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III. THEORY OF OPERATION

The Control Interface module, F5, provides for both local (at the

front end rack) and remote (at the central computer) control of

the operation of the front end. Additionally, a series of analog ap DistrAL

monitor points within the front end may be remotely selected and

displayed by the central computer. This module contains the cir-

cuitry to interface between the front end and the VLA monitor and

control system.

Description of the monitor and control system, for the purposes of this

manual, will be limited to the input/output interface between the Data

Set and Control Interface module installed in the individual front end

rack.

The data set module includes a variety of digital and analog cir-

cuitry to allow both digital and analog monitoring as well as digi-

tal control of the associated electronics. There r currrently .n.

requiz ements in thi rack fr digital ,-o-iig -a biltiZ,

are-e mployed..-

Computer data for the controls is presented to the Control Inter-

face module in the form of a serial string of 24 bit digital words.

Two control bits, CLKO 0 and STRO 0 are also provided. The remaining

outputs from the data set are the four sub multiplex address bits,

SMA 01 SMA 1, SMA 2, and SMA 3. The SMA bits perform a dual function,

enabling selection of a specific 24 bit digital control word as well

as selecting a particular analog monitor point.

1. Serial to Parallel Converter and Control (DWG #A13170L4)

Control data from the data set is applied to this circuit and

operated upon as follows. The digital input string (DIGO 0)

is inverted, buffered, and applied to the serial input of a

16 bit shift register. The data is clocked into the register

via the CLKO 0 signal from the data set. Since only 16 of

the 24 available bits are employed in this particular module,

bit 0 (LSB) appears at parallel output B 0 and bit 16 appears

at B15. Bits 17 through 24 (MSB) are shifted through and lost.
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The sub multiplex address signals, SMA 0 - SMA3, are inverted

and buffered and applied directly to the analog multiplexers.

A fifth control is developed, SMA 3, and is used to inhibit

unselected analog multiplexers. This data is also converted

to a one-of-four word enable by a decoder and buffer under

control of strobe signal STRO 0. The enable signal is a

2.5p sec. wide logic 1 coincident with the strobe pulse.

2. Command Word Latches and Controls (DWGS #A13170L5, L6, L7 & L8)

There are four essentially identical word latches in this module.

The description that follows will be limited primarily to word

321 which contains a representative sample of circuitry contained

in all four words.

Parallel data bits B 0 through B 15 are continuously applied

to the inputs of a 16 bit latch consisting of four 7475 IC's.

The command word enable line is at a logic 0 normally until

the SMA code for word 321 is received coincident with a STRO 0

pulse. When the command word enable line goes to a logic 1,

the latch "looks" at the 16 input lines, and on the falling

edge of this pulse, "holds" the data present at that time. This

data is then held by the latch until the next command word

enable is received. The timing relationships of these signals

are shown in Pigur T C r Nr , v t7 :

The 16 bits of latched data are then presented to the inputs

of a 2-in 16 bit digital selector consisting of four 74157 IC's.

Inversion of data can be accomplished at this point by selection of

either the inverting or non-inverting data outputs from the

7475 chips. The other set of inputs are connected to front

panel switches to provide for manual control of all functions.

Selection of manual (module front panel switches) or computer

control is determined by the computer-manual switch on the

module front panel (DWG. A13170L2). The mode selected is dis-

played by two LED indicators on either side of this switch.

Indication of the mode selected is also fed to the monitor

system to allow the computer operator to determine that the

switch has not been inadvertantly left in the manual position

by service personnel.
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The 16 outputs of the digital selectors are then connected

to appropriate interface circuits for the function to be con-

trolled. , In some cases no special signal conditioning is re-

quired and the TTL line is used directly. The .75461 is a

dual open-coliector output capable of sinking up to 300 MA '

and has a -VCBO' of '40V. The: 75326 used- as a coax 'Switch driver

is a quad open collector driver capable of sinking up to

600 MA and has a VCEO of 25V. Internal clamping diodes are

included on this chip. The 75450 is a dual power driver cap-

able of sinking 300 MA and has. VCEO of 30V. In this chip

all three. of the leads for each power transistor are brought

out of the .package. This feature is used to drive an exter-

nai power transistor to sink the 1.0 ..amp. current required to

operate the LO waveguide swtich.

3. Calibration/Reference Control (DWG #A13170L1):

The CAL/REF control .is a special driver circuit designed ;.to

:,selectbetween either an internally generated 9 6 Hz .reference

signal or an external reference, of : Hz to k100:.kHz. : The des ired

reference source is selected by either grouding or. floating

pin 3J;l-36. The internal reference is generated. by. a 555 IC

with the :Period determined by the R-C network .iontained in
dipheader CS... Exact rate is trimmed by the 10K potentiometer.

The.rectangular waveform is then divided by four and made

symmetrical by the .7474 IC, and applied to oneinput of digital
selector IC 74157. The output. of this selector :connects to .

the input of a second digital selector which is controlled by

the computer-manual bus and provides the selected reference

or the computer reference to the reference bus 1-JlJ,: and to

the calibration control gates in the 741 IC. The calibration
control :gates enable the operator to Select either CAL, ON,

CAL. OFF or CAL. AUTO from the front panel or :from the com-.

puter.. The internal/external reference may iy be-selected.
while operating under manual. control. The CL signal isl con-

verted to a 0-15 volt square -wave in dip hiader D2. This

voltage then drives the noise diodes di ectly.
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4. Analog Monitor Multiplexers (DWG #C13170L9)

The analog multiplexers are switched statically by the sub

multiplexer address lines. The data set sequentially samples

ALGI 0 through ALGI 5 and digitizes the voltage being monitored.

Dip headers are included to provide for RC filtering of each

input line. The input limitations are 0 to + 10 vdc.

5. Noise Temperature Monitor (DWG #A13170L3)

The noise temperature monitor circuit is comprised of an

Analog Devices multifunction module AD433J and Sarexternal

scaling resistor; Frequency converter A outputs TOTAL POWER

and SYNCHRONOUS DETECTOR are sampled and converted to a

voltage related to system noise temperature. This voltage is

w available at a front panel test point "NTM' am'm~ be

converted to noise temperature by the following equation:

Tsys = 10 x E x TcalO
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IV. TEST AND TROUBLESHOOTING

The majority of the Control Interface module circuitry may be

tested on the bench without computer facilities, by operating the

module in the manual control mode and manipulating the front panel

switches. Most of the output drivers are open collector pull-downs

which may be used to control a simple LED - 150 ohm series resistor

combination from the +5 volt supply. Outputs which require special

testing conditions are described below.

1. LO Waveguide Switch Driver

This driver may be tested by connecting a 10 ohm 10 watt

resistor between pins J4-BB and J4-AA. When the digiswitch
3

labeled "AB-a" is moved to position "/", the voltage measured

from J4-AA to chassis must be less than 0.8 volts DC.

2. Cal Switch Drivers

The cal switch drivers are open collector pull-ups to the

+15 volt supply. Both drivers are controlled by a common

signal line. They may be tested by connecting a 680Q

resistor in series with an LED to ground from pins J3-27 and

J3-28. Both LED's should then be on, off, or flashing depending

upon the position of the front panel switch.

3. LO Frequency Set

The LO frequency set drivers are TTL outputs controlled by the

front panel digiswitches. If four LED-resistor combinations

are connected simultaneously, position "0" of each switch will

turn on all four LED's. Position "1" will cause LED "1" to go

off, position "2" will turn off LED "2" and so on in a BINARY

fashion.

4. Upconverter Control Drivers

The upconverter control drivers are essentially the same as the

LO frequency set drivers but are only operative for the first

four positions of each switch.

The analog monitor portion of the module circuitry may be tested statically

by applying TTL level control signals to the four "SMA" lines. The "SMA"

inputs are wired for negative, (low true), logic. Therefore TTL "l's" on

all four inputs select switch position 1 on each of the six analog multi-

plexers. The checkout procedure, then, consists of applying a known
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voltage in the range of 0 to +10V dC to an individual monitor input,

setting in the proper SMA binary code, and measuring the output voltage

appearing at the appropriate multiplexer output.

The internal reference signal period is controlled by potentiometer

R2, located on dip header C5. The period should be set for 100 ms, as

monitored at Pin J1-J..
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NOTE

A special pin numbering scheme is employed in this module. The analog

monitor card, Group A, consists of 9 vertical rows marked A through J. Each

row is then numbered 1 through 50 from top to bottom. On this card, each

device will have its Pin 1 location described by that matrix. For example,

analog IC AA01 is located with Pin 1 on Card A, Row A, and Socket 1. The

other pin numbers of this IC are then counted in normal fashion around the

package. All Group A pin number references in schematics and text are made

to package pin numbers.

The other cards in this module consist of a series of 16 pin groups

numbered 1 through 30. All IC's are identified by their location on the

card, i.e., IC C10 is located on Card C, position 10. Pin 1 of each IC

is always plugged into pin 1 of each socket. The 16 pin IC package and card

numbers are identical but 8 and 14 pin packages require a modified numbering

system. For a 14 pin package, pins 1 through 7 are as marked but pin 8 of the

IC mates with pin 10 on the card. All Group B, Ciand D pin number references

in schematics and text are made to the CARD numbers rather than the package

numbers.
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.:!PTION

The NE/SE 555 monolithic timing circuit is a highly stable
controller capable of producing accurate time delays, or
oscillation. Additional terminals are provided for triggering
or resetting if desired. In the. time delay mode of operation,
the time is precisely controlled by one external resistor and
capacitor. For a stable operation as an oscillator, the free
running frequency and the duty cycle are both accurately
controlled with two external resistors and one capacitor.
The circuit may be triggered and reset on falling waveforms,
and the output structure can source or sink up to 200mA
or drive TTL circuits.

e TIMING FROM MICROSECONDS THROUGH HOURS

OPERATES IN BOTH ASTABLE AND MONOSTABLE
MODES

ADJUSTABLE DUTY CYCLE.

" HIGH CURRENT OUTPUT CAN SOURCE OR SINK
200mA

* OUTPUT CAN DRIVE TTL

S' TEMPERATURE STABILITY OF 0.005% PER °C

. NORMALLY ON AND NORMALLY OFF OUTPUT

-_CATIONS

PRECISION TIMING
PULSE GENERATION
SEQUENTIAL TIMING
TIME DELAY GENERATION
PULSE WIDTH MODULATION
PULSE POSITION MODULAtlON
MISSING PULSE DETECTOR

i5.

F.

i~l -i - -- I- ,I _ - ..

6

Pop.

LINEAR"INTEGRATED CIRCUITS
PIN CON FIGURATIiONS

T PACKAGE
(Top View)

0 .o 1. Ground
o '2. Trigger

0 0 3. Outputo oet 4 Reat
o o 5. Control:Voltage
3 s 6. Threshold

' 7.- Discharge.
8. VCC

ORDER PART NOS. SE5S5T'NE555T

V PACKAGE

(Top View)

1. Ground
, ,2. .Trigger -.

3. Output

5.. Control Voltage

6. -Threshold
7. Dioherage
8. VCC

ORDER PART NOS. SE555V/NE555V

ABSOLUTE MAXIMUM RAT -:GS

Supply Voltage - +18V
Power Dissipation 600 mW
Operating Temperature Range

NE555 O°C to+700
C

SE555 -55°C to +1250C
Storage Temperature Range -65°C to +1500C
Lead Temperature (Soldering. 60 seconds) +300°

J; #rs;



tLINEAR iNTEGRATED CIRCUITS 555 . ..

LECTRiCAL CHA HACTERISTI CS (TA =-25 0C, VCC= +5V to +15 unlessotherwise specified)

PARAMETER TEST CONDITIONS SE 55 NE 555 UNTS
MIN TYP MAX MIN TYP MAX

Supply Voltage 4.5 18 4.5 16 V
Supply.Current VCC =.5V RL= c 3 5 3 :6 A

VCC = i5V RL= o 10 . 12 10 15 mA
Low State, Note 1

Timing Error RA, R8  1 
i

K
S 

to 
1 00 K n .

Initial Accuracy C = 0.1 pF Note 2 0.5 2 1 %

Drift with Temperature 30 100 50 ppmrn/c
Drift with Supply Voltage 0.005 .002 0.01 %/Volt

Threshold Voltage
.  

2/3 2/3 X VCC
Trigger-Voltage VCC =:15V 4.8 5 52 5 V

VCC 5V 1.45 1.67 1.9 1.67 v
Trigger Current 0.5 05 A
Reset Voltage 0.4 0.7 1.0 0.4 0.7 1.0 V
Reset Current .0.1 0.1 mA
Threshold Current Note 3 0.1 .25 0:1 .25 j A
Conritrol Voltage Level VCC 

= 15
V 9.6 10 : 10.4 ' 9.0 10 11 V

VCC = 5V 2.9 3.33 3.8 2.6 3.33 4 V

Output Voltage Drop (low) VCC 1 5V

ISINK-= 10mA 0.1 0.15 0.1 .25 V

iSlNK. 50mA 0.4 0.5 0.4 75 V.

'SINK= i00mA 2.0 2.2 2.0 2.5 V

ISINK 
= 

200mA 2.5 2.5

VCC. 5V
ISINK'8mA 0.1 0.25 V

ISINK = SmA .25 . 35

Output Voltage Drop (high)

ISOURCE = 200mA 12.5 12.5
VCC = 15V

ISOURCE = .100mA

VCC " 15V 13.0 13.3 12.75 13.3 V
VCC= 5V 3.0 3.3 . 2.75 "-3.3 V : i

Rise Time of Output 1I00 100 nsec
Fall Time of Output 100 100 nsec

NOTES:

1. Supply Current when output high typically ImA less.

2. Tested at VCC 5V and VCC - 15V

3. This will determine the maximum value of RA+ REFor 15V operation, the max totalR 
= 
20 meagohm.

iU iVALE - C U
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LINEAR INTEGRATED CIRCUITS .555

SAL : ' . STICS

MINIMUM PULSE WIDTH.
REQUIRED FOR TRIGGERING

SUPPLY CURRENT
HIGH OUTPUT VOLTAGE

vs OUTPUT
SOURCE CURRENT

S

aa

z

a

0

2

S

0 0.1 0.2 03 04

LOWEST VOLTAGE LEVEL OF TRIGGER PULSE - X VCC

UP 10.VO -

SuPPLY VOL:TAGI - .owu

I
t>

r

ZO SO 10 20
3
SOURCE -'m^

LOW OUTPUT VOLTAGE
vs OUTPUT SINK CURRENT

LOW OUTPUT VOLTAGE,
vs OUTPUT SINK CURRENT.

LOW OUTPUPUT VOLTAGE
vs OUTPUT SINK CURRENT

4
1
55( -

DELAY TIME vs
SUPPLY VOLTAGE

5 10 1S:

SuJA'LY VOLTAT2 -,o

Q.5

b1oo

C

"O

20

1

DELAY TIME
vs TEMPERATURE

-50 -2s 0 *. -so 3 * .tc1o
TEMwPES~Rhu .t R

PROPAGATION DELAY
vs VOLTAGE LEVEL
OF TRIGGER PULSE.

LOESTVOLTAGE LEVEL OF TI CER PULSE -X V. ..-

6-51
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SYSTEMS
INTERFACE CIRCUITS

TYPES SN55326, SN55327, SN75326, SN75327
MEMORY DRIVERS

BULLETIN NO. DL.S 7312063. SEPTEMBER 1973

SERIES 55/75 MEMORY DRIVERS
featuring

SN55326, SN75326 PERFORMANCE

* Quad Positive-OR Sink Memory Drivers

* 600-mA Output Current Sink Capability

* 24-V Output Capability

* Clamp Voltage Variable to24 V .

0
*!

*"

SN55327, SN75327 PERFORMANCE

Quad Memory Switches

600-mA Output Current Capability

VCC2 Drive Voltage Variable to 24 V

Output Capable of Swinging Between
VCC2 and Ground

description.

The SN55326, SN55327, SN75326, and SN75327

are monolithic integrated circuit quadruple memory
drivers. These devices accept standard TTL.decoder

input signals and provide high-current: 'and high-
voltage output levels suitable for driving magnetic
memory elements. Output transistor 'selection is
determined by using one of the four address innuts

and the common timing strobe

The SN55326 and SN75326 memory drivers can sink

up to 600 milliamperes and operate from a single.
5-volt supply. Each driver is similar to the sink drivers
of the SN55325/SN75325. The four output tran-

sistors share a common base-drive resistor and it is
recommended thatonly one of the four driver gates
be selected at a time. Output-transistor base current

may be increased by connecting an external resistor

between Rext (pin 4) and VCC. Each output collector

is protected from voltage surges during inductive

switching by a clamp diode in parallel with its
internal pull-up resistor. The two clamp pins may be
returned to a power supply of fromn 4.5 volts to

24 volts.

The SN55327 and SN75327 -memory switches can

source or sink up to 600 milliamperes and operate
from two supplies; one of five volts and the other

from 4.5 volts to 24 volts. Each switch is similar to

the source drivers of the SN55325/SN75325. They

can function as either sink drivers or source drivers
since the voltages at the output transistor terminals

are capable of swinging between VCC2 and ground.

The four output transistors share" a common base-

drive resistor and it is recommended that only one of

the four outputs be selected at a time. An internal

base-drive resistor is available on the chip and can be

EASE OF DESIGN

* High-Repetition-Rate Driver dompatible
with High-Speed Magnetic Memories

* Inputs Compatible with TTL Decoders
* Minimum Time Skew between Strobe

and Output-Current Rise

* Pulse-Transformer Coupling Eliminated
* Drive-Line Lengths Reduced

SN55326, SN75326
J. JB, OR N.DUAL-IN-LINE OR

SB FLAT PACKAGE (TOP VIEW)

OGND W A Rpie NC B X GNO

PINS 1 AND 8 OF J 3AND SB PACKAGES
ARE IN ELECTRICAL CONTACT WITH ..THE METAL BASE

Nc-Ng internal connection:

SB55327, SN75327

J, JB, OR N DUAL-IN-LINE OR

SB FLAT PACKAGE (TOP VIEW)
:~~ ~ ~ ~ .i :.I_

- , -.

.

S,

PIN 8 OF. JB AND SB PACKAGES IS IN
ELECTRICAL CONTACT WITH THE METAL BASE

TENTATIVE DATA SHEET,-.

1 0 -3 6 This document provides tentative information TEXAS IN STRU M EN TS
on a new product. Texas Instruments reserves :IN C O'R PO RATED
the right .to change specifications for this osr- oIce: aox soa. =.ALLAS. TEXAS 752a2
product. in any manner without notice.

~_~. k . . , . . II I I M



TYPES SN55326, SN55327, SN75326, SN75327
MEMORY DRIVERS

description (continued)

used by connecting NodeR (pirin 4) to Rint (pin 5).

This resistor provides adequate base current to the
output transistors for output sink currents up to 375
milliamperes with VCC2 at 15 volts or 600 milli-

amperes with VCC2 at 24 volts. Base current can be

regulated to. within ±5 percent by substituting for
this resistor an external resistor connected between
Node R .(pin 4) and VCC2 with Rint (pin 5)
remaining open. This method is preferable in high-

duty-cycle, high-power applications since the power
dissipated in this resistor is outside the package. When

a source current and: VCC2 voltage other than the
above values are required,. it is recommended that the
base drive be supplied through an external resistor of
the appropriate value calculated using Equation 1
shown in the SN55325; SN75325 data sheet..

FUNCTION TABLE

INPUTS OUTPUTS

ADDA ESS STROBE " W

A B C D S W_ X_ Y_

L H -. H L ON oFF- '. F..r OF F

H L H H " L OFF ON OFF OFF

H H L .H L OF FOFF. 01N. OFF
H. H H L L OFF :OFF OFF ON

H H H H X OFF OFF.OFF OFF

x : x x X , OFF OFFOFF OFF

H high level, L. -low level, X irroelevant

NOTE: Not more thanon. output isto be on at any one time.

The SN55326 and SN55327 circuits are characterized for operation over the full military temperature range of -55°C
to 125C; the SN75326 and SN75327 are characterized for operation from 0C to 70°C.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
N5532 SN75326 SN55327. SN75327. UNIT

Supply voltage, VCC or VCC (see Note 1.). . '. 7 7 1 7 7 V

Supply voltage, VCC2 25 25 V'

Input voltage, any addrpss or strobe 5.5 5.5 5.5 5.5 V
Output collector voltage -" 25 25.. 25.. 25 V

Output claimp voltage 2 5 25
Output collector current. 750 750 750 750 mA
Continuous total dissipation at (or below)
100C case tempera ture .(see Note 2) _,_' " _"." _.. ... , .,.._ _

Operating freeair temperature range -55 to 125 0 to 70 -55 to 125 0 to 70 C

Storage tempeltoaure:range'- to 15) -65 to 150 -65 to -- S0e -65 150 C

Lead temperature 1/16 inch from 0. ".300 300 .
case for 60 seconds: J, JB,:or SB package' :

Lead temperature 1/I16inch from :C 260 I 260 i .260 . 260: ; °
case for 10 seconds: N package . _ - ,. ..._...

recommended operating conditions
SN55326 . SN75325 . 'SN55327 -SN75327 

.

MIN -NOM MAX". MIN AXNOM AXAXNMIN NOM MAX. IN- NOMMAX

Supply voltage, VCC or VCC1 4.5 5 5.5 4.5 5 5.5 I4.5 5 5.5 V

Supply voltage VCC2 : _: 4 . I4.5 24 4.5 .. 24 V

Output collector votage. 24 24 24 24 V

butput-clamp votae, V(clam)4.5 24 :4.5: 24 V'Output collector current 600. 600 600 ,600: mA

Operating.free-air temperature, TA .  -55 125 0 70 -55 125 0 70 C

ViOTES: 1 Volitagevalues are with.respect to network ground terminal(s).

2. For oparation above 100C.case temperature,.refer to Dissip iati Dera g Curve. Fgure 1. For dissipation ratings in free-air see

Figure 2.

. ... .-

TEXAS INSTRUMENTS
I CORPOR AT ED

POST OFFIC BOX 5012o * DAS..aEs T-EXA 75.22
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TYPES SN55326, SN55327, SN75326, SN75327
MEMORY DRIVERS

c-

10-38

SN55326, SN75326 electrical characteristics over recommended operating free-air temperature range
(unless otherwise noted)

PARAMETER TEST CONDITIONSt SN55326 SN75326 UI
........ _ _ TEST_ M IN TYiP4 & M N-.AX MIN TYVPMAX UNIT

VIH High-level input voltage 2 2 V
VIL Low-level input voltage 0.8 0.8 V

VCC " 4.5 V. lI=-10mA7
V Input clamp voltage TA = 4.25C V -1.7 V

VOH High-level output voltage VCC 4.5 V, 10 = 0 19 23 19 23 V

CC = 4.5 Full range 0.9 0.9

V(sat) Saturation voltage 1(sink) = 600 mA§, V

See Note 3 TA = 25°C 0.43 0.7 0.43 0.75

Output-clamp-diode V(clanp) '=0, I(clamp) -10 mA,
VF(clamp) forward voltage TA - 25C . .5 _.5 V

Output-clamp current, m
1
(clamp) one oututon I(sink) ' 50 mA, TA = 25C 5 7 5 7 mA

Input current at Address 1 1
II " maximum input V

I 

= 
5.5 V mA

voltage Strobe 4 4

High-level Address V
1 

2.4V .. 40 40
IIH V= 2.4 V_ _A

input current Strobe 160 160
IL Low-level Addre 0.4 V -1.6 -1 -1.
1L input current Strobe 0 -4 -6.4 - -6.4

ICC(off) _ .Supply current, all outputs off All inputs at 5 V, TA = 25°C 18 2. 5 18 25 mA

ICC(on) Supply current, one output on 
1
(sink) 50 mA, TA 25C 58 75 58 75 mA

SN55326, SN75326 switching characteristics, VCC = 5 V, TA = 25* C

PARAMETER' TO (OUTPUT) TEST CONDITlONS§ MIN TYP MAX UNIT

tPLH W X Y or 30 50 . .

tPHL Vs=Vciamp)= 15V, R L
= 24. CL25pF 25 50

tTLH W, X, Y, or . -See Figure 5 7 15 ns
tTHL 10 20

Sts .  W, X,.Y, or Z 24 35 ns

S:VOH W.X,Y,orZ VSV(clamp- 2 4 V. R'-- CL25pF. VS-25 mYV
S. : _ . I(sink) 500 mA, See Figure 5

t
Unless otherwise noted, VCC = 5.5 V, V (clamp) 24 V. See Figure 3.

tAll typical values are at TA 
= 

250C.
§ Under these conditions, not more than one output is to be on at any one time.

ItPLH a propagation delay time, low-to-high-level output
tPHL"- propagation delay time, high-to-low level output
t
TLH -transition time, low-to-high-level output

tTH L = transition time, high-to-low-level output
ts --Storage time
VOH High-level output voltage' (after switching)

NOTE 3: These parameters must be measured using pulse techniques. tw 
= 

200 s, duty cycle 2%.

For typical characteristic curves, Figures 11 through 14 of the SN55325/SN75325 data sheet apply for these circuits.

_ __, •. .m . ...

TEXAS INSTRUM ENTS
I %C RP(OR Ar ED.

POST OFICe o 5 SO: . DALLAS.TEXAS 7522.

---- --;-- ----- ---- -- __



TYPES SN55326, SN55327, .SN75326., SN75327
MEMORY DRIVERS

SN55327, SN75327 electrical characteristics over recommended operating free-air temperature range
(unless otherwise noted)

S PARAMETER TEST CONDITIONSt UT
CONITIN tMIN TYPt MAX MIN TYPE MAX

. V4H High-level input voltage 2 2 V
; VIL Low-level input voltage .0.8 0.8 V

VCC ="4.5 V, 1 II= -10 mA
V

1
.. Input clamp voltage TA _25 ,-1 -1.7 -1 -. ,7 V

Collectors terminal VCC1 4.5 V, Full range 500 200
foff) off-state current V(col) 24 V TA = 25C 150 200 >A

VCC1= 4.5 V,
Full rane 0.9 - 0.. 9

V(sat) Saturation voltage V 0 -60 mA__, V
(source) -600 A TA 25C 0.43 0.7 0.43 0.:75

See Notes 3 and 4

Input currente Adres s 1 1
Is at maximum Vg .5 V mA

High-level Address V 40 40
input current Strobe 160 160
Low-level Address -1 -1.6 -1 -1.61

1L V=0 :.4V OTA
input current Strobe -4 -6.4 -4 -6.4

CfSupply current, From VCC1 7 10 7 10
C() all outputs off. From VCC2 A i..nputsV TA..25C 13 20 13 20

Supply current, From VCC1 Vcl) =v 6 V l;isource) = -50 mA, 8 12 8 12
CC( one output on From VCC2 TA = 25"C. See Note 3 36 55 36 55 mA

SN55327, SN75327 switching characteristics, VCC1= 5 V, TA = 25C

PARAMETER S TO (OUTPUT) TEST CONDITIONS% MIN TYP MAX UNIT

tPLH collectors VS = VCC2 = 15 V, R L =24 CL.. L 25 pF, 35 55

tPHL W, 2 or X, Y See Figure 5 and Note4 30 55
t
TLH (col) = VCC2 = 20 V, RL = 100 ,CL 25 pF, 30

tTHL W X Y or See Figure 6. and Note 4 10 s

VOH Collectors VS =VCC2"= 24 V,,. RL =47 1, CL = 25 pF, VS-25 mV
W, Z or X,. Y (sink) 00 mA. See Figure 5 and Note 4

Unless otherwise noted, VCC1 = 5.5 V, VCC2 _ 24 V. See Figure 3."

-AII typical values are at TA = 25°C.
Under these conditione, not more than one output is to be on at any one time.
tPLH .propagation delay time, low.to-high-level output

tPHL= propagation delay time, high-to-low-level output
1
TLH= transition tirrie, low-to-high-level output-";

tTHL tra -sition time, high-to-Iow-level output
V OH High-level output voltage (after switching)

.OTES: 3. These parameters must be measured using pulse techniques. t5., = 200 7s, duty cycle G 2%.
4. A 350- resistor is connected between node A (pin 4) and VCC (pin 1) vyith Rint (pin 5) open.

uor typical characteristic curves, Figures 11 through 14 of the SN55325/SN75325 data sheet apply for these circuits.

TEXAS IN'ST RUM EN TS
POST OFFICE BOX 012 * D-AS,,.T EXAS 75222

i
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TYPES s55326SNs5532. SN75326, SN75327
MEMORY DRIVERS

SNB52S, SNl2B:- SN55327, SN75327

V~cirV' o V ,, ' b's rrpictv , y

ta I

Resistr value. shori are rnominal and In hms.

I, THERMAL INFO IIATION
CASE TEMPE ATU E FREER TAEERE

bISSIPATIONERATING CURVESIPAIN ERATINCUVE

. .. ... ....... "o •" . g .....

.. :40 C.0 : A'v 400-

PKG DERATE FRONM T
.' S. :B 22.mW/Ci.: ,104 0C: , 6 . . 5 .,S200 N1 24 rmW/ .8, 200 PKG DERATE FROM:.'- '. , , : . ... I". .' • .v' , : N. .24' ma :I. E' , ': 2'00 .:: :.. R'0'.

JB 30 mW/C. 117+0. Note SB 6.0 rnWf'C 2C
J 35 mW/ 121° A JJB,N 10.4mW/C .54°C

00 110. 120 130 140 50 2030 .:40 50 :60 70 80 90 100110120130

TC-CSie: Tem perature-C T -Fre Air Temperature . ;

NOTE A Rated operating tree-ak te perature rages must be
observed regardless of hea.sir sking

0.. . TEXs sru AT
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SYSTEMS
iNTERFACE CIRCUITS

PERIPHERAL DRIVERS FOR
HIGH-CURRENT SWITCHING AT HIGH SPEEDS

performance

* .300-mA Output Current Capability

* High-Voltage Outputs

* No Output Latch-Up.at 20 V

*:. High-Speed Switching,

ease-of-design

* Circuit Flexibility for Varied Applications
and Choice of Logic Function

* TTL or DTL Compatible Diode-Clamped
inputs

* Standard Supply Voltages

SUMMARY OF SERIES 554508/5450 .

LOGIC OF
DEVICE LOGIC OF PACKAGES

COMPLETE CIRCUIT

SN554508 Positive-ANDt ' . JB

SN55451 8 Positive-AND JP, L

SN554528 Positive-NAND JP, L.

SN55453B Positive-OR J.P,.

SN5554B Positive-NOR JP, L.

.SN754503 Positive-AND
t  

.. N

SN75451B Positive-AND L. P

SN754528 Positive-NAND . , P

SN754538 Positive-OR Lt, P

SN754548 Positive-NOR L, P

t
With output transistor base connected externally to
output of gate.

description

Series 55450B/75450B dual} peripheral- driversare a family of versatile devices designed for use in systems that employ

: .TTL or DTL logic. The 55450B/754508 family is functionally interchangeable with and replaces the 75450 family and

t:: e 75450A family devices manufactured previously. The speed of the 55450B/75450B family is equal tothat of the
75450 family and a test to ensure freedom from latch-up has been added. Diode-clamped inputs simplify circuit design.

Typical, applications include, high-speed .logic :buffers, power drivers, relay drivers: lamp drivers, MOS drivers, line

drivers, 'and memory drivers. Series 55450B drivers are characterized for operation over the full military temperature

range of -55C to 125 C; Series 754508 drivers are characterized for operation from 0C to 70C;

The N5450 and SN75450B are unique general-purpose devices each featuring two stndard Sries 4i'74 TTL gates

and two undommitted, high-current, high-voltage n-p-n transistors. These devices offer .the system designer the

flexibility of tailoring the circuit to the application.

The SN55451 B/SN75451B, SiN55452B/SN75452B, SN55453B/SN75453B, and SN55454E/SN75454B are dual

peripheral AND, NAND, OR, and NOR drivers, respectively, (assuming positive logic) with the output of the logic gates

internally connected to the bases of, the n-p-n output transistors.

CONTENTS PAGE
Maximum Ratirings and Recommended Operating Conditions .. ... - . . . . ..;:10-43
Definitive Specifications

Type SN554508 . . .. .- . .. . ... .. . .. ... .-.-.-. , ..- -"- : ,. -"10-44 
TypeSN75450 -..... . . ........ .. 10-46

Type SN554518 - .. .... . .. .... ..... . . 10.48
Type SN754518. .......--- ..; . . . .. . . . '. . . ....--.- 10-49

Type SN55452B " . ..... "... ' .... .. . .. . .. 10-50
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SERIES 5545081/754508
DUAL PERIPHERAL DRIVERS

,absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SN554518 SN754518

SN 450 S : SN7450 : NIT

Supply voltage, VC (see Note1) 7 7 7 7 V
Input voltage 5.5 5.5 5.5 '5.5 V
Interemitter voltage (see Note 2) 5.5 5.5 .5 5.5 V
VC-to-substrate vol tags 35 35 V
Collector-to-substrate voltage . 35 35 V
Collector-base voltage 35 35 V

Collector-emitter voltage (see Note 3) 30 30 V

Emitter-base voltage 5 5 V
Output voltage (see Note 41 30 30 V

Collector current (see Note 5) 300 300 mA
Output current (see Note 5) 300 300 rmA

Continuous total dissipation at or below)
800 800 800 500. .miW

2SaC free-air temperature (see Note 6)
Operating free-air temperature range -55 to 125 -55 to 125 0 to 70 0 to 70

toragel tererature range -65 to 150 -65 to 150 -65 to 150 .-65. to 150 -C

Lead temperature 1/16 inch from case , JP, or L package.. 300 300 . 300 300 C
for 60 seconds

Lead temperature 1/16 inch from case

fr 10 second N orP package 260 260 . '260 . 260 .
Sfo'6Oseconds ..

NOTE 1. Voltage values are with respect to network ground terminal unless o:herise specified.
2': .. This i the voltage between two emitters,. of a multiple-emitter transistor . ,' .... ..
3 . Thisvalue applies when th base-emitter resistance IRgE) is equal to or less than 500 .:
4 : his is the maximum voltage which should be applied to any output hn it is in the off state.

. :.Both halves of these dual circuits may conduct rated current si-ltaneously; however, power dissipatibon.veraged over & short
time interval:must fall within the continuous:dissipstion ratingr.. . :

."For operation. above 250C. free-air temperature, refer to Oissipa;ion Oerating Curve, Figure :20. This rating for the L.package
requires a heat sink that provides a thermal res;stancefro'n case to fre-air, :RFCA. of not r ore than 9g 0/i,.

recommended operating conditions (see Note 7)

SERIES 55450B SERIES 7450B

Supply voltage, Vc 4.5 5 5.5' 4.75. :5,25 V

Operating free-air temperature, T -55 125 0 70 C

NOTE 7: For ;the SN554508 and SN754508 only, the substrata pin I8) musr t slr-a's be at the most-negative device voltage for proper operatiorn

TEXAAS INSTRUMENTS
POS? OF: CE 3r :012 * D 's.as' s22
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TYPE SN754508
DUAL PERIPHERAL POSITIVE-AND DRIVER

L JE OiT N
":. ' DUAL-IN-LINE PACKAGE (iTOP VIEW)

Resistoavalu ishown ,are nominal.

eletrical characteristics overlrecommended operating freeair temperature range (unless otherwise noted)

PARAMETER TEST CNDITIONS MIN TYPtJMAX UNIT

VIH ligh-levelinputvoltage.... 1 2

VIL Low-level input voltage 2 0.8 V
Vl Input clamp voltage 3 VCC 4.75 V Il =-12 mA -1 5 V

H e t VCC 4.75 V, VIL 0.8 V 24 3
VOH High-level output voltage 2 2.4 3.3 V

_OH = -400 _A

VOL Lo w-level output voltage .75 V = 2 V 22 04 ..

II nput curre nt at maximum input.voltage n4 VCC5 2 V5.5V. _mA

lII o High-level input current input G • VCc=5.25V" V 0=2.4V 0A "
inp !t"A ..:6. . .. ..".

IIL, Lowv.level input current 3inputAV 5 V I =0.4V -. 2 mA

S:Short-circuit output curren 5 VCC 5.25 V. -18 -5 mA

CCH Supply .current, outputs high 6 VCC 
=

5.25 V V 1 0. 2. 4 mA

ICCL .Supply current, outputs low V ... , .vCc 5.25 V. Vl= 5 V J 6 11 mA

tAll tyipical values at VC 5 V, TA : 25

Not mre than oneloutput should be shorted at a ti

9 3.

1:0:46 TEx.AS I N STRUMENTS :
.- Ei F' k i ! 'E , D .. .

POST orwck eox soil oALLAs. texas 752ab2

Vcc 2A 2Y 28 2C 2E 2 s '

.1 3 5 7lmr i': 6'-.:)
G 1A Y 1B IC, 1 GNOD

positive logic: Y AG ( gate only),
C = AG (gate and transistor)

MEN
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TYPE SN75450B
DUAL PERIPHERAL POSITIVE-AND DRIVER

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

output transistors

PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT
VIBR)C80

'  
Collector-Base Breakdown Voltage I C 100 A, 

1
E i 0 35 V

V(BR)CEF Collector-emitter Breakdown olt IC 100 A, RBE =500 S 30 V

VIBR)EBO Emitter-Base Breakdown Voltage IE = 100A, IC =0 5 V

VCE , 3 V, IC .100. mA,
25

TA 25 5C

VCE 3 V, IC 300mA,

hFE Static.Forward Current Transfer Ratio TA " C See Note
VCE 3 V, IC = 100 mA, 20
TA = 0 C 20

VCE. -3 V, I 300 mA, 25
TA =OC 0C

V
B 

10 mA, IC _ 100 mA SeeNote8 : 0.85 1
VBE Base-Emitter Voltage B  0 mA, I300 mA ee Note8 05 V

IB = 30 mA, . lC 300 mA 1.05 1.2

VCE(sat) Collector-Emitter Saturation Voltage 1 10 mA, Ic  100 mA See Note 8 0.25 0.4
.I

B 
* 30 mA. I

C = 300 mA 8 0.5 0.7

t
AHI typical vai.es s'ri'at :VC 5 V, TA. : 25C.

NOTE 8: These parameters must be measured using pulse techniq'ues, , =- 300 Ls, duty cycle < 2%.

switching characteristics, VCC 5 V, TA = 25°C
TTb. g ate

Prop
StPLH l . .

Prop
PH . high

output transistors

IC = 200 mA, .18 .1 = 20.mA,

IB(2) -40 mA, VBE(off) 
=
-1 V,

CL = 15pF , RL- 5 0 fl

1 Voltage and current values shown are nomiinal; exact values vary siigniy. with transistor parameters.

gates and transistors combined

PARAMETER TEST TEST CONDITIONS MIN TYP MAX UNIT
i.: : I -_ __.FIGURE

StPLH .Propagation delay time, low-to-high-level output. 20 30 ns

tPHL . Propagation delay time, high-to-low-level output 14 IC 200 mA, CL 15 pF 20. 30 ns
t.TLH Transition time, low-to-highlevel output ] RL n 50 n 7 12 ns

tTHL Transition time, high-t;-low-level output. ._ . 9 15. ,ns
VS = 20 V .: tC 300 mA.

VOH High-level output voltage after switching 15 .5RBE V . mV
R ....E 5 00 ...

TEXAS INSTRUMENTS
11CfORPI RAT ED

POST OFFICe 9050 512 .o TatAS TEXAS 75'22
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SYSTEMS
~,INTERFACE IRCUITS

.. SEIR 55460/15460
DUAL PERI PHERAL DRVERS

BULLETIN NO. OL-S 731205,5 SEPTEMBER 1973

PERIPHERAL DRIVERS FOR
HiG VLTAGi'E, HIGIH-CUR IRENT DR IVER APPLICATIONS

J performance

-: : 0 : -mA Output Current Capability

S .:High-Voltage Outputs

S: No Output Latch-Up at V 

. Medium-Speed Switching

easeof-design

. CircUrit Flexibility for Varied Applications
and Choice of Logic Function

I TL or DTL Compatible Diode-Clamped

SStandard.SupplyVoltages .

SUMMARY OF SERIES 55460/754601
. .LOGIC F

DEVICE .... ACKAGES
COMPLETE CIRCUIT

SSN55460 AND t  
. J, Ja...

: SN55461 AND. JP, L
SN55462 NAND JP, L
SN55463 : OR JP; .L
SN55464 NOR. P, L.
SN75460 ANJbt,N
SN75461 .AND. L, P
SN75462 NAND '..L,:P.. :

SN7546OR 64: 'NOR :: L, P..:.

tWith output transistori. base connected externally-to,. .

output of gats

description

Series 55406075460 dual peripheral drivers are functionally interchangeable with Series 554 508154508 peripheral
drivers, but are designed fortuse in systems that require higher breakdown voltages than Series 55450B/75450B can
provide at the expense of slightly sslower switching speeds. Typical applications inclide logic buffers power drivers,
relay drivers, lamp drivers, MOQS drivers, line drivers, andr memory drivers.Series 55460 drivers are characterized for
operation over the full, military temperature range of -55 C. to 1 25C; Series 75460 drivers are characterized for
operation from 0n0C to 700C.

The SN55460and SN75460 are uni que general puirpose devices each featu ing two standard Series 54/7 TT gates and
two uncommitted highcurrenthigh-voltage, -p-n transistors. These devices offer thesystem. designer the flexibility of
tailoring the circuit to the application.

The SN455461SN75461, SN55462/SN75462, SN55463/SN75463;,and SN55464/SN75464 are :dual peripheral AND,

NAND, OR, and .NOR drivers, respectively; (assuring rigpositive logic) iith the output of thei .ogic gates internally-

c rnected to the bases of the pn output transistors. . .. " . . . .. . -

CONTENTS PAGE
SMaimum.Ratings and- Recommended Operating Conditions .. .: .. - -. . . . 10-68
Dei nitive specifications

Type sN5540.. ... .. . . . . .10...
Type sN75460 .. .. .. . . . ... . . .. . . . .-.- 10-71 :. .:.". - -: :-.- --. :
TypeSN5546----...... -.. ".--. .-...-...... 1.0-73
Type SN7541 . .... . . . . .." ... ." " " ' " " 10-74

: Type SN55462:. .. .. . .' . .. .'.. 10-7
Type SN75462-.-----.---..............10-7s
Type 4SN55463..-. :. .. ; . . . .. .:.: ;. ... . - 1077
Type SN75463- - .. ..--- . . .. -- . .-. 10 78
Type N55464-. :: -.. . .... .. . .-. 10-79
Type. SN75464 -.- .. . -. . . " . . :. . . . . .10-80.

D- : Test Circuits -- ---I- .. ..... .. . - . .. . . o-
Switchng Time Tesat Circuitsand Voltage ivaveformns-. ..... ... 10 3

S TENTATIV:E. ATA SHEET . .;
Tii idocumentprov.ides tentative. inormation'
.;r dw product. eTxas Instruments reserves
; ight to chane. specifications ' foir this
" .jdjct in any r3n ir.without notice.::
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POsiT oFFr.Cc 9o 552 : DA L A,:3 ;. 55 ,: 5 :22 ,:'0
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. .

SERIES 55460/75460
DUAL PERIPHERAL DRIVERS

absolute maximum ratings over operating free-air temperature range (unless otherwise rnoted)

[SN56461 SN75461

SN 62..542 SN75462
SN55460 SN75460 UNIT

SN55463 SN175463
SN55464 SN75464

Supply voltage, VCC (see Note 1) 7 77 7 V
Input voltage 5.5 5.5 5.5 5.5 V

Interernitter voltage (see Note 2) . 5.5 5.5 5.5 5.5 V

VCC-to-substrate voltage ' -40 40 V

Collector-to-substrate voltage , 40. 40 V

Collector-base voltage 40 40 V .V

Collector-emitter voltage (see Note 3) 40 40 : V

Collector-emitter voltage (see'Note 4) 25 25 V

Emitter-base voltage . 5 :5 V

Output voltage (see N6te 
5
) 

"  
_) ". 35 . . 35. V

Collector current (seeNotef6) . 300' 300 mA 

Output current (see Note 6) ... 300 300 mA

Continuous total dissipation at (or below) 80 80 800 mW
; 25

0
C free-air temperature (see Note 7) 800 800

Operating free-air temperature.range -55. to 125 -55 to 125 to 70 0 to70

Storage temperature range -65 to 150. -65 to 150 -65 to 150 -65 to 150 "

Lead temperature 1/1.6 inch 'f rom 'cse
o 60 s .3,cd . . , or L ackage 300 300 300 300 .C

for 60 seconds

Lead temperaiture 1/16 irh fromi case or P package 260 260 260 2 C
.. ... o ..--r P..pa..k... 260 -260.. . ..... " : . .2 06 .; . -for 10 seconds

NOTES: 1. V1oltage values are wih :respectto network ground terninal unless otherwise specified.
2. This is :he voltage beteen two emitters of a multipe-emitar transistor.

3..This value applies when the base-emitter resistance ; rE) is equal to or less than 500. .P..

4. Thtis value (pplies between 0 and 10 mA collector current when the baseemitter diode is open-circuited.
5.' Thi is the maxlimum voltage which should be applied to any output when it is in the off state.

6. EBoth halves of these dual circuits may conduct rated current simultaneously: however, power dissipation averaged over a short

..time interval must fa.ll within the continuous dissipation rating.

7. For :opera'ion above :25°C free-air temperature, refer to Dissipation Derating Crve,. Figure ,16. This rating for the L package

requires a heat sink that provides a thermal resistance fr om case to free-air, ROCA, o .not more than 95:C/W.

recommended operating conditions (see Note 8)

SERIES 55460 SERIES 75460 UNIT
MIN NOM MAX MIN. NOM MAXE :supply voltage, VCC ::.4.5 5 5.5 4.75 5 5. :25 V

Operating free-air temperatureTA.... -55 125 0 70 .

NOTE 8: For the SN55450B and SN754508 only, the subs*ate l(in 8.) must a'vays be at the most-negative device voltage for proper

Operation.

TEXAS INSTRUM ENTS
POST ap. 9 G tc' : *;;;,• Da.LAS TE E AS 75:2.2
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TYPE SN75461
DUAL PERIPHERAL POSITIVE-AND DRIVER

logic

FUNCTION TABLE

L L L (on state)
'L H L (on state)

H L L on state)
HH H (off state)

H - high level, L low level.

schematic (each driver)

L

PLUG-IN PACKAGE (TOP VIEW)

.P

DUAL-IN-LINE PACiKAGE (iTOP VIEW)
r -~ ~ I - C,.

positive logic: Y AB

SResistor values shown .are nominal..

electrical characteristics over recommrended operating free-air temperature range (uness, otherwise noted)

TEST
.PARAMETER. .... TEST CONDITIONS MIN TYPt MAX UNIT

FIGURE

V..i.L Low-level input voltage 7 .0.8 V

V, Input clamp voltage 8 VCC = 4.75V.V i=, -12 rnA -1.2 -1.5 V

VCC=4.75V. V4 2H =12 VA
IOH High-level output current 7 VOH 35 V 100 A

VCC= 4.75 V, VIL =0.8 V
0.15 0.4

VOL Low-level output voltage . 7 00 .
VCC=4.75V. VIL 0.8. . 0.36 0.7

IOL " 300 mA

II Input current at maximum.input voltage 9 VCC =5.25 V. V i = 5.5 V 1 mA

'IH High-level input current 9 VCC = 5.25 V, V I = 2.4 V 40 MA

1iL Low-level input current: 8 VCC-= 5.25V. V I =0.4 V -1 -1.6 mA

CCH Supply current, outputs high 10 VCC 5.25 V. VI 
= 5 V 8 11 mA

ICCL Supply current, outputs low VCC 5.25 V. VI 0 61 76 mA

tAll typical values are at VCC = 5 V. TA 25°C.

switching characteristics, VCC = 5 V, TA = 25' C
S. . ,TEST • ._.

PARAMETER TEST TEST CONDITIONS MIN TYP MAX UNIT
S.. ,.• FIGURE

tPLH Propagation delay time, low-to-high-level ou ut. :45 55 ns

tpHL Propgation delay time, high-to-low-level output 14 O  200 mA. CL = 15pF, . 30 40 ne

tTLH Transition time, low-to-high-level output .R L 
= 

50 ' 8 20 ns

tTHL. Transition time, high-to-low-level output 10 20 ns

VOH High-level output voltage after witching 15 VS 30 V, IO 300 mA V5- 10 mV

TEXAS INSTRUMENTS
IN .C I C R E0

PO T ..CE S. .50•: -* , .LAS TEXAS 752i2
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PIN 4 IS IN

2A ELECTRICAL
CONTACT
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10-74

---;~ - - ~~-- - --- -IL-- -7 -- -- --

.

1

i

1

i

"1

t

t



Programmable
Multifunction Module

FEATURES
Versatility: Provides Transfer Characteristics of Several

Function Modules
Divides Over a 100:1 Range With a Max Error of

0.25% (433B)
Internal Voltage Reference
Hermetically Sealed Semiconductors
No External Trims Required
Low Noise
Low Cost: $75 (1-9) 433J

APPLICATIONS
Transducer Linearization
Signal Processing
Raising to Arbitrary Powers
Vector Functions
Trigonometric Functions (Sine, Cosine, Arctangent)

GENERAL DESCRIPTION
The model 433 is an extremely versatile function module
which implements the transfer function:

10 ,Vz m
eo  Vy - , 0.2<m<5.0

By either jumper connections on the pins, or selection of two
external resistors the user can program the 433 to: multiply,
divide, square, square root, root of a ratio, square of a ratio, or
raise voltage ratios to an arbitrary power, m.

IWhen used with a low cost op amp, such as AD741, the model
433 may be used to compute the true rms value of a varying
signal. With two such op amps, the 433 can be used to perform
accurate vector computations over wide ranges of the vector sum.

Due to its log/antilog circuit approach, signal levels of 100mV
to 10V may be processed with a maximum output error of
0.25% F.S. (433B). The allowable input range for the three in-
put variables is 0.01 to +1OV, for which there is a typical error
of ±5mV ±0.3% of the theoretical output voltage for model
433J, and ±lmV ±0.15% for 433B.

Because of its small size, accuracy, versatility, and speed (and
all at low cost), the model 433 will prove to be an essential
component in equipment requring on-the-spot computations
in real time, or for linearizing a wide range of transducer char-
acteristics in medical, industrial, and process control equip-
ment. Designed with the OEM's needs in mind, the model 433
is attractively priced for new equipment designs.

PRINCIPLE OF OPERATION
The model 433 is comprised of log and antilog circuits inter-
connected as shown in Figure 1. The log ratio circuit provides

)acorma:;oo furnished by Analog Devices is be!ieed to be x,:.'_:e
and rlr3ab!e. However, no responsibility is assumed by Ana'og Dc ~s
for it; use; nor for any infringements of patents or other r;ghts of th -d
p-:T:?S which may result from its use. No license is gra.ted by ;m:p c3
tio o othe-w i;se under any patent or patent rights of Anlog DI.e.s

Z<

'Two exer al resistors onesftId hers fo
programming',n . .Lumpr twmirs A. B. C
a shown for .t- 1.0.

-. -9- (2)
S-LOG- 

. I "

Figure 1. Functional Block Diagram

the log of Vx/Vz to terminals A, B, C where, for exponents
other than unity, it is scaled by two external programming
resistors (see hook-up diagrams for connection and values of
these two resistors). The scaled log ratio from terminal C is
subtracted from a signal proportional to the log of Vy. The re-
sulting expression is operated on by the antilog circuit, yielding
an output of

9 \ Vx /

The voltage reference circuit is a high stability (0.005%/°C)
voltage source which is generated internally. It is provided as
an output terminal for user convenience, and may be used as
a constant at any of the input terminals.

ONE-QUADRANT DIVIDER
When connected as a divider, the model 433B has less than %
output error over an input signal range of 100:1. This perform-
ance is obtained with no external trims, and is nearly twenty
times better than that attainable with a 0.1% multiplier/divider
connected in a feedback loop.

Route 1 Industrial Park; P.O. Box 280; Norwood, Mass. 02062
Tel: 617/329-4700 TWX: 710/394-6577
West Coast Tel: 213/595-1783
Mid-West Tel: 312/297-8710

ANALOG
EDEVICES



SPECIFICATIONS(typical @+25 0C and ±15V unless otherwise noted)

o , .del 433 433B

Transfer Function to 2 y. Vm

S Rated Opu' +-0.5V @ -.mA, min
Input

Signal Range 0 <Vx, " V 2y, +10V,
Max Safelnput Vx, V yVz±18 V *
Resistance. ±

S- X Tcrminal '  I00kk l1% * .
Y Terminal 90kfl~ 10% *
Z Terminal . ..1%1% *

External Adjustment of the

::Rangeform<1 (Root) l/5. n<1, mt= -i

Ringe form>1 (Power) <5, m *

(R1 + R2 ) 420Ol *

Accuracy (Divide Mode)' 3

o ;tal utput Error . +25
(for specified input range)
..Typical (RTO) .5mV 0.3% of output ±mV ±0.15% of output
Max Error (RTO) ±5omV .25mV
Input Range (VZ Vx) 0.01V to 10V,Vz

0.1V .O to10V, V. *

Over Specified Temp. Range ±1% ±1% max

Output Offset Voltage
(Not Adjustable)
:Initial @+25°C -5mV ±2mV max

.offset vs Temp. ±lmV/C +mV/°C max
Noise, 10Hz to 1kHz

V,=+10V -10OpV rms *
V~ +0.1V 300pJV rms *

Bandwidth, V, Vz - ' '
S Small Signal (-3dB), 10%
of DC Level: . ,Vy..or Vz

Vy= Vz"=,x 10V 100kHz
Vy= Vz = V  = 0kHz. . * .

-- ... Vy = Vz =Vx =:O .1V 5kHz*
Vy.=Vz =Vx =0.01V. 400Hz

Full Output (Vy or VZ = 5VDC (Vx) x (5kHz) *

±5VAC)
Reference Terminal Voltage

S Vref (Internal Source) +9.0V ±5% @ lmA *

vs Temp (0 to +70°C) ±0.005%/°C *

Power Supply Range
Rated Performance 15VDC @ 10mA *
Operating . ±(12 to 18)VDC *

"Temperature Range -
Rated Performance ' "0 to +70 . =25c to +85 0 C
Storage -55C to +1250 C -55 0 C to +125C

Mechanical
' caseSize 1.5".x 1.. 5" x 0.62" *

Mating Socket " AC1038 *

SPrice
(1-9) $75 S87

(10-24) $69 577
.arr.- pecficatons.a...3J

'Sa3e specifications'as 4 !33) ..
Terrn.ins short circuit pitected to ground. :

r Accuracy is specified in divide mode which is a worst case condition.
Input range is 1OmV to IV 1 for specified accuracy when connected
as a multiplier.
Error is defined a the difference between the measured output and
the theorecical output for any given pair of sp.ecified :input soltages.

Specifications subject to change without notice.

OUTLINE -DIMENSIONS
SDimcnions -show. nin ,inches and (cm).

-+-- 150 (3.8.1) - .

0.62 MAX

. OREF. . .V .5

0.20 to 0-.5 (1.02 mm)..

b oY COM 4

S X - - 1.50(3.81)
80A OUT 2

IdB
I ,c

Bottom View .1o i0GRID

Mating Socket AC 1038 (0.25)
$3.00 (1-9)

WIRING CONNECTIONS
Bottom View Shown in AH Cases

DIViDE MODE.m = 1

REF s vs

10 4 COM--- co

VX 9 3 ---- - VS

* . ovlvx

....~ ~ ~ ~e x.1 -1Z. .1X .'"" s -- +v

POWERS. mi> 1

R o IR

Rr

ROOTSm. 1
m - n. ..

S, : 203:!

REF o- 11-- 5 - VS

. _. 3 -vs R.
433:

.O .,: ,.:.! ..
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CO .NVENTI ONA L01%
McU) IPlR'OF\DIOER
EXTERNALLY TRIIMED.
TOOCS.

MODEL .
1

3 V.E, IT :o
TXTEF-'.-~L TRIM

0.1 1 10

D OMIA o oA INPUTvr l

Figure2. Comparison of Divider Error vs. Denominator Level
for Model 433J and a Conventional Mult./Div.

i - - - - -

2 -- i) .' It L71V~

0.03 0.1 . .0.32 1.0. 3.2

DENOMINAT R (Volts)

Figure 6. Model 433 Nose vs. Denominator
for Various Exponentsrn.

:., i; : . : , : I! ..

MODEL 433B - 0.25% DIVIDER, WIDE DYNAMIC RANGE
Probably the most impressive performance improvement owing
to model 43 3's log/antilog circuit approach, is its ability to
hold high divider accuracies over a wide 100:1 input signal
range.

When using a conventional multiplier/divider as a divider, accu-
racy, offset drift, and noise performance are all degraded as the
denominator is decreased.

For model 433, accuracy, offset drift, and noise performance
are all virtually independent of denominator level as illustrated
ih Figure 2 and this performance is obtained with no external
trims.

FREQUENCY RESPONSE
A curve of amplitude vs. bandwidth for model 433 is shown in
Figure 3. For all input terminals, the small signal frequency
response (-3dB point) is signal level dependent, decreasing from
100kHz for a 10V input to 400Hz for a 10mV input. These
small signal measurements are made by superimposing a 10%
small signal amplitude on the DC level being characterized . .

Full output for a +5 volt signal superimposed on a 5VDC level.
is 50kHz for the multiplier, and Vx x 5kHz for the divider.

VARYING THE EXPONENT, m
Presented in Figure 4 is a family of curves which illustrates the
effect of varying the exponent, m. All curves have been scaled
for the full scale output of 10V by reducing the 433's transfer
equation to eo = 10 (Vz/Vx)m. For applications where a con-
tinuous variation in m is desired, connections should be made
as shown in Figure 5C. Model 433 features very small accuracy
changes (0.1%) as mt is adjusted over the entire range from
0.2 to 5.

7.

7 8 R1 1 8 R 7 1 8 1

R2 R2 1125' -

A)m 1 B)m>1 C)m.02,:to 5.0

Figure 5. Resistor Programming for the Exponent, m.

Various values of m are programmed by two external resistors,
R 1 and R2 . For values of m < 1 resistor connections are made
to terminals, 1, 7, 8 as shown in Figure 5A. For values of- m
> 1, see Figure 5 B. For m. = 1, connect terminals 1:, 7 and 8
together. .:

NOISE PERFORMANCE
The curves shown in Figure 6 are for output noise vs. signal
level in a 1kHz BW for worst case conditions. These conditions
exist when Vx isequal to Vz and is varied over the specified
range. It should be noted that for: 0.1V inputs the effective
gain is 100. To retain the full performance capability of model
433, all external noise sources should be isolated from the in-
put terminals.

An exceptional advantage of the 433 over other meahs of
dividing is revealed by these curves. That feature being that
noise is virtually independent of signal level. For a 100:1 signal
level change of the denominator, the output noise is changed
only 3:1. Division by using a multiplier in the feedback loop
exhibits a 100:1 increase in output noise for a denominator
signal level change of 100:1.

-3-
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Figure 7. Divider

When connected as a divider as shown above,the 433 has less.
than V% error (50mV) for input signals from lOrmV to 1OV.
Output noise, offset dtift and accuracy are all virtually inde-
pendent of signal level and no trims are required.

. .,

. A.JUST

Figure 8. Transducer Lirnearization

A transducer's output may be linearized by utilizing the 433
as an exponenicato. InIthe example above, a transducer is used
to coinvert a force, 'F to a Voltage, :. The desired relationship

:being V directly proportional to F; i.e,. V = CF where C is
constant.

The actual output for this example is proportional to F, but is
a nonlinear relation which can be approximated by CF 1/2 2

Connecting the 43 3 as shown with m = 2.2 provides the desired
relation of eo = CF.

433 

+...

Figure; 9. Square Root.

performance is even better than that for.: the multiply or
di0demode.. J.

0 to - OV

3-
Figure 10. True RMS

By combining the 433 with a simple filter, using an external
op amp as shown above, the true RMS value of a one quadrant
input signal may be computed. Accuracy is not degraded by
crest factor, provided the maximum input is 10V or less.

The 433 output is applied to an integrator to average the signal
and is then fed back to the X input- to obtain the square root
of the mean square of the input.-

Accuracy ofSmV. + 0.1% of reading may be achieved over an
input range of 500:1.

S. . .2. 433. . at

V -VA
2  

. .
3  

V

v• v 2v v. C- e V -

VA
2

VZ" - v

V A -' :.+ v ..;Yq2 ..V- .v V -' VY - v ..•
-. . N Va) . Vc V -uV

Figure 11. Vector Computation VC = VA + VB2

The vector computation circuit shown in Figure 11 illustrates
the extreme versatility of model 433. Used with two inexpen-
sive op amps the 433 is used as a basic building block, which
in this case,.provides the square root of the sur. of the squares.

This application is based on the identity::for the difference of
squares. The derivation is shown by the equations above and
the final equation for Vc is implemented.

Due to the excellent inherent accuracy of the above circuit
(error = 0.1% of reading), matched resistors with a low T.C.
should be used. Errors of only 0.1% of the theoretical output
may be achieved over signal levels of +100mV to +1OV.

The usefulness of model 433 extenids beyond the illustrative
examples shown above. Model 433 may also be used to gener-
ate basic trigonometric functions (sine, cosine, arctangent).
Further detailed applications information on model 433 is pro-:
vided in the Nonlinear Circuits Handbook, published by
Analog Devices.

-4-



EVANALOG
* DEVICES

CMOS

8 and 4 Channel Analog Multiplexers

GENERAL DESCRIPTION
The AD7501 is an 8 channel. analog multiplexer which switches
one output to one of 8 inputs depending on the state of 3 bin-
ary inputs. An "enable" control allows for disconnecting the
output regardless of the digital input states. The AD7502 is
.identical to the AD7501 .except it has 2 outputs switched to
two of 8 inputs depending on 2 binary:inputs.

ORDERING INFORMATION

AD7501J:
AD7 T5:IK:
AD7501S:

0 - +75 C

-55 °C4125°C

AD7502J:

AD7502K:
AD7502S:.

O0- +750
C

-550C -+125 0C

FUNCTIONAL DIAGRAMS

AD7501

AD7502

PACKAGE VERSIONS
SUffix:"D": Ceramic Dip
Suffix "N": Plastic Dip

ABSOLUTE MAXIMUM RATINGS.
VDD - (to Gnd) .. .. . .
V -(to Gnd)... . .-..
Switch Voltage (toV s s ) .

.

.Switch Current . ... .. .
Digital Input Voltage-Range.
Power Dissipation: (package)

,up to +75 C.. .....
derates above +75 oC at .

Operating Temperature. .
Storage Temperature . .

+17V
-17V
+27V
lOmA
VDD to GND

450mW
:6mW/C
-55

0
C to +125 0

C

-65 C to +150C

CAUTION:
1. Do not apply voltages higher than VDD and VSs on any

other terminal,especially when VSS = VDD = OV all other
,.pins should be at OV.

2. The digital control inputs are zener protected. However,
permanent damage can occur on unconnected units under
high energy electrostatic fields. Keep unused units in con-
ductive foam at all times.

BONDING DIAGRAM

56 7 8 9 10 11: 1

Information furnished -by Analog Devices is ,believed to be accurate
and reliable. However, no responsibility is assumed by Analog Devides
for its use; nor for any infringements of patents or other rights of third

parties which may result from its use. No license is granted by implica-

tion or otherwise under any patent or patent rights of Analog Devices.

TRUTH TABLES

AD7501

A 2 A 0Ao EN ON

L L L H 1

L L H H 2,
L H L H :
L H H H 4.
H L L H 5
H L H H 6
H H. "L H 7

,.:H H H H 8.
X.' X X L NONE

AD7502

Al Ao EN ON

I".LL H" 1&5 :

L H H 2& 6
H.. ;H H . 4&8
xI X"L NONE

PIN CONFIGURATION (TOP VIEW)

AD7501

Q

W ^J

Tho
pr1
pi~f

p3

s f

N

QB~

AD7502

i----.---

p

. aNo 8

Route. 1 .Industrial Park;P.O. Box 280; Norwood, Mass. 02062
Tel: 617/329-4700 TWX: 710/394-6577

West Coast -Tel: 213/595-1783
Mid-West Tel: 312/297-8710

EN A2 At AO'

t|+15)• TTL/DTL-TO-CMOS LEVEL TRANSLATOR

S OUT SE s at S s a s3 52 sI

EN Al AO

voDDo-. -- I i. -

T L/DTL-TO-CMOS LEVEL TRANSLATOR

NDo-

DECODER / DRIVER'

OUT SO-5 S7. SE S S3 S2 3

. 1.4 A, - Ao



S ECIF I : . N (VOD = +15V, V SS = -15V unless otherwise noted)

PARAMETER

ANALOGSWITCH :

RON

RoN vs. V

RON vs. Temperature
RON between Switches

RON vs. Temperature

SW TCH TA(C) MIN

ON

.ON

ON
ON

:between SWitches ON

OFF
Commercial OFF

Is OFF
ta OFF

• O FF .

Commercial OFF

AD7501OF •OFF
Military. OFF

LOUT
Commercial OFF

AD7502 "OFF

OFF
Military OFF ..

IloUT -Is ON

DIGITAL CONTROL

+25

+25

+25

TYP MAX

170.

20

0.5
4

+25
0 to +75
+25
-55 to +125
+25
0 to +75
+25
55; to +1.5j.

+25
0 to +75
+25
-55 to +125

+25

:UNIT TEST CONDITIONS

300

±0.01

0.2 2
50
0.5
50

1.0 i .
250

5

250

0.6 5

125
3

125

5

%/°C

%/ C

nA
nA.

nA
nA

nA
nA

nA
nA

nA
nA

nA
nA
nA.

-V. . Vs +10V
Is mA ,

vs= -10V to +1OV
I =ImA

Vs = iV
Is =1mA

Vs = 10, VOUT =+10V

Vs = +1OV, VOUT -10V

VS = -1OV, VOUT +10V
and

Vs = +1ov. VouT -10V
"enable" low

Vs = 0

VINEL
AD7501J
AD7502J

VINH AD75.O: K
AD75.O1S
AD7502K
AD7502S

or

DYNAMIC
CHARACTERISTICS.:

To. k

Cs

COUT
CS-OUT
Css between any
two switches

POWER SUPPLY

IDD (Quiescent)
ISs (Quiescent)

+25

+25

+25

+25
0 _to +75.
-55 to +125

+25

Commercial.
Military,

OFF
OFF
OFF:

OFF

OFF
OFF.

ON

+25.
+25;
+25.

+2:5,
+25

+25 :

+25
,

+25

+2-5
+25.

0.8 V

SEE NOTE

2.4

10
100
1

3

0.8
0.8
5
30:
0.5

0.5

1
1

.

0.2
1

PRICE (1-49)

AD7501JD/AD7502JD
AD750.1JN/AD7502JN
AD7-501 KD/AD75 2KD,
AD7 ,01KN/AD7:502KN:
AD750 ISD/AD7502SD

100
100
0.5
100.

28.00
18.00
30.00.
20.00
44.00

nA
nA

pF

pS

pF

pF.pF

mA
mA

.• ~A .

ALL DIGITAL
INPUTS LOW
ALL DIGITAL
INPUTS HIGH

$

$

$
$
$

NOTE..: Apul.up resistor, typically 1-2:kfl,is:required to make the AD7501J and AD7502J compatible with TTL/DTL levels. The
maximum value is determined by the :output leakage current of the driver gate when in the high state.

Specifications subject to change without notice..



ANALOG CMOS
E DEVICES 8 and 16 Channel Analog Multiplexers

PRELIMINRY DATAA 7506/D7507.

FEATURES-
RON

Power Dissipation
TTL/DTL/CMOS Compatible
Break-Before Make Switching
Silicon Nitride Passivation.
Replaces DG506/DG507

FUNCTIONAL DIAGRAMS

1.5 mW

GENERAL DESCRIPTION
The AD7506 is a monolithic CMOS 16-channel analog

.... .::multiplexer packaged in.a 28-pin: DIP. It switches a
.common: output to one of 16 inputs, depending on the
state of four address lines and an "enable''". The AD7507
is: dentical to the: AD7506 except it has twvo outputs
switched to tWo of 16 inputs depending on three binary
address states and an. "enable".

The AD7506 and AD7507 are excellent examples of a
high breakdown' MOS process combined with a double
layer interconnect for high density. Both units are.
silicon/nitride passivated featuring increased stability
and reliability.

AD7506

AD7507

EN. A3 A2 At .AO- .. ' r . .

(V5V)it TTL/DTL TO CMOS LEVEL TRANS.

.N - ECOE/ "RIVER.

is15V)e

OUT Si S16

.ORDERING INFORMATION
AD7506J
AD7506K .
AD7506S
AD7 506T7.

AD7507J .

AD7507K
AD7507S.
AD750. 7T ..

PACKAGE VERSIONS
Suffix "D"':. 28

00 C to +75 0C
0°C to +75°C

55oC to +1250 C
-5SC to +125 0C

O"C to +75 0C

55 C to +1.25 C
-55.C to +125 0C

TRUTHTABLE

AD7506

' I " .. -

" .

! I " , , t . . ,,. .

: ' . ": r .
: .4

-pin Ceramic .DIP

AD7507

1 t . ,i . ' - -

I cr ... [ -I ' '.. " '

I I ,.. t Jr i, .,1.
"i" . t l t i ""

i, I i,,I~ L 1,).
t i I f.t .. [ ' !
t " . 1. , .I , , .IWILLl§

PIN CONFIGURATION (TOP VIEW)

AD7506

V : OUT.

NC 2- 27~.SS

NC. 3 26 S8

s 16 4 25s S7

sis s . 24 s$6

s14 -6 23 ss5

S13 .7 22 - s

S12 .8 21 S3

si 9 20 S2

soi - 10' 19

s9 11 lo EN'

GNDO: 12 17 AO

13 1C 13 16 Al
-S- A A 15

A3 A2

V
0
1" OUT 1-8

OUT 9-16 2 1 28 27 VS

NC-" 3 26 :s8

S16- 4 2 5 S7.

s 5- - 24 S6

S!4 6 23. S5 

S13. 7 22 S4

SIZ .8 21 S3

S11 9 20 S2

510 10 19 St

9 1 18 1 EN

GNO 12 1 7 AO

NC, 13. 16 Al
14 15

f/f / -~(

ABSOLUTE MAXIMUM RATINGS"
VDD(toGND) ................. 17V
VSS (to GND) . . . . -17 V
Switch Voltage.(to VsS)..  .. . . .. . .. +27 V
Digital InputVoltage Rnge. . ... V. .. VDD to GND
Switch Current ........ . .... . . .... 10 mA
Power Dissipation (Package).

To +700.C ....... ........ . . . 1200mW

Derate Above +70°C by .. . ..... 10 mW/oC
Operating Temperature . . --5 5°C to +1250C

Storage Temperature:::. . . . .. 65°Cto +150°C

information furnished by Analog. Devices. is believed to be accurate. and
reliable. However, no responsibility .:i.s .assumed by Anaiog Devices for
its: use;' nor for any infringements of patents :or other rights of third
parties which rmay result.fromn its.. useNb license is granted by
implicaton or otherwise under any patent or patent rights of Analog
Devices.

Route 1 Industrial Park;P.O. Box 280; Norwood, Mass. 02062
Tel: 617/329-4700 TWX: 710/394-6777

:AD7507



SPECIFICATIONS (VD = U +15 VSS = -15 V unless otherwise noted)

PVOver Specified
PARAMETER VERSION: ., .Temp. Range UNITS TEST CONDITIONS 

MIN TYP MAX MIN MAX

J; K ON 300 450 550
RON S,T ON 400 500 VS -10Vto+loV, S 1 mA

RO vs. All ON 15 :%

RON vs. Temperature All ON 0.5 %IOC

RON Between Switches All ON 4 % V s = 0 V, IS =1 mA

RON Between Switches vs. Temperature All ON 0.05 %/°C

,K OFF 0.05 50 tiA
S: , T OFF 0.0 i 1 50 nA ."VS -10 V , VOUT=+10 V

AD7506. J, KOFF 0.3 20 500 nA and

S, T OFF 0.3 10 500 nA VS =+10V, VOUT=-10 V

S AD7507 : J,K 'OFF 0.3 10 250 nA " 'Enable" Low

S,T OFF 0.3 5 250 nA

AD756 ON 0.3 20 500 nA
...- . ST ON 0.3 10 500 nA

.O"T S-" l" VS =0
57 10 :K. ON 0.3 10 250 nA

ST ON 0.3 5 250 nA

D IG IT A L C O N T R O L. 
.I.

VINL 0.8 V

V, S 3.0 V Note 2

VI__ KT 2.4 V

'IlNL or liNH All 10 30 A
C All 3, pF

DYNAMIC CHARCTERISTICS.

JS .700 ns

.transi.tio .. n soo
ttransition K 700 1000 ....ns VIN: 0 to 3.0 V

topen Al I100 ins
JSU 08 's

to"(Enli - 1.5 - vEN:Oto3.0v

1 , S 0.8. : stoff(En) K, T1 ts

"OFF" Isolation All 70 VEN 0, R = 200 1, C." 3.0 pF,
VS= 3.0 VRMS. f 500 kHz

CS All OFF p F"

CO'T All OFF 40_ pF
CSO..UT , OFF 0.5 pF

CS5 Betw:eenAny Two Switches All OFF 0.5 pF

POWER SUPPLY

DD (San b, J K .OFF 0.05 1 mA

OFF 0.05 1 2 mA
______ - -All Digital Inputs Low

SSOFF 0.05 1 mA
ISS (Standby)i -5.. . 2 . m

S, T OFF 0.05 1 2' mA"

., K.ON, 0. 3 1 mA.
IDD S, ON 0.3 1 2 mA

SON 05 1. 2 mA- All Digital Inputs High

IssON 005 1 mA
SIT ON 0.05 1 2 .mA

PRICE (1-49) J' 38.00 S

K. .". 40.00 . S-
AD7506

76.00 S

80.00$

NOTE PS
i. Specifications subject to changewithout notice.
,2. A . t sir typically 1-2 k: is required to mke the ] and S versions compatible with TLDTL. The maximum value i determied by the output leakage current

of the driver gate whe "in the high state. .: . '


