycle determines the output pulse width and dis-
charge which is continuously variable from very low to
maximum of lcyaRgE-

Charge IcHaraE = lo “IpiscHaRGE giving 2 to 1 pulse-width
control

Discharge lpiscHaRGE = approximately O to 1/2 Ig to fre-
quency control

.

Pulse Shaping: Applied to the oscillator output via RS
Flip-Flop with parallel inhibit controlled by slow-start
overcurrent sense, supply voltage monitor and ON/OFF
functions.

* Pulse Rise Time: Modified to meet RFI requirements by
external slow-down capacitor.

.

Slow Start with Reset: Externally programmed against
internal 3V reference. Reset is initiated upon Inhibit ensur-
ing soft start at power up and restart.

Over Current Sense: Internal stable thresholds of 1.2V.

Supply Voltage Monitors: Locks out the drive until
VsuppLy has reached 8-9V.

ON/OFF: Activates regulator independent of raw DC.

Error Amplifier: Compares output against a stable 6.8V
internal reference and controls the discharge current sink
on the timing capacitor.

Band-Gap: Reference voltage (internal) provides temper-
ature compensated 1.2V and 6.8V references.

Separate GND: The power GND is separated from circuit
ground for improved noise.

ESD Protection: Pins are protected against ESD.

Block Diagram
CURRENT v
SENSE cc
(13) zener
I e D vy B 1
CURRENT, REF. VOLTAGE |
| SETUP SOURCES
| |
| () |
: Icr2 5V |
, SelciosessT T T T T T T T T :
46.8V
! REF. 25v
1 vLO I
ERROR | s
VOLTAGE = E
| 6.8v 1 E
| GREF p o))
| U
! Ip~Icse st ?
S2 OPEN " O
= FOR V{<<6.8V | PULSE
| WHENV;>6.8V { VH L okse
&—
TIMING
P EA4 = ouTPUT
“r REF'O_:D GND
] +
| (CONTROL __l_@
CIRCUIT OVER
GND} CURRENT
GND | =
| s3
I
L4 ———
10
SLOW ON/OFF LOGIC
START i
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CHARGE

REF VOLT.
SOURCES

sV |
—_— REF |
5K !
| RISE/FALL
s =
ERROR | Q | U AToF
20K VOLTAGE i FIF i
RES. . |
es. L | &8y l C) o =+ R | PULSE outpur
D~ Ic/2
: ;52 FOR V| <<6.8Y 5: : s )
S OPEN’ T 1800pF
T'M"'NG | WHEN V|c>6.8V = I |
— (5
T #00F I 2 ; : + loutpur=-
= | RER + I | GNO
I s @ |
Vee
| >6.4V] FIF = :
! 1.2v
JiconTroy 3% REF(y_= R Qf— !
CIREUIT |
| " GND I
L ® I' L] s LW |
CLOSES S3 "
! (1
v L——————.——-——---——--——-————————-—————._--—|‘:0\’/‘|—:n‘r ]
cc stow | onsorr oRREn "
10) START (72 220 d) L 11
12x ON Vee J
220 LoGic
?—'VV\/-D +3V ouT
OFF 1K
i =
FIGURE 1. TEST CIRCUIT FOR THE CA1523
4150V TRANSFORMER
TYR INPUT == TYPICAL
0.85 A ———— e
+150v O- 8 = RECT.
RECTIFIED AC LINE | | ouTPUT
INFUT v
-—-l-o ot +130V
20k (TRIM RESISTCR) l | Voa - 2;;,
16k 3y | h—
%
» g
gl H Vo2 +16V
a
{11
3 8 38 13 |
1.5k 220 CAl1523 Vo3 t24V
g:‘::“ y REP 7N4O
VOLTAGE - 124 14 3 2 "
wl L
o
ST T+ [
A LI+
= = % 10.0033
uf
OPTO~-COUPLER

FIGURE 2. TYPICAL APPLICATION CIRCUIT OF THE CA1523
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FIGURE 3. TIMING CIRCUIT FOR CA1523
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CA1524, CA2524
CA3524

Regulating Pulse
Width Modulator

Features
e Complete PWM Power Control Circuitry

e Separate Outputs for Single-Ended or Push-Pull
Operation

Line and Load Regulation............... 0.2% (Typ)

Internal Reference Supply with 1% (Max) Oscillator
and Reference Voltage Variation Over Full
Temperature Range

¢ Standby Current of Less Than 10mA

Frequency of Operation Beyond 100kHz

Variable-Output Dead Time of 0.5us to 5us

Low Vg (saty Over the Temperature Range

Applications

* Positive and Negative Regulated Supplies

¢ Dual-Output Regulators

* Flyback Converters

¢ DC-DC Transformer-Coupled Regulating Converters
¢ Single-Ended DC-DC Converters

¢ Variable Power Supplies

Description

The CA1524, CA2524, and CA3524 are silicon monolithic
integrated circuits designed to provide all the control circuitry
for use in a broad range of switching regulator circuits.

The CA1524, CA2524, and CA3524 have all the features of
the industry types SG1524, SG2524, and SG3524,
respectively. A block diagram of the CA1524 series is shown
in Figure 1. The circuit includes a zener voltage reference,
transconductance error amplifier, precision R-C oscillator,
pulse-width modulator, pulse-steering flip-flop, dual alternat-
ing output switches, and current-limiting and shutdown
circuitry. This device can be used for switching regulators of
either polarity, transformer-coupled dc-dc converter,
transformerless voltage doublers, dc-ac power inverters,
highly efficient variable power supplies, and polarity
converter, as well as other power-control applications.

Ordering Information

PART TEMPERATURE

NUMBER RANGE PACKAGE
CA1524E -55°C to +125°C | 16 Lead Plastic DIP
CA1524F -55°C to +125°C | 16 Lead Ceramic DIP
CA2524E 0°C to +70°C 16 Lead Plastic DIP
CA2524F 0°C to +70°C 16 Lead Ceramic DIP
CA3524E 0°C to +70°C 16 Lead Plastic DIP
CA3524F 0°C to +70°C | 16 Lead Ceramic DIP
CA3524H 0°C to +70°C DICE

Pinout
16 LEAD DUAL-IN-LINE PACKAGE
TOP VIEW
U
INV. INPUT [1] [16] Vrer
NON-
INV. INPUT L2 [15] v
oscour [3] [14] emTTER B
(+) C.L.
SENSE [13] coLLecTORB
GeL
SENSE 12] coLLecToR A
Ar [6] [11] EMTTER A
e [ [10] sHuTDOWN
COMPENSATION
oo [s) AND COMPARATOR

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
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Functional Block Diagram

REFERENCE
+5VTO ALL
5 REGULATOR INTERNAL CIRCUITS
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AMP -
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INPUT
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Specifications CA1524, CA2524, CA3524

Absolute Maximum Ratings

Input Voltage (Between V,y and GND Terminals)............ 40V
Operating Voltage Range (ViytoGND) ................ 8to 40V
Output Current Each Output:

(Terminal 11,12 0r13,14) ........ccoviiiiiiinnan, 100mA
Output Current (Reference Regulator) . . ................. 50mA
Oscillator ChargingCurrent ... .....oiviiiiiieiinnenns 5mA

Device Dissipation:

UptoTa=25%C..ccoviiiiiiiiiiiiiiiiiiin s

Above Ty = 25°C
Operating Temperature Range

iw

Derate linearly 8mW/°C
................ -55°C to +125°C

Storage Temperature Range. . . ............... -65°C to +150°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

i
nal

of the device at these or any other conditions above those indi

d in the op

of this specification is not implied.

Electrical Characteristics T, = -55°C to +125°C for CA1524, 0°C to +70°C for the CA2524 and CA3524; V+ = 20V and
f = 20kHz, Unless Otherwise Stated.

LIMITS
CA1524, CA2524 CA3524
PARAMETER TEST CONDITIONS MIN | Tvp [ Max | min | Tvp | max | unis
REFERENCE SECTION
Output Voltage 4.8 5 5.2 4.6 5 5.4 v
Line Regulation V+ =8 to 40V - 10 20 - 10 30 mV
Load Regulation IL=01t020mA - 20 50 - 20 50 mV
Ripple Rejection f=120Hz, Ty = 25°C - 66 - - 66 - db
Short Circuit Current Limit Vger =0, Ty =25°C - 100 - - 100 - mA
Temperature Stability Over Operating Temperature - 0.3 1 - 0.3 1 %
Range
Long Term Stability Ta=25°C - 20 - - 20 - mV/khr
OSCILLATOR SECTION
Maximum Frequency Cy=0.001pF, Ry = 2KQ - 300 - - 300 - kHz
Initial Accuracy Ry and Cy Constant - 5 - - 5 - %
Voltage Stability V+ =810 40V, Ty = 25°C - - 1 - - 1 %
Temperature Stability Over Operating Temperature - - 2 - - 2 %
Range
Output Amplitude Terminal 3, Ty = 25°C - 35 - - 3.5 - \"
Output Pulse Width (Pin 3) Cr=0.01pF, Ty = 25°C - 0.5 - - 0.5 - us
Ramp Voltage Low (Note 1) Pin7 - 0.6 - - 0.6 -
Ramp Voltage High (Note 1) Pin7 - 35 - - 3.5 -
Capacitor Charging Current Range Pin 7 (5-2 Vge)/Ry 0.03 - 2 0.03 - 2 mA
Timing Resistance Range Pin 6 1.8 - 120 1.8 - 120 kQ
Charging Capacitor Range Pin7 0.001 - 0.1 | 0.001 - 0.1 uF
Dead Time Expansion Capacitor on Pin 3 100 - 1000 | 100 - 1000 pF
Pin 3 (when a small osc. cap is used)
ERROR AMPLIFIER SECTION
Input Offset Voltage Vem = 2.5V - 0.5 5 - 2 10 mVv
Input Bias Current Ven = 2.5V - 1 10 - 1 10 pA
Open Loop Voltage Gain 72 80 - 60 80 - dB
Common Mode Voltage Ta=25°C 1.8 - 3.4 1.8 - 3.4 \
Common Mode Rejection Ratio Ta=25°C - 70 - - 70 - dB
Small Signal Bandwidth Ay = 0dB, T, = 25°C - 3 - - 3 - MHz
Output Voltage Tp=25°C 0.5 - 3.8 0.5 - 3.8 v
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CA1524, CA2524, CA3524

Electrical Characteristics T =-55°C to +125°C for CA1524, 0°C to +70°C for the CA2524 and CA3524; V+ = 20V and
f = 20kHz, Unless Otherwise Stated. (Continued)

LIMITS
CA1524, CA2524 CA3524
PARAMETER TEST CONDITIONS MIN | TYP | MAX | MIN | TYP | MAX UNITS
Amplifier Pole - 250 - - 250 - Hz
Pin 9 Shutdown Current External Sink - 200 - - 200 - HA
COMPARATOR SECTION
Duty Cycle % Each Output On 0 - 45 0 - 45 %
Input Threshold Zero Duty Cycle - 1 - - 1 -
Input Threshold Max. Duty Cycle - 3.5 - - 3.5 - v
Input Bias Current - 1 - - 1 - HA
CURRENT LIMITING SECTION
Sense voltage for 25% Output Duty Terminal 9 = 2V with Error 190 200 210 180 200 220 mV
Cycle Amplifier Set for Max Out,
Ta=25°C
Sense Voltage T.C. - 0.2 - - 0.2 - mv/°C
Common Mode Voltage -1 - +1 -1 - +1 \
Rolloff Pole of R51 C3 + Q64 - 300 - - 300 - Hz
OUTPUT SECTION (EACH OUTUT)
Collector-Emitter Voltage 40 - - 40 - - Vv
Collector Leakage Current Vce =40V - 0.1 50 - 0.1 50 pA
Saturation Voltage V+ =40V, | = 50mA - 0.8 2 - 0.8 2 v
Emitter Output Voltage V+ =20V 17 18 - 17 18 - \
Rise Time Rc =2KQ, T, = 25°C - 0.2 - - 0.2 - us
Fall Time Rc =2KQ, Ty =25°C - 0.1 - - 0.1 - ps
Total Standby Current: (Note 2) Ig V+ =40V - 4 10 - 4 10 mA

NOTES: High W
1. Ramp voltage at Pin7 | ow where t=0SC period in microseconds

i t = RyCy with Cy in microfarads and Ry in ohms.
Output frequency at each output transistor is half OSC frequency when each output is used separately and is equal to the OSC frequency
when each output is connected in parallel.

2. Excluding oscillator charging current, error and current limit dividers, and with outputs open.

7-19

7]

REGULATORS/
POWER SUPPLIES




CA1524, CA2524, CA3524

Schematic Diagram
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Schematic Diagram (Continued)
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CA1524, CA2524, CA3524

Circuit Description

Voltage Reference Section

The CAI524 series contains an internal series voltage regu-
lator employing a zener reference to provide a nominal 5-volt
output, which is used to bias all internal timing and control
circuitry. The output of this regulator is available at terminal
16 and is capable of supplying up to 50mA output current.

Figure 1 shows the temperature variation of the reference
voltage with supply voltages of 8 to 40 volts and load
currents up to 20mA. Load regulation and line regulation
curves are shown in Figures 2 and 3, respectively.

502 [ 1 ve=dov =oma
) T Ve = 20V, I, = 0mA
4 s00 - Vs = 40V, |, = 20mA
g V4 =8V, 1, =0mA
3 V4 =20V, |, =20mA
8 ass V4 =8V, =20mA
i
@

w
t
W 496

60 -40 20 0 20 40 60 80 100 120 140

AMBIENT TEMPERATURE (°C)
FIGURE 1. TYPICAL REFERENCE VOLTAGE AS A FUNCTION
OF AMBIENT TEMPERATURE
5.1 T
Vi = 40V
s 4.9
8 a7
2
4 45
g +=20V \
w 43
Z 44 | Ta=e25%C
[ V4 = 20V
Lo39 +
o Va=8V
3.7 +—+
o5 [ |
0 8 16 24 32 40 48 56 64 72 80

REFERENCE OUTPUT CURRENT (mA)

FIGURE 2. TYPICAL REFERENCE VOLTAGE AS A FUNCTION
OF REFERENCE OUTPUT CURRENT

LI
-—-TA =+25°C,

REFERENCE VOLTAGE (V)
O = N W & 0O N
oy

0 10 20 30 40
SUPPLY VOLTAGE, V+ (V)

FIGURE 3. TYPICAL REFERENCE VOLTAGE AS A FUNCTION
OF SUPPLY VOLTAGE

Osclllator Section

Transistors Q42, Q43 and Q44, in conjunction with an
external resistor Ry, establishes a constant charging current
into an external capacitor Cy to provide a linear ramp voltage
at terminal 7. The ramp voltage has a value that ranges from
0.6 to 3.5 volts and is used as the reference for the
comparator in the device. The charging current is equal to
(5-2Vgg)/Ry or approximately 3.6/Ry and should be kept
within the range of 30pA to 2mA by varying Ry. The
discharge time of Cr determines the pulse width of the
oscillator output pulse at terminal 3. This pulse has a
practical range of 0.5us to 5us for a capacitor range of 0.001
to 0.1uF. The pulse has two internal uses: as a dead-time
control of blanking pulse to the output stages to assure that
both outputs cannot be on simultaneously and as a trigger
pulse to the internal flip-flop which controls the switching of
the output between the two output channels. The output
dead-time relationship is shown in Figure 4. Pulse widths
less than 0.5ps may allow false triggering of one output by
removing the blanking pulse prior to a stable state in the flip-
fiop. .

100 T
[~ Ta=+25°C

= [T m 8V - 40V
3
Y 10
E
[=]
<
w
[=]
5 10
o
-
2
o

0.1

0.0001 0.001 0.01 0.1 1.0

TIMING CAPACITOR, Cy (uF)

FIGURE 4. TYPICAL OUTPUT STAGE DEAD TIME AS A
FUNCTION OF TIMING CAPACITOR VALUE

If a small value of Cy must be used, the pulse width can be
further expanded by the addition of a shunt capacitor in the
order of 100pF but no greater than 1000pF, from terminal 3
to ground. When the oscillator output pulse is used as a sync
input to an oscilloscope, the cable and input capacitances
may increase the pulse width slightly. A 2-KQ resistor at
terminal 3 will usually provide sufficient decoupling of the
cable. The upper limit of the pulse width is determined by the
maximum duty cycle acceptable.

The oscillator period is determined by Ry and Cy, with an
approximate value of t = RyCy, where Ry is in ohms, Cr is in
uF, and tis in pus. Excess lead lengths, which produce stray
capacitances, should be avoided in connecting Ry and Cy to
their respective terminals. Figure 5 provides curves for
selecting these values for a wide range of oscillator periods.
For series regulator applications, the two outputs can be
connected in parallel for an effective 0-90% duty cycle with
the output stage frequency the same as the oscillator
frequency. Since the outputs are separate, push-pull and
flyback applications are possible. The flip-flop divides the
frequency such that the duty cycle of each output is 0-45%
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and the overall frequency is half that of the oscillator. Curves
of the output duty cycle as a function of the voltage at
terminal 9 are shown in Figure 7. To synchronize two or
more CAI524’s, one must be designated as master, with Ry
Cy set for the correct period. Each of the remaining units
(slaves) must have a Ct of 1/2 the value used in the master
and approximately a 1010 longer RyCy period than the mas-
ter. Connecting terminal 3 together on all units assures that
the master output pulse, which occurs first and has a wider
pulse width, will reset the slave units.

Ta=+25°C [

g 10° |va=8V-dov y 4
= =0.001
& Cr=0,001uF 4

= 0.002
3 Cr=0,002:¢ )94
< Cy = 0.005,FF
a 104 /
ﬁ —6 Cy = 0.02F]
] A —F Cr = 0.05F}
g / l £ r-l |T ] .p
g A W4 £<—{Cr=0.1pF| ||

o L oo LTI T

10 102 10° 10*
OSCILLATOR PERIOD, t (1s)

FIGURE 5. TYPICAL OSCILLATOR PERIOD AS A FUNCTION
OF Ry AND Cy

-

Error Amplifler Section

The error amplifier consists of a differential pair (Q56,Q57)
with an active load (Q61 and Q62) forming a differential
transconductance amplifier. Since Q61 is driven by a
constant current source, Q62, the output impedance Royr,
terminal 9, is very high (= 5MQ).

The gain is:
Ay = gnR = 8 I RI2KT = 10%,
R R
whereR= —— ~ RL = oo, Ay o 10*
Rout + Ry

Since Ryt is extremely high, the gain can be easily
reduced from a nominal 10* (80dB) by the addition of an
external shunt resistor from terminal 9 to ground as shown in
Figure 6.

80
RL=w
70 -
T OPEN LOOP GAIN v
X
& 60 |RL=1MQ >
T m
Z 4 [Ru=300k0 2
G 2
3 m
40 ]
<
g n
m
@
90°
OPEN LOOP PHASE
pad ool gl oy 10l s
10 102 10° 104 105
FREQUENCY (Hz)
FIGURE 6. OPEN-LOOP ERROR AMPLIFIER RESPONSE
CHARACTERISTICS.

The output amplifier terminal is also used to compensate the
system for ac stability. The frequency response and phase
shift curves are shown in Figure 7. The uncompensated
amplifier has a single pole at approximately 250Hz and a
unity gain cross-over at 3MHz.

Since most output filter designs introduce one or more
additional poles at a lower frequency, the best network to
stabilize the system is a series RC combination at terminal9
to ground. This network should be designed to introduce a
zero to cancel out one of the output filter poles. A good start-
ing point to determine the external poles is a 1000-pF
capacitor and a variable series 50-KQ potentiometer from
terminal 9 to ground. The compensation point is also a
convenient place to insert any programming signal to
override the error amplifier. internal shutdown and current
limiting are also connected at terminal 9. Any external circuit
that can sink 200pA can pull this point to ground and shut off
both output drivers.

While feedback is normally applied around the entire regula-
tor, the error amplifier can be used with conventional
operational amplifier feedback and will be stable in either the
inverting or non-inverting mode. Input common-mode limits
must be observed; if not, output signal inversion may result.
The internal 5-volt reference can be used for conventional
regulator applications if divided as shown in Figure 8. If the
error amplifier is connected as a unity gain amplifier, a fixed
duty cycle application results.

Ta = +25°C
- V+ =20V
E 49
o Cr = 2700pF
S 40 Ry = 6.19K
; 32 fos
3 2
= Cr =1000pF
a. 16 — Rr=5k —
.?; fosg = 20kHz
8
[ [ 1]

0
0 04 08 1.2 16 2 24 28 32 36 4

COMPARATOR VOLTAGE (V)

FIGURE 7. TYPICAL DUTY CYCLE AS A FUNCTION OF
COMPARATOR VOLTAGE (AT TERMINAL 9).

-
-

s

&

<

510
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3

g o9 ,’/
[+

g Va
%

@ 08

2

£ -

) L1

O o7 L3

<75 50 25 0 25 50 75 100 125 150 175
AMBIENT TEMPERATURE (°C)

FIGURE 8. TYPICAL OUTPUT SATURATION VOLTAGE AS A
FUNCTION OF AMBIENT TEMPERATURE.
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CA1524, CA2524, CA3524

Output Section

The CA1524. -series outputs are two identical n-p-n
transistors with both collectors and emitters uncommitted.
Each output transistor has antisaturation circuitry that
enables a fast transient response for the wide range of
oscillator frequencies. Current limiting of the output section
is set at 100mA for each output and 100mA total if both
outputs are paralleled. Having both emitters and collectors
available provides the versatility to drive either n-p-n or p-n-p
external transistors. Curves of the output saturation voltage
as a function of temperature and output current are shown in
Figures 8 and'9, respectively. There area number of output
configurations possible in the application of the CA1524 to
voltage regulator circuits which fall into three -basic
classifications:

1. Capacitor-diode coupled voltage multipliers
2. Inductor-capacitor single-ended circuits
3. Transformer-coupled circuits

2.0 T T T
Ta = +25°C
k V+ =8V to40oVv

15

1.0 7

05 >

P

OUTPUT SATURATION VOLTAGE (V)

(] 20 40 60 80 100
OUTPUT CURRENT, I_(mA)

FIGURE 9. TYPICAL OUTPUT SATURATION VOLTAGE AS A
FUNCTION OF OUTPUT CURRENT

Device Application Suggestions

For higher currents, the circuit of Figure 10 may be used with
an external p-n-p transistor and bias resistor. The internal
regulator may be bypassed for operation from a fixed 5-volt
supply by connecting both terminals 15 and 16 to the input
voltage, which must not exceed 6 volts.

. al
ILTOIA
DEPENDING
ON CHOICE
100Q CA1524 FOR Q1
— REFERENCE r—
v+ SECTION VReF
+
O 104F 78
GND

FIGURE 10. CIRCUIT FOR EXPANDING THE REFERENCE
CURRENT CAPABILITY

The internal 5-volt reference can be used for conventional
regulator applications if divided as shown in Figure 11. If the
error amplifier is connected as a unity gain amplifier, a fixed
duty cycle application results.

v
REF R2 POSITIVE
s ——MA——F OUTPUT
K3 VOLTAGES
2
e
5K $ L
1 b3
RisS
Vo 25V (R1+R2)
GND ™
Vaer RIR2__,cxw
< R1+R2
$ RIS
-
5K ::
1
<
3
5K ﬁ NEGATIVE
L AM——> OUTPUT
GND —— R2 VOLTAGES

FIGURE 11. ERROR AMPLIFIER BIASING CIRCUITS

d

vy CA1524
REFERENCE
SECTION

NOTE: V+ Should Be in the 5V Range
And Must Not Exceed 6V

FIGURE 12. CIRCUIT TO ALLOW EXTERNAL BYPASS OF THE
REFERENCE REGULATION

To provide an expansion of the dead time without loading the
oscillator, the circuit of Figure 13 may be used.

®

V+ CANNOT
EXCEED 6V

(19

ska 3 —i4—()
®

FIGURE 13. CIRCUIT FOR EXPANSION OF DEAD TIME, WITH-
OUT USING A CAPACITOR ON PIN 3 OR WHEN A
LOW VALUE OSCILLATOR CAPACITOR IS USED
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TABLE 1. INPUT vs. OUTPUT VOLTAGE, AND FEEDBACK

Vo=5V
SallSg | ° RESISTOR VALUES FOR I,=40mA (FOR CAPACH
2w TOR-DIODE OUTPUT CIRCUIT IN FIGURE 18)
4 Vo (V) R, (KQ) V+ (Min) (V)
S R2 1 ( VoR2 ) "
> . Imax = Rs VT + TP 0.5 6 8
25 10 9
- RS Vi
—0 lsc= et WHERE 3 o 0
: SEr\NSE V1H =200mV -4 13 1
< W 1 5 15 12
= 6 17 13
FIGURE 14. FOLDBACK CURRENT-LIMITING CIRCUIT USED 7 19 12
TO REDUCE POWER DISSIPATION UNDER " Py =
SHORTED OUTPUT CONDITIONS
-9 23 16
o1 10 25 17
Y o T 27 18
s oy 12 29 19
8 *>Yo 13 31 20
s 14 33 21
15 35 22
2 6 37 23
+Vo
Sa a7 39 24
Ss ’[ V+<Vo 18 41 25
I )\ 19 43 26
20 45 27

D1
4 ——0” Vo

SBI T 1V+1>1Vg |

\ g

NOTE: Diode D1 Is Necessary To Prevent Reverse
Emitter-Base Breakdown of Transistor Switch S,

FIGURE 15. CAPACITOR-DIODE COUPLED VOLTAGE
MULTIPLIER OUTPUT STAGES

SalSg

Vi ——0 0 +Vo

T V+> Vo

o @

V+ +Vo
Sa/Ss I V+< Vo

Sa/Sg

V+ —O/ Vo

T IV+l<IVgl

FIGURE 16. SINGLE-ENDED INDUCTOR CIRCUITS WHERETHE
TWO OUTPUTS OF THE 1524 ARE CONNECTED IN
PARALLEL

-

§l|§ Vo
sAa

Jl

N

PUSH-PULL
.
S Vo
V+ ﬁ
_}<
) HALF BRIDGE
I V+
A e j
=L FuLL BRIDGE
FIGURE 17. TRANSFORMER-COUPLED OUTPUTS
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Applications*

A capacitor-diode output filter is used in Figure 19 to convert
+15Vdc to -5Vdc at output currents up to 50mA. Since the
output transistors have built-in current limiting, no additional
current limiting is needed. Table 1 gives the required
minimum input voltage and feedback resistor values, R2, for
an output voltage.

Capacitor-Diode Output Circuit

A capacitor-diode output filter is used in Figure18 to convert
+15Vdc to -5Vdc at output currents up to 50mA. Since the
output transistors have built-in current limiting, no additional
current limiting is needed. Table 1 gives the required
minimum input voltage and feedback resistor values, R2, for
an output voltage range of -0.5V to -20V with an output
current of 40mA.

Single-Ended Switching Regulator

The CA1524 in the circuit of Figure 19 has both output
stages connected in parallel to produce an effective 0% -
90% duty cycle. Transistor Q1 is pulsed on and off by these
output stages. Regulation is achieved from the feedback
provided by R1 and R2 to the error amplifier which adjusts
the on-time of the output transistors according to the load
current being drawn. Various output voltages can be
obtained by adjusting R1 and R2. The use of an output
inductor requires an R-C phase compensation network to
stabilize the system. Current limiting is set at 1.9 amperes by
the sense resistor R3.

* For additional information on the application of this device and a
further explanation of the circuits below, see RCA Application Note
ICAN-691 5 “Application of the CA1524 series PWM IC”.

V4
+15V
S R2
$ 15KQ
5KQ
A (1) _(D___
o L j, IN1341B
5KQ L_(:)_
OF 3 ::g"‘m (1 204F IN1341B o
Al !
o & CcA3524 (12 (—j_|4—‘_° 20mA
| . 9 ©—1 IN1341B
o (: — —@—— L s0uF
. —"—J R1=5KQ
) 0.014F n2o B1LUVo!+25)
(VREF - 25)
FIGURE 18. CAPACITOR-DIODE OUTPUT CIRCUIT
V+
+28V . - — T4-"N4—0 45V IA
2 SR 3 { | oemH
5KQ 1 5K 2N6667 ) i» E
yyy : :
L( — _CD_ S ()
i‘l‘sg V23 \ 7T 5004F
S I (:) \ \
0.1pF 3sKka . @ S “-:ﬁ
Al AAA
d (16— CA3524 —-@ Wy- IN3880
— " —G
o - ®
0.02F @__ _@
1 0.0014F
; 50KQ
V- 010 _l_
AAA —
\AJ

FIGURE 19. SINGLE-ENDED LC SWITCHING REGULATOR CIRCUIT
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Flyback Converter

Figure 20 shows a flyback converter circuit for generating a
dual 15-volt output at 20mA from a 5-volt regulated line.
Reference voltage is provided by the input and the internal
reference generator is unused. Current limiting in this circuit
is accomplished by sensing current in the primary line and
resetting the soft-start circuit.

Push-Pull Converter

The output stages of the CA1524 provide the drive for
transistors Q1 and Q2 in the push-pull application of Figure
21. Since the internal flip-flop divides the oscillator frequency
by two, the oscillator must be set at twice the output
frequency. Current limiting for this circuit is done in the
primary of transformer T1 so that the pulse width will be
reduced if transformer saturation should occur.

Low-Frequency Pulse Generator

Figure 22 shows the CA1524 being used as a low-frequency
pulse generator. Since all components (error amplifier,
oscillator, oscillator reference regulator, output transistor
drivers) are on the IC, a regulated 5-V (or 2.5-V) pulse of 0%
- 45% (or 0% - 90%) on time is possible over a frequency
range of 150 to 500Hz. Switch S1 is used to go from a 5-V
output pulse (S1 closed) to a 2.5-V output pulse (S1 open)
with a duty cycle range of 0% to 45%. The output frequency
will be roughly half of the oscillator frequency when the
output transistors are not connected in parallel (75Hz to
250Hz, respectively). Switch S2 will allow both output stages
to be paralleled for an effective duty cycle of 0%-90% with
the output frequency range from 150 to 500Hz. The
frequency is adjusted by R1; R2 controls duty cycle.

V+
+5V » +15V
Ll 5 L <
T0UFAR 25KS K é) 3000 meg 20003
L
AA 7
MAS @‘1 _@_‘ 0.1pF __-:L
AAA 2 '_@ 1
s5KQ
C A5V
Ka . CA3524 @ IN1341B
,_____M____@._J —@ K 2N6290
——O— —O— e
> - -30
0.02uF @ | 62002 | OR EQUIVALENT
@ IN1341B
—@—1 R
+ Yvyy
T - 2102 s
To.o01r Tazwr |2N 1 p3I
FIGURE 20. FLYBACK CONVERTER CIRCUIT
V+
+28V 4
5Kg é KQ S SiKe
Q3 W W oNe202 1mH
W (D B —o
5KQ < * 5V
) —(: y— b3 20T 1500uF 7
0.1yF I sko : key ST SA
hY
3 ©— —()—
2KQ Ko 3l 5T
A @_ @ 2 20
0.01pF
3 O =mO, S
: : 2N6292
—( s 1
0.001uF OIFS Tyoo0uF
(® 20kQ
—_—

FIGURE 21. PUSH-PULL TRANSFORMER-COUPLED CONVERTER
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+5
|  VREFERENCE

2k 1k 1.1k
TOPINS
—— 172 52
10k DUTY CYCLE | 16 ‘
T0 PIN 12 TO PINI3
— ADJUSTMENT 2 15 —v+tegy OUTPUT | oUTPUT2
3 14 s 1 OUTPUT Ia
2k _L_E 4 13 1.5k 17281 17252
1 5 12 '
= 6 " —9- [ OUTPUT 2a
R ! o -5k 2si
8 9
FREQUENCY 1 L
ADJUSTMENT OluF | 1~ CA3524
: SIVERS =
ICA TOPINI
= OUTPUT DUTY
SWITCH | PULSES CYCLE
sl 0-5V 0-45%
s2 - 0-90%

FIGURE 22. LOW-FREQUENCY PULSE GENERATOR
The Variable Switcher

The circuit diagram of the CA1524, used as a variable output  varied, the feedback voltage will track that level and cause
voltage power supply is shown in Figure 23. By connecting the output voltage to change according to the change in
the two output transistors in parallel, the duty cycle is reference voltage.

doubled, i.e., 0% - 90%. As the reference voltage level is

2N 6650 u 7-30V
36 Vp.c. (PNP D|ARLINGTON) —_ 0-3A
Ay .
20mH 1 Vour
R2 = 25wF
9 'n'é”w LS L2 = Pma
N T 4 10000uF | —2vrm
5100uF W = Ly 50mH C4 ==
D1-D2-IN206A 100v ! 0.0luF ooV IFILAR | O-TaF]
D3-D4-IN2068 WINDING
' RETUR
D5-RC47649 _Lce
Izs,.s
= NON-
POLAR
o § c7 L I -
10k =
Sruf 3 15 14 13 12 n 10 9 R0
R6 |
RS caisza ;‘_‘_:"
R4 3 4 5 6 7 8 0.01uF
5k
R? i
-
'o;( |on0 clo
= 3
R9 [}
SILVER
RS ce 15Kk 3300
2k R8 L 1% oF MICA
2k 0.1uF 1%
I
VOLTAGE |
CONTROL R9-15Kk
C€9-3300 pp
fosc - 20kHz

FIGURE 23. THE CA1524 USED AS A 0-5A, 7-30 V LABORATORY SUPPLY
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Digital Readout Scale

The CA1524 can be used as the driving source for an
electronic scale application. The circuit shown in Figures 24
and 25 uses half (Q2) of the CA1524 output in a low-voltage
switching regulator (2.2V) application to drive the LED’s
displaying the weight. The remaining output stage (Q1) is
used as a driver for the sampling plates PL1 and PL2. Since
the CA1524 contains a 5-volt internal regulator and a wide
operating range of 8 to 40 volts, a single 9-volt battery can
power the total system. The two plates, PL1 and PL2, are
driven with opposite phase signals (frequency held constant
but duty cycle may change) from the pulse-width modulator
IC (CA1524). The sensor, S, is located between the two
plates. Plates PL1, S and PL2 form an effective capacitance
bridge-type divider network. As plate S is moved according

to the object’s weight, a change in capacitance is noted
between PL1, S and PL2. This change is reflected as a
voltage to the ac amplifier (CA3160). At the null position the
signals from PL1 and PL2 as detected by S are equal in
amplitude, but opposite in phase. As S is driven by the scale
mechanism down toward PL2, the signal at S becomes
greater. The CA3160 ac amplifier provides a buffer for the
small signal change noted at S. The output of the CA3160 is
converted to a dc voltage by a peak-to-peak detector. A
peak-to-peak detector is needed, since the duty cycle of the
sampled waveform is subject to change. The detector output
is filtered further and displayed via the CA3161E and
CA3162E digital readout system, indicating the weight on
the scale.

COUPLED TO MECHANICAL

SCALE MECHANISM

T
OSCILLATOR S
¥ 20 KHz ——
EPART OF | I I ] | P?EKA:O FILTER
CaI524) DETECTOR

CA3I30

NO WEIGHT

LML L FuL scace

oc
LOW PASS VOLTAGE

DISPLAY
DRIVE
(PART OF
CAI524)

DIGITAL
METER
AND
DISPLAY

FIGURE 24. BASIC DIGITAL READOUT SCALE

25V
+5v
@]
o.27,6] f’g
2ERO SOK = POWER
ADJ- 2N2907
T b common- " OR
®O g ANODE LED EQuIv.
MSD nsp  |DISPLAYSY (sp
A — — —
8 — Il _| I_1
c ! _| I
casisze  [DIOITORIVERS| 0y (D
BCD OUTPUTS —O:®
1
9—® mCa
HIGH C C _@
INPUTS?
Low = —®
0@ D7 -
®

GaIN 10K
ADJ. °

% EAIRCHILD FND507 OR EQUIVALENT

FIGURE 25. SCHEMATIC DIAGRAM OF DIGITAL READOUT SCALE (CONT’D)
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TO SCALE
MECHANISM

910k

25V

v O

47K

0

'___ 4-10
‘ (0.102 -0.254)
80
(2.032

DIMENSIONS AND PAD LAYOUT FOR CA3524RH CHIP

NOTE: Dimensions in parentheses are in millimeters and are de-
rived from the basic inch dimensions as indicated. Grid graduations
are in mils (102 inch). The layout represents a chip when it is part of

-88 ____-l
-2.235)

the wafer. When the wafer is cut into chips, the cleavage angles are
57° instead of 90° with respect to the face of the chip. Therefore, the
isolated chip is actually 7 mils (0.17mm) larger in both dimensions.
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CA3085, CA3085A

CA3085B

Positive Voltage Regulators from
1.7V to 46V at Currents Up to 100mA

Features
¢ Up to 100mA Output Current
¢ Input and Output Short-Circuit Protection

* Pin Compatible with LM100 Series
¢ Adjustable Output Voltage

Applications

« Shunt Voltage Regulator

¢ Current Regulator

« Switching Voltage Regulator

« High-Current Voltage Regulator

¢ Dual Tracking Regulator

e Load and Line Regulation..................... 0.025%

« Combination Positive and Negative Voltage Regulator

Description

The CA3085, CA3085A, and CA3085B are silicon monolithic integrated
circuits designed specifically for service as voltage regulators at output
voltages ranging from 1.7V to 46V at currents up to 100 milliamperes.

A block diagram of the CA3085 Series is shown. The diagram shows
the connecting terminals that provide access to the regulator circuit
components. The voltage regulators provide important features such
as: frequency compensation, short-circuit protection, temperature-
compensated reference voltage, current limiting, and booster input.
These devices are useful in a wide range of applications for regulating
high-current, switching, shunt, and positive and negative voltages. They
are also applicable for current and dual-tracking regulation.

The CA3085A and CA3085B have output current capabilities up to
100mA and the CA3085 up to 12mA without the use of external pass
transistors. However, all the devices can provide voltage regulation at
load currents greater than 100mA with the use of suitable external pass
transistors. The CA3085 Series has an unregulated input voltage rang-
ing from 7.5V to 30V (CA3085), 7.5V to 40V (CA3085A), and 7.5V to
50V (CA3085B) and a minimum regulated output voltage of 26V
(CA3085), 36V (CA3085A), and 46V (CA3085B).

Ordering Information

Vin Vour MAX MAX LOAD
RANGE | RANGE | loyr | REGULATION PARTNUMBER | TEMPERATURE PACKAGE
TYPE v v mA %Vour
CA3085 | 751030 | 181026 2 o1 CAB085, A, B -55°C to +125°C | 8 Lead TO-5
CA3085A | 7.5t040 | 1.7t0 36 100 0.15 CA3085S, AS, BS -55°C to +125°C | 8 Lead TO-5
CA3085B | 751050 | 1.7t0 46 100 0.15 CA3085E, AE, BE -55°C to +125°C | 8 Lead TO-5
* This value may be extended to 100mA; however, regulation is DIL-CAN
not specified beyond 12mA. CA3085H +25°C Die Form
Pinouts Functional Block Diagram
8 LEAD PLASTIC DIP
TOP VIEW
v M © N @ O gAY
CURRENT IN) Ny BOOSTER
our [1] (8] St
CURRENT
SoneeNt 2 [7] coMPANHIBIT —
v 3] 6] -IN SOURCE
V- E EI VRer
STARTING
8 LEAD TO-5 DIL-CAN ClRculr
8 LEAD TO-5 STYLE —
TOP VIEW REGULATED
OuTPUT
CURRENT
LIMIT
out (1)
CURRENT
BOOSTER

SUBSTRATVE- G) Veer (5) é mglﬂ' CURRENT

LIMITING

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 491 _2

Copyright © Harris Corporation 1992
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Specifications CA3085, CA3085A, CA3085B

Absolute Maximum Ratings

Reliability Information

SupplyVoltage . ........ooviiiii i +7.0V  Thermal Resistance ................ a [
Unregulated Input Voitage Ceramic DIP Package 15°CW
{073 0 1 2NN 30V Maximum Package Power Dissipation
[0 07 40V Plastic Mini-DIP (Without Heat Sink)
CAB085B. . .. .iittiii i i i 50V UptoTa=55C...oviniiiiiiiiiiiiiininenenne,
Storage Temperature Range ................. -65°C to +150°C Above Ty = 55°C
Junction Temperature. .. .ooveveeereennveeenennnnnn +175°C TO-5 Package (With Heat Sink)
Lead Temperature (Soldering 10S). . ..........vuvene.. +265°C UptoTe=55%C. .ciireiit i iiieineeniannnnnenns 1.6W
Above Tc=55°C............ Derate Linearly at 16.7mW/°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings™ may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Operating Conditions
Operating Voltage Range .. .................... +1.7Vto +46V  Operating Temperature Range ................ -55°C to +125°C

Maximum Voltage Ratings

The following chart gives the range of voltages which can be applied to the terminal listed verticaly with respect to the terminals listed
horizontally. For example, the voltage range between vertical Terminal Number 7 and horizontal Terminal Number 1 is +3 to -10 volts.

TERMINAL
NUMBER 5 6 7 8 1 2 3 4
5 - +5 Note 1 Note 1 Note 1 Note 1 Note 1 +10
. 5 0
6 - - Note 1 Note 1 Note 1 Note 1 Note 1 Note 1
7 - - - +3 Note 1 Note 1 + (Note 2
-10 -103 0)
8 - - - - +5 Note 1 Note 1 Note 1
-1
1 - - - - - +10 0 + (Note 2)
- (Note 2) - (Note 2) 0
2 - - - - - - 0 + (Note 2)
- 0
3 - - - - - - - + (Note 2)
0
4 - - - - - - - Substrate
and Case
NOTES:

1. Voltages are not normally applied between these terminals; however, voltages appearing between these terminals are safe, if the specified
voltage limits between all other terminals are not exceeded.

2. 30V (CA3085); 40V (CA3085A; 50V (CA3085B)

Maximum Current Ratings

TERMINAL
NUMBER Iy MA lour MA

5 10 1.0
6 1.0 -0.1
7 1.0 -0.1
8 0.1 10
1 20 150
2 150 60
3 150 60
4 R .
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Specifications CA3085, CA3085A, CA30858B

DC Electrical Specifications T, = 25°C, Unless Otherwise Specified

LIMITS
TEST CA3085 CA3085A CA3085B
PARAMETERS | SYMBOL CONDITIONS MiN | Tvp | MAX [min| TvP [ MaX [ miN| TvP | mAX | uniTs
DC CHARACTERISTICS
Reference Veer | V*in = 15V (Figure 3) 14| 16 18 | 15| 1.6 1.7 1 15| 1.6 1.7 \"
Voltage
Quiescent lquiescent | V*in = 30V (Figure 3) - 3.3 4.5 - - - - - - mA
Regulator Current vin=4ov(Figwed) | - | - [ - | - |ses| 5 |- | - -]
V* = 50V (Figure 3) - - - - - - - 4.05 7 mA
Input Voltage ViN(range) 7.5 - 30 7.5 - 40 7.5 - 50 \"
Range
Maximum Output | Vomax | Vi =30, 40, 50V 26 | 27 - 36 | 37 - 46 | 47 - v
Voltage (Note 1); R = 365Q;
Term. No. 6 to GND
(Figure 3)
Maximum Output | Vo) | V*in =80V (Figure 3) - 1.6 1.8 - 1.6 1.7 - 1.6 1.7 \"
Voltage
Input - Output Vin-Vout 4 - 28 4 - 38 3.5 - 48 \
Voltage
Differential
Limiting Current b | Vin=16v, - 9% | 120 | - 96 | 120 | - 9% | 120 mA
‘our =10V,
RSCP = 6 (Note 2)
(Figure 6)
Load Regulation =110 100mA, - - - - 10.025{ 0.15 - 100251 0.15 | %Vour
(Note 3) Rscp=0
IL=1to 100mA, - - - - |0.035]| 06 - 10035 ] 06 | %Vour
Rscp =0,
Ta =0°C to +70°C
IL=11o12mA, - |0.003] 01 - - - - - - | %Vour
Rscp=0
Line Regulation I = 1mA, Rgcp =0 - 0025 01 - |o025|0075] - 0025 004 } WV
Note 4]
(Note 4) IL=1mA, Rgcp =0, - 0.04 | 0.15 - 0.04 | 0.1 - 0.04 | 0.08 %IV
Ta = 0°C to +70°C
Equivalent Noise Vnoise | ViN=25V | Crer=0 - 0.5 - - 0.5 - - 0.5 - mVp-p
Output Volt: Fi 10]
utput Vollage Figure10) P [os | - | - | o3 | - 13| - [mvpp
0.22uF
Ripple Rejection V*n=25V, | Crge=0] - 50 - - 50 - 45 50 - dB
f=1kHz
. CRrer = - 56 - - 56 - 50 56 - dB
Figure 11 REF
(Figure 11) | 8
Output Resis- o VHn =25V, f= 1kHz - 0.075 1.1 - 0.075 0.3 - 0.075 ] 0.3 Q
tance (Figure 11)
Temperature Veees Vo | It =0, Vpeg = 1.6V - 10.0085 - - 10.0035 - - | 0.0035 - %/I°C
Coefficient of (Note 4)
Reference and
Qutput Voltages
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Specifications CA3085, CA3085A, CA3085B

DC Electrical Specifications T, = 25°C, Unless Otherwise Specified (Continued)

LIMITS
TEST CA3085 CA3085A CA3085B
PARAMETERS | SYMBOL CONDITIONS miN | TYP | max [min| TvP | max [ min] Tve | max | units
LOAD TRANSIENT RECOVERY TIME
Turn On ton *In = 25V, +50mA - 1 - - 1 - - 1 - us
Step (Figure 16)
Turn Off torr V) =25V, -50mA - 3 - - 3 - - 3 - us
Step (Figure 16)
LOAD TRANSIENT RECOVERY TIME
Turn On ton V*n =25V, f = 1kHz, - 0.8 - - 0.8 - - 0.8 - ps
Turn Off orr |2V SteP - Joa | - -Toa| -1 -1osa] - us
NOTES:
1. 30V (CA3085), 40V (CA3085A), 50V (CA3085B)
2. Rgep: Short Circuit Protection Resistance
3. Load Regulation = [AVgyt + Vouyr(initial)] x 100%
4. Line Regulation = [AVgyt + Voyr(initial)(AVin)] x 100%
®
V' Ds I ﬁ D7
UNREG. !
INPUT o G2 G SR
b 1 3 500
4:,:5: TI STANCOR TP3
CA3085, A, B
0]
e v
[ —a CoMPNSATON s —
9 +
P2 0s INHIBIT GREEN
D, T D4 -4 |\I°13 @ 120V "
R22 Q14 cuRRENT 60Hz
b 4k 3 » BOOSTER <
! 4 9 @ | @ 9
R3< Ry BLACK 1N3193 = 5uF
1.5k 1.5k RED Tasv
Q4 Q5 —Q® 5004F L |
Ds l‘J REGULATED 50V . >3
OUTPUT Ska
Veer ® V. é CG) (e .
L INV.  CURRENT

?UBSTRATE

All Resistance Values are in Ohms
FIGURE 1. SCHEMATIC DIAGRAM OF CA3085 SERIES

INPUT  LIMITING

Vour = 3.5V to 20V (0 to 90mA)
Regulation = 0.2% (Line and Load)
Ripple < 0.5mV at Full Load

FIGURE 2. APPLICATION OF THE CA3085 SERIES IN
A TYPICAL POWER SUPPLY
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Test Circuits and Typical Characteristics Curves

Vour
o T T T T T
r__@_ — AMBIENT TEMPERATURE (T,) = +25°C
<
S A Es
RL 'z'
VN o
g 4
——
3}
lauiEscenT o« /
23
3 -
&
CONNECTTERM E 2
TEST Re Vin NO.6 s z
VRer o0 +1.6 | Open Open ﬁ 1
lQuiEsCENT i +40 | Open Open ]
VoutMax) 365Q +40 | Ground Closed
VoutMin) 10k +30 | Terminal No.1 Open 0 10 20 30 40 50
INPUT VOLTS (V4y)
FIGURE 3. TEST CIRCUIT FOR Vger, lauiescent: Voutaaxy
VouT(min) FIGURE 4. lgyigscent vs- V'in
NORMALIZED CURVE GENERATED FROM
, lQUIESCENT V'S- V4 CURVE WITH Tp = +425°C =1
1.
-
Z-
¥
m E — RsCP
3o 1 -
o
ue /
33 /
=2
=8 Vout =10V
o 0.9
z
0865 50 25 0 25 50 75 100 125 *Vour = 1.6 X (Ry + Ry + Ry)
AMBIENT TEMPERATURE - Ty, (°C) ** The limits current is inversely proportional to Rgcp
FIGURE 5. NORMALIZED lgyescent VSs- Ta FIGURE 6. TEST CIRCUIT FOR LIMITING CURRENT
1 1 I L T
INPUT VOLTS (V4)y) = 15
120 | OUTPUT VOLTS (V+oyy) = 10
AMBIENT TEMPERATURE (Tp) = +25°C
< [~ 5 :
E 100 LS 9 Rscp = 0Q
z \\ Rscp=6Q *
T80 =z
1 L O .01 sQ
€ 60 10Q g ‘
o [ —
15Q w -0.2
I} «
z 40 =
£ <
Z o0 — INPUTVOLTS (Vayy) = 15 S .03
OUTPUT VOLTS (V+oyr) = 10
0 | | | | | 200 15Q 10Q 9Q8Q  6Q
-0.4
75 50 -25 (] 25 50 75 100 125 0 20 40 60 80 100

AMBIENT TEMPERATURE - Tp (°C)
FIGURE 7. Iy vs. Ty

LOAD CURRENT - I_(mA)

FIGURE 8. LOAD REGULATION CHARACTERISTICS
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Test Circuits and Typical Characteristics Curves (Continued)

| I D I B
| INPUT VOLTS (V4y) = 20
OUTPUT VOLTS (V+oyr) =10
0.05
5 0.04 /—
z
2 00s o
3
=2
3 0.02 P
[
z 0.01
Z o
0

<75 50 25 0 25 50 75
AMBIENT TEMPERATURE - Ty (°C)

FIGURE 9. LINE REGULATION TEMPERATURE"

100 125

CHARACTERISTICS
@
© . Vour
. CA3085, © ——o
A,B

®

T4, T2 = STANCOR TP-3

Esz

BLACK AND
YELLOW —

FIGURE 11. TEST CIRCUIT FOR RIPPLE REJECTION AND

OUTPUT RESISTANCE
108 1 R O I N A I O
ﬁ INPUT VOLTS (V4yy) = 27V 7
AMBIENT TEMPERATURE (Tp) = +25°C
g
= 2 7
£ /|
y 08
8 o8
g 04
2 o2
ﬁ 0.4 bl
5 008 -
a 0.06
E o004
°
0.02
0.01
2 468 2 468 2 468 2 468
1 1 10 100 1000

FREQUENCY - f (kHz)
FIGURE 12. rg vs. f

<
2 sen

VHy=25V ©

1L
LA

100pF

FIGURE 10. TEST CIRCUIT FOR NOISE VOLTAGE

TEST PROCEDURES FOR TEST CIRCUIT FOR RIPPLE
REJECTION AND OUTPUT RESISTANCE

Output Resistance
Conditions
1. Viy = +25V, Cger = 0, Short E
2. Set Eg, at 1kHz so that E; = 4Vpys
3. Read Vgyy on a VTVM, such as a Hewlett-Packard, HP400D or
Equivalent
4. Calculate ROUT from ROUT = VOUT(RLIEQ)
Ripple Rejection - |

Conditions
1. Vjy = +25V, Cper = 0, Short E,
2. Set Eg, at 1kHz so that Ey = 3Vgys
3. Read Vgyton a VTVM, such as a Hewlett-Packard, HP400D or
Equivalent
4. Calculate Ripple Rejection from 20 log (E1/Voyr)

Ripple Rejection - Il

Conditions
1. Repeat Ripple Rejection | with Cpep = 2pF

INPUT VOLTS (V4yy) = 27V
FREQUENCY (f) = 1kHz

OUTPUT RESISTANCE (Ro) = 0.075Q
(AT T = +25°C)

13

AN
N

0.9 \\

NORMALIZED OUTPUT RESISTANCE (Rp)

0.8

75 50 25 0 25 50 75 100 125
AMBIENT TEMPERATURE -Tj, (°C)

FIGURE 13. NORMALIZED rq vs. Tp
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Test Circuits and Typical Characteristics Curves (Continued)

[ ) T T T
4 7.7, OPERATION WITHOUT
'«,' HEAT SINK
(A

REFERENCE VOLTS (VRgp) = +1.6V
(AT Tp = +25°C) y,
LOAD CURRENT (i) =0 /

N
v

% VReF

A CHANGE IN REFERENCE VOLTAGE -
A CHANGE IN OUTPUT VOLTAGE - % Vour
o

b
w

o
w

|, mmmm OPERATION WITH
(“, HEAT SINK

I" l

“,

7 1

Z4774%, | INPUT VOLTS
“225¢0,) (ViN) =20
40
50

25

N\

L— 40

N
o
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O"
i

N
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-
(L]

INPUT VOLTS ——
(Vi) =10

1
o
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o

s
»
INPUT VOLTS MINUS OUTPUT VOLTS (Viy - Vout)
@
3
&

/

75 50 25 0 25 50 75 100 125 20 40 60 80 100
AMBIENT TEMPERATURE - Ta (°C) OUTPUT MILLIAMPERES (lout)

FIGURE 14. TEMPERATURE COEFFICIENT OF Vger AND Vour  FIGURE 15. DISSIPATION LIMITATION (Vyy - Vour VS- lour)

o

o

QUIESCENT OUTPUT
CURRENT =1.5mA = = — =

t,(of
t(on) — [e— l-Ll }
EEJ\ 100mV/cm

Vour == . T

Jrre ettt aglirty |IIF:\III Liirbepe el doany

rrprryrrrTT Illlllll_‘Jlll rrrprrrrperrrrTTT

VeuLse GEN v I 50mA STEP (Ip)
— t(ius/cm) 1

FIGURE 16. TURN-ON AND TURN-OFF RECOVERY TIME TEST CIRCUIT WITH ASSOCIATED WAVEFORMS

See Application Note 6157 for further information
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CA3085, CA3085A, CA3085B

Typical Regulator Circuits

Vin
(UNREGULATED
SUPPLY)

TYPE

> 2N5497

Yout
 ——t
(REGULATED
oUTPUT)

I

“R1 AND R SELECTED FOR
DESIRED OUTPUT

Ry Ry
Vout = Vier R RY é
™ L 1

FIGURE 17. TYPICAL HIGH CURRENT VOLTAGE REGULATOR
CIRCUIT

ViN

QUTPUT

All Resistance Values are in Ohms
D,: RCA-1N1763A or Equivalent
Q,: RCA-2N5322 or Equivalent
*Ry = 0.71_ (Max)

FIGURE 19. TYPICAL SWITCHING REGULATOR CIRCUIT

0.001uF

Vin

*IL = 1.6+ R1, 200mA < 2A
Q1: Any N-P-N Silicon Transistor that can handle a 2A Load
Current such as RCA-2N3772 or Equivalent

FIGURE 18. TYPICAL CURRENT REGULATOR CIRCUIT

Vin

= 2uFIS0V)
[

+

All Resistance Values are in Ohms

Q1: RCA-2N2102 or Equivalent

Q2: Any P-N-P Silicon Transistor (RCA-2N5322 or Equivalent)

Q3: Any N-P-N Silicon Transistor that can handie the deisred
Load Current (RCA-2N3772 or Equivalent)

“Vout = (Ry + Ry) + Ry

*Rgcp: Short Circuit Protection Resistance

FIGURE 20. COMBINATION POSITIVE AND NEGATIVE VOLT-
AGE REGULATOR CIRCUIT
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HARRIS

SEMICONDUCTOR

PRELIMINARY

May 1992

CA3277

Dual 5V Regulator With Logic Controlled

Startup for Microcontroller Applications

Features

Dual 5V Regulator

- Vour!1 5V 50mA - Standby

- Vout2 5V 80mA - Enabled

- Regulated 6.2V to 18V

- Bandgap Voltage References

Overvoltage Shutdown

Short Circuit Current Limiting
Thermal Shutdown Protection
Power ON Delayed Reset Control
Ignition Comparator & Logic Switch
Data Comparator & Logic Switch
100x Current Multiplier/Amplifier

Applications

Automotive Dual 5V Supply
Radio, TV, CATV

Description

The CA3277 is a Dual 5 Voltage Regulator IC intended for micro-
processor and logic controller applications. It is supplied with fea-
tures that are commonly specified for shutdown and startup
requirements of microcontrollers. Overvoltage shutdown, short
circuit current limiting and thermal shutdown features are pro-
vided for protection in the harsh environmental applications of
industrial and automotive systems. The CA3277 functions are
complementary to the needs of microcontroller and memory cir-
cuits. The ignition comparator provides a switched output to the
microcontroller port input and the microcontroller provides a logic
switched output to the regulator enable input. The standby output
of the regulator supplies the microcontroller/memory circuits.
Other functions of the CA3277 include a data comparator and a
logic switch to transfer remote data to the microcontroller at a 5V
logic level (RDI input). Data is transmitted from the microcontroller
(TDO output) to the input of the CA3277 current amplifier which
amplifies and translates the signal to a high level from the output
of an npn transistor open collector.

Ordering Information

PART TEMPERATURE
¢ Industrial Controls NUMBER RANGE PACKAGE
« uP, Memory Supply CA3277E 40°C 10 +485°C | 16 Lead Plastic DIP
I
Pinout Functional Block Diagram
1 2
16 LEAD DUAL-IN-LINE PACKAGE = 1 r -
TOP VIEW i Y 3 [oureurs
v OVER BANDGAP | ™ ERmonl T—=
VOLTAGE VOLTAGE DRIVER |1
sarr [1] 1e] 1o PROTECTION|y |REFERENCE LMP |z
outt [2] 15 out2 CURRENT
DATAIN [3] [14] ENABLE
ano [4] 73] aND o 1
anp [ [12] aND >
patA OUT [6] [17] 16N ouT re =2
o
CRsT [7] [10] cuRIN T ur2
8 9] cur out +5V/30mA
RESET ] THERMAL I ERROR| | DRIVER
PROTECTION > AME L1 CURRENT
———I__‘I: SIT | Shane
14 1
= + B3
CONTROL >
16
& =
IGNL  pata
F 3w s | L I
IREF | o | 1 110 9
'8 SUBEE ] MuteUzR |2
T iy IGN OUT CURIN CUR OUT

4,5,12,13 = GROUND

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
Copyright © Harris Corporation 1992
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Specifications CA3277

Absolute Maximum Ratings

Vparr (Short Duration) . . . ..
Vpart Maximum Operation
Maximum Output 1 Load Current
Maximum Output 2 Load Current

Power Dissipation Ratings

..................... -14Vt026V  UptoB0°C........cevvvvevrirennnnenennnee.....1.5WMax.
......................... 18V Max. Derate Above 60°C.............c..c.ue..... 16.6mW/SC Max.
.................. 50mA Max.  Ambient Operating Temperature................-40°C to +85°C
.................. 80mA Max.  Storage Temperature Range..................-55°C to +150°C
: Maximum Junction Temperature . . .........covvunnnnn. +150°C

Lead Temperature (During Soldering)
Yy6" £ V3" fromcase, 10SMaX. .. ooovvvenennennnnn.. 265°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indi

ted in the op

of this specification is not implied.

Electrical Specifications T, = +25°C, OUT1 = 50mA, OUT2 = 80mA Unless Otherwise Specified

LIMITS
PARAMETERS CONDITIONS MIN I TYP I MAX UNITS

REG OUTPUT 1

Output Voltage Vaart = 9V to 16V 475 5.0 5.25 v
Dropout Voltage - 150 800 mv
Line Reg Vgart = 6.2V to 16V - - 40 mv
Load Reg. 0.5mA to 50mA - - 60 mVv
Current Limit Short Output 1 to 3V - - 200 mA
REG OUTPUT 2

Output Voltage Vgarr =9V to 16V 475 5.0 5.25 Vv
Line Reg. VparT = 6.2V to 16V - - 40 mV
Load Reg. 0.5mA to 80mA - - 60 mv
Current Limit Short Output 2 to 3V - - 225 mA
Idle Current At 12.6 Vgarr, No Loads, VenapLe = Vign = 0V - 400 800 HA
Enable On Current At 5V - - 100 pA
Data Out Vg Vgarr = 16V, Data In = Vgurt -5V - - 150 mv
Data Out Vpy Vgarr = Data In = 16V Vour -0.156 - - v
Current Out Current In = -200pA 16 - 25 mA
Voltage Shutdown Veart Vian Thd 19 - 23 \
Data Comp Thd Vgarr = 13.5V, Measure to Batt -3.4 -2.9 24 \
Data Comp Hysteresis - 200 - mv
Ign Comp Thd Vgarr = 13.5V 5.5 6.0 6.5 v
Ign Comp Hysteresis - 200 - mV
Ripple Rejection OUT1, OUT2, at 3KHz 45 - - dB
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CA3277

1000 +5V ENABLE/SWITCHED
IGN IN out2 -+ o
swW ¢l R1 0.047 _L_CS _]_CG
BATT L
o 1souH = 0.047 - o
D—jwr’ " A <
Lol ec2
2208 250<
IR LN CA3277 ane I
AT00F ] paTAIN =
DUAL 5V REG
DATA
pactl CURRENT +5V MEMORY/MICRO
REMOTE DATA out outt o
c7 Jcs
- noar =87 LS
N CURRENT OUT2  DATA IGNITION
ful | IN  ENABLE OUT  OUT  crst  RESET & 100iF
r 47K
~AAA
_|_C3 C4 'nvs
22K
S ra Lo Toot
TO OUT2 = =
+5V TDO CONTROL RDI  SENSE RESET Voo +5V
ouT IN
DISPLAY OR ‘
CONTROL 5V MICROCONTROLLER | INTERTRCE
OUTPUT
Vss
= = -
BUS

FIGURE 1. TYPICAL APPLICATION CIRCUIT
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@ HARRIS HIP5060

Power Control IC

May 1992 Single Chip Power Supply
Features Description
« Single Chip Current Mode Control IC The HIP5060 is a complete power control IC, incorporating both the high

. . power DMOS transistor, CMOS logic and low level analog circuitry on the
* 60V, 10A On-chip DMOS Transistor same Intelligent Power IC. Both the standard “Boost” and the “SEPIC”
¢ Thermal Protection (Single-Ended Primary Inductance Converter) power supply topologies

are easily implemented with this single control IC.
¢ Over-Voltage Protection
Special power transistor current sensing circuitry is incorporated that

* Over-Current Protection minimizes losses due to the monitoring circuitry. Moreover, over-temper- .

 1MHz Operation or External Clock ature and over-voltage detection circuitry is incorporated within the IC to
. monitor the chip temperature and the actual power supply output volt-

* Synchronization Output age. These circuits can disable the drive to the power transistor to pro-

« On-Chip Reference Voltage - 5.1V tect both the transistor and, most importantly, the load from over-voltage.

« Output Rise and Fall Times ~ 3ns As a result of the power DMOS transistor’s current and voltage capability

(10A and 60V), power supplies with output power capability up to 100
* Designed for 27V to 45V Operation watts are possible.
Applications ] -
PP Ordering Information

* Single Chip Power Supplies

« Current Mode PWM Applications PART NUMBER TEMPERATURE RANGE PACKAGE

« Distributed Power Supplies HIP5060DY 0°C to +85°C 37 Pad Chip

« Multiple Output Converters HIP5060DW 0°C to +85°C Wafer

Chip
a - 8 9
z & n 9 =
z w W
g5 §«c Eg s
€8 &8 geE
FLTH (37) | - . I8 (8) Vppa
VREG (36) [l IE i, 'F - (9) V+
vewme (3s) [l | e t}ﬁjﬂ -1 (10) sLeT
PSOK (34) | - W IE—-J - (11) CKIO
SHRT (33) | - IuF - B (12) DGD1
PSEN (32) | - ] - I (13) Vppp
TMON (31) | - -J8 (14) Vppp
83‘8‘?3&7?6§¢3‘33F‘GG
e g a8z o
- - - - - -
NOTE: Unused pads are for trim and test.
153 mils x 165 mils (3.88mm x 4.19mm)
CAUTION: These devices are sensitive to electrostatic discharge. Users shoulc follow proper |.C. Handling Procedures. File Number 3207

Copyright © Harris Corporation 1992
opyrig P 7-42



HIP5060

Simplified Block Diagram

4uH 4uH
1.1uF
" 000 1y, 0000 <
J-_O.1pF
= = 100pF
0.1pF V+ D ]
I CLOCK § 4H T oseF | A
VCMP AND — P
} CONTROL ||  GATE 1
LOGIC DRI!VERS 1
301K —] FLIN ‘—I
L S Bl <
— PsoK
—
0.033uF DGo2
3 SHRT p—
AMP 0.1pF
| PSEN Voor €
VINP 0.4pF
DGD1 AGND
CKIO SLCT Vppa Voop IRF1 IRFO SFST
0.1pF 4.02K 0.1pF 75 7 O.1pF

v

TYPICAL SEPIC CONFIGURATION
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Specifications HIP5060

Absolute Maximum Ratings

DC Supply Voltage, V+

DMOS DrainVoltage ..............ccoiiiiunnn., -0.3V to 60V (Eutectic Mounting to Heat Sink
DMOSDrainCurrent .......oovviiiiiiiiiiiii e 20A
DC LogicSupply. v vvvviii i -0.3Vto 16V
Output Voltage, LogicOutputs . .. ........ovvvnnnn -0.3Vto 16V
Input Voltage, Analog and Logic.................. -0.3Vto 16V
Operating Junction Temperature Range. .......... 0°C to +110°C
Storage Temperature Range ................. -55°C to +150°C

Thermal Information

... -0.3Vto45V  Thermal Resistance Junction-to-Case

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those i

dicated in the op / ions of this specification is not implied.

Electrical Characteristics V+ = 36V, T, = 0°C to +110°C; Unless Otherwise Specified

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN | TYP | MAX UNITS
DEVICE PARAMETERS
I+ Supply Current PSEN = 12V - 19.5 32 mA
Vbpa Internal Regulator Output V+ =15V 10 45V, Igyr = 10mA 11.0 - 13.2 A
Voltage
VINP Reference Voltage lyinp = OMA 5.01 5.1 5.19
Ryine VINP Resistance VINP =0 - 900 - Q
ERROR AMPLIFIERS
WVl Input Offset Voltage lyemp = OMA - - 10 mv
(VREG - VINP)
Ry VREG Input Resistance to GND VREG = 5.1V - 56 - kQ
9gm (VREG) VREG Transconductance VCMP =1V to 8V, SFST = 11V 15 30 50 mS
lyomp/(VREG - VINP)
Om (SFST) SFST Transconductance Vggst < 4.9V 0.8 - 6 mS
lvemp/(VREG - SFST)
lvomp Maximum Source Current VREG = 4.95V, VCMP = 8V -2.5 - -0.75 mA
lvemp Maximum Sink Current VREG = 5.25V, VCMP = 0.4V 0.75 - 2.5 mA
OVTH Over-Voltage Threshold Voltage at VREG for FLTN to be 6.2 - 6.7 \
latched
CLOCK
fq Internal Clock Frequency SLCT =0V, Vppp = 12V 0.9 1.0 1.1 MHz
Vo CKIN External Clock Input Threshold | SLCT =12V 33 - 66 %Voop
Voltages
DMOS TRANSISTORS
ToS(on) Drain-Source On-State | Drain = 5A, T = +25°C - - 0.13 Q
Resistance
loss Drain-Source Leakage Current Drain to Source Voltage = 60V - 1 100 pA
CURRENT CONTROLLED PWM
IViol VCMP | Buffer Offset Voltage (VCMP - IRFO = OmA to -5mA, - - 125 mv
Virro) VCMP = 0.2V to 7.6V
V4 IRFO Voltage at IRFO that disables 100 - 270 mv
PWM. This is due to low load
current
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Specifications HIP5060

Electrical Characteristics v+ = 36V, T, = 0°C to +110°C; Unless Otherwise Specified (Continued)

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN l TYP | MAX UNITS
CURRENT CONTROLLED PWM (Continued)
Ity IRFO Voltage atIRFO to enable SHRT 7.4 - 8.0 \
output current. This is due to
Regulator Over Current Condi-
tion
ISHRT SHRT Output Current, During Vipro = 8.1V -37 - -17 HA
Over-Current
V4 SHRT | Threshold voltage on SHRT to 4 6 8 v
set FLTN latch
lgaIN Ipeak (DMOSprain)/lirr1 Al (DMOSpgrain)/At = 1A/ms 3.8 - 4.9 A/mA
Rirr IRFI Resistance to GND lippr = 2mMA 150 - 360 Q
tas” Current Comparator Response | Al (DMOSpgan)/At > 1A/us - 30 - ns
Time
MCPW* Minimum Controllable Pulse 25 50 100 ns
Width
MCPI* Minimum Controllable DMOS 200 400 800 mA
Peak Current
START-UP
V+ Rising V+ Power-On Reset 22 - 27 v
Voltage
V+ Falling V+ Power-Off Set - 15 - v
Voltage
V+ V+ Power-On Hysteresis 9 - 12
Vi PSEN Voltage at PSEN to Enable 0.8 - 2.0 \
Supply
TPSEN Internal Pull-Up Resistance, to - 20 - KQ
5.1V
IsesT Soft-Start Charging Current Vspst =0V to 10V -1.0 -0.7 -0.4 pA
Ipsok PSOK High-State Leakage SFST =0V, PSOK = 12V -1 - 1 pA
Current
Vpsok PSOK Low-State Voltage SFST =11V, lpgox = 1MA - - 0.4
Vyy SFST PSOK Threshold, Rising Vggst 9.4 - 1
THERMAL MONITOR
TEMP* Substrate Temperature for TMON pin open 105 - 135 °C
Thermal Monitor to Trip

* Determined by design, not a measured parameter.
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HIP5060

Pin Descriptions

PAD NUMBER DESIGNATION DESCRIPTION

1 AGND Analog ground.

2 VINP Internal 5.1V reference.

3 SFST Controls the rate of rise of the output voltage. Time is determined by an internal 0.7pA current
source and an external capacitor.

4 IRFO A resistor placed between this pad and IRFI converts the VCMP signal to a current for the current
sense comparator. The maximum current is set by the value of the resistor, according to the
equation: lpgax = 32/R. Where R is the value of the external resistor in KQ and must be greater
than 1.5KQ but less than 10KQ. For example, if the resistor chosen is 1.8K, the peak current will
be 17.8A. This assumes VCMP is 7.3V. Maximum output current should be kept below 20A.

5 IRFI See IRFO

6 DGD2 Ground of the DMOS gate driver. This pad is used for bypassing.

7 Vooo Voltage input for the chip’s digital circuits. This pad also allows decoupling of this supply.

8 Vooa This is the analog supply and internal 12V regulator output.

9 V+ This is the main supply voltage input pad to the regulator IC. Because of the high peak currents
this pad must be well bypassed with at least a 0.7uF capacitor and may be composed of seven,
single 0.1uF chip capacitors.

10 SLCT This pad provides for the option of using either internal 1MHz operation of for an external clock.
Floating or grounding this pad will place the internal clock at the CKIO pad. Returning this termi-
nal to Vppp or 12V will allow application of an external clock to the IC via the CKIO pad. There
is an internal 50K pull down

11 CKIO Clock output when SLCT is floated or grounded. External clock input when SLCT is returned to
12V.

12 DGD1 This pad is the return for the digital supply.

13&14 Vpop These pads are used to decouple the high current pulses to the output driver transistors. The
capacitor should be at least a 0.1pF chip capacitor placed close to this pad and the DMOS
source pads.

15, 16, 19, 20, S Source pads of the DMOS power transistor.
23,24,27,28

17, 18, 21, 22, D Drain pads of the DMOS power transistor.
25, 26, 29, 30

31 TMON This is the thermal shut down pad than can be used to disable the thermal shutdown circuit. By
returning this pad to 12V the function is disabled. Returning this pad to ground will put the IC into
the thermal shutdown state. Normally, this pad is left floating. Thermal shutdown occurs at a
nominal junction temperature of +125°C.

32 PSEN This terminal is provided to activate the converter. This terminal may be left open or returned to
5V for normal operation. When the input is low, the DMOS driver is disabled.

33 SHRT 25pA is internally applied to this node when there is an over-current condition.

34 PSOK This pad provides a delayed positive indication when the supply is enabled.

35 VCMP Output of the transconductance amplifier. This node is used for both gain and frequency com-
pensation of the loop.

36 VREG Input to the transconductance error amplifier is available on this pad. The other input is internally
connected to the 5.1V reference, VINP, Pad 2.

37 FLTN This is an open drain output that remains low when V+ is too low for proper operation. This node

and PSEN are useful in multiple converter configurations. This pad will be latched low when over-
temperature, over-voltage or over-current is experienced.
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HIP5060

Functional Block Diagram

Vooa sLer cKio Vooo
e e s S ,
’
i 12V BIAS 1
v+ RecuLaToR| Ty, CIRCUITS
DDA
BAND GAP
VREF = | REFERENCE
51V " | REGULATOR S0k
V+
MONITOR POWER
SUPPLY
PSEN [ ENABLE Vbpp Voop
psok|’
/ 71 oRAIN
|2 ; GATE
FLIP-FLOP [P
SFST I R ol DRIVERS |Ji—
= FAST RESET
VINP (-
VREG BLtgl((;lltéG NG AP | § OURCE|
6 A
FLTN
’
/
A
/
TMON
SHRT
/
A
’
/
’
’
/
’
S S raes res J
IRFO VCMP DGD1 DGD2 AGND IRFI
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@HARRIS

SEMICONDUCTOR

May 1992

HIP5062

Power Control IC
Single Chip Dual Switching Power Supply

Features

¢ Two Current Mode Control Regulators
* Two 60V, 5A On-chip DMOS Transistors
¢ Thermal Protection

* Over-Voltage Protection

¢ Over-Current Protection

¢ 1MHz Operation or External Clock

¢ Synchronization Output

On-Chip Reference Voltage - 5.1V
* Output Rise and Fall Times ~ 3ns

.

Designed for 26V to 42V Operation

Description

The HIP5062 is a complete power control IC, incorporating two high
power DMOS transistors, CMOS logic and two low level analog control
circuits on the same Intelligent Power IC. Both the standard “Boost” and
the “SEPIC” (Single-Ended Primary Inductance Converter) power supply
topologies are easily implemented with this single control IC.

Special power transistor current sensing circuitry is incorporated that
minimizes losses due to the monitoring circuitry. Moreover, over-temper-
ature and over-voltage detection circuitry is incorporated within the IC to
monitor the chip temperature and the actual power supply output volt-
age. These circuits can disable the drive to the power transistor to pro-
tect both the transistor and, most importantly, the load from over-voltage.

As a result of the power DMOS transistor’s current and voltage capability
(5A and 60V), multiple output power supplies with total output power
capability up to 100W are possible.

Applications . .
PP Ordering Information
¢ Single Chip Power Supplies
« Current Mode PWM Applications PART NUMBER TEMPERATURE RANGE PACKAGE
O, Oy i
« Distributed Power Supplies HIP5062DY 0°C to +85°C 40 Pad Chip
« Multiple Output Converters HIP5062DW 0°C to +85°C WAFER
Chip
& 8 a8 & 8 8 b
z g g S (DO £
] L] L | . |-
v+ (40) B2 | (8) Voop2
TMON (39) [ || (o) vemp2
IRFI2 (38) W Tl || (10) PSOK
IRFO2 (37) LT (| (1) vREG2
VINP (36) ST (| (12)FLTN
AGND (35) [T | (13) PSEN
DGND (34) UWIHIT] | (14) SHRT
XCKS (33) AAT] || (15) SLRN
CKIN (32) ILL] || (16) SFsT
IRFI1 (31) L || 07 Vooo
IRFO1 (30) <Ll | (18) Vopa
VCMP1 (29) LLL || (19) VREG1
VICN (28) B | 20) Vooes
L\ 11 — 11 I
§ 8% g 88 &
o & a b & & 1)
175 mils x 175 mils (4.44mm x 4.44mm)
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3208

Copyright © Harris Corporation 1992
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HIP5062

Simplified Block Diagram

ViN &
< 0000 3 0000 4uH 4pH
}L SuH 0.66F 1M 0000 1'10("': 0000 >
Y 1 0.1pF
*—
0.1pF
Voop =
a7 40
12v ;gl o.:g kH l:l; D2 Voorz  V+ Voppi | Dt ﬂ,} g‘ ;,9 :ﬁ
= = g = T &7 = |5V
=S| INTERNAL Vpop1
are) POWER - <
_ il | cate GATE | [le—
PE DRIVERS 5:;2',-}' DRIVERS
< S2 T VOLTAGE T St S
: L]
51103 pGNp  |CONTROL) Q oo Q JCONTROL}  yREGH
LoGIc LOGIC

<
<

D
(3
0<

M VREG2 IRFO1 ﬂ
[Wﬁ———— IRFO2 IRFI1

IRFI2 VCMP1

AMA VCMP2 VTCN —] 1

Al

FLTN
PSEN
SFST
SLRN

I

<

G

<— ™ON
<

<

<b———— sHrr
<+

l

7|

Voop
Vobpa
AGND
—— CKIN
— XCKS
— PSOK

1T

TYPICAL SEPIC CONFIGURATION
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Specifications HIP5062

Absolute Maximum Ratings Thermal Information

DC Supply Voltage, V+.. .. ooovvviiiiiiinenene, -0.3Vto 42V  Thermal Resistance Junction-to-Case 0,

c
DMOS DrainVoltage .........ccovviiiineneennn -0.3V to 60V (Eutectic Mounting to Heat Sink .......... 3°CM'I Max
DMOS Drain Current . ......oviviiriiineeeeneennnnnen 10A
DC LogicSupply. . ..vvvviii i -0.3Vto 16V
Output Voltage, Logic Outputs ... .......covvvnnns -0.3Vto 16V
Input Voltage, Analog and Logic.................. -0.3Vto 16V
Operating Junction Temperature Range. .......... 0°C to +110°C
Storage Temperature Range ................. -55°C to +150°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings”™ may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indi

ted in the op

of this specification is not implied.

Electrical Characteristics v+ =36V, Channels 1 and 2, T, = 0°C to +110°C; Unless Otherwise Specified

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN | TYP I MAX UNITS
DEVICE PARAMETERS
I+ Supply Current V+ =42V, PSEN = 12V - 247 30 mA
Vopa Internal Regulator Output V+ =30V to 42V, Iyt = 0mA 1.7 - 13.3 v
Voltage
V+ =30V to 42V, Igyr = 30mA 11.5 - 133 v
SLRN = 12V, gyt = 0mA 11.5 - 133 \
VINP Reference Voltage VDDA = SLRN = 12V, ly;yp = OmA 5.01 5.1 5.19 v
Ryine VINP Resistance VINP =0 - 900 - Q
ERROR AMPLIFIERS
IVl Input Offset Voltage lycmp = OMA - - 10 mV
(REG - VINP)
Ry VREG Input Resistance to GND VREG = 5.1V 39 - 85 kQ
m (VREG) VREG Transconductance VCMP = 1V to 8V, SFST = 11V 15 30 50 mS
(lyemp/(VREG - VINP)
Om (SFST) SFST Transconductance VsesT < 4.9V 0.8 - 6 mS
lyemp/(VREG - SFST)
lvemp Maximum Source Current VREG = 4.95V, VCMP = 8V -2.5 - -0.75 mA
Maximum Sink Current VREG = 5.25V, VCMP = 0.4V 0.75 - 2.5 mA
OVTH Over-Voltage Threshold Voltage at VREG for FLTN to be 6.05 - 6.5 Vv
latched
CLOCK
fq Internal Clock Frequency XCKS = 12V, Vppp = 12V 0.9 1.0 11 MHz
V1 CKIN External Clock Input Threshold 33 - 66 %Voop
Voltages
DMOS TRANSISTORS
TDS(on) Drain-Source On-State | Drain = 2.5A, Vppp = 11V, - - 0.22 Q
Resistance T, =+25°C
Ipss Drain-Source Leakage Current Drain to Source Voltage = 60V - 1 100 pA
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Specifications HIP5062

Electrical Characteristics v+ = 36V, Channels 1 and 2, T, = 0°C to +110°C; Unless Otherwise Specified (Continued)

Thermal Monitor to Trip

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN I TYP I MAX UNITS
CURRENT CONTROLED PWM
IVjol VCMP | Buffer Offset Voltage (VCOMP - | IFRO = 0mA to -5mA, N B 125 mv
Viero) VTCN=0.2Vto 7.6V,
VCMP2 = 0.2V to 7.6V
Vi IFRO Voltage at IRFO that disables 116 - 250 mv
PWM. This is due to low load
current
Ity IFRO Voltage at IRFO to enable SHRT 6.85 - 7.65 \
output current. This is due to
Regulator Over Current Condi-
tions
IsHAT SHRT Output Current, During Vigeo = 7.7V -75 - -33 HA
Over-Current
V1y SHRT Threshold voltage on SHRT to Vppp = 11V - 5 - \
set FLTN latch
lgain Ipeak (DMOSprain)/liRri Al (DMOSppan)/At = 1A/ms 2.0 - 3.2 A/mA
Rigr IRFI Resistance to GND lipg = 2mMA 150 - 360 Q
trs” Current Comparator Response Al (DMOSpgan)/At > 1A/us - 30 - ns
Time
MCcPw* Minimum Controllable Pulse 25 50 100 ns
Width
MCPI* Minimum Controllable DMOS 125 250 500 mA
Peak Current
START-UP
V+ Rising V+ Power-On Reset 23 - 26.3 \
Voltage
Falling V+ Power-Off Set - 15 - \
Voltage
V+ Power-On Hysteresis 9.5 - 11.8 \"
Vi PSEN Voltage at PSEN to Enable Vppp = 11V 3.6 - 6.5 \
Supply
pSEN Internal Pull-Up Resistance, to - 12 - KQ
Voop
IspsT Soft-Start Charging Current Vgrst=0Vto 11V -1.5 -1.0 -0.65 HA
lpsok PSOK High-State Leakage SFST =11V, PSOK = 12V -1 - 1 HA
Current
Vpsok PSOK Low-State Voltage SFST =0V, lpgok = TMA - - 0.4
V4 SFST PSOK Threshold, Rising Vsgst | Vppp = 11V 8.1 - 9.9 v
THERMAL MONITOR
TEMP* Substrate Temperature for TMON = 0V 105 - 135 °c

* Determined by design, not a measured parameter.
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Pin Descriptions

PAD NUMBER DESIGNATION DESCRIPTION
1,4,7 S2 Source pads for the channel 2 regulator.
2,3,56 D2 Drain pads for the channel 2 regulator.

8 Voop2 This pad is the power input for the channel 2 DMOS gate driver and also is used to decouple the
high current pulses to the output driver transistors. The decoupling capacitor should be at least
a 0.1pF chip capacitor placed close to this pad and the DMOS source pads.

9 VCMP2 Output of the second channel transconductance amplifier. This node is used for both gain and
frequency compensation of the loop.

10 PSOK This pad provides delayed positive indication when both supplies are enabled.

11 VREG2 Input to the transconductance error amplifier. The other common input for both amplifiers is
VINP, Pad 36.

12 FLTN This is an open drain output that remains low when V+ is too low for proper operation. This node
and PSEN are useful in multiple converter configurations. This pad will be latched low when over-
temperature, over-voltage or over-current is experienced. V+ must be powered down to reset.

13 PSEN This terminal is provided to activate the converter. When the input is low, the DMOS drivers are
disabled. There is an internal 12K pull-up resistor on this terminal.

14 SHRT 50pA is internally applied to this node when there is an over-current condition.

15 SLRN Control input to internal regulator that is used during the “start-up” of the supply. In normal oper-
ation this terminal starts at OV and shuts down the internal regulator at approximately 9V. This
pad is usually connected to SFST, pad 16.

16 SFST Controls the rate of rise of both output voltages. Time is determined by an internal 1pA current
source and an external capacitor.

17 Voop Voltage input for the chip’s digital circuits. This pad also allows decoupling of this supply.

18 Vooa This is the analog supply and internal 12V regulator output usually used only during the start-up
sequence. The internal regulator reduced to a nominal 9.2V when SLRN is returned to 12V. Out-
put current capability is 30mA at both voltages.

19 VREG1 Input to channel one transconductance error amplifier. The other, common input for both ampli-
fiers is VINP, pad 36.

20 Vpop1 This pad is the power input for the channel 1 DMOS gate driver and also is used to decouple the
high current pulses to the output driver transistors. The decoupling capacitor should be at least
a 0.1yF chip capacitor placed close to this pad and the DMOS source pads.

22,23, 25,26 D1 Drain pads for the channel 1 regulator.
21,24,27 St Source pads for the channel 1 regulator.

28 VTCN Input to transconductance amplifier buffer for channel 1 only. Normally connected to VCMP1,
pad 29.

29 VCMP1 Output of the first channel transconductance amplifier. This node is used for both gain and fre-
quency compensation of the loop.

30 IRFO1 A resistor placed between this pad and IRFI1 converts the VCMP1 signal to a current for the cur-
rent sense comparator. The maximum current is set by the value of the resistor, according to the
equation: lpgak = 16/R. Where R is the value of the external resistor in KQ and must be greater
than 1.5KQ but less than 10KQ. For example, if the resistor chosen is 1.8K, the peak current will
be 8.8A. This assumes VCMP1 is 7.3V. Maximum output current should be kept below 10A.

31 IRFI1 See IRFOT1.

32 CKIN Clock input when XCKS is grounded.
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Pin Descriptions (Continued)

PAD NUMBER DESIGNATION DESCRIPTION

33 XCKS Grounding this terminal provides for the application of an external clock to CKIN input terminal.
For normal internal clock operation, this terminal may be left floating or returned to 12V. There
is an internal 30K pull-up resistor on this terminal.

34 DGND Ground of the DMOS gate drivers. This pad is used for bypassing.

35 AGND Analog ground.

36 VINP Internal 5.1V reference. This point is usually bypassed.

37 IRFO2 A resistor placed between this pad and IRFI2 converts the VCMP2 signal to a current for the cur-

rent sense comparator. The maximum current set by the value of the resistor, according to the
equation: Ipgak = 16/R. Where R is the value of the external resistor in KQ and must be greater
than 1.5KQ but less than 10KQ. For example, if the resistor chosen is 1.8K, the peak current will
be 8.8A. This assumes VCMP2 is 7.3V. Maximum output current should be kept below 10A.

38 IRFI2 See IRFO2

39 TMON This is the thermal shut down pad than can be used to disable the thermal shutdown circuit. By
returning this pad to Vpp, or 12V the function is disabled. Returning this pad to ground will put

the IC into the thermal shutdown state. Thermal shutdown occurs at a nominal junction temper-
ature or +120°C. This terminal is normally returned to ground.

40 V+ This is the main supply voltage input pad to the regulator IC. Because of the high peak currents
this pad must be well bypassed with at least a 0.1uF capacitor.
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Functional Block Diagram
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HIP5063

Power Control IC
Single Chip Power Supply

.

.

Features

Single Chip Current Mode Control IC
60V, 10A On-chip DMOS Transistor
Thermal Protection

1MHz Operation - External Clock
Output Rise and Fall Times ~ 3ns

Simple Implementation of High-Speed
Current Mode Controlled Regulators and
Power Amplifiers

Designed for 10V to 45V Operation

Applications

Single Chip Power Supplies
Current Mode PWM Applications
Distributed Power Supplies
Multiple Output Converters

Wideband Power Amplifiers for Motor
Control

Description

The HIP5063 is a complete power control IC, incorporating both the high
power DMOS transistor, CMOS logic and low level analog circuitry on the
same Intelligent Power IC.

This IC allows the user maximum flexibility in implementing high fre-
quency current controlled power supplies and other power sources.

Special power transistor current sensing circuitry is incorporated that
minimizes losses due to the monitoring circuitry. Over-temperature
detection circuitry is incorporated within the IC to monitor the chip tem-
perature.

As a result of the power DMOS transistor’s current and voltage capability
(10A and 60V), power supplies with output power capability up to 100
watts are possible.

Ordering Information
PART NUMBER TEMPERATURE RANGE PACKAGE
HIP5063DY 0°C to +85°C 21 Pad Chip
HIP5063DW 0°C to +85°C Wafer

Chip

D (20)

— e~ o~ — =
@ ~ © in <
T T c z z

S(13)

[=] 2] o (] o

NOTE: Unused pads are for trim and test.
122 mils x 126 mils (3.1mm x 3.2mm)

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.

Copyright © Harris Corporation 1992
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Simplified Block Diagram

4H 0.56uF 3uH
.66
msoy 0000 p 0000 ,
T 0pF
12v ol
Saeun
.8y
< 5.1V
FLLN Vooa  Voop Voop D 1 1 1  output
L ) T La )
— 0.1pF 0.88,F 33F
1MHz cLeK CONTROL GATE —_—
cLocK LOGIC |—{ DRIVERS __I
TMON - '—| s
>
o L
THERMAL =
MONITOR HiPs063 MWy
+ VCMP Z AN
cooL ~ %é\é
AGND DGND IRFI IRFO {
$ é M
vy
TYPICAL SEPIC APPLICATION CONFIGURATION
Functional Block Diagram
CcLCK Vppa Voop Voop
v
DDA BIAS
CIRCUITS
DRAIN
4
50pA
FLLN s
FLIP-FLOP GATE —
R DRIVERS rJ“":>
FAST RESET
THERMAL ‘ l
TMON MONITOR
i controL |+ CurneT
BLANKING ING SOURCE
LoGIC AMP
cooL ‘—El ] 47
b
VCMP —— + \!
S ‘ 555 S AN S
lReF
AGND IRFO AV — IRFI DGND)
/

EXTERNAL CURRENT SCALING RESISTOR
Ipeak(DMOS DRAIN CURRENT) = 4500 X Ipgr (mA)
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Specifications HIP5063

Absolute Maximum Ratings

DMOS Drain Vol

DMOS Drain Current
DC Logic Supply
Output Voltage, Logic Outputs
Input Voltage, Analog and Logic
Operating Junction Temperature Range
Storage Temperature Range

tage

T 20A

Thermal Information

Thermal Resistance Junction-to-Case
(Eutectic Mounting to Heat Sink

... -0.3Vto 16V
... -0.3Vto 16V
..0°C to +110°C

-55°C to +150°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indicated in the

of this

P

P

is not implied.

Electrical Characteristics Vppa = Vppp = Vope = 12V, Ty = 0°C to +110°C; Unless Otherwise Specified

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN I TYP I MAX UNITS
DEVICE PARAMETERS
I+ Supply Current External Clock Input = 1MHz I - l 14 —L - | mA
DMOS TRANSISTORS
TDS(on) Drain-Source On-State Resis- | Drain = 5A, T, = +25°C - - 0.13 Q
tance
lpss Drain-Source Leakage Current Drain to Source Voltage = 60V - 1 100 pA
CURRENT CONTROLLED PWM
Vol Buffer Offset Voltage IRFO = 0mA to -5mA, - - 125 mV
VCMP (VCMP - Vigeo) VCMP = 0.2V to 7.6V
laIN Ipeak (DMOSpranliaet Al (DMOSpgan)/At = 1A/ms 3.8 - 49 A/mA
Rigrl IRFI Resistance to GND Ige; = 2mMA 150 - 360 Q
trs” Current Comparator Response Al (DMOSpRrainY/At > 1A/ms - 30 - ns
Time
MCPW* Minimum Controllable Pulse 25 50 100 ns
Width
MCPI* Minimum Controllable DMOS 200 400 800 mA
Peak Current
CLOCK
V4 CLCK CLCK Input Threshold Voltage 4 - 8 \
Vqy FLLN FLLN Input Threshold Voltage 4 - 8 v
leLN FLLN Pull-Up Current VFLLN =0V -70 -50 -30 HA
THERMAL MONITOR
TEMP* Substrate Temperature for TMON pin open 105 - 135 °C
Thermal Monitor to Trip
I .eak COOL | COOL Leakage Current Veoor = 12V - - 1 pA
VeooL COOL Low-State Voltage lcooL =2mA, Ty > +125°C - - 0.4 v

* Determined by design, not a measured parameter.
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Specifications HIP5063

Pin Descriptions

PAD NUMBER

DESIGNATION

DESCRIPTION

1

VCMP

This is the input terminal from an external error amplifier. A MOS input voltage follower buffers
this terminal. The buffer output is the IRFO terminal. The external error amplifier may be either
an operational amplifier or a transconductance amplifier like the CA3080. This node may be used
for both gain and frequency compensation of the control loop.

Vopa

This is the analog supply input. An external 12V supply is required.

Vboo

Voltage input for the chip’s digital circuits.

FLLN

One pad of two clocking terminals. This terminal has an external 50pA pull-up current that allows
the terminal to be floated or be left open. With FLLN high, (open or tied to Vppp), the ON cycle
will start wiith the falling edge of the CLCK input. With FLLN low or grounded, the DMOS ON
cycle will start on the rising edge of the CLCK input.

CLCK

The other clock input pad. An external clock is applied to this terminal. This terminal has no pull-
up current or resistance. See FLLN above for phasing information.

cooL

Over-temperature indication is provided at this pad. When the chip temperature is below the ther-
mal threshold, the open drain DMOS transistor is in the high impedance state. When the thermal
threshold is exceeded, COOL is held low.

TMON

This is the thermal shut down pad than can be used to disable the thermal shutdown circuit. By
returning this pad to Vppa or 12V the function is disabled. Returning this pad to ground will enable
the thermal monitor function. Thermal threshold occurs at a nominal junction temperature of
+125°C.

IRFO

A resistor placed between this pad and IRFI converts the VCMP signal to a reference current for
the current sense comparator. The cycle by cycle peak current is set by the value to this resistor
according the the equation: lpgak = 4500 x VCMP/R. Where Ipgak is in amperes and R is the
value of the external resistor in ohms. A maximum VCMP of 8V and a resistor of 18000 will keep
the drain current below the absolute maximum specification of 20A.

IRFI

See IRFO.

AGND

Analog ground.

1

DGND

Digital ground.

128&21

Voop

These pads are used to decouple the high current pulses to the output driver transistors. The
capacitor should be at least a 0.1puF chip capacitor placed close to this pad and the DMOS
source pads.

13, 15,17, 19

Source pads of the DMOS power transistor.

14, 16, 18, 20

Drain pads of the DMOS power transistor.
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HIP5500

High Voltage IC
Half Bridge Gate Driver

Features
¢ 500V Maximum Rating

¢ Ability to Interface and Drive N-Channel Power
Devices

« Complimentary Outputs for Buffered FETs

Fault Output

Over 300KHz Oscillator Range
Adjustable Deadtime Control
Softstart Capability

.

Undervoltage Holdoff
¢ Low Current Standby State

Overcurrent Detection
¢ Sleep Mode

Ordering Information

Description

The HIP5500 is a high voltage integrated circuit (HVIC) half-bridge
gate driver for standard power MOSFETSs, IGBTs, and the new
Harris Buffered MOSFETSs. It can be employed in a wide variety of
switching regulator circuits.

While the HO and LO outputs drive the MOSFETSs main gate, the
inverted HO and LO outputs drive the turn-off device within the
New Harris Buffered MOSFETs. The use of Buffered FETs pro-
vides for faster turn-off of the power devices with a resulting reduc-
tion in switching losses.

The HIP5500 incorporates a precision oscillator, adjustable through
choice of an external resistor and capacitor. The resistor sets the
capacitor charging current and the capacitor sets the integration time
of a triangle wave. A second resistor connected to the DIS pin adjusts
the fall time of the triangle wave, which can be tailored to the applica-
tion. An internal 1/3 - 2/3 comparator regulates the triangle-wave min-
imum and maximum inflection points. The result is a 50% duty-cycle
waveform, half of which turns on the upper half of the half-bridge and
half which turns on the lower half.

SD, short-detect, and SS, soft-start, inputs provide alternative
means for regulating the duty cycle below 50% symmetrically for

PART TEMPERATURE both half cyclgs. A qapacitor on the SD ineut will begin c?arging.up
NUMBER RANGE PACKAGE once the EN input is made high and no “under-voltage” condition
exists. This will cause the duty cycle of each half-cycle to begin at
HIP55001P -40°C to +125°C | 20 Plastic DIP a minimum and ramp up to a maximum (ie 50% each half cycle).
I The SD input can be used to sense current, providing a means of
HIPS50018 -APC 1o H125°C 24 Plastic SOIC shorteningpthe duty cycle even below that I?mpose?j by the SS
input.
Special circuits in the HIP5500 are included to “match” upper and
lower turn-on and turn-off times so as to minimize flux imbalance
when driving transformer loads.
Pinout
20 PIN PLASTIC DIP 24 PIN SOIC (WIDE BODY)
TOP VIEW TOP VIEW
ne [1 e 20] HG 5o [4] hd 24] osc
RT E [15] Ho Lo [2] 23] EN
ois [3] [ig] vB ne [5] 2] ss
Nc [4] [17] vs Ne [4] 21] FT
cr 3] [16] NC vee [5] 20] sD
sD E E GND GND E E NC
ss[z 14] vee Ne [7] [1¢] NC
EN % [13] NC ne [g] [17] c7
T [3] 2] Lo vs [3] 16] NC
osc [ig ] o vB [ig] 15] Dis
Ho [11] [14] AT
7o [17 13 Nc

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.

Copyright © Harris Corporation 1992
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RESET FET
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Typical Application Block Diagram
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Specifications HIP5500

Absolute Maximum Ratings Thermal Information

Offset Supply Voltage, Vg. . ..o ovvvviiinn, -Vgsto 500V Thermal Resistance 6ic 6o

Floating Supply Voltage (VgtoVg)...........oovuvtn -0.3to 16V Plastic DIP Package ................ 68°C/W  85°C/W

High Side Channel Output Voltage, Vi0,VnHo - - - Vs-0.5 to Vg+0.5 Plastic SOIC Package . .............. 80°C/W  X°CW

Fixed Supply Voltage, Veg . oo vv v vvviiiie s -0.5t0 16V Linear Derating Factor (OW at T, = +125°C)

Low Side Channel Output Voltage . . ........... -0.5 to Vg +0.5V Plastic DIP Package ............. 15mW/°C

All Other Pin Voltages Plastic SOIC Package 13mW/rPC
(SD, RT,CT,DIS,SS,ENand FLT)........... -0.5 10 Vgo+0.5V

Storage Temperature Range ................. -40°C to +150°C

Junction Temperature. .........ooviiiiiiii e, +125°C

Lead Temperature (Soldering 10s). ..........covvvnnn. +300°C

Offset Supply Maximum dv/dt, dVg/dt .................. 50V/ns

ESD Classification ............covviiiniiiin.. Class 1

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Recommended Operating Conditions (T,=0°C to 125°C Unless Otherwise Noted, All Voltages Referenced to Vgg Unless Noted)

Offset Supply Voltage, Vg. . ... -2.0Vt0 400V  Discharge Rgs * CyProduct. .............oovvintn 100ns Min.
Floating Supply Voltage, Vgs (Vgto Vg).........ounnt 10to 15V Discharge Resistor Range, Rgg - - ..o ovvvvvnn 100KQ to 50KQ
High Side Channel Output Voltage, Vyo,VnHo + v v v vvves 0to Vgs Charging Resistor Range, Ry ................. 6.8KQ to 400KQ
Fixed Supply Voltage, Voo v o v vvvvvneviiiiiiinenn, 10to 15V Oscillator Capacitor Range. Cy................ 100pF to 0.1pF
Low Side Channel Output Voltage, Vi g,VNLQ « v vvvern OtoVge  Oscillator Frequency Range .........o.vvvvvvvnnn, 300kHz Max.
All Other Pin Voltages (SD,RT,CT,DIS,SS,FLT and EN). ... .. 0to Ve  Oscillator Capacitor Charge Current Range, lgr. .. ... 21pAto TBD

Static Electrical Characteristics V¢ = Vgg =10V to 15V, GND = 0V and T, = 0°C to +125°C, Unless Otherwise Specified

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
lace Quiescent V¢ Current - 7 - mA
lass Quiescent Vgg Current - 400 - pA
IstRY Standby V¢ Current Ry = 120K - 700 - HA
ISET/PWM SS Current Source 1/3Vee < Vgt < 2/3Vee 71 - 147 HA
VeNn Input Threshold - Veol2 - \Y - ‘Iﬁ
D=
-
VEN-HYS Input Hysteresis - 2 - Vv g &
[
Vuv Undervoltage Threshold 7.3 - 9.2V v j 8
2@
Vsp Short Detect Threshold - Veold - v 8 g
oo
let Oscillator Capacitor Charge lgr = 100pA, Vee/3 < Ver < 2/3Vee - 100 - HA cn_)
Current
Vou Drive Output Low Level Isink = 67mMA - - 0.4 \
lo+ Drive Output Sourcing Current | LO, HO Tied Low 1.9 23 - A
lo- Drive Output Sinking Current LO, HO Tied High 2.0 25 - A
lgur+ Drive NOT Output Sourcing LO, HO Tied Low - 200 - mA
Current
lgur- Drive NOT Output Sinking LO, HO Tied High - 200 - mA
Current
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Dynamic Electrical Characteristics V¢ = Vgg =10V to 15V, GND = OV and T, = 0°C to +125°C, Unless Otherwise Specified

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN l TYP | MAX UNITS
DRIVE CHANNEL (HO AND LO)
tdr Turn-On Rise Time Cy = 2000pF - - 50 ns
tdf Turn-Off Fall Time Cy = 2000pF - - 50 ns
DRIVE NOT CHANNEL (HO AND LO)
tdnr Turn-On Rise Time Cgur = 200pF - 25 35 ns
tdnf Turn-Off Fall Time Cgyr = 200pF - 25 35 ns
tsd Short Detect Propagation - 950 - ns
Delay
Oscillator Frequency - 5 - %
Tolerance
totmIN Minimum Dead Time Rdis e C1 = 100ns, Ry = 120K, 150 - 270 ns
Vee =12V
toBUF BufferFET-Off to MainFET-On | C, = 2000pF, Cgyr = 200pF - 165 - ns
Delay Time
Oscillator Output Buffer Delay 70 - 115 ns
Time
tssoLy Soft-Start Propagation Delay - 1.15 - us
Time
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ICL7644, ICL7645
ICL7646, ICL7647

Low Voltage Step-Up Converters

Features

e +5V at 40mA From a 1.5V Source

* +5V at 150mA From a 3V Source (See Table 1)
¢ Guaranteed Start-up at 1.15V

¢ Standby Mode 80pA Quiescent Current

Low Battery Indication

.

Power Ready Function

¢ Shutdown Feature 51A Max Quiescent

¢ Pin to Pin Compatible to MAX65X Series
Efficiency 75% at 1.2V Input

Applications

* Battery Powered Devices

¢ Single Cell Instruments

* Solar Powered Systems

¢ Pagers and Radio Controlled Receivers
¢ Portable Instruments

¢ 4-20mA Loop Powered Instruments

Description

The ICL7644, ICL7645 and ICL7646 are low power fixed
+5V  output step-up DC-DC converters designed for
operation from very low input voltages. All control functions
and a power FET are contained in the ICL7644, ICL7645
and ICL7647, minimizing external components. The
ICL7646 contains an output pin to drive an external FET
when higher output currents are required. A control pin
changes between high power and low power standby
modes. Standby mode allows operating for extended periods
with minimum battery drain, and a power ready function is
available for controlling external devices when the device is
switched between standby and high power. In high power
mode, the output current is approximately 40mA,; in standby
mode, it is about 500pA.

Minimum startup voltage is 1.15V, but once started the
device will operate to lower voltages as the battery
discharges. A separate low battery monitor is available; it
can be used at its default value of 1.17V or may be adjusted
by the designer to any higher voltage.

The ICL7644, ICL7646 and ICL7647 are optimized for single
cell (1.15V to 1.6V) battery operation and can also be used
with input voltages up to 4.0V. The ICL7645 is designed for
two cell (or single lithium cell) operation with typical battery
voltages of 2.0V to 3.6V. The ICL7647 is identical to the
ICL7644 except its output voltage is preset to +3V. The

Ordering Information

ICL764X series of products also offer a shutdown feature. In

PART TEMPERATURE the shutdown mode the quiescent current is less than SpA.
NUMBER RANGE PACKAGE
ICL764XCPD 0°C to +70°C 14 Pin Plastic DIP
ICL764XCBD 0°C to +70°C 14 Pin SOIC
ICL764XIPD -40°C 10 +85°C | 14 Pin Plastic DIP
ICL764XIBD -40°C10+85°C | 14 Pin SOIC
Pinouts
ICL7644, ICL7645 & ICL7647 ICL7646
TOP VIEW TOP VIEW
v U]
xz [1] E HP GND vee [1] 14] Ne
v [2] i3] cTL v+ [2] 13] cTL
ic [3] 2] HP GND ic [3] 2] b
Vier [4] 1] PR Vier [4] [11] PR
L8o [5] o] out o5 o] our
Lei [6] 9] Lx1 LBIE 9] x1
&N [7] 8] sp ano 7] 8] sD

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures.
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Specifications ICL7644, ICL7645, ICL7646, ICL7647

Absolute Maximum Ratings

Peak Voltage at LX1 Pin..............oooeveiiiiiinae, +16V  Storage Temperature. ..............couuunnn. -65°C to +160°C
Peak Voltage at LX2 or Vg Pin ... ..o innnn, +6.6V  Lead Temperature (Soldering, 10Sec)................. +300°C
Supply VoltagetoL1. . ....oooviiiiiiiiiiiiiiiinn, +15V  Power Dissipation:
Supply Voltage to L2, Vg « v vvvvnnniiiiii e, +5.6V Plastic DIP (Derate 10mW/°C above +70°C)........... 800mW
Peak Current, LX1 ... viiin ettt 50mA SOIC (Derate 8.7mW/°C above +70°C) .............. 695mW
Peak Current, LX2 ... ..ot itiie ittt iiie i 1.6A NOTE: V*is generated at LX1. In low currentmode, itis 4.5V to 5.6V
LBOOUtputCurrent . . ..o oot ettt 50mA 2.6V to 3.6V on ICL7646): in high tmode. itis 10V
Input Voltage, CTL, LBI (See Note) . ... .. ... ... -0.3V to (V* +0.3V) g ) 03.6V on ); in high current mode, itis 10V to
CAUTION: Stresses above those listed in “Absolute Maximum Ratlngs may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the op | sections of this sp is not implied.
Operating Conditions
Operating Temperature Range:

ICL7B4AXCXX. o vttt iiiiiiiiiiii i 0°Ct0+70°C  ICL7BAXIXX +\vvviinttiiieiieennnnnenns -40°C to +85°C

Electrical Specifications 1CL7644, ICL7646, ICL7647 (GND = OV, Vgrr = 1.2V, Ty = 25°C, Unless Otherwise Specified.)

LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX UNITS

Output Voltage Vout ICL7644, ICL7646 T, = Over Temp.* 4.5 5.0 5.5

ICL7647 Ta=Over Temp.* 2.7 3.0 33
Minimum Input Voltage to LX1 Vixy I = OpA (Note 1) - 0.9 1.0 v
Minimum Startup Voltage to LX1 Vixi Ip = OpA - 0.9 1.15 Vv
Input Voltage to LX2 Vixe 0.5 - 5.6 v
Peak LX2 Switch Current lixa ICL7644, ICL7647 (Note 1) - - 1.5 A
Standby Current la I, = 0pA, CTL = Open - 80 - pA
Switching Frequency fo Vparr = 1.0t0 1.6V 15.5 18 24 kHz
LX2, D Switch Duty Cycle %ON ICL7644, ICL7646 66 75 80 %

ICL7647 50 66 75 %
LX2, D Switch On Time ton ICL7644, ICL7646 27 42 49 us

ICL7647 20 37 47 us
LX2 On Resistance Rpson ICL7646, ICL7647 (Note 1) 0.40 - 0.67 Q
D Output Saturation Current ICL7646, Source Sink (Short Circuit - -25 - mA

Current) N 100 N A
Low Battery Input Threshold Voltage Vis 1.12 - 1.18 \
Low Battery Input Threshold Tempco - -0.5 - mv/°C
Low Battery Input Bias Current gl - 0.01 10 nA
Low Battery Output Vigo Vigi < 1.12V, I go = 1.6mA - - 0.4

Vig > 1.18V, Iigo = -1pA V1 - -
Power Ready Ver PR High, lpg = -1pA - Vout -

-0.2

PR Low, lpg = 1pA - 0.3 - v
CTL Input Threshold Vero - 0.07 - \
Efficiency 5mA < | oap < 40mA - 75 - %

NOTE:
1. Not tested, guaranteed by design and characterization.
* Commercial Temperature Range = 0°C to +70°C
Industrial Temperature Range = -40°C to +85°C
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Electrical Specifications ICL7645 (GND = 0V, Vgary = 2.4V, T, = +25°C, Unless Otherwise Specified.)
LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Output Voltage Vout Ta = Over Temperature* 45 5.0 5.5 \'Z
Minimum Input Voltage to LX1 Vixq I =0pA - 0.9 1.0 Vv
Minirnum Startup Voltage to LX1 Vixy 1L = 0pA (Note 1) - 0.8 1.15 v
Input Voltage to LX2 Vixe . - - 5.6 v
Peak LX2 Switch Current lixe (Note 1) - - 1.5 A
Standby Current la I, = OpA, CTL = Open - 40 - HA
Switching Frequency fo Vgarr =2.0to 3.2V 15.5 18 24 kHz
Switch Duty Cycle %ON 40 | so0 60 %
Switch On Time ton 15 28 38 us
LX2 On Resistance Rpson (Note 1) 0.40 - 0.67 Q
Low Battery Input Threshold Voltage Vil 1.12 - 1.18 v
Low Battery Input Threshold Tempco - -0.5 - mV/°C
Low Battery Input Bias Current e - 0.01 10 nA
Low Battery Output Viso Vig < 1.12V, I go = 1.6mA - - 0.4 v
Vig > 1.18V, I go = -1pA v+ - -
Power Ready Ver PR High, lpg = -1pA - Vour -
-0.2
PR Low, lpg = 1TmA - 0.3 - \
Input Threshold Ver - 0.7 - v
Efficiency S5MA < I pap € 150mA - 75 - %
NOTE:
1. Not tested, guaranteed by design and characterization.
* Commercial Temperature Range = 0°C to +70°C - m
Industrial Temperature Range = -40°C to +85°C g 3
og&
=
. . (7]
Functional Block Diagram S
[ORTT]
w=
D1 o
K o
»C
LX2 \ed
— N
TO
ouTPUT =)
LX1
L
1.5V =
L
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Pin Description

PIN NUMBER
ICL7644,
ICL7645,
ICL7646 ICL7647 SYMBOL FUNCTION
- 1 LXx2 Output drain of high power N-channel MOSFET.
1 - Vee Connect to battery positive terminal.
- 2 V+ Output of low power up converter; 10 to 15V in high power mode. 4.5V to 5.5V in
standby mode.
2 - V+ Output of low power up converter. 10 to 15V in high power mode. 2.6 to 3.6V in standby
mode.
3 3 /o] Internal Connection. Leave this pin unconnected. “Do not ground.”
- 7 GND Low power ground.
4 4 VRer 1.295V bandgap reference output; should be decoupled with a capacitor to pin 7. This
terminal is high impedance and cannot source or sink current.
5 5 LBO Low battery monitor output. Sinks 1.6mA when LBI is less than 1.17V, otherwise
sources 1A from V+.
6 6 LBl Low battery monitor input. Very high input impedance.
8*, 14 8* NC *SD *Shutdown pin. Allows user to turn part off by grounding pin 8.
9 9 LX1 Output (drain) of low power N-channel power driver.
10 10 ouT +5V (+3V on ICL7647). Feedback (input) pin for high power operation; output pin in
standby mode.
1 11 PR Power ready output; high (+5V on ICL7644, 7645, 7646; +3V on ICL7647) when high
power converter is ready to supply power.
7 12, 14 HP, GND High power ground.
13 13 CTL Control mode switch input; open circuit or high for standby mode, ground for high
power mode.
12 g D Driver output to external FET. Output voitage swings from GND to Voyr.

Low Voltage Step-Up Converters

Operating Principle

The ICL7644, ICL7645, ICL7646 and ICL7647 are flyback,
or boost converters: energy from the battery is first stored in
a coil and then discharged to the load. Essentially, the circuit
consists of a battery in series with a coil, a high power FET,
rectifier, and filter, as shown in Figure 1. When the switch is
closed, current builds up in the coil, creating a magnetic
field. During the second half, or flyback part of the cycle, the
power FET opens, the magnetic field collapses and the volt-
age across the inductor reverses polarity, adding to the volt-
age of the battery and discharging through the rectifier into
the load.

The switch is controlled by a constant frequency oscillator
whose output is gated on and off by a comparator that moni-

tors the output voltage. When the output voltage is above the
comparator threshold, the power FET skips an entire cycle
of the oscillator. This pulse skipping technique varies the
average duty cycle to achieve regulation, rather than varying
the period or duty cycle of each cycle of the power FET; it
eliminates a number of linear circuits that would otherwise
add both circuit complexity and quiescent operating current.
The key to operating CMOS circuitry from a 1V supply
depends on a technique called bootstrapping. A specially
designed oscillator starts itself up on a very low voltage and
builds up (or bootstraps) a higher voltage that in turn is used
as the supply for further operation. This supply yields higher
efficiency because the bootstrapped voltage drives the gate
of the internal power FET transistor to lower on resistance.
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When power is first applied, the circuit is very inefficient (for
the first cycle) until a higher voltage is generated on the fly-
back half of the first cycle. This higher voltage is rectified and
filtered, and powers the whole IC (and thus the oscillator) for
the next cycle. Since each cycle generates a higher voltage
for the next cycle, the voltage builds up very rapidly. An inter-
nal regulator limits the voltage to about 12V. The load for this
supply is only the CMOS chip itself, so the requirements for
the components, particularly the external inductor L1, are
very broad. This voltage is brought out to the V+ pin and is
connected to a tantalum capacitor for filtering.

This bootstrapped 12V drives an internal N-channel power
FET that furnishes the switching power for the load. Since
the gate of this FET is driven from a 12V supply, it has a very
low on resistance and can efficiently switch high currents
through a second inductor, L2. It is the power stored in this
second inductor that is delivered to the 5V load via an
external Schottky diode. The rectified and filtered 5V output
is connected back to the OUT pin to provide feedback. The
ICL7644/7645/7646/7647 thus has two separate switching
circuits and uses two separate inductors.

Circuit Details

A typical application circuit is shown in Figure 2. The higher
value inductor, L1, is typically 4.7mH, and may have fairly
high losses. It is used for the low power section of the circuit
and is rectified by an internal diode and routed to pin 2, V+,
where it is filtered by an external capacitor, C1. The second
inductor, L2, varies from 39uH to 500puH, depending on input
voltage and load current. It must have low series resistance
and sufficient core material to handle the load power without
saturating. The inductor is connected to pin 1 (LX2), the
drain of the Low Power FET, and is rectified by an external
Schottky diode, D1, and filtered by an external capacitor, C2.
This is the main +5V output (+3V on the ICL7647), and it is
connected to OUT, pin 10, which is the feedback input in
high power mode. Figure 3 shows a similar circuit for the
ICL7646 using an external FET for higher power output.

Low Power Standby Mode

A control pin (CTL) is available for putting the device into
standby mode to conserve power. When this pin is held low,
the IC operates in the high power mode, if it is driven high or
left open the following occurs: the POWER READY (PR) pin
is driven low, the high power FET is gated off, the 12V (V+)
switching supply is reduced to 5V (+3V on the ICL7647) and
is connected to the Vgyr pin.

By lowering the internal 12V supply to 5V, the leakage
currents of the CMOS circuits and the losses associated with
its voltage reference and oscillator are reduced to a
minimum. The internal low power 5V supply can furnish up
to 500pA, and it is connected to the normal 5V output pin
(OUT) to supply current to the load, keeping alive standby
circuits.

Power Ready Output Pin

During initial start up (and when placed in standby mode),
the ICL7644/7645/7646/7647 internal voltages are too low to
drive the power FET efficiently. A separate comparator
determines when this voltage has reached a high enough
value to drive the FET. The output of this comparator gates
the FET drive voltage. This scheme extends battery life in
standby mode and prevents the power FET from stalling
when switching to high power mode. The comparator output
is also brought out to the POWER READY (PR) pin and can
be used to control external circuits, further reducing battery
drain.

V+
D1
4.7mH; L1 L2347uH  1Ns8y7
+5V
9 1 c2+ ™ 40mA
+ LX1 LX2
BATT 6 220#':1
LBI =
c3 —Y rerF
oL 7 icL7e4d oyt
GND [CL7645
ICL7647 22 L
cTL 2 AT
" V+
P GND
LBO IC PR See Table 1.

For L2 Inductor

L1-TOKO Part Numbors

Part Number
187LY-472 NC

FIGURE 2. ICL764X TYPICAL APPLICATION

YE
L1 1
3.3mH? 12uH I_’]|_'N 1N5817 v
1 i 9 12 = P> +5
. v " b c2+-[-_ 250mA
ce 47o;u=l
LBI =
4 Rer 0
ictress  OUT
c1 |
cTL .  BFT
7 H V+
P GND
SEE TABLE 1.
LBO IC__PR_SD| FoR L2 INDUCTOR
<] PART NUMBERS
L1-TOKO sl 3[ "I 8 ]
PART NUMBER
187LY-332 NC

* Pin 8 used on 7646 series only

FIGURE 3. ICL7646 TYPICAL APPLICATION
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Start Up and Mode Considerations

The ICL7644/7645/7646/7647 may be started up in either the
low power (standby) or high power mode. When starting in the
high power mode, both the low power switch and the high power
switch start immediately. Whether or not the load is connected,
the output voltage will rise to 5V in the first few cycles. The OUT
pin becomes an input for feedback to control regulation.

If the high power load (greater than about 500pA) is connected
to the OUT pin and the device is placed in the low power mode
(CTL pin driven high or left open), the low power oscillator will
have to furnish all of the 5V power via the OUT pin, and the low
power oscillator will stall. It is, therefore, important to discon-
nect any load currents (greater than 500LA) whenever the
low power or standby mode is selected. The POWER
READY (PR) pin may be used to disconnect the load via an
external transistor. This way the mode and connection of the
high power load are both controlled through the CTL input.

Input Filtering

It is important to limit the rate of rise of the battery voltage
when the circuit is first turned on with a mechanical switch or
the installation of the battery(ies). A simple R-C network made
up of the battery internal resistance and a 10pF tantalum
capacitor placed at the battery side of L2 input is sufficient for
this purpose. This capacitor also helps to absorb the (rela-
tively) high peak currents that are drawn from the battery in
the high power mode.

Output Filtering

It is also important to limit the speed at which V+ decreases to
5V when the mode is switched from high power to standby.
This is accomplished by putting a 22pF capacitor between the
V+and OUT pins. Also, a 220uF capacitor placed on the OUT
pin provides both filtering and serves to hold up the 5V during
the switchover period. Without these capacitors, the 5V may
spike negatively during the switchover.

Low Battery Function

A completely independent low battery monitor is built into the
ICL764X series. Its input (LBI) is the + input of a CMOS com-
parator whose - input is connected to the internal 1.17V band-
gap reference. This input can be connected directly to the bat-
tery in single cell circuits or connected to a high resistance volt-
age divider for higher voltage monitoring. The output (LBO) can
sink 1.6mA or source several microamperes from V+.

Shutdown Function

The ICL764X series is equipped with a shutdown feature.
Pin 8 is used to power the part down. During shutdown the
part draws less than 5pA quiescent current. The part can be
shutdown by grounding pin 8.

Inductor Selection

Low Power Coil

The choice of the low power inductor, L1, is not critical. A 4.7mH
coil with a DC resistance of less than 40Q is adequate for most
applications. In general, higher inductance values allow lower
start up voltages, while lower resistances yield lower quiescent

current in standby mode. If the inductance is made too high, the
low power (V+) output voltage and current are reduced. This in
turn reduces the efficiency of the power section, so the +5V out-
put (in standby mode) supplied less current. Lower values of
inductance raise the minimum start up voltage.

High Power Coil

The high power coil, L2, must store most of the energy that
flows into the load. Accordingly, it should have a powdered
iron or ferrite core and should have low resistance to mini-
mize losses. It also must have an adequate current rating to
prevent saturation.

Calculating the worst case inductor for the high power section
(LX2) of the ICL7644/7645/7646/7647 is a two step process:

1. Determine the smallest inductor value that will not cause
the circuit to exceed the peak current rating of the ICL7644/
7645/7647 with the highest expected input voltage (Viymax)
the longest on time (tonmax), and the lowest total resistance
(Riming)- Roviyy is the sum of the minimum coil and FET
resistances. Note that this peak current relates to the induc-
tor and the FET switch and is several times the load current.

The following example assumes the minimum frequency
fominy @nd the maximum % ONuax, for the calculation of toy.
max)- Although the calculated value for toymax) is above that
specified in the electrical characteristics table (49us), the illus-
tration is still a valid one that yields a worst case minimum
inductor value.

NOTE: Units with both fomn) and %onmax) Values near the ends of
the allowed distributions will be rejected for tonmax)-

From the Electrical Characteristics table:

Ipk LX2 = 1.5A

Rpsonminy = 0.4Q

fO(MIN) = 15.500Hz

Duty Cycle Maximum, %ONyax) = 0.8
then:

tON(MAX) = °/°ON(MAX)I‘0(M|N) =0.8/15500 = 51 6}18
Assume that the minimum coil resistance. Rgoimin) is:

Reoiminy =0-1Q
The minimum total resistance, Ry is:

Rominy = Rosonming + Reowminy = 0.4 +0.1 = 0.5Q
then:

VinMaX, -Rminy X ton L
oy = 1.5A = INMAX) I:‘é ) % tonmaxyLiminy
Rviny
or:
-Riminy tonMax)

In O -Roving X ler/Vingmax) ]

For a maximum input voltage of 1.56V (single alkaline cell),
and a minimum coil resistance of 0.1, the minimum permis-
sible inductance for the ICL7644/7645/7647 is 39.37uH.

Loviny (uH) =
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2. Having determined the minimum inductance (L)) that
keeps the peak current below the individual component
ratings, we next calculate a new peak current (I'pi) using the
highest resistance (Riuax)), the lowest input voltage
(Vingviny) @nd the shortest on time (tongminy)- Using these
parameters, we will calculate the minimum available output
(DC) current.

From the Electrical Characteristics table:
Rpsonmax) = 0.67Q
fomax) = 24kHz
Duty Cycle Minimum, %ongvin) = 0.66

then:
tON(MIN) = %ON(MIN)/fomax) = 0.66/24000 = 27.5us
Assume that the maximum coil resistance, Rcoi(max) is:
Rcoiymax) =0.15Q

The maximum total charging resistance, Rjyax; is:

Rmax) = RposonMax) + ReoiLmax) = 0.82Q
At the end of the ON period:

. Vinmax) -Romax) X tonminyLmin
| PK= ——— X 1-e
Rimax)
The energy stored in the coil is:
Liviny X I'pi®
Ecow= B —

And the power put into the coil is:

Pcow = fomax) X Ecol

1]

Loming X P'ek? X fomax)
—
The minimum DC output current, loyr, is:
lourouy = Ploan = PcolL - Pross _
Vioan VoutMax) + Vpiope - VINMIN)
PcoiL - P'ek® X (Reoimaxy'3) X (1 - %ONwmy)

VoutMax) + Voiope - VINMIN)

Using a 47 + 10% pH coil with a resistance of 0.15€, an input
voltage of 1.1V, and the worst case highest output voltage of
5.5V. The calculated minimum DC output current is 32mA.
This assumes a 0.3V forward drop in the 1N5818 diode.

When selecting a coil, care should be exercised to insure
that the minimum inductance value, including all the
manufacturing tolerances, is never lower than the calculated
inductance, or the peak current rating of LX2 may be
exceeded. In addition, the current rating of the coil should be
greater than the peak current used in the calculation (1.5A,
normally), to avoid saturating the core.

If the worst case output current is too small, then either the
minimum input voltage must be increased or the maximum
input voltage should be decreased. It is always desirable to
decrease the ratio between maximum and minimum input
voltages. The coil resistance also has a significant effect on
the output current, so selecting a lower coil resistance will
increase the output current and increase the overall
efficiency.

If no satisfactory value of inductance can be found for the
desired current, the ICL7646 may be used with an external
FET whose peak current exceeds 1.5A. The calculations are
similar for the ICL7644 except the external FETs Rpggoy and
current rating should be substituted in the above equations.

If the worst case output current is significantly higher than
the required load current, a higher inductance value may be
used. This will tend to reduce the peak current and the ripple
voltage. Be sure to adjust the coil resistance and recalculate
all the values.

When the maximum battery voltage exceeds 1.65V, the
ICL7645 should be used. Calculations for the ICL7645 are
identical to the ICL7644 calculations, except that different
values must be used for the maximum and minimum duty
cycles.

In general, if a choice of batteries is available, higher input
voltages are preferred for two reasons. First, as the input
voltage approaches 1V, the load on the battery increases
while the losses increase. The losses become so dominant
that efficiency suffers and little output current can be
maintained. Second, certain losses, such as the coil
resistance and the FET on resistance are less significant
with higher input voltages. This means not only higher
efficiency, but a greater range of input voltages are tolerable;
this in turn means that more of the chemical energy can be
converted into electricity. For example, three NiCd cells, with
a fully charged voltage of 4.05V, may still be used down to
1.1V (with about 5mA of 5V output current), far beyond the
normal life expectancy.

The inductance values for commonly encountered battery
operated power supplies are tabulated in Table 1.
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TABLE 1. MINIMUM INDUCTANCE FOR COMMON BATTERIES

COIL SPECIFICATIONS (L2)
BATTERY VOLTAGE TOKO 8RBS 262LYF SERIES
BATTERY TYPE MIN MAX OUTPUT uH* OHMS PART NO.
1 NiCads (ICL7644) 1.5V 135V 5V 43mA 39 0.09 -0087K
1 Alkaline (ICL7644) 1.20v 1.55V 5V 43mA 47 0.10 -0088K
2 Alkaline (ICL7644) 2.5V 3.5V 5V 150mA 33 0.80 -0086K
2 NiCads (ICL7645) 2.30V 2.70V 5V 64mA 68 0.16 -0090K
2 Alkalines (ICL7645) 2.40V 3.10v 5V 62mA 82 0.17 -0091K
1 Lithium (ICL7645) 2,60V 3.60V 5V 64mA 100 0.22 -0092K
1 NiCad (ICL7646)* 1.15V 1.35V 5V 250mA 12 0.049 -0081K
1 Alkaline (ICL7646)"* 1.20V 1.55V 5V 275mA 6.8 0.037 -0079M
1 Alkaline (ICL7647) 1.20V 1.55V av 60mA 39 0.09 -0087K

* Coils are from Toko. Inductance (uH) is the MINIMUM allowed for the listed battery voltage range (Battery Voitage: MIN, MAX). Lower
values are not recommended, except when using the 7646 converters since they use an external MOSFET. If less current than listed in
the Output column is needed, a higher inductance coil will reduce losses. The optimum inductance varies inversely with required output

current if all other conditions are unchanged.

** These ICL7646 circuits use an external current switch. Peak switch current is typically 3.5A.

Capacitor Selection

The high current fast rise-time pulses associated with switch-
ing power supplies demand good grounding and bypassing
techniques. The ICL7644/7645/7647 have 3 ground pins to
improve grounding. In addition, the internal voltage reference
is brought out for connection to an external 1nF capacitor,
minimizing noise and modulation on the reference.

The two output voltages, V+ and +5V should be filtered with
tantalum capacitors, or other capacitors with low effective
series resistance, to minimize transients. If aluminum elec-
trolytic capacitors are used, they should be paralleled with
0.1uF disc ceramics.

Selecting Low Power Switching Diodes

The ICL7644/7645/7646/7647 use one external diode, and
this diode must be a Schottky. A common Schottky type that
performs well is the 1N5818.

In applications where standby current must be minimized,
the diode’s reverse leakage characteristics are especially
important. The ICL7644/7646/7647 (40pnA for the ICL7645)
standby current is typically 80pA, while the reverse current of
some Schottky rectifiers can exceed this value, particularly
at high temperature. If necessary, diode leakage can be
reduced with higher voltage Schottky types such as 1N5817.
If standby mode is not used or is used only for short periods,
then diode leakage is not a significant additional loss
compared to the normal load current and need not be
considered.

Rectifier Selection

The ICL7644-7647 use one external rectifier. To achieve
specified performance at low voltage, a Schottky type, such
as the 1N5818, is recommended because it combines low
forward voltage drop with fast switching speed. This
maximizes power conversion efficiency and output current
when the DC-DC converter is in high power mode. One
drawback of Schottky rectifiers is relatively high reverse
leakage current (at 5V reverse, 1N5818 leakage is typically
60pA at +25°C and 450pA at +75°C), which is quite large
with respect to the circuit’s quiescent current in standby
mode (typical standby current ICL7644/7646/7647 and
ICL7644/7646/7647: 80pA, ICL7645: 40pA). If standby
mode is not used or used only for short periods, reverse
leakage is not a significant additional loss compared to the
normal load current, and need not be considered.

If quiescent operating current is a primary concern, or if the
ICL7644-7647 spends most of its time in standby mode, a
silicon rectifier such as the 1N4933 or Unitrode UES1001
may be preferred. Silicon rectifiers have less reverse
leakage current than do Schottky rectifiers (1N4933 leakage
current is typically 1pA at +25°C and 50pA at +100°C). In
circuits where the standby mode is the predominant mode of
operation, battery life may be extended by trading
conversion efficiency for lower standby quiescent current.
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Output Current vs. Input Voltage

Figures 4 through 7 show output current versus input voltage
using typical inductor values for each part in the ICL7644-
7647 series. Where curves end in the middle of the graphs,
the peak current limit of the internal LX2 switch has been
reached. A higher input voltage than indicated by that line
(for the given inductor) may damage the device. Figure 6
assumes that an IRF541 MOSFET is used (0.085V maxi-
mum on resistance).

Dashed lines indicate regions where the LX2 current limit
hasn’t been exceeded, but the current rating of the selected
coil has. The actual voltages where lines end or become
dashed are indicated by arrows on the graphs. The output
currents indicated by dashed lines can be achieved only with
inductors of higher current rating than the indicated coil. The
coils used in Figures 4, 5 and 7 are as follows:

150
/ 47uH
100
< / / 68pH
E 1.4V
; s A o
~ s ' | i
e
%// L 220pH
e
0
0.9 14 1.3 1.5 1.7 1.9
ViN(Y)
FIGURE 4. ICL7644, loyr vs. Viy (Vour = 5V)
500
400 L=12uH
200 o-L=15.H
g 3 " 4 H
E
5
© 200 / pe L = 22uH |
/ o L = 33uH
100 %éﬂi = 47uH+
__—-——-
0.9 11 13 15 1.7 1.9

Vin (V)

FIGURE 6. ICL7646, loyr vs. Viy (Vour = 5V)

INDUCTOR TOKO PART NUMBER
33uH -0086K
47uH -0088K
100pH -0092K
150pH -0094K
220pH -0096K

The coils used in Figure 6 are the Toko series inductors.

The graphs in Figures 4-7 were calculated using worst case
data, so individual circuits may supply more current than
indicated. If the coils’ current ratings are not exceeded,
smaller, lower-cost coils than those indicated may be used in
low-current applications. Use the equations in the text to cal-
culate worst case peak coil/switch current to be sure that a
particular coil’s current rating is sufficient.

200

Y 4 #3.1V

S L
,(
2.6V s ’ /
2.3v\ /, /
/ AH 6
47uH y

150

lout (MA)
>
o

/ 2204H
50 - !
0
16 2.1 26 3.1 3.6
Vin (V)
FIGURE 5. ICL7645, loyy vs. Viy (Vout = 5V)
200
47pH
150 y il
4
68uH
< / /
E 7
g% P

00.9 1.

FIGURE 7. ICL7647, loyy vs. Viy (Vour = 3V)
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@ HARRS ICL7660

May 1992 : CMOS Voltage Converter
Features Description
* Simple Conversion of +5V Logic Supply to +5V Supplies The Harris ICL7660 is a monolithic CMOS power sup-

ply circuit which offers unique performance advan-
tages over previously available devices. The ICL7660
« Typical Open Circuit Voltage Conversion Efficiency 99.9% performs supply voltage conversion from positive to
negative for an input range of +1.5V to +10.0V, result-
ing in complemetary output voltages of -1.5V to
* Wide Operating Voltage Range 1.5V to 10.0V -10.0V. Only 2 non-critical external capacitors are
needed for the charge pump and charge reservoir

¢ Simple Voltage Multiplication (Voyr = (-) nV|N)

* Typical Power Efficiency 98%

* Easy to Use - Requires Only 2 External Non-Critical Passive

Components functions. The ICL7660 can also be connected to func-
tion as a voltage doubler and will generate output volt-
« No External Diode Over Full Temperature and Voltage Range ages up to +18.6V with a +10V input.
. . Contained on the chip are a series DC supply regula-
Applications P A

tor, RC oscillator, voltage level translator, and four out-
« On Board Negative Supply for Dynamic RAMs put power MOS switches. A unique logic element

‘ X | senses the most negative voltage in the device and
* Localized yProcessor (8080 Type) Negative Supplies ensures that the output-N-channel switch source-sub-
« Inexpensive Negative Supplies strate junctions are not forward biased. This assures

latchup free operation.
¢ Data Acquisition Systems

The oscillator, when unloaded, oscillates at a nominal
frequency of 10kHz for an input supply voltage of 5.0

: . volts. This frequency can be lowered by the addition of
Order ing Information an external capacitor to the “OSC" terminal, or the
PART NUMBER TEMPERATURE PACKAGE oscillator may be overdriven by an external clock.
The “LV” terminal may be tied to GROUND to bypass
0, 0, "
ICL7660CTV 0°Clo+70°C TO-99 Can the internal series regulator and improve low voltage
ICL7660CBA 0°C to +70°C 8 Lead SOIC (LV) operation. At medium to high voltages (+3.5 volts
to +10.0 volts), the LV pin is left floating to prevent
ICL7660CPA 0°C to +70°C 8 Lead Mini-DIP device latchup.
ICL7660MTV* 0°C to +70°C TO-99 Can An enhanced direct replacement for this part, the
. - - ’ ICL7660S, is now available and should be used for all
Add /883B to part number if 883B processing is required. new designs.
Pinouts
8 LEAD SOIC AND MINI-DIP 8 LEAD T0O-99 CAN
TOP VIEW TOP VIEW
v V+ (AND CASE)
TesT [1] (8] v+
caps [2] '7] osc
anD [3] (6] Lv
cap- [4] (5] vour

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures.

File Number 3072
Copyright © Harris Corporation 1992 7.72



Specifications ICL7660

Absolute Maximum Ratings

Supply Voltage . .« .o oeeetviii i +10.5V  Storage Temperature Range. ................. -65°C to +150°C
LV and OSC Input Voltage . ... .. -0.3V to (V+ +0.3V) for V+ < 5.5V Lead Temperature (Soldering, 10sec). .................. 300°C

(Note 1) (V+-5.5V) to (V+ +0.3V) for V+ > 5.5V Power Dissipation (Note 2)
CurrentintolV (Note 1) ...........covnnnn. 20pA for V+ > 3.5V ICL7B60CTV & vt iit it iiieiiieienannnas 500mW
Output Short Duration (Vsyppry S5.5V)......oouut Continuous ICL7660CPA ...\ttt ittt iie e e 300mwW
ICL7660MTV . .t e eae e 500mwW

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indicated in the op / ions of this specification is not implied.
Operating Conditions
Operating Temperature Range
ICL7660M. ... ..coiiiiiiiiiiin e, -55°C 10 +125°C  ICL7660C ..o .vvnne vt veenriienienneenennns 0°C to +70°C
Electrical Specifications V* =5V, T, = +25°C, Cogc = 0, Test Circuit Figure 1 (Unless Otherwise Specified)
LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNITS
I+ Supply Current Ry = 170 500 pA
Vi+ Supply Voltage Range - Lo MIN < T, < MAX, R = 10kQ, LV to GROUND 1.5 3.5 \
Vy+ Supply Voltage Range - Hi MIN < T, < MAX, R = 10k, LV to Open 3.0 10.0 \
Rout Output Source Resistance lout = 20mA, T, = +25°C 55 100 Q
lout =20mA, 0°C < T, < +70°C 120 Q
loyt = 20mMA, -55°C < Ty < +125°C 150 Q
V* =2V, Igyr = 3mA, LV to GROUND 300 Q
0°C < Tp £ +70°C
V+ =2V, lgyt = 3mA, LV to GROUND, 400 Q
-55°C < Ty < +125°C
fosc Oscillator Frequency 10 kHz
Pkt Power Efficiency R, = 5kQ 95 98 %
VouT &t Voltage Conversion Efficiency R = 97 99.9 %
Zosc Oscillator Impedance V+ =2 Volts 1.0 MQ
V =5 Volts 100 kQ
NOTES:

1. Connecting any input terminal to voltages greater than V+ or less than GROUND may cause destructive latchup. Itis recommended that
no inputs from sources operating from external supplies be applied prior to “power up” of the ICL7660.

2. Derate linearly above +50°C by 5.5mW/°C.

Functional Block Diagram

I V+
o CAP+
. | [ e
+2
OSCILLATOR TRANSLATOR CAP-
[ L "
‘ I ____J"L._o Vour
osc v
, ‘iE—l
VOLTAGE - LogIC
REGULATOR NETWORK

L
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ICL7660

Typical Performance Characteristics (Test Circuit of Figure 1)

OPERATING VOLTAGE AS A FUNCTION OF TEMPERATURE OUTPUT SOURCE RESISTANCE AS A
OF TEMPERATURE FUNCTION OF SUPPLY VOLTAGE
10 10K
/ y / 4 L
Z = Ta=+25°C —
8 AL A/ W ]
s SUPPLY VOLTAGE RANGE 7 z
= (NO DIODE REQUIRED / £ 1000
g 6 L1 ) A I RV 2
2 / 4 / / y w X
: fld : R
54 /| .4 g
s YA SV L g 10
2
o 2 y. / / V. §
- a— =
-
°
0 10
55 25 0 25 50 100 125 061 2 3 4 5 6 7 8
TEMPERATURE (°C) SUPPLY VOLTAGE (V+)
OUTPUT SOURCE RESISTANCE AS A POWER CONVERSION EFFICIENCY AS A
FUNCTION OF TEMPERATURE FUNCTION OF OSC. FREQUENCY
350 100
g lout = 1MA £ o8 T=+25°C l
vy >
§ 300 S 95| lour=1mA \*
& 250 S o
2 / E
& 200 w 92 -
w /( 5 90 loyt =15mA
£ 150 Va2V 8
3 " w o
9 100 = Z s
z : S w
E 50 - &
8 V+=5V g 82
0 ! a Vi = 45V
5 25 0 25 50 75 100 125 80
TEMPERATURE (°C) 100 1k 10k
0SC. FREQUENCY fosc (Hz)
FREQUENCY OF OSCILLATION AS A UNLOADED OSCILLATOR FREQUENCY AS A
FUNCTION OF EXTERNAL OSC. CAPACITANCE FUNCTION OF TEMPERATURE
10K -‘.. = 20
[~ x
ES 3
o o 18
2 S
; > 16
g 1K "z, \\
w w 14
2 2
3 g N
w 12 A
[ o
T w \
o« o N,
S 100 o 10
= N 5 N
=] 5 8 ﬂL
Q
2 VessV 8 o[ +3*Y,
40 LTa=+25°C 50 25 0 25 50 75 100 125
1.0 10 100 1000 10K TEMPERATURE (°C)

Cosc (pF)
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ICL7660

Typical Performance Characteristics (Continued) (Test Circuit of Figure 1)

SUPPLY CURRENT & POWER
CONVERSION EFFICIENCY AS A
OUTPUT VOLTAGE AS A FUNCTION OF OUTPUT CURRENT FUNCTION OF LOAD CURRENT
5 £100 100
Ta=+25°C M §1u L e
4 vazasv . Q 90 Fpepr " °
3 /] i 80 80 C
w 5 <
g I T 70 70 2
r} : i go 60 O
o1 z c
: 0 " g 50 ‘ 50 :;B
2 = 40 a0 2
g4 E 3
3 4 Zz 30 307
2 p o —
g : 20 Ta=+25°C =] 20 3
3 TR V=45V 10
VJEREY . g W L1,
5 SLOPE 550 “ "o 10 20 30 40 50 60
LOAD CURRENT I (mA)
LOAD CURRENT I (mA)
SUPPLY CURRENT & POWER
CONVERSION EFFICIENCY AS A
OUTPUT VOLTAGE AS A FUNCTION OF OUTPUT CURRENT FUNCTION OF LOAD CURRENT
+2 [ T,=425% N £ 100 | 200
ve=2v 1 5 90 W] 180 S
\ & s > P 160
3] EFF ?)
wt N E 70 140 2
g ‘ u g0 120 3
I~ ‘ 4 m
5 o s0 100 Z
2 2 A =
Zo T 40 8.0 E
2 2 30 60 =
3 8 20 — 40 g
- > g 10 20 3
e SLOPE 150Q 3 oi/ | omA
// & 9 15 30 45 60 75 9.0

2 | LOAD CURRENT I (mA)
o 1 2 3 4 5 6 7 8

LOAD CURRENT I (mA)

NOTE 3. These curves include in the supply current that current fed directly into the load R, from the V+ (See Figure 1). Thus, approxi-
mately half the supply current goes directly to the positive side of the load, and the other half, through the ICL7660, to the negative side of
the load. Ideally, Voyr =2V)y, s = 2l S0 Viy X Ig = Vour X I

ICL7660

AA
v
P
=

Cy "
10pF i[.
NOTE: For large values of Cogc (>1000pF) the values of C, and C2 should be increased to 100uF.

FIGURE 1. ICL7660 TEST CIRCUIT
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ICL7660

Detailed Description

The ICL7660 contains all the necessary circuitry to complete
a negative voltage converter, with the exception of 2 external
capacitors which may be inexpensive 10uF polarized elec-
trolytic types. The mode of operation of the device may be
best understood by considering Figure 2, which shows an
idealized negative voltage converter. Capacitor C, is
charged to a voltage, V+, for the half cycle when switches S
and S; are closed. (Note: Switches S, and S, are open dur-
ing this half cycle.) During the second half cycle of operation,
switches S, and S, are closed, with Sy and S; open, thereby
shifting capacitor C; negatively by V+ volts. Charge is then
transferred from C, to C, such that the voltage on C, is
exactly V+, assuming ideal switches and no load on C,. The
ICL7660 approaches this ideal situation more closely than
existing non-mechanical circuits.

In the ICL 7660, the 4 switches of Figure 2 are MOS power
switches; S, is a P-channel device and S,, S; and S, are N-
channel devices. The main difficulty with this approach is
that in integrating the switches, the substrates of S; and S,
must always remain reverse biased with respect to their
sources, but not so much as to degrade their “ON” resis-
tances. In addition, at circuit start-up, and under output short
circuit conditions (Voyt = V+), the output voltage must be
sensed and the substrate bias adjusted accordingly. Failure
to accomplish this would result in high power losses and
probable device latchup.

This problem is eliminated in the ICL7660 by a logic network
which senses the output voltage (Voyt) together with the
level translators, and switches the substrates of Sz and S, to
the correct level to maintain necessary reverse bias.

The voltage regulator portion of the ICL7660 is an integral
part of the anti-latchup circuitry, however its inherent voltage
drop can degrade operation at low voltages. Therefore, to
improve low voltage operation the “LV” pin should be con-
nected to GROUND, disabling the regulator. For supply volt-
ages greater than 3.5 volts the LV terminal must be left open
to insure latchup proof operation, and prevent device dam-
age.

Sy S2
VIN 0——/ O—_F*./
= C
L I 1
C,
Ss i sf./.. T
1 Vour=-ViN

FIGURE 2. IDEALIZED NEGATIVE VOLTAGE CONVERTER

Theoretical Power Efficiency
Considerations

In theory a voltage converter can approach 100% efficiency
if certain conditions are met.

A The driver circuitry consumes minimal power.

B The output switches have extremely low ON resis-
tance and virtually no offset.

C The impedances of the pump and reservoir capaci-
tors are negligible at the pump frequency.

The ICL7660 approaches these conditions for negative volt-
age conversion if large values of C, and C, are used.
ENERGY IS LOST ONLY IN THE TRANSFER OF CHARGE
BETWEEN CAPACITORS IF A CHANGE IN VOLTAGE
OCCURS. The energy lost is defined by:

E=1/2C, (V42-V,?)

where V; and V, are the voltages on C, during the pump
and transfer cycles. If the impedances of C, and C, are rela-
tively high at the pump frequency (refer to Figure 2) com-
pared to the value of Ry, there will be a substantial difference
in the voltages V4 and V,. Therefore it is not only desirable to
make C, as large as possible to eliminate output voltage rip-
ple, but also to employ a correspondingly large value for C,
in order to achieve maximum efficiency of operation.

Do’s And Don’ts
1. Do not exceed maximum supply voltages.

2. Do not connect LV terminal to GROUND for supply volt-
ages greater than 3.5 volts.

3. Do not short circuit the output to V+ supply for supply
voltages above 5.5 volts for extended periods, however,
transient conditions including start-up are okay.

4. When using polarized capacitors, the + terminal of C4
must be connected to pin 2 of the ICL7660 and the + ter-
minal of C, must be connected to GROUND.

5. If the voltage supply driving the ICL7660 has a large
source impedance (25Q - 30Q), then a 2.2uF capacitor
from pin 8 to ground may be required to limit rate of rise
of input voltage to less than 2V/us.

6. User should insure that the output (pin 5) does not go
more positive than GND (pin 3). Device latch up will
occur under these conditions. A 1N914 or similar diode
placed in parallel with C, will prevent the device from
latching up under these conditions. (Anode pin 5, Cath-
ode pin 6).
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ICL7660

V+
1 E—j
Ro V,
. ICL7660 E T
T -
-L———E 5 ___L-__ .
" Vour =-V+ =
10uF
+
a) CONFIGURATION b) THEVENIN EQUIVALENT

FIGURE 3. SIMPLE NEGATIVE CONVERTER

ICL7660
g

AA
A
D

=

C

IHF

ICL7660
aqn

J

10uF

1],

+

o] ]

]

. | 2] IcL7660
10pF —{3] n
-[-__ 5 Vout=-nV+

+

10p

qu:’_I F-_:]:-_

FIGURE 6. CASCADING DEVICES FOR INCREASED OUTPUT VOLTAGE
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ICL7660

Typical Applications
Simple Negative Voltage Converter

The majority of applications will undoubtedly utilize the
ICL7660 for generation of negative supply voltages. Figure 3
shows typical connections to provide a negative supply neg-
ative (GND) for supply voltages below 3.5 volts.

The output characteristics of the circuit in Figure 3a can be
approximated by an ideal voltage source in series with a
resistance as shown in Figure 3b. The voltage source has a
value of -V+. The output impedance (R,) is a function of the
ON resistance of the internal MOS switches (shown in Fig-
ure 2), the switching frequency, the value of C, and C,, and
the ESR (equivalent series resistance) of C1 and C2. A good
first order approximation for R, is:

Rg = 2(Rswy + Rswa + ESRgy) +
2(st2 + st4 + ESRC-,) +

—————— +ESRg,
(feump) (C1)
fosc ) )
(foump = 2 , Rswx = MOSFET switch resistance)

Combining the four Rgwy terms as Rgy, we see that:

Ro= 2 (Rew)+ +4 (ESRcy) + ESRc,

(feump) (C1)

RSW, the total switch resistance, is a function of supply volt-
age and temperature (See the Output Source Resistance
graphs), typically 23Q @ 25°C and 5V. Careful selection of
C, and C, will reduce the remaining terms, minimizing the
output impedance. High value capacitors will reduce the
1/(foump ® C4) component, and low ESR capacitors will
lower the ESR term. Increasing the oscillator frequency will
reduce the 1/(fpymp ® C1) term, but may have the side effect
of a net increase in output impedance when C; > 10uF and
there is no longer enough time to fully charge the capacitors
every cycle. In a typical application where fogc = 10kHz and
C=C1 =Cz= 10”":

Ro= 2(23)+ +4 (ESR¢y) + ESRc,

(5 10% (10°%)
Rp=46 + 20+ 5 (ESRG)

Since the ESRs of the capacitors are reflected in the output
impedance multiplied by a factor of 5, a high value could
potentially swamp out a low 1/(fpyyp ® C4) term, rendering
an increase in switching frequency or filter capacitance inef-
fective. Typical electrolytic capacitors may have ESRs as
high as 10Q.

Ro= 2(23)+ +4 (ESRgy) + ESRc,

1
(5 10%) (10-)
Ro = 46 +20 + 5 (ESR)

Since the ESRs of the capacitors are reflected in the output
impedance multiplied by a factor of 5, a high value could

potentially swamp out a low 1/(fpymp ® C4) term, rendering
an increase in switching frequency or filter capacitance inef-
fective. Typical electrolytic capacitors may have ESRs as
high as 10Q.

Output Ripple

ESR also affects the ripple voltage seen at the output. The
total ripple is determined by 2 voltages, A and B, as shown in
Figure 4. Segment A is the voltage drop across the ESR of
C, at the instant it goes from being charged by C, (current
flow into C,) to being discharged through the load (current
flowing out of C,). The magnitude of this current change is
2¢ loyT: hence the total drop is 2e Igyt ® 8SR(; volits. Seg-
ment B is the voltage change across C, during time tp, the
half of the cycle when C, supplies current to the load. The
drop at B is oyt * t2/C, volts. The peak-to-peak ripple volt-
age is the sum of these voltage drops:

1
Viipplo = ['—_2 (frowe) (C2) *2(ESRc2) ] lout
Again, a low ESR capacitor will reset in a higher perfor-
mance output.

Paralleling Devices

Any number of ICL7660 voltage converters may be paral-
leled to reduce output resistance. The reservoir capacitor,
C,, serves all devices while each device requires its own
pump capacitor, C4. The resultant output resistance would
be approximately:

Royr (of ICL7660)
n (number of devices)

Rour =

Cascading Devices

The ICL7660 may be cascaded as shown to produced larger
negative multiplication of the initial supply voltage. However,
due to the finite efficiency of each device, the practical limit is
10 devices for light loads. The output voltage is defined by:

Vout =-n (Vin),

where n is an integer representing the number of devices
cascaded. The resulting output resistance would be approxi-
mately the weighted sum of the individual ICL7660 Rgy val-
ues.

Changing the ICL7660 Oscillator Frequency

It may be desirable in some applications, due to noise or
other considerations, to increase the oscillator frequency.
This is achieved by overdriving the oscillator from an exter-
nal clock, as shown in Figure 7. In order to prevent possible
device latchup, a 1kQ resistor must be used in series with
the clock output. In a situation where the designer has gen-
erated the external clock frequency using TTL logic, the
addition of a 10kQ pullup resistor to V+ supply is required.
Note that the pump frequency with external clocking, as with
internal clocking, will be 1/2 of the clock frequency. Output
transitions occur on the positive-going edge of the clock.
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ICL7660

V+ V+
~\J
6 8
— k2 cMOS
I R 2] ICL7660 GATE
10pF; _EE E] =
T';E 3'_._T__° Vour

10pF

L

FIGURE 7. EXTERNAL CLOCKING

It is also possible to increase the conversion efficiency of the
ICL7660 at low load levels by lowering the oscillator fre-
quency. This reduces the switching losses, and is shown in
Figure 8. However, lowering the oscillator frequency will
cause an undesirable increase in the impedance of the
pump (C,) and reservoir (C,) capacitors; this is overcome by
increasing the values of C; and C, by the same factor that
the frequency has been reduced. For example, the addition
of a 100pF capacitor between pin 7 (Osc) and V+ will lower
the oscillator frequency to 1kHz from its nominal frequency
of 10kHz (a multiple of 10), and thereby necessitate a corre-
sponding increase in the value of C; and C, (from 10uF to

100F).
V4
J
o ]
ﬂ_;r Cosc
ICL7660
ol @ g
a

FIGURE 8. LOWERING OSCILLATOR FREQUENCY

Positive Voltage Doubling

The ICL7660 may be employed to achieve positive voltage
doubling using the circuit shown in Figure 9. In this applica-
tion, the pump inverter switches of the ICL7660 are used to
charge C; to a voltage level of V+ -V (where V+ is the sup-
ply voltage and Vg is the forward voltage drop of diode D,).
On the transfer cycle, the voltage on C, plus the supply volt-
age (V+) is applied through diode D, to capacitor C,. The
voltage thus created on C, becomes (2V+) - (2VF) or twice
the supply voltage minus the combined forward voltage
drops of diodes Dy and D,.

The source impedance of the output (Voyt) will depend on
the output current, but for V+ = 5 Volts and an output current
of 10mA it will be approximately 60 ohms.

ICL7660
Vout=
(@V4)- (2V)

F1 Bl B E

+

-I-f Cy -:_[. Cz

FIGURE 9. POSITIVE VOLTAGE DOUBLER

Combined Negative Voltage Conversion
and Positive Supply Doubling

Figure 10 combines the functions shown in Figures 3 and
Figure 9 to provide negative voltage conversion and positive
voltage doubling simultaneously. This approach would be, for
example, suitable for generating +9 volts and -5 volts from an
existing +5 volt supply. In this instance capacitors C, and C3
perform the pump and reservoir functions respectively for
the generation of the negative voltage, while capacitors C,
and C,4 are pump and reservoir respectively for the doubled
positive voltage. There is a penalty in this configuration
which combines both functions, however, in that the source
impedances of the generated supplies will be somewhat
higher due to the finite impedance of the common charge
pump driver at pin 2 of the device.

V4 Vour=
\J - (nViN - VeDx)

J Lo
| L

Vour = (2V+) -
D, (Vep1) - (VeD2)

LA}
C2 I-t Co

FIGURE 10. COMBINED NEGATIVE VOLTAGE CONVERTER
AND POSITIVE DOUBLER

Voltage Splitting

ICL7660

+

?jm
el el e

The bidirectional characteristics can also be used to split a
higher supply in half, as shown in Figure 11. The combined
load will be evenly shared between the two sides. Because
the switches share the load in parallel, the output impedance
is much lower than in the standard circuits, and higher cur-
rents can be drawn from the device. By using this circuit, and
then the circuit of Figure 6, +15V can be converted (via +7.5,
and -7.5) to a nominal -15V, although with rather high series
output resistance (~250).

V+
s 50uF
S Ruy (S ol -~
0 5}—
=¥Veo Ve
Vour==3 |+ 2] creso 7]
=
S SOuF-l-_ 3] 6]
1 I =1
5
T 14} ST
50uF T
. g A"

FIGURE 11. SPLITTING A SUPPLY IN HALF
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ICL7660

Regulated Negative Voltage Supply

In some cases, the output impedance of the ICL7660 can be
a problem, particularly if the load current varies substantially.
‘The circuit of Figure 12 can be used to overcome this by
controlling the input voltage, via an ICL7611 low-power
CMOS op amp, in such a way as to maintain a nearly con-
stant output voltage. Direct feedback is inadvisable, since
the ICL7660’s output does not respond instantaneously to
change in input, but only after the switching delay. The circuit
shown supplies enough delay to accommodate the ICL7660,
while maintaining adequate feedback. An increase in pump
and storage capacitors is desirable, and the values shown
provides an output impedance of less than 5Q to a load of
10mA.

Other Applications

Further information on the operation and use of the ICL7660
may be found in A0O51 “Principals and Applications of the
ICL7660 CMOS Voltage Converter”.

W +8V S0k
Yy
S s6k
T +8V
50k \k 1000 | Liowr
AA— . = A
100k ?
AAA +
yyy J
‘x\ |+ 2] ICL7660 7]
ICL8069 1004F _EE z]
1 - e

250k —=100,F
VOLTAGE I™
ADJUST =

FIGURE 12. REGULATING THE OUTPUT VOLTAGE

-5V

+5V LOGIC SUPPLY
Lz |11
TTL DATA
INPUT 16 —on Y
4 P, | RS232
oly DATA
v . : OUTPUT
(1 (8] — D—>---
IH5142
+| 1 P ]
104F _E'E €] 13 |14
-L__E E__.
+
ouF L

FIGURE 13. RS232 LEVELS FROM A SINGLE 5V SUPPLY
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Features Description
¢ Guaranteed Lower Max Supply Current for All Temperature The ICL7660S Super Voltage Converter is a monolithic CMOS
Ranges voltage conversion IC that guarantees significant performance

Guaranteed Wider Operating
Voltage Range 1.5V to 12V

¢ No External Diode Over Full Temperature and Voltage Range

Boost Pin (Pin 1) for Higher Switching Frequency

Guaranteed Minimum Power Efficiency of 96%

Improved Minimum Open Circuit Voltage Conversion Effi-
ciency of 99%

Improved SCR Latchup Protection
¢ Simple Conversion of +5V Logic Supply to +5V Supplies

Simple Voltage Multiplication Voyr = (-)nVy

« Easy to Use - Requires Only 2 External Non-Critical Passive
Components

Improved Direct Replacement for Industry Standard ICL7660
and Other Second Source Devices

Applications
* Simple Conversion of +5V to +5V Supplies

* Voltage Multiplication Voyr = tnV)y

* Negative Supplies for Data Acquisition Systems and
Instrumentation

* RS232 Power Supplies
¢ Supply Splitter, Voyr = +Vs/2

advantages over other similar devices. It is a direct replacement
for the industry standard ICL7660 offering an extended operat-
ing supply voltage range up to 12V, with Jower supply current.
No external diode is needed for the ICL7660S. In addition, a
Frequency Boost pin has been incorporated to enable the
user to achieve lower output impedance despite using smaller
capacitors. All improvements are highlighted in the Electrical
Characteristics section. Critical parameters are guaranteed
over the entire commercial, industrial and military temper-
ature ranges.

The ICL7660S performs supply voltage conversion from posi-
tive to negative for an input range of 1.5V to 12V, resulting in
complementary output voltages of -1.5V to -12V. Only 2 noncrit-
ical external capacitors are needed for the charge pump and
charge reservoir functions. The ICL7660S can be connected to
function as a voltage doubler and will generate up to 22.8V with
a 12V input. It can also be used as a voltage multiplier or volt-
age divider.

The chip contains a series DC power supply regulator, RC
oscillator, voltage level translator, and four output power MOS
switches. The oscillator, when unloaded, oscillates at a nominal
frequency of 10kHz for an input supply voltage of 5.0 volts. This
frequency can be lowered by the addition of an external capac-
itor to the “OSC” terminal, or the oscillator may be over-driven
by an external clock.

The “LV" terminal may be tied to GND to bypass the internal
series regulator and improve low voltage (LV) operation. At
medium to high voltages (3.5V to 12V), the LV pin is left floating
to prevent device latchup.

Pinouts
8 LEAD SOIC AND MINI-DIP
TOP VIEW

\J

BoosT [1] (8] v+
caps [2] 7] osc
GND [3] [6] Lv

cap- [2 5] vour

TO-99 CAN
TOP VIEW

V4 (AND CASE)

Ordering Information

SI

REGULATORS/
POWER SUPPLIE

PART NUMBER TEMP. RANGE PACKAGE
ICL7660SCBA 0°C to +70°C 8 Lead SOIC
ICL7660SCPA 0°C to +70°C 8 Lead Mini-DIP
ICL7660SIBA -25°C to +85°C 8 Lead SOIC
ICL7660SCTV 0°C to +70°C TO-99
ICL7660SIPA -25°C to +85°C 8 Lead Mini-DIP
ICL7660SITV -25°C to +85°C TO-99
ICL7660SMTV* -55°C to +125°C | TO-99

* Add /883B to part number if 883B processing is required

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.

Copyright © Harris Corporation 1992
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Functional Block Diagram

BOOST Vs
T CAP4+
e ‘oL
2
OSCILLATOR M TRANSLATOR - o CAP-
{ IE_ 11 Vour
osc w
II"
VOLTAGE IE E1
REGULATOR
LOGIC
_L NETWORK
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Specifications ICL7660S

Absolute Maximum Ratings

Supply Voltage . .. oottt iet e e +13.0V  Lead Temperature (Soldering 10s) .........ccevvvvnnn +300°C
LV and OSC Input Voltage (Note 1) Power Dissipation (Note 2)
VH<BEV o -0.3V to V+ + 0.3V ICL7660SCTV ..t iiiiiiieiiet e rinrennnnnenans 500mwW
VE>BEV .o V+-5.5V to V+ +0.3V ICL7660SCPA .. ...ttt ittt 300mwW
Current into LV (Note 1) ICL7660SCBA . . ...ttt iiiernennennas 300mwW
V4385V i 20pA ICL7660SITV. .ottt it iiiie e 500mwW
Output Short Duration ICL7660SIPA . ...ttt ittt ittt nerananas 300mwW
Veuppy €65V v Continuous ICL7660SIBA. ... 300mwW
Storage Temperature Range ................. -65°C to +150°C ICL7660SMTV ...ttt eiei i ennnnas 500mwW
CAUTION: Stresses above those listed in "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.
Operating Conditions
Operating Temperature Range ICL7660S ..o vvvvvineiiiiiiiiniaeanns -25°C to +85°C
ICL7660SM. ... ..covvtiiiiiniiiiiiinnnns -55°C to +125°C ICL7660SC . ....cvvviiiiiiiiiie e inennes 0°C to +150°C
Electrical Specifications V* =5V, T, = +25°C, OSC = Free running, Test Circuit Figure 2, Unless Otherwise Specified
LIMITS
PARAMETER SYMBOL TEST CONDITIONS MIN
Supply Current (Note 3) 1+ RL =, +25°C -
0°C < Ty <70°C -
-25°C < Ty < +85°C -
-55°C < Ty < +125°C - -
Supply Voltage Range - High V*a R = 10K, LV Open, Ty < Ta < Tyax 3.0 - 12 \2
(Note 4)
Supply Voltage Range - Low v Ry = 10K, LV to GND, Tyyy < Ta < Tyax 1.5 - 3.5 \'
Output Source Resistance Rout loyr =20mA - 60 100
loyt =20mA, 0°C < Ty < +70°C - - 120
lout = 20mA, -25°C < Ty < +85°C - - 120
louT = 20mA, -55°C < T4 < +125°C - - 150
louT = 3MA, V* = 2V, LV = GND, - - :
0°C < Ty <+70°C
loyr = 3MA, V* = 2V, LV = GND, - -
-25°C < Tp < +85°C
lout = 3mMA, V* = 2V, LV = GND, - -
-55°C < T, < +125°C
Oscillator Frequency fosc Cosc =0, Pin 1 Open or GND - kHz
Pin1=V*
Power Efficiency Pey R =5kQ - %
Tamin < Ta < Tmax
Voltage Conversion Efficiency VoutEff | R = - %
Oscillator Impedance Zosc Vt=2v - mQ
Vt=5V - 100 - kQ
NOTES:

1. Connecting any terminal to voltages greater than V+ or less than GND may cause destructive latchup. It is recommended that no inputs
from sources operating from external supplies be applied prior to “power up” of ICL7660s.

2. Derate linearly above 50°C by 5.5mW/°C

3. In the test circuit, there is no external capacitor applied to pin 7. However, when the device is plugged into a test socket, there is usually
a very small but finite stray capacitance present, of the order of 5pF.

4. The Harris ICL7660S can operate without an external diode over the full temperature and voltage range. This device will function in
existing designs which incorporate an external diode with no degradation in overall circuit performance.

5. All significant improvements over the industry standard ICL7660 are highlighted.
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ICL7660S

Typical Performance Characteristics (Test Circuit Figure 1)

OPERATING VOLTAGE AS A FUNCTION OF
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ICL7660S

Typical Performance Characteristics (Test Circuit Figure 1) (Continued)

OUTPUT VOLTAGE AS A FUNCTION OF OUTPUT CURRENT
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NOTE 6. These curves include in the supply current that current fed directly into the load R, from the V+ (See Figure 1). Thus, approxi-
mately half the supply current goes directly to the positive side of the load, and the other half, through the ICL7660, to the negative side of
the load. Ideally, Vour=2Vin ls =21, s0 Vin X Ig = Vour X I
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ICL7660S

Detailed Description

The ICL7660S contains all the necessary circuitry to
complete a negative voltage converter, with the exception of
2 external capacitors which may be inexpensive 10uF
polarized electrolytic types. The mode of operation of the
device may be best understood by considering Figure 2,
which shows an idealized negative voltage converter.
Capacitor C, is charged to a voltage, V+, for the half cycle
when switches S; and S are closed. (Note: Switches S,
and S, are open during this half cycle.) During the second
half cycle of operation, switches S, and S, are closed, with
S, and S3 open, thereby shifting capacitor C4 to C, such that
the voltage on C, is exactly V+, assuming ideal switches and
no load on C,. The ICL7660S approaches this ideal situation
more closely than existing non-mechanical circuits.

V+
T—o \% Is V+
> o-{1] (8} —————4—<—0 (+5V)
]
- l (2] \ciresos E |G
1 <
104F -[ __l____E E"°\°l Sh
—4 5 = = Vour
—

Cp
10pF .:E.

NOTE: For large values of Cogc (>1000pF) the values of C,
and C, should be increased to 100pF

FIGURE 1. ICL7660S TEST CIRCUIT

In the ICL7660S, the 4 switches of Figure 2 are MOS power
switches; S, is a P-channel devices and S,, Sz and S, are
N-channel devices. The main difficulty with this approach is
that in integrating the switches; the substrates of S3 and S,
must always remain reverse biased with respect to their
sources, but not so much as to degrade their “ON”
resistances. In addition, at circuit start up, and under output
short circuit conditions (Voyt = V+), the output voltage must
be sensed and the substrate bias adjusted accordingly.
Failure to accomplish this would result in high power losses
and probable device latchup.

This problem is eliminated in the ICL7660S by a logic
network which senses the output voltage (Vourt) together
with the level translators, and switches the substrates of S3
and S, to the correct level to maintain necessary reverse
bias.

The voltage regulator portion of the ICL7660S is an integral
part of the anti-latchup circuitry, however its inherent voltage
drop can degrade operation at low voltages. Therefore, to
improve low voltage operation “LV” pin should be connected
to GND, disabling the regulator. For supply voltages greater
than 3.5 volts the LV terminal must be left open to insure
latchup proof operation, and prevent device damage.

Theoretical Power Efficiency Considerations

In theory a voltage converter can approach 100% efficiency
if certain conditions are met:

A The drive circuitry consumes minimal power.

B The output switches have extremely low ON resistance
and virtually no offset.

C The impedance of the pump and reservoir capacitors are
negligible at the pump frequency.

The ICL7660S approaches these conditions for negative
voltage conversion if large values of Cy and C, are used.
ENERGY IS LOST ONLY IN THE TRANSFER OF CHARGE
BETWEEN CAPACITORS IF A CHANGE IN VOLTAGE
OCCURS. The energy lost is defined by:

E="/,Cy (V,?-V,?)
where V; and V, are the voltages on C; during the pump
and transfer cycles. If the impedances of Cy and C, are
relatively high at the pump frequency (refer to Figure 2)
compared to the value of Ry, there will be substantial
difference in the voltages V, and V,. Therefore it is not only
desirable to make C, as large as possible to eliminate output
voltage ripple, but also to employ a correspondingly large
value for C, in order to achieve maximum efficiency of
operation.

| R
_I_cz

Vour=-Vin

Sy S2
Vin oo V;’
.’
A
' = C '
: H
. : '
- ’ ’
H 1
H '
’ '
% %

Juut

FIGURE 2. IDEALIZED NEGATIVE VOLTAGE CONVERTER

Do’s and Don’ts
1. Do not exceed maximum supply voltages.

2. Do not connect LV terminal to GND for supply voltage
greater than 3.5 volts.

3. Do not short circuit the output to V* supply for supply
voltages above 5.5 volts for extended periods, however,
transient conditions including start-up are okay.

4. When using polarized capacitors, the + terminal of C,
must be connected to pin 2 of the ICL7660 and the +
terminal of C, must be connected to GND.

5. Ifthe voltage supply driving the 7660S has a large source
impedance (25 - 30 ohms), then a 2.2uF capacitor from
pin 8 to ground may be required to limit rate of rise of
input voltage to less than 2V/us.

6. User should insure that the output (pin 5) does not go
more positive than GND (pin 3). Device latch up will occur
under these conditions.

A 1N914 or similar diode placed in parallel with C, will
prevent the device from latching up under these condi-
tions. (Anode pin 5, Cathode pin 6).
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ICL7660S

Typical Applications
Simple Negative Voltage Converter

The majority of applications will undoubtedly utilize the
ICL7660S for generation of negative supply voltages. Figure
3 shows typical connections to provide a negative supply
where a positive supply of +1.5V to +12V is available. Keep
in mind that pin 6 (LV) is tied to the supply negative (GND)
for supply voltage below 3.5 volts.

V+
U/
[ 8
10pF
l+ 2] \curesos |
3 s}-
- ‘£E B q Ro  vour
: i
10pF ;I_VOUT =V +
a) b)
FIGURE 3. SIMPLENEGATIVE CONVERTER ANDITS OUTPUT
EQUIVALENT

The output characteristics of the circuit in Figure 3 can be
approximated by an ideal voltage source in series with a
resistance as shown in Figure 3b. The voltage source has a
value of -(V+). The output impedance (Rp) is a function of
the ON resistance of the internal MOS switches (shown in
Figure 2), the switching frequency, the value of Cy and Cy,
and the ESR (equivalent series resistance) of C; and C,. A
good first order approximation for Rq is:

Ro =2(Rsw + Rsws + ESR¢y) + 2(Rgwa + Rswd + ESRgy) +

+ ESRcz
frump X C4

fosc

(feump = , Rswx = MOSFET switch resistance)

Combining the four Rgyyx terms as Rgy, we see that:

Ro=2xRgy+ +4 x ESR; + ESRc,Q
frump X C4

Rsw. the total switch resistance, is a function of supply
voltage and temperature (See the Output Source
Resistance graphs), typically 23Q at +25°C and 5V. Careful
selection of Cy and C, will reduce the remaining terms,
minimizing the output impedance. High value capacitors will
reduce the 1/(fpyyp x C;) component, and low ESR capaci-
tors will lower the ESR term. Increasing the oscillator
frequency will reduce the 1/fpyyp x C4) term, but may have
the side effect of a net increase in output impedance when
C; > 10puF and these is not longer enough time to fully
charge the capacitors every cycle. In a typical application
where fogc = 10kHz and C = Cy = C, = 10uF:

1
(5x10%x 10 x 10)
Ro =46 +20 + 5 x ESRcQ

Ro=2x23 + +4 x ESRgy + ESRc,

Since the ESRs of the capacitors are reflected in the output
impedance multiplied by a factor of 5, a high value could
potentially swamp out a low 1/fpypmp x C,) term, rendering an
increase in switching frequency or filter capacitance ineffec-
tive. Typical electrolytic capacitors may have ESRs as high
as 10Q

Output Ripple

ESR also affects the ripple voltage seen at the output. The
total ripple is determined by 2 voltages, A and B, as shown in
Figure 4. Segment A is the voltage drop across the ESR of
C, at the instant it goes from being charged by C, (current
flowing into C,) to being discharged through the load
(current flowing out of C,). The magnitude of this current
change is 2 x loy, hence the total drop is 2 x loyt X ESRc,
volts. Segment B is the voltage change across C, during
time t,, the half of the cycle when C, supplies current the
load. The drop at B is Igyt X t/C, volts. The peak-to-peak
ripple voltage is the sum of these voltage drops:

1

VRippLE = ( +2ESRC; x loyr )

2 xfpymp X Cz

Again, a low ESR capacitor will result in a higher perfor-
mance output.

Paralleling Devices

Any number of ICL7660S voltage converters may be
paralleled to reduce output resistance. The reservoir
capacitor, C,, serves all devices while each device requires
its own pump capacitor, Cy. The resultant output resistance
would be approximately:

Rour (of ICL7660S)
n (number of devices)

Rout =

Cascading Devices

The ICL7660S may be cascaded as shown to produce larger
negative multiplication of the initial supply voltage. However,
due to the finite efficiency of each device, the practical limit is
10 devices for light loads. The output voltage is defined by:

Vout = -n(ViN),

where n is an integer representing the number of devices
cascaded. The resulting output resistance would be approxi-
mately the weighted sum of the individual ICL7660S Rgyr
values.

Changing the ICL7660S Oscillator Frequency

It may be desirable in some applications, due to noise or
other considerations, to alter the oscillator frequency. This
can be achieved simply by one of several methods described
below.

By connecting the Boost Pin (Pin 1) to V+, the oscillator
charge and discharge current is increased and, hence, the
oscillator frequency is increased by approximately 3‘/2
times. The result is a decrease in the output impedance and
ripple. This is of major importance for surface mount applica-
tions where capacitor size and cost are critical. Smaller
capacitors, e.g. 0.1uF, can be used in conjunction with the
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ICL7660S

FIGURE 4. OUTPUT RIPPLE

V&
\J
o S
2 7] hd
| ) touzagos o e—
e —13] ! 6] 0 3a
L= 4 : [ rougems :
o & M [
=0 5] +
FIGURE 5. PARALLELING DEVICES
\J
[
21 IcL7e608 ¥
| (2 s
1°»F-[* e E1 :,}—3:-
- _ ICL7660S
4 “n E
EI'—I_" Vout*

S 104F
+

*Vour =-nV for 1.5V < V+ < 12V

FIGURE 6. CASCADING DEVICES FOR INCREASED OUTPUT VOLTAGE
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ICL7660S

Boost Pin in order to achieve similar output currents
compared to the device free running with Cy = C, = 10uF or
100uF. (Refer to graph of Output Source Resistance as a
Function of Oscillator Frequency).

Increasing the oscillator frequency can also be achieved by
overdriving the oscillator from an external clock, as shown in
Figure 7. In order to prevent device latchup, a 1kQ resistor
must be used in series with the clock output. In a situation
where the designer has generated the external clock
frequency using TTL logic, the addition of a 10kQ pullup
resistor to V+ supply is required. Note that the pump
frequency with external clocking, as with internal clocking,
will be '/, of the clock frequency. Output transitions occur on
the positive going edge of the clock.

v+ v+
\J
] 8

> = Tk cMoS
. I (2] ICL7660S GATE

100F = 3] 6] =

[—-l" 4 5— Vour

. l‘lOuF

FIGURE 7. EXTERNAL CLOCKING

It is also possible to increase the conversion efficiency of the
ICL7660S at low load levels by lowering the oscillator
frequency. This reduces the switching losses, and is shown
in Figure 8. However, lowering the oscillator frequency will
cause an undesirable increase in the impedance of the
pump (C,) and reservoir (C,) capacitors; this is overcome by
increasing the values of C; and C, by the same factor that
the frequency has been reduced. For example, the addition
of a 100pF capacitor between pin 7 (Osc and V+ will lower
the oscillator frequency to 1kHz from its nominal frequency
of 10kHz (a multiple of 10), and thereby necessitate
corresponding increase in the value of C, and C, (from 10uF
to 100uF).

Cosc
ICL7660S

Q
ol |N] |
L[::IJ—“.

Cy

&) jw N[:-I

Vour

|

+
H
Ry

FIGURE 8. LOWERING OSCILLATOR FREQUENCY

Positive Voltage Doubling

The ICL7660S may be employed to achieve positive voltage
doubling using he circuit shown in Figure 9. In this applica-
tion, the pump inverter switches of the ICL7660S are used to
charge C, to a voltage level of V+ -V (where V+ is the sup-
ply voltage and V¢ is the forward voltage on C, plus the sup-
ply voltage (V+) is applied through diode D, to capacitor C,.

The voltage thus created on C, becomes (2V+) - (2Vg) or
twice the supply voltage minus the combined forward voltage
drops of diodes D, and D,.

The source impedance of the output (Voyt) will depend on
the output current, but for V+ = 5V and an output current of
10mA it will be approximately 60 ohms.

v+

ICL7660S
Vour=
{@V*)- @2vp)

|
1R R E

NOTE: D, and D, can be any suitable diode
FIGURE 9. POSITIVE VOLTAGE DOUBLER

Combined Negative Voltage Conversion and
Positive Supply Doubling

Figure 10 combines the functions shown in Figure 3 and 9 to
provide negative voltage conversion and positive voltage
doubling simultaneously. This approach would be, for exam-
ple, suitable for generating +9 volts and -5 volts from an
existing +5 volt supply. In this instance capacitors Cy and C3
perform the pump and reservoir functions respectively for
the generation of the negative voltage, while capacitors C2
and C, are pump and reservoir respectively for the doubled
positive voltage. There is a penalty in this configuration
which combines both functions, however, in that the source
impedances of the generated supplies will be somewhat
higher due to the finite impedance of the common charge
pump driver at pin 2 of the device.

v&
\J
O] %I ——l—°Vour=-Vm
[ L2] \cLresos Dy ¢,
e 3] e] I
—{4 5} -
D.
S 3 Vour = (2V*) -
I (VrD1) - (VrD2)
C, .
4

=it

FIGURE 10. COMBINED NEGATIVE VOLTAGE CONVERTER
AND POSITIVE DOUBLER

Voltage Splitting

The bidirectional characteristics can also be used to split a
high supply in half, as shown in Figure 11. The combined
load will be evenly shared between the two sides, and a high
value resistor to the LV pin ensures start-up. Because the
switches share the load in parallel, the output impedance is
much lower than in the standard circuits, and higher currents
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ICL7660S

can be drawn from the device. By using this circuit, and then

and storage capacitors is desirable, and the values shown

the circuit of Figure 6, +15V can be converted (via +7.5, and  provides an output impedance of less than 5Q to a load of

-7.5 to a nominal -15V, although with rather high series

output resistance (~250Q).

E"JISI’JI:IT

> +
E:RL‘ 50pF =
o K
+ .
Vour=YL=¥ —2]
* Iy
WFFT' {3]
<
SRz R {3]
50uF -T

FIGURE 11. SPLITTING A SUPPLY IN HALF
Regulated Negative Voltage Supply

In Some cases, the output impedance of the ICL7660S can
be a problem, particularly if the load current varies substan-

tially. The circuit of Figure 12 can be used to overcome this

by controlling the input voltage, via an ICL7611 low-power
CMOS op amp, in such a way as to maintain a nearly con-

stant output voltage. Direct feedback is inadvisable, since
the ICL7660S’s output does not respond instantaneously to
change in input, but only after the switching delay. The circuit
shown supplies enough delay to accommodate the 7660S,
while maintaining adequate feedback. An increase in pump

TTL DATA
INPUT

+
10puF

[l

Other Applications

Further information on the operation and use of the
ICL7660S may be found in A051 “Principals and Applica-
tions of the ICL7660 CMOS Voltage Converter".

+5V LOGIC SUPPLY
S
12 |11
16 1
-;/A_
4 ' 3 I
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~ 15 :
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5] 13 |14
[s}——
10pF * =

FIGURE 13. RS232 LEVELS FROM A SINGLE 5V SUPPLY
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FIGURE 12. REGULATING THE OUTPUT VOLTAGE
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ICL7662

CMOS Voltage Converter

Features

¢ No External Diode Needed Over Entire Temperature
Range

Pin Compatible With ICL7662

Simple Conversion of +15V Supply to -15V Supply
Simple Voltage Multiplication (Voyr = (-)nVy)

99.9% Typical Open Circuit Voltage Conversion
Efficiency

96% Typical Power Efficiency

* Wide Operating Voltage Range 4.5V to 20.0V

Easy to Use - Requires Only 2 External Non-Critical
Passive Components

Applications

* On Board Negative Supply for Dynamic RAMs

* Localized pProcessor (8080 Type) Negative Supplies
* Inexpensive Negative Supplies

¢ Data Acquisition Systems

¢ Up to -20V for Op Amps

Description

The Harris ICL7662 is a monolithic high-voltage CMOS
power supply circuit which offers unique performance ad-
vantages over previously available devices. The ICL7662
performs supply voltage conversion from positive to negative
for an input range of +4.5V to +20.0V, resulting in comple-
mentary output voltages of -4.5V to -20V. Only 2 noncritical
external capacitors are needed for the charge pump and
charge reservoir functions. The ICL7662 can also function
as a voltage doubler, and will generate output volt- ages up
to + 38.6V with a + 20V input.

Contained on chip are a series DC power supply regulator,
RC oscillator, voltage level translator, four output power MOS
switches. A unique logic element senses the most negative
voltage in the device and ensures that the output N-channel
switch source-substrate junctions are not forward biased.
This assures latchup free operation.

The oscillator, when unloaded, oscillates at a nominal fre-
quency of 10kHz for an input supply voltage of 15.0V. This

ordering Information frequency can be lowered by the addition of an external
TEMPERATURE capaci}or to the “OSC” terminal, or the oscillator may be
PART NUMBER RANGE PACKAGE overdriven by an external clock.
ICL7662CTV 0°C to +70°C TO-99 Can The “LV" terminal may be tied to GROUND to bypass the
GLrezcen | e s e 0 o) s o
ICL7662CBD 14 Pin SOIC is left floating to prevent device latchup.
ICL7662MTV* +55°C to +125°C TO-99 Can
Pinouts
8 LEAD MINI-DIP 14 LEAD SOIC 8 LEAD TO-99 CAN
TOP VIEW TOP VIEW TOP VIEW
V+
TEST E: o 8] v+ TEST E h 4] v+
cap: [2] 7] osc ne [2] 13] osc
GND Ij 6] Lv caps [3] 2] NC
CAP- E 5] Vour ne [4] [11] v
GND [5] 1o N
ne [€] s
CAP E 8] vour

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
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Functional Block Diagram

V+
CAP+
ac VOLTAGE
OSCILLATOR +2 TRANSLATOR CAP.
TEST N
> e
ouT
p ___..|E
—®,
) I
osc v M
_ I
[ a
LOGIC
VOLTAGE NETWORK
REGULATOR
L =
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Specifications ICL7662

Absolute Maximum Ratings

Supply Voltage . . ..o v vt 22V

Oscillator Input Voltage. . ....... -0.3V to (V+ +0.3V) for V+ < 10V

........................ (V+-10V) to (V+ +0.3V) for V+ > 10V
(Note 1)

CurrentintoLV(Note 1) ..................
Output Short Duration ...................

. .20pA for V+ > 10V
....... Continuous

Power Dissipation (Note 2)
ICL7662CTY ittt iiii it iiinanans
ICL7662CPA . ...t i iiiinenns

CAUTION: Stresses above those listed in “Absolute Maximum Ratings® may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indicated in the op

tional sections of this specification is not implied.

Electrical Specifications

V+ = 15V, Ty = +25°C, Cogc = 0, Unless Otherwise Stated. Refer to Figure 1.

LIMITS
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Supply Voltage Range - Lo V+L R_=10kQ, LV=GND [ Min < T, <Max 4.5 - 11 Vv
Supply Voltage Range - Hi V+H Ry = 10kQ, LV = Open | Min < T, < Max 9 - 20 \"
Supply Current I+ R =, LV = Open Ta=+25°C - 0.25 0.60 mA
0°C < T, < +70°C - 0.30 0.85 mA
-55°C < Tp < +125°C - 0.40 1.0 mA
Output Source Resistance Ro lo = 20mA, Ta = +25°C - 60 100 Q
LV = Open
0°C < Ty < +70°C - 70 120 Q
-55°C < Ty < +125°C - 90 150 Q
Supply Current I+ V+ =5V, R =, Ta = +25°C - 20 150 pA
LV =GND
0°C < Tp < +70°C - 25 200 pA
-55°C < Tp < +125°C - 30 250 HA
Qutput Source Resistance Ro V+=5V,lg=3mA, LV | Tp=+25°C - 1256 200 Q
= GNP 0°C < Ty < +70°C - 150 250 Q
-55°C < Ty < +125°C - 200 350 Q
Oscillator Frequency FOSC - 10 - kHz
Power Efficiency Peott R =2KQ Ta=+25°C 93 96 - %
Min < T, < Max 90 95 - %
Voltage Conversion Efficiency VoEf Ry = Min < Ty < Max 97 99.9 - %
Oscillator Sink or Source losc V+ =5V (Vogc = 0V to +5V) - 0.5 - HA
Current
V+ =15V (Vggc = +5V to +15V) - 4.0 - HA
NOTES:

1. Connecting any terminal to voltages greater than V+ or less than GND may cause destructive latchup. Itis recommended that no inputs
from sources operating from external supplies be applied prior to “power up” of ICL7660s.

2. Derate linearly above 50°C by 5.5mW/°C.

3. Pin 1is a Test pin and is not connected in normal use. When the TEST pin is connected to V+, an internal transmission gate disconnects
any external parasitic capacitance from the oscillator which would otherwise reduce the oscillator frequency from its nominal value.
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ICL7662

Performance Curves (See Figure 1, Test Circuit)

OUTPUT SOURCE RESISTANCE AS A OUTPUT SOURCE RESISTANCE AS A
FUNCTION OF SUPPLY VOLTAGE FUNCTION OF SUPPLY VOLTAGE
190 IL=20mA 1%0 1 IL=3mA
L = L =3m
170 | I Ta=+25°C 170 Lv.- GhD Ta=+25°C
_ LV = GND Cosc = 0pF Cosc = OpF|
S 150 g 150
w w
Q o
Z 130 = 130
< <
o =
= ('3
@ 110 2 10
w w
o o
,5 90 = 90
2
E 70 E 70
(5] -~ 3 LV = OPEN}
- o [y —
50 LV = OPEN ]| so
30 30
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
V+ (V) V+ (V)
OUTPUT SOURCE RESISTANCE AS A POWER CONVERSION EFFICIENCY AND OUTPUT SOURCE
FUNCTION OF TEMPERATURE RESISTANCE AS A FUNCTION OF OSCILLATOR FREQUENCY
/I g100 350
>
180 } 8 o 300
_ 170 A v, & N g
% 160 /LIL=3mA- S o - 20 3
O 150 i Perp .
2 140 4 Z 85 —H 200 B
5 J, o Ro [}
2 130 ] - 7]
73 o 80 - 150 5
w120 i 3
110 ; 100 %
5 zZ s (1]
& 100 [3] I V+=5V B
3 9 e | € 70 IL=3mA 50 &
80 % Tp =+25°C
Ve =15V Q 65 I ET
70 — I = 20mA 100 1K 10K 100K
60 Fosc (Hz)
50 m | osc
55 20 0 425 +70 +125
TEMPERATURE (°C)
. FREQUENCY OF OSCILLATION AS A FUNCTION
OSCILLATOR FREQUENCY vs. SUPPLY VOLTAGE OF EXTERNAL OSCILLATOR CAPACITANCE
e 10K Va=15V
10 |Ta=+25°C = 1 Ta=+25°C
= Cosc = OpF |~ = ) Ry =00
E y. >
x 9 " 4 15
5 / & K
Zz 8 a
I-Ia.l , E‘: 1 TIT
a7 L. {
['4 -4
g 6 % 100
% 5 |w=6ND 3
2 g
2 ¢ |
° . —LV = OPEN, 10
- y 1 10 100 1000 10K
2072 4 & & 10 12 14 16 18 20 Cosc (PF)
SUPPLY VOLTAGE (V)

NOTE: All typical values have been characterized but are not tested.
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Specifications ICL7662

Performance Curves (SeeFigure 1, Test Circuit)  (Continued)

UNLOADED OSCILLATOR FREQUENCY OUTPUT VOLTAGE AS A FUNCTION
AS A FUNCTION OF TEMPERATURE OF LOAD CURRENT
15K E] —
V+ =15V 2 p=V+=15V
) 14K Cosc = OpF s 3 [~Ta=+25°C
N < 4 |-LV=0PEN
6 13K \ >o s
z w
w 12K N o 6
o N g7
o 11K \ 6‘ 3
w Q >
c 10K - -9 pr
[ 2 -10 ]
g 9K »g a1
o 8K -12 [~ SLOPE = 65Q
7] -13
o
i N\ Iy ?4]
oK 15 1
10 20 30 40 50 60 70 80 90 100
5K LOAD CURRENT I, (mA)
55 20 0 425 +70 +125
TEMPERATURE (°C)
OUTPUT VOLTAGE AS A FUNCTION SUPPLY CURRENT & POWER CONVERSION
OF LOAD CURRENT EFFICIENCY AS A FUNCTION OF LOAD
2 Veoty | 100 Vs=5V
'+ =5 =
1 |=Ta= +25°C g o5 Ta =+25°C
LV = GND 5
§ 0 ﬁ 90 ] 40 %
> S PEFF | N "4
u & >3
-1 w 3 o
< 85 32
3 g I+ g
g / 5 3
> 2 2 m
S / E 80 \ 24 5
g, / z \ ¥
2 > =
Gl L sLopE = 140 o™ 3
“ = y
8
. //r' 5 7 P
0 2 4 6 8 10 12 14 16 18 20 6502468101214161820
LOAD CURRENT I (mA) LOAD CURRENT 1, (mA)
SUPPLY CURRENT AND POWER CONVERSION FREQUENCY OF OSCILLATION AS A
EFFICIENCY AS A FUNCTION OF LOAD CURRENT FUNCTION OF SUPPLY VOLTAGE
100
V+=15V Rp=o0
= Ta = +25°C . Ta=+25°C
g £  |Cosc=0pF
[ > x
& 9 %\ 20 3 g LV = GND
E PEFE | N < wn
w N 2 4
w 85 160 S 10
c w /
3 I+ 3 g >
7] m x 8 1 V.
x 80 120 = o
w N 3 £ 7
% N X 2 6
75 =
8 80 g S s / y
w O 4 y4
§ * 40 3 'I LV = OPEN
2 11
65 /

0 10 20 30 40 50 60 70 80 90 100 °2‘5:Y‘°1214161820
LOAD CURRENT I (mA) SUPPLY VOLTAGE (V)
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Performance Curves (see Figure 1, Test Circuit)
SUPPLY CURRENT AS A FUNCTION OF
OSCILLATOR FREQUENCY

150 l

140 l
130
120
110
100
90
80
70
60
50

40 -
30 Tr..
20 ‘[

10
10

SUPPLY CURRENT I+ (1A)

100 1K 10K
OSCILLATOR FREQUENCY (Hz)

(Continued)

NOTE 4. These curves include in the supply current that current fed
directly into the load R, from the V+ (See Figure 1). Thus, approxi-
mately half the supply current goes directly to the positive side of the
load, and the other half, through the ICL7662, to the negative side of
the load. Ideally, Voyt = 2V, Is = 21, 50 Viy X Ig = Vour X L.

Circuit Description

The ICL7662 contains all the necessary circuitry to complete
a negative voltage converter, with the exception of 2 external
capacitors which may be inexpensive 10pF polarized
electrolytic capacitors. The mode of operation of the device
may be best understood by considering Figure 2, which
shows an idealized negative voltage converter. Capacitor C
is charged to a voltage, V+, for the half cycle when switches
S; and S; are closed. (Note: Switches S, and S, are open
during this half cycle.) During the second half cycle of
operation, switches S, and S4 are closed, with S; and S;
open, thereby shifting capacitor C; negatively by V+ volts.
Charge is then transferred from C, to C, such that the
voltage on G, is exactly V+, assuming ideal switches and no
load on C,. The ICL7662 approaches this ideal situation
more closely than existing non-mechanical circuits.

In the ICL7662, the 4 switches of Figure 2 are MOS power
switches; S, is a P-channel device and S, Sz & S4 are N-
channel devices. The main difficulty with this approach is
that in integrating the switches, the substrates of S3 & S,
must always remain reverse biased with respect to their
sources, but not so much as to degrade their “ON”
resistances. In addition, at circuit startup, and under output
short circuit conditions (Voyt = V+), the output voltage must
be sensed and the substrate bias adjusted accordingly.
Failure to accomplish this would resuit in high power losses
and probable device latchup.

This problem is eliminated in the ICL7662 by a logic network
which senses the output voltage (Voyr) together with the
level translators, and switches the substrates of S; & S, to
the correct level to maintain necessary reverse bias.

The voltage regulator portion of the ICL7662 is an integral
part of the anti-latchup circuitry, however its inherent voltage
drop can degrade operation at low voltages. Therefore, to
improve low voltage operation the “LV” pin should be con-
nected to GROUND, disabling the regulator. For supply voit-
ages greater than 11 volts the LV terminal must be left open to
insure latchup proof operation, and prevent device damage.

hd Is V+
G E——_T—H (+5V)
. i—-ﬁ ST ; S— -
o l "EEE B—o\o- H
) E R

c, -

10pF 'ZI.

FIGURE 1. ICL7662 TEST CIRCUIT

*For large value of Cogc (> 1000pF)
the values of C, and C, should be
increased to 100pF.

S S,
V|N°———°E/

H T- c,
= ! -
! | J-c, C

S|

Vour=-Vin

Juut

FIGURE 2. IDEALIZED NEGATIVE CONVERTER
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Theoretical Power Efficiency Considerations

In theory a voltage multiplier can approach 100% efficiency if
certain conditions are met:

A The drive circuitry consumes minimal power

B The output switches have extremely low ON resistance
and virtually no offset.

C The impedances of the pump and reservoir capacitors
are negligible at the pump frequency.

The ICL7662 approaches these conditions for negative volt-
age multiplication if large values of C1 and C2 are used.
ENERGY IS LOST ONLY IN THE TRANSFER OF CHARGE
BETWEEN CAPACITORS IF A CHANGE IN VOLTAGE
OCCURS. The energy lost is defined by:

E = 1/2C, (V;2- V,?)

where V, and V, are the voltages on C, during the pump
and transfer cycles. If the impedances of C, and C, are rela-
tively high at the pump frequency (refer to Figure 2) com-
pared to the value of Ry, there will be a substantial difference
in the voltages V, and V,. Therefore it is not only desirable to
make C2 as large as possible to eliminate output voltage rip-
ple, but also to employ a correspondingly large value for C,
in order to achieve maximum efficiency of operation.

Do’s And Don’ts
1. Do not exceed maximum supply voltages.

2. Do not connect LV terminal to GROUND for supply volt-
ages greater than 17 volts.

3. When using polarized capacitors, the + terminal of C1
must be connected to pin 2 of the ICL7662 and the + ter-
minal of C2 must be connected to GROUND.

4. If the voltage supply driving the 7662 has a large source
impedance (25W - 30W), then a 2.2mF capacitor from pin
6 to ground may be required to limit rate of rise of input
voltage to less than 2V/ms.

5. User should insure that the output (pin 5) does not go
more positive than GND (pin 3). Device latch up will occur
under these conditions.

A 1N914 or similar diode placed in parallel with C, will pre-
vent the device from latching up under these conditions.
(Anode pin 5, Cathode pin 6).

Typical Applications
Simple Negative Voltage Converter

The majority of applications will undoubtedly utilize the
ICL7662 for generation of negative supply voltages. Figure 3
shows typical connections to provide a negative supply
where a positive supply of +4.5V to 20.0V is available. Keep
in mind that pin 6 (LV) is tied to the supply negative (GND)
for supply voltages below 11 volts.

The output characteristics of the circuit in Figure 3a can be
approximated by an ideal voltage source in series with a
resistance as shown in Figure 3b. The voltage source has a
value of -(V+). The output impedance (Rp) is a function of
the ON resistance of the internal MOS switches (shown in
Figure 2), the switching frequency, the value of C; and C,,
and the ESR (equivalent series resistance) of C; and C,. A
good first order approximation for Rg is:

Ro = 2(Rsw1 + Rsws + ESRcy)

+ 2(RSW2 + st4 + ESRC1) + + ESRCZ

fpump X C4

fosc
—osc Rswx = MOSFET switch resistance)

f =
(frump >

Combining the four Rgwy terms as Rgy, we see that

Ro=2xRgy + +4 x ESRg; + ESRQ
feump X C4

Rsw, the total switch resistance, is a function of supply volt-
age and temperature (See the Output Source Resistance
graphs), typically 24Q @ +25°C and 15V, and 53Q @ +25°C
and 5V. Careful selection of C; and C, will reduce the
remaining terms, minimizing the output impedance. High
value capacitors will reduce the 1/(fpyyp x C4) component,
and low FSR capacitors will lower the ESR term. Increasing
the oscillator frequency will reduce the 1/(fpymp x C4) term,
but may have the side effect of a net increase in output
impedance when C; > 10pF and there is no longer enough
time to fully charge the capacitors every cycle. In a typical
application where fogc = 10kHz and C = C; = C, = 10pF:

1
(5x10%x 10 x 10°)
Rp =46 +20 + 5x ESRcQ

Ro=2x23+ +4 ESRC1 + ESRC2

Since the ESRs of the capacitors are reflected in the output
impedance multiplied by a factor of 5, a high value could
potentially swamp out a low 1/(fpyyp x C4) term, rendering
an increase in switching frequency or filter capacitance inef-
fective. Typical electrolytic capacitors may have FSRs as
high as 10Q.

10uF
ICL7662

i1
(& W N rl

(a) (b.)

FIGURE3. SIMPLE NEGATIVE CONVERTER ANDITS OUTPUT
EQUIVALENT
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Output Ripple

ESR also affects the ripple voltage seen at the output. The
total ripple is determined by 2 voltages, A and B, as shown in
Figure 4. Segment A is the voltage drop across the ESR of
C, at the instant it goes from being charged by C; (current
flowing into C,) to being discharged through the load
(current flowing out of C,). The magnitude of this current
change is 2 x loyT, hence the total drop is 2 x loyt X ESRcz
volts. Segment B is the voltage change across C, during
time t,, the half of the cycle when C, supplies current the
load. The drop at B is loyr X to/C, volts. The peak-to-peak
ripple voltage is the sum of these voltage drops:

1

C+2 ESRC2 X lOUT )
2 xfpymp X C2

Again, a low ESR capacitor will result in a higher perfor-
mance output.

VRippLE = (

Paralleling Devices

Any number of ICL7662 voltage converters may be
paralleled (Figure 5) to reduce output resistance. The reser-

voir capacitor, C,, serves all devices while each device
requires its own pump capacitor, Cy. The resultant output
resistance would be approximately:

Rour (of ICL7662)
n (number of devices)

Rout =

Cascading Devices

The ICL7662 may be cascaded as shown in Figure 6 to pro-
duce larger negative multiplication of the initial supply volt-
age. However, due to the finite efficiency of each device, the
practical limit is 10 devices for light loads. The output voltage
is defined by:

Vout =-N(VIN), .

where n is an integer representing the number of devices cas-
caded. The resulting output resistance would be approximately
the weighted sum of the individual ICL7662 Rgyyy values.

FIGURE 5. PARALLELING DEVICES

ICL7662

FIGURE 6. CASCADING DEVICES FOR INCREASED OUTPUT VOLTAGE
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Changing the ICL7662 Oscillator Frequency

It may be desirable in some applications, due to noise or
other considerations, to increase the oscillator frequency.
This is achieved by overdriving the oscillator from an exter-
nal clock, as shown in Figure 7. In order to prevent possible
device latchup, a 1kW resistor must be used in series with
the clock output. In the situation where the designer has
generated the external clock frequency using TTL logic, the
addition of a 1OkW pullup resistor to V+ supply is required.
Note that the pump frequency with external clocking, as with
internal clocking, will be 1/2 of the clock frequency. Output
transitions occur on the positive-going edge of the clock.

It is also possible to increase the conversion efficiency of the
ICL7662 at low load levels by lowering the oscillator fre-
quency. This reduces the switching losses, and is achieved
by connecting an additional capacitor, COSC, as shown in
Figure 8. However, lowering the oscillator frequency will
cause an undesirable increase in the impedance of the
pump (C1) and reservoir (C2) capacitors; this is overcome
by increasing the values of C1 and C2 by the same factor
that the frequency has been reduced. For example, the addi-
tion of a 100pF capacitor between pin 7 (OSC) and V+ will
lower the oscillator frequency to 1kHz from its nominal fre-
quency of 10kHz (a multiple of 10), and thereby necessitate
a corresponding increase in the value of C1 and C2 (from
10mF to 100mF).

v+ v+
\J
] 8
> - vy cMos
. | 2] ICL7662 GATE
100F = 3] 5 =
—4 E'_.l_"Vour
G
FIGURE 7. EXTERNAL CLOCKING
v’
J
£l 8
Cosc
|* 2] e M
aF Lk el
—{a 5 - Vour
+IL%

FIGURE 8. LOWERING OSCILLATOR FREQUENCY
Positive Voltage Doubling

The ICL7662 may be employed to achieve positive voltage
doubling using the circuit shown in Figure 9. In this applica-
tion, the pump inverter switches of the ICL7662 are used to
charge C; to a voltage level of V+ -V (where V+ is the sup-

ply voltage and Vg is the forward voltage drop of diode D,).
On the transfer cycle, the voltage on C, plus the supply volt-
age (V+) is applied through diode C, to capacitor C,. The
voltage thus created on C, becomes (2V+) (2Vg) or twice the
supply voltage minus the combined forward voltage drops of
diodes D, and D».

The source impedance of the output (Vour) will depend on
the output current, but for V+ = 15 volts and an output cur-
rent of 10mA it will be approximately 70 ohms.

ICL7662
Vour=
(2V+) - (2Vg)

b

+

]—t Cy _T: C2

NOTE: D, and D, can be any suitable diode.

FIGURE 9. POSITIVE VOLTAGE DOUBLER

b Vour =
\J - (nVin - VrDX)

ICL7662 Dy +C3

CiT -

"*E{Hl
sialalal
o] o] Bl

Vour =(2V+) -
D, (Vep1) - (VeD2)

- + 'I
c
2 I

FIGURE 10. COMBINED NEGATIVE CONVERTER AND POSI-
TIVE DOUBLER

--

Combined Negative Voltage Conversion and Positive
Supply Doubling

Figure 10 combines the functions shown in Figures 3 and
Figure 9 to provide negative voltage conversion and positive
voltage doubling simultaneously. This approach would be, for
example, suitable for generating +9 volts and -5 volts from an
existing +5 volt supply. In this instance capacitors Cy and C3
perform the pump and reservoir functions respectively for
the generation of the negative voltage, while capacitors C,
and C, are pump and reservoir respectively for the doubled
positive voltage. There is a penalty in this configuration
which combines both functions, however, in that the source
impedances of the generated supplies will be somewhat
higher due to the finite impedance of the common charge
pump driver at pin 2 of the device.
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Voltage Splitting

The bidirectional characteristics can also be used to split a
higher supply in half, as shown in Figure 11. The combined
load will be evenly shared between the two sides and, a high
value resistor to the LV pin ensures start-up. Because the
switches share the load in parallel, the output impedance is
much lower than in the standard circuits, and higher currents
can be drawn from the device. By using this circuit, and then
the circuit of Figure 6, +30V can be converted (via +15V, and
-15V) to a nominal -30V, although with rather high series out-
put resistance (~250Q).

Regulated Negative Voltage Supply

In some cases, the output impedance of the ICL7662 can be
a problem, particularly if the load current varies substantially.
The circuit of Figure 12 can be used to overcome this by
controlling the input voltage, via an ICL7611 low-power
CMOS op amp, in such a way as to maintain a nearly con-
stant output voltage. Direct feedback is inadvisable, since
the ICL7662’s output does not respond instantaneously to a
change in input, but only after the switching delay. The circuit
shown supplies enough delay to accommodate the ICL7662,
while maintaining adequate feedback. An increase in pump
and storage capacitors is desirable, and the values shown
provides an output impedance of less than 5Q to a load of
10mA.

Other Applications

Further information on the operation and use of the ICL7662
may be found in A051 “Principles and Applications of the
ICL7660 CMOS Voltage Converter”.

. v
> .L*
3Ru SOuF = Y,
o o o
=NV i
Vour="=3 J: —2] e [T
S0uF T 3] Og
3R 14 51
504F =1=
v
FIGURE 11. SPLITTING A SUPPLY IN HALF
r +8vV ‘5?5
Wy
> 56k .
50k \(av 1002 T.10F
""' - =
100k IcL7611
v‘v‘v + A -
[ ]
by l . 2] e [
ICL8069 1004F _EE B
-[—:"E [5]—— Vour
= A
800k 1
250k 100pF
VOLTAGE i i
ADJUST =

FIGURE 12. REGULATING THE OUTPUT VOLTAGE
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ICL7663S

CMOS Programmable Micropower
Positive Voltage Regulator

Features

¢ Guaranteed 10pA Maximum Quiescent Current Over
All Temperature Ranges

* Wider Operating Voltage Range - 1.6V to 16V

Guaranteed Line and Load Regulation Over Entire
Operating Temperature Range Optional

1% Output Voltage Accuracy (ICL7663SA)
Output Voltage Programmable from 1.3V to 16V

Improved Temperature Coefficient of Output Voltage

40mA Minimum Output Current with Current Limiting

Output Voltages with Programmable Negative Temper-
ature Coefficients

Output Shutdown via Current-Limit Sensing or Exter-
nal Logic Level

Low Input-to-Output Voltage Differential

Improved Direct Replacement for Industry Standard
ICL7663B and Other Second-Source Products
Applications

¢ Low-Power Portable Instrumentation

¢ Pagers

¢ Handheld Instruments

* LCD Display Modules

* Remote Data Loggers

+ Battery-Powered Systems

Description

The ICL7663S Super Programmable Micropower Voltage
Regulator is a low power, high efficiency positive voltage
regulator which accepts 1.6V to 16V inputs and provides
adjustable outputs from 1.3V to 16V at currents up to 40mA.

It is a direct replacement for the industry standard ICL7663B
offering wider operating voltage and temperature ranges,
improved output accuracy (ICL7663SA), better temperature
coefficient, guaranteed maximum supply current, and
guaranteed line and load regulation. All improvements are
highlighted in the electrical characteristics section. Critical
parameters are guaranteed over the entire commercial
and industrial temperature ranges. The ICL7663S/SA
programmable output voltage is set by two external resistors.
The 1% reference accuracy of the ICL7663SA eliminates the
need for trimming the output voltage in most applications.

The ICL7663S is well suited for battery powered supplies,
featuring 4 pA quiescent current, low Vg to Vo differential,
output current sensing and logic input level shutdown
control. In addition, the ICL7663S has a negative
temperature coefficient output suitable for generating a
temperature compensated display drive voltage for LCD
displays.

The ICL7663S is available in either an 8-pin Plastic DIP,
Ceramic DIP, or SOIC package.

Pinout

8 LEAD DIP & SOIC
TOP VIEW

E Vin+
7] vrc
6] vser
5] sHoN

sense [1]
vourz [2]
Vourt E’:

GND E

Ordering Information

TEMPERATURE
PART NUMBER RANGE PACKAGE
ICL7663SCBA 0°C to +70°C 8 Lead SQIC
ICL7663SCPA 8 Lead Mini-DIP
ICL7663SCJA 8 Lead Ceramic DIP
ICL7663SACPA 8 Lead Mini-DIP
ICL7663SACJA 8 Lead Ceramic DIP
ICL7663SIBA -25°C to +85°C | 8 Lead SOIC
ICL7663SIPA 8 Lead Mini-DIP
ICL7663SIJA 8 Lead Ceramic DIP
ICL7663SAIPA 8 Lead Mini-DIP
ICL7663SAIJA 8 Lead Ceramic DIP

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
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Specifications ICL7663S

Absolute Maximum Ratings

Input Supply Voltage. . .......coiviiiiiiiiiiiiiiiienn, +18V
Any Input or Output Voltage (Note 1)

Terminals 1,2,3,5,6,7.............. Vin+0.3V to GND-0.3V
Output Source Current

Terminal 2. ...t i i e 50mA

Terminal 3. .. .oiiiiiii i i i i e 25mA
Output Sinking Current

Terminal 7. .o iii i e -10mA

Storage Temperature Range. . ................ -65°C to +150°C
Lead Temperature (Soldering 10s)
Operating Temperature Range
Total Power Dissipation (Note 2)

CeramicDIPPackage ..........oviviiiniinnnnnnnns 500mW
Mini-DIPPackage .........ccovveiinnnnnienaennns 200mwW
SOIC . it e e e 200mwW

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indicated in the op / of this specification is not implied.
Operating Conditions
Operating Temperature Range

ICL7663SC . ... iiiiii it iiiiiiie e 0°C to +70°C

0 By -25°C to +85°C

Electrical Specifications Specifications below applicable to both ICL7663S and ICL7663SA, Unless Otherwise Specified.
V+y = 9V, Vour =5V, Tp = +#25°C, Unless Otherwise Specified. See Test Circuit, Figure 1

LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Input Voltage Vi ICL7663S Tp = +25°C S
0°C < T, < +70°C
-25°C < Ty < +85°C
ICL7663SA 0°C < T, < +70°C
-25°C < T, < +85°C
Quiescent Current la 1.4V < Voyr < 8.5V, No Load
Vg =9V 0°C < Tp < +70°C
-25°C < T, < +85°C
V4 =16V 0°C < T < +70°C
-25°C < Tp < +85°C
Reference Voltage Veer louts = 100pA, Vour = Vet
ICL7663S Tp = +25°C
ICL7663SA Tp =+25°C
Temperature AVger | 0°C < To < +70°C
Coefficient AT | -25°C < T, <+85°C
Line Regulation AVger 2V< V<15V 0°C < Ty < +70°C
Vser AVin -25°C < T < +85°C
Vger Input Current IseT 0°C < Tp <+70°C
-25°C < T, < +85°C
Shutdown Input Current IsHON
Shutdown Input Voltage VsHon Vspon Hl: Both Voyr Disabled
Vsnpn LO: Both Vgt Enable
Sense Pin Input Current Isense
Sense Pin Input Threshold VoL
Input-Output Saturation Rgar V4 =2V, loyty = IMA
Resistance (Note 3) Vi = 9V, lours = 2mA
Vi = 15V, loyry = 5MA
Load Regulation AVout 1mA < loytz < 20mA
Aloyr 50pA < loyty < 5MA
Available Output Current lout2 3V V<16V, Viy - Voyrz = 1.5V
(Vout2)
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Specifications ICL7663S

Electrical Specifications Specifications below applicable to both ICL7663S and ICL7663SA, Unless Otherwise Specified.
V4 = 9V, Vour =5V, Ty = +25°C, Unless Otherwise Specified. See Test Circuit, Figure 1 (Continued)

LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Negative Tempco Output Vric Open Circuit Voltage - 0.9 - v
(Note 4) [N Maximum Sink Current 0 8 2.0 mA
Temperature Coefficient AVrc Open Circuit - +2.5 - mv/rC
TaT
Minimum Load Current ILmin Includes Vggr Divider Tp=+25°C - - HA
0°C < Ty <+70°C - 0.2 nA
-25°C < T, < +85°C - 0.2 pA

NOTES:

1. Connecting any terminal to voltages greater than (V+,y + 0.3V) or less than (GND - 0.3V) may cause destructive device latch-up. It is
recommended that no inputs from sources operating on external power supplies be applied prior to ICL7663S power-up.

2. Derate linearly above +50°C at 5SmW/°C for Plastic Mini-DIP, 7.5mW/°C for TO-99 can, and 10mW/°C for Ceramic DIP.

3. This parameter refers to the saturation resistance of the MOS pass transistor. The minimum input-output voltage differential at low current
(under 5mA), can be determined by multiplying the load current (including set resistor current, but not quiescent current) by this

resistance.

4. This output has a positive temperature coefficient. Using it in combination with the inverting input of the regulator at Vger, a negative

coefficient results in the output voltage. See Figure 3 for details. Pin will not source current.
5. All pins are designed to withstand electrostatic discharge (ESD) levels in excess of 2000V.

6. All significant improvements over the industry standard ICL7663 are highlighted.

Functional Diagram

v}
VﬂN 8

3
0 Vouri

2
© Vour2

1

O SENSE

60 Vser

do Vrc

45 GND

50 SHUTDOWN
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ICL7663S

Typical Performance Characteristics

Vour2 OUTPUT VOLTAGE AS A
FUNCTION OF

5.000

Vour (V)

Vourz INPUT-OUTPUT DIFFERENTIAL vs. OUTPUT CURRENT

4.995
4.990
4.985
4.980
4.975
4.970
4.965
4.960
4.955
4.950

103

101

10°
lout (mA)

10!

Vours INPUT-OUTPUT DIFFERENTIAL vs. OUTPUT CURRENT

102
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ICL7663S

Detailed Description

The ICL7663S is a CMOS integrated circuit incorporating all
the functions of a voltage regulator plus protection circuitry
on a single monolithic chip. Referring to the Functional Dia-
gram, the main blocks are a bandgap-type voltage reference,
an error amplifier, and an output driver with both PMOS and
NPN pass transistors.

The bandgap output voltage, trimmed to 1.29V + 15mV for
the ICL7663SA, and the input voltage at the Vgt terminal
are compared in amplifier A. Error amplifier A drives a
P-channel pass transistor which is sufficient for low (under
about 5mA) currents. The high current output is passed by
an NPN bipolar transistor connected as a follower. This
configuration gives more gain and lower output impedance.

Logic-controlled shutdown is implemented via a N-channel
MOS transistor. Current-sensing is achieved with
comparator C, which functions with the Voy, terminal. The
ICL7663S has an output (V1c) from a buffer amplifier (B),
which can be used in combination with amplifier A to
generate  programmable-temperature-coefficient  output
voltages.

The amplifier, reference and comparator circuitry all operate
at bias levels well below 1pA to achieve extremely low
quiescent current. This does limit the dynamic response of
the circuits, however, and transients are best dealt with
outside the regulator loop.

Basic Operation

The ICL7663S is designed to regulate battery voltages in the
5V to 15V region at maximum load currents of about 5mA to
30mA. Although intended as low power devices, power dissi-
pation limits must be observed. For example, the power dis-
sipation in the case of a 10V supply regulated down to 2V
with a load current of 30mA clearly exceeds the power dissi-
pation rating of the Mini-DIP:

(10 - 2) (30) (10'3) = 240mW
The circuit of Figure 2 illustrates proper use of the device.

CMOS devices generally require two precautions: every
input pin must go somewhere, and maximum values of
applied voltages and current limits must be rigorously
observed. Neglecting these precautions may lead to, at the
least, incorrect or nonoperation, and at worst, destructive
device failure. To avoid the problem of latchup, do not apply
inputs to any pins before supply voltage is applied.

Input Voltages - The ICL7663S accepts working inputs of
1.5V to 16V. When power is applied, the rate-of-rise of the
input may be hundreds of volts per microsecond. This is
potentially harmful to the regulators, where internal operat-
ing currents are in the nanoampere range. The 0.047uF
capacitor on the device side of the switch will limit inputs to a
safe level around 2V/ps. Use of this capacitor is suggested in
all applications. In severe rate-of-rise cases, it may be advis-
able to use an RC network on the SHutDowN pin to delay
output turn-on. Battery charging surges, transients, and
assorted noise signals should be kept from the regulators by
RC filtering, zener protection, or even fusing.

SENSE m
Vout2 i * ‘v‘?‘v Y‘OUT
v
f Sz S| &
Voutt <Rz
0.047yF V1o (7663 ONLY) L
= = VggT! R i: —=C
= GND SHDN
i y SR
Ta 1uA MIN

P/lon
S3

IOFF 1mQ
| 1.4V < Vgypn < V+iN
NOTES:

1. S; when closed disables output current limiting.
2. Close S; for Voyry, open S, for Voura.
3. R, + R,

Vour =

Veer-

4. 1Q quiescent currents measured at GND pin by meter M.
5. S when ON, permits normal operation, when OFF, shuts
down both Vgoyr¢ and Voyra.

FIGURE 1. ICL7663S TEST CIRCUIT

Output Voltages - The resistor divider Ro/R, is used to
scale the reference voltage, Vger to the desired output using
the formula Voyt = (1 + Ry/R,) Vger. Suitable arrangements
of these resistors, using a potentiometer, enables exact
values for Vour to be obtained. In most applications the
potentiometer may be eliminated by using the ICL7663SA.
The ICL7663SA has Vgey voltage guaranteed to be 1.29V
+15mV and when used with +1% tolerance resistors for Ry
and Ry, the initial output voltage will be within £2.7% of ideal.

The low leakage current of the Vger terminal allows Ry and
R, to be tens of megohms for minimum additional quiescent
drain current. However, some load current is required for
proper operation, so for extremely low-drain applications it is
necessary to draw at least 1pA. This can include the current
for Rz and R1.

Output voltages up to nearly the V y supply may be obtained
at low load currents, while the low limit is the reference
voltage. The minimum input-output differential in each
regulator is obtained using the Vgoyry, terminal. The input-
output differential increases to 1.5V when using Voyra.

Output Currents - Low output currents of less than 5mA are
obtained with the least input-output differential from the
Vour terminal (connect Vour to Vouri). Where higher cur-
rents are needed, use Voyra (Vour. Should be left open in
this case).

High output currents can be obtained only as far as package
dissipation allows. It is strongly recommended that output
current-limit sensing be used in such cases.

Current-Limit Sensing - The on-chip comparator (C in the
Functional Diagram) permits shutdown of the regulator
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ICL7663S

output in the event of excessive current drain. As Figure 2
shows, a current-limiting resistor, Rg,, is placed in series
with Vg2 and the SENSE terminal is connected to the load
side of Rg. When the current through Rg,_ is high enough to
produce a voltage drop equal to Vg (0.5V) the voltage
feedback is by-passed and the regulator output will be
limited to this current. Therefore, when the maximum load
current (I oap) is determined, simply divide Vg by | oap to
obtain the value for Rg,.

» Vi SENSE
Vour2 *';‘-‘v
cL
Voutrt |—
v 604kQ 2R,
0.047uF ch— 9
YW F 1V0F vour
Vser TO ev
GND SHDN >
210k 2Ry
. —_
R, + R,
Vout = Vser =5V
V
loL= —=— =25mA

" FIGURE 2. POSITIVE REGULATOR WITH CURRENT LIMIT

Logic-Controllable Shutdown - When equipment is not
needed continuously (e.g., in remote data-acquisition
systems), it is desirable to eliminate its drain on the system
until it is required. This usually means switches, with their
unreliable contacts. Instead, the ICL7663S can be shut
down by a logic signal, leaving only I (under 4pA) as a drain
on the power source. Since this pin must not be left open, it
should be tied to ground if not needed. A voltage of less than
0.3V for the ICL7663S will keep the regulator ON, and a
voltage level of more than 1.4V but less than V+ will turn
the outputs OFF. If there is a possibility that the control
signal could exceed the regulator input (V+)y) the current
from this signal should be limited to 100uA maximum by a
high value (1MQ) series resistor. This situation may occur
when the logic signal originates from a system powered
separately from that of the regulator.

Additional Circuit Precautions - This regulator has poor
rejection of voltage fluctuations from AC sources above 10Hz or
so. To prevent the output from responding (where this might be
a problem), a reservoir capacitor across the load is advised.
The value of this capacitor is chosen so that the regulated out-
put voltage reaches 90% of its final value in 20ms. From:
-3
I=C-A—V-,C=lou-r(20xw )= I_Qﬂ

In addition, where such a capacitor is used, a current-limiting
resistor is also suggested (see “Current-Limit Sensing”).

Producing Output Voltages with Negative Temperature
Coefficients - The ICL7663S has an additional output which
is 0.9V relative to GND and has a tempco of +2.5mV/°C. By
applying this voltage to the inverting input of amplifier A (i.e.,
the Vger pin), output voltages having negative TC may be
produced. The TC of the output voltage is controlled by the
R,/R; ratio (see Figure 3 and its design equations).

Ry Ry
——AAA, AAA
r"' AAAS
=
V.
SET Vour
+
+ +

. Rz\ R
EQ. 1‘VOUT = VSET 1 +E + E‘(VSET - VTC)
1 3

R
EQ.2: TCVour= - Eg (TC V1) in mV/°C
3

Where: Vger = 1.3V
TCVTC = +2.5mV/°C

FIGURE 3. GENERATING NEGATIVE TEMPERATURE
COEFFICIENTS

Applications
Boosting Output Current with External Transistor

The maximum available output current from the ICL7663S is
40mA. To obtain output currents greater than 40mA, an exter-
nal NPN transistor is used connected as shown in Figure 4.

- EXTERNAL PIN
>, V4 Vourt POWER
1000 | TRANSISTOR
Vour2 Wy
<
o470
J1ouF SENSE

V N ——— <

3 604k

v ) Vour
SET q BV
GND SHDN i;zwm
J{

FIGURE 4. BOOSTING OUTPUT CURRENT WITH EXTERNAL
TRANSISTOR
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Generating a Temperature Compensated Display Drive

Voltage

Temperature has an important effect in the variation of temperature compensated display voltage, Vpsp can be
threshold voltage in multiplexed LCD displays. As generated using the ICL7663S. This is shown in Figure 5 for
temperature rises, the threshold voltage goes down. For the ICM7233 triplexed LCD display driver.

applications where the display temperature varies widely, a

+5V

VN
Vouri [—¢ /-
LoaIC Vourz FJ 1M 3
SYSTEM, 3
PROCESSOR, [ ICL7663S
ETC. Vser
300KQ
v ICM7233 >
‘b
GND 27MQ S
1 — Voisp
- ND

DATA BUS

FIGURE 5. GENERATING A MULTIPLEXED LCD DISPLAY DRIVE VOLTAGE
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HARRIS

SEMICONDUCTOR

ICL7665S

CMOS Micropower Over/Under

@

May 1992 Voltage Detector
Features Description
o Guaranteed 10pA Maximum Quiescent Current Over The ICL7665S Super CMOS Micropower Over/Under
Temperature voltage Detector Contain two low power, individually

Guaranteed Wider Operating Voltage Range Over
Entire Operating Temperature Range

2% Threshold Accuracy (ICL7665SA)
Dual Comparator with Precision Internal Reference

e 100ppm/°C Temperature Coefficient of Threshold
Voltage

Improved Direct Replacement for Industry Standard
ICL7665B and Other Second Source Devices

« Output Current Sinking Ability.......... Up to 20mA

Individually Programmable Upper and Lower Trip
Voltages and Hysteresis Levels

Applications

* Pocket Pagers

¢ Portable Instrumentation
¢ Charging Systems

* Memory Power Back-Up

« Battery Operated Systems
¢ Portable Computers

* Level Detectors

programmable voltage detectors on a single CMOS chip.
Requiring typically 3uA for operation, the device is intended
for battery-operated systems and instruments which require
high or low voltage warnings, settable trip points, or fault
monitoring and correction. The trip points and hysteresis of
the two voltage detectors are individually programmed via
external resistors. An internal bandgap-type reference
provides an accurate threshold voltage while operating from
any supply in the 1.6V to 16V range.

The ICL7665S, Super Programmable Over/Under voltage
Detector is a direct replacement for the industry standard
ICL7665B offering wider operating voltage and temperature
ranges, improved threshold accuracy (ICL7665SA), and
temperature coefficient, and guaranteed maximum supply
current. All improvements are highlighted in the electrical
characteristics section. All critical parameters are
guaranteed over the entire commercial and industrial
temperature ranges.

Pinouts

8 LEAD DIP AND SOIC
TOP VIEW

\J
EV-&

7] out2
6] sET2

EI HYST2

ouT1 E

HysT1 [2]
seT1 [3]
anDp [4]

Ordering Information
TEMPERATURE

PART NUMBER RANGE PACKAGE
ICL7665SCBA 0° to +70°C 8 Lead SOIC
ICL7665SCPA 8 Lead Mini-DIP
ICL7665SCJA 8 Lead CERDIP
ICL7665SACPA 8 Lead Mini-DIP
ICL7665SACJA 8 Lead CERDIP
ICL7665SIBA -25°C to +85°C | 8 Lead SOIC
ICL7665SIPA 8 Lead Mini-DIP
ICL7665SIJA 8 Lead CERDIP
ICL7665SAIPA 8 Lead Mini-DIP
ICL7665SAIJA 8 Lead CERDIP

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures.

Copyright © Harris Corporation 1992
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Specifications ICL7665S

Absolute Maximum Ratings

Supply Voltage (Note 2) . .........covvivuninnn. -0.3to +18V  Maximum Source Output Current
Output Voltages OUT1 andOUT2 . ...ttt -0.3Vto 18V HYST1andHYST2......cciiiiiiiiiiiiiiiinnane -25mA
(with respect to GND) (Note 2) Storage Temperature Range. . ................ -65°C to +150°C
Output Voltages HYST1 and HYST2 ............. -0.3Vto +18V  Lead Temperature (Soldering10s) . .............ootn.. +300°C
(with respect to V+) (Note 2) Maximum Package Power Dissipation at +125°C
Input Voltages SET1 and SET2 ... .... (GND-0.3V) to (V+ V- +0.3V) SOIC .ttt e e e e 200mwW
(Note 2) Mini-DIP. ..ottt e 200mwW
Maximum Sink Output OUT1 andOUT2 ................. 25mA CERDIP. ..ttt et 500mwW
CAUTION: Stresses above those listed in “Absolute Maximum Ralmgs may causa permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the op I sections of this sp Is not implied.
Operating Conditions
Operating Temperature Range
ICL7B65SC .. oo v viiieiii e 0°Cto+70°C  ICL7665S. .\ uveveneennneeiieennnannen -25°C to +85°C

Electrical Specifications The specifications below are applicable to both the ICL7665S and ICL7665SA. V+ = 5V, T, = +25°C, Test
Circuit Figure 1. Unless Otherwise Specified

LIMITS
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Operating Supply Voltage V+ ICL7665S Ta = +25°C 1.6 - 16
0°C < To < +70°C 1.8 - 16 \'
-25°C < Ty < +85°C - 16 v
ICL7665SA 0°C < TA < +70°C - 16 \
-25°C < Ty < +85°C - 16 \
Supply Current I+ GND < Vgery, VseTz S V4, All Outputs Open Circuit
0°C < TR < +70°C V+=2V
V+=9V
V+ =15V
-25°C < Tp<+85°C |V+=2V
V+ =9V
V+ =15V
Input Trip Voltage VseT1 ICL7665S
Vser2 1.20 1.30 1.40 \
Vgery | ICL7665SA )
Vser2
Temperature Coefficient of AVger | ICL7665S
Veer “aT [icL76655A
Supply Voltage Sensitivity of AVger Rout1» Bout2: RhysTis RanysTz = TMQ, - 0.03 - %V
Vsery» VseT2 AVs 2V V+< 10V
Output Leakage Currents of lok VSET =0V or VSET 2 2V - 10 200 nA
OUT and HYST " B 0 00 A
loLk V+ =15V, Ty = +70°C - - 2000 nA
Lk - - -500 nA
Output Saturation Voltages Voutt Veer1 =2V, V+=2V - 0.2 0.5
lours =2mA V4 =5V - 01 | o3
V+=15V - 0.06 0.2 \
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Specifications ICL7665S

Electrical Specifications The specifications below are applicable to both the ICL7665S and ICL7665SA. V+ = 5V, Ty = +25°C, Test

Circuit Figure 1. Unless Otherwise Specified  (Continued)
. LIMITS
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Output Saturation Voltages Vuysts | Vseri =2V, V4 =2V - -0.15 | -0.30 \
vt =-0.5mA V4 =5V . 005 | -0.15
V+ =15V - -0.02 -0.10 \
Output Saturation Voltages Vour2 Vger2 =0V, V+=2V - 0.2 0.5 v
loure = 2mA V=5V - 015 | 03 v
V+ =15V - 0.11 0.25 \
Output Saturation Voltages Viuystz | Vsera =2V V+ =2V, lyysrz =-0.2mA - -0.25 -0.8 v
V4 =5V, lyysrz = -0.5mA - 043 | -1.0 v
V+ = 15V, lyysre = -0.5mA - 035 | -08 v
Vget Input Leakage Current lser GND < Vger < V+ - 0.01 10 nA
A Input for Complete Output AVger Rout = 4.7kQ, ICL7665S - mV
Change C:::{; 20K . |1cL76655A - mv
VoutHl = 99%V+
Difference in Trip Voltages Vseri - | Routs Ruyst = 1mW - mV
Vsetz
Output/Hysteresis Routs Ruyst = 1MW | ICL7665S - mv
Difference ICL7665SA - mv
NOTES:

1. Derate above +25°C ambient temperature at 4mW/°C

2. Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to voltages greater than
(V+ +0.3V) or less than (GND - 0.3V) may cause destructive device latchup. For these reasons, it is recommended that no inputs from
external sources not operating from the same power supply be applied to the device before its supply is established, and that in multiple
supply systems, the supply to the ICL7665S be turned on first. If this is not possible, current into inputs and/or outputs must be limited to
+0.5mA and voltages must not exceed those defined above.

3. All significant improvements over the industry standard ICL7665 are highlighted.

AC Electrical Specifications

LIMITS
PARAMETER SYMBOL TEST CONDITIONS MIN I TYP J MAX UNITS
OUTPUT DELAY TIMES
Input Going HI tso1d Vger Switched between 1.0V to 1.6V - 85 - us
: Rout = 4.7kQ, C, = 12pF - 20 -

SH1d Ruyst = 20kQ, Cy = 12pF hs
tsozd - 55 - us
tsHed - 55 - Hs

Input Going LO tso1d Vger Switched between 1.6V to 1.0V - 75 - us
t Rourt = 4.7kQ, C = 12pF a a0 N

SH1d RuysT = 20kQ, Cp = 12pF Hs
ts02d - 60 - s
tshzy - 60 - us
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AC Electrical Specifications (Continued)
LIMITS
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Output Rise Times o Vser Switched between 1.0V to 1.6V - 0.6 - us
Rour = 4.7kQ, C, = 12pF
lozr Ruyst = 20kQ, G, = 12pF - 08 y us
tuir - 7.5 - s
thizr - 07 - s
Output Fall Times tou Vser Switched between 1.0V to 1.6V - 0.6 - us
Rout = 4.7kQ, C_ = 12pF
toat RuvsT = 20k, C| = 12pF - 07 - hs
tust - 4.0 - us
that - 1.8 - us
Functional Block Diagram
V+
42
SET1 o '\ = HYsT2
+ 1— 0 HYST1
REF
+ ii‘__‘ ouT2
SET2 P
l/ juz-——o ouTH
1 GND
CONDITIONS*

Vggry > 1.3V, OUT1 Switch ON, HYST1 Switch ON
Veery > 1.3V, OUT1 Switch OFF, HYST1 Switch OFF
Vger2 > 1.3V, OUT2 Switch OFF, HYST2 Switch ON
Vger2 > 1.3V, OUT2 Switch ON, HYST2 Switch OFF

*See Operating Characteristics for exact thresholds.
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Typical Performance Characteristics

OUT1 SATURATION VOLTAGE AS A
FUNCTION OF OUTPUT CURRENT
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Detailed Description

As shown in the Functional Diagram, the ICL7665S consists
of two comparators which compare input voltages on the
SET1 and SET2 terminals to an internal 1.3V bandgap
reference. The outputs from the two comparators drive open-
drain N-channel transistors for OUT1 and OUT2, and open-
drain P-channel transistors for HYST1 and HYST2 outputs.
Each section, the Under Voltage Detector and the Over
Voitage Detector, is independent of the other, although both
use the internal 1.3V reference. The offset voltages of the
two comparators will normally be unequal so Vggry will
generally not quite equal Vggra.

The input impedance of the SET1 and SET2 pins are
extremely high, and for most practical applications can be
ignored. The four outputs are open-drain MOS transistors,
and when ON behave as low resistance switches to their
respective supply rails. This minimizes errors in setting up
the hysteresis, and maximizes the output flexibility. The
operating currents of the bandgap reference and the
comparators are around 100nA each.

1V+

S a7
S ouT1

\AAs
-
N
1

FIGURE 1. TEST CIRCUITS

Precautions

Junction isolated CMOS devices like the ICL7665S have an
inherent SCR or 4-layer PNPN structure distributed through-
out the die. Under certain circumstances, this can be
triggered into a potentially destructive high current mode.
This latchup can be triggered by forward-biasing an input or
output with respect to the power supply, or by applying
excessive supply voltages. In very low current analog cir-
cuits, such as the ICL7665S, this SCR can also be triggered
by applying the input power supply extremely rapidly
(“instantaneously”), e.g. through a low impedance battery
and an ON/OFF switch with short lead lengths. The rate-of-
rise of the supply voltage can exceed 100V/us in such a cir-
cuit. A low impedance capacitor (e.g., 0.05uF disc ceramic)

between the V+ and GND pins of the ICL7665S can be used
to reduce the rate-of-rise of the supply voltage in battery
applications. In line operated systems, the rate-of-rise of the
supply is limited by other considerations, and is normally not
a problem.

If the SET wvoltages must be applied before the supply
voltage V+, the input current should be limited to less than
0.5mA by appropriate external resistors, usually required for
voltage setting anyway. A similar precaution should be taken
with the outputs if it is likely that they will be driven by other
circuits to levels outside the supplies at any time. See MO11
for some other protection ideas.

Vser1 1.6V
V.
INPUT Vsere_| I 1.0V
tsotd —_-l —= = toir
torF . V+
OUT| it SO1d | fm s rsoves ()
GND
tsH1d — —y pe— tqqg
tHir _‘H =~ N 2/5‘;,)
HYST!  semem— Sh1d N s o #2224 GND
tso2d —»| —»| (~— 1S02d
tozr T s to2t }/5‘/)
OUT2 el | || Se——— v o GND
tsHa2d —1 — '-— SH2d
tHar i =l thot 2’5"",)
HYST2 ssrssrr GND

FIGURE 2. SWITCHING WAVEFORMS

Simple Threshold Detector

Figure 3 shows the simplest connection of the ICL7665S for
threshold detection. From the graph (b), it can be seen that
at low input voltage OUT1 is OFF, or high, while OUT2 is
ON, or low. As the input rises (e.g., at power-on) toward
Vnowm (usually the eventual operating voltage), OUT2 goes
high on reaching V. If the voltage rises above Vygy as
much as Vygy, OUT1 goes low. The equation giving Vgery
and Vger are from Figure 3(a):

R Ry2

Vsery = Viy ————— ; Vgepa = Viy ——2——
SET1 IN (R" +R2,) SET2 IN (R12+H22)

Since the voltage to trip each comparator is nominally 1.3V,
the value V| for each trip point can be found from

(Ryi +Ry) 13 (Ry4 + Ry)

V1gy = V. for detector 1
TR1 SET1 R" R"
and
Ryx + R Rz + R
vm=vsm( 12+ Pea) 43 BretPRe) o Gerecior2

th R|2
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Vin Vin

)

S E < > :

Rp23 S Rpy ! Ry 3 SRn |

| V+ > | { V4 > '

3Ry ¢ OUT1 ouT2 > Rp 3 ' HYST1  HYST2 '

1 RnS <
218 S Rz

' SET1 SET2 :
SET1 SET2 < i oUTi  ouT2 i >
> > ——————————
3Ry Rz S OVERVOLTAGE OVERVOLTAGE

S
Ru3 E: Ry2
a.) Circuit Configuration a.) Circuit Configuration
Vour out
OFF [— ON [— —V‘/
"K / 1
?'
_s L‘—’_
Viz Vuz Vit Vuy
ON PO | FF P Vin
24 24 ]
ViR2 Vnom VTR1 VoM
|<—— DETECTOR2 —>|<=—— DETECTOR1 —> — DETECTOR2 —><— DETECTOR1 ~>|

b.) Transfer Characteristics
FIGURE 3. SIMPLE THRESHOLD DETECTOR

Either detector may be used alone, as well as both together,
in any of the circuits shown here.

When V| is very close to one of the trip voltage, normal
variations and noise may cause it to wander back and forth
across this level, leading to erratic output ON and OFF
conditions. The addition of hysteresis, making the trip points
slightly different for rising and falling inputs, will avoid this
condition.

Threshold Detector with Hysteresis

Figure 4(a) shows how to set up such hysteresis, while
Figure 4(b) shows how the hysteresis around each trip point
produces switching action at different points depending on
whether V) is rising or falling (the arrows indicated direction
of change. The HYST outputs are basically switches which
short out R3; or R3; when V) is above the respective trip

b.) Transfer Characteristics
FIGURE 4. THRESHOLD DETECTOR WITH HYSTERESIS

point. Thus if the input voltage rises from a low value, the trip
point will be controlled by Ry,, Ra, and Rg, until the trip
point is reached. As this value is passed, the detector
changes state, Ry, is shorted out, and the trip point
becomes controlled by only Ry, and Ry, a lower value. The
input will then have to fall to this new point to restore the
initial comparator state, but as soon as this occurs, the trip
point will be raised again.

An alternative circuit for obtaining hysteresis is shown in
Figure 5. In this configuration, the HYST pins put the extra
resistor in parallel with the upper setting resistor. The values
of the resistors differ, but the action is essentially the same.
The governing equations are given in Table 1. These ignore
the effects of the resistance of the HYST outputs, but these
can normally be neglected if the resistor values are above
about 100kQ
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Vin Applications
Single Supply Fault Monitor
Rp :E She Figure 6 shows an over/under voltage fault monitor for a
§ S v+ R single supply. The over voltage trip point is centered around
SR outt  our2 R2< 55V and the under voltage trip point is centered around
ﬂag ﬂ“} 4.5V. Both have some hysteresis to prevent erratic output
M HYST1  HYsT2 M ON and OFF conditions. The two outputs are connected in a
SET1 SET2 wired OR cf)nflguranon with a pullup resistor to generate a
L \ power OK signal.
S S
3 _|_ Riz 2 +5V SUPPLY
1 1 L 1
FIGURE 5. AN ALTERNATIVE HYSTERESIS CIRCUIT I
s 3240 v b
TABLE 1. SET-POINT EQUATIONS < HYST1 HYST2 249Q ;:
13MQ 7.5MQ
NO HYSTERESIS 5% 5%
Vser1  Vsem
Ryq + Ry
Over-Voltage Vygp = ——— X Vgeyy 100KQ 100KQ
Ry OuT1  OoUuT2 OPEN VOLTAGE
R+ R = = DETECTOR
12 + Rz Vy = 4.55V
Over-Voltage Vygp = ———— X Vg2 OPEN VOLTAGE Vi Voo aasy
Rz DETECTOR L=a
Vy=5.55V 1MQ
HYSTERESIS PER FIGURE 4(a) VL =5.45V . POWER
) » oK
Ry1 + Rpy + A3 FIGURE 6. FAULT MONITOR FOR A SINGLE SUPPLY
Vys = ——— XVemn
Ry Multiple Supply Fault Monitor
Over-Voltage Vraip The ICL7665S can simultaneously monitor several supplies
Ry + Ray when connected as shown in Figure 7. The resistors are
Vii= —— xVgr chosen such that the sum of the currents through Rpqa,
Ry R,1g. and Ry is equal to the current through Ry when the
Ry, + Rop + R two input voltage are at the desired low voltage detection
Vo= ——————— XVgm2 point. The current through Ry at this point is equal to 1.3V/
Ri2 R;4. The voltage at the Vggr input depends on the voltage of
Under-Voltage Vgp both supplies being monitored. The trip voltage of one
supply while the other supply is at the nominal voltage will be
V. - Rz + Rz v different that the trip voltage when both supplies are below
L2 = Rz X Vser2 their nominal voltages.
HYSTERESIS PER FIGURE 5 the other side of the ICL7665S can be used to detect the
absence of negative supplies. The trip points for OUT1
Ve o Ryq + Ry v depend on both the negative supply voltages and the actual
ur = Ry, X Vsemt voltage of the +5V supply.
Over-Vollage VTR|p 274kQ +5V
Ra4Ray Ra1a Vs
Ry + ——— FerAMAan 22 HYST1 HYST2 L
Vi = Ry +Ray X VeeTy Mn{ % 22 S100kQ
R MQ
R 21
" Vsett  Vsem2 |9
Rz + Rz 499 301g 787
V=  ——— XV o, Rys outt  ourz | KT ke 45V
Ry2 o—A—] =
Over-Voltage Vrrip 1#:::'9 5V 45V ;‘ o
RxRaz : >
Rz + POWER
Viz = Ry + Ry X VseT2 WE
Rz FIGURE 7. MULTIPLE SUPPLY FAULT MONITOR

7-115

B

REGULATORS/
POWER SUPPLIE



ICL7665S

Combination Low Battery Warning and Low
Battery Disconnect

When using rechargeable batteries in a system, it is
important to keep the batteries from being overdischarged.
The circuit shown in Figure 8 provides a low battery warning
and also disconnects the low battery from the rest of the
system to prevent damage to the battery. OUT1 is used to
shutdown the ICL7663S when the battery voltage drops to
the value where the load should be disconnected. As long as
Vgery is greater than 1.3V, OUT1 is low, but when Vggry
drops below 1.3V, OUT1 goes high shutting off the
ICL7663S. OUT2 is used for low battery warning. When
Vger2 is greater than 1.3V, OUT2 is high and the low battery
warning is on. When Vggr, drops below 1.3V, OUT2 is low
and the low battery warning goes off. The trip voltage for low
battery warning can be set higher than the trip voltage for
shutdown to give advance low battery warning before the
battery is disconnected.

Power Fail Warning and Powerup/Powerdown Reset

Figure 9 shows a power fail warning circuit with powerup/
powerdown reset. When the unregulated DC input is above
the trip point, OUT1 is low. When the DC input drops below
the trip point, OUT1 shuts OFF and the power fail warning
goes high. The voltage on the input of the 7805 will continue
to provide 5V out at 1A until V) is less than 7.3V, this circuit
will provide a certain amount of warning before the 5V output
begins to drop.

The ICL7665S OUT2 is used to prevent a microprocessor
from writing spurious data to a CMOS battery backup mem-
ory by causing OUT2 to go low when the 7805 5V output
drops below the ICL7665S trip point.

L 45V
Ry S EE Rap g 1000 1A
V+ 1M S <o
< >
HYST1 HYST2 A OUTI  OUT2 3
+ R s <
= Bag $ Rz SENSE
= SET1 SET2 Vs
- SHUTDOWN Veer
>
RS 3Ry, GND s
OUT1 GND OUT2 1 >
l ma .J_
= = LOW BATTERY SHUTDOWN LOW BATTERY WARNING
FIGURE 8. LOW BATTERY WARNING AND LOW BATTERY DISCONNECT
UNREGULATED . 7508 >
DCINPUT ° 5V REGULATOR
:Jl:_ 4700pF _’-E. 4704F
= -L— = < BACKUP
| < BATTERY
V+
HYST1 HYST2
< <
586k 3 3 22m0
Wy VseTy VseT2 MWV
715 | | 2.2MQ
130kQ E: ouT1 ouT2 :: MQ
l s RESET OR
3 1M
= = 1T WRITE
» ENABLE
3 Mo POWER
. FAIL
> warniNG

FIGURE 9. POWER FAIL WARNING AND POWERUP/POWERDOWN RESET
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Simple High/Low Temperature Alarm

Figure 10 illustrates a simple high/low temperature alarm
which uses the ICL7665S with an NPN transistor. The
voltage at the top of Ry is determined by the Vgg of the
transistor and the position of R4's wiper arm. This voltage
has a negative temperature coefficient. R, is adjusted so
that Vgerp, equals 1.3V when the NPN transistor’s
temperature reaches the temperature selected for the high
temperature alarm. When this occurs, OUT2 goes low. R; is
adjusted so that Vggry equals 1.3V when the NPN
transistor's temperature reaches the temperature selected
for the low temperature alarm. When the temperature drops
below this limit, OUT1 goes low.

AC Power Fail and Brownout Detector

Figure 11 shows a circuit that detects AC undervoltage by
monitoring the secondary side of the transformer. The
capacitor, C,, is charged through R; when OUT1 is OFF.
With a normal 100 VAC input to the transformer, OUT1 will
discharge C once every cycle, approximately every 16.7ms.
When the AC input voltage is reduced, OUT1 will stay OFF,
so that C; does not discharge. When the voltage on C,
reaches 1.3V, OUT2 turns OFF and the power fail warning
goes high. The time constant, R;C;, is chosen such that it
takes longer than 16.7ms to charge C; 1.3V.

=
5V I

s “R?m Ve LOW TEMPERATURE
TEMPERATURE LIMIT ADJUST
SENSOR HYST1 HYST2
(GENERAL PURPOSE L
NPN TRANSISTOR) 22k 3 R4 Re < 22MQ R2
— 27kQ T
' = Y Wy VSET1 VSET2 My
ky RS L 1MQ
ouT oUT2 | R7 2 15M
ioR1 | 10ke
S——» S HiGH V+ — —_
3 TEMPERATURE ALARM SIGNAL
i LIMIT ADJUST 1MQ Egggm;g&g
) ,
ETC.
>

FIGURE 10. SIMPLE HIGH/LOW TEMPERATURE ALARM

>t . 7508 . .
l l 5V REGULATOR _L >
20v 4700pF 5V, 1A
CENTERED l _T_
110VAC 3" TAPPED = =
60Hz ' l TRANS. ——
I +5V
< crneen T uvers  uwuvers Eeo-- >
3 eotke HYST HYST2 ! R ;: |
' 3 1M
’
' VseTt VseT2 .
J O :
100kQ < ! >
_L %mn ouT1 oUT2 ; > c,%ﬁﬁ,?"'
== 1 H
- | 1
! Mo T 6 :
E"\M’ --------------------- ,

FIGURE 11. AC POWER FAIL AND BROWNOUT DETECTOR

7-117

7

REGULATORS/
POWER SUPPLIES




HARRIS

SEMICONDUCTOR

@

May 1992

ICL7673

Automatic Battery Back-Up Switch

Features

* Automatically Connects Output to the Greater of
Either Input Supply Voitage

« If Main Power to External Equipment is Lost, Circuit
Will Automatically Connect Battery Backup

Reconnects Main Power When Restored

Logic Indicator Signaling Status of Main Power
* Low Impedance Connection Switches

Low Internal Power Consumption
Wide SupplyRange: .................. 2.5V to 15V
Low Leakage Between Inputs

External Transistors May Be Added if Very Large
Currents Need to Be Switched

Description

The Harris ICL7673 is a monolithic CMOS battery backup
circuit that offers unique performance advantages over con-
ventional means of switching to a backup supply. The
ICL7673 is intended as a low-cost solution for the switching
of systems between two power supplies; main and battery
backup. The main application is keep-alive-battery power
switching for use in volatile CMOS RAM memory systems
and real time clocks. In many applications this circuit will rep-
resent a low insertion voltage loss between the supplies and
load. This circuit features low current consumption, wide
operating voltage range, and exceptionally low leakage
between inputs. Logic outputs are provided that can be used
to indicate which supply is connected and can also be used
to increase the power switching capability of the circuit by
driving external PNP transistors.

Applications Ordering Information
* On Board Battery Backup for Real-Time Clocks, Tim- PART NUMBER TEMPERATURE PACKAGE
ers, or Volatile RAMs
O 10, . i
« Over/Under Voltage Detector ICL7673CPA 0°C to +70°C 8 Lead Mini-DIP
« Peak Voltage Detector ICL7673CBA 0°C to +70°C 8 Lead SOIC
¢ Other Uses: ICL7673ITV -25°C to +85°C 9 Lead TO-99
- Portable Instruments, Portable Telephones, Line
Operated Equipment
Pinouts Functional Block Diagram
8 LEAD SOIC AND MINI-DIP
TOP VIEW v
v i UT P Vo
vo [ 8] ve
vs 2] 7] ne Vs ’ ~
SBAR |3 6] PBAR Sbar
S T
GON [4] 5] NC [am
8 LEAD TO-99 —'D"—
TOP VIEW + Pbar
II—l
1
GND o
VP > VS, P1 SWITCH ON AND Pbar SWITCH ON
VS > VP, P2 SWITCH ON AND Sbar SWITCH ON

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures.
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Specifications ICL7673

Absolute Maximum Ratings

Input Supply (Ve or Vg) Voltage . . .. ........ GND-0.3Vto +18V  Continuous Current

Output Voltages Ppgrand Spgr « oo vvvvnenntn GND - 0.3V to +18V Input Vp (atVp=5V)SeeNote...............ooeuns 38mA

Peak Current Input Vg (atVg=3V) ..o, 30mA
Input Vp (atVp=5V)SeeNote. . ..........coevvinnnn. 38mA PbarorSbar .........ooiiiiiiiiiii i 50mA
Input Vg (atVg=3V). ... 30mA  Package Dissipation . ...........ccoiiiiiiiiiiiin.., 300mwW
PbarorSbar........coeviiiiiiiiiiiiiiee e 150MA  Derate.......ooeeeneeeeenniiiiiiieiaaaaaaan 6.1mW/rC

NOTE: Derate above +25°C by 0.38mA/°C

CAUTION: Stresses above those listed in “Absolute Maximum Ralmgs may cause permanant damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those i

d in the op

of this specification is not implied.

Operating Conditions

Operating Temperature Range:

|07 By < {0 0°Cto+70°C  Storage Temperature. .............ccoeeuunnn. -65°C to +150°C
0]y < -25°C to +85°C  Lead Temperature (Soldering, 10S). . ... vcvvvvvennnnn... 300°C
Electrical Specifications (T, = +25°C Unless Otherwise Specified)
LIMITS
PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX UNITS
Input Voltage Vp Vg =0V, I oap = 0OMA 25 - 15 Vv
Vs Vp =0V, I oap = OMA 25 - 15 v
Quiescent Supply Current 1+ Vp =0V, Vg =3V, | opp =0mA - 1.5 5 pA
Switch Resistance P1 (Note 1) Ryson)P1 | Vp=5V,Vs=38V, loap=15mA - 8 15 Q
At T, = 85°C - 16 - Q
Vp =9V, Vg =3V, I oap = 15MA - 6 - Q
Vp = 12V, Vg = 3V, I oap = 15mA - 5 - Q
Temperature Coefficient of Switch Tep) Vp =5V, Vg =3V, | oap = 15MA - 0.5 - %/°C
Resistance P1
Switch Resistance P2 (Note 1) Ryson)P2 | Vp=0V, Vg =3V, lioap = TMA - 40 100 Q
At T, =85°C - 60 - Q
Vp =0V, Vg =5V, I oap = TMA - 26 - Q
Vp =0V, Vg =9V, I oap = IMA - 16 - Q
Temperature Coefficient of Switch Tepz) Vp=0V,Vg=3V, | opap=1mA - 0.7 - %/°C
Resistance P2
Leakage Current (Vp to Vg) Ips) Vp =5V, Vg =3V, || oap = 10mA - 0.01 20 nA
At T, =85°C - 35 - nA
Leakage Current (Vp to Vg) Iysp) Vp =0V, Vg =3V, | opp = 10MA - 0.01 50 nA
at Ty = 85°C - 120 - nA
Open Drain Output Saturation Vopbar Vp =5V, Vg =3V, Igink = 3.2mA, | opp = 0MA - 85 400 mV
Voltages At T, = 85°C 120 ] - mv
Vp =9V, Vg = 3V, Iging = 3.2MA, I oap = OMA - 50 - mv
Vp =12V, Vg =3V, Ignk = 3.2mA - 40 - mv
lLoap = OMA
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Specifications ICL7673

Electrical Specifications (T, = +25°C Unless Otherwise Specified) (Continued)

LIMITS )
PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNITS
Open Drain Output Saturation Vosbar Vp =0V, Vg =3V, Igink = 3.2mMA, | oap = OMA - 150 400 mV
Voltages at T, = 85°C - |20 | - mv
Vp =0V, Vg =5V, Iging = 3.2MA | oap = OMA - 85 - mv
Vp =0V, Vg =9V, Iging = 3.2MA I opp = OMA - 50 - mv
Output Leakage Currents of Py, ILPbar Vp =0V, Vg =15V, | ppp = OMA - 50 500 nA
and Spar at T, = 85°C - a0 | - nA
ILsbar Vp =15V, Vg =0V, | gopp = OMA - 50 500 nA
at T, =85°C - 900 - nA
Switchover Uncertainty for Com- Vp-Vg Vg =3V, Iging = 3.2mA, i opp = 15MA - +10 | 50 mv
plete Switching of Inputs and
Open Drain Outputs
NOTE:
1. The Minimum input to output voltage can be determined by multiplying the load current by the switch resistance.
Typical Performance Characteristics
100 , . . 100 T ——
 — — 1 ——t
I ILoaD = 15mA —~ - lLoap = TMA
= )
£ = |
g g
& ~ ~——
o
3]
w
E 10 ‘2’ 10
(2}
a —— 5
2 ]
o o«
F3
o
1 1
0 2 4 6 8 10 12 14 16 2 4 6 8 10
INPUT VOLTAGE Vp (v) INPUT VOLTAGE Vg

ON-RESISTANCE SWITCH P1 AS A FUNCTION

OF INPUT VOLTAGE Vp OF INPUT VOLTAGE Vg
~ 1 5
@ Voo 3fl v, < 5v | J vo=9v
& s [ ]
w s
g 0.8 w4 | —
F g_ Vo =12V,
& o
S 06 23 74
E 3 | 4
o g ] 7’
& 0.4 €2 Vo = 15V
-t
go2 40°C | 51 r7
S +25°C [3
@ +85°C _| 5
° |
T 10 12 14 16 0 40 0120 140180
SUPPLY VOLTAGE (V) OUTPUT CURRENT (mA)

SUPPLY CURRENT AS A FUNCTION OF SUPPLY VOLTAGE

OUTPUT CURRENT

ON-RESISTANCE SWITCH P2 AS A FUNCTION

Pbar OR Sbar SATURATION VOLTAGE AS A FUNCTION OF
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BeEem—Ft—t—r——r——r—

1mA %

1LoAD = 10mA
V4% voLTs

100mA

10nA

1nA

Is LEAKAGE CURRENT

R ————————"_—

10pA
+25°C E
1pA I
0 2 4 5 6 8 10 12
INPUT V, VOLTS
Is LEAKAGE CURRENT Vp TO Vg AS A FUNCTION OF
INPUT VOLTAGE

Detailed Description

As shown in the functional diagram (Figure 1), the ICL7673
includes a comparator which senses the input voltages Vp
and Vg. The output of the comparator drives the first inverter
and the open-drain N-channel transistor Pp,. The first
inverter drives a large P-channel switch, P1, a second
inverter, and another open-drain N-channel transistor, Spq,.
The second inverter drives another large P-channel switch
P2. The ICL7673, connected to a main and a backup power
supply, will connect the supply of greater potential to its out-
put. The circuit provides break-before-make switch action as
it switches from main to backup power in the event of a main
power supply failure. For proper operation, inputs Vp and Vg
must not be allowed to float, and, the difference in the two
supplies must be greater than 50 millivolts. The leakage cur-
rent through the reverse biased parasitic diode of switch P,
is very low.

Output Voltage

The output operating voltage range is 2.5 to 15 volts. The
insertion loss between either input and the output is a func-
tion of load current, input voltage, and temperature. This is
due to the P-channels being operated in their triode region,
and, the ON-resistance of the switches is a function of output
voltage V. The ON-resistance of the P-channels have posi-
tive temperature coefficients, and therefore as temperature
increases the insertion loss also increases. At low load cur-
rents the output voltage is nearly equal to the greater of the
two inputs. The maximum voltage drop across switch P1 or

P2 is 0.5 volts, since above this voltage the body-drain para-
sitic diode will become forward biased. Complete switching
of the inputs and open-drain outputs typically occurs in 50
microseconds.

Input Voltage

The input operating voltage range for VP or VS is 2.5 to 15
volts. The input supply voltage (VP or VS) slew rate should
be limited to 2 volts per microsecond to avoid potential harm
to the circuit. In line-operated systems, the rate-of-rise (or
fall) of the supply is a function of power supply design. For
battery applications it may be necessary to use a capacitor
between the input and ground pins to limit the rate-of-rise of
the supply voltage. A low-impedance capacitor such as a
0.047pF disc ceramic can be used to reduce the rate-of-rise.

Status Indicator Outputs

The N-channel open drain output transistors can be used to
indicate which supply is connected, or can be used to drive
external PNP transistors to increase the power switching
capability of the circuit. When using external PNP power
transistors, the output current is limited by the beta and ther-
mal characteristics of the power transistors. The application
section details the use of external PNP transistors.

Applications

A typical discrete battery backup circuit is illustrated in Fig-
ure 3. This approach requires several components, substan-
tial printed circuit board space, and high labor cost. It also
consumes a fairly high quiescent current. The ICL7673 bat-
tery backup circuit, illustrated in Figure 4, will often replace
such discrete designs and offer much better performance,
higher reliability, and lower system manufacturing cost. A
trickle charge system could be implemented with an addi-
tional resistor and diode as shown in Figure 5. A complete
low power AC to regulated DC system can be implemented
using the ICL7673 and ICL7663S micropower voltage regu-
lator as shown in Figure 6.

+5VOLTS Vo
PRIMARY <& <& +5VOLT OR
DCPOWER < < < +3VOLT
<>
STATUS
INDICATOR
1 NicaD
= BATTERY
T STACK

YWy— l

AAA.

GND

FIGURE 1. DISCRETE BATTERY BACKUP CIRCUIT

Applications for the ICL7673 include volatile semiconductor
memory storage systems, real-time clocks, timers, alarm
systems, and over/under the voltage detectors. Other sys-
tems requiring DC power when the master AC line supply
fails can also use the ICL7673.
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8 1
+5 VOLT oo Vp Vo Vo
PRIMARY +5 VOLTS OR
SUPPLY .& +3 VOLTS
b3
2 Vs Pbar |& Phar
| GND STATUS

LITHIUM L " INDICATOR

BATTERY =
GND

FIGURE 2. ICL7673 BATTERY BACKUP CIRCUIT

8 1
+5 VOLT v Vo oo v
3 o o
PRIMARY +5 VOLTS OR
+3 VOLTS
2
v,
S GND
RECHARGEABLE —- "
BATTERY =
GND

FIGURE 3. APPLICATION REQUIRING RECHARGEABLE

A typical application, as illustrated in Figure 7, would be a
microprocessor system requiring a 5 volt supply. In the event
of primary supply failure, the system is powered down, and a
3 volt battery is employed to maintain clock or volatile mem-
ory data. The main and backup supplies are connected to Vp
and Vg, with the circuit output Vg supplying power to the
clock or volatile memory. The ICL7673 will sense the main
supply, when energized, to be of greater potential than Vg
and connect, via its internal MOS switches, Vp to output V.
The backup input, Vg will be disconnected internally. In the
event of main supply failure, the circuit will sense that the
backup supply is now the greater potential, disconnect Vp
from Vg, and connect Vg.

Figure 8 illustrates the use of external PNP power transistors
to increase the power switching capability of the circuit. In
this application the output current is limited by the beta and
thermal characteristics of the power transistors.

If hysteresis is desired for a particular low power application,
positive feedback can be applied between the input Vp and
open drain output Sy, through a resistor as illustrated in Fig-
ure 9. For high power applications hysteresis can be applied
as shown in Figure 10.

The ICL7673 can also be used as a clipping circuit as illus-
trated in Figure 11. With high impedance loads the circuit
output will be nearly equal to the greater of the two input sig-
nals.

BATTERY BACKUP
[ ve
8 2 8 1f——o Vo
BRIDGE J_ b3
) D "g RECTIFIER 3
Vs
1201240 s s
VAC : [ 2
3 = parreny | SV°
STEPDOWN STACK
TRANSFORMER
FIGURE 4. POWER SUPPLY FOR LOW POWER PORTABLE AC TO DC SYSTEMS
+5VoLT
MAIN | |
POWER p—
FAIL MICROPROCESSOR P
DETECTOR
vs
A A
i l vo ICL7673
INTERRUPT SIGNAL BACKUP CIRCUIT
A =
VOLATILE
RAM I

i

FIGURE 5. TYPICAL MICROPROCESSOR MEMORY APPLICATION
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FIGURE 6. HIGH CURRENT BATTERY BACKUP SYSTEM
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FIGURE 7. LOW CURRENT BATTERY BACKUP SYSTEM WITH HYSTERESIS
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FIGURE 8. HIGH CURRENT BACKUP SYSTEM WITH HYSTERESIS
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FIGURE 9. CLIPPLING CIRCUITS
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ICL8211
ICL8212

Programmable Voltage Detectors

Features
« High Accuracy Voltage Sensing and Generation
« Internal Reference 1.15V Typical

¢ Low Sensitivity to Supply Voltage and Temperature
Variations

Wide Supply Voltage Range Typ. 1.8V to 30V

Essentially Constant Supply Current Over Pull Supply
Voltage Range

L]

L]

Easy to Set Hysteresis Voltage Range
Defined Output Current Limit ICL8211
High Output Current Capability ICL8212

L]

Applications

* Low Voltage Sensor/Indicator

¢ High Voitage Sensor/Indicator

* Nonvolatiie Out-of-Voltage Range Sensor/Indicator
¢ Programmable Voltage Reference or Zener Diode

o Series or Shunt Power Supply Regulator

Fixed Value Constant Current Source

Description

The Harris ICL8211/8212 are micropower bipolar monolithic
integrated circuits intended primarily for precise voltage
detection and generation. These circuits consist of an
accurate voltage reference, a comparator and a pair of
output buffer/drivers.

Specifically, the ICL8211 provides a 7mA current limited out-
put sink when the voltage applied to the ‘THRESHOLD’
terminal is less than 1.15V (the internal reference). The
ICL8212 requires a voltage in excess of 1.15V to switch its
output on (no current limit). Both devices have a low current
output (HYSTERESIS) which is switched on for input
voltages in excess of 1.15V. The HYSTERESIS output may
be used to provide positive and noise free output switching
using a simple feedback network.

Ordering Information
TEMPERATURE

PART NUMBER RANGE PACKAGE
ICL82IICPA 0°C to +70°C 8 Lead Mini-DIP
ICL8211CBA 0°C to +70°C 8 Lead SOIC
ICL8211CTY 0°C to +70°C TO-99 Can
ICL8211MTY* -55°C to +125°C TO-99 Can
ICL8212CPA 0°C10+70°C [ 8 lead Mini-DIP
ICL8212CBA 0°C to +70°C 8 lead SOIC
ICL8212CTY 0°C to +70°C TO-99 Can
ICL8212MTY* -56°C t0 +125°C | TO-99 Can

* Add /883B to part number if 883B processing is required

Pinouts
8 LEAD MINI-DIP AND SOIC
TOP VIEW
ne [4] - (8] v+
HysTERESIS [2] 7] Nc
THRESHOLD [3] (6] NC
output [4] 5] GRounD

8 LEAD T0-99 CAN
TOP VIEW

HYSTERESIS

GROUND

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures.

Copyright © Harris Corporation 1992
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Functional Diagram
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Specifications ICL8211, ICL8212

Absolute Maximum Ratings

SupplyVoltage ...........oooiiiiiiiiiiian, -0.5Vto +30V  Lead Temperature (Soldering, 10s). .. ........ccuvennnn. 300°C

OutputVoltage . .........covevvven i, -0.5Vto+30V  Currentinto Any Terminal...........ccovviuvneenennennns + 30mA

HysteresisVoltage .. .................ooant, +0.5Vto-10V  Lead Temperature (Soldering, 10s) 300°CMaximum Package Power

Threshold Input Voltage ... .......... +30V to -5V with respectto  Dissipation (Notes1and2)............ccovvvnnnne. 300mwW
GROUND and +0V to -30V with respect to V+

Currentinto Any Terminal...............coiiiiiienn, 1+ 30mA

NOTES:

1. Rating applies for case temperatures to +125°C to ICL8211 MTY/8212MTY products. Derate linearly at -10mW/°C for ambient tempera-
tures above 100°C.

2. Derate linearly above 50°C by -10mW/°C for ICL8211C/ICL8212C products. The threshold input voltage may exceed 17V for short
periods of time. However, for continuous operation this voltage must be maintained at a value less than 7V.

CAUTION: Stresses above those listed in “Absolute Maximum Raﬂngs may cause permansnr damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indicated in the op ions of this specification is not implied.
Operating Conditions
Operating Temperature Range StorageTemperature Range « . ................ -65°C to +150°C
ICLB211M/B212M . ... .ot v it -55°C to +125°C
ICLB211C/8212C ..o o vvvvveiiiiie e eaanns 0°C to +70°C
Electrical Specifications v+ =5V, T, = +25°C Unless Otherwise Specified
ICL8211 ICL8212
PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | MIN | TYP | MAX | UNITS
Supply Current I+ 2.0<V+<30 V=13V 10 22 40 50 110 250 HA
Vi =0.9V 50 140 | 250 10 20 40 HA
Threshold Trip Voltage Viy loyT = 4mA V+ =5V 098 | 1.15 | 1.19 | 1.00 | 1.15 | 1.19 v
Vout = 2V
our =2 V=2V 098 |1.145] 1.19 | 1.00 | 1.145| 1.19
V+ =30V 1.00 | 1.165 ) 1.20 1.05 | 1.165 | 1.20 \"
Threshold Voltage Vinp loyt = 4mA - -0.8 - - -0.5 - mvV
Disparity Between lhyst = 7MA
Output & Hysteresis Vour =2V
Output Vhyst =3V
Guaranteed Operating Vsuppy | +25°C 2.0 - 30 2.0 - 30 v
Supply Voltage Range
(Note 5) 0°C to +70°C 22 - 30 22 - 30 v
Minimum Operating Vgsuppy | +25°C - 1.8 - - 1.8 - \
Supply Voltage Range
PPy Yollage Rang +125°C - e - N VR v
-55°C - 1.5 - - 25 - v
Threshold Voltage Tem- | AVy/AT | oyt = 4mA, Voyr =2V - +200 - . + 200 - ppmv°C
perature Coefficient
Variation of Threshold AV1/AV+ | AV+ = 10% at V+ = 5V - 1.0 - - 1.0 - mv
Voltage with Supply
Voltage )
Threshold Input Current ltn Vg =1.15V - 100 250 - 100 250 nA
Vi = 1.00V - 5 - - 5 - nA
Output Leakage Current lowk Vour =30V Viy =09V - - oo - - 10 . pA
Vi =13V - - 10 - - - pA
Vour =5V Vg = 0.9V - - - - - 1 pA
Vyp =13V - - 1 - - - A
Output Saturation Vsar loyt = 4mA Viy=0.9V - 0.17 0.4 - - -
Voltage
Vg =13V - - - - 0.17 | 04
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ICL8211, ICL8212

Electrical Specifications Vi = 5V, T, = +25°C Unless Otherwise Specified (Continued)

ICL8211 ICL8212
PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | MIN | TYP | MAX | UNITS
Max Available Output lon (Notes 3 & 4) Vi =0.9v 4 7.0 12 - - - mA
V = v
Current our =5 V= 1.3V . . . 15 | 35 | - mA
Hysteresis Leakage ILhys V+ =10V, Vg =1.0V - - 0.1 - - 0.1 mA
Current Vhyst = GND
Hysteresis Sat Voltage ViysMax) | IHyst = -7TmA, V=13V - -0.1 -0.2 - -0.1 -0.2 \
measured with
respect to V+
Max Available lhys (MAX) V=13V -15 -21 - -15 21 - mA
Hysteresis Current
NOTES:

3. The maximum output current of the ICLB211 is limited by design to 15mA under any operating conditions. The output voltage may be
sustained at any voltage up to +30V as long as the maximum power dissipation of the device is not exceeded.

4. The maximum output current of the ICL8212 is not defined. And systems using the ICL8212 must therefore ensure that the output current
does not exceed 30mA and that the maximum power dissipation of the device is not exceeded.

5. Threshold Trip Voltage is 0.80V(min) to 1.30V(mas). At lgyt = 3mA.

Electrical Specifications

ICL8211MTY/8212MTY V4 =5V, T, =-55°C to +125°C
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ICL8211 ICL8212
PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | MIN | TYP | MAX ] UNITS
Supply Current I+ 28<V+<30 - - - - - - -
Vr=1.3V - - 100 - 350 | 350 mA
Vi =0.8V - - 350 - 100 100 mA
Threshold Trip Voltage Vin loyt = 2mA V+ =28V 0.80 - 1.30 | 0.80 - 1.30
Vour =2V V+ =30V 080 | - |13 ]Jos | - | 130
Guaranteed Operating Vsuppy | (Note 5) 28 - 30 2.8 - 30
Supply Voltage Range 5 ﬁ
Threshold Input Current Ity Viy=1.15V - - 400 - - 400 nA o d
Output Leakage Current lowk Vout =30V Viy=0.8V - - - - - 20 mA g %
Vg =13V - - 20 - - - mA 3 g:"
N [CRTT]
Output Saturation Vsar lout = 3mA Viy =08V - - 0.5 - - - w=
0@
Voltage V=13V . . . . . | os o
Max Available Output lon (Notes 3 & 4) V=08 3 - 15 - - - mA
[of t Vour =5V
urren out V=1av | - . . 9 . . mA
Hysteresis Leakage lLhys V+ =10V Vi =0.8V - - 0.2 - - 0.2 mA
Current Vhyst = GND
Hysteresis Saturation VhysMax) | lHysT =-7mA V=13V - - 0.3 - - 0.3 Vv
Voltage measured with
respect to V+
Max Available IHYS (MAX) VTH =13V 10 - - 10 - - mA
Hysteresis Current



ICL8211, ICL8212

Typical Performance Characteristics

THRESHOLD INPUT CURRENT AS A
FUNCTION OF THRESHOLD VOLTAGE
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Typical Performance Characteristics
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ICL8211, ICL8212

Typical Performance Characteristics (ICL8211 ONLY) (Continued)
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ICL8211, ICL8212

Typical Performance Characteristics (ICL8212 ONLY)

SUPPLY CURRENT AS A FUNCTION
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ICL8211, ICL8212

Typical Performance Characteristics
(ICL8212 ONLY) (Continued)

OUTPUT SATURATION VOLTAGE AND CURRENT
AS A FUNCTION OF TEMPERATURE
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Detailed Description

The ICL8211 and ICL8212 use standard linear bipolar
integrated circuit technology with high value thin film
resistors which define extremely low value currents.

Components Q; through Q,, and Ry, R, and R3 set up an
accurate voltage reference of 1.15V. This reference voltage
is close to the value of the bandgap voltage for silicon and is
highly stable with respect to both temperature and supply
voltage. The deviation from the bandgap voltage is
necessary due to the negative temperature coefficient of the
thin film resistors (-5000 ppm per °C).

Components Q, through Qg and R, make up a constant
current source; Q, and Q3 are identical and form a current
mirror. Qg has 7 times the emitter area of Qg, and due to the
current mirror, the collector currents of Qg and Qg are forced
to be equal and it can be shown that the collector current in
Qg and Qg is

IC (Qg or Qg) =

KT
X — In7
R2 q

or approximately 1pA at +25°C

Where k = Boltzman’s Constant
q = Charge on an Electron
and T = Absolute Temperature in °K

Transistors Qg, Qg, and Qy assure that the Vg of Qa, Qq,
and Qg remain constant with supply voltage variations. This
ensures a constant current supply free from variations.

The base current of Q4 provides sufficient start up current for
the constant source; there being two stable states for this
type of circuit - either ON as defined above, or OFF if no
start up current is provided. Leakage current in the transis-
tors is not sufficient in itself to guarantee reliable startup.

Q4 is matched to Qz and Q,; Q4o is matched to Qg. Thus the
IC and Vgg of Qqq are identical to that of Qg or Qg. To
generate the bandgap voltage, it is necessary to sum a
voltage equal to the base emitter voltage of Qq to a voltage
proportional to the difference of the base emitter voltages of
two transistors Qg and Qq operating at two current densties.

KT

R, q

Thus 1.5 = Vgg (Qg or Qq) +

R3
which provides: TH = 12 (approximately.)

The total supply current consumed by the voltage reference
section is approximately 6pA at room temperature. A voltage
at the THRESHOLD input is compared to the reference 1.15V
by the comparator consisting of transistors Q,4 through Q.
The outputs from the comparator are limited to two diode
drops less than V+ or approximately 1.1V. Thus the base cur-
rent into the hysteresis output transistor is limited to about
500nA and the collector current of Qg to 100pA.

In the case of the ICL8211, Q4 is proportioned to have 70
times the emitter area of Q,, thereby limiting the output
current to approximately 7mA, whereas for the ICL8212
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almost all the collector current of Qg is available for base
drive to Qpq, resulting in a maximum available collector
current of the order of 30mA. It is advisable to externally limit
this current to 25mA or less.

Applications

The ICL8211 and ICL8212 are similar in many respects, espe-
cially with regard to the setup of the input trip conditions and
hysteresis circuitry. The following discussion describes both
devices, and where differences occur they are clearly noted.

General Information
Threshold Input Considerations

Although any voltage between -5V and V+ may be applied to
the THRESHOLD terminal, it is recommended that the
THRESHOLD voltage does not exceed about +6V since
above that voltage the threshold input current increases
sharply. Also, prolonged operation above this voltage will
lead to degradation of device characteristics.

The outputs change states with an input THRESHOLD
voltage of approximately 1.15V. Input and output waveforms
are shown in Figure 1 for a simple 1.15V level detector.

Q V+
R, —
V+ MUST BE
RANGE-5TO+5V)  [1] 8 b EQUAL OR
EXCEED 1.8V)
—2
S
O B Ot
| Vo
© VHysT
>
LIPR3 I
Vo2 Vo1

1.15\; J \ \
TN
‘o/; JI__ ||——|I | ICL8211 OUTPUT

o LI LT LT
ov ICL8212 OUTPUT

FIGURE 1. VOLTAGE LEVEL DETECTION

The HYSTERESIS output is a low current output and is
intended primarily for input threshold voltage hysteresis
applications. If this output is used for other applications it is
suggested that output currents be limited to 10pA or less.

The regular OUTPUT's from either the ICL8211 or ICL8212
may be-used to drive most of the common logic families such

as TTL or CMOS using a single pullup resistor. There is a
guaranteed TTL fanout of 2 for the ICL8211 and 4 for the
ICL8212.

A principal application of the ICL8211 is voltage level
detection, and for that reason the OUTPUT current has been
limited to typically 7mA to permit direct drive of an LED
connected to the positive supply without a series current
limiting resistor. :

On the other hand the ICL8212 is intended for applications
such as programmable zener references, and voltage
regulators where output currents well in excess of 7mA are
desirable. Therefore, the output of the ICL8212 is not current
limited, and if the output is used to drive an LED, a series
current limiting resistor must be used.

In most applications an input resistor divider network may be
used to generate the 1.15V required for V1. For high accu-
racy, currents as large as 50uA may be used, however for
those applications where current limiting may be desirable,
(such as when operating from a battery) currents as low as
6mA may be considered without a great loss of accuracy.
6mA represents a practical minimum, since it is about this
level where the device’s own input current becomes a signifi-
cant percentage of that flowing in the divider network.

oo
T

F1E

>
;: PULLUP RESISTOR

L

CMOS OR
| E TTL GATES

FIGURE 2. OUTPUT LOGIC INTERFACE

o] o] B
|||-———l]-l

INPUT —— V+ ]
\J
Ry IE [

. 0

p—= ] <]
Ry EE —] s

V- o
=

FIGURE 3. INPUT RESISTOR NETWORK CONSIDERATIONS

Case 1. High accuracy required, current in resistor network
unimportant Set | = 50pA for Vriy = 1.15V . Ry —»
20kQ

Case 2. Good accuracy required, current in resistor network
important Set | = 7.5pA for Vry = 1.15V . Ry »
150kQ -
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INPUT O——

)
<
Rz S

FLE]

e
TEJI:IT

INPUT
VOLTAGE }——{ 5

vy

<
Ry <
13>

V- o

Input voltage to change to output states

- BB sy
1

FIGURE 4. RANGE OF INPUT VOLTAGE GREATER THAN
+1.15 VOLTS

Setup Procedures For Voltage Level Detection

Case 1. Simple voltage detection no hysteresis

Unless an input voltage of approximately 1.15V is to be
detected, resistor networks will be used to divide or multiply
the unknown voltage to be sensed. Figure 5 shows
procedures on how to set up resistor networks to detect
INPUT VOLTAGES of any magnitude and polarity.

MAY BE ANY STABLE VOLTAGE
VREF (+VE) VOLTAGE REFERENCE

o— o GREATER THAN 1.15V Vi
-
s S ]__]
Ry i 3

\A
b
=<
AAA
\

éﬁmm
TR

Range of input voltage less than +1.15V
Input voltage to change the output states =

(Ry+R)x1.15  RoVaer
- Ry Ry
FIGURE 5. INPUT RESISTOR NETWORK SETUP
PROCEDURES

For supply voltage level detection applications the input
resistor network is connected across the supply terminals as
shown in Figure 6.

V+
\J
Wi g
2] 7] INPUT VOLTAGE
+——5] 6] supvao\rot.TAeE
) [s]—
Ry EE l_':
Vo

FIGURE 6. COMBINED INPUT AND SUPPLY VOLTAGES
Case 2. Use of the HYSTERESIS function

The disadvantage of the simple detection circuits is that
there is a small but finite input range where the outputs are
neither totally ‘ON’ nor totally ‘OFF’. The principle behind
hysteresis is to provide positive feedback to the input trip
point such that there is a voltage difference between the
input voltage necessary to turn the outputs ON and OFF.

The advantage of hysteresis is especially apparent in
electrically noisy environments where simple but positive
voltage detection is required. Hysteresis circuitry, however, is
not limited to applications requiring better noise performance
but may be expanded into highly complex systems with
multiple voltage level detection and memory applications-
refer to specific applications section.

There are two simple methods to apply hysteresis to a circuit
for use in supply voltage level detection. These are shown in
Figure 7.

The circuit (a) of Figure 7 requires that the full current
flowing in the resistor network be sourced by the
HYSTERESIS output, whereas for circuit (b) the current to
be sourced by the HYSTERESIS output will be a function of
the ratio of the two trip points and their values. For low
values of hysteresis, circuit (b) is to be preferred due to the
offset voltage of the hysteresis output transistor.

A third way to obtain hysteresis (ICL8211 only) is to connect
a resistor between the OUTPUT and the THRESHOLD
terminals thereby reducing the total external resistance
between the THRESHOLD and GROUND when the
OUTPUT is switched on.

Practical Applications
a) Low Voltage Battery Indicator (Figure 8)

This application is particularly suitable for portable or remote
operated equipment which requires an indication of a depleted
or discharged battery. The quiescent current taken by the sys-
tem will be typically 35pA which will increase to 7mA when the
lamp is turned on. R will provide hysteresis if required.

b) Nonvolatile Low Voltage Detector (Figure 9)

In this application the high trip voltage Vtgs is set to bo
above the normal supply voltage range. On power up tho
initial condition is A. On momentarily closing switch S, tho
operating point changes to B and will remain at B until tho
supply voltage drops below VTR1, at which time the output
will revert to condition A. Note that state A is always retained
if the supply voltage is reduced below Vg, (even to zero
volts) and then raised back to Vyopm-

¢) Nonvolatile Power Supply Malfunction Recorder. (Figuros
10and 11)

In many systems a transient or an extended abnormal (or
absence of a)) supply voltage will cause a system failure.
This failure may take the form of information lost in a volatile
semiconductor memory stack, a loss of time in a timer or
even possible irreversible damage to components if a supply
voltage exceeds a certain value.

It is, therefore, necessary to be able to detect and store the
fact that an out-of-operating range supply voltage condition
has occurred, even in the case where a supply voltage may
have dropped to zero. Upon power up to the normal
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Vige = B +Re+R3) Ly ysy
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V+ ! — Vs
=E R v L s 1 Y :_I
> Ha < 1
" O o w2 O g
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FIGURE 7. TWO ATERNATIVE VOLTAGE DETECTION FIGURE 9. NON-VOLATILE LOW VOLTAGE INDICATOR

CIRCUITS EMPLOYING HYSTERESIS TO
PROVIDE PAIRS OF WELL DEFINED TRIP
VOLTAGES
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operating voltage this record must have been retained and
easily interrogated. This could be important in the case of a
transient power failure due to a faulty component or
intermittent power supply, open circuit, etc., where direct
observation of the failure is difficult.

A simple circuit to record an out of range voltage excursion
may be constructed using an ICL8211, an ICL8212 plus a
few resistors. This circuit will operate to 30V without exceed-
ing the maximum ratings of the ICs. The two voltage limits
defining the in range supply voltage may be set to any value
between 2.0V and 30V.

The ICLB212 is used to detect a voltage, V2, which is the
upper voltage limit to the operating voltage range. The
ICL8211 detects the lower voltage limit of the operating
voltage range, V. Hysteresis is used with the ICL8211 so
that the output can be stable in either state over the
operating voltage range V; to V, by making V3 - the upper
trip point of the ICL8211 much higher in voltage than V5.

The output of the ICL8212 is used to force the output of the

ICL8211 changing from the ON state to the OFF state. This
may be achieved only by shorting out R3 for values of supply
voltage between V, and V5.

d) Constant Current Sources (Figure 12)

The ICL8212 may be used as a constant current source of
value of approximately 25uA by connecting the THRESH-
OLD terminal to GROUND. Similarly the ICL8211 will pro-
vide a 130pA constant current source. The equivalent
parallel resistance is in the tens of megohms over the supply
voltage range of 2V to 30V. These constant current sources
may be used to provide basing for various circuitry including
differential amplifiers and comparators. See Typical Operat-
ing Characteristics for complete information.

e) Programmable Zener Voltage Reference (Figure 13)

The ICL8212 may be used to simulate a zener diode by
connecting the OUTPUT terminal to the Vz output and using
a resistor network connected to the THRESHOLD terminal
to program the zener voltage

(Ry + Ry)

ICL8211 into the ON state above V,. Thus there is no value VzeNgR = x 1.15V.
of the supply voltage that will result in the output of the 1
I ’ V+
R R - j—J
Ry IE 0] 8 T meser E1 8
[2] rcws212 [7] 1 icLe211  [7] g
< R
;—E E AMA- E E 6
Ry
[s—— 51—
<
Rs S OUTPUT
B3

FIGURE 10. NON-VOLATILE POWER

OUTPUT ICL8211

ICL8212 DISCONNECTED OUTPUT

SUPPLY MALFUNCTION RECORDER

OUTPUT ICL8211

ICL8212 AS PER FIGURE 7

VoM

OFF |-~= ¢ OFF [==~====~~"

ON fessesess

Vq V2 2 V3

<
z
o
=

...... ON

4

v, TV A

SUPPLY VOLTAGE —>

FIGURE 11. OUTPUT STATES OF THE ICL8211 AND |

SUPPLY VOLTAGE —*

SUPPLY VOLTAGE —

ICL8212 AS A FUNCTION OF THE SUPPLY VOLTAGE
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Since there is no internal compensation in the ICL8212 it is
necessary to use a large capacitor across the output to
prevent oscillation.

Zener voltages from 2V to 30V may be programmed and typ-
ical impedance values between 300pA and 25pA will range
from 4Q to 7Q The knee is sharper and occurs at a signifi-
cantly lower current than other similar devices available.

V4

1= 25pA (ICL8212)
1= 1304A (ICL8211)

FIGURE 12. CONSTANT CURRENT SOURCE APPLICATIONS

6 M-
5
y.
g 4
<
g -
g 3
o
w B
&
N 2 .
1 o
0 L1l 1 L1LL 1 L1l
0.01 0.1 1.0 10 100

SUPPLY CURRENT - | (mA)
FIGURE 13. PROGRAMMABLE ZENER VOLTAGE REFERENCE

f) Precision Voltage Regulator (Figure 14)

The ICL8212 may be used as the controller for a highly sta-
ble series voltage regulator. The output voltage is simply pro-
grammed, using a resistor divider network Ry and R,. Two
capacitors C; and C, are required to ensure stability since
the ICL8212 is uncompensated internally.

Vs v | R ¥ o Vs
UNREG- = = Re¥
i o W
____E E —¢ Co——
4 B |
R1::
p
C,T
R, +R -
Vour= —2—" x1.15V

1
FIGURE 14. PRECISION VOLTAGE REGULATOR

This regulator may be used with lower input voltages than
most other commercially available regulators and also con-
sumes less power for a given output control current than any
commercial regulator. Applications would therefore include
battery operated equipment especially those operating at
low voltages.

g) High Supply Voltage Dump Circuit (Figure 15)

In many circuit applications it is desirable to remove the
power supply in the case of high voltage overload. For
circuits consuming less than 5mA this may be achieved
using an ICL8211 driving the load directly. For higher load
currents it is necessary to use an external pnp transistor or
darlington pair driven by the output of the ICL8211.
Resistors Ry and R, set up the disconnect voltage and R
provides optional voltage hysteresis if so desired.

V.
+ y L
R —71] V+
............... icLe211  [7}— CIRCUIT
! Ry 2] BEING
aidet — {3 — PROTECTED
E V-
RS |
V-
(a)
V+
R,3 o hd E‘—] RAEE
e 2] rcie2t1 [F}— -
I £ — CIRCUIT
5 BEING
>3 PROTECTED
n‘l >
V-
v T

(b)
FIGURE 15. HIGH VOLTAGE DUMP CIRCUITS
h) Frequency Limit Detector (Figure 16)

Simple frequency limit detectors providing a GO/NO-GO out-
put for use with varying amplitude input signals may be con-
veniently implemented with the ICL8211/8212. In the
application shown, the first ICL8212 is used as a zero cross-
ing detector. The output circuit consisting of Rz, R4 and C,
results in a slow output positive ramp. The negative range is
much faster than the positive range. Rs and Rg provide hys-
teresis so that under all circumstances the second ICL8212
is turned on for sufficient time to discharge C. The time con-
stant of R; C3 Is much greater than R4 C,. Depending upon
the desired output polarities for low and high input frequen-
cies, either an ICL8211 or an ICL8212 may be used as the
output driver.

This circuit is sensitive to supply voltage variations and
should be used with a stabilized power supply. At very low
frequencies the output will switch at the input frequency.

i) Switch Bounce Filter (Figure 17)

Single pole single throw (SPST) switches are less costly and
more available than single pole double throw (SPDT) switches.
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SPST switches range from push button and slide types to cal-
culator keyboards. A major problem with the use of switches is
the mechanical bounce of the electrical contacts on closure.
Contact bounce times can range from a fraction of a millisec-
ond to several tens of milliseconds depending upon the switch
type. During this contact bounce time the switch may make and
break contact several times. The circuit shown in Figure 17 pro-
vides a rapid charge up of C1 to close to the positive supply
voltage (V1) on a switch closure and a corresponding slow dis-
charge of C1 on a switch break. By proportioning the time con-
stant of R1 C1 to approximately the manufacturer's bounce
time the output as terminal #4 of the ICL8211/8212 will be a
single transition of state per desired switch closure

j) Low Voltage Power Disconnect (Figure 18)

There are some classes of circuits that require the power
supply to be disconnected if the power supply voltage falls
below a certain value. As an example, the National LM199
precision reference has an on chip heater which malfunc-
tions with supply voltages below 9V causing an excessive
device temperature. The ICL8212 may be used to detect a
power supply voltage of 9V and turn the power supply off to
the LM199 heater section below that voltage.

For further applications, see AO27 “Power Supply Design
using the ICL8211 and ICL8212."

V+ v, v, | v
s K1 8] Rti? R - 8 R, 3 —] icLe2t1 >
<
& : 1 I M
C4 R IcL8212 2
3 s Af 6~ st—s] * [} Re3
INPUT
Ay I{ : r\: o fC e
>
Ry
17 5
WA
=c = OUTPUT
o T“ T
TIME CONSTANT R4C; < R4C; < R7Cy
VARY R; FOR OPTION ZERO CROSSING DETECTION =
VARY R4 TO SET DETECTION FREQUENCY
INDETERMINATE
INPUT BELOW Fo
OFF & ON
] |
145V ON TIME #2 - o
A / -] -8
2D D4
\ a0 a o
== ==
2 2
1.15V o °
B ON OFF
n C
Fo  FREQUENCY—>
FIGURE 16. FREQUENCY LIMIT DETECTOR
L 4 ’ o V+ ? V-
\J < <
U 4.7k >3
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Ry —] — | —z] 7+
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FIGURE 17. SWITCH BOUNCE FILTER

FIGURE 18. LOW VOLTAGE POWER SUPPLY DISCONNECT
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Protection Circuits Selection Guide

TURN-ON TEMPERTURE
PART NUMBER DESCRIPTION vcc THRESHOLD RANGE
SP710 Protection Power Switch 4V to 16V 16V to 18.5V -40°C to +105°C
SP720 Protection Array 5V to 30V +Vgg Above Vg or -40°C to +125°C
-Vge Below GND ,




@ HARRIS SP710

Protected Power Switch

May 1992 With Transient Suppression
Features Description
¢ 190V Transient Suppression The SP710 is a Power Integrated Circuit designed to
. suppress potentially damaging overvoltage transients up to
4V 10 16V Operating Voltage +90V in amplitude. The device is designed to be operated in
¢ 0.8A Current Load Capability a pass-thru mode which allows the current to flow through
h the IC with minimal voltage drop. The protected load circuit
* Over-Voltage Shutdown Protected is connected to the output of the SP710. As such, the
« Short-Circuit Current Limiting protected power switch IC is designed to operate as a
transient suppressor which is capable of driving resistive,
. Over-Tempe:atur? Shutdown Protected Thermal Shut-  jgyctive or lamp loads with minimum risk of damage under
down at 150°C (Tj) stress conditions of over voltage or over current. The SP710
* -40°C to +105°C Operating Temperature Range is supplied in a 3 lead TO-220AB package.
. . "The SP710 was formerly Harris Developmental No. TA13349"
Applications
* Electronic Circuit Breaker Ordering Information
e Transient Suppressor
. TEMPERATURE
* Overvoltage Monitor PART NUMBER RANGE PACKAGE
SP710AS -40°C to +105°C TO-220AB
Pinout Functional Block Diagram
TO-220AB
TOP VIEW g PRy .
) 1 \
Vg + N Rs out v Vour
GROUND =] P — —
(FLANGE) | ~ T— Z%lg 10— AN \ +—o3
(Vee f v (TO
|_. Vi OR | | LOAD)
Veatn) | E
: > ' OveER- [ BASE : E
v | THERMAL || CURRENT VceSAT |
! VOLTAGE CURRENT :
o Il LMIT 1 suutoown | | ampuFiER | DETECTOR | |
20 Vcommon
(GND)
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 2789.3
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Specifications SP710

Absolute Maximum Ratings

InputVoltage, Viy . .ot
Load Current, loyt -« v vevevvvnnnn
Transient Max Voltage, Vi (15mSs) ...t

NOTE: Pd = (Vi - Vo) (o) + (Vin) (Icommon)
Ty = Ta + (Pd) (Thermal Resistance)

.. 190V

Power Dissipation and Thermal Ratings

Thermal Resistance, 0)c. ... .ovviieriiininnenenn. 4°CW
Junction Temperature ... .......ovtiieenerinennenn.n. 150°C
Ambient Operating Temperature. . ............. -40°C to +105°C
Storage Temperature. .. ..........ooevuunne.. -40°C to +150°C
Lead Temperature (During Solder) . .................... 265°C

/16 = 32" (1.59 = 0.79mm) from case for 10s maximum

CAUTION: Stresses above those listed in “Absolute Maximum Hatmgs may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those ii

d in the op

of this specification is not implied.

Electrical Specifications (T, = -40°C to +105°C, V) = 4V to 16V), Unless Otherwise Specified

LIMITS
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Input Operating Voltage Vin 4 - 16 \
Shutdown Voltage VsHsp 16 - 18.5 v
Shutdown Temperature - 150 - °c
Transient Pulse lout Vy = 290V for 156ms Pin 3 = 14V, Pin 2 = GND -20 - +20 mA
Short Circuit Current 1 - 2 A
Vgar (Input-to-Output) Vin =4V, lgyr = 175mA - - 0.25 \
Vin = 9V, loyr = 500mA - - 0.65 v
Viy = 16V, oyt = 800mA - - 1.05 v
Common Current lcom Vin = 16V, lgyt = 100mA - - 25 mA
Vin = 16V, loyt = 800mA - - 50 mA
Typical Application
Vearr | Viy Rs Vour DASH PANELLOAD _ TOOTHER
3 Wy N/ + LIGHTS AND
INPUT INSTRUMENTS
0. 47pr-'_'|"_ g
<
-4
OVER- BASE
THERMAL CURRENT VceSAT
LIMT umir || shuroown] | aweiirien | | DETECTOR
I_ VLoaD = VBarT - Vsar
3 (Vsar TYP. <1V @ 800mA)
Vcommon
(GND)
iE
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@ HARRIS SP720

May 1992 ESD & Overvoltage Protection Array
Features Description
* 1+2A Peak Current Capability The SP720 is an array of SCR/Diode bipolar structures for

ESD and over-voltage protection to sensitive input circuits.
The SP720 has 2 protection SCR/Diode device structures

.

Single-Ended Voltage Range to +30V

« Differential Voltage Range to +15V per input. A total of 14 available inputs can be used to
, protect up to 14 external signal or bus lines. Over voltage

* Designed to Provide Over-Voltage Protection protection is from the IN (pins 1-7 & 9-15) to V+ or V-. The
« Fast Switching - 6ns Risetime SCR structures are designed for fast triggering at a
threshold of one +Vy,q diode threshold above V+ (Pin 16) or a

¢ Low Input Leakages of 1nA Typical Ve diode threshold below V- (Pin 8). From an IN input, a
« Low Input Capacitance of 3pF Typical clamp to V+ is activated if a transient pulse causes the input
to be increased to a voltage level greater than V+; a similar

* An Array of 14 SCR/Diode Pairs clamp to V- is activated if a negative pulse is applied to the

IN input.

Proven Interface for ESD
NOTE: The SP720 was formerly Harris Dev. No. TA14987

¢ Operating Temperature Range...... -40°C to +105°C

Applications Ordering Information

¢ Microprocessor/Logic Input Protection PART NUMBER | TEMPERATURE PACKAGE
* Data Bus Protection SP720AP -40°C to +105°C 16 Lead DIP
* Analog Device Input Protection SP720AB -40°C 1o +105°C 16 Lead SOIC

¢ Voltage Clamp

Pinout Functional Block Diagram
16 LEAD DIP & 16 LEAD SOIC PLASTIC
PACKAGES V+ @
TOP VIEW L_
< < <
IN E ~ E V+ bS ﬁ_ b3 ﬂ_ S
IN 2] [15] IN
N 3] 2] N K K K
IN [4] 3] N 3.1
™ [5] 2] IN N @ N @ NO
IN [6] [i1] N
W 1] o] N 3 S g M
v- [8] 9] IN
K K K
- ®
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 2791 2
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Specifications SP720

Absolute Maximum Ratings

Continuous Supply Voltage, (V4)- (V=) .................. +35V
Input Peak Current, Iy « v oovvv v i 12A

Transient Ratings - See NOTE 2
Maximum Package Power Dissipation at +125°C:

PlasticDIPPackage. ........ooviiirinenneennnns 500mW

Thermal Resistance, Oja:
16 Lead DIP Package
16 Lead SOIC Package

Storage Temperature Range

Plastic SOIC Package. ..............ooiiuinnnen.. 270mwW

CAUTION: Stresses above those listed in “Absolute Maximum Ratings™ may cause permanent damage to the device. This is a stress only rating and operation

Junction Temperature
Lead Temperature (Soldering 10s)

of the device at these or any other conditions above those indicated in the

of this specification is not implied.

.............................. +150°C
.................... +265°C

Electrical Specifications  T,=-40°C to +105°C; Vy = 0.5V Unless Otherwise Specified

LIMITS
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS

i o |
Forward Voltage Drop: 2

INto V- ViwdL Iy = 1A (Peak Pulse) 2 \

INto V+ ViwdH
Input Leakage Current N -20 5 20 nA
Quiescent Supply Current lquiescent 50 200 nA
Input Capacitance Cin 3 pF
Input Switching Speed ton 6 nS
NOTES:

1. Inautomotive and battery operated systems, the power supply lines should be externally protected for load dump and reverse battery.
When the V+ and V- pins are connected to the same supply voltage source as the device or control line under protection, a current
limiting resistor should be connected in series between the supply and the SP720 pins to limit reverse battery current to within the
rated maximum limits. Bypass capacitors of typically 0.01pF from the V+ and V- pins to ground are recommended.

2. For ESD testing of the SP720 to Mil-Std-3015.7 Human Body Model, the results are better than 6kV protection. For ESD testing to
EIAJ IC1Z1 Machine Model, the results are better than 1kV protection. These values were measured by AT&T ESD Lab using the
component testing procedures of both standards. Transient and ESD capability is highly dependent on the application. Conditions for
an in circuit method of ESD testing in a normal application where the V+ and V- pins have a return path to ground, the ESD capability

is typically greater than 15KV from 100pF through 1.5KQ or 9KV from 200pF through 1.5KQ with éns risetime.
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Special Function IC Selection Guide

MAX MAX
PART SUPPLY SUPPLY SENSOR/NPUT lout Vour
NUMBER DESCRIPTION VOLTAGE CURRENT RANGE MAX MAX
CA3165E Electronic Switching Circuits for 24V 18.4 mA Q-Loaded Self- 120mA 24V
CA3165E1 Ignition and Proximity Sensing in Osc. Coil Pickup (Sink)
General Purpose Control Circuits (~100 mH)
Using Q-Loaded Inductive Sensor
(Multiple Outputs)
CA3228 Speed Control System for Cruise 9V 30 mA Inductive Pickup 8mA 9V
Control and General Purpose with 3.5V to 15V (Sink)
Rate or Motion Control Feedback Range (Ext. RC
Applications. Self-Contained Con- Filter,
troller with 9 bit D/A Memory. 8.2kSV/0.05UF
(Multiple Inputs and Outputs) Interface)
CA3237 IR (Infra-Red) Remote Control 144V 10 mA 100U Vays typ, (22kQ Sig- | 5V CMOS/
Amplifier/Detector for TV and 500 Vgus max. nal Output TTL Logic
General Purpose Applications. (From Ext. IR Source Level Out-
High Sensitivity & Gain (upto 90 Detector) Imped.) put
dB) with Signal Limiting, Detection
and Schmitt Trigger Amplifier/Driv-
er.
CA3274 Power Switch with Current Limit- 16V 25mA 0.4V to 2V Input 200mA 16V
ing Feedback Control and Current Switching (Sink/
Limiter Sense Flag. Used for Igni- Thresholds Source)
tion and Current Controlled (w/hysteresis)
Switching Applications.
HIP9020AP | Vehicle Speed Sensor (VSS) Buff- | Shunt Regulator ~5.6V with | 3(0.25 to 100)V 15mA 24v
HIP9020AB | er IC's with Pre and Post Scaler | Series Forward Diode/Resistor | with 40 k2 Ext. (Sink)
Dividers for processing Sinusoidal | to Power Supply (Vgarr); or | Series Current
Waveforms from Magnetic Pickup | Use Ext. 5+ 0.3 V Power Sup- | Limiting Resistor

Sensors with divide by 1,6-11
Prescaling & 1, 2 Post Scaling Op-
tions. (Multiple Outputs)

ply (Max. lgc = 12 mA)

to Input
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CA3165

Electronic Switching Circuit

Features
* Switching Initiated by Damping of Internal Oscillator

Proximity Sensing of Rotational Motion
¢ Repeatable Timing of Switching States

¢ Five Outputs - Two Complementary Pairs and One
Non-Inverting Output CA3165E1

¢ Two Outputs - One Complementary Pair CA3165E

Ordering Information

Description

The CA3165 is a single chip electronic switching circuit
intended primarily for ignition applications. It includes an
oscillator that is amplitude-modulated by the rotor teeth of a
distributor, a detector that develops the positive going modu-
lation envelope, a Schmitt trigger that eliminates switching
uncertainties. Both types include two complementary high
current switched outputs for driving power transistors requir-
ing up to 120 milliamperes. The CA3165E also includes two
complementary low current outputs that incorporate internal
current limiting and a non-inverting output amplifier with
uncommitted input capable of switching 27 milliamperes.

PART The CA3165 is supplied in the 8 lead dual-in-line plastic
NUMBER TEMPERATURE PACKAGE package (Mini-DIP, E suffix) and in the 14 lead dual-in-line
plastic package (E1 suffix). Refer to ICAN-6352 for addi-
CA3165E -40°C to +85°C 8 Lead Plastic DIP tional information.
CA3165E1 -40°C to +85°C 14 Lead Plastic DIP
Pinouts
8 LEAD PLASTIC DIP 14 LEAD PLASTIC DIP
TOP VIEW TOP VIEW
U 7
oscrs [1] 8] FB_RF oscs [1] 4] N
sense [2] 7] ve SENsE [2] 03] FB_Re
anD [3] (6] bET_out ano [3] 2] v
OUTPUT E 5] inv_our outpur [a] 11] ne
+SIGNAL [5] 1] DET_ouT
INv_ouT [6] 9] AMPL_IN
-siGNAL [7] 6] AMPL_ouT

SPECIAL
FUNCTIONS

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
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CA3165

Functional Block Diagram

DC SUPPLY 5-24 VOLTS
3 2200 32002 10 powER
Y ss1svours 3, TRANSISTORS
1 oo 12 NC 7S
. <
I I
— 5 4
13
FEEDBACK OuTPUT
RESISTOR SCHMITT ouTPUT OUTPUT
(6KQ 1 0.5%) OSCILLATOR DET TRIGGER SWITCHING AMP 8
! 2 10 6 7 . 9
L L]
3 20 3 [ $ 68K
>
T o.01 _I— 0.01pF 75 3
R 3 REPRESENTS = S g |
GoE = } ROTOR LOADING = $ 100K | o.00a7uF
1500 == 3 T
pF = =
OSCILLATOR | repyviNAL 10 | TERMINAL 4 TERMINAL 5 TERMINAL 6 TERMINAL 7 TERMINAL 8
CONDITION
Unloaded Low High High Low Low - Low
Loaded High Low Low High High High

FIGURE 1. FUNCTIONAL BLOCK DIAGRAM FOR CA3165E1

DC SUPPLY 5-24 VOLTS
3 200 22002 1o pOWER
1 3s1svoLTs 1, TRANSISTORS
1 oapF 7
—;r- r 3; 3000
Fi 8 v sgﬁmxe ———>
EEDBACK :
-RESISTOR OSCILLATOR DET SCHMITT 5 ouTRuT”
(6.49KD) TRIGGER
1
2 6
3 200

3

= 0.01 _J_

Rb‘% REPRESENTS =

'5'.’,15‘;’,°”" Ra* = ROTOR LOADING =
1500 ==

pF

= *VALUES OF Ra AND Rb DETERMINED
BE CORRELATION.

OSCILLATOR
CONDITION TERMINAL 4 TERMINAL 5 TERMINAL 6
Unloaded High High Low
Loaded Low Low High

FIGURE 2. FUNCTIONAL BLOCK DIAGRAM FOR CA3165E
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Specifications CA3165

Absolute Maximum Ratings

DC Voltage (With reference to terminal 3):

Terminal ..o.ovviviiiiiiiii i
Terminal ......cooviiiiiiiiiiiian.
Terminal ....ovvviiiiiiiiiii i

Current (At terminals indicated):

TOrminal «..vvveeneinneieans
Terminal ....covvriiiiiiiiiiiiiii
Terminal ......covniiiiiiiiiiiiiiin.

Device Dissipation:

CA3165E1

CA3165E

4,5
7

L e <1 P
Above Tp = 55°C (derate iN@arly @), . . ... .vuu e ettt ittt e et a it reeteeneenreeeenns

Ambient Temperature Range:

[0 0T - 11 o
B (0 1o 1= T

Lead Temperature (During Soldering):

At distance 1/16 £ 1/32 inch (1.59 + 0.79mm)

fromcase for 10 SECONAS MAX . .. .o vttt ittt ettt ittt stasiisanneneneeans

of the device at these or any other conditions above those indicated in the

te ! jons of this specification is not implied.

24V
18v
1.5V

120mA
-0.1t0 0.1mA
30mA

600mW
6.67 mW/°C

-40°C to +85°C
-65°C to +150°C

265°C
CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

Electrical Specifications

At Ty = +25°C, V+ = 13V, Measured in the circuit of Figure 5 (CA3165E1) or Figure 6 (CA3165E)

CA3165E1 CA3165E
PARAMETERS SYMBOL | TEST CONDITIONS MIN TYP MAX MIN TYP MAX | UNITS

Input Current at Term.* A Dwell - 184 - - 18.4 - mA
Spark - 17.5 - - 175 -

Output Voltage at Term. 4 V, Dwell 12.8 - - 12.8 - - \
Spark - - 0.5 - - 0.5

Output Volatge at Term. 7 Vy Dwell - - 1 - - - \

Output Voltage at Term. 8 Vg Dwell - - 0.9 \
Portion of - - -
Spark 1.2 - -

Oscillator Voltage at Term. 2 V, Dwell - 4.4 - - 4.4 - Vp-p
Spark - 0.6 - - 0.6 -

" A
CA3165E at Term. 7 17
CA3165E1 at Term. 12 112

SPECIAL
FUNCTIONS

-



CA3165

Schematic Diagrams

> <
A1 R2S RIS R4S RS R20> 3% |J
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- FIGURE 3. SCHEMATIC DIAGRAM FOR CA3165E1
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FIGURE 4. SCHEMATIC DIAGRAM FOR CA3165E
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CA3165

Application Information Figure 5 and Figure 6 show the application of the CA3165 in a typical ignition system.

TERMINAL DESCRIPTIONS
TERMINAL
CA3165E1 CA3165E FUNCTION
1 1 Oscillator Feedback Resistor, Ry
2 2 220Q Protective Resistor To Tank Circuit
3 3 Ground
4 4 Direct Output - R, load resistor 20022 + 5%, and Rg to power Darlington 15Q + 10%
5 - Direct Output - Low Current - Not Connected
6 5 Inverted High Current Output
7 - Inverted Low Current Output Through C, (0.01pF) to D; and R; (100kQ)
8 - Output Amplifier Output - Through Rg and R (272 and 820Q to Supply)
9 - Output Amplifier Input - through R4 (68002) to D3 and C5 (0.0047uF)
10 6 Detector Output - C, to Ground (0.0022uF)
11 - No Connection
12 7 Circuit Supply Voltage Through R, (220Q Protective Resistor) to Automotive Supply
13 8 Oscillator Feedback Resistor R; to Terminal 1
14 - No Connection
AUTOMOTIVE SUPPLY 5-24
R é % % H.V.
cl 22090 0.0! RS
0.01uF q c2 o820
L 3%
= =i
NC NC L R4 o
14 13 12 1 10 9 8 s.sxg
R CA3165E] S — L 0.0047,F
! TOP VIEW 3%0 T”z c6] ;
A R9
1 2 3 4 .': ? 7 \/R\g\f—< Rk
L NC Ne o L
R2 OO0l wFl oy D4
2209 L g
R3S S ST ol
@ 100 xni 0.0047 ‘ : A
METALLIC . 3 CURRENT 2360
ONE To0TH PER T 15005F CIMITER A
CYLINDER | ER" RI2 RI3
\ 100 0.18
LI SENSORCOIL INDUCTANCE 11009,
%100 uh UNLOADED Q=53 SET FOR 4 AMPERES IN RI3

FIGURE 5. TYPICAL IGNITION SYSTEMS USING THE CA3165E1
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CA3165

+13v
Rl 200
ézzon ',23,“ fo8
< +
CA3165E 5% 1%
ToP
VIEW
Vout
e | cs|  €4s0g%oi5%
== =
001,F | 0.01 uF] ’
c2
u = 15000F
SILVER
\ MicA

X
LI SENSOR COIL, =
INDUCTANCE = 100uH,
UNLOADED Q ~53

METALIC TRIGGER WHEEL,
ONE TOOTH PER CYLINDER

ALL RESISTORS 1/2W£5%
UNLESS OTHERWISE
SPECIFIED

FIGURE 6. TYPICAL IGNITION SYSTEM USING THE CA3165E

Application Information

Figure 5 and Figure 6 show the application of the CA3165 in
a typical ignition system. The oscillator on the chip operates
at about 400kHz as determined by the tuned circuit L1, C3.
The amplitude of the oscillation is detected on the chip and
applied to a Schmitt trigger which sets the terminal voltage
as shown in the chart in Figure 1 and Figure 2 for the
unloaded condition of the oscillator. As a metallic tooth in the
rotor passes the coil L1 eddy-current losses occur which
reduce the Q of the resonant circuit and decrease the ampli-
tude of the oscillations to a level below that of a reference in
the detector circuit. The output terminals are then switched
to states as shown in the chart in Figure 1 and Figure 2 for
the loaded condition of the oscillator. The oscillation is main-
tained at this lower amplitude by switching in additional feed-
back in the oscillator circuit. The fact that the oscillator
continues to operate at some minimum level during this

OSCILLATOR

dwell period eliminates timing variations which would occur if
the oscillator had to be restarted by random noise.

Spark occurs as terminal 4 is switched from high to low. The
output amplifier clamps terminal 4 low through the regulator
during the duration of the spark.

The Dwell period represents the time that terminal 10
(CA3165E1) or terminal 6 (CA3165E) is high, terminal 4 is
low, and the coil is charged.

The value of the oscillator feedback, resistor, R;, is selected
to set the dwell period. With a sintered-iron 8 f-tooth rotor, a
typical value of Rf is 6500 ohms for 28.5 degrees of dwell out
of a 45 degree cycle. For a star-type rotor and a particular
coil in a typical distributor, the feedback resistor would be
larger (typically 8800 ohms) depending on clearances, coil
geometry and tooth shape.

DWELL

HIGH
DETECTOR

TERM IO Wu
Low

HIGH
TERM 4 I I [—I | I
Low
DWELL DWELL
colL
CHARGE
SPARK

FIGURE 7. TIMING SEQUENCE
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CA3228

Speed Control System with Memory

Features

* Low Power Dissipation

« 2L Control Logic

* Power-On Reset

* On-Chip Oscillator for System Time Reference

Single Input Line for Operator Commands

Amplitude Encoded Control Signals

Transient Compensated Input Commands

Controlled Acceleration Mode

Internal Redundant Brake and Low-Speed Disable

Braking Disable

Applications
* Automotive Speed Control

* Residential and Industrial

Controls
Industrial AC and DC Motor Speed Control
* Applications Requiring Acceleration and Deceleration

Heating and Cooling

.

Description

The CA3228" is a monolithic integrated circuit designed as
an automotive speed-control system.

The system monitors vehicle speed and compares it to a
stored reference speed. Any deviation in vehicle speed
causes a servo mechanism to open or close the engine
throttle as required to eliminate the speed error. The refer-
ence speed, set by the driver, is stored in a 9-bit counter.

The reference speed can be altered by the ACCEL and
COAST driver commands. The ACCEL command causes
the vehicle to accelerate at a controlled rate; the COAST
command disables the servo, thereby forcing the vehicle to
slowdown. Application of the brake disables the servo and
places the system in the standby mode while the RESUME
command returns the vehicle to the last stored speed.

Vehicle speed and driver commands are inputs to the
integrated circuit via external sensors. Actuators are needed
to convert the output signals into the mechanical action
necessary to control vehicle speed.

The CA3228 is supplied in a 24-lead dual-in-line plastic
package (E suffix). Refer to ICAN-7326 for application
information.

SPECIAL
FUNCTIONS

Control * Formerly RCA Developmental Type No. TA10768.
Pinout Ordering Information
ricsooe
NUMBER | TEMPERATURE PACKAGE
GND E b GND CA3228E -40°C to +85°C 24 Lead Plastic
DIP
Ne [2] OUTPUT GATE
DRIVER COMMAND [3] VACUUM CONTROL
COMMAND DELAY [4] VENT CONTROL
OSCILLATOR [5] CONTROL AMP+
VMEMORY [€] CONTROL AMP OUTPUT
CURRENT SENSE SPEED [7] CONTROL AMP-
SENSOR INPUT [8] ALIGN
FNV ouT [9] V ERROR
FIV FILTER [10) ACCELERATE CAPACITOR
vs [1] ACCELERATE RESISTOR
BRAKE INPUT [12) Vee
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 1436.1

Copyright © Harris Corporation 1992
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Specifications CA3228

Absolute Maximum Ratings Thermal Information

Supply Voltage, Voo .+ v veniiiiii i +9.0V  Power Dissipation Per Package

Supply CUITENt, log. « vt i 30mA FOrTa=-40°Cto+70°C .. ..eiuiiniiiininnnnnnnns 695mwW
Driver Command Input (Igyp), Pin3. ...ooovivvinnonnt 2mA For Ty Above +470°C ............ Derate Linearly at 8.7mW/°C
Brake Input (Igrake), Pin12... ..o 2mA  Lead Temperature (Soldering 10s) .............. ... +265°C
Storage Temperature Range . ............... -65°C to +150°C  Operating Temperature Range ................ -40°C to +85°C
JUNCtion Temperature. . . . ....oveevevneennennnnnnn. +175°C )

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the jonal ions of this specification is not implied.

P

Typical Switching Characteristics

Driver Command Input Hold Times (Based on 0.68uF on Pin 4): L0 50ms
ACCEL t\vtiiiiiii it ittt it iiieas 50ms [0 50ms
(910 3 50ms  Internal Oscillator Frequency, Fogg. -« v v vvvvvvvnnenn. 10kHz
RESUME. . ...t i 330ms  (Based on 0.001pF at Pin 5)

System Performance Fogc = 50kHz, fs/Speed Ratio = 2.22Hz/mph

Speed Sensor Input Frequency Range, f; at Pin 8. . .62Hz to 222Hz Maximum StoredSpeed . ...........ccvvvvivvinn.n. 100 mph
Speed Resolution. ........ooviiiiiiiiiiiiinn.. 0.45 mph - RedundantBrake Speed.............cvveviinnnnnns 11 mph
Minimum Operating Speed. ..............cveveei... 25 mph

DC Electrical Specifications T, = +25°C, V¢ = 8.20V, Unless Otherwise Specified (Refer to Figures 2 and 3)

LIMITS
PARAMETERS SYMBOLS TEST PIN TEST CONDITIONS MIN MAX UNITS

Operating Voltage Vee .13 7.40 9.00 v
S%eed Sensor Input Voltage Ampli- T.P.B. 62Hz < fg < 222Hz 3.50 15.0 Vpp
tude
Ve Supply Current lee 13 7.50 30.0 mA
Current Sense Voltage Vs 7 43KQ to Ground 4.85 5.95 \'
Align Voltage Vi7 17 41KQ to Ground 4.00 4.20 \
Command Idle Voltage VaioLe 3 S1, 82, S3, S4, S5 Open 7.6 7.9 v
RESUME Command Voltage VaRes 3 S2 Closed 5.95 6.56 \
ACCEL Command Voltage VaacceL 3 S3 Closed 3.95 4.91 \
COAST Command Voltage VacoasT 3 S4 Closed 1.22 223 v
OFF Voltage Vaore 3 S5 Closed 0 0.77 v
ON Voltage Vaon T.P.A. S1 Closed 9.2 28 \
Brake Input Voltage VBRAKE 12 S6 Closed 5.4 28 \
OUTPUT VOTLAGE
Gate Voo 23 4.7KQto Vg - 300 mv

Von 8 . v
VAC VoL 22 1.2KQto Ve - 400 mv

Von 8 - v
VENT Vo 21 1.2KQto Ve - 400 mVv

Von 8 - v

9-10




Specifications CA3228

DC Electrical Specifications

Tp = +25°C, V¢ = 8.20V, Unless Otherwise Specified (Refer to Figures 2 and 3)

LIMITS
PARAMETERS SYMBOLS TEST PIN TEST CONDITIONS MIN MAX UNITS
Memory Set Error Vs-Vio 6,10 =77 67 mVv
Deadband Range (VAC and VENT Vps 21,22 Sweep Pin 19, 0.96 1.43 \
Outputs Off) Voltage at 1V/sec
Control Amplifier Gain AcnTL 16,19 AcntL = V19V16 74 - Ratio
D/A Voltage Range Vm 6 Set Mode 6 7.50 Vv

Functional Block Diagram

vee

t GROUND ?

“:;‘:’:f 23 ouTPUT GATE
MMAND COMMAND
DRIVER CO @ command I et 2.
AND VENT CONTROL
oty o e ®
COMMAND DELAY (3)—+| oFF | TOGL
(22) VACUUM CONTROL
OSCILLATOR osc. CONTROLAMP. OUTPUT
OVER SPEED JRESUME | |CONTROL AMP
DETECTOR £ (30) CONTROL AMP. (+)
BRAKE INPUT (12— ragr i
SENSOR _. CONTROL AMP. (—)
ERROR
l AMP
SPEED v, MINIMUM REDUNDANT |, V ERROR
SENSOR INPUT ®— A SPEED BRAKE ©
SENSOR 045V “E"
F @—*coner |-\-(13) ACCELERATE RESISTOR
IV OUT CONVERTER AGGEL
FIV FILTER I
o
v ANALOG TO g MoDE
v O— O iAoe || Vm el \—o\.— ACCELERATE CAPACITOR
CONVERTER R D
i

v MEMORY (8)—

CURRENT
SENSE

CURRENT SENSE (7)—
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. CA3228

R . ERASE
> > MEMORY
YES YES
No " oFf No
BRAKE? 5 AOme? IGNITION

FIGURE 1. SPEED CONTROL FLOW CHART

&>

NO

NO

NO
D

YES
! BRAKE?
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CA3228

veo =71
MOMENTARY L] 1 24 | |
CONTACT  1pa  &800 = GATE | |
V3 ON DRIVER 0.1uF —2 23 SEE FIGURE 3 |
COMMAND ? 10K VAC | 1
SWITCHES 3 22 f———= H
i / 0.68 uF, VENT |
oN SI ] R2 g U 2 ——
R3,2.2K 10K Al 5 20 Vee
RESUME 2 = b
000kF 1¢ 19 M
R4,680 o w 10K
SET/ACCEL o— —AA— 7 © 18
B8.2K = 43K a § ' 10K
COAST o—p YWNV—T 0.047T,F g Coxr 10K
s5 /. 005uF T e 16 EX
OFF . 2.2uF =X
L ) 10 151 =
= AA 2.4M L
1l 14
+— REXT
T.PB 2.2uF 2 13—O0 vee
2 =+ oK 51K VOLTAGE AT TERM. 3
SPEED INPUT | raxe SWITCH RATIO TO V¢
FREQUENCY, fs LIGHT FUNCTION MIN MAX
222 Hz/MPH == BRAKE SWITCH
S6 S1-ON 1.12 -
S2 - RESUME 0.725 0.8
ALL RESISTANCE VALUES ARE IN OHMS VBRAKE S5 AGCEL 703 i
S4- COAST 0.148 0.272
S5 - OFF 0 0.094
IDLE* 0.93 0.96
* All Switches Open
FIGURE 2. TYPICAL AUTOMOTIVE SPEED CONTROL APPLICATION
0.22uF +82v voLT-
) REG +14.4v
1.2K I.EK% =
<
Vee VAC
VACUUM
VENT SOLENOID
CA3228E
(SEE FIGURE 2) To VACUUM
SOURCE
N.C-
VENT VAG DIAPHRAGM
VALVE VALVE
P SYSTEM MODE
POSITION VALVE ACCEL CRUISE COAST
FEED BACK
(OPTIONAL VAC Open NC* NC
TO PIN 20
! 5 VENT Close Close" NC
THROTTLE * Open or Closed as Required to Maintain Set Speed Error
ACCEL CRUISE COAST BRAKE | REDUNDANT BRAKE | HI-SPEED DROPOUT | LO-SPEED DROPOUT
VAC (Fin 225 H L L L L L L
VENT (Pin 21) H H L L [N C L
GATE (pin 23) L L L H H H H

FIGURE 3. SOLENOID DRIVERS AND SERVO VACUUM CONTROL MECHANISM TYPICAL APPLICATION
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CA3228

Device Description and Operation

The functional block diagram and Figures 1, 2 show the
speed- control flow chart, and a typical automotive speed-
control application, respectively.

Command Decoder and Delay Logics (Pins 3,4)

Driver commands are input to pin 3 through the Driver
Command Line. These signals are encoded on a single line
as voltage levels selected by switches which adjust a resistor
divider network.

The voltage level established is compared to a reference
level which decodes the command. A command level greater
than Vge + 0.8V turns the system On, enabling dynamic
control. Once the system is enabled, a voltage level of
O.BBVCc, 0.66Vcc, and 0'38VCC decodes the RESUME,
ACCEL, and COAST command, respectively. A driver
command of 0.12V¢ or less turns the system Off.

The Driver Command Delay established by the current
sources and a capacitor at pin 4 assures that ON, OFF,
ACCEL, and COAST commands are considered valid only if
longer than 50ms. The time for RESUME is 330ms.

Control Logic

The Control Logic accepts signals from the command
decoder and other sensors. It causes the memory to be
updated when operating in ACCEL and COAST modes. It
will put the system in Standby mode if brakes are applied, if
the speed error exceeds 1i1mph, or if the vehicle speed
drops below the minimum Speed Lockout (25mph). It will
return the vehicle to the previous set memory speed when a
RESUME command is given.

Frequency to Voltage Converter (Pins 8-11)

The speed sensor input fg at pin 8 is an AC signal whose
frequency is directly proportional to the vehicle speed at
approximately 2.22Hz/mph The current sources, capacitor
and comparators at pin 9 cause equal rise and fall times to
occur at pin 9 on the positive- and negative-going slopes of
the sensor input. Pulse currents of time duration equal to the
rise and fall times are used to charge the parallel resistor
capacitor combination at pin 10 to give a voltage (Vs) at pin
10 proportional to frequency at approximately 27mV/Hz. The
fs frequency range may be altered by changing the values of
the filter capacitors at pins 8 and 9. However, the maximum-
to-minimum frequency ratio will remain fixed.

S -40°C
=

6
ol +25°c
g f
B }4_ +85°C
[<]
> 3 A
s 2
=
€

1]

0 50 100 150 200

FREQUENCY, fg (Hz)

FIGURE 4. TYPICAL D/A MEMORY VOLTAGE, Vy, vs.
FREQUENCY

Memory Voltage, Vy (Pin 6)

Upon release of the ACCEL or COAST switches the voltage,
representing vehicle speed Vg determined by the output
from the frequency-to-voltage converter, is stored as a
binary number in a 9 bit counter. A memory update compar-
ator allows clocking of the counter until memory voltage Vy
equals Vg. The output of the counter controls a ladder
network which provides memory voltage V) at pin 6.

Analog Accelerate and Resume Generator (Pins 14,15)

Numerous functions are combined in what is called the
Analog Accelerate and Resume Generator. The circuit
switches the signal output at pin 15 depending on the mode
of operation. In the Accelerate and Resume mode the
capacitor at pin 15 is charged at a fixed rate [450mV/(RgxT)
(Cex7)]- In the Cruise mode pin 15 follows the memory
voltage (Vy) and in the On, Off, Brake, Redundant Brake,
Minimum Speed Lockout, and Coast modes, pin 15 follows
the voltage representing vehicle speed (Vg).

= -40°C
2
= 6 +25°C~d
u
g ° ; '
s 3 +85°C
(S
z °
€ 2f 1A
z "4
|
-40°C
0 I 1 1
0 50 100 150 200 250

FREQUENCY, fg (Hz)

FIGURE 5. TYPICAL CHARACTERISTIC F/V CONVERTER
OUTPUT, Vg vs. FREQUENCY

Error Amplifier (Pin 16)

In the Cruise mode the Error Amplifier determines the
difference between the set memory speed (Vy) and the
actual speed (Vg). This error signal is fed to the control
amplifier where it defines whether VAC or VENT is required.
The error signal represents deviation in vehicle speed from
the memory or set speed condition. The Error signal is also
used to control the Redundant Brake feature.

Redundant Brake Comparator

When the error output drops below approximately 0.42V¢c,
the Redundant Brake output is activated. Redundant Brake
causes the chip to go into the Standby mode.

Control Amplifier (Pins 18, 20)

The Control Amplifier is an op amp using external
components to set the gain. Inputs to the Control Amplifier
are from the Error Amplifier output, servo position sensor
and align output. The output of the Control Amplifier controls
the VAC and VENT outputs.

VAC, VENT and Gate-Driver Outputs (Pins 21, 22, 23)

The VAC, VENT and Gate Outputs are open collector
devices used to control the throttle position. For the system
to be able to supply vacuum, the gate output must be low. If
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the output from the Control Amplifier exceeds 0.573Vc¢c,
vacuum is supplied to the servo unit. If the output of the
Control Amplifier is between 0.573Vcc and 0.427V¢g the
vacuum is held in the servo unit and vehicle speed is
maintained. If the output from the Control Amplifier drops
below 0.427V or if the gate output is high, the servo unit
vacuum is vented.

Overspeed Detector Comparator

The Overspeed Detector circuit is used when the following
sequence of events occur: A speed is set in memory, the
vehicle is manually accelerated (foot pedal) to a higher
speed and then the ACCEL switch is activated.

During vehicle acceleration Vg voltage is greater than the Vyy
voltage into the memory update comparator. When the
ACCEL command is given, the capacitor at pin 15 rapidly
charges to within 60mV of Vg before switching the compara-
tor output low and starting the fixed acceleration rate from
the present vehicle speed. The 60mV of offset is required to
insure that the output of the overspeed detector is low under
normal operating conditions. Hysteresis is also designed into
the comparator to eliminate noise problems which may
prevent the chip from going into the Acceleration mode.

End of Resume Comparator

The Resume Comparator is used when the following
sequence of events occurs: A speed is set in memory, the
brake applied, causing the vehicle to go to a lower speed,
and the RESUME switch is activated.

Activation of the RESUME switch causes a fixed accelera-
tion rate from the lower speed until the capacitor voltage at
pin 15 is equal to the V) voltage. A filter circuit contained in
the output of the resume comparator insures that noise
doesn't reset the comparator until Vpy actually equals Vyy.

Align Voltage Source (Pin 17)

The Align Voltage Source is a X1 buffer with an output of
0.5Vge.

Brake Input Comparator (Pin 12)

When the Brake Input exceeds 0.55V g, the chip will go into
the Standby mode from Cruise.

Minimum Speed Lockout

Assures that the system remains in a Standby mode if
vehicle speed Vg is below 0.183V . It causes the system to
revert to the Standby mode if Vg drops below 0.183V¢c in
the Cruise mode.

Digital Filter for Redundant Brake and Minimum Speed
Lockout

A 4 bit shift register with an all ‘1’s output decode is used to
filter transients and electromagnetic interference. The filter
prevents false signals from putting the system into Standby
from Cruise.

Ramp Oscillator (Pin 5)

The Ramp Oscillator at pin 5 nominally varies between
amplitudes of 4.1V and 6.1V. The discharge rate is
approximately 4X the charge rate. With a capacitor of
0.001pF on pin 5, the nominal oscillator frequency is 50kHz.
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FIGURE 6. FUNCTIONAL BLOCK DIAGRAM FOR SPEED CONTROL (Continued on Next Page)
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CA3237

IR Remote-Control Amplifier

Features

* Integrated Circuit Package - 9-Pin SIP
* Excellent Overioad Characteristics

¢ High-Gain Amplifiers

* Schmitt Trigger Switching

* 12 Volt Power Supply

¢ Low Power Dissipation

Internal Regulation

Nominal 100V Sensitivity

.

Nominal 50K Input Impedance

Description

The CA3237* is a linear integrated circuit intended for infra-
red remote control receiver applications for TV receivers.
The sensor for the remote control receiver consists of a
photo-diode that senses the 40kHz pulse code modulated
control signal from the infrared carrier. The other functional
parts of the system include an amplifier-limiter, a narrow
band filter, a detector, a Schmitt trigger, and a decoder. The
CA3237 provides the amplifier limiter and the Schmitt trigger.
The amplifier limiter consists of two stages. Both stages
have externally accessible feedback points for external gain
programming. Internal voltage regulation is provided.

The CA3237 is supplied in nine lead Single-In-Line Package
(SIP). The CA3237 is pin-for-pin compatible with the
ANS5020.

Ordering Information * Formerly developmental type TA11167
PART TEMPERATURE
NUMBER RANGE PACKAGE
CA3237E -40°C to +85°C 9 Lead Plastic SIP
Pinout Block Diagram
9-LEAD PLASTIC SIP
TOP VIEW
v +2.8V
AMPLIFIER INPUT [T] |
<
FEEDBACK 1 [2] S 100K
1=
FEEDBACK 2 [3] As%'&s Ao(2=90dB
SCHMITT TRIGGER OUTPUT [4] $§.’é’é‘£{.
AMPL AMPL |
GND [5 6.3
(] 1 2 VOLTAGE}—¢
SCHMITT TRIGGER INPUT E 21K REG.
AAA,
AMPLIFIER OUTPUT [7] Ao b Ry
91 > <
vee [E] 21 :’Raz
BYPASS AND VOLTAGE [9]
REG. OUTPUT O ® 06 ® ®
AMPL.  FEED- FEED- SCHMITT GND SCHMITT AMPL.  VCC BY.PASS
INPUT BACK BACK TRIGGER TRIG ouT AND VOLT.
1 2 ouT N 3y REG.OUT
¥
cAll cul ‘I’{) J_— 40kHz
R Raz3 DECODER FiLiER
DETECTOR FOR
L L TUNER
= = CONTROL)

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
Copyright © Harris Corporation 1992 9-18
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Specifications CA3237

Absolute Maximum Ratings
T, = +25°C Unless Otherwise Specified

DC Supply Voltage (Veg) +« - vvvvvvevnennnnnn
DC Supply Current (Igg) « v vvvevvvninnnnnn,

Maximum Package Power Dissipation

UptoTa=+85°C ..ovviinniniininnnennn,
NOTE: Recommended supply voltage range (VCC) is 9.6V to 14.4V.

......... 14.4V  Operating Temperature Range .................-40°C to +85°C
......... 25mA  Storage Temperature Range..................-55°C to +150°C
Maximum Junction Temperature. .. .......coveennnnn. +150°C
....... 360mW  Lead Temperature (During Soldering)
At a distance not less than '/;¢” (1.59mm) from
casefor 10SmMaX. ...oovueennerneeeereeennneennn +260°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those ii

d in the op of this specification is not implied.

Electrical Specifications T, = +25°C, V¢ = 12V, Unless Otherwise Specified. See Figure 2 for Test Circuit

LIMITS
PARAMETERS TEST CONDITIONS MIN l TYP I MAX UNITS

DC SPECIFICATIONS, Switch 1 Open, Switch 2 in Position 3 (Input Open)

Supply Current Vee = 144V - 6 10 mA

Balance Voltage, Pin 3 - 25 - \'

Bias Voltage, Pin 2 - 2.8 - v

Regulator Voltage, Pin 9 = 6.3 - )

Op-Amp Bias Voltage, Pin 7 - - 17 v

AC SPECIFICATIONS, Switch 1 Open Unless Otherwise Specified

Amplifier High Level, (Pin 7 Out) V; In=5Vp p, Freq. = 40kHz, Switch 2in 25 - - Vp.p
Position 1

Amplifier Gain (V4 In) Pin 7 Out = 800mVp_p, Freq. = 40kHz, - - 500 WVp.p
Switch 2 in Position 1

Schmitt Trigger Output Voltage High (Pin 4 Out) | Pin 6 = 1.5Vpc, Switch 2 in Position 3 4 - 5 Vpe
(Input Open)

Schmitt Trigger Output Voltage Low (Pin 4 Out) Pin 6 = 0.3Vpc, Switch 2 in Position 3 0 - 0.8 Voc
(Input Open)

Schmitt Trigger High Trip Voltage (Pin 6 In) Pin 4 Out = 4V, Switch 2 in Position 3 - - 1.3 Vpe
(Input Open)

Schmitt Trigger Low Trip Voltage (Pin 6 In) Pin 4 Out = 0.8Vp, Switch 2 in Position 0.5 - - Voe
3 (Input Open)

Functional Test (Pin 4 Out) Vec=9.6V, 12Vor 14.4V,V, In=5Vpp, 2 - - Vpe
Freq. = 40kHz, Switch 1 Closed, Switch
2 In Position 1

Output Noise (at T.P.A.) Switch 2 in Position 2 (Input Grounded) - - 10 mVgus
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General Application

The CA3237 is intended for use in an infrared (IR) remote-
control receiver or other comparable application. As shown
in Figure 1, this IC consists of two cascaded amplifiers, a
Schmitt-trigger circuit, and an internal 6.3-volt regulator. The
VCC power-supply input may range from 8 to 14 volts.

Feedback-Amplifier Characteristics

The first amplifier has an open loop gain (Ag) of approxi-
mately 90dB, and the second amplifier which is internally
cascaded with the first amplifier has an open-loop gain of
approximately 60dB. The feedback ratio of the first amplifier
is set by the addition of a resistor (Ra1) and an isolation
capacitor (Ca1) at pin 2; the gain of the second amplifier is
controlled from pin 3 in the same manner. The closed-loop
gain Afb, is determined from the general feedback equation:

A = AoL/[1 + Ao, X B]

where B is the feedback ratio

For the non-inverting amplifier the feedback ratio is given by
B =1+ Ry/(Z + Ry)

where Z, = R, + 1/joC,.

If C4 is sufficiently large Z, is approximately equal to R,. For
large values of Ag, the closed-loop gain is approximately 1
+ RJ/(R; + Rp), a good approximation for the first amplifier.
For the second amplifier, which has an Ag_ of 60dB the
closed-loop gain is slightly less than the value given by the
simplified approximation.

For the feedback circuit values in the test circuit of Figure 2,
the simplified gain equation may be used to calculate the
first stage gain as follows:

Ap, =1 +21kQ/(35+150) Q = 114.5 = 41.2dB
This numerical gain corresponds to 41.2 dB.

For the second stage, and using the same approximation,
the gain is calculated to be

Apz = 1 +33 kQ/(62+220) Q = 1180r 41 .4dB.
The total gain from pin 1 to the pin 7 output is
Gain = 41.2+41.4=82.6dB

The worst-case conditions allow for Zj, and Ag variations.
The gain specification from the Electrical Characteristic table
is 0.8V for 500uV input. This specification dictates a minimum
gain of 1600 (or 64dB) minimum, including input attenuation
losses due to the 100-kilohm source resistor. The Figure 2
circuit is specified as a test condition, but is not a limited use
of the CA3237. Using circuit layout care and some shielding, it
is possible to achieve over 90dB of stable gain.

Ampilifier Input/Output Impedance

The input impedance of the first amplifier is typically 50
kilohm and is the combination of the internal 100-kilohm
biasing resistor and the input impedance of the first amplifier
stage.

If the source impedance of the signal source is high com-
pared to the input impedance of the amplifier, there will be a
proportional attenuation at the input signal. For the Figure 2
test circuit, the source impedance is 100 kilohm and the
input loss is typically 9dB.

The output drive signal from the second amplifier (at pin 7) is
from the emitter follower Q29 and series Q30 and Q31,
shown in Figure 1. As shown in the test circuit of Figure 2, it
is possible to stiffen the source impedance by additional dc
loading at pin 7. It is recommended that the output load be
greater than 500Q

Amplifier Limiting and Bandwidth

The amplifiers are designed to provide signal limiting over a
wide dynamic range with little effect on the duty cycle. In the
IC circuit diagram of Figure 1, the Q10 and Q11 back-to-
back diodes limit the peak-to-peak drive; additional control is
provided by the Q6 emitter at the output of the first differen-
tial stage. Limiting starts as low as 50uV. The limiting range
continues to a level greater than 1 volt of signal-input capa-
bility with typically less than 10% change in duty cycle.

The bandwidth characteristic of the CA3237 is matched to
the 40kHz center frequency range commonly used by IR
remote systems. For this reason, the roll-off characteristic of
the amplifier is optimized for use in the 10kHz to 100kHz
area. The 3dB linear signal roll-off is approximately 70kHz
and is controlled by internal compensating capacitors on the
chip. However, the circuit may function as a limiting-amplifier
up to frequencies as high as 1MHz.

Schmitt-Trigger Circuit

The Schmitt trigger is designed to provide a digitally
switched signal from a peak detected burst. Use of the
Schmitt trigger is recommended as a means of shaping the
detected signal at pin 7 before it is input to a decoder circuit.

It is important to note that the Schmitt trigger input has 3.7
kilohm input impedance but drops to a much lower value
when the input transistor switches to saturation. The. low
impedance provides noise immunity during the low (OFF)
state. In Figure 1, transistor Q41 and Q42 form the
differential switching circuit. The threshold for switching at
pin 6 is approximately 1 volt (ON) and 0.8 volt (OFF). The
bias supply for the switching differential is determined by the
internally regulated supply, which is tapped at 4.2 volts on
the stack of reference diodes.

IR Remote Amplifier Application

The circuit diagram of Figure 3 shows a typical application
as an IR remote control receiver. The biased IR detector
receives transmitted impulses from the remote unit, from
which the signal is ac coupled into pin 1 of the CA3237. An
optional variation of feedback control of gain is used at pin 3
making the gain of the second stage 50dB.

The amplified signal output at pin 7 goes to the transistor Q1
which acts as buffer to drive a tuned high Q transformer. The
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selectivity of this circuit provides noise immunity and rejec-
tion of unwanted signals. The signal is normally transmitted
in 40kHz pulse bursts, such as illustrated in the waveforms
of Figure 3a. This circuit illustrates only one of many possi-
ble pulse-code-modulation methods used for data transmis-
sion. As many as 20 pulses, 25us in width, form a burst. The
detected burst is one bit of pulse code data. After the first
pulse code, a “1” or “0” state is determined by the sequential
order of the pulse-code data shown.

In Figure 3, the detection of the pulse code bit is done with a
diode peak-detector circuit following the tuned transformer.

The waveforms of Figure 3b illustrate the CA3237 signal.
The pin 1 waveform is an IR signal burst and, in this case, is
shown as the modulation signal. The output signal at pin 7 is
the burst signal with a background level of noise when the
burst is not present. The detected signal that is returned to
the pin 6 input of the Schmitt trigger is a diode/RC integrated
pulse with an exponential rise and fall edge. The saturated
switch of the Schmitt trigger has low impedance and clamps
the positive edge of the detected pulse. The waveform at pin
4 is the Schmitt trigger output with squared edges, and is 5
volt logic compatible to TTL and CMOS,
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FIGURE 3. TYPICAL IR-REMOTE AMPLIFIER APPLICATION CIRCUIT
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@ HARRIS CA3274

Current Limiting Power Switch

May 1992 With Current Limiter Sense Flag
Features Description
¢ Drive-Current Limiting at Output The CA3274 is a controlled current switch and may be used in

general purpose switching applications that require specified
maximum levels of current. The functional block diagram of
* 200mA Driver Current Capability the CA3274 is shown and a typical application circuit is shown
in Figure 1. An internal emitter follower has 200mA of source
drive output capability. The Control Input is a Schmitt trigger
« Current Limiting Flag Output buffer amplifier for noise immunity in the environments typical
of industrial and automotive control systems.
¢ 50dB Minimum PSRR

¢ 5uS Typical Switch Time

« Current-Sense Buffer and Reference

¢ Logic-Level Control Input

Current sensing in the emitter circuit of a power-darlington
output stage is fed back from a sampling resistor to the sense

« Separate Signal and Power Grounds input of the CA3_274 which has a 335mV typical offset. For the
example shown in Figure 1, a sampling resistor of 0.056 ohm

. . permits 6.0 amperes (0.335/0.056) of current in the emitter of
Applications the output driver. When the current limiter is activated, the flag
« Solenoid Switch Driver output changes state conditionally. If the control input is the “0”

state, the flag output will remain in a “1” state. If the control input

* Relay Driver is in the “1” state and the sense input is less than the voltage

« Lamp Control Switch reference level of 335mV, the flag output will remain in the “1”
state. If the control input is the “1” state and the sense input is
* Ignition Coil Pre-Driver equal to or greater than the 335mV reference level, the flag
« Constant Current Driver output goes to the “07 state. Thg putpyt flag swit.ch may be ysed
to accurately establish dwell timing in automotive applications.
¢ Current Limiting Switch When the control input goes to “0", the flag is reset to “1”. Noise-

. immunity hold-off is used to prevent pre-triggering of the flag
* Fault Output Sense Appliance output and is noted as td in the timing diagram of Figure 2.

* Power Supply Fault Mode Control The flag output may be used for diagnostic feedback via the

current sense input to detect a fault mode. In this case the

Ordering Information sampled drive current is either from the emitter of the CA3274
internal power transistor or an external output amplifier, such as

TEMPERATURE a darlington power transistor or power-FET output stage. The

PART NUMBER RANGE PACKAGE CA3274 has separate power and signal grounds to minimize
transient-loop feedback to the input ground and thus prevent

CA3274E -40°C to +85°C 8 Lead Plastic DIP false triggering of the output. Optionally, the output from the

CA3274 may be taken from the open collector (DRIVE IN) at
pin 6. An external resistor at pin 6 may be used to set the level
at which Q2 will saturate, providing additional limiting protection
for the maximum forward-drive from the CA3274.

SPECIAL
FUNCTIONS

Pinout
8 LEAD DUAL-IN-LINE PLASTIC PACKAGE (E SUFFIX)
TOP VIEW
\ 4

FLAGOUT |1 E Ve SUPPLY
SENSE IN E 3 CONTROL IN

POWERGND [3 ] (6] orivew

SIGNAL GND E 3 DRIVE OUT

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2222.1
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Block Diagram
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FIGURE 1. TYPICAL APPLICATION AS A POWER SWITCH PRE-DRIVER SWITCH
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Specifications CA3274

Absolute Maximum Ratings

Operating Drive SUPPIY, Vg « v vveevviiiieinnnninnn, 16V
Maximum Output Current, lg . ....oovvi e, 200mA
Control, Sense Input. .. ................ Gnd - 0.5V, Ve + 0.5V
Signal, Power Differential Ground Voltage. .................. 1V
Power Dissipation, Pp
UPtOT70°C ittt eee i ieteenaeeenannenns 630mwW
Above70°C......cviiiiinninn Derate linearly at 7.7mW/C

Operating Temperature Range . . ............... -40°C to +85°C
Storage Temperature Range. ... .............. -55°C to +150°C
Lead Temperature (During Soldering)

At distance /¢" (1.59 = 0.79mm) from

€as@for 10S MaX. .. vuueerernnnennnneneeneannnnn +250°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

of the device at thesa or any other conditions above those indk

ted in the op

of this specification is not implied.

Electrical Specifications

At T, = -40°C to +85°C, Unless Otherwise Specified

LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Power Supply Current: S1 =2 lccn Control = High (Output On) - - 25 mA
lect Control = Low (Output Off) - - 5 mA
Control Input: $1 =3 Veay | Thd. Voltage, High . . as | v
Vihdl Thd. Voitage, Low 0.9 - - v
VinaH-Vinae | Hystersis 0.4 0.65 20 \'
I Leakage, 0.0 to 5.5V -20 - +20 pA
Driver In, Out (Pin 6,5): S1=3 Vat Output Saturation Voltage, gy = 200mA, - - 0.5 v
Vcontrol = High
ILeak Collector Output Leakage, VcontroL = - - 100 pA
Low
Flag Output Low: S1 =2 Visat Vsense = High, lgpag = 3mA - - 0.8 v
Flag Output High: S1 =3 Viieak Output Leakage, Vgg = VEag = 10V - - 10 pA
Prop. Delay: S1 =1 tons tofr Control In to Drive Out - 5 - us
trLaG Drive Off to Flag Off - 10 - Hs
ty Flag Delay from Control In 150 - 600 us
Sense Input Thd. Level: S1=1 Vsenthd 310 335 360 mv
Power Supply Rejection Ratio PSSR 50 - - dB

NOTES:
1. Refer to Figure 3 Test Diagram for electrical test connections.

2. Refer to Figure 2 Timing Diagram for logic switching and prop delay.

3. Unless otherwise specified: Vg = Vigey = Ve = 7 to 10 volts;
Vsense = “LoW”; Veontrol, = “Low™;

Control in levels are defined as “Low” equals 0.0V and “High” equals 5.0V.
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CONTROL IN-PIN7

DRIVE OUT- PIN §

i OUTPUT
LOAD CURRENT

\\ SENSEIN-PIN2

FLAG OUT-PIN 1

traLL
—
< lOFF .
DELAY
CURRENT
LIMITING —>
ON TIME
Oummna————
sysTEM  Som¥
NOISE LEVEL
Ou———
SENSE
(NOISE HOLD-OFF H
DELAY) g
ter '
trLaG ;
DELAY

* For Vg = 7V to 10V; ty (MAX) = 600uS
if Control In = High, Sense In = High;
Pin 1, Flag Out can go low only if tsense 2 g

tec |

POWER SUPPLY

+Vee

FIGURE 2. CA3274 TIMING DIAGRAM

OUTPUT LOAD
POWER SUPPLY
+Veer

IN VeontroL o1}

+Veez

(ADJ. FOR 3mA
IN FLAG-OUT 10K

Vgar TEST
FLAG) 1
ouTt
Qi LATCH
4
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GROUND — =

CONTROL
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DRIVER
S

N l 510

(ADJ. FOR 200mA
IN Vgar TEST)

>0l —9—» (PSSROUT)

our S

21V

é__— POWER

GROUND

FIGURE 3. CA3274 TEST CIRCUIT
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PLARRIS HIP9020

PRELIMINARY Programmable Quad Buffer with
May 1992 Pre and Post Scaler Dividers
Features Description
* Sine Wave Speedometer Input The HIP9020 is a Vehicle Speed Sensor (VSS) Buffer IC. It
« Input Limiting +0.25 to 100V (with 40k<) receives sinusoidal vehicle speed information from a
""""""" i speedometer signal source. The signal is amplified and
* Over Voitage Protection squared before frequency processing is done. The circuit
e Current Limiting provides pin programmable integer prescaler and postscaler

dividers to scale the output frequencies. The prescaler

divider output of the frequency doubler is mode selected for

Post Scaler Frequency Divide by 1 or 2 1 and 6 through 11. The postscaler mode is selected to the

Drivers with 15mA/24V Capability Output 3 with a .dlwde by 1 or 2. The four Vox outputs are
open collector drivers.

°

Programmable Prescaler 1, 6 - 11

°

.

Outputs 4 Separate Square Waves . .

Speed Sensor Input (SSI) - When current limited with a 40
Internal Regulator and Blas Source kohm source impedance from the vehicle speed sensor, the
OkHz to 6kHz Input Signal Range SSl input is capable of functioning over a wide range of input
signal. The limiter and squaring action is derived from the
zero crossing of the input signal. The signal is converted into
a square wave with a controlled hysteresis squaring

.

-40°C to +125°C Operating Temperature Range

Applications amplifier.
¢ Prescaler Power Supply - The power supply pin 2 input is intended to
o Buffer/Limiter operate from a 5.0V + 0.3V source. The internal reference

sources are derived from a temperature stable bandgap;

* Signal Interface including an optional 5.7V shunt reulator which may be used

¢ Automotive Speedometer as shown in Figure 2.

* Automotive Speed Control Output Drivers - Each output driver is an open NPN collector

« Automotive Tachometer with a zener clamp level of typically 35 volts and short circuit
current limiting. Each output is capable of sinking 15mA of

. . current.
Ordering Information
PART TEMPERATURE
NUMBER RANGE PACKAGE

HIP9020AP -40°C to +125°C 14 Lead Plastic DIP

HIPS020AB -40°C to +125°C 20 Lead Plastic SOIC

Pinouts
14 LEAD PLASTIC DIP 20 LEAD PLASTIC SOIC
TOP VIEW TOP VIEW
\J \J
anp [3] 4l vor ano [1] [2q vo1
vee [2] i1l NC
vee [2] 13] voz ne [3] f1e] NC
poss [3] h2] vos poss [4] i voz
ssi [a] (1] vos ssi [5] l1¢] vos
BUF [5] fio] PRsS-A 8uF [g] [15] vos
NC s
PRsO [6] [s] PRSS-B NG E %:Z SA
8 1
posi [7] (8] PRSs—c PRso [3] [12] PRSS-B
posi [ig 1] PRSS—C
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2790.1

Copyright © Harris Corporation 1992
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HIP9020

Programmable Quad Buffer Functional Block Diagram 1

BUF
(BUFFER OUTPUT) PRSS

5 (6)  (PRESCALER SELECT)

A B C
| | o] OO0
s
SQ. AMP FREQ PRESCALER
sst (5)—] ummer | witn wys. | oousien | 1D;v;a\:1 —(®) prso

(SPEED SENSOR INPUT) (PRESCALER OUTPUT)
DRIVER 1
: (V.1 PROT) vor )
7 Qi 13
‘ DRIVER
posI DIVBY 2 |__4_.| DIV BY 2 - | 1RO |—(@) vor
(POST SCALER INPUT) > OUTPUTS
12
| DRIVER
i (v,1 PROT) vos
VOLT. REG. & L | “
CURRENT Qs |
DRIVER
SOURCE (V,1 PROT) _@ vos _J

Q4
1 @ 2 3
GND Q Vee
= POSSs

(POST SCALER SELECT)

vox

EACH OUTPUT
PROTECTED BY A
pu— COLLECTOR-TO-BASE

O CIRCLED NUMBERS ARE 20 LEAD SOP PACKAGE ZENER DIODE CLAMP

20Q

LOGIC SELECT FOR INPUT (SSI) TO OUTPUT (VOX) DIV-BY NUMBER

VO01,Vv02,v03 Vo4 VO1,v02 V03, Vo4
(POSS HIGH) (POSS HIGH) (POSS LOW) (POSS LOW)
PRSS-A PRSS-B PRSS-C DIV-BY DIV-BY DIV-BY DIV-BY

0 0 0 2 1 ‘ 2 1

0 0 1 12 6 12 6
0 1 0 14 7 14 7
0 1 1 16 8 16 8
1 0 0 18 9 18 9
1 0 1 20 10 20 10
1 1 0 22 1 22 1
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Specifications HIP9020

Absolute Maximum Ratings
Supply Voltage to Pin 2, V¢ (Shunt Regulator). . . ............. Plastic 14 Pin DIP & 20 PIN SOP Package
+24Vpc Maximum through 300 ohms and a series diode (1N4005 or  Thermal Resistance, Bja coviniiiiiiiii e 90°C/W
equiv.) or +5.3 V Maximum direct voltage supply source to Ve, Maximum Package Power Dissipation upto +85°C ... ... 610mwW
Output Voltage (Sustained) to V01,V02,VO3,V04. .......... +24V  Derateabove85°C.........ccoviiinrnennnnnnnnnn 11.1mW/C
Output Load Current (Sink) ................coonuu.. +15mA  Operating Temperature Range . . .............. -40°C to +125°C
Input Voltage (Through 40 KQ, See Figure 1) ............ +100V  Storage Temperature Range. ................. -65°C to +150°C
Maximum Junction Temperature. ..............oouun.. +150°C
Lead Temperature (Soldering 10S) . . ......ccvvununnn.. +265°C
CAUTION: Stresses above thoss listed in “Absolute Maximum Ratings™ may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.
Electrical Specifications Ta =-40°C to +125°C, V¢ = 5V + 0.3V, Unless Otherwise Specified
LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN | MAX UNITS
Power Supply (Vec)
Supply Current I lee —[ - I 12 | mA
SSI Input (Test Point - T.P.A., See Figure 1)
Max. Operating Frequency fsmax) 40kQ Source, 0.01pF Input Shunt - 6 kHz
Input Signal Range 40kQ Source, 0.01pF Input Shunt +0.25 100 \
Input Hysteresis 40kQ Source, 0.01pF Input Shunt 0.15 0.45 v
Input Bias Current 40kQ Source, 0.01pF Input Shunt -0.5 +0.5 pHA
Other Inputs (PRSS, POSS, POSI - See Function Block Diagram)
Input Low Voltage ViL - 1.5 \
Input High Voltage Viu 3.5 = v
Input Current High M Vee=Vin=47V - 10 pA
Input Current Low Im Vec=5.3; Viy =04V -10 - HA
PRSO Output
Output Voltage Low VoL Vee =5V 0.4 v
Qutput Voltage High Von Vee =5V 4.6 - v
Driver Outputs (V01, V02, V03, V04)
Output Clamp Voltage lec = 1MA 24 45 \
Qutput Current Limit Isc Current Pulsed 15 30 mA
Output Leakage Vour =24V - 30 HA
Ouptut Saturation Voltage Vsar loyr = 15MA - 1 v
IOUT =1mA - 0.4 v
TYP.5.7V VBarr T T | »
< - STV . 1N4005 300 OUTPUTTO Tp = +25°C 22
SPEED % SPEEDOMETER 25— <0
SENSOR ODOMETER, 25
INPUT = SPEED T Q=
CONTROL, ETC. £ 2 DRIVE  ——— S
vo2 3 LIMITED e
OUTPUTS - CURRENT
(: PRSO VO3|— | (OPEN NPN z 15 [ outeur —
VO4}— ) COLLECTORS) E . .
PoOsI a 10 SATURATED ___|
et OUTPUT
Al 2 “ON” CHARAC.
PRESCALER 5 5
OPTIONAL BUF BI— > seLect 3
OuTPUT ¢l | weuts
- 0
GND PoSS 0 0.1 02 03 04 05 06
L OUTPUT VOLTAGE VOX WITH V¢ = 5 V, Vgar (VOLTS)
FIGURE 1. TYPICAL AUTOMOTIVE APPLICATION CIRCUIT FIGURE 2. TYPICAL OUTPUT DRIVER SATURATED “ON"
CHARACTERISTIC
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Harris Intelligent Power

The Harris CA3085, CA3085A, and CA3085B monolithic
IC's are positive-voltage regulators capable of providing out-
put currents up to 100 milliamperes over the temperature
range from -55°C to +125°C. They are supplied in 8 lead TO-
5 type packages. The following tabulation shows some key
characteristics and salient differences between devices in
the CA3085 Series.

APPLICATIONS OF THE CA3085 SERIES MONOLITHIC
IC VOLTAGE REGULATORS

Authors: A.C.N. Sheng and L.R. Avery

plished by connecting a suitable bypass capacitor between
terminals 5 and 4.

Terminal 6 (the “inverting input” in accordance with opera-
tional-amplifier terminology) is the input through which a
sample of the regulated output voltage is applied.

COMPENSATION AND
UNREGULATED EXTERNAL INHIBIT
CURRENT
INPUT (V*)y) ©] BOOSTER ? ?

o 'CURRENTI
I SOURCE I

Vin (V) | Vour(Vo) | max. | maxLoap
RANGE | RANGE | loyr(lo) | REGULATION
TYPE v v mA % Vo
CA3085 | 7.5-30 | 1.8-26 12+ 0.1
CA3085A | 7.5-40 | 1.7-36 100 0.15
- - ISTARTIN
CA3085B | 7.5-50 [ 1.7-46 100 0.15 STARTING

*This value may be extended to 100mA; however, regulation
is not specified beyond 12mA.

In addition to these differences, the range of some specified
performance parameters is more tightly controlled in the
CA3085B than in the CA3085A, and more in the CA3085A
than in the CA3085.

This note describes the basic circuit of the CA3085 series
devices and some typical applications that include a high
current regulator, constant current regulations, a switching
regulator, a negative-voltage regulator, a dual-tracking regu-
lator, high-voltage regulators, and various methods of provid-
ing current limiting, A circuit in which the CA3085 is used as
a general-purpose amplifier is also shown.

Circuit Description

The block diagram of the CA3085 series circuits is shown in
Figure 1. Fundamentally, the circuit consists of a frequency
compensated error-amplifier which compares an internally
generated reference voltage with a sample of the output volt-
age and controls a series-pass amplifier to regulate the out-
put. The starting circuit assures stable latch-in of the
voltage-reference circuitry. The current-limiting portion of the
circuit is an optional feature that protects the IC in the event
of overload.

Terminal 5 provides a source of stable reference voltage for
auxiliary use; a current of about 250 microamperes can be
supplied to an external circuit without significantly disturbing
reference-voltage stability. If necessary, filtering of the inher-
ent noise of the reference-voltage circuit can be accom-

T

32

S5

S
m
o

SUBSTRATE é é INV ‘ CURRENT
V- Vaer O INPUT ® LIMITING

FIGURE 1. BLOCK DIAGRAM OF CA3085 SERIES

The collector of the series-pass output transistor is brought
out separately at terminal 2 (“current booster”) to provide
base drive for an external p-n-p transistor; this approach is
one method of regulating currents greater than 100 milliam-
peres.

Because the voltage regulator is essentially an operational
amplifier having considerable feedback, frequency compen-
sation is necessary in some circuits to prevent oscillations.
Terminal 7 is provided for if external frequency compensa-
tion is necessary. Terminal 7 can also be used to “inhibit”
(strobe, squelch, pulse, key) the operation of the series-pass
amplifier.

Brief Description of CA3085 Schematic Diagram

The schematic diagram of the CA3085 series circuits is
shown in Figure 2. The left-hand section includes the start-
ing circuit, the voltage reference circuit, and the constant-
current circuit. The center section is basically an elementary
operational amplifier which serves as the voltage-error

Copyright © Harris Corporation 1992
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amplifier controling the series-pass. Darlington pair (Q13,
Q14) shown in the right-hand section when controlled by an
appropriate external sensing network, transistor Q15, serves
to provide protective current-limiting characteristics by
diverting base drive from the series pass circuit. For opera-
tion at the highest current levels, terminals 2 and 3 are tied
together to eliminate the voltage drop which would otherwise
be developed across resistor R5.

’ .
i YOLTAGE REFERENCE, | ;
1 I VOLTAGE-
i CONSTANT-CURRENT ERROR SERIES PASS AND CURRENT
| CIRCUITS 1 AMP (OP AMP) :
] [ N A '
’ , ’ H
| @‘ : '
IVaIN w De i L 4 '
JUNREG LW, et | ,
iNPUT | 3 : <R, :
1R ﬁ \ ; 3560 ;
| A0kT ! :
; > E D H
i = 5 ROMESNEATRY
[}
: P2 | G} J INHIBT :
' ' H '
H 0. . Os: : —K Q3 2
: Rt H e :
' 22 : CURRENT
Y/ ¢ A S : BOOSTER |
i Dy 1 ' H
1 Rsg 1| H '
1 15 |4 1L 15k '
: e " :
; L AN '-I i @18 REGULATED |
1 ' H OUTPUT H
' Ls H H
1 ‘ N H
H Vaer @ V- ©®. ® :
= L :
’ -_— 1
STANCE VALUI :
| ARE N Ot O- VAMUES supsTRATE | '

FIGURE 2. SCHEMATIC DIAGRAM OF CA3085 SERIES
Voltage Reference Circuits

The basic voltage referenced element used in the CA3085 is
zener diode D3. It provides a nominal reference voltage of
5.5 volts and exhibits a positive temperature coefficient of
approximately 2.5 millivolts/°C. If this reference voltage were
used directly in conjunction with the error-amplifier (Q5, Q6,
etc.), the IC would exhibit two major undesirable characteris-
tics: (1) its performance with temperature variations would
be poor, and (2) its use as a regulator would be restricted to
circuits in which the minimum regulated output voltages are
in excess of 5.5 volts. Consequently, it is necessary to pro-
vide means of compensating for the positive temperature
coefficient of D3 and at the same time provide for obtaining a
stable source of lower reference voltage. Both temperature
compensation and the reduction of the reference voltage are
accomplished by means of the series divider network con-
sisting of the base-emitter junction of Q3, diode D4, resistors
R2 and R3, and diode 5.

The voltage developed across D3 drives the divider network
and a voltage of approximately 4 volts is developed between
the cathode of D4 and the cathode of D5 (terminal 4). The
current through this divider network is held nearly constant
with temperature because of the combined temperature
coefficients of the zener diode (D3), Q3 base-emitter junc-
tion, D4, D5, and the resistors R2 and R3. This constant cur-
rent through the diode D5 and the resistor R3 produces a

voltage drop between terminals 4 and 5 that results in the
reference voltage (= 1.6 volts) having an effective tempera-
ture coefficient of about 0.0035 per cent/°C.

The reference diode D3 receives a currant of approximately
620 microamperes from a constant-current circuit consisting
of Q3 and the current-mirror* D6, Q1, and Q2. Current to
start-up the constant-current source initially is provided by
auxiliary zener diode D1 and R1. Diode D2 blocks current
from the R1-D1 source after latch-in of the constant-current
source establishes a stable reference potential, and thereby
prevents modulation of the reference voltage by ripple volt-
age on the unregulated input voltage.

Voltage-Error Amplifier

Transistors Q5 and Q6 comprise the basic differential ampli-
fier that is used as a voltage-error amplifier to compare the
stable reference voltage applied at the base of Q5 with a
sample of the regulator output voltage applied at terminal 6.
The D5-Q4 combination is a current-mirror which maintains
essentially constant-current flow to Q5 and Q6 despite varia-
tions in the unregulated input voltage. The Q8, Q9, and D7
network provides a “mirrored” active collector load for Q5
and Q6 and also provides a variable single-ended drive to
the Q13 and Q14 series-pass transistors in accordance with
the difference signal developed between the bases of Q5
and Q6. The open-loop gain of the error-amplifier is greater
than 1000.

Series-Pass and Current-Limiting Circuits

In the normal mode of operation, or in the current-boost
mode when terminals 2 and 3 are tied together, the Darling-
ton pair Q13-Q14 performs the basic series-pass regulating
function between the unregulated input voltage and the reg-
ulated output voltage at terminal 1. In the current-limiting
mode transistor Q15 provides current-limiting to protect the
CA3085 and.or limit the load current. To provide current-lim-
iting protection, a resistor (e.g., 5 ohms) is connected
between terminals 1 and 8; terminal 8 becomes the source
of regulated output voltage. As the voltage drop across this
resistor increases, base drive is supplied to transistor Q15
so that it becomes increasingly conductive and diverts base
drive from the Q13-Q14 pass transistor to reduce output cur-
rent accordingly. Resistor R4 is provided to protect Q15
against overdrive by limiting its base current under transient
and load-short conditions.

Because the CA3085 regulator is essentially an op-amp hav-
ing considerable feedback, frequency compensation may be
required to prevent oscillations. Stability must also be main-
tained despite line and load transients, even during opera-
tion into reactive loads (e.g., filter capacitors). Provisions are
included in the CA3085 so that a small-value capacitor may
be connected between terminals 6 and 7 to compensate the
regulator, when necessary, by “rolling-off’ the amplifier fre-
quency-response. Terminal 7 is also used to externally
“inhibit” operation of the CA3085 by diverting base current
supplied to Q13-Q14, thereby permitting the use of keying,
strobing, programming, and/or auxiliary overload-protection
circuits.
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Applications
A Simple Voltage Regulator

Figure 3 shows the schematic diagram of a simple regulated
power supply using the CA3085. The ac supply voltage is
stepped down by T1, full-wave rectified by the diode bridge
circuit, and smoothed by the large electrolytic capacitor C1
to provide unregulated dc to the CA3085 regulator circuit.
Frequency compensation of the error-amplifier is provided
by capacitor C2. Capacitor C3 bypasses residual noise in
the reference-voltage source, and thus decreases the incre-
mental noise-voltage in the regulator circuit output.

Ti: STANCOR TP3
CA3085,A,B —\

BLACK E;))j V°UTU
WHITE GREEN 3 *
O—-O/
120V " |
60Hz
(4)‘ ® 3
BLACK 1N3193 LsuF
RED T asv
5004F '_L
sov . T o1
SkKa
o

FIGURE 3. BASIC POWER SUPPLY

Because the open-loop gain of the error-amplifier is very
high (greater than 1000), the output voltage may be directly
calculated from the following expression:

(R2 +R1)
Vo= - TR Vet (1)

In the circuit shown in Figure 3, the output voltage can be
adjusted from 1.8 volts to 20 volts by varying R2. The maxi-
mum output current is determined by RSC; load-regulation

characteristics for various values of RSC are shown in Fig-
ure 4.

When this circuit is used to provide high output currents at
low output voltages, care must be exercised to avoid exces-
sive IC dissipation. In the circuit of Figure 3, this dissipation
control can be accomplished by increasing the primary-to-
secondary transformer ratio (a reduction in V}) or by using a
dropping resistor between the rectifier and the CA3085 regu-
lator. Figure 5 gives data on dissipation limitation (V, - Vg vs.
lo) for CA3085 series circuits. The short-circuit current is
determined as follows:

Vse 0.7
amperes )
Rsc Rsc

The line-and-load regulation characteristics for the circuit
shown in Figure 3 are approximately 0.05 percent of the out-
put voltage.

INPUT VOLTAGE (V+)) = 15V

OUTPUT VOLTAGE (V+g) = 10V
AMBIENT TEMPERATURE (Tj) = 25°C

Rsc=0

o

5Q

'
o
o

&
N

LOAD REGULATION - % Vg

.
o
w

sl glllls 1s
| 17

o 20 40 60 80 100
LOAD CURRENT (I) - mA

FIGURE 4. LOAD REGULATION CHARACTERISTICS FOR

20Q

’
o
kS

CIRCUIT OF FIGURE 3.
35 LT I
L L %
2 25 %, %,
e “, T
- / ”,
o Y| %,
2 2 %, INPUT VOLTS __|
0 2 7
5 ey Ny, V1) =20V
2 ,
s 15 "'0, ""':,"",
g ;,"' K]
§ 2,150
s 10 ——INPUT VOLTS
g (V) =10V
S s
-
2
a
=z
[} 20 40 60 80 100

OUTPUT () - mA

FIGURE 5. DISSIPATION LIMITATION (V, - Vg vs. lg) FOR
CA3085 SERIES CIRCUITS

High-Current Voltage Regulator

When regulated voltages at currents greater than 100 milli-
amperes are required, the CA3085 can be used in conjunc-
tion with an external n-p-n pass transistor as shown in the
circuits of Figure 6. In these circuits the output current avail-
able from the regulator is increased in accordance with the
hgg of the external n-p-n pass transistor. Output currents up
to 8 amperes can be regulated with these circuits. A Darling-
ton power transistor can be substituted for the 2N5497 tran-
sistor when currents greater than 8 amperes are to be
regulated
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(b) WITH AUXILLIARY SHORT-CIRCUIT PROTECTION

FIGURE 6. HIGH-CURRENT VOLTAGE REGULATOR USING
n-p-n PASS TRANSISTOR

A simplified method of short circuit protection is used in con-
nection with the circuit of Figure 6(a). The variable resistor
Rscp serves two purposes: 1) it can be adjusted to optimize
the base drive requirements (hFE) of the particular 2N5497
transistor being used, and 2) in the event of a short circuit in
the regulated output voltage the base drive current in the
2N5497 will increase, thereby increasing the voltage drop
across Rgcp As this voltage drop increases the short circuit
protection system within' the CA3085 correspondingly
reduces the output current available at terminal 8, as
described previously. It should be noted that the degree of
short circuit protection depends on the value of Rgcp i.e.,
design compromise is. required in choosing the value of
Rgcp to provide the desired base drive for the 2N5497 while
maintaining the desired short circuit protection. Figure 6(b)
shows an alternate circuit in which an additional transistor
(2N2102) and two resistors have been added as an auxiliary
short circuit protection feature. Resistor R3 is used to estab-
lish the desired base drive for the 2N5497, as described
above. Resistor R,y now controls the short circuit output
current because, in the event of a short circuit, the voltage
drop developed across its terminals increases sufficiently to
increase the base drive to the 2N2102 transistor. This
increase in base drive results in reduced output from the
CA3085 because collector current flow in the 2N2102 diverts
base drive from the Darlington output stage of the CA3085
(see Figure 2) through terminal 7. The load regulation of this
circuit is typically 0.025 per cent with 0 to 3 ampere load-cur-
rent variation; line regulation is typically 0.025 percent/volt
change in input voltage.

Voltage Regulator with Low V, - V Difference

In the voltage regulators described in the previous section, it
is necessary to maintain a minimum difference of about 4

volts between the input and output voltages. In some appli-
cations this requirement is prohibitive. The circuit shown in
Figure 7 can deliver an output current in the order of 2
amperes with a V| - Vg difference of only one volt.

2N4036
Qi

Rscp
(SEE TEXT)

. o1 ,
~ z,.rT Tam,‘r o RI

FIGURE 7. VOLTAGE REGULATOR FOR LOW V- Vg
DIFFERENCE

It employs a single external p-n-p transistor having its base
and emitter connected to terminals 2 and 3, respectively, of
the CA3085. In this circuit, the emitter of the output transistor
(Q14 in Figure 2) in the CA3085 is returned to the negative
supply rail through an external resistor (RSCP) and two
series-connected diodes (D1, D2). These forward biased
diodes maintain Q6 in the CA3065 within linear-mode opera-
tion. The choice of resistors R1 and R2 is made in accor-
dance with Eq. (1). Adequate frequency compensation for
this circuit is provided by the 0.01 microfarad capacitor con-
nected between terminal 7 of the CA3085 and the negative
supply rail.

Figure 8 which shows the output impedance of the circuit of
Figure 7 as a function of frequency, illustrates the excellent
ripple-rejection characteristics of this circuit at frequencies
below 1kHz. Lower output impedances at the higher fre-
quencies can be provided by connecting an appropriate
capacitor across the output voltage terminals. The addition
of a capacitor will, however, degrade the ability of the system
to.react to transient-load conditions.

1000 FINT"FT_W'T'L AGE (V)= 15V
OUTPUT VOLTAGE (V+o) = 10V
»  |AMBIENT TEMPERATURE (Ty) = 25°C
H
G100 .
&
w Y.
g
< 10
I
@
w
o«
=
2 1
-
2
o
-
0.1
0.01 0.1 1 10 100 1000

FREQUENCY (f) - kHz

FIGURE 8. OUTPUT RESISTANCE vs. FREQUENCY FOR
CIRCUIT OF FIGURE 7
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High Voltage Regulator

Figure 9 shows a circuit that uses the CA3085 as a voltage
reference and regulator control device for high-voltage
power supplies in which the voltages to be regulated are well
above the input-voltage ratings of the CA3085 series circuits.
The external transistors Q1 and Q2 require voltage ratings in
excess of the maximum input voltage to be regulated,
Series-pass transistor Q2 is controlled by the collector cur-
rent of Q1, which in turn is controlled by the normally regu-
lated current output supplied by the CA3085. The input
voltage for the CA3085 regulator at terminal 3 is supplied
through dropping resistor R3 and the clamping zener diode
D1. The values for resistor R1 and R2 are determined in
accordance with Eq. (1).

R3
82K
3
)
UNREG
Vi
e g.120V) CA3085
0!
10-15 V| e
7
0 4700 Rl
0.01uF
o £ )

FIGURE 9. HIGH VOLTAGE REGULATOR
Negative Voltage Regulator

The CA3085 is used as a negative-supply voltage regulator
in the circuit shown in Figure 10. Transistor Q3 is the series
pass transistor. It should be noted that the CA3085 is effec-
tively connected across the load side of the regulated sys-
tem. Diode D1 is used initially in a “circuit-starter” function;
transistor Q2 “latches” D1 out of its starter-circuit function so
that the CA3085 can assume its role in controlling the pass
transistor Q3 by means of Q1.

H— v ' O
02 %
KA
IN9I14 al oxa
1d
€
ol
L5 F
i2xe| T REG
UNREG. R3 .
1
R2
2200
Oo— O
= PR =

FIGURE 10. NEGATIVE VOLTAGE REGULATOR

Operation of the circuit is as follows: current through R3 and
D1 provides base drive for Q1, which in turn provides base
drive for the pass-transistor Q3. By this means operating
potential for the CA3085 is developed between the collector
of Q3 (terminal 4 of the CA3085) and the positive supply-rail
(terminal 3 of the CA3085). When the output voltage has
risen sufficiently to maintain operation of the CA3085
(approx. 7.5 volts), transistor Q2 is driven into conduction by
the base drive supplied from the 1 kilohm-12 kilohm voltage
divider. As Q2 becomes conductive, it diverts the base drive
being supplied to Q1 through the R3-D1 path, and diode D1
ceases to conduct. Under these conditions, base -current
drive to Q1 through terminal 2 of the CA3085 regulates the
base drive to Q3. Values of R1 and R2 are determined in
accordance with Eq. (1).

The circuit shown in Figure 11 is similar to that of Figure 10,
except for the addition of a constant-current limiting circuit
consisting of transistor Q4, a 1-kilohm resistor, and resistor
RSCP. When the load current increases above a particular
design value, the corresponding increase in the voltage drop
across resistor RSCP provides additional base drive to tran-
sistor Q4. Thus, as transistor Q4 becomes increasingly con-
ductive, its collector current diverts sufficient base drive from
Q8 to limit the current in the pass transistor feeding the regu-
lated load. With the types of transistors shown in Figures 10
and 11, maximum currents in the order of 5 amperes can be
regulated.

& o)

10

o

R Q3 PASS TRANSISTOR
scp 2N5497

FIGURE 11. NEGATIVE VOLTAGE REGULATOR WITH
CONSTANT CURRENT LIMITING CIRCUIT

High-Output-Current Voltage Regulator With “Foldback”
Current-Limiting (Also known as “Switch-Back”
Current-Limiting)

In high-current voltage regulators employing constant cur-
rent limiting (e.g., Figures 6 and 7), it is possible to develop
excessive dissipation in the series-pass transistor when a
short circuit develops across the output terminals. This situa-
tion can be avoided by the use of the “foldback” current-limit-
ing circuitry as shown in Figure 12. In this circuit, terminal 8
of the CA3085 senses the output voltage, and terminal 1 is
tied to a tap on a voltage-divider network connected
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between the emitter of the pass-transistor (Q3) and ground.
The current-foldback trip-point is established by the value of
resistor RSC.

UNREG
VI
0-001uF
‘[z,‘s KQ
o — o

FIGURE 12. HIGH OUTPUT CURRENT VOLTAGE REGULATOR
WITH “FOLDBACK” CURRENT LIMITING

The protective tripping action is accomplished by forward-
biasing Q15 in the CA3085 (see Figure 2). Conditions for
tripping circuit operation are defined by the following expres-
sions:

Vsg(a1s) = (voltage at terminal 1) - (output voltage)

R1
= [(Vo+ ILRsc) TR1+R2 ] Vo (3)
R1
If —— =K, then
R1 + R2

VSE(Ql 5 = (Vo + IlRsc) K- Vo = KVg + Kl Rgg - Vo
and therefore
Vo + Vsgais) - KVo
Kip

RSC = “)

Under load short-circuit conditions, terminal 8 is forced to
ground potential and current flows from the emitter of Q14 in
the CA3085, establishing terminal 1 at one Vgg-drop [=0.7V]
above ground and Q15 in a partially conducting state. The
current through Q14 necessary to establish this one Vgg
condition is the sum of currents flowing to ground through R1
and [R2 + Rg¢). Normally Rgg is much smaller than R2 and
can be ignored; therefore, the equivalent resistance Rgq to
ground is the parallel combination of R1 and R2.

The Q14 current is then given by:

s = Vsg(a1s) - Vsg@is) _ 0.7 [1.3 +0.46)
M TRy R1R2 1.3x0.46

R1+R2

2.06mA

This current provides a voltage between terminals 2 and 3
as follows:

Va.a = la14 X 2500hms = 2.06 X 10 x 250 = 0.515volt

The effective resistance between terminals 2 and 3 is
250 ohms because the external 500-ohm resistor R3 is in
parallel with the internal 500-ohm resistor R5. It should be
understood that the V,.5 potential of 0.515 volt is insufficient
to maintain the external p-n-p transistor Q2 in conduction,
and, therefore, Q3 has no base drive. Thus the output current
is reduced to zero by the protective circuitry. Figure 13 shows
the foldback characteristic typical of the circuit of Figure 12.

10 INPUT VOLTAGE
(V) =15V
S CURRENT TRIP
= SETFOR1A ~
=
w
g
5
°
>
-
2
o
=
2
°
0
X 2mA

OUTPUT CURRENT (lg)-A

FIGURE 13. TYPICAL “FOLDBACK"” CURRENT-LIMITING
CHARACTERISTIC FOR CIRCUIT OF FIGURE 12

An alternative method of providing “foldback” current-limiting
is shown in Figure 14. The operation of this circuit is similar
to that of Figure 12 except that the foldback-control transistor
Q2 is external to the CA3085 to permit added flexibility in
protection-circuit design.

Under low load conditions Q2 is effectively reverse-biased by
a small amount, depending upon the values of R3 and R4.
As the small. amount, depending upon the values of R3 and
R4. As the load current increases the voltage drop across
Ryip increases, thereby raising the voltage at the base of Q1,
and Q2 starts to conduct. As Q2 becomes increasingly con-
ductive it diverts base current from transistors Q13 and Q14
in the CA3085, and thus reduces base drive to the external
pass-transistor Q1 with a consequent reduction in the output
voltage. The point at which current-limiting occurs, |y, is
calculated as follows:

Vgg(as) = Voltage at terminal 8 - Vo (assuming a low value for Ry;p)
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Q)
2N5497
PASS TRANSISTOR

FIGURE 14. HIGH-OUTPUT-CURRENT VOLTAGE REGULA-
TOR USING AUXILIARY TRANSISTOR TO
PROVIDE “FOLDBACK” CURRENT LIMITING

R4
( R3+ ) -Vo

Veeg@z)~ Voltage at terminal 0

R4
Vo+IL R R
= o * 1L Pip + ] [ ] -V,
[ Vee@i) R: 4+ °
R4

, then the trip current is given by:
R3 + R4

Vee(@z) - K[Vo + Veg(an)
KRyip @)

Ilrip =

In the circuit in Figure 12 the load current goes to zero when
a short circuit occurs. In the circuit of Figure 14 the load cur-
rent is significantly reduced but does not go to zero. The
value for lgg is computed as follows:

VeE(@2)
Veg@2) + [—H2_+ Isaz) | R1=Vega)+Iscarp

Vee2)

v + +1 ] R1=V
BE(Q2) [ R2 B(Q2) BE(Q1)

Isc =

Ruyip (8)

Figure 15 shows that the transfer characteristic of the load

current is essentially linear between the “trip-point” and the
“short-circuit” point.

10

>

A

o

S|

<]

a 6 |

ar

o

> 4

£ 5

g 2 INPUT VOLTAGE (V) = 15V

3 CURRENT TRIP SET FOR 500mA
'} 1 1 1

0 100 200 300 400 500
OUTPUT CURRENT (o) - mA
FIGURE 15. TYPICAL FOLDBACK CURRENT-LIMITING CHAR-
ACTERISTIC FOR CIRCUIT OF FIGURE 14

High-Voltage Regulator Employing Current “Snap-Back”
Protection

In high-voltage regulators (e.g., see Figure 9), “foldback” cur-
rent-limiting cannot be used safely because the high voltage
across the pass transistor can cause second breakdown
despite the reduction in current flow. To adequately protect
the pass transistor in this type of high-voltage regulator, the
so-called “snap-back” method of current limiting can be
employed to reduce the current to zero in a few microsec-
onds, and thus prevent second-breakdown destruction of the
device.

The circuit diagram of a high-voltage regulator employing
current “snap-back” protection is shown in Figure 16. The
basic regulator circuit is similar to that shown in Figure 9.
The additional circuitry in the circuit of Figure 16 quickly
interrupts base drive to the pass transistor in event of load
fault. The point of current-trip is established as follows:

Veea)

©)

o = Rsc

Q5
2N4036

8.2KQ 2200

REG.

NREG.
UNREG A3085 ©

(e.g120V)

7' Y

> 4708
10-15v @

FIGURE 16. HIGH-VOLTAGE REGULATOR INCORPORATING
CURRENT “SNAP-BACK” PROTECTION
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Thus, when a sufficient voltage drop is developed across
Rgc, transistor Q1 becomes conductive and current flows
into the base of Q2 so that it also becomes conductive. Tran-
sistor Q3, in turn, is driven into conduction, thereby latching
the Q2-Q3 combination (basic SCR action) so that it diverts
(through terminal 7) base drive from the output stage (Q13,
Q14) in the CA3085. By this means, base drive is diverted
from Q4 and the pass transistor Q5. To restore regulator
operation, normally closed switch S1 is momentarily opened
and unlatches Q2-Q3.

Switching Regulator

When large input-to-output voltage differences are neces-
sary, the regulators described above are inefficient because
they dissipate significant power in the series-pass transistor.
Under these conditions, high-efficiency operation can be
achieved by using a switching-type regulator of the generic
type shown in Figure 17(a). Transistor Q1 acts as a keyed
switch and operates in either a saturated or cut-off condition
to minimize dissipation. When transistor Q1 is conductive,
diode D1 is reversed-biased and current in the inductance
L1 increases in accordance with the following relationship:

1t
iL= -]Vt
Lt

(10)

T To
oI
Q

o— “—0
(a) SELF-OSCILLATING SWITCHING REGULATOR
Vi

‘oN 'orr"‘—ﬂ
Y —

t FORWARD DROP OF DI

(b) VOLTAGE AT POINT Vy

T~

Tmin

(c) INDUCTOR CURRENT Iy,

)-/AE—\

REG. Vo T \.//

VRer

(d) OUTPUT VOLTAGE

FIGURE 17. SWITCHING REGULATOR AND ASSOCIATED
WAVEFORMS

Where V is the voltage across the inductance L1. The cur-
rent through the inductance charges the capacitor C1 and
supplies current to the load. The output voltage rises until it
slightly exceeds the reference voltage V.. At this point the
op-amp removes base drive to Q1 and the unregulated input
voltage V1 is “switched off’. The energy stored in the induc-
tor L1 now causes the voltage at V, to swing in the negative
direction and current flows through diode D1, while continu-
ing to supply current into the load Ry. As the current in the
inductor falls below the load current, the capacitor C1 begins
to discharge and Vg decreases. When Vg falls slightly below
the value of Vg, the op-amp turns on Q1 and the cycle is
repeated. It should be apparent that the output voltage oscil-
lates about V¢ with an amplitude determined by R1 and R2.
Actually, the value of V¢ varies from being slightly more
positive than Vg when Q1 is conducting, to being slightly
more negative than V5 when D1 is conducting. The voltage
and current waveforms are shown in Figure 17(b), (c), and (d).

Design Example

The following specifications are used in decomputations for
a switching regulator:

V, =30V, Vg = 5V, lg = 500mA,
switching frequency = 20kHz,
output ripple = 100mV
If it is assumed that transistor Q1 is in steady-state saturated

operation with a low voltage-drop, the current in the inductor
is given by Eq.10, as follows:

4

iL=_1_I Vdt = ( Vi-Vo )ton (11)
r L

When transistor Q1 is off, the current in the inductor is given
by:

. (Vo +Vpy)tey
||_=—_L1——— (12)
From Eq. 11,
-V 1 V
L= (vl. o) L) 3)
I f "

If inax is 1.3 I, then during t,, the current in the inductor (i)
will be 0.5A x 1.3 = 0.65A, therefore, Ai_ = 0.15A.

Substitution in Eq. 13 yields

(30-5) 1 5
L= —. 14mH

. . 14
0.15 (20x10% ~ 30 a4

Current discharge from the capacitor C1 is given by:

ic=C __dv
c” ot
Av At
Thus, Aig= C orCs= Ae
At Av

Since ig = i and At = tg, then
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Aty
c= — (9)

Substitution for the value of iL from Eq. 13 yields
V|- Vo 1 Vo
(5>) T () v

Cc= (16)
Av

1
The total period T = tog + ton, and T = TTherefore.

1
Lot = T = ton 7)

For optimum efficiency t,, should be

Vo ) ( Vo ) 1
= T= —_— 18,
( Vi " f (8

Substitution for t,,, in Eq. 18 yields

1 Vo 11 Vo
= 7 (T)T=T(1'T) 9

Substitution for t,, in Eq. 16 yields

Vi.Vo) 1 Vo 1 (1 vo)
'—'Ll_--T- VI .T. 'T

Av

C=

(20)

Substitution of numerical values in Eq. 20 produces the fol-
lowing value for C:

30-5 1 5 1 (1 5)
. 1.4x10% "20x10° © 30 " 20x10° "\ a9

=63uF
107

A switching-regulator circuit using the CA3085 is shown in
Figure 18. The values of L and C (1.5 millihenries and 50
microfarads, respectively) are commercially available com-
ponents having values approximately equal to the computed
values in the previous design example.

INITE3A
]

FIGURE 18. TYPICAL SWITCHING REGULATOR CIRCUIT

Current Regulators

The CA3085 series of voltage regulators can be used to pro-
vide a constant source or sink current. A regulated-current
supply capable of delivering up to 100 milliamperes is shown
in Figure 19(a). The regulated load current is controlled by
R1 because the current flowing through this resistor must
establish a voltage difference between terminals 6 and 4 that
is equal to the internal reference voltage developed between
terminals 5 and 4.

(a) CURRENT REGULATOR
REG. I

UNREG,
NEG.v (-
170 (b}

HIGH*CURRENT REGULATOR

(b) HIGH-CURRENT REGULATOR
FIGURE 19. CONSTANT CURRENT REGULATORS

The actual regulated current, reg I_is the sum of the quies-
cent regulator current and the current through R1, i.e.,

reg | = lquiescent + IR1
Figure 19(b) shows a high-current regulator using the
CA3085 in conjunction with an external n-p-n transistor to
regulate currents up to 3 amperes. In this circuit the quies-
cent regulator current does not flow through the load and the
output current can be directly programmed by R1, i.e.,

Vref
R1

With this regulator currents between 1 milliampere and 3
amperes can be programmed directly. At currents below 1
milliampere inaccuracies may occur as a result of leakage in
the external transistor.

Regl. =
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A Dual-Tracking Voltage Regulator

A dual-tracking voltage regulator using a CA3085 and a
CA3094A* is shown in Figure 20. The CA3094A is basically
an op amp capable of supplying 100 milliamperes of output
current

The positive output voltage is regulated by a CA3085 operat-
ing in a configuration essentially similar to that described in
connection with Figure 3. Resistor R is used as a vernier
adjustment of output voltage. The negative output voltage is
regulated by the CA3094A, which is “slaved” to the regulated
positive voltage supplied by the CA3085. It should be noted
that the non-inverting input of the CA3094A and the negative
supply terminal of the CA3085 are connected to a common
ground reference. The “slaving” potential for the CA3094A is
derived from an accurate 1:1 voltage-divider network com-
prised of two 10-kilohm resistors connected between the
+15 volt and the -15 volt output terminals. The junction of
these two resistors is connected to the inverting input of the
CA3094A. The voltage at this junction is compared with the
voltage at the non-inverting input, and the CA3094A then
automatically adjusts the output current at the negative ter-
minal to maintain a negative regulated output voltage essen-
tially equal to the regulated positive output voltage. Typical
performance data for this circuit are shown in Figure 20.

MAX. TouT* 100 mA
I 2 RCA C %
+INPUT CA3085A s.6a
#VTINPY VOLTAGE REG. :a o +15V

REG.
ouTPUT
>
>
>
0.00564F 3
1.5x03
b1 COMMON
O RETURN
:L 0.03 uF
’- »
-5V
REG.
ouTPUT
22 VTINPUT e 1%
#V+INPUT RANGE #19 TO 30 V
FOR 15 V QUTPUT 10K8
##V~INPUT RANGE *~16 TO-30 V 2%
FOR-15V OUTPUT
YT ResuLaTiON:
MAX. LINE * & Vi
out 075% 7V

x
[vour tmmiatijavin
MAX.LOAD = 4 Vout

Tour TRITRLT * 10010075 % Your

(X FROM | TO 50 mA)

FIGURE 20. DUAL-VOLTAGE TRACKING REGULATOR

The basic circuit of Figure 20 can be modified to regulate
dissimilar positive and negative voltages (e.g., +15V, -5V) by
appropriate selection of resistor ratios in the voltage-divider
network discussed previously. As an example, to provide
tracking of the -15V and -5V regulated voltages with the cir-

cuit of Figure 20, it is only necessary to replace the 10-
kilohm resistor connected between terminals 3 and 8 of the
CA3094A with a 3.3-kilohm resistor.

Regulators With High Ripple Rejection

When the reference-voltage source in the CA3085 is ade-
quately filtered, the typical ripple rejection provided by the
circuit is 56dB. It is possible to achieve higher ripple-rejec-
tion performance by cascading two stages of the CA3085,
as shown in Figure 21. The voltage-regulator circuit in Figure
21(a) provides 90dB of ripple rejection. The output voltage is
adjustable over the range from 1.8 to 30 volts by appropriate
adjustment of resistors R1 and R2. Higher regulated output
currents up to 1 ampere can be obtained with this circuit by
adding an external n-p-n transistor as shown in Figure 21(b).

568 6n

85 l
® ©
90dB RIPPLE REJECTION

0,
t
LINE REG. <0.000! % /V1

LOAD REG.<0.1% Vo FOR LOAD CURRENTS UP TO SOmA
Vo RANGE FROM 1BV TO 30V

UNREG.
VI

(a) VOLTAGE REGULATOR WITH HIGH RIPPLE REJECTION
o a0
TS
CA3085A &:)
® ®

(b) HIGH-CURRENT VOLTAGE REGULATOR WITH HIGH
RIPPLE REJECTION

FIGURE 21. REGULATORS WITH HIGH RIPPLE REJECTION

5.6

The CA3085 As A Power Source For Sensors

Certain types of sensor applications require a regulated
power source. Additionally, low-impedance sensors can con-
sume significant power. An example of a circuit with these
requirements, in which a CA3085 provides regulated power
for a low-impedance sensor and the CA3059* zero-voltage
switch, is shown in Figure 22. Terminal 12 on the CA3059
provides the ac trigger-signal which actuates the zero-volt-
age switch synchronously with the power line to control the
load-switching triac.
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250uF 4

FIGURE 22. VOLTAGE REGULATOR FOR SENSOR AND ZERO-
VOLTAGE SWITCH

The CA3085 As A General-Purpose Amplifier

As described above, the CA3085 series regulators contain a
high-gain linear amplifier having a current-output capability
up to 100 milliamperes. The premium type (CA3085B) can
operate at supply voltages up to 50 volts. When equipped
with an appropriate radiator or heat sink, the TO-5 package
of these devices can dissipate up to 1.6 watts at 55°C. A
very stable internal voltage-reference source is used to bias
the high-gain amplifier and/or provide an external voltage-
reference despite extreme temperature or supply-voltage

variations. These factors, plus economics, prompt consider-
ation of this circuit for general-purpose uses, such as amplifi-
ers, relay controls, signal-lamp controls, and thyristor firing.

As an example, Figure 23 shows the application of the
CA3085 in a general-purpose amplifier. Under the conditions
shown, the circuit has a typical gain of 70bB with a flat
response to at least 100kHz without the RC network con-
nected between terminals 6 and 7. The RC network is useful
as a tone control or to “roll-off’ the amplifier response for
other reasons. Current limiting is not used in this circuit. The
network connected between terminals 8 and 6 provides both
dc and ac feedback. This circuit is also applicable for directly
driving an external discrete n-p-n power transistor.

R “12v

FIGURE 23. GENERAL-PURPOSE AMPLIFIER USING CA3085A
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CA3058, CA3059 and CA3079 zero-voltage switches are
monolithic integrated circuits designed primarily for use as
trigger circuits for thyristors in many highly diverse AC power
control and power switching applications. These integrated
circuit switches operate from an AC input voltage of 24, 120,
208 to 230, or 277V at 50, 60, or 400Hz.

The CA3059 and CA3079 are supplied in a 14 terminal dual-
in-line plastic package. The CA3058 is supplied in a 14
terminal dual-in-line ceramic package.

Zero-voltage switches (ZVS) are particularly well suited for
use as thyristor trigger circuits. These switches trigger the
thyristors at zero-voltage points in the supply voltage cycle.
Consequently, transient load current surges and radio
frequency interference (RFI) are substantially reduced. In
addition, use of the zero-voltage switches also reduces the
rate of change of on state current (di/dt) in the thyristor being
triggered, an important consideration in the operation of
thyristors. These switches can be adapted for use in a
variety of control functions by use of an internal differential
comparator to detect the difference between two externally
developed voltages. In addition, the availability of numerous
terminal connections to internal circuit points greatly
increases circuit flexibility and further expands the types of
AC power control applications to which these integrated
circuits may be adapted. The excellent versatility of the zero-
voltage switches is demonstrated by the fact that these
circuits have been used to provide transient free temperature
control in self cleaning ovens, to control gun muzzle
temperature in low temperature environments, to provide
sequential switching of heating elements in warm air
furnaces, to switch traffic signal lights at street intersections,
and to effect -other widely different AC power control
functions.

Functional Description

Zero-voltage switches are multistage circuits that- employ a
diode limiter, a zero crossing (threshold) detector, an on/off
sensing amplifier (differential comparator), and a Darlington
output driver (thyristor gating circuit) to provide the basic
switching action. The DC operating voltages for these stages is
provided by an internal power supply that has sufficient current
capability to drive external circuit elements, such as transistors
and other integrated circuits. An important feature of the zero-
voltage switches is that the output trigger pulses can be applied
directly to the gate of a triac or a silicon controlled rectifier

(SCR). The CA3058 and CA3059 also feature an interlock
(protection) circuit that inhibits the application of these pulses to
the thyristor in the event that the external sensor should be
inadvertently opened or shorted. An external inhibit connection
(terminal No. 1) is also available so that an external signal can
be used to inhibit the output drive. This feature is not included in
the CA3079; otherwise, the three integrated circuit zero-voltage
switches are electrically identical.

Overall Circuit Operation

Figure 1 shows the functional interrelation of the zero-volt-
age switch, the external sensor, the thyristor being triggered,
and the load elements in an on/off type of AC power control
system. As shown, each of the zero-voltage switches incor-
porates four functional blocks as follows:

Limiter Power Supply - Permits operation directly from an
AC line.

Differential On/Off Sensing Ampilifier - Tests the condition of
external sensors or command signals. Hysteresis or proportional
control capability may easily be implémented in this section.

Zero Crossing Detector - Synchronizes the output pulses
of the circuit at the time when the AC cycle is at a zero-volt-
age point and thereby eliminates radio frequency interfer-
ence (RFI) when used with resistive loads.

Triac Gating Circuit - Provides high current pulses to the
gate of the power controlling thyristor.

In addition, the CA3058 and CA3059 provide the following
important auxiliary functions (shown in Figure 1):

1. Abuilt-in protection circuit that may be actuated to remove
drive from the triac if the sensor opens or shorts.

2. Thyristor firing may be inhibited through the action of an
internal diode gate connected to terminal 1.

3. High power DC comparator operation is provided by over-
riding the action of the zero crossing detector. This over-
ride is accomplished by connecting terminal 12 to terminal
7. Gate current to the thyristor is continuous when terminal
13 is positive with respect to terminal 9.

Figure 2 shows the detailed circuit diagram for the integrated
circuit zero-voltage switches. (The diagrams shown in Figures
1 and 2 are representative of all three zero-voltage switches,
i.e., the CA3058, CA3059, and CA3079; the shaded areas
indicate the circuitry that is not included in the CA3079.)

Copyright © Harris Corporation 1992
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FIGURE 1. FUNCTIONAL BLOCK DIAGRAMS OF THE ZERO-VOLTAGE SWITCHES CA3058, CA3059, AND CA3079
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FIGURE 2. SCHEMATIC DIAGRAM OF ZERO-VOLTAGE SWITCHES CA3058, CA3059 AND CA3079
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The limiter stage of the zero-voltage switch clips the incom-
ing AC line voltage to approximately +8V. This signal is then
applied to the zero-voltage crossing detector, which gener-
ates an output pulse each time the line voltage passes
through zero. The limiter output is also applied to a rectifying
diode and an external capacitor, C, that comprise the DC
power supply. The power supply provides approximately 6V
as the Vg supply to the other stages of the zero-voltage
switch. The on/off sensing amplifier is basically a differential
comparator. The thyristor gating circuit contains a driver for
direct triac triggering. The gating circuit is enabled when all
the inputs are at a “high” voltage, i.e., the line voltage must
be approximately zero volts, the sensing amplifier output
must be “high”, the external voltage to terminal 1 must e a
logical “0”, and, for the CA3058 and CA3059, the output of
the fail-safe circuit must be “high”. Under these conditions,
the thyristor (triac or SCR) is triggered when the line voltage
is essentially zero volts.

Thyristor Triggering Circuits

The diodes Dy and D, in Figure 2 form a symmetrical clamp
that limits the voltages on the chip to £8V; the diodes D; and
D43 form a half-wave rectifier that develops a positive voltage
on the external storage capacitor, Cr.

The output pulses used to trigger the power switching thyris-
tor are actually developed by the zero crossin