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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 Awe DiGITAL
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 are-currently-no
requirements in this rack for-digital-monitoringcapabitities,

] £ 1y t} ] : 1 digital I facititi

are employed. -

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 @ and STRO @ are also provided. The remaining
outputs from the data set are the four sub multiplex address bits,

SMA @, 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 @)

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 @ signal from the data set. Since only 16 of

the 24 available bits are employed in this particular module,
bit @ (LSB) appears at parallel output B @ and bit 16 appears
at B15. Bits 17 through 24 (MSB) are shifted through and lost.

3-1



The sub multiplex address signals, SMA @ - 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 @. The enable signal is a

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

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 @ through B 15 are continuously applied

to the inputs of a 16 bit latch consisting of four 7475LIC's.
The command word enable line is at a logic @ normally until

the SMA code for word 321 is received coincident with a STRO @
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 éignals
are shown in Pigure~lT 7T/ DATHR AANUANL. v
R0 NO > fo & DA GeA 8

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
7475U%hips. 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. Al13170L2). 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.
3-2



'eThe 16 outputs of ‘the dlgltal selectors are th,n connected ‘
' *{‘to approprlate lnterface c1rcu1ts for the functlon to be con-v;;’

Htrolled.- In some cases no- spec1al 51gna1 condltlonlng 1s re-h,“

‘fqulred and the TTL line is used dlrectly. The"75461 is a

dual open—collector output capable of 51nk1ng up to 300 MA
and has a VCBO of 40V. The 75326 used as a coax SWltCh drlver

1s a quad open collector drlver capable of 51nk1ng up to -

"600 MA ‘and has a VCEO of 25V.‘ Internal clamplng dlodes are

1ncluded oh thls chip. ‘The 75450 is a dual power driver cap—

'able of 51nk1ng 300 MA and has ‘a. VCEO of 30V., In this chlp

all three of the leads for each power tran51stor’are'br0ught

'[.out of the package. ThlS feature is used to drlve an exter=

nal power trans1stor to 51nk the 1.0 amp current requlred toh_

"operate the LO wavegulde swt1ch._~

Calibratlon/Reference Control (DWG #A13170L1)

The CAL/?EF control is a-specialvdriver'circuit'designed-to i

e:select between e1ther an. 1nternally generated 9 6 Hz reference
s1gnal or an external reference of 1 Hz to 100 kHz. The de51red

vreference source is selected by e1ther groundlng or floatlng

pin Jl 36.‘ The 1nterna1 reference is: generated by-a 555 ic

' w1th the perlod determlned by the R-C network contalned in.

dip header C5..  Exact rate is trlmmed by the lOK potentlometerr

The " rectangular waveform is then d1v1ded by four and made
symmetrlcal by the 7474 IC, and applied to-. one 1nput of dlgltal'
selector IC 74157. The output of this selector connects to

the 1nput of a second digital selector whlch 1s controlled by .

the computer—manual bus. and provides’ the selected reference

Noj ol the computer reférence to the reference bus, J1-J,: and to
' the callbratlon control gates in the 7410 IC., The' callbratlon
’control gates enable the operator to select elther CAL. ON, :

‘:' CAL.VOFF, or CAL. AUTO from the front panel or from the com-“_,

puter.; The 1nterna1/external reference may only be - selected

whlle operatlng under manual control. The CAL 51gna1 is. con—

‘verted to a 0-15 volt square wave 1n d1p header D2. ThlS'

”.flthen drlves the noise dlodes dlrectly.5>
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Analog Monitor Multiplexers (DWG #C13170L9)

The analog multiplexers are switched statically by the sub
multiplexer address lines. The data set sequentially samples
ALGI @ 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 @ to + 10 vdc.

Noise Temperature Monitor (DWG #A13170L3)

The noise temperature monitor circuit is comprised of an
Analog Devices multifunction module AD433J and arf external
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
o = A~D £ s Ve 1 &4 N

T H A Y
-dﬂ avallable at a front panel test p01nt "NTM“ aai--n be 4

converted to noise temperature by the following equation:

Tsys = 10 x Eo x Tcal



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—AAj When the digiswitch
labeled "AB-)\" is moved to position "Z", 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 "@" 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 "1'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



V01tage in the range of 0 to i}OV dC to an individual monitor- input,
setting in the proper SMA binary code, and measuring  thé 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.



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 AA@l 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 Cl0 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, C,and Depiﬁ'number references
in schematics and text are made to the CARD numbers rather than the package

numbers.
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CAL/REF Frequency Adjust R2

FIGURE 3
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" The NE/SE 555 monolithic timing cir;:uit is a highly stable
controller. capable of producing accurate time delays, or .

ascillation. Additional terminals are provided for’ tnggenng
or resetting if desired. In the time delay mode of operation,
the time is precisely controlled by one external resistor and
capaéitor. 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.

L TURES v ‘
s TIMING FROM M|ChOSECbNDS THROUGH HOURS

« OPERATES IN-BOTH ASTABLE AND MONOSTABLE

‘MODES 3
+ 'ADJUSTABLE DUTY CYCLE,
* HIGH CURRENT OUTPUT CAN SOURCE OR SINK
200mA

‘¢ OUTPUT CAN DRIVE TTL =

* TEMPERATURE STABILITY OF 0.005% PER °C

. NORMALLY ON AND NORMALLY OFF OUTPUT

_ICATIONS

PRECISION TIMING

PULSE GENERATION
SEQUENTIAL TIMING

TIME DELAY GENERATION

* PULSE WIDTH MODULATION

‘PULSE POSITION MODULATION
MISSING PULSE DETECTOR

T DIAGRAM

TPACKAGE
- (Top View) -

Ground
Trigger

Output

Resat -

. Control Voitage
. Threshoid

. Discharn_.‘v
Vee

' ORDER PART NOS. SESS5T/NESSST

PO A AWN

|V PACKAGE
(Top View)

« Ground’
Trigger

. - Output

Rasat

.. Control Voltage
.- Threshold

. Discharge

Vee .

PN A ON S

ORDER PAﬁT NOs: SESSSV/NESSSV

T ABSOLUTE MAXI MUM C{ATI‘:GS

418V

Supply Voltage

Power Dissipation 600 mW

Operating Temperature Range RN
NES55 0°Cto+70°C -« -
SE555 256°C to +125°C

Storage Temperature Range

Lead Temparature (Soldering, 60 seconds) +300°C

7
. DISCHARGE

]
icc ZONTROL
VOLTAGE
% Vazs
2
.
e O RESET
COMPARATIA ' : ‘
)
2
TOA TAIGGER
»” a
. FUBFLOP .
oyt é:-ww

 LINEAR INTEGRATED CIRCUITS

PIN COMFIGURATIONS

~65°C to +150°C -

649




'LINEAR INTEGRATED CIRCUITS = 55§

e

LECTRICAL CHARACTERISTICS (TA=25%C, Vg = 45V to +15 unless otherwise specified) - -

PARAMETER

' TEST CONDITIONS

SEBSS

NE 555°

MIN

TYP

MAX

MIN

TVE

" Supply Valtage -

Supply Current

- Timing Error .

. Initial Accuracy

Drift with Tempersture =

B Drift with Supply Voltage -
" Threshold Voltage '

" Trigger Voltage

; Trigger Current
. Reset Voitage
- ResetCurrent -
* Threshold Current _~ -
_ Conitrol Voltage Level

" Output Voltage Drop llow). * |

Oiitput Voltage Drop (high) o

Rise Time of Output
Fall Time'of Output .. -

Vee =5V Rp= oo

Vee =15V R = o0

Low State, Note 1

RA, Rg = 1KQ to 100KA -

- €=01pF Note2

Vee =18V
Vec= 8

‘Note 3

Vee=15V
Vee= 8V
Vee = 1‘5V,~'
Isink = 10mA

ISiNK = 50mA

IsINk = 1009‘\A
ISINK = 200mA

- Vegeg.= 8V

ISiNK = 8mA
ISINK = 8mA

‘-‘lsoug‘cé = 200mA
Vee =15V

ISQURCE = 100mA
Vee =15V .
Vee= SV

a5

48

B RE]

04

96
‘29

13.0
|30

| ea

05

"0.008

| o167
05
07
0.1
0.1

333
0.1
04
20

25

i '12.5

133
.33

1100

23

118

12"

2

fwo |
g0 |

1.0
38

22

| 025

100

19

25
104

05| . .
0s |

45

0.4

9.0

1 26

11225
275 |

o

04

c20
25

©28;

125

133
33

. .‘.100

e

© 25

as
25

- .35

nsec

T nsee

NOTES: S . .
1. Supply Current when outaut high typically 1mA less.

"2, Tested at Vgg = BV and Vg = 15V v ‘
" '3.. This will détermine the maximum valie of Ry+ Rg For 15V oparation,

CEQUIVALENT C

the max total R = 20 fagohm, . =

6-50

i

'

i
ot

{




LINEAR INTEGRATED CIRCUITS u 555

MINIMUM PULSEWIOTH — aet
L)

Vour. - vein

NORMALIZED OCLAY TIME

© MINIMUM PULSE WIDTH
REQUIRED FOR TRIGGERING

150

-
]

AN

4\?
\

i

o, 0.1 82 03 o0e
LOWEST VOLTAGE LEVEL OF TRIGGER PULSE - X Veg

LOW OUTPUT VOLTAGE -
vs QUTPUT SINK CURRENT

G

T
Veg s SV
+
I

A

2

Ny

&

0.01

. DELAY TIME vs ‘
SUPPLY VOLTAGE

- ‘-,l

-
3
Y T

\
\

i

i

-1

g

SUPSLY VOLTAGE ~volm -

© SUPPLY CURRENT ~ m&

NORMALIZED'DELAY TIME -
0

5 . 10 s 20

SUPPLY CURRENT -
vs SUPPLY VOLTAGE

R

s2stc 7

80

sl

a0

20

o - -
50 : 100 - T im0
SUPPLY VOLTAGE —vois -+ -

' LOW OUTPUT VOLTAGE
vs OUTPUT SINK CURRENT

10

AR
Vee* 10V
T

R =

! ~i25% .

* ‘Vgg=Vouy=vola

'HIGH QUTPUT VOLTAGE <
woOuTPUT

" SOURCE CURRENT
R

26

k ~7 -85~
1 F ~—t

. L
] 4L
10

04

We vqc;jsv»' )
‘ AN
0 . 20 580 10 20 ” 100

'soyucz*'ih", . .

© LOWOUTPUT VOLTAGE =
vs OUTPUT SINK CURRENT

10
111

VeIV

10

"’.""".6

 Vouy-vem

z

i} 1028%C. ==

DELAY TIME
-vs TEMPERATURE

R L LN
CotgNk=a .

PROPAGATION DELAY
" vs VOLTAGE LEVEL

!

i
'

§.

9.
8
S

TEMPERATUAE ~ % .

PROPAGATION DELAY ~ nsec

80 -25 0. -3 <53 I3 10 12

.2°° RS . //
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A ||
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' SYSTEMS

INTEHFACE CIRCUITS

TYPES sussszs su55327 SNT5326, smszz':”f, o
L | 'MEMORY DRIVERS

: BULLETIN NO DL S 7312063, SEPTEMBER 1973 ‘

SERIES 55/'75 MEMORY DRIVERS
: featurmg )

'SN55328 SN75326 PER FORMANCE ‘
Quad Positive-OR Sink Memory Drivers
600«mA Output Current Sink Capablllty
" 24-V Qutput Capability
. Clamp Voltage Vanable 1024V,
 SN55327, SN75327 PER FORMANCE _

- e Quad Memory Switches | -
“e 600-mA Output Current Capabuluty
. 'Vccz Drive Voltage Variable to 24 V
e Output Capable of Swmgmg Between
‘ Vccz and Ground
descnptron

The SN55326, SN55327 SN75326 and SN75327 E

: “,are monohthnc mtegrated circunt quadmple memory

" drivers. These devices accept standard TTL decoder |

. input slgnals and provide hlgh-current and hlgh -
voltage output levels suitable for driving magnetlc" -

" memory elements, Output’ “transistor . ‘selection s

~ determined by usmg one of the four address mnutsv
. and the common tlmmg strobe .

The SN55326 and SN75326 memorv dnvers can smk )
up-to 600 milliamperes and ‘operate “from a3 snngle, :
5-volt supply Each driver is snmllar to the sink drwers"

" of the SN55325/SN75325 The four output tran-

slstors share a common, base—druv= resistor and it |s' )

recommended that .only one of the four driver gates
" be selected at.a time. Output transistor base current’

may be increzsed by connecting.an external resistor :

"between Rext (pin 4) and Ve, Each output collector

__,"ls protected from voltage . surges durmg mductave
“switching by a. clamp diode in parallel with its.
. internal pull-up resistor. The two-clamp pins may be
~returned to"a power supplv of from 4.5 volts to

24 volts.

" The SN55327 and SN75327 rnemory swutches can

source or sink up to 600 milliamperes and operate

- from"two supplies; one of five volts and the other

‘ are capable of swinging between Vce2 and ground :

. “from 4.5 volts to 24 volts. Each switch-is similar to.
- the source drivers of ‘the SN55325/SN75325 They

can functlon as either sink_ dnvers or source drivers
since the voltages at the output transistor terminals

The four output transistors share .a common’ base-

drive resistor and it is recommended that only oneof

the four outputs be selected at.a time. An intarnal
base-dnve resnstor is avallable on the chnp and can-be

EASE OF DESlGN

o .ngh Repetntuon Rate Driver Combatlble

with High-Speed Magnetic Memories

e Inputs Compatible with TTL Decoders -

¢ Minimum Time Skew between Strobe
. and Output-Current Rise

.. Pulse-Transformer Couplmg Eliminated:
Dnve—Llne l.engths Reduced

-SN55326, SN75326 " -
3,98, OR N DUAL-IN:LINE OR
B FLAT PACKAGE (TOP VIEW)

"PINS 1 AND 8 OF J38'AND S8 PACKAGES
" 'ARE IN ELECTRICAL CONTACT lNlTH THE METAL BASE

'l\c—hm lnternal connectlon Vo

| sB$5327, SN753
3,8, OR N DUAL-IN

coL- coo : o Teo
wz..zZ -0 $:° veey: €.- Y XY

'Yﬂﬂ

o PIN'S OF Js A\D SB PACKAGES IS IN . T
o ELECTRICAL CO\JTACT WITH THE -‘J'ETAL BASE

on a

TENTATIVE DATA SHEET

new product. Téxas Instruments reserves’

product in any manner wvthout nonce )

This document provides tentative nnlorrnauon TEXAS lN ST RU M EN TS

INCORPORATED

the nght ta change specmcauons for this ; ,,Q,, o,,,cz BOX 3012 '+ DALLAS. TEXAS 73232 .




TYPES SN55328 SN55327 SN75328 SN75327"

MEMDRY DBIVERS

descnpﬂon (contmued)

" used by connecting Node R (pm 4)'to R.m (pin 5).
“This resistor provides adequate base éurrent to the

output transistors for output sink currents up to 375
milliamperes ‘with Vcc2 at 15 -volts or 600 milli-

amperes with Vo2 at 24 volts, Base current can-be -
. regulated to- within 5 percent by substituting for
" this resistor an external resistor connectéd between

Node R ‘(pin 4) and Vgg2 with Rjnr (pin . 5)
remaining. open. This method is preferable in high-

- duty-cycle, hiQh-pdwer applications since the power

dlssupated in this resistor is outsidé the package. When

"a-source current and: Vcc2 voltage other than the

aboveAvalues are required, it is recommended that the

= base drive be supplied through'an external resistor of

the - appropriate value calculated using Eouation 1

" FUNCTION TABLE

INPUTS - OUTPUTS
ADDRESS | STROBE I
ABcpo|l s |V X Y z
L H HH L .| ON . .OFF OFF’ OFF
H L H H L. | OFF . ON "OFF OFF
H H L H| L. |OFF OFF ON OFF|
IH " H H L| L  |OFF OFF OFF ON
H H H H| X |OFF OFF OFF OFF
X X X X| -H . |OFF ‘OFF OFF OFF

H = high lavel, L =.low level, X = irrelovant
NOTE: Not more than:one output is'to be on at'any one time,

shown in the SN55325, SN75325 data sheet.

The $N55326 and SN55327 cifcuits are charactenzed for operation gver the full malntary temperature range of —55 C
to 125 C; the SN75326.and SN75327 are charactenzed for operauon from 0 Cto 70 C. .

absolute maxlmurn ratmgs over operatmg free-alr temperature range (unless otherwnse noted)

: : ~ SN55326 - SN75326 SN55327 SN75327 UNIT
© Supply voltage, Vg or Vet (see Notoj) B 7 ? 7 7. RY
i Supply voltage, Vcc2 o ] f N B .25 . 25 . V..
" Input voltage, any address or Strobe 5.5 5.5 5.5 - . 6.5 |V
“ Qugput collactor voltage’ B 25 25, 25, . 2500 |V
. Output clamg voltage .28 25 ST R Vv
Output.collector current- 750 750, S 750 7507 mA
Continuous tatal: dissipation at (or be!ow) ) 1 . ; Sy DEEE v
100°C easa tamperature [see Note 2) L L ) . L . Lo W
Operating fres<air temperature rango —~5510 125 01070 =55 10 125 ‘0 to'70 °c
. Storage temparature range —6510 150 ~65t0150 | ~65 10.150 65 10.150 .°C
~Lead temperature 1/16 inch from. R 306 : 100 300 abg ‘g
case for 60:seconds: J, JB, or.SB package "' , - 3
Lead:temperature 1/1 6inch from 260, 280 260, 260 oc
case for 10 seconds: N package - . . . . :
recommended operating conditions ,
) SN55326 » . S~75325 SN55327 S'\I75327 UNST
. . MIN - NOM .MAX | MIN . NOM MAX | MIN . NOM MAX | MIN "NOM MAX :
Supply voltage, Ve or Vg - 45 &5 55|45 5 55| 45 65 . 65|45 85 55| .V
Supply, voltage, Vocg » |45 24145 .28V
Output collactorivoltage .24 . 24 24 - 2381 ' v
_ Outputclamp voltage, V(clamp) 4.5 <28 |45 - 24 v
Qutput colle¢tor current . A 600 - 6C0 § - B .. '600 S -600 ] ‘mA ..
.Opera:ing frae-air remperamre,‘TA ~55 125 o 70 | -55 125 ] ‘70| °C -

NOTES: ‘I

v

Voltage wvaluas ara whh raspect to network ground zarmlnulls)

2. For opera"on above 100 C casa tamparatura, refer to Dissipa%ido~ Derating Cu'vs Fi sure l For dunlpanon r:mng‘ ln free-air, see

F;g.:m 2.
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TYPES SN55326, SN55327, SN75326, SN76327
MEMORY DRIVERS

SN55326, SN75326 elecmcal charactenstncs over recommended operating free-air température range

(unless otherwusa noted) -

PARAMETER . TEST CONDITIONS? SN553,_26 SN73326 UNIT
) . . MIN TYPE ‘MAX | MIN- TYPE MAX
ViH High-level input voltage . . 2 2 ) \
ViL Low-evel input voltage 0.8 08| Vv
— j - Veg=45V, I} =~10mA : i
v Input clamp vol - . ‘ R S B -1 -
Vi leputclampuo tage | ra=2ec - 1 1 e
VoH High-level cutput voltage Veg=245V, lo=0 19 23 19 3 v
) . - Vec=4.5V. Full range ) 09 | 09 . :
Visat) Saturation voltage . | U(sink) = 600 mAS, ~ - — v
7 v : SesNote3 ITA = 25°C 043 0.7 043 0.75
: ' Outputclamp-dicde . Viclamp) =0,  lclamp) = =10 mA, .| '
V:F(Fia'"p) forwerd voltags Ta=25°C 15 s v
Qutput-clamip current, - .
| . . ey = .
(clamp) outpution '(sm{d 50 mA, v ‘TA 25°C -5 7 5 7| ma
v . Input current at Add'g’” . . 1 1
Iy o 27 ;0 ‘'maximum input - Vi=865V mA
voltage ' Strobe ' 41 4
ST ... Highdevel | Address 40 40° .
i Vi=24V vren 4 '
H input current Strobe = 160 60 ] *
S Low-fevel Address J - : : =1 =16 =1 =186 .
LT L V=04V : . - e
. inputcurrent | Strobe. ! : 4 64 praeryy Kiel
‘1 iccioff) - - Supply current, all outputs off Allinputsat§V, Tp =25°C ' - 18 . 25 18- 7 25 | mA
'CC(on) Supply currenl, one output on | l(sink) * SOMA, TA = 25°C N ‘68 75 58 75 | mA
',SN55326 SN75326 swnchmg characterlstucs Vcc 5 V, TA 25°C .
PAaAMETEm Sl T0 (OUTPUT); TEST compmoms§ CMIN . TYP MAX |UNIT
P wxYerz o R
PHL 3 SRS R E vs=v|c,amp,=15v Ay - 24.., c,_#fzspr-, T o
_ e W, X, Y,orZ . |See Fugure 5 o — — s |
ATHL C . 10 204 -
[ ‘ ‘W, X,Y,orZ . ) 24 . 35 ns
- s Vg= V(clamp) =24 V RL .47, C =25pF, | - : |
A\ : W. X, Y,0r2 . Vg~ \ AR
oH . o '(smk) 500 mA,  SeeFigure 5 S 25 o

."Unless otherwisa noted, Vee = 5 5 V, V (¢clamp) ¥ 24 V. Sea Figure 3.
tAll typical valuesare 2t Ty = 25°C
Under these cond-t-ons, not more than one output is to ba on at any one tima.
“Y1py 4y = propagation delay time, low-to:high-level dutput
PR = propagation delay time, high-to-low-lgval output
. tpLH = transition tima, low-to-high:level output
tTH = transition times, high-to-low-leve! output
tg = Storage time
_ Vow = High-level-output voltago (after’ swvtchmg)
NOTE 3: These paramaters must be maasured using pulse techniquas. tyy = 200 us, duty cycla X 2%.

" For typical characteristic curves, Figures 11 through 14 of the SN55325/SN75325 data shaat 3pply for these circuits. L

0w o TEXAS INSTRUMENTS
. o - SR l\C(RP(H TED
vPOﬁT O‘Flc‘l BOX S312 » OALLAS, vYE)(As rs222



TYPES SN55328 SN55327 SH75326 SN75327
MEMORY DRIVERS

SN55327 SN75327 electncal charactenstncs over recommended Operatmg free-alr temperature range
(unless otherwuse noted) '

‘ 5N55‘3g7‘

“Unless oxharwiso notad VCCI =55V, Vccz 24 V. See Figure 3.
Al typical values are at Ta= 25°C:
SUnder thase conditions, not mors than one output is tobeonat any one tima.

PLHE propagation.dalay time, low-t o-high lwal outpu(

P L = propagation dalay time, high-to-low:| Jevel output

TLH
'THL
VoH =

= transition time, low-to-high-level output -
= transition. tirna high-to-low-leve): output
= High:lavel output voltage (ahor switching)

“OTES: ‘3. Thess paramotws must Be measured u;ing pulse -technigues. t, = 200 us, duty cycu <2%.
4. A 350 Q 'es-slor ns connacted botwnen node R (pin 4) and Vccz (p-n 1) whh Rint {pin 5). open

For tyaical characteristic curves, Figures 11 t‘hr‘o'thvl‘diof the SN553257’5N75;!25 data sheat apply for these circuits.

:  PARAMETER - TEST CONDITIONS - : : voors
P i - NS MIN TYPT MAX | MIN TYPE MAX |-
" ViH . High-level input voltage IR 2 B
SVIL - Lowrlevel input voltago - B 08 | 08| v
C " V, 4.5V, ==~ : : R N
. Vg lnput clamp voltago . T:i;;zv » . ' 10mA -1 —1.7- —! : A—s‘."l v -
e Collectors tarminal Vec1=45V, - Full range . 500 . 200 A
fath) off-state current Vicoly = 24 V Ta=25C 150 . 200 ” ;o
i Voci= 45V, - : AR
S vg?o ‘ Full range - 09 Cooeey
V(sat)  Saturation voltage ; e - — V.
i Hsource) = —600 mAS, = : 5 A
: . ; Ta=25C 043 0.7 .43 - 0: o
o See Notes 3and 4 A=2 ks ' 043 0751 |
ldputqurrent Address " S ‘ Y B
o -at maxi Vy=58V - - - mA |
“input voltage s".‘_’be ) ) S » il
High-level Address e 40" Sl
! : } = 2. e BA
H. ) input current | Strobe Vi 24\/ 160 “A
Lowevel ~ "~ [ Address P =1_=186 N
1 L - V=04V A
" input current’ | Strobe : ’_' 0 “—4 =64 mA
T "-Supply.current, | From Voo |iy oo L oes 7 10
“Icclo . o UK , \ = - T
Jiccloff) outputs off.” |-From Voe2 Allin i 3BV ) Ta - ’C : : 013 20 |- nA
N Supply currént, | From Voo vm.,ssv . lsource)= —SOmA L - T8 12 | ]
- Iecion) L ‘N ) - P 1, A
one ou(put on. ‘[ From Vccz Tas 25" . . See'Note 3 :36 . 55 | - A
’ SN553Z7 'SN75327 sw»tchmg charactenstns Vcc1 =5 V TA 25° L
~PARAMETERT. 50 [0UTPUT). TEST cono:7|o~s§ TN TYP MAX |UNIT
CtPLH L Collectors. ~ . |Vs=Veca=15V, R._=24n CL=259F RN R
AL w,zpr'x_, Y © | seeFigure 5 and Note 4 - . 30 851"
TLH WX o z TVicon = Vcez = 20V, RL= 00 61 c,_= 25 pF 30 e ]
TTHL . See Figure 6and Not24 10 B ¢
R Collectors o Vg=Vcca=23V,. R =479,C = 25'pF,- N a e
VOH_ W, z}vof“x,vv B u,;nk) <800mA, . SeeFigure 5and Noted Vs-28 mv ‘
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svstems SERIES 55450B/754508
INTERFACE cmcuns DAL PERIPHERAL DRIVERS

BULLETIN NO. DL.S 7311798, SEFTEMBER 1933

% PERIPHERAL DRIVERS FOR _
* HIGH-CURRENT SWITCHING AT HIGH SPEEDS

‘ performance :
, SUMMARY OF SERIES 554508/754508

o 3 o LOGIC OF
. 00-mA Output Current Capabmty © | pevice COMPLETE CIRCUIT PACKAGES
e High-Voltage Outputs SN554508 | Positive-ANDT 4,38
¢ No Output Latch-Up at 20 V : SN554518 | Positve:AND 1} JP.L
c S L : SN554528 | Positive-NAND JP, L
‘.- High-Speed Switching - ‘ SN584538 | Positive-OR P, L7
- . : . . SN554548 Positive-NOR - 4P, L
ease-of-design SN754508 Positive:AND T N
. . ' SN754518 Positive-AND ) L P
e Circuit Flexibility for Varied Applications SN754528 Positive-NAND - L P
and Choice of Logic‘Function SN754538 Positive-OR T L P '
e TTLorDTL Compatlble Diode-Clamped SN754548 | Positive-NOR L.P
\.Ulnputs . +
A With ocutput translstor base conne:ted extema"v to
. Standard Supply Voltages - output of gate.
; descn pt| on

: Series 554503/754508 dua! penpheral drivers‘are a famnly of versatile devices designed for use in systems that ernploy
TTL or DTL logic. The 554508/754508 family is functionally interchangeable with and replaces the 75450 family and
Stk 75450A family devices manufactured previously. The speed of the 55450B/754508' family is equal to that of the

75450 family and a test’ to ensure freedom from latch-up has been added. Diode-clamped inputs simplify circuit design,
Typlcal applications ‘include’ high- speed logic' buffers, power drivers, relay drivers. lamp ‘drivers, MOS dnvers. line
drivers, ‘and. memory drivers.~Series 554508 drivers are characterized for operat:on over the full military temperature
range of —55 €10 125°C; Senes 754508 drivers are charactenzed for operation from 0° C to 70 C;

The SN554SOB and SN754508 are uniqué general purpose devices each featurmg two standard Scnes 541 74 TTL gates
and two uncommnted hlgh séurrent, high-voltage n-p-n transnstors Thase dnv:ces offer the sy;tem desngner the
ﬂextblhty of taalormg the cvrcu:t 10 the application. .

' The SN55451 B/SN75451B SN$54528/SN75452B SN55453B/SN754538, and SN55454B/SN75454B are dual
; penpheral AND, NAND, OR, and NOR drivers, respectively, (assuming positive Iogcc) with the output of the logvc gates:
|ntemally connected to the bases of the n-p-n output transistors. -
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SEHlES 554588/754508

DUAL PERIPHERAL DRIVERS

absolute max:mum ratmgs over operatmg free~aor temperature range {unless otherwrse noted)

SNesasB [ |Sn7s4518 ,
s ‘| $N554528 o | SN754528) ¢ -
SN554508 Snss4s3s SM754508 sn7sasag| ONTL
: , L ) SN554548 ~ |snysssas|
Supplv voltage, Vge (see Note' ‘l) L . . 7 7 7 - 1 v
Inputvoltage . - ) S ] ‘85 | 55 55 | 55 V..
“Interemitter voltage (see Note 2) L N 5.5 - 55 5.5 5.51 -V
‘Voe-to-substrate voltage L ) - 35 ' .35 T )
Collector-to-subdtrats voltage .~ . - o ' 35 K 35 2
" Collector-base voltage ) : K 35 ) 35 \'
Collector-emitter voltage. (see Note 3) E ] 30 30 v
Emitter-base voltage ) ! o 5 ) 5 -V
Output voltage (see Nota 4) R ’ ) 30 30 . \
Collector current {se2 Note 5). . - . 300 300 3 mA
-] Outputcurrent (see Nota ) .~ . o ] 300 w300 | mA
"Continuous total dissipation at (or below) } . o N
25°C free-air temperature (sse Note 6). } . 809 800. 1. 800 . 800.;, m :
,-Operarmg free-air temperature rsnge : ] ' —5510 125 |-5510125|. O 10 70 0 0 70 R ¢C -
‘| ‘Storage‘terperature range - . : © 7 |'-6510 150 |~65t0 150 [-65 to 150 |-65.t0 150|- °C " |
Lead temperature 1/16 mch from case 4,8, or L package | 300 300 300 B 300 1o
i for' 60seconds S ; : : . L S
.“'L;ac:‘;es:l:.e’:::ure ‘IIISmch from case N m P package” . 250 | | 26‘0“ "250 v :.? ‘, 260 . °c

1. Voltage valon arl with raspect to nerwork ground términal unlass o-harwiso specmad
2..Thisis xha volugo batween’ two em-rnrs ot a multipla-emitter transistor, ’
3. Thls value applm whm the! bau—omin« rn-mnce (ng) is cqual hd or less rhan 500

es of thom dual crrcqiu rnay :ondu:t rated currant sx"ul.sneousiy.v ! ’ aower ; over 2 shart

terval:imust fall within the conti ipation rating, i
atlon above 25°C - ‘freeair tampevatura refer to D-ssxpnvon Deta!mg Curva, anure 20 Thus ra:mg for Iha L packago
cqhiroi a-heat sin thak providos atharmal resistance from case 1o fras-air, Raca. o' not more than. 95 "CIW.

" -recommended operating conditions {see Note 7)

L ) _ _ o SERIES 554508 - -| SERIES 754508 | UN”‘
3 5o Cos e T . . ’ 4MIN. NOM  MAX | MIN - NOM  MAX .
Supply voltage, Vec - R L . 45 5 85 1475 .5 .525| V.
. Operating free-air’ ternperature TA R . . . =55 12 |- 0 . 70] °C

’ NOTE\: 7i‘ .For ihaSNSSdSOS ahd‘SN754503‘o'rﬂ'y, the substrata (pn 8)‘ must 3lw3ys ba at the most-negative davicev\r.ql’tago for q'vopgr”opar:atiér:\‘.

TEXAS l\' STRUMENTS

NOOHPORATE
POST OFFICE 80 a2 . :u.us ';-gs 75222

1043




f':,TYPE smsAsoa T
DUAL PERIPHERAL PUSITIVE-AND nmvzn

ﬁjﬁiﬁn@ﬁd{‘7

JOHN " i
DUAL-IN LINE PACKAGE (TOP VIEW)

. Vee

2y

112

za”»mjin -‘4
[nllwils|

Resistor values show

are nomi

GND

posmvalogu:. Y= AG (gate only)

C AG (gate and lrans-stor)i

electncal charactenstlcs ov r'recommended operatmg free-anr temperature range (unless otherwose no ed)

PARAMETER

'FIGURE

TEST

TEST CONDITIONS | -

LN - Tvet

MAX

uNIT

Vin

H-gh {evel input voltage..

LI

 ViL

"'Low-level input voltage .

08

Vi

« Jnput. clamp voltage*,

Vec =475V,

Ty =—12mA

-15

" VoH'

angh level output voltage

2
3
2

| 1oH = =400:A -

Veec =475V,

ViL=08V,

2.4,

33

VoL

pr-leyel oitput vqltago, .

Vee = 4.75 \/
loL= 18 mA

Vin=2V,

022

0.4

" inpiit current at maximum input voltage

Jinput A

. inputG -

Vge'=5.25 v ;

vy =65 Vir . B !

m |

: H,r'ghdevel input curegnr; t

input A

Cinput G

Vee = s.zs.ﬂ'/,

V=24V

‘lu;'

 Lowwlevel input current "’

input A

1 veg=525v,

V=04V

.mA

1os -

Short-circuit output current¥ - .

“input G

Vee=5.25 Ve

_»'.18.:'

mA 3

- ICCH

_Supply current, outputs-high

Vee =525V,

V|=_0v.

N .

mA

- fecu

»Supplv[cu‘r’red( dutputs Iow’

: 'All tvmul vaiues at VCC =5 V TA - 25 C

3No| mon than one output should b- shonad at a tima,

VEc = 5.25V,

1046
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i

TYPE SN754508
DUAL PERIPHERAL PDSITIVE-AND DRIVEH

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

output transistors

L .PARAMETER TEST CONDITIONS MIN TYP? MaX [UNIT |
V(sricso' - Coll Base Breakdown Voltage Ic=100pA, !g=0 ) 35 Do v
" V(BRICER = Collector-Emitter Breakdown Véltage | Ic = 100 4A, Rgg = 500 2 30 vV
‘V(BR)EBO®  Emitter-Base Braakdown Voltage lg =100pA, Ic=0 . 5 \
: Veg =3V, Ic=100mA, )
25
Ta = 25°C
Vee =3V, Ic =300 mA,
. ' Ta=25°C 3
heg Static Forwerd Current Transter Ratio |2 - See Note 8
. : : . Veg=3V, Ic=100mA, 20
Ta=0°C
Vcg =3V, I = 300 mA, 2
-Ta=0°C
j ‘ S Ig=10mA, Ic=100mA -, 0.85 1
\Y e-Emitter Vol See Note 8
BE Base-Emitter Voltage Ig =30 mA,  Ic = 300 mA 105 2] ¥
. ; v Ig=10mA, ic =100 mA 0.2 .4 s
» VCE(sat) Collector-Emitter Satur?tim Voltage | ': o mA. |g =300 : A See Note 8 0‘.: ‘ ?’:7 AY
. TAN typical valiesard 8t Ve =5V, Ta'=25°C: : o :
NOTE 8 Thess pai ors mvst be mi od usmg puls- tochmquo;. tw = 300 us, duty cycle < 2%.
‘ swntchmg charactenstlcs Vcc 5 V TA 25°C '
TTL gates’
AR A : TEST Lo N
PARAMETER : TEST CONDITIONS MIN' TYP MAX |UNIT
FIGURE |: . - S K : 1
PLH:; fow-to-high-level output et X ; Nt
— - Cy =15pF, Ry =400
Do Propagation delay time, . B - i -
tPHL . - 8 15 ns .
X high-todow-level output -
outpu-t‘tra'nsisloqs o
PARAMETER | TEST 1 TEST CONDITIONSE Ml‘N TYP MAX UNIT‘
. . FIGURE A X ,
t, “Délay ti ; , S
d cloy tme ic=200mA,  Ig(1).=20mA, 8 15 | ms
tr Rise time . 12 20 .} "ns
—— - 13 Ig(2)= —40mA, Vgg(otf) -1V, -
tg Storage time C‘ =15 oF Rl =50 7 15 ns
1y Fall time L= e L 6 15 | ns
tVo]tage and current values shown are nbmina!i exact values vary stigntly. with transistor paramefefs. '
gates and transistors combinied .
; ‘ . TEST R T
FAHAMETER TEST CONDITIONS MIN.- TYP MAX|UNIT
o FIGURE : Lo, e
i pLH Propaganon delay-time, low-to-hngh -level output ‘ 20 .30 | ns
.- tpHL .. Propagation delay time, high-to-low-level ouput 14 Ic = 200mA, C = 15pF, . 20 .30 ns
LA . Transition time, fow-to-high-level output *[RL=500 7. 12 | ns
tTHL  Transition time, high-to-low-level output L . 9:: 15| ns:
Co e o Vg=20V, Ic=300mA, S ‘
VoK Highilevel out;}autvo!‘te'age ?tter switching 15 R:E R 500 ¢ C vs—s.? . mV
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PERIPHERAL DR!VERS FOR
HIGH VOLTAGE HIGH-CURRENT DR!VER APPLICATIONS

v300-mA Output Current Capablhty Cee SUMM‘:\R}' 12?:'5: 55aso/7
e .High-VoItage Outputs R || DEVICE -COMPLETECIHCUIT PACKAGES
T ' oo SNB5460 . ANDT ) ova98
- - No Output Latch-Up at 30 V . YT/ T v B
. -,Medtum-Speed Swrtchmg Lo - - |_SNs5462 NAND " WP, L
o L ‘ e - | SNss4e3. | - OR- B BT
L easeoof-demgn D ’_ N | _SNs5464 NOR - .. |:.JP L.
: : FARN ’ 3 : .. |.8N75480 S ANDY U F AN
Crrcurt Flexlbmty for Vaned Applucataons .| 'SN75461 - AND.: ik P
. and Chonce of Logic Function . o SN75462 | - NAND . | LR o)
: : SN75463 | .. OR . | L,P
. TTL or DTL Companble Dlode-Clamped sN7sae | NOR e

'Wuh output translnor basa -:ormacnd cxnmally to
output of gate ‘

. ‘ Standard Supply Voltages

d“ 'scrlptlon

rsenes 55460/75460 dui per pheral drwers are functlonally lnterchangeable wuh Senes 554508/754508 penpheral
drivers, but: are desrgned for ‘usé in- systems that require’ hugher breakdown’ voltages than Series 554503/754503 can
prowde at the expense: of shghtly slower: switching: speeds Typlcal applications include logic buffers, power drivers,

i operatlon over the full mllltary temperature range of -55 C-to 125°C Senes 75460 drwers are charactenzed for
opeération from 0° Cto 70 C.. NS - o

’ b ) The SN ) 460 fd SN75460 are umque" eneral‘purpose devu.es each featurmg two standard Series 54/74 TTL gates and
e two uncommntted hrgh current, hlgh voltage, n- p-n transistors. These devuces offer the system deslgner the flexrbmty of
P taulorlng the curcun to the apphcatlon P . : ; : '

: "The SN55461/SN75461 SN55462/SN75462 SN55463/SN75463 and SN55464/S\\7:484 are dual penpheral AND,
- NAND OR; and NOR drwers respectwely, {assuming positive . Ioglc) wrth the output of the Iognc gates mternally L
“ _coanected to the bases of the npon output transistors. D : e Co

comems AT { L PAGE

e Mammum Ratmpand. om ded C,. Condrtrons e el PR Y 10-68:
Dofmmvo Spocmatlons ) S : L o

“Type SN55462: .., "

Typa SN75462.. .
v Type SN55463. ..
Type SN75463 ;"
" Type SN55464,

y TypoSN75464‘ IR
B- c Test Cm:uits ISATNETER

_TENTATIVE DATA SHEET
o Tm, dociment. prov.dns tantative mforman N
L% e product Texas 1nstruments” reserves . -
R rught 1o change: spo-c-hcauons for “this . -
; ,- Jd.uct m any m:m Var wnhtn.n notoce_ " .
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' SERIES 55460/75450
DUAL PERIPHERAL DRIVERS

: BULLETIN NO, or.snuzoss SEPTEMBER 1973 ¢

“-rélay drwers, lamp drivers, MOS drwers, line drivers, and' memory' drivers. Series 55450 drivers' are characterized for -+~
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SERIES 55450/75460 ;
DUAL PEBIPHERAL DRIVEHS

' ahsolute maximum ratmgs over operatmg free-aiv temperature range (unlass othervwse nated)

$N55461 - SN75461
SN55462 - | sn7s482 |
SN55460 SNES5463 SN75460 SN75463 UNIT
‘ . : SN55464 .- | sn7s484 _
Supply voltage, Vee (see Note 1) . : 7 7 LT 7 AY
Tnput voltage 55 5.5 §5 .| 55 v
Interernitter voltage (see Note 2) - 55 5.5 55 | . 565 |
Vce-to-substrats voltage - . : . 40 | 40" v
Collector-to-substrate voltage _ : ‘ - 40 : 40 v
" Collector-base voltage : 40 40 v
_Callector-emitter voltage (see-Nota 3} - C .- 40 . L) Y
Collector-emitter voltage (see’Note 4) L 25 ) : 25 Vv
Emitter-base voltage ' . ' 5 5 . [V
Output voltage (see Note &) ’ : . : 35 R . .35 \
Collector current {see Note 8) - . 300 .300 - B mA’
| .Output current (see Note 6):- . : 300 o 300 mA
o ”Co:tmuous total dmvpanon ator below) v ' 500 200 ‘800 " boo W
w0 ]725°C free-air temparature {see Note 7) ; B B
Operating free-air temperature range : o —5510125| 5510125 | 01070 01070 | °C
‘Storage temperature range B . . —65 to 150| —65.t0 150 |65 t0-150 [ -65 t0.150 x’(\,‘, : )
L TSNS [ [ s e | w0 | o | wo | ww |6
Lead temperature 1/16. mcf\ from case ‘ ‘N or P package 260 | 280 e fﬁd' | e ]
for 10 seconds : Lo . S SO Sl C

. antagn values are wu:h respect to netwark grouﬂd terminal unless otherwise spec-f.ec
. ‘This is.the voltage betwaen two emitters of a multipi2-emittar transistor,
3. This valua apphas when the base-emitter resistance {Rge) is equal to or Jess rhan 900

NOTES: " 1
3
‘4, 'This valun applms buwaan 0'and 10'mA collector currant \whan the base- -emitter dcoo= is opan cm.uuad
5,
6

."This is. tha maxlmum volraga which should be applied t0 any output when it is in the off state. .

. Both ‘halves of thm dual circults may conduct ratad current simultaneously: howaver, powar dlsslpatlon avaragad over a short
. tima interval ‘must fall within the continuous dissipation rating.
7.. For :oparation. above 25 C frae-air tamperature, refer to Dissipation Derating Curve, Flgure 16 Thrs ratmg for the L’ packaga
L reqmrn a heat smk that provndes a thermal resistance from case to free-air, Ry A, 0f not more than 95 °CIW.

recommendéd operating conditions (see Note 8)

SERIES 55450 ' | 'SERIES 75460

4 UNIT

, v LR ‘ B MIN NOM ™ MAX | MIN. .NOM MAX
‘Supply voltage, Vog - . ) | .45 & 655|475 . 5. . 525| W
_Operating'ree-air temperaturé;.TA . o ~55 125| .0 770.] *C

NOTE 8 For the SN554508; and SN754503 only, tha substate (pin 8) must a'ways be at the mbsr-negarivn deice vo'ltaga tor propar. |

operation.
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TYPE SN75451
‘DUAL PER!PHEHAL POSITIVE AND DRIVER

~ schematic (each driver)

logic

. L ‘
. PLUG/IN PACKAGE (TOP VIEW)

ip‘V
DU“L-IN L'NE PACKAGE ('rOP VIEW’

. FUNCTION TABLE

A B Y .

L L |L (onstate) :
‘L H | L (on state) R
H L |Llon state)

H ‘H, H (oft :tate)

"M = high level, L = low leval

' CONTACT

PINZISIN
. ELECTRICAL

WITH THE CASE

o vec 28 23 3y

TEST :
‘ o PARAMETER ) :FZIGUfRE ‘ » TEST COND!TIONS NIT.
H-gh-levol mputvoltage LT ol vn
Vi, - Low-level input voltage 27 . B R EIRE
V. Inputclampvoltage . . B | Vec=4.5V, W=-12mA - 12 15| V
loH ﬂiéh-!gvel'mt?uk curlen‘t.. e 7 ::gi:z;s\"v V‘H =2 Y.v - 100 uA
S B Vec =478V, Vi =08V, PR
Ce S lou=100ma .. . Lo
VOLH Low-level output volxége. . o 7 Voo s 4."75 V. VL =08V, — - . '
T | ioL=300ma - N
I Input current at maximum input voltage: 9 |'Veg=5125V, V=55V T T ] ma
1)y - Migh-level input current - 9 Vec=5.25V, "Vy=24Vv . . . . 40| gA .
WL  Low-level input current. 8 Vee=525V, V=04V | . -1 -16| mA
. ICCH -Supply current, outputs high o | Vec=525V, V=5V~ -7 g 1] mAlf
IccL Supply current, outputs low Vee=525V, V=0 T .81 78 mA
'All lypncal values are at Vge = 5 V TA = 25 c. )
swnchmg charactenstlcs, Vcc 5 V TA 25° C
. pARAMETER © | TEST TEST conDITIONS ~ |miN Tve max|uniT
o A “lriguRe | > MAX | UN
‘tpLH Propagation delay tim}e;ﬁldwto_-highqeve! ouput ' 45 . 55 ns
| tPHL Propgation delay time, high-to-low-level output e o= 200 mA, ! CL = 15 pF 30 40| ns |
tTLH Transition time, low-to-high-level output . RL =50 Q 8 20 | ns .
tTHL. Transition time, high-tolow-level ourput. L . R 20 | ns
VOH _Highilevel output voltage after switching - 15 Vs=30V, lg=~300mA v

INCORKPORATED

1098
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FEATURES

Versatility: Provides Transfer Characteristics of Sevaral
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 V.
€ =—

V.
9 ’(vx

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

m
) , 02<m<5.0

When 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 2 maximum output error of
0.25% F.S. (433B). The allowable input range for the three in-
put variables is 0.01 to +10V, for which there is a typical error
of £5mV %0.3% of the theoretical output voltage for model
433J,and £1mV %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 compriscd of log and antilog circuits inter-
connected as shown in Figure 1. The log ratio circuit provides

Irfermation furnished by Analog Devices is believed 10 be xzurate
and reiladle. Howavar, no responsibility is assumed by Ans:og Cevicas
for its use; nor for any infringements of patents or othzr rights of th -g
part:zs which may result from its use. No license is grantad by imp'iz3-
tion o otherwise undar any patent or patent rights of Analog Davices,

Programmahle
Multifunction Module

MODEE: 4331 F/B:

Dt T

A ¢
| -] e A
RATIO L
!O——l——-' B
v+ s

*Two external resistors connected here for

progr ing m. Jumper A,8,C
as shown for 21 = 1.0.
T e e T T T wene
zo—'-—

mang

S, (v
ssvels

nes

S —

Figure 1. Functional Block Diagram

the log of Vx/V, 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
10 v,y ™
Co = — Vy ('—
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: 617/329-47C0 TWX: 710/394-6577
West Coast Tel: 213/595-1783
Mid-West Tel: 312/297-8710



o SPEﬁ ;lic,ATlﬂﬁS (typlcal @ +25°C and +15V un!ess otherwnse noted)

vs Temp (0-to. +70°C)

' »'10 005%/ C

433] . 433B
* - Transfer Function: Rt ed‘.i + -!90_ Vv - '
- Rated Output' 410, SV e SmA min: %
Input —
Slgnal Range L 0 <vx. Vg, v, <+10\ *
" ‘Max Safe Input =~ Ve Vy. A <iISV *
Resistance . - ‘ .
‘X Terminal . .7 100kS2 tl% .
Y Terminal . 90k £10% *
.. ¢ Z Terminal. ST 100kﬂ +1% *
'Externa] Acﬁnstmem of the _ E
Exponent. <m< R .
Rznge fot m<l (Root) : 1/5 1 m s Rz L
Ramgeform>1 Powe 1 <m<5,m = 5133 .
SRR A (R1+Rz)<zoon .
"-Atcuracy (Divide Mode)*'”
- Total Output Error @ +25 G . _
* - (for specified input tange) ) R ’ : '
. Typical (RTO) iSmV '-tO 3% of output © *ImV to 15% of output
- ..“Max Error (RTO)' *50mV: , £25mvV
o '.lnput Range (Vz <Vx) . 0.01Vito 10V V, he o
o OIVtOIOV vx : T
R Ovcr Spec:ﬁed Temp. Range % 5 1% max -
4 Output Offset Voh:age ' '
. (Not Adjustable) i . . )
Initial @ ¥25°C. 5my. $2mV max
o+ Offsetvs Temp. tlmVl° c “+1mV/°C max
Nose, 10Hz to 1kHz , ; S
' 7 =+10V : o '1'00#\’ rms e
‘ ,.A'soo;;y ms. . >
Small ngnal (-3dB). 10% SN i
ofDC Level' . Vy orV, RPN o
: - 1ookuz N
. 50kHz * *
SkHz ' .
: Y. . Y. o _400HZ . L o )
 Full Butput (vy or vz = svnc- (Vx) x (SkHz) s
:t5VAC) S o
*Refcrence Terminal Voltage ' S
Vet (Internal Source) 49 OV ts% @ imA :

: Powcr Supply Range
. Rated Performance
"-Operating :

' .txsvoc @ lOmA L

Tempcrature Range .
~ “Rated Performance

(12 t0 18)VDC -

00 +70°C

' 225°C 10 +85°C

. Storage o ';"-,5-5,‘?c to +1zs°c ‘ -55°C 10 +125°C
Mechamcal . :_ :
- Case Size 1, 5"xl 5"x062" C *
Mat:vng_ Socket ,AC1038 o .
Price . ) ,
(1=9) $75. $87
(10 24) ‘877

’Sar"e spccnﬁu anons as 433]

. " Terminals shore circuic proxectcd to ground'

" ? Acciiracy is’ specified in dividé mode which'is a worst case condition.
Input-range is 10mV. to lOV for specnfed accurac) when connected.

- as'a multiplier. .

3Eroris defnmd as the dxffercnce between t.he mea.surcd output and -
: zhe theoredcal outpur for any given pair of specnﬁed input \olugc‘

: Specnﬁut-ons subject to change wuthouc notu.e

OU'I LINb DIMENSIONS

Dmn.nmms shown m m\.hcx md (un)

-<-- 1. 50 (3 at)-—-..

,T’
|02 max.

‘~ ;_LH 53)

—4 |<-o 04 DIA

0.20 t0025 (1 02 rnm)
05woed
F= ;;;L: i if'rfi:i—
-——11oﬁss—--~:v's§-: L
_fEeovtrreome-a— |
RO vsoa T 50 (381)
-80AFOuTO-2i— T T
[ IRTY NENE NS S
. Bottom Vnew g' """0 10 GRID
Matmg Socket AC 1038 (‘,0'25) -
$3 00 (1—9) : :
wmmc CONNECTiOhé

Bottom View Shown in All Cases

DlVlDE MODE m=1

. —
S|———Q+Vs
. 4p——o0com -
1}
'IA...',-.wvziv'x S L
POWERS m)l 2
) .ﬂl'(a 'R)l ‘nA.‘ '
ELEEE
= R sk~——0rvsl.
fio S a+—o0—
19 . a3z . 3OV
1e =0 ¢
7 1y’
,' L '
‘o -?—Vv( )
vROOTSm o
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" -CONVENTIONALD 1%
MUL TIPLIER/DIVIDER
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3 | EXTERNALLY mms-so »

; rooess - L :

2 150 - . )
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2 .
5 .
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g MODEL 433 WITH' MO : B )
> 50 EXTERNAL TRIN )

T - T T
DENOMINATOR INPUT Avmh

Flgure 2. Comparison of Divider Error vs. Denominator Level
for Model 433J and a Conventional Mult./Div.

410

#10}-

+0.1

INPUT VOLTAGE (Volts) -

1

100 *® w0k )
‘ : 'BANDWIOTH (Hz) . [

F:gure 3. 433 Small Signal Bandwidth’ '/ Input Voltage

AT
o

+0.01

100k

TTOUIPUT (Vahis)

INPUT (Volts)

"10.0

’_ BW = 10Hz to ‘lkHt

F:gure 4. Varymg the /( ponent m.

10

l

1. . . l 300aV
' C ome - — - I

0.1 o0k : \cﬁ"

: . ) oo “ l €0.V |
o ! ‘
0.0 . T

- p 7°
0.03 0.1 032 / 10.. 32 .10

OUTPUT NOISE (mV rms}

DENOMINAT(R (Voml

Figure 6 Model 433 Ngse vs. Denom/nator
for Various Exponents m..

MODEL 4:%8 0. 25% DIVIDER WIDE. DY\IAMIC RA\'GI:
Probably the most impressive pcrformance lmprovement owing
to model 433’s log/annlog circuit approach, is its ability to -

hold high divider accuracies ovu' a wide 100:1 input sxgnal
range.

When using a conventidn‘al multiplierldividc'r asa dividcr accu*
racy, offset drift, and noise performance are all degraded asthe
denominator is decreased.

For model 433, accuracy, offset drift, and noise performance
are all virtually independent of denominator level as illustrated .
in Figure 2 and this performance is obrained with no cxtcrna.l
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 decreasmg from
- 100kHz for a 10V input to 400Hz for a 10mV i 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 a2 5VDC level
is 50kHz for the multiplier, and Vy x 5kHz for the dmder

VARYING THE EXPONE\IT m o
Presented in Figure 4isa family of curves whlch illustrates the

“effect of varying the exponent, 7. All curves have beenscaled

for the full scale output of 10V by reducing the 433’s transfer
equation to €g =10 (Vz/Vx)™. For applications where a con-
tinuous variation in 7 is desired, connections should be made

‘s shown in Figure 5C. Model 433 features v very small accuracy

changes (=0:1%) as nt'is ad]usted over the entire rangc from
0.2 to 5.

1250

A)m,‘<1 Blm>1

Om=02t50
Figure 5. Resistor Programming for the Exponent, m.

Various values of 7 are programmed by two external resistors,
Rj and Ry. For values of m <1 resistor connections are made

“to terminals, 1, 7, 8 as shown in Figure SA. For values of m .

> 1, see.Figure 5B. Form =
together

NOISE PbRFORMA\ICE

The curves shown in Figure 6 are for ourput noise vs. signal
level:in a.1kHz BW for worst case conditions. These conditions
exist when Vy is equal to 'V; and is varied over the specified

1, connect _terminals 1, 7 and 8

-~range. It should be noted that for 0.1V inputs the effective

gain is 100. To retain the full performance capability of modél

- 433, all external noise sourccs should be isolated from the i in-

put terminals.

“An exceptional advanmgg of thc. 433 over other means of

‘dmdmg is revealed by these curves. That feature being that

' noise is virtually independent of signal level. For a 100 1 sxgnal
level change of the denominator, the output noise is changed

only 3:1. Division by using a mulnpher in the feedback loop
exhibits a 100: 1 ‘incréase in output noise for a denommator
signal level change of 100: 1.

-3
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’ »f - "",‘v,‘"- 16maV 1010V, Vs :.ttmv‘«»:wv ‘,’ cL0
'Figure‘Z D'ivide'r" B
thn connected asa dwxder as shown above; the 433 has less
than %% error (50mV) for input signals from 100mYV to 10V.

- Output noise; offset drift and accuracy are all virtually inde-
' pendent of signal level and no trims are required.

Vegpl::

zsn'

ADJUS!'

Figure 8. 'Trahsduce'r 'Liﬁearizatian :

A transduccr s output may be linearized by unhzmg the'433
‘asan exponentiator. In the example above, a transducer is used
- toconvert a force, F, to a voltage, V. The desired relatnonshnp
- 'being V directly propomona.l to F;ie, V CF where C is
constant.

ST = N ..

3 B . o i L Rt
Vi o - %"\ Val
“0to-10V S

F/gure 10 True HMS s

By comblmng the 433 with 2 simple filter, using an external
op amp as shown above, the true RMS value of a one quadrant
input signal may be computed. ‘Accura&:y is not degraded by

- crest factor, prowded the maximum input is 10V or less.

The actual output for. tlus example is propomonal toF, but is

* a nonlinear relation which can be approxxmated by CF 1722
Connecting the 433 as shown w1th m=2.2 prowdcs the desu‘ed
o relatlon of eg = CF. ) |

433) EAROA=ESMV S0 3% €

Vz. ) : ' "433'

: " eg= 1oV '
. T——'Q . ’ ! N

Figu're 9.  Square no'a'tt el

: o o e 108
L G 2Da8T Y e AA g
. l . R . .
EN- e B . ! l:h B N . K -
. 254 .5'-’15 433 - 2 T ar> Vi VAT o vyt
‘ . G | .
. . W * Ce
r—/ s
‘ ) <
Ve ¢V, 4 - S 10 A
1 ) ; A , N ;
(I : o .
V3 O 4 - ’ .
Vemy Wadiva? v __L_rwc Va)
2 a2 ays? Ve +V i
. Vet =Vat vy .
Va?=ve?sva? : Va2 :
) ) ; +
Vale e S VaiVE 4 Vgi c* Vervg TV

The 433 output is apphcd 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 of SmV +0. 1% of reading may be aclueved over an
input range.of 500:1.

F/gure 11. Vector Camputat/on Vc = \/ VA2 +Vg?

The vector computatlon circuit shown in Figure 11 dlustratcs

The square root of a smgle variable may be obtamed with no -

external components when connected as shown above. Noise,
performance is even better than that for the muluply or
dmde mode.

' Further derailed applications information on model 433 is pro-"

the extreme \ersatdlty of model 433. Used with two inexpen--
sive-op amps the 433 is used as a basic building block, which

in this case, provldes the square.root of the sum, of the squares. - -

This apphcauon is.based on'the xdentlty for the dnfference of
squares. The derivation is shown by the equatlons above and
the final equation for Vy 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 +10V.

The usefulness of model 433 e‘ctends beyond the lllustratwc
examplés shown above. Model 433 may also be used to gener-
ate basic trigonometric functions (sine, cosing, arctangent).

vided in the Nonlinear Cll‘Cl.IltS H.mdbook pubhshcd by
Analog De\ ices. ‘ :

YT rI=8=vzrvo
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- }Operatmg Temperature .

GENERAL DESCRIP’I‘ ION

. The AD7501 is an 8 channel analog mulnplexer which switches

- one-output to one of 8 mputs depending on the state of 3 bin-
ary inputs. An “‘enable” control allows for disconnecting the
output regardless of the digital i input states. The AD7502 is

~ . identical to'the AD7501 except it has 2 outputs switched to

’ two of 8 mputs depcndmg on2 bmary mputs

ORDERING lNFORMATlON . . :
0-475°C . AD7502]: 0-475 °c
T s . i AD7502K ’0 +75 °c’
—+IZS C AD75025 -55°C - ,+125 °c
PACKAGE VERSIONS """
~ Suffix “D”:.‘Ceramic Dxp
Sufﬁx “N” Plastlc Dlp ‘ _
-ABSOLUTE MAXI.MUM RATINGS : o
VDD (tO Gnd) . b e A +17V‘
. Vsg=(to Gnd) el e ":'71‘7_v .
~ Switch Voltage (to VSS) e *2TV
.Switch Current - . -10mA.

Digital Input Voltage Range . - Vpp. to GND
Power stsxpanon (package) ‘
up to +75 °c

O . as0mw
- derates above, +75 Cat L

: smwi°C
-55°C to +125°C

Storage Temperature Lo e

. CAUTION: SRS PR -
* 1: Donot apply voltages hlgher than VDD and Vss on any

_other terminal, especlally when Vss VDD oV all other -

- pins should be at OV .
- 2. The dlgltal control i mputs aré-zener protected However,
- permanent damage can occur on unconnected units under
" high energy electrostatic ﬁelds Keep unused umts in con-
,ductlve foam atall umcs o ‘

BONDlNG DlAGRAM |
80 Mt = e

-gggnmumm

T 16 5.1 13

$7 MILS

9 n

Elf]

L:lf' :

ac

l:l-'

El |

) lnformatlon furmshed by Analog Dewces ‘believed to be accurate .
and- reliable; However, no. responsibility -is ‘assumed by Analog Devices
for its use; hor for any . infringements of-patents or 'other rights of third
~-parties which ‘may result.from its use. No license:is grantéd by implica-
tion .of -otherwisé'under any. patent or patent rights of Analog Devices.

65 °C o +150°C o

FUNCTIONAL DIAGRAMS

= '3 o

L o . :n A2 S oA
- AD7501 ) G ‘ .
: Vopod L ] R E—
' v ““” L.“hqor;41o¢mos LEVEL TRANSLATOR J
) SR S S Y A M |
l: "'DECODEM / DRWER ..~ .. - ] ]
N T e S e W P s
m{i{%{%{ﬁ‘
W"se @ eo ia 5% s 52 sLu
. Mo A
AD7502 Vool 1 l -
S e T orv-cMos LEVEL TRANSLATOR
Cemped T T 1T
e Y TH pecoem s omven G
Vewod Lt T M E
" Rttt
¥-a X
Rl e e [
R b4 PSRN
' OUT 'S8 "S7. S6 §5 S4 S$3 S2 - 81 OUT .
C s - K 14
TRUTH TABLES
e AD7501 e AD7§02"' .
A Ay ‘Aof'»EN_:oN' ’ Ex ' ON. - ‘
L L. L H. 1 H 1&S5'
L''L H H 2 CH2&67)
L H L. H. 3. H 3&7) .-
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Ron

Row vs. Vs

:ON,‘

Ron vs. Temperature

. lour

i

‘Hour-lsl o
DIGITAL CONTRQ

Tive
. DYNAMIC
. CHARACTERISTICS
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L AD7502

'OFF
Cnmmercxal OFF

OFF

Military __OFF

Vu:n.- g

: ,AD7son '

ViNg

Iy
or

Ton

Torr.
Cs

, Covr
- CsouT -
’ Css between any

RICE 11-49)

' AD7501K

‘_ 5 Mlllta,ry

Commercnal

“ORE T
OFF -

OFF

) AD7501]D/AD7502JD
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ANALOG

PR ELIMINARY DATA SHEET .

FEATURES : ey
Ron Coson
Power Dtsscpatlon 1.5 mW.

*. TTL/DTL/CMOS Compatlble
Break Before Make Swntchmg :
~ Silicon- Nltnde Passwatnon
: Replaces DGSOGIDGSO7

GENERAL DESCRIPTION . . ‘ ‘

: ~The AD7506 is a monohthtc CMOS 16- channel analog
B mulnplexer packaged ina 28- -pin:DIP. It switches a

‘common output to one of 16 inputs, dependmg onthe

'state of four address lmes and an “enable” The AD7507 :

o »snhcon/mtnde passwated featurmg mcreased Stablllt}
:and rehablhty »

ORDERING INFORMATION ' SR
 _AD7506] @ 0°Cto +75°C

. AD7506K i L 0°Cro+75°C

-~ AD7506S . . =55C o +125°C
. AD7506T. - +=55°Cto +125°C
© . AD7507) .t ©: . 0°Cto +75°C
- AD7507K - : : 0°c to +7;°'C
©UADTS07S. e =55°C o +125°C
g .'_AD7507T A e '—55 Cto +1°> c

PACKAGE VERSION S

R Suffné “D" 28 pm Ceramlc DlP
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H!=S0% " - A3L—-‘ ’ QA:_ . ”IV.597 Nel 7 . ‘—JAZ

) ,lnformatlon furmshed by’ Analog Devlces |s behevnd to be accurate and

- reliable. However, no responsibility is assumed by Anaiog- Devices for -

its_ use; nor for any infringements of, patents or other rights of third’
,~‘parues whlch may -result from _its* use. -NO license is granted by
: pmphmt:on or’ olherwzse under any patent or patent nghts of Analog

: Devn.:es

L AD7507

TRUTHTABLE R
- AD7506 - -

DEVICES 8 and 16 Ghannel Analog Mulhplexers

GMOS

ADT506/ADT50

"EN. A2

A2 A' AO

AD7506 —T—t Attt
, :’3?\,,'""  YTL/OTL TO CMOS LEVEL TRANS. I
L B E N O
aNp>— ' DECODER/DRIVER. 1 )
AL C L
. 4
OUT - S 816

—_ T'" [

r\;\\|\4

Vpp (to GND)
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I o I NS SR SRR ST
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Digital Input Voltage Ra »nae

Switch Current

To +70°C
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- Storage Tcmpcrature

AD7507
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RIEEE IS
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(CATIN

o

i ABSOLUTE MAXIMUM RATINGS" :
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—65°C to +150°C
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