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ADIOS - Analog-Digital Input
Output System for Apple Computer

G. Weinreb and S. Weinreb

I. INTRODUCTION

ADIOS is a general purpose analog and digital input and output system for

use with the Apple II Plus computer; a block diagram of the system is shown in

Figure 1 and photographs of the ADIOS hardware and a complete Apple laboratory

computer system are shown in Figures 2 and 3.

The system provides two .01% accuracy analog inputs denoted as AIN and BIN,

two 16-bit accuracy analog outputs denoted as COUT and DOUT, six 1-bit TTL logic

level digital inputs, and a 16-bit digital output which can be routed through an

8-bit bus driver, a 4-bit relay driver, or two solid-state relays. Three of the

digital output bits can be used to control an 8-channel multiplexer on the BIN

analog input. The hardware and software aspects of these functions are discussed

together for each analog and digital input and output in subsequent sections of

this report.

The A/D conversion is a slaw integration method rather than a fast sampling

type of conversion; the intention is to achieve high precision by averaging of

noisy inputs. The integration is performed by counting Of voltage-to-frequency

(V/F) pulses for a duration denoted as COUNT time which is software controllable.

After each integration the V/F pulses are not counted for a duration denoted as

BLANK time which is also software controllable. In normal operation the ADIOS

output analog and digital variables change near the beginning of BLANK time and

transients caused by the change of these variables should decay before the

IOW
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COUNT
TRFR

Fig. 2. ADIOS components - Apple I/O card and main module. The
I/O card contains signal isolation drivers and a socket
for a ROM containing future utility programs. Within
the module are power supplies, V/F converters, counters,
D/A converters, digital output drivers, and control logic.
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Fig. 3. Apple system on laboratory cart with ADIOS module on bottom
shelf. A typical measurement of noise and gain of a microwave
amplifier is displayed on the screen.
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next COUNT time starts. The lower limits for COUNT and BLANK times are software

dependent; practical limits are of the order of 100 milliseconds for a BASIC

program. The maximum duration is approximately 65 seconds.

Before ADIOS can be used it must be initialized by a subroutine such as the

machine language program, ADIOS INITB, described in Appendix 1. The initialization

subroutine sets the values of COUNT and BLANK and also directs a programmable

integrated circuit, the AM95I3, which performs all counting, to the desired mode

of operation. The subroutine is loaded from disk and executed with the following

calling program:

310 REM NEXT INITILIZES A/D INTERFACE AND SETS UP INTEGRATION CYCLE
320 60SUB 7000: REM POKE COPY OF ADIOS—INITB
330 REM BLOADED 85 = $55 BYTES IN 7986 = $1F32
340 COUNT = 400: BLANK = 80
350 CS = 10 / COUNT
360 COUNT = COUNT / 10:BLANK = BLANK / 10
370 CH% = COUNT / 256: BL = BLANK / 256
380 REM NEXT LOADS COUNT AND BLANK TIMES INTO ADIOS
390 POKE 7988,COUNT — 256 * CM: POKE 7989,CH%
4ee POKE 7990,BLANK — 256 * MA: POKE 7991,BLA
410 CALL 8018: REM STARTS ADIOS

To change COUNT or BLANK, change line 340 and then execute lines 340 thru 410; to

restart after removal of ADIOS power, execute CALL 8018.

All of the Apple address locations associated with ADIOS are summarized in

Table I. It is assumed in this Table that ADIOS is plugged into peripheral slot 3

of the Apple; if slot N is used, substitute N+8 for the third character of the hex

address (=B for N=3) or add 16(N-3) to the decimal address. These addresses may

be accessed by machine language programs (i.e., ADIOS INITB) or by BASIC programs

using PEEK and POKE. Analog and digital output are accomplished by POKE'ing

bytes into the appropriate registers; the details for doing this are discussed

in IV and VI of this report. Digital input is also accomplished in a straight-

forward manner by PEEK'ing at address 49335. Analog input is slightly more

-7-



4325 REM NEXT PROGRAM LINES READ ANALOG INPUT COUNTERS

(See III for details)

4400 RETURN: REM COMPUTER MAY NOW DO OTHER TASKS BUT MUST RETURN TO
4250 BY END OF COUNT TIME

Five indicator LED's on the ADIOS front panel indicate the status

initialization and synchronization. The large, green COUNT/BLANK LED is on during

COUNT time after ADIOS has been initialized. Four other indicators, TRANSFER, MISS,

DEAD, and WAIT, will function only if the program contains the following lines

involving the CALL and MISSED DATA bits which are internal AMD9513 flip-flops

accessible through the AMD9513 data register:

REM NEXT 4 LINES SET UP CALL BIT TO OPERATE STATUS INDICATORS
POKE 49342,20: REM ADDRESSES 9513 HD4
ZZ = PEEK (49334): REM DUMMY PEEK TO ADVANCE 9513 DATA POINTER
POKE 49334,174: REM SETS CALL BIT HIGH
IF PEEK (49335) < 128 THEN 4500: REM IF DATA READY BIT IS ZERO
PREVIOUS DATA WAS MISSED

(Followed by WAIT statement and I/O lines previously described)

POKE 49342,19: REM ADDRESS 9513 HD4
ZZ = PEEK (49334): REM DUMMY PEEK TO ADVANCE 9513 DATA POINTER
POKE 49334,168: REM CLEAR CALL BIT

4205
4210
4220
4230
4240

4370
4380
4390

REM TURN ON MISSED DATA LIGHT
POKE 49342,18: REM ADDRESS 9513 HD1
ZZ = PEEK (49334): REM DUMMY PEEK TO ADVANCE 9513 DATA POINTER
POKE 49334,172: REM CLOCKS MISSED-DATA ONE-SHOT
POKE 49342,18: REM ADDRESS 9513 HD1
ZZ = PEEK (49334 ) : REM DUMMY PEEK TO ADVANCE 9513 DATA POINTER
POKE 49334,168: REM CLEARS MISSED-DATA CLOCK
POKE 49335,0: REM SET DATA READY BIT
GOTO 4250

Lines 4210, 4220, 4510, 4520, 4540, and 4550 are Obscure code necessary because

of a quirk of the Apple POKE statement and also the 9513 addressing system. The

Apple POKE command causes a PEEK followed by a POKE to be executed; the PEEK

•

4500
4510
4520
4530
4540
4550
4560
4570
4580

- 10 -



causes the 9513 to advance its data pointer register. Thus a lower 9513 register

must first be addressed to POKE into the desired address.

With the inclusion of the above l . es TRANSFER for ^.5in qFER lights t seconds after

each data transfer, MISSED DATA lights for 0.5 seconds if an integration is not

read by the Apple, and WAIT is on while the Apple is waiting for the DATA READY

bit.

III. ANALOG INPUT

A block diagram of the analog input system was given in Figure detailed

schematics and data sheets are included at the end of this report.

Inputs AIN and BIN are through front-panel BNC jacks or connector pins

E30-33 as described in Table II. Inputs to BIN may also be through an 8-channel

differential multiplexer with pins El-l6 as described in Table II. The multiplexer

is addressed by bits 5(LSB), 6, and 7(MSB) of the digital output byte, address

49333. Input resistance is 1000 megohms differential and common mode for inputs

in the range + 14 volts. Common mode rejection is > 75 db for common mode voltage

within + 10 volts. The inputs are protected against overvoltage.

The full scale range of the analog inputs are controlled by two internal

switches (see location drawing) for each input as follows:

SWITCH SWITCH V/F LOWER LIMIT V/F UPPER LIMIT
Si or S3 52 or 54 0 HZ 1 MHz 

OPEN CLOSED OV + 10.000 V
CLOSED OPEN - 10.000 V + 10.000 V

(The switch lever should be pushed towards the red dot for positive-only

operation.) Thus each mode requires a different scaling in the program to

convert counts to volts. The zero drift for the bipolar modes is typically

0.6 mV/°C and is much greater than the 0.01 mV/°C typical zero stability of the

0 to +10V range.
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ENABLE

B+RELAY
1

DO8

DO9
RELAY DRIVER

D010

Doll)

GROUND

D011 RELAY -

D011 RELAY +

DRIVER

TABLE II - Pin Assignments for Front-Panel Connectors

E is Male - Cinch DC-37P F is Female Cinch DC-37S

E2

E4

E5

E6

E7

E8

E9

E10

Ell

E12

E13

E14

E15

E16

E17

E18

E19

E20

E21

E22

E23

E24

E25

E26

E27

E28

E29

E30

E31

E32

E33

E34

E35

E36

E37

ANALOG INPUTS TO MUX

I} 
AIN GAIN PROGRAMMING

MUX ENABLE

) BIN GAIN PROGRAMMING

+15 VOLTS

GROUND

15 VOLTS

DI1

DI2
DIGITAL INPUTS

DI3

DI4

DI5

AIN H

AIN L

BIN H

BIN L

COUT H

COUT L

DOUT H

DOUT L

DOO

DO1

DO2

DO3

DO4

DO5

DO6

D07 DIGITAL OUTPUTS

DO8

DO9

D010

D011

D012

D013

D014

D015

D012 RELAY -

D012 RELAY +

+5 VOLTS

DIO DIGITAL INPUT

DOO

DO1

DO2

DO3

DO4

DO5

DO6

DO7F28

F29

F30

F31

F32

F33

F34

F35

F36

F37

BOH

BOL

Bill

BlL

B2H

B2L

B3H

B3L

B4H

B4L

B5H

B5L

B6H

B6L

B7H

B7L



The full scale sensitivity of the analog inputs can also be increased by

adding resistors between pins E17 and El8 for AIN and E20 and E21 for BIN. This

increases the gain of the AD522 input amplifier by a factor of 1 + 200K/R where

R is the value of the added resistor. In later versions of ADIOS, the internal

bipolar/unipolar switches and also switches to give 1 volt full scale will be

added to the front panel.

The 1 MHz V/F converter outputs are counted by 32-bit counters within the

AM9513. At the end of COUNT time the contents of these counters are automatically

transferred into 16-bit HOLD registers within the AM9513. This assumes that the

initialization program of Appendix 1 (appropriate for Free Run mode) is used.

AM9513 can also be programmed to allow transfer to the HOLD registers under software

control. AIN is stored in HOLD 2 (LSW) and HOLD 3 (KSW); BIN is stored in

HOLD 4 (LSW) and HOLD 5 (KSW). The HOLD registers are read out by POKE'ing

appropriate addresses in to the AN9513 command register at address 49342 (see

Table I) One byte at a time is then read by PEEK(49334) commands. The least-

significant byte is read first and the AM9513 data pointer automatically advances

to the most significant byte for the next PEEK(49334). (However, it does not

automatically advance to the most significant word; this must be done with another

POKE to 49342.) BASIC program lines to perform these tasks are given below:

510 MK = 256: MM = 65536: CS = 10/COUNT: CZ = 0: REM THESE ARE FOR 0
TO +10V MODE

520 REM FOR -10V TO +10V MODE USE CS = 2*CS AND CZ = 10000

(After DATA READY WAIT and output POKES)
4330 POKE 49342,18: REM ADDRESS 9513 FOR LSW OF AIN
4335 REM FOR BIN USE POKE 49342,20
4340 AIN = PEEK (49334) + MK*PEEK (49334)
4350 POKE 49342,19: REM ADDRESS 9513 FOR MSW OF AIN
4355 REM FOR BIN USE POKE 49342,21
4360 AIN = AIN + MM*PEEK (49334)
4365 REM MSB OF MSW NOT NEED FOR COUNT TIME < 16.77 SECONDS
4368 MV = CS*AIN - CZ: REM MV IS AIN IN MILLIVOLTS

- 13 -



the interface card is plugged into slot 3, the addresses a e g ven in Table I.

COUT and DOUT are each accessed by two bytes the Apple address space.• thin

desired output of COUT in millivolts required bytes ML% and

IV. ANALOG OUTPUT

The interface contains two Datel/Intersil DAC -HP16BGC D/A converters

(see data sheet) which directly provide + 5 volt output with 16 bit resolution.

These outputs are buffered and amplified OP10 -EY dual op-amp which has

zero and gain trim adjustments. The two resulting .
4- 10 volt outputs are

designated COUT and DOUT and are available on front-panel BNC jacks and also on

pins E34 (COUT H), E35 (COUT L), E36 (DOUT H), and E37 (DOUT of the 37-pin

E front-panel connector. The outputs can sense ground at the desired load but

100 ohms is presented by the output return lead to chassis ground.

The output voltage vs bit configuration is given i Table I

The analog outputs are controlled by the computer POKE ing bytes into the

appropriate registers of Table I; two bytes must be POKE ed for each output.

BASIC subroutine which converts a BASIC floating point variable MIT, equal to the

illustrated below:

20000 REM DiA SERVICE ROUTINE
20010 IF MV 9999.7 THEN MV = 9999.7
20020 IF MV < -10000. THEN MV = -10000
20040 MT% = 3.2768*MV
20050 NH% = MT%/256: = MT% 256*MH%
20060 POKE 49328,14:L7o: REM POKE 49330 FOR DOUT
20070 POKE 49329,MH%: REM POKE 49331 FOR DOUT
20080 RETURN

V. DIGITAL INPUT

The 'aix digital input lines are available on pins F20 (LSB, DIO) and E25 (DI1)

thru pin E29 (MSB, DI5) of the 37-pin front-panel connectors. Input is standard TTL

- 14 -



TABLE III. D/A Converter Bit Configuration

Output Hex
Voltage, mV LSB NSB Decimal

9,999.7 FF 7F 32,767

5,000.0 00 40 16,384

0.00 00 00 0

0.30 FF FF 65,535 or -1

- 5,000.0 00 CO 49,152 or -16,384

- 9,999.7 01 80 32,769 or -32,767

- 10,000.0 00 80 32,768 or -32,768



a lighted LED indicates a "1" input.

logic levels; a "1" is > +2.0 volt (drawing < 40 pA at 2.4V) and "0" is

< 0.8 volts (supplying < 1.6 raA at 0.4 volt The inputs may be inverted by

installing a 74LS367A in position 8E in place of the 74LS368A. No storage

flip-flops are provided; the computer senses the input lines at the time a

PEEK (49335) is executed. This time can be controlled by waiting for the DATA

READY bit thru WAIT 49335,128,128 as discussed in II. The state of the input

lines is indicated by the 6 right-most white bar-LED's on the ADIOS front-panel;

VI. DIGITAL OUTPUT

The 16-bit digital output word is stored in two bytes; each byte is in a

74273 octal flip-flip IC within ADIOS. One byte, bits 1300 D07, is controlled

by a POKE 49332,B command where B is the decimal value of the byte B = 0 to 255);

these bits are available on pins Fl - F8 of the F front-Panel connector. The

second byte, bits D08 - D015, is addressed at 49333, and is available on pins

F9 - F16. The flip-flop outputs can sink 16 mA at 0.4V and drive 0.8 mA at 2.4V.

All 16 bits are indicated by front-panel bar LED's; a lighted LED indicates a "1".

The flip-flop outputs are connected to three types of drivers within ADIOS.

Bits DOO D07 drive an octal tri-state bus driver, the 74LS241 in location 7C

(substitute 74LS240 to invert bits), with outputs on pins F21 - F28 - The tri

state driver is held disabled by a 4.7K re sistor to +5V on its G input; the driver

may be enabled by connecting pin F29 to pin F35 (ground).

Bits D08 - D011 drive a quad relay driver, the UHP -507, which can switch

100 volts at 250 mA. output pins are F3I - F34. The driver contains transient

protection diodes which should be connected to the positive relay supply voltage

thru pin F30. The negative relay supply voltage should be connected to pin F35

which is tied to chassis ground.

- 16 -



Bits D011 and D012 drive two solid-state relays, Teledyne 643-1, which can

switch 60 volts at 200 mA. The switch terminals are available on pins F36( -) and

F37(+) for D011, F17( -), and F18(+) for D012. The switch terminals may float up

to 2500 volts with respect to ground but the voltage polarity across the open

contacts must be as indicated. Other Teledyne relays which are pin-compatible

and handle AC voltages are described in a data sheet in IX

TheBIN analog multiplexer is connected to bits D013 - D015. These bits may

also be used as digital outputs (pins F14 - F16) but do not feed a driver.

VII. CALIBRATION

ADIOS contains 12 4-turn pots located as shown in Figure 4, which adjust

zero and gain for the two analog outputs (4 adjustments) and two analog inputs,

each having two ranges (8 adjustments) It is most convenient to first calibrate

the analog outputs using an accurate 4-digit DVM and then use these outputs as

voltage standards for input calibration. A program such as ADIOS TEST, listed in

Appendix 2, is useful as it allows the outputs to be set by keyboard entry and

displays the input readings.

Output calibration is as follows:

1. Command output to 0; adjust COUT ZERO and DOUT ZERO for 0 1 mV
output.

. Command output to 9900 mV; adjust COUT GAIN and DOUT GAIN for
9900 + 2 mV output.

• To check operation, command output to -9900 mV; outputs should be
-9900 + 3 mV.

The 0 to +10 volt input range should be calibrated next as these adjustments

also affect the + 10 volt range adjustments (which do not affect 0 to +10

calibration) The 4 internal DIP switches should be set in the red-dot position

- 17-
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(S2 and S4 open, Si and S3 closed) and then proceed as follows:

4. Command output to 50 mV; adjust AIN and BIN ZERO for 50 + 1 output
display.

• Command output to 9900 my ; adjust AIN and BIN GAIN for a 9900 + 2
display.

. Repeat 4, above.

Next, the -10 volt to +10 volt range is calibrated; the internal DIP switches

should be set away from the red-dot position. The ADIOS TEST program scales input

counts assuming the 0 to +10 volt range; this is accounted for in the desired

outputs described below:

Command output to -9900 mV and adjust the -10V pots for an output
display of 50 + 1.

• Command output to 9900 my and adjust the +10V pots for a display
of 9950 + 3.

. Repeat 7, above.

After completion of calibration, operation can be checked by putting DIP

switches in the red-dot position and running the RAMP mode of ADIOS TEST. Finally,

the DIP switches should be set for the desired mode of operation; typically this

will be with AIN in the 0 to 410 mode and BIN in the bipolar mode.



In order to use "ADIOS-INITB," one must

be done by typing the object code (shown in F'

MONITOR and then issuing a "BSAVE ADIOS -INITB, ASIF32, L$55 command.

Once the program is in memory, one can modify the COUNT and BLANK initialization

ADIOS-INITB is a bina

Appendix 1 Initialization Program - ADIOS INITB

chine language) program that initializes the

AM9513. This is necessary in order for ADIOS to input analog signals and

control synchronization. The program loads sixteen, 16-b t internal registers

the 9513 with certain values dictating the exact internal configuration o

the AM9513. Two of the registers are loaded with values that control the

ation of COUNT and BLANK. This initialization program also arms the coun e

to commence operation of the COUNT-BLANK cycle.

du

values. Table IV shows the addresses of ADIOS -INITB which contain these values

that are loaded into the AM9513 upon execution ("CALL 8018"). Refer to the BASIC

program listing, line 310, in Appendix

ADIOS -INITB from a BASIC program.

Figure 5 contains an assembly listing of OS- N TB. The actual binary

program is enclosed in a box.

II, for information on how to utilize

TABLE IV. ADIOS-INITB Initializatio Addresses

Contents* 

COUNT time MSB

COUNT time LSB

BLANK time MSB

BLANK time LSB7991

*values are in units of 10 mS.

- 20 -



<Z3 TEST MODE
SECOND COUNT';> Modifiable

1 SECOND BLANK

- HS E6OF
.HS 6400
. HS 6400
.HS A042
R HS 0000
.HS 0000
RHS A883 ‹.-."3
.HS 0000
. HS 0000
.HS A084 ‹.7.3
.HS 0000
.HS 0000
. HS A865 <:"..3
.HS 0000
.HS 0000

r

"CJ" values control
the internal configur-
ation of the AM951 3.

CBE-1
COB6-1

1F32 E6 OF
1F34 64 00
1F36- 64 00
1F38- AD 42
1F3A- 00 00
1F3C- 00 00
1F3E P8 83
1F40- 00 00
1F42 00 00
1F44 AD 84
1E46-100 00
1F48-0@ 00
1F4A-1P8 65
1E4C-100 00
1F4E- ! 00 00
1F
1F50-' 00 90

1F79 AD 51 60
1F7C 180 66 CO

1F7F- 1 A9 7F
1F81 80 BE CO
1F84- 60

1000
1010 * G.WEINREB 8/11/80 "ADIOS -INITB"
1020 * INITIALIZE 9513 ROUTINE; ASSEHBLER: "ASHOISK 4.0"
1030 * CARD IN SLOT 3
1040 *
1043 .OR $1F32
1047 * OBJECT CODE IS 85=$55 BYTES PLACED IN ADDRESS $1F32-
105121 * - -9513 1/0 ADDRESSES
1060 COMM .E0 SCOBE COMPNO REGISTER
1070 DATA .E0 $C0B6 DATP REGISTERS
1080 *
1090 * -DATA FOR 9513'S REGISTERS--
1100 * - - - -DATA IN TABLE IS IN IN FORMAT WHERE LSE: IS
1110 CHI
1120 L01
1130 HDI
1140 CM2
1150 LO2
1160 HD2
1170 CM3
1180 LD3
1190 HD3
1200 CM4
1210 L04
1220 HD4
1230 CH5
1240 LE15
1250 HD51260
1280 MAMO ',HS 0090 <Z3 MPSTER MODE REGISTER
1290 *
1300 * -INIT. PROGRAM -*
1310 *
1320 INIT LOA #$FF
1330 8Th COMM MASTER RESET
1340 LOA #$01
1350 SIP COMM SET OPTA POINTER
1360 * - - - - - - LOA REGISTERS -- -*
1370 LOX #$00 CLR
1780 BEGN LOA CH1,X GET DATA
1390 STP OPTh PUT IN 9513 REG:STER
1400 INX
1410 LOA #$33 CLR Z FLAG
1420 CPX #30 FINISHE0?-
1430 BEO DONE IF SO, ENO
1440 %it'll') BEGN 00 IT AGAIN
1450 * - -SET MM REGISTER - -*
1460 DONE LOA #$17
1470 8Th COHH
1486 110A HAM()
1490 SIP DATA
1500
1510 LOA MAM04-1
1520 SIP DATA PUT IN MM REG
1530 *  - - - - ARM COUNTERS - - - - - *
1540 LOA tt$7F
1550 8Th COMM ARM COUNTERS
1555 RTS END OF PROGRAM
1560 .EN END OF INIT

Hex. Machine
addr. code

listing

1F52- iP9 FF
1F54- 180 BE CO
1F5, 7- 1 C19 01
4E59-180 BE CO

1F5C- irt2 00
1F5E- 11313 32 60
'1F61- i80 86 Crii
1F64- !E8
.1F65- :P9 33
1F87-E@ lE

1FO 03
. - '4C 5E 60

1F6E- A9 17
1F70- 8D BE CO
1F73- ctCt 50 60
1F76- '80 86 CO

FIRST

SET DATA POINTER TO MM REGISTER

PUT IN MM REG.

Fig. 5. ADIOS-INITB Assembly Listing
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40 Po ( - n 5/81
S4

:4
1 17,0 TO fç: t TT Ii. I I 	'

1E10 PR1Nf "IHIS PROGRAM ALLOWS A FIXED NUMBER OR A 0 TO 9900MV RAMP
TO BE OUTPUT FROM C AND D. THESE SHOULD BE CONNECTED TO A AND B INPUTS.
THE FIXED NUMBER OR RAMP IS ALSO APPLIED TO THE TWO DIGITAL OUTPUT
BYTES.";

101 PRINT "DIGITAL INPUT BITS ARE ALSO READ AND DISPLAYED. COUNT=400
AND BLANK =80;CHANGE IN 340 IF YOU WISH, PROGRAM SCALING ASSUMES
ADIOS IS IN 0 TO +10V MODE (ALL DIP SWITCHES ON)"

104 PRINT
110 INPUT "RAMP(R) OR FIXED(F
112 PRINT
120 IF XS = "R" GOTO 900
125 IF X$ = "F" GOTO 200
130 GOTO 110: REM INVALID REPLY;TRY AGAIN

199 REM FIXED OUTPUT ROUTINE
200 PRINT "FIXEO OUTPUT. USE CONTROL C TO STOP;GOTO 200 TO CHANGE

VALUE"
210 INPUT "MILLIVOLTS?
211 GOSUB 4200
215 MV = PIN * CS:MY = BIN
216 0674 = OI% - 128
218 PRINT F;" ";MV;" ;MY;" ";DG%
222 GOTO 211: REM REPEAT

230 REM INITILIZATION ROUTINE
240 Ds = CHR$ (4)
250 TEXT : HOME : PRINT
310 REM NEXT INITIL1ZES A/D INTERFACE AND SETS UP TEGRATI N CYCLE
320 GOUB 7000: REM POKE coPY OF ADIOS -INIT8
330 REM BLOADED 85 = $55 BYTES IN 7986 = $1F32
340 COUNT = 400:BLANK = 80
350 CS = 10 / COUNT
360 COUNT = COUNT / 10: BLANK = BLANK / 10
370 CH% = COUNT / 256: 8L = BLANK / 256
380 REM NEXT LOADS COUNT AND BLANK TIMES INTO ADIOS
390 POKE 7988,COUNT - 256 * CH: POKE 7989,CH%
400 POKE 7990,8LANK - 256 * BL: POKE 7991,BL%
410 CALL 80181 REM STARTS ADIOS
420 REM GOSUB 5300 TO TURN ON PRINTER
430 REM CALL 1013 TURNS OFF PRINTER
450 POKE 33,404 REM NORMAL TEXT WINDON
500 REM CONSTANTS FOR DATA TRANSFER
510 MC = 3.2768:MJ = 128:MK = 256:MM = 65536
600 GOTO 100
899 REM

900 REM RAMP TEST
910 PRINT "COUT AND °OUT WILL RAMP FROM 0 TO 9900MV IN A SELECTED
STEP SIZE. IF PIN AND 8111 DISAGREE WITH COUT AND °OUT BY MORE THAN
DMAX=10MV (CHANGE IN 1010) THEN:

911 PRINT
913 INPUT "ERROR MESSAGE IS NONE(0),BEEP(1), OR PRINTER LINE(2)? ";J
915 PRINT
920 INPUT "STEP SIZE IN MILLIVOLTS? ";ST
1005 NR = 0: REM NR IS NUMBER OF READS SINCE LAST ERROR
iolo = '5(31
itvo RnP F = 000 To qq00 STEP ST

Appendix 2
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104 11 t'or.-0..1-! 4?00
10E3 1 mo = PIN * L = *
1070 06% = 01% -HJ i:41 sUBTRPCT OPTP READY RIT
1080 PRINT F ST.;" "..01.J.;" 
1090 IF F = 0 GOTO 1220
11000= ABS (F - ST - MV)
1110 IF P > OMAX THEN CALL - 211: GOSUB 1500
1150 E = ABS (F ST - MY)
1160 IF E DMAX THEN CALL - 211: GOSUB 1500
1210 NR = NR + 1
1220 NEXT F
1230 GOTO 1010: REM REPEAT RAMP

1500 REM ERROR MESSAGE
1510 ON J GOTO 1587,1560
1520 NR = 0: RETURN : REM NO MESSAGE IF J=0
1560 GOSUB 5300: REM TURN ON PRINTER
1570 PRINT F ST;" ".;MV.;" ".;MY.;"
1580 CALL 1013
1587 CALL - 1059: REM BEEP.
1589 NR =
1590 RETURN REM

4200 REM DATA TRANSFER ROUTINE WITH PARAMETERS M(1 FOR NOISE
SOURCE ON),F(OUTPUT TO LO) AND PIN (INPUT FROM RECEIVER)

4201 FC = F: IF F < 0 THEN FC = F + 20000
4202 MT = FC * MC: REM OUTPUT F TO COUT
4203 MH% = MT / mK.:ML% = MT - MK * MH%
4204 OH% = F / MK:OT% = F MK * nH 1.1.4:: REM F MODULO 256 FOR DIGITAL

OUTPUT
4205 REM NEXT 4 LINES TO SET UP 9513
4210 POKE 49342,20: REM ADDRESSES 9513 H04
4220 ZZ = PEEK (49334): REM ZZ IS DUMMY
4230 POKE 49334,172: REM CALL BIT SET HIGH
4240 IF PEEK (49335) < 128 THEN 4500
4250 NPIT 49335,128,128: REM WAIT UNTIL DATA READY BIT =0 AT BLANK

TIME START
4260 POKE 49335,1281 REM RESET DATA READY BIT
4270 POKE 49332,0T%: REM OUTPUT BITS 000 TO 007
4280 POKE 49333,0T%: REM OUTPUT BITS 008 TO 0015
4290 OI% = PEEK (49335): REM DIGITAL INPUT
4300 POKE 49328,ML%: REM COUT LSBYTE
4310 POKE 49329,MH%: REM COUT MSBYTE
4313 POKE 49330,ML%: REM COUT LSBYTE
4315 POKE 49331,MH%: REM COUT MSBYTE
4320 REM BLANK TIME HAY NOW ENO
4330 POKE 49342,18:: REM ADDRESS 9513 TO OUTPUT LSHORD OF AIN
4340 VI = PEEK (49334):V2 = PEEK (49334)
4350 POKE 49342,19: REM ADDRESS 9513 TO OUTPUT MSHORD OF AIN
4360 1,13 = PEEK (49334)
4365 AIN = V1 + MK * V2 + MM * V3
4366 POKE 49342,20: REM ADDRESS 9513 FOR BIN
4368 Y1 = PEEK (49334):Y2 = PEEK (49334)
4370 POKE 49342,21
4372 Y3 = PEEK (49334)
4376 BIN = Y1 + MK * Y2 + MM * Y3
4378 POKE 49342,20: REM ADDRESS 9513 H04
4380 ZZ = PEEK (49334): REM DUMMY PEEK
4390 POKE 49334.16P! PE I.1 CLEPR CALL BIT
4400 RE '1RN
4"1t.:10 REr 10PN ON HISSED ['PIP LICiHT

Appendix 2
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4605 PRINT "MISSED OATA",COUNT,BLANK
4510 POKE 49342,18: REM ADDRESS HOLO1
4520 ZZ = PEEK (49334): REM DUMMY
4530 POKE 49334,172: REM CLOCKS MISSED DATA ONE—SHOT
4540 POKE 49342,18
4550 ZZ = PEEK (49334)
4560 POKE 49334,168: REM CLEARS MISSED 011Th CLOCK
4570 POKE 49335,0: REM CLEAR FLAG
4580 GOTO 4250
.5 99 REM

.300 REM TURNS ON TRENO,Om 200 PRINTER
5310 REM :GOTO 5400: REM FOR APPLE PRINTER
5315 PR# 1: PRINT CHR$ (0): REM FIRST CHARACTER NOT PRINTED
5320 POKE 1913,6: POKE 1785,72: REM MARGINS
9330 POKE 1657,80: REM LINE LENGTH
5340 RETURN
400 REM TURN ON APPLE PRINTER
5410 PRINT CHR$ (4);"PR#1"
5420 Q$ = CHR$ (17): REM PRINT QS TO DUMP GRPPHICS
5430 POKE — 12524,0: REM BLACK ON WHITE PLOT
5440 POKE — 12528,7: REM DARK PRINT
5450 POKE — 12527,8: REM LEFT MARGIN
5460 RETURN
55199 REM

6000 REM FORMATTED LIST
6005 POKE 33,33
6010 GOSUB 5300: REM TURN ON PRINTER
6060 LIST
6065 PRINT . PRINT
6190 CALL 1613
6195 ENO REM

6999 REM NEXT READS ADIOS INITB AS DATA STATEMENTS
7000 FOR I = 7986 TO 8070: READ A: POKE I,A: NEXT : RETURN
7010 DATA 230,15,100,0,100,0,173,66,0,0,0,0,168,131,0,0,0,0,173 132,0,0,0
,0,168,101,0,0,0,0,0,144,169,255,141,190,192,169,1,141,190,192,162,0,189,5
0 7 1,141,182,192,232,169,51 224 30,24E1,3 76,94 31,169,23,141,190,192,173,8
0,31s141,182,192,173
7020 DATA 81,31,14. 1 4,182,192,169,1 ,i41,190 192,96,2,205

Appendix 2
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Appendix III - AN9513 Utilization

This section describes the AM9513 utilization in the "Free Run" mode of

synchronization as described in Section II. The 9513 is a fairly complex

chip described in a 26-page data brochure available from Advanced Micro Devices

(5 pages of this are included in Appendix 5.H). This brochure should be read

in order to understand this Appendix. However, these steps are not necessary

unless modifications must be made to ADIOS.

Figure 6 shows the AM9513 configuration as used in the ADIOS "Free Run"

mode; a timing diagram is shown in Figure 7. The first counter group is used

to generate the COUNT/BLANK signal. The duration of COUNT is determined by

the contents of the LOAD register where the duration of BLANK is determined by

the HOLD register. When the counter is armed, it will be loaded with the

contents of the LOAD or HOLD register (depending on the current state of OUT1)

and begin counting down. When TC (0001) is reached, the output will begin to

toggle and the counter will be reloaded with the other register and will commence

to count down. This cycle will be repeated continuously until the counter is

either reset or disarmed. The count-source of counter 1 is software selectable.

However, in this manual, 100 HZ (F5) is used  This is derived from an external

1 MHz crystal oscillator which is divided down.

Counters 2, 3, 4, and 5 count the frequencies produced by the two V/F

converters. Only counters 2 and 3 will be discussed since the operation of

counters 4 and 5 is identical. Counters 2 and 3 are cascaded to provide 32 bits

(4.295 x 10
9

 ) of potential counting storage for the AIN frequency. With a

1 MHz V/F, one could take data for a maximum period of 71 minutes.



IMPEDANCE (GM bit 2 = 1) and are controlled by the c

the AM9513 Command registers.

The frequency from the AIN ViF is inhibited by the C/B signal. The two

counters use operation mode "Q" so that the gate ("SAVE") is used to place the

counter contents into the HOLD register and the first pulse into the counter

(from the input) is used to clear the counter by initiating a reload from the

empty LOAD register. The "pulse adders" are used to provide this CLR (Clear)

pulse. This all takes place within the 5 ps after COUNT time ends and is

illustrated in Figure 8.

The computer can read the con

is convenient until the next COUNT to BLANK transition occurs. OUT3 (MISS DATA)

and OUTS (CALL) cna be in either the state of GND (CM bit 2 = 0) or HIGH
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0

COUNT
BLANKCOUNT/BLANK

DATA READY bit

CALL bit

The computer sets the CALL bit and begins to wait until BLANK commences.
If the DATA READY bit is low at this point, a cycle has been missed, (by
the computer) and the MISSed Data line is pulsed . The WAIT LED is
illuminated between the marks and

The 4 counters stop counting, are saved and cleared, all within 5 ps.
The DATA READY bit is set in order to tell the computer that it can
begin outputting new data.

(2) The DATA READY bit is cleared under soft

All data has been outputted. The CALL bit is cleared under software
control. The TSFR LED is initiated to illuminate for .5 seconds. The
computer can input data from the analog inputs between now and the next
COUNT to BLANK transition-

(-5) All outputs should be settled. The counters commence counting.
COUNT LED illuminates.

ADIOS-APPLE Synchronization



wiamatiailmolaiNstaw.a•MraiffaNINIIIINN4No tri

000C)1÷ .1 5 .5 .31 I

COUNT! BLANK
1

.4 . "")" microseconds

SAVE (9513 internal gate)

CLR 2 (added pulse)

CLR 3 (added pulse)

Possible OUT2

Would Clear
Counter #3

The counter's input is gated off.

A pulse is applied to the internal gate of Counters 2 and 3. This pulse,
labeled "SAVE", causes the contents of the counters to be placed in the
HOLD registers at mark

A pulse is applied/added to the input of Counter 2. This first pulse of
integration clears the counter. The pulse is not recorded.

A pulse is applied/added to the input of Counter 3. This clear pulse is
inhibited by OUT2. If OUT2 is clocked by the CLR 2 pulse, Counter 3 will
automatically be cleared.

NOTE: When a counter reaches FFFF, it will commit itself to outputting
a terminal count pulse initiated by the next input clock pulse.
Once committed, it cannot be disrupted by

a) the internal gate signal ("SAVE")

b) the clearing of the counter

c) the saving of the counter's contents

Due to this characteristic, OUT2 must inhibit CLR 3 for OUT2
becomes the "extra" pulse initiated by CLR 2 and not intended
to be counted.

Fig. 8. Timing Diagram of A149513 Counting Operation.
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Appendix 5. Manufacturers Data

Appendix 5.B. Consists of pages I, 5, and 6 of a six-page report. The complete
report can be obtained from Teledyne Philbrick, Allied Drive at
Route 128, Dedham, Massachusetts 02026.

Appendix 5.D. Consists of pages 1, 2, and 4 of a four-page report. The complete
report can be obtained from Datel Intersil, 11 Cabot Boulevard,
Mansfield, MA 02048.

Appendix 5.H. Consists of pages 1-5 of a 26-page report. The complete report
can be Obtained from Advanced Micro Devices, Inc., 901 Thompson
Place, P. 0. Box 453, Sunnyvale, California 94086.

Appendix 5.1. Analog Devices 460K V/F converter used as a substitute for
Teledyne 4735 due to unavailability.



SN5404 (J) SN7404 13,
SN54H04 (J) SN74H04 13,N)
SN54L04 (J) SN74L04 13,14)
SN54LSO4 (J, Of) SN741SO4
SN54SO4 (J, VV) SNI4SO4 (414)See peg, 6-2

HEX INVERTERS

04

positive logic:
Y

DUAL D-TYPE POSITIVE EDGE TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR
2

CIA 2074
FUNCTION TABLE

OUTPUTS
PRESET CLEAR CLOCK D

L
L
H
H

X
X
X
t
t

X
H

X

X L

L L

H
H 1

Q0

H
H •
L

-(50 SN5474 (.1) SN7474 (J, N)
SN54H74 (3) SN74H74 (J, N)
SN54L74 (J) SN74L74 (J, N)
SN54LS74A (J, W) SN74LS74A Ci. N)
SN54S74 W) SN74S74 (J, N)

SN5408 (J, W) SN7408 (J, N)
SNE4LSO8 SN74LSO8 N)

S.. poi* 6-10 SNS4S08 W) SN74508 N)

FUNCTION TABLE
INPUTS OUTPUT

H high love L low lev•i

PIN ASSIGNMENTS (TOP VIEWS)

QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES

86 Y A (DB ..AB+Aig

A II 12 2A 211 TV 0.10

SN5486 (J, VV) SN7486 N)
SN54LS86 (J, SN74LS86 (J, NI
SN54S86 U. ito sN74sa6 u, to

DUAL J-K NEGATIVE-EDGE:TRIGG

112
FUNCTION TABLE

RED FLIP-FLOPS WITH PRESET AND CLEAR

ONO

SN54LS112A (J, SN74LS112A (J,N
SN54S112 W) 5N74S112 1J, N)

INPUTS OUTPUTS
PRESET CLEAR CLOCK J K G

L H •X
H L X
L L X
H H
H I-I I
H
H H I

X X
X X
X X
L L
H L
L H
H H

X

H L
L

H' H •
Q0
H
L H

TOGGLE
00 6.0

CX IX I PA 10

Se. pages 6-56 end 6-58

QUADRUPLE 2-INPUT
POSITIVE-AND GATES

08

positive logic:
AS

2
ct CIA 2 PR 20

Appendix 5 .A.



Y7 Y3 Y5

INPUTS
OUTPUTS

ENABLE SELECT
G1 G2* B A YO `11 Y2 Y3 Y4 Y5 Y6 Y7 V

CC YO Y1

X H X HHHHHH
X HHHHHH
L • HHHHHH

HHHHHH
DATA

OUTPUTS L H I L HHHHH
I H H HL HHH
H I L H HLHHH
H H H H H H
H H H HHHLH
H H H HHHHL

SELECT ENABLE
• G2 02A 028
H high level, L ■ low level, X irrelevant

DATA OUTPUTS

LS139, 'S139

'LS139, '5139
(EACH DECODER/DEMULTIPLEXER)

FUNCTION TABLE

INPUTS OUTPUTS
ENABLE

G
SELECT
8 A YO Y1 Y2 Y3

H

L
L
L

X X
L L
L H
H L

HHHH
L H H H
HLHH
H H L. H
H HHL

H high level, I 10.4, X irrelevant

VCC Geur71\-7\:"":
DA:YA7TP:'"111110.111111111311

111111111111111111111111111.
Y3

FUNCTION TABLE
(EACH MONOSTABLE)

INPUTS OUTPUTS fr

a aCLEAR A B
L
X
X
H
H
I

X X I
H X

I /
4 H
L H

X L L H

H
L H

_n_ --Lr
.11. -tr
_rt.. V"

Also see destropt,on and switchtng
CharacterietiCe

FUNCTION TABLE
(EACH FLIP-FLOP)

positive logic: Low input to dear resets Ct low and
high regardless of d-c levels at A

or 8 inputs.

SN74273, SN74LS273 J OR N PACKAGE

111-111-11-13-01—CrillirlarCI

positive logic: see function table

CLEAR CLOCK D
INPUTS

X X
I H

L
L. X

OUTPUT
C)

On

LS138, '5138 74L- Sig?
LS138. 'S138

FUNCTION TABLE
SN54LS138, SN54S138 J OR W PACK AGE
SN741S138, SN74S138 J OR N PACKAGE

(TOP VIEW)

positivelogic: see function table

SN54LS139, SN54S139 J OR W PACKAGII
SN741S139,SN74,5139 J OR N PACKAGE

(TOP VIEW)

1 G 1* 1E1 IVO 1Y1 1Y2 1Y3 GNO
I NAIR I 

SELECT DATA OUTPUTS

v4 ve

SN74221, SN74LS221 J OR N PACKAGE
(TOP VIEW)

Appendix 5.A.
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SN741S244 J OR N
(TOP VIEW)

v cc IY1 2A4 1,2 2A3 IY3 2A2 I 4 2A1

Eti CLCLELCLCLCLELIILC

11E41 al FAL
ieiezgicoPAMPIP

u-u-gru-u-o-u-srsno
1A1 2Y4 IA2 A3 2y2 IA4 21

SN741S241, SN745241 ....I OR N
(TOP VIEW)

SY, ZA4 IV? 2A3 3 I 4 2

111-13-13— ALCI—CLIELD-10

Fa1v2W/Fiviliar
11"1Di' BMAcrinriru-gru-u-Ei

1-A1 2 4 1 2'13 '1 3 2Y2 1A4 2 I ND
1A1 2,14 IYI A3 rt C.84/3

mitt
"cc a

1I 1111111,14I 1 I

CNA

13 a
El CUL MIL EL ID

PIIIIMIUMNIIIIIIMIMMINPINIIIIMPOSIMIPINIMIN on

1 IjA WAari

lila 113 a ri Ulna Ci

NONINVERTED DATA OUTPUTS
4-LINE AND 2-LINE ENABLE INPUTS
3-STATE OUTPUTS

HEX BUS DRIVERS

367

vcc
Ci 1:11

Ara
Non

11-113-1111111-1011:11
111 iT IA 2r 3

SN543674 W)

SN541S367A W)
SN74367A (J. NI
SN74LS367A (J, N)See page 6-36

v

CLUL96113-1113043-1:3-C1

erg
grinangrintrina

GNO

SN54368A (J, WI SN74368A NI
SN5415368A (J, W ) SN74LS368A1J,N)

HEX BUS DRIVERS

368 INVERTED DATA OUTPUTS
4-LINE AND 2-LINE ENABLE INPUTS
3-STATE OUTPUTS

See P5941 6-36

SN74L,S240,SN74S240 OR N
(TOP VIEW),

S 741-S245 J OR N PACKAGE
(TOP VIEW)

PIN ASSIGNMENTS (TOP VIEWS)
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WTELEDYNE PHILBRICK

HIGH RELIABILITY
HYBRID VOLTAGE TO

4731/4733/47351/41 /15‘5141. / JD FREQUENCY CONVERTERS
10 kHz 100 kHz

This series of low drift voltage-to-frequency converters
provide an output-pulse-train repetition rate that is a pre-
cision linear function of the input voltage. These low drift,
ultra linear, 10 kHz/100 MHz Full Scale V-to-F's
have the ability to handle positive, negative, and differen-
tial input signals over a wide range of power supply
voltages (±9 V to ±-18 V). They operate over the wide
temperature range of —55°C to +125°C.

With 126 dB of dynamic range, 70 dB CMRR, and 100%
overrange, these V-to-F's provide linear operation with in-
put voltages from -±10 AV to +20V. The current pin (the
summing point of an op amp) resolves currents as low as
1000 pA (4731/4733), which makes operation with full
scale input voltages from less than 250 mV to greater than
100 volts possible.

The 4731/4733's 0.005% nonlinearity is the equivalent of
16 bits end point linearity, while differential nonlinearity
and dynamic range approach 20 bits. With this combina-
tion of features and specifications, the 4731/4733/4735
stand alone as sixth generation devices, capable of opera-
tion from power supply voltages as low as ± 9 V.

FEATURES
• 100% Screening Similar to MIL-STD-883, Method 5008
• Power Supply Range ±9 V to ±18 V
• Ultra Linear
• 100% Overrange
* 126 dB Dynamic Range
• 70 dB CIVIRR
O Low Full Scale Drift
• Low Zero Offset Voltage Drift
• TTL, CIVIOS, HNIL Compatible Output

0 Hot 4
Cold 7
Hot 6
Ckild 10
030

NONLINEARITY
NOMINAL FREQUENCY/ t16 F.S.
MAX. OVER RANGE Typical Guaranteed

4731 10 kHz/21 kHz

4733 100 kHz/210 kHz

4135 1 MHz/2.1 MHz .005 .015

FULL SCALE
Temp. Coot. ±PPNIPC
Typical Guaranteed

15
26
20
30
50

APPLICATIONS
• No Drift Integrate/Hold
• High Common Mode Voltage Isolation
• 2-VVire Digital Transmission
• Analog-to-Digital Converters-20 Bit
• Optical Data Link

HOW TO USE THE 4731/4733/4735
For maximum reliability and performance these V-to-Fs are
offered with 100% screening similar to MIL-STD-883
Method 5008. Refer to Table 2 for details as to methods
and test conditions.

MODEL OPERATING
TEMPERATURE
RANGE

SCREENED to
MIL-STD-883
METHOD 5008

Internal Visual
4731 Stabilization Bake
4733 —55°C to +125°C Constant Acceleration
4735 Seal, Fine and Gross Leak

External Visual
Internal Visual
Stabilization Bake

4731-83 Constant Acceleration
4733-83 —55°C to +125°C Seal, Fine and Gross Leak
4735-83 Burn-In

Temperature Cycling
External Visual

When used as shown in Figure 1A & 1B, the factory tri
rned V-to-F operates as specified without additional co
ponents. Pin 9 the +Vin trim and pin 12 the +Vin are bo
inputs for a positive input signal. Pin 12 can be used when
accuracy to ±0.1% of F.S. is needed with no external corn
ponents. Pin 9 is usually used when greater accuracy is re
quired using an external trim, see Figure 2A.

Oto•100o.

OurelOV

Figure 1A. Positive Input Signals Figure 1B. Negative Input Signal'

Appendix 5.B.
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0.10 1.005
10.254 .013)

 0.145
(0.368)

OUT

commom

N.C.

CI) 24

0

(:)

C)

©

0
VIEW 'TOWARD PINS

0

@

t4.C.

N.C.

N.C.

N.C. N.c.
N.C. 1.•

N.C. 

N.C.

N.C.

N.C. 13 12 .Vm

N.C.

1.39 MAX
(3.S3) MAX

0.018 ±.001 blA
(0.048 t .003 DIA)

0.10
(t 25)

(g. @000000000

VIEW TOWARD PINS

24 13

0000@©01000

RECOMMENDED SOCKET: Augart
Socket No. 324-AG20 or equivalent

(Dimensions in parentheses are expressed
in centimeters.)

4731/4733/4735
Output Protection (+Vcc, Common, —Vcc)

The V-to-F output (collector of 02) may be shorted to
ground indefinitely without damage, however, since Q2 is
ON most of the time, a short to +Vec will cause certain
catastrophic failure in about 5 seconds. A short to TTL
(pin 24) and —Vcc simultaneously will cause instant cat-
astrophic failure.

Square Wave Output

The output of the 4731/4733/4735 is a train of pulses 20
pseci2 psec/.2 psec (see Figure 7). A symmetrical (square
wave) output for driving highly capacitive or noisy trans-
mission lines is obtained with a D or JK. flip flop as shown
in Figure 8.

h Ti

INPUT
TRANSITIONS I

OUTPUT
WAVEFORM

T3
T4 is--

Typical Time in Micro-Seconds
Ti imis T3 T4 KM

1004731
laall

4735

0 to 500 500 20 ft200
0 to 50 50 112. ft30 • 10
0 to 5 5 0.2 1111:9111111.

Figure 7. Typical Waveforms, Showing Timing Relationships

TTL 0241 oe
1 $N11174OUT (:)"' 

COM On jf o 15:-.1
y2rn

S
O Las J1JULJ1

110 -vm
NOTE: T1 • T2

Figure 8. Square Wave Output Using D - Type Flip Flop

T2

SCREENING SIMILAR TO MIL .STD-8133 METHOD 5008
Test Methods and Conditions Purpose

* Internal Visual

.Seal, Fine and Gross
.11111111:111111///////

Method 2017

Method 1014, Fine Leak
Condition A & C
Bomb time 1 hr. at 30 psi; Leak Rate
< 5 X le cc/sec; Gross Leak, Condi-
tion Ci. no bubbles

Removes potentially defective units with respect
to materials, construction, and workmanship.

Verifies Integrity of hermetic package

Burn In Method 1015 Condition 8
160 hours at 125°C

Reduces infant mortality rate

Temperature Cycling Method 1010, Condition 8
10 cycles from

. +0° +3°C-55 C ... 5 .
0

c to +125"C ....09c

Removes potential failures due to weak wire or
chip bonding.

'External Visual Method 2009 Removes defective units with respect to materials,
construction, and workmanship.

*These tests are for both standard and ' 1-83" models 4731, 4733 and 4735
Screening Program to MIL-STD-883

Table 2.
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Ideal Transfer Function

+V in trim
+yin
+lin

Range (for specified nonlinearity)
+ yin Terminal
-y

in Terminal OP Vce ±18 V
+l in Terminal

Differential 1(+Vin) (-Vin)1 *
Over Range Max. • +Vin, (-Vin 0)
Dynamic Range
Common Mode Voltage CD
CMFIR, CIVIV ±10 V

+10 AiV to +21 V
-10 AV to (-Vcc +5.0 V)
+1 nA to +210 AA (4731/4733)
10 nA to +2.1 mA (4735)
1.12 V
+Vin 21 V. fou t 21 kHz/210 kHz/2.1 MHz
126 dB
(+Vcc -4 V), (-Vce +5 V)
70 da

WTELEDYNE PHILE3RICK

Allied Drive at Route 128, Dedham, Massachusetts 02026
(617)329-1600 TVVX:(710)348-6726 Telex: 924439

Appendix 5.B.

4731/4733/4735
SPECIFICATIONS @ +25°C. :Wee, ±15 V (unless otherwise indicated)

TYPICAL GUARANTEED

FULL SCALE (FS)

(Vin)(fA) (lin)(fA)
Ou t .--........ -

10 V Ifs 0
fA a. 10 kHz (4731)/100 kHz (4733)/1 MHz (4735)
9.9 V ±0.5% trirnrnable to 10.00 V
10.00 V 1.05 V
100 MA 125% (4731/4733); 1 rriA :25%(4735)

+100 AV to +12 V
-100 AV to (-Vcc +7.0 V)
+1 nA to 120 mA (±25%) (4731/4733)
10 nA to 1.2 mA (4735)
I'll V. (±Vce fault)
+Vin a +20 V. rou t 

a 20 kHz/200 kHz (4731 /4733); +Vin a +15 V. friu a 1.5 MHz 14735
100 dB
(+Vec -5 V), (-Vce +7 V)
60 dB

NONLINEARITY t%FS 4731/4733 4735 4731/4733 4735
+V in (+100 AV to 12 V) .002 .005 .005 .015
+V in (+100 AV to 12.0 V) 0 0 .002 .005 .005 .015
-Vin 1-100 AN to -Vcc +7.0 V) .01 .02 .02 .05
+l in (1 nA to 120 AA) (473114733) .002 .005
+lin (1 nA to 120 mA) (4731/4733) 0 0 .002 .005 --
+l in (10 riA to 1.2 rnA) (4735) .005 .015
+l in (10 nA to 12 mA) (4735) 0 0 .005 .015
+Vin (+100 AV to +12.0 V) 0 .005 .01 .01 Hot; .03 Cold .02
+Vin (+100 mV to 20 V) (4731/4733) 0 0 .02 .05

(+100 AV to 15 V) (4735) 0 0 .02 .05
INPUT

Zero Offset Voltage, Initial Untrimmed
Impedance @ +Vin
Impedance @ -Vin
Impedance @ +lin (op amp summing point)

mV

1 ® ma
Virtual Ground

±5 mV (tri mmable to zero)
100 kf./ 5% (4731/4733); 10 kflt25% (4735)
10 mn
< 0.1

STABILITY OF FULL SCALE FACTOR 4731 4733 4735 4731 4733 4735

Hot Cold Hot .Cold 0 Hot Cold Hot Cold 0
Temperature Coefficient (+V in, -Vin) ±PPM/°C 0 4 7 6 10 30 15 25 20 30 50
Temperature Coefficient ('in) ±PPMeC 4 7 6 10 30 ----. ----- -----
Temperature Coefficient (+Vin, -Vin) ±PPM/°C 0 8 10 12 15 30 25 50 30 50 so
Power Supply Sensitivity ±PPM/%tiVcc 10 10 15 20 20 35
Drift: Per Day/Per Month ±PPM 10/30 10/30 10/30 _-
Warm Up Time to .01%/.002% qf F.S. 1 s/100 s la/loot 1 s/100 s

STABILITY OF ZERO OFFSET VOLTAGE AV/°C 4731/4733 4735 4731/4733 4735
Temperature Coefficient AV/°C 210 ±20 :60
Temperature Coefficient AVPC 4D 120 t15 t 100 Hot: t50 Cold 150
Power Su pply Sensitivity I mV/%6 V

cc CI) 3 5 20 10
Drift : Per Day/Per Month 20mV/60 mV 20 mV/60

RESPONSE
Settling Time to .01% for FS step input 1 to 2 pulses of new frequency +5 An
Overload Recovery (V, a +100 V to Van a +10) 0.14 rns (4731/4733); 70 MS (4735) 0.5 ms (4731/4733); 0.2 ms (4735)

or (lin a 1 mA to lin a 100 AA)

OUTPUT WAVEFORM TTL compatible pulses &claimable to
CMOS, HNIL (see Figure 4)

High (positive logic "1") +2.4 V to +5 V (up to 10 TTL Load)
Low (

p
ositive logic "'0") 0.4 V @ -16 mA Sink Current

Pulse Width (4731/10 ms to 30 ms, 4733/1 ms to 3 J31. 4735/0.1 la to .3 As)
Source Impedance (High) 3.5 kilt 20%14731/47331; 680 11220% (4735)
POWER REQUIREMENT
Voltage Range (±Vc.e) ±7 V to ±18 V NV to±18 V
Voltage Asymmetry (6 between t+Vcciffi)-Vcci ±2 V
Current (tice) @ Vcc ±15 V v17 mA (4731/4733); 235 mA (4735) 3.25 mA (4731/4733); 45 mA 14735)

ENVIRONIVIENT/RELIABILITY
Operating Temperature -55°C to +125°C
Storage Temperature Absolute Max. -65°C to +150°C

Input Protection: All inputs may be shorted to t Vee indefinitely without damage
Output Protection: May be snorted to ground indefinitely; to +Vce for 5 s

NOTES
CD After trim @ 10 Hz and 10 kHz (4731)/100 Hz and 100 kHz 14733)/1 kHz and 1 MHz (4735)
O See Figure 5G for definition
O Constant voltage at Zero trim pin
O Measured from -25°C to +85°C. Hot (+25 *C to +85 C) & Cold (-25 *C to +25°C)
O Measurement, made for ±Vce V to ±18 V
O Measured for -55°C to +125°C, Hot 1+25°C to +125°C) & Cold (-55°C to +25°C)
cr, Ifs 100 MA for 4731 and 4733 • 1 mA for 4735
a, Specified over entire temperature range, -55°C to +125°C

Teledyne Philbrick makes no representation that use of its modules
in the circuits described hlrein, or use of other technical information
contained herein will not infringe on existing or future patent rights
nor do the descriptions contained herein imply the granting of lic-
enses to make, use, or sell equipment constructed in accordance there.
with.
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ALOG
DEVICES

-

0272 (22.1)
0.868 (220)

I --I--
0.500 (12.7) 0..
B.496 (12.61 0295 (7.,

,

PIN 1 IDENTIFIER

0.195 14 95)
0.175 (4.45)

0 (095)
0206 (621) [

GLASS BEAD STAND-OFF
(3 PLACES) Dias (len

0 095 12.411

0.776 119.7)
0.772 119.61

0.404 11021

0.400 1102)

TOP VIEW

0.025 10.60

h
0.016

0.020 10.511

10.41)

El GAIN

DATA GUARD

SENSE

REF

NC.

GNO

+INPUT

R GAIN

-INPUT

NULL

NULL

OUTPUT

High Accuracy Data Acquisition
Instrumentation Amplifier

FEATURES
Performance
Low Drift: 2.0i/VPC (AD522B)
Low Nonlinearity: 0.005% (G = 100)
High CMRR: >110dB (G = 1000)
Low Noise: 1.5AV p-p (0.1 to 100/4z)
Low Initial Vos: 1001.tV (AD522B)
Hermetically-Sealed, Electrostatically Shielded DIP
Versatility 
Single-Resistor Gain Programmable: 1t .,<, G 1000
Output Reference and Sense Terminals
Data Guard for Improving ac CMR
Value
Internally Compensated
No External Components except Gain Resistor
Active Trimmed Offset, Gain, and CMR
Low Cost: $13.00 (100's, A)

PRODUCT DESCRIPTION
The AD522 is a precision IC instrumentation amplifier designed
for data acquisition applications requiring high accuracy
under worst-case operating conditions. An outstanding corn-
bina.tion of high linearity, high common mode rejection, low
voltage drift, and low noise makes the AD522 suitable for
use in many 12-bit data acquisition systems.

An instrumentation amplifier is usually employed as a bridge
amplifier for resistance transducers (thermistors, strain gauges,
etc.) found in process control, instrumentation, data processing,
and medical testing. The operating environment is frequently
characterized by low signal-to-noise levels, fluctuating tempera-
tures, unbalanced input impedances, and remote location which
hinders recalibration.

The AD522 was designed to provide highly accurate signal con-
ditioning under these severe conditions. It provides output off-
set voltage drift of less than 101.N/°C, input offset voltage drift
of less than 0.5i/V/°C„ CMII above 80dB at unity gain (110dB
at G = 1000), maximum gain nonlinearity of 0.001% at G 1,

9and typical input impedance of 10 a.
This excellent performance is achieved by combining a proven
circuit configuration with state-of-the-art manufacturing tech-
nology which utilizes active laser trimming of tight-tolerance
thin-film resistors to achieve low cost, small size and high relia-
bility. This combination of high value with no-compromise per-
formance gives the AD522 the best features of both mono-
lithic and modular instrumentation amplifiers, thus providing
extremely cost-effective precision low-level amplification.

The AD522 is available in three versions with differing accu-
racies and operating temperature ranges; the "A", and "B"
are specified from -25°C to +85°C, and the "S" is guaran-

teed over the military/aerospace temperature range of --55
0

 C
to +125°C. All versions are packaged in a hermetically-
sealed, electrostatically shielded 14-pin DIP and are supplied
in a pin configuration similar to that of the popular AD521
instrumentation amplifier.

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

14-PIN DUAL-IN-LINE

PIN CONFIGURATION

TOP VIEW

Information furnished by Analog Devices is believed to be accurate
and reliable. However, no responsibility is assumed by Analog Devices
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.

Route 1 Industrial Park; P.O. Box 280;
Tel: 617/329-4700

West Coast Mid-West
213/595-1783 312/894-3300

Norwood, Mass. 02062
TWX: 710/394-6577

Texas
214/131-5094
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ADS 22SAD522BAD522A

1 + 2 (10) 
Rg

1 to 1000

e•0.05% max
0.2% max ••

••
4.0.001%

0.005%

•

±10V ® 5mA

MODEL
GAIN

Gain Equation

Gain Range
Equation Error

G 1
G = 1000

Nonlinearity, max (see Fig. 4)
G = 1
G 100

vs. Temp, max
G = 1
G 1000

OUTPUT CHARACTERISTICS
Output Rating

0.2% max
1.0% max

0.005%
0.01%

2ppmeC (Ippin/*C typ)
50 meC (25p meC ty

t400pV max (±200pV typ)

±50p/°C (±1011VeC rYP )
io

±6pV/ C
5t(-
0
 + 6)pV/ C

;00pV max (±100pV typ)

±100pV/ *C (±10pV/°C typ)
±6;1•1/°C

t( 1Q2 + 6),IV/°C

±200pV max (±100pV typ)

±25pV/°C (±5pVeC typ)
±2pV/*C

±(3-2 + 2)pV/°C

$45.00
$36.00
$30.00

$36.00
$28.80
$24.00

$29.25
$23.40
$19.50

PRICE
(1-24)
(25-99)
(100-999)

INPUT
Input Impedance

Differential
Common Mode

Input Voltage Range
Maximum Differential Input, Linear
Maximum Differential Input, Safe
Maximum Common Mode, Linear
Maximum Common Mode Input, Safe

Common Mode Rejection Ration.
Min ±10V, an Source
Imbalance (see Fig. 5)

G = 1 (dc to 3011z)
G = 10 (dc to 10Hz)
G 100 (de to 3Hz)
G 1000 (dc to 1Hz)
G I to 1000 (dc to 60Hz)

INPUT CURRENTS
Input Bias Current

Initial MAX, +25°C
vs. Temperature

Input Offset Current
Initial max, +25°C
vs. Temperature

vs. Supply, max
G = 1
G = 1000

±20pV/%
±0.2pV/96

±25nA
1.100pA/eC

±20nA
±100pA/*C

±15nA
±50pAPC

tlOnA
t5OpAit

±25nA
t 100pAPC

±20nA
±100pAPC

109n
109C2

±10V
±20V
t b y
tl5V

75dB (90dB typ)
90dB (100dB typ)
100dB (110dB typ)
100dB (120dB typ)
75dB (88dB typ)

80dB (100dB typ)
95dB (110dB typ)
100dB (120dB tYP)
110dB (>12)dB typ)
80dB (88dB typ)

75dB (90dB typ)
90dB (110dB typ)
loodB (120dB typ)
100dB (>120dB typ)
•

- 5°C to +125°C

•

±-8mA

•

±8rnA

NOISE
Voltage Noise, RTI (see Fig. 4)

0.1Hz to 1001z (p-p)
G=
G = 1000

10Hz to 10kliz (rms)
G 1

TEMPERATURE RANGE
Specified Performance
Operating
Storage

POWER SUPPLY
Power Supply Range
Quiescent Current, max OP ±15V

15;AV
1.5pV

15pV

-25°C to +85°C
-55°C to +125°C
-65°C to +150°C

±(5 to 18)V
±10mA

SPECIFICATIO[IS (typical @ +VS = E15V, RL = 2kS -2, & TA = +25°C unless otherwise specified)

DYNAMIC RESPONSE (See Fig. 6)
Small Signal (-3dB)

G= 1
G = 100

Full Power GBW
Slew Rate
Settling Time to 0.1%, G = 100

to 0.01%, G = 100
to 0.01%, G = 10
to 0.01%. G = 1

VOLTAGE OFFSET
Offsets Referred to Input

Initial Offset Voltage
(adjustable to zero)

G 1
vs. Temperature, max (see Fig. 3)

G = 1
G = 1000
1 < G < 1000

300kHz
3kHz
1.5kHz
0.1V/ps
0.5ms
5ms
2rns
0.5ms

'Specifications same as A D522A.
•'Specifications same as A05220.
Specifications subject to change without notice.
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A0522A AD5228 AD522S

•

±8mA

1(5 to 18)V
ilOmA

$36.00
$28.80
$24.00

TEMPERATURE RANGE
Specified Performance
Operating
Storage

POWER SUPPLY
Power Supply Range
Quiescent Current, max ®

PRICE
(1-24)
(25-99)
(100-999)

-55°C to +125°C
•

•

•

11mA

$45.00
$36.00
$30.00

-25°C to +85°C
-55°C to +125°C
-65°C to +150°C

S29.25
$23.40
$19.50

15AV
1.5pV

1 5tiV

75dB (90dB typ)
90dit (100dB typ)
100dB (110dB typ)
100dB (120dB typ)
75cIB (88dB tYP)

80c1B (100dB typ)
95dB (110dB typ)
100dB (120dB typ)
110dB (>1/OdB typ)
80dB (88dB tYP)

75dB (90dB typ)
90dB (110dB typ)
100dB (120dB typ)
100dB (>120dB typ)
•

109n
109 n

tlOV
±20V

10V
t15V

t25riA
t 100pAleC

#20nA
100pA/°C

SPECIFICATIOi S (typical @ +V = —15V, RL 2kE2 TA = +25°C unless otherwise specified)

MODEL
GAIN

Gain Equation
Rg

Gain Range 1 to 1000
Equation Error

G 1 0.2% max
G . 1000 1.0% max

Nonlinearity, max (see Fig. 4)
G . 1 0.00596
G 100 0.0196

vs. Temp, max
G = 1
G 1000 

OUTPUT CHARACTERISTICS
Output Rating tIOV ® 5mA

DYNAMIC RESPONSE (See Fig. 6
Small Signal (-3dB)

G 1 3001(Hz
G 100 3kHz

Full Power GBW 1.5kHz
Slew Rate 0.1V4rs
Settling Time to 0.1%, G 100 0.5rns

to 0.01%, G . 100 5ms
to 0.01%, G . 10 2ms
to 0.01%. G 1 0.5ms

0.05% max
0.2% max

0.001%
0.005%

2ppini°C (lppm/°C typ)
50 mfC (25p meC ty

VOLTAGE OFFSET
Offsets Referred to Input

Initial Offset Voltage
(adjustable to zero)

G 1
vs. Temperature, max (see Fig. 3)

G 1
G = 1000
1 < ,G < 1000

±400pV max (±200AV

±
50py/°C(±101rWeC tyP)

t6i/V/°C

+ 6)pV/°C

±204.1V max (±100PV tYP)

±25pV/°C(±5AVeC tYP)
±2j/Vf°C

2t + 2)1JY/
e
 C

:0012V max (±100/./V typ)

±1001/V/°C (ilopV/°C tYP)
±61.1V/°C

100 0±( 6*V/ C

vs. Supply, max
G . 1
G . 1000

INPUT CURRENTS
Input Bias Current

Initial max, +25°C
vs. Temperature ±100pA/°C

Input Offset Current
Initial max, +25°C t2OnA
vs. Temperature ±100pAi°C

INPUT
Input Impedance

Differential
Common Mode

Input Voltage Range
Maximum Differential Input, Linear
Maximum Differential Input, Safe
Maximum Common Mode, Linear
Maximum Common Mode Input, Safe

Common Mode Rejection Ration,
Min @ lkn Source
Imbalance (see Fig. 5)

G 1 (dc to 301Iz)
G 10 (dc to 10Hz)
G . 100 (dc to 3F1z)
G = 1000 (dc to 1Hz)
G 1 to 1000 (dc to 60Hz)

NOISE
Voltage Noise, RTI (see Fig. 4)

0.1Hz to 1001Iz (p-p)
G
G 1000

10Hz to 10k1-Iz (rms)
G * 1

•Spccifications sarnc as A0522A.
• • Specifications same as A052213.
Specifications subject to change without notice.

±20pV/96
±0.214V/%

±151iA
t50pA/`)C

±10nA
t50pAi°C
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these errors can not be corrected by calibration. Common mode
rejection of the AD522 is active laser-trimmed to the limits of
thin-film resistor stability. Further trimming could improve
CMR on a short term basis, but regular readjustment would be
necessary to maintain this improvement (see Figure 2). In this
example, untrimmed CMR and noise cause a total error of
±0.0065% of full scale and are the major contributors to reso-
lution error. RS

5 112

,G • 1000
.,....0 • 100

IIIEIIIIIIIIIIIIMI
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AOS22A AND S.

120
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00

40
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—

Figure 2. Optional CMR Trim
PERFORMANCE CHARACTERISTICS
Offset Voltage and Current Drift: The AD522 is available in
four drift selections. Figure 3 is a graph of maximum RIO off-
set voltage drift vs. gain for all versions. Errors caused by off-
set voltage drift can thus be determined for any gain. Offset
current drift will cause a voltage error equal to the product of
the offset current drift and the source impedance unbalance.

100 1000
GAIN - ViV

Figure 3. Output Offset Drift (A TO) vs. Gain
Gain Nonlinearity and Noise: Gain nonlinearity increases with
gain as the device loop-gain decreases. Figure 4 is a plot of
typical nonlinearity vs. gain. The shape of the curve can be
safely used to predict worst-case nonlineariry at gains below
100. Noise vs. gain is shown on the same graph.

GAM VN

Figure 4. Gain Nonlinearity and Noise (R TO) vs. Gain

Common Mode Rejection: CMR is rated at ±10V and ika
source imbalance. At lower gains, CNIR depends mainly on
thin-film resistor stability but due to gain-bandwidth consider-
ations, is relatively constant with frequency to beyond 60Hz.
The dc CMR improves with increasing gain and is increasingly
subject to phase shifts in limited bandwidth high-gain ampli-
fiers. Figure 5 illustrates CMR vs. Gain and Frequency.

Dynamic Performance: Settling time and unity gain bandwidth
are directly proportional to gain. As a result, dynamic perfor-
mance can be predicted from the well-behaved curves of
Figure 6.

FREQUENCY -

Figure 5. Common Mode Rejection vs. Frequency and Gain

Figure 6. Small Signal Frequency Response (-3d8)

SPECIAL APPLICATIONS
Offset and Gain Trim: Gain accuracy depends largely on the
quality of RG. A precision resistor with a 10ppmeC tempera-
ture coefficient is advised. Offset, like gain, is laser-trimmed to
a level suitable for most applications. If further adjustment is
required,.the circuit shown in Figure 1 is recommended. Note
that good quality (25ppm) pots are necessary to maintain vol-
tage drift specifications.

CMR Trim: A short-term CMR improvement of up to 10dB at
low gains can be realized with the circuit of Figure 2. Apply a
low-frequency 20/G volt peak-to-peak input signal to both
inputs through their equivalent source resistances and trim the
pot for an ac output null.

Sense Output: A sense output is provided to enable remote
load sensing or use of an output current booster. Figure 7 illu-
strates these applications. Being "inside the loop", booster
drift errors are minimized. When not used, the sense output
should be tied to the output.

OUTPUT $OOSTER

V
Figure 7. Output Current Booster and Buffered Output
Level Shifter

Reference Output: The reference terminal is provided to permit
the user to offset or "level shift" the output level to a datum
compatible with his load. It must be remembered that the total
output swing is -±10 volts to be shared between signal and refer-
ence offset. Furthermore, any reference source resistance will
unbalance the CMR trim by the ratio 10k/Rref. For example, if
the reference source impedance is 1, CMR will be reduced to
80dB (10k2/1E2 = 10,000 = 80dB). A buffer amplifier can be
used to eliminate this error, as shown in Figure 7, but the
drift of the buffer will add to output offset drift. When not
used, the reference terminal should be grounded.
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FEATURES
16 Bit Binary Model

• 4 Digit BCD Model
to Voltage Output

15pprn/°C max. Gain Tempoo
• Linearity to ±0.003%

GENERAL DESCRIPTION
The DAC-HP series are high resolution
hybrid D/A converters with voltage out-
put. They are self-contained, including
a low tempco zener reference circuit
and output operational amplifier, all in a
miniature 24 pin double spaced ceramic
DIP package. There are two basic mod-
els in the series. The DAC-HP16B has
16 bit binary resolution with -±0.003%
linearity while the DAC-HP16D has 4.
digit BCD resolution with ±-0.005% lin-
earity. Input coding is complementary
binary and complementary offset binary
for the DAC-HP16B and complemen-
tary BCD for the DAC-HP16D. The bi-
nary version operates in both unipolar
and bipolar modes with output voltages
of 0 to +10V and -±5V respectively.
Binary versions with a bipolar output
voltage range of -4--- 10V are available,
denoted by the suffix '-1" after the
model designation. The BCD version
operates in the unipolar mode only with
0 to +1 OV output.
The DAC-HP design incorporates thin
film hybrid technology which has been
in volume production. Selected low
tempco nichrome-on-silicon thin film
resistor networks are combined with
tightly matched quad current switches
to achieve 16 bit resolution. The thin
fil m resistors together with the low
tempco zener reference circuit result in
a maximum gain tempcoof ±-15ppm/°C
for the DAC. The thin film resistors are
functionally laser trimmed for optimum
converter linearity.
The resolution, stability, and voltage
output of these converters make them
ideal for precision applications such as
speech and waveform reconstruction,
precision ramp generators, and com-
puter controlled testing. They are avail-
able in three operating temperature
ranges: 0 to 70°C, —25 to +85°C, and
— 55 to +125°C. High reliability ver-
sions are also available under Datel
Intersil's "S" program and MIL-STD-883
level B screening. Power requirement
is 15VDC.

0

(1*

sta.

PIN FUNCTION PIN FUNCTION

Ea
W.
IIMM
Mill
Illna

6

BIT 1 IN ( mS13) illell BIT 13 IN
BIT 2 IN 14 BIT 1 4 IN
BIT 3 IN Mil BIT 15 IN
BIT 4 IN 16 BIT 16 IN ;LSB)
BIT 5 IN EMI OUTPUT
BIT 6 IN 18 BIPOLAR OFF

MEM
8

BIT 7 IN 19 - 15VDC
BIT 8 IN 20 GROUND

9 BIT 9 IN NEM SUM JUNCTION
10 BIT 10 IN IINEM GAIN ADJ

IMIN
12

BIT 11 IN NEM -, 15V DC
BIT 12 IN Iffial REF OUT

INPUT/OUTPUT
CONNECTIONS

NOTE PINS HAVE 0025 INCH STANDOFF FROM CASE

DATEL-INTERSIL, INC., 11 CABOT BOULEVARD, MANSFIELD. MA 02048/TEL (617) 339-9341/TWX 710-346-1953/TLX 951340

OUTPUT

001) o 
eV 0'0(RID 01 II+ ) 0 0
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REF.
OUT SUMJUNC

pRectsioN
REFERENCE
. 6.4V

REFERENCE
CONTROL
CIRCUIT

1.200

1
11 SPACES
AT 0.100
EA (2.5)

1 3(0303.M0)AX

0.100 I 

MECHANICAL DIMENSIONS
INCHES (MM)

0.800 MAX
(20,3)

0 160 MAX (4.1)

0.010 x 0.018
KOVAR

12 13 •

sorrom
1 VIEW I

DOT ON TpP 1 24
REFERENCES
PIN 1

(2,5)
o.600
(15.2)

BIN BIT 1 2 3 4 5 6 7 8 9 10 11 12

BCD BIT § § §

MSS DIGITAL INPUTS'8K for BCD mode(

13 14 15 16

co

LSB



ORDERING INFORMATION

OPER. PRICE
MODEL TEMP. RANGE SEAL (1-24)

DAC-HP16BGC 0 to 70C EPDXY $ 72.50
DAC-HP16BIVIC 0 to 70C HERM. $131.00
DAC-HP-168MR -25 to +85C HERM. $164.00
DAC-HP16BMM -55 to +125C HERK4. $230.00
DAC-HF'16BMC-1 0 to 70C HERM. $136.50
DAC-HP168MR-1 -25 to +85C HERM. $169.00
DAC-HP16BMM-1 -55 to +125C HERM. $235.00
DAC-HP16DGC 0 to 70C EPDXY $ 72.50
DAC-HP160 MC 0 tO 70C HERM. $131.00
DAC-HP160 MR -25 to +85C HERM. $164.00
DAC-HP16DMM -55 to 4-125C HERM. $230.00

Mating Socket: DILS-3 (24 pin socket)
$1.95 each

Trimming Potentiometer: TP5OK $3.00 each

For high reliability versions of the DAC-HP
series, including units screened to M I L-STD-
883. Level B. contact factory.

THESE CONVERTERS ARE
COVERED BY GSA CONTRACT

1 It is recommended that these convert-
ers be operated with local supply by-
pass capacitors of l tiF (tantalum type)
at the +15V and -15V supply pins.
The capacitors should be connected
as close to the pins as possible. In
high frequency noise environments
an additional .01pF ceramic capacitor
should be used in parallel with each
tantalum bypass.

2. The analog, digital, and power grounds
should be separated/from each other
as close as possible to pin 20 where
they all must connect together.

3. The external gain adjustment shown
in the diagrams gives an adjustment
of -±-0.2% of full scale range. The con-
verters are internally trimmed to
-±0.1% at full scale. A wider range of
adjustment may be achieved by de-
creasing the value of the 510K ohm
resistor.

4. The zero adjustment, or offset adjust-
ment, has an adjustment range of
±0.35% of full scale range. The uni-
polar zero is internally set to zero
within -±-0.1% of full scale range.

5. If the reference output (pin 24) is used,
it must be buffered by an operational
amplifier in the noninverting mode.
Current drawn from pin 24 should be
limited to :,--10pA in order that the
temperature coefficient of the refer-
ence circuit not be affected. This is
sufficient current for the bias current
of most of the popular operational am-
plifier types.

Appendix 5.D.

,
DAC-HP166

(Binary)
DAC-HP16D

(BCD)

MAXIMUM RATINGS
Positive Supply, pin 23 .. .... ....
Negative Supply, pin 19 ...............
Digital Input Voltage, pins 1-16 . . .
Output Current, pin 17 ................

+18V
-18V
+5.5V
--t2OrnA

*
*
*
*

-INPUTS
Resolution
Coding, unipolar output ................
Coding, bipolar output ... ....
Input Logic Level, bit ON ("0" ) 1 ..
Input Logic Level, bit OFF ("1" ) l ..
Logic Loading ............................

16 bits
Comp. Binary
Comp. Off. Binary

4 digits
Comp. BCD

-
OV tO +0.8V @ -1mA

+2.4V to +5.5V @ +40pA
1 TTL load ..

OUTPUT
Output Voltage Range, Unipolar2

Output Voltage Range, Bipolar...
Output Voltage Range, ‘-1" Suffix .
Output Current, min.. ...... .. . ..
Output Impedance ........

0 to +10V
---t5V

--t-- 1 0V
-±5 mA
0.05 ohm

PERFORMANCE
Linearity Error, max. . . . . . . . . . . .
Monotonicity, 10°C to 40°C
Gain Error, before trimming ..........
Zero Error, before trimming ....
Gain Tempco, rnax. 3 	
Gain Tempco, max. BGC, DGC ...
Zero Tempco, unipolar, max
Offset Tempco, bipolar, max. ......
Differential Linearity Ternpco ......
Settling Time, 10V change s .
Slew Rate.. ... ........ .. • • .
Power Supply Rejection.... .

-.1.-- 0.003%
. 14 bits

=0.1%
-±-0.1%
±-15ppm/°C
.±20ppm/°C
±5ppm/°C of FSR 4

±8ppmPC of FSR4
±-2ppm/°C of FSR 4

15psec.
20V/psec.
--f20.002% FSR/%

±0.005%
16 bits

*
*
*
*
*

*
15psec.

POWER REQUIREMENT
(Quiescent, all bits HI)

-I-15VDC at 38mA
-15VDC at 38mA

PHYSICAL-ENVIRONMENTAL
Operating Temperature Range ......

Storage Temperature Range ..........
Package Type ...........
Pins. ... . ..... • • • •
Weight ..............................................

0°C to 70°C (BMC, DMC, BGC, DGC)
-25°C to +85°C (BMR, DMR)
-55°C to +125°C (BMM, DMM)
-65° C to +150°C
24 pin ceramic
0.010 x 0.018 inch diameter Kovar

0.2 oz. (fig.)

*Specifications same as first column.
NOTES:

1 Drive from TTL output with only the DAC-HP as load.
2. Unipolar output range for suffix "-1" models, 0 to +10V, is reached at

1/2 scale input.
3. For all models except DAC-HP16BGC & DAC-16DGC.
4. FSR is 0 to +FS or -FS to +FS voltage.
5. To 0.005% FSR.

-45 -



-

UNIPOLAR OPERATION

0 OUTPUT It 5V)

+ 15VDC

50K

GAIN
ADJ.

CODING TABLES BIPOLAR OUTPUT— Complementary Offset Binary
INPUT CODE OUTPUT OUTPUT VOLTAGE

MSB LSB SCALE VOLTAGE SUFFIX"-1' MODELS

0000 0000 0000 0000 + FS— 1LSB
0011 1111 1111 1111 +1/2FS
0111 • 111 1111 1111 0
1011 1111 1111 1111 —1/2FS
1111 1111 1111 1110 —FS+1LS
1111 1111 1111 1111 —FS

+4.99985V +9.99969V
+2.50000 +5.00000.

0.00000 0.00000
—2.50000 —5.00000
—4.99985 —9.99969
—5.00000V —5.00000V

UNIPOLAR OUTPUT—Complementary BCD
INPUT CODE OUTPUT

IVI SB LSB SCALE VOLTAGE
0110 0110 0110.0110 +FS-1LSB +9.999V
1000 1010 1111 1111 +3/4FS +7.500
1010 1111 1111 1111 +1/2FS +5.000
1101 1010 1111 1111 +1/IFS +2.500
1111 1111 1111 1110 +1LSB +1.00mV
1111 1111 1111 1111 0 0

UNIPOLAR OUTPUT—Complementary Binary
INPUT CODE OUTPUT

MSB LSB SCALE VOLTAGE 
0000 0000 0000 0000 +FS-1LSB +9.99985V
0011 1111 1111 1111 +3/4FS +7.50000
0111 1111 1111 1111 +1/2FS +5.00000
1011 1111 1111 1111 +%4FS +2.50000
1111 1111 1111 1110 +1LSB +153 V
1111 1111 1111 1111 0 0

BIPOLAR OPERATION

17 OUTPUT (0 TO—0 +10V) 17

/6 18
ZERO

2.2 MEG ADJ.

DAC-10168
OR DAC-HP166

DAC-1016D 21

0.01
	 -15VDC -15VDC

CALIBRATION PROCEDURE
Connect the converter as shown in the application dia-
grams. For bipolar operation connect Bipolar Offset
(pin 18) to Summing Junction (pin 21). For unipolar op-
eration connect Bipolar Offset (pin 19) to Ground (pin
20). In making the following adjustments, refer to the
coding tables.

UNIPOLAR OPERATION
1. Zero Adjustment. Set the input digital code to 1111

1111 1111 1111 and adjust the ZERO ADJ. potenti-
ometer to give 0.00000V.output.

2. Gain Adjustment. Set the input digital code to 0000
0000 0000 0000 (complementary binary) or 0110
0110 0110 0110 (complementary BCD) and adjust
the GAIN ADJ. potentiometer to give +9.99985V
output (complementary binary) or +9.999V output
(complementary BCD).

BIPOLAR OPERATION
. Offset Adjustment. Set the Digital Input Code to

1111 1111 1111 1111 and adjust the OFFSET ADJ. po-
tentiometer to give the — F.S. output shown in the
coding table above for the model being calibrated.

2. Gain Adjustment. Set the Digital Input Code to 0000
0000 0000 0000 and adjust the GAIN ADJ. poten-
tiometer to give the +FS-1 LSB output shown in the
coding table above for the model being calibrated.

Printed in U.S.A. Copyright 0 1979 Datel-Intersil, Inc. All rights reserved
11 CABOT BOULEVARD. MANSFIELD. MA 02048 / TEL. (617)339-9341 / TWX 710-346-1953 / TLX 951340
Santa Ana. (714)835-2751, (L.A.) (213)933-7256 • Sunnyvale. CA (408)733-2424 • Gaithersburg. MD (301)840-9490
• Houston. (713)781-8886 • Dallas. TX (214)241-0651 OVERSEAS: DATEL (UK) LTD—TEL- ANDOVER (0264)51055
• DATEL SYSTEMS SARL 602-57-11 • DATELEK SYSTEMS GmbH (089)77-60-95 • DATEL KK Tokyo 793-1031

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE
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H1-506A/HI-501A
16 Channel Analog Multiplexer

with Overvoltage Protection
T

r

FEATIIRES

• ANALOG/DIGITAL OVERVOLTAGE PROTECTION

• FAIL SAFE WITH POWER LOSS (NO LATCHUP)

• BREAK BEFORE MAKE SWITCHING

• OTLiTTL AND CMOS COMPATIBLE

• ANALOG SIGNAL RANGE +15V

• ACCESS TIME 500ns TYP.

• SUPPLY CURRENT AT 1MHz
ADDRESS TOGGLE 4rnA TYP.

• STANDBY POWER 7.5mW TYP,

PIN OUT/TRUTH TABLE

HI-506A

*V SUPPtY 1

NC

NC 3
IN 1$ 4
IN IS $

IN 14

IN 13 /

Is 13 $
IN 11 11

10IS
'SI 11
GNO II

V451 13

ADDRESS £3 14

DESCRIPTION

The HI-506A and HI-507A analog multiplexers are constructed
vith the Harris Dielectric Isolation, Complementary MOS pro-
,ess. Digital and Analog inputs are protected from overvoltage
inputs that exceed either supply voltage with no channel inter-
action. Channel interaction is also eliminated in the event of
power loss. The HI-506A is a single-ended 16 channel multiplexer
while the HI-507A is a differential 8 channel version. The
devices are packaged in a 28 pin dual-in-line package and are
available in both military and commercial temperature ranges.

PACKAGE
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+20VVREF to Ground
VEN, VA, Digital Input Overvoltage:

vA VSupply(+) +4V
VSupply(-) -4V

Analog Input Overvoltage:

Vs I PP Y(
+) +20VVSu I 

v Supply(-) -20V

set CitIGAIIUNS

ABSOLUTE MAXIMUM RATINGS
Supply Voltage Between Pins 1 and 27 40V Total Power Dissipation* 1200mVV

Operating Temperature:
HI-506A/H1-507A-2 -55°C to +125°C
HI-506A/H1-507A-5 0°C to +75°C

Storage Temperature -65°C to +150°C

ELECTRICAL CHARACTERISTICS
Unless Otherwise Specified.
Supplies = +15V, -15V; VREF (Pin 13) = Open; VAH '(Lagic Level High) = +4.0V; VAL Lo ic Level Low 0.8V
For Test Conditions, consult Performance Characterisitcs section.

HI-506A/507A-2

-55°C to +125°C
HI-506A/507A-5

0°C to +75°C
PARAMETER TEMP. =III TYP. MAX. ui TYP. MAX. UNITS

ANALOG CHANNEL CHARACTERISTICS
• Vs. Analog Signal Range +15 -15 +15

C RoN, On Resistance (Note 1) 1.2 1.5 -1.5 1.8 KS?
1.5 2.0 1.8 2.0 K

' Is(oFF). Off Input Leakage Current 0.03 0.03 nA
+50 ±50 nA

*1 0(OFF). Off Output Leakage Current 1.0 1.0 nA
HI-506A +50Q ! 500 tult
HI-507A ! 250 ... 150 nA

` 10(oFF) with Input Overvoltage Applied (Note 2) 4.0 4.0 rIA
2.0 ;AA

*10iONI. On Channel Leakage Current 0.1 0.1 nA
H1-506A +500 +500 nA
H1-507A • 250 t 150 nA

DIGITAL INPUT CHARACTERISTICS
VAL. Input Low Threshold

I Drive
T(T (Note 7 )VAN. Input High Threshold I

.
4.0

0.8
V

VAt. } MOS Drive (Note 3)
0.8 0.8 V

VAH 6.0 V

• IA„ Input Leakage Current (High or Low) 1.0 5.0 //A

SWITCHING CHARACTERISTICS

tA, Access Time +25°C 0.5 1.0 0.5 its

topEN. Break - Before Make Delay +25°C 80 80 in

toN (EN), Enable Delay (ON) +25°C 300 300 In

T OFF (EN). Enab
le Delay 

(OFF) +25°C 300 300 In

-Oft Isolation** (Note 4) +25°C 65 65 dB

Cs (OFF), Channel Input Capacitance +25°C 5 5 pF

Co (OFF), Channel Output Capacitance HI-506A +25°C SO 50 Pf

HI-507A +25°C 25 25 pF

CA, Digital Input Capacitance +25°C 5 5 pF
C OS (OFF). Input to Output Ca p acitance +25°C 1 1 pF

POWER REQUIREMENTS

Po, Power Dissipation Full 7.5 mW

• I+ • Current Pin 1 (Note 5) FuN 0.5 2.0 I I mA

. I-, Current Pin 27 (Note 5) Full 0.02 1.0 i i I mA

C l,. Standby (Note 61,

.1-. Standby (Note 6)

Full

Full

0.5

0.02

2.0

1.0

1

i I

1

I

mA

mA

NOTES 1. VOUT "1OV. lou T si -100 A 5. V EN is +4.0V
2. Analog Overvoltage t 33V 6. V EN is 0.8 V
3. V REF is +10V 7. To drive from DTUTTL circuits, 1KnPull-up
4. V EN 

si 0.8V, A L is 1 K, CL 7pF, Vs 3VRIVIS, f 500KHz resistors to +5.0V supply are recommended
• 100% Tested For DASH 8 Appendix 5.E.
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RECOMMENDED OPERATING CONDITIONS

Supply Voltage (Vcc):
UHC-407, UHC-507 ..............
UHD-407, UHD-507 ..............
UHP-407, UHP-507 ............

Operating Temperature Range:
UHC-407, UHC-507. ...............
UHD-407, UHD-507 .................
UHP-407, UHP-507 ................

Current into any output (on state):
Voltage on any output (off state):

UHC-407, UHD-407, UHP-407
UHC-507, UHD-507, UHP-507

MIN .- NOM MAX

4.5 5.0 5.5
4.5 5.0 5.5
4.75 5.0 5.25

—55 25 +125 °C
—55 25 +125 °C

0 25 +70 °C
150 250

40
100

It • 1

(Not* 5) I

1 I 5pF
t I

LOAD I
I CIRCUIT
L J

TYPE 407 AND 507

QUAD NAND RELAY DRIVERS Appendix 5 . F.

0■0. NO. A.7012

UHC-407
UHC-507

UHD-407 UHD-5071
UHP-407 UHP-507

ELECTRICAL CHARACTERISTICS: (over operating temperature range unless otherwise noted)

..--... ..
Characteristic...--............----.....

. .
.
Symbol

' ,s '-' — - ...A. Test Conditions • -
A e ..,----- 1111111=EZZEIMIIIM

.
Units Notes

1101111111111
11111311111111111111111
Mal

Temp. Input
III Other

MUM

.
Output

"1" In ut Voltage V;n()) 1111111
" Vin(0) 1111111111EIZINIIMMINIMIMIONIE 0.8

loff
111111111

0.8V
Ell

40V 50

(off allil 0.8V El 100V 50 jzA
11111

=NMI
mai
Ma=
WM
MEI

111123111111111111111
.231

Mal=

"0" Output Voltage Types
UHP-407 cud UHP-507

Von 1111111111:311
allinam

2.0V 2.0V 150mA 0.4
2.0V 2.0V 250mA 0.6

iv . Output Voltage Types UHC-407
UHD-407, UHC-507, and UHD-507

Von 111111111EMI
MIN MIN

2.0V 2.0V 150mA 0-5
2.0V 2.0V 250mA 0.7

"0" input Current at all Inputs
except Strobe

4.0)
111111111=1111.1

—0.55 —0.8

"0** Input Current at Strobe fin((3) MEM= "V =BENI!!! —1*1 —1'6
"1" Input Current at all Inputs
except Strobe

111111111=111111=1111

111111111MEMIIIMMI

ov
MIMI

MOM
111111011111111111111111111111111111211111:1

11111111111111111111111 1111221111

40

160
ov

'1" Input Current at Strobe 111111111EMBS111
11111111111112911111EM

ov

ov

Diode leakage Current ow NOM NOM

OV
EZEIMIN

ov
OPEN

IIIIIIIIIIIIIIIIIIEIEIIIMIIIIIIIIIEMIIINEINI
200 was

Diode Forward Voltage Drop VD NOM NOM
••• _Level Supply Current REM NOM NOM OV

InallIESM111.1111
ov IMININ 111:211111111111111

20 ECM MUM"0" level Supply Current 'CC(0) NOM NOM

SWITCHING CHARACTERISTICS: Vcc 5.0V, TA
 

25°C

7. ' - .
Characteristic •

,,,
Symbol

... .
Test Conditions

. - Li its
NotesMin. 1, lyp. -;,. --,-hotax,. Units

Turn-on Delay Time tpd0
Types UHC-407, UHD-407, UHP-407 CL=15pF, Rt.= 6W, 2659, Rs =40V 85 is
Types UHC-507, IJMD-507, UHP-507 CL=15pF, Rt .------- 15W, 6709, Rs= i 00V 195 ns

Turu-off Delay Time tpd 1
Types UHC-407, UHD-407, UHP-407 Ct=15pF, RL=6W, 2659, Rs=40V 95 ns
Types UHC-507, UHD-507, UHP-507 Ct.=15pF, Ri=15W, 6709, Rs =100V 220 ns

NOTES:
1. Typical values are at Vcc =5.0V, TA = 25°C
2. Each input tested separately.
3. Each gate.
4. Voltage values shown in the test circuit waveforms are with re-

spect to network ground terminal.

5. Capacitance values specified include probe and test fixture
capacitance.

6. Diode leakage current measured at VR =Voff(min).
7. Diode forward voltage drop measured at If=- 200mA.

1.47:tf .-
0% 90% II-\

50%
' 10% 

/".---- 
tP --" 11

tpd

11(50%

 'lout( I)
50%

Vout(0)

NO. A4,004

INPUT PULSE CHARACTERISTICS

INPUT

10%

tpd0

Vin(1)

Vin(0)

OUTPUT

QV t f 7 ns = 1 ps

- 49 - V -'11 3.5v 14 ns PRR 5001,Hz



l
i
r

k
 TELEDYNE RELAYS

SERENDIP
®
 Commercial/Industrial DIP Solid State Relays

high input/output isolation (up to 2500 volts/10
... -- .... ohms). Six models available providing choice of

output: bipolar (ac or dc), ac (triac), and dc (tran-
, sistor). Bipolar (640/644 series) and dc (643 series)

Subminiature solid state relays in standard are direct pin-for-pin replacements for standard
TO-116 DIP packages. Featuring all solid state cir- DIP reed relays. AC versions (641 series) are UL
cuitry with hybrid microcircuit construction, and Recognized — File #E55197.

INPUT DATA OUTPUT (LOAD) RATINGS
PART CURRENT  VOLTAGENUMBER VOLTAGE (VDC) MAX. CUFIRENT

(MADC ® 5V) AC/DC
@ by INPUT e 5V INPUT

640-1 3.8-10 allICIIII BIPOLAR
(AC or DC) 80 MA 40 MA ±,- 50 VKA4C

641-1 3.8-10 111111111 AC 0.5 A
1(Note ) 0.5 A 140 Vxms

641-2 3.8-10 1=1.1 AC 0.5 A
(Note 1) 0.5 A 280 VitimiS

643-1 3.8-10 ME= DC 400 MA 200 MA 60 Voc

--3.8=10 15 DC 100 MA 50 MA 250 Voc643-2

644-1 3.8-6 18 BIPOLAR
(AC or DC) (Note 2) 5 MA 5 MA

,
4- 5 Vr x- EA

Notes:
't. i amp with heat sink. Standard DIP heat sink, Model 640HS, available as accessory.
2. Features low offset voltge (100 microvolts typical). .

-

,

Solid State DC Relay

ries Optically isolated
limit in-rush currents for lamp loads and switching
transients for inductive loads. Package configura-
tion provides either screw or quick disconnect
terminals for chassis or panel mounting or solder
pins for direct PC board mounting.
Size: 1" (25.4 mm) x 2" (50.8 mm) x .9" (22.9 mm).

PART
NUMBER

OUTPUT
CURRENT

RATING (AMPS)

603-1
603-2 '

603-21 2 Controlled
Rise & Fall Time

603-22 5

Basic part number provides screw terminals.
Add suffix "P" for PC board pins. "0" for quick disconnect terminals.

Ir& TELEDYNE RELAYS

AttAl

1,5flIC‘
P.2".

+

Solid state DC relays featuring LED optical iso-
lation. SPST, normally open. Available in 2 and 5
amp steady state current ratings, up to 50 vdc.
Sensitive 3-32 vdc control input is compatible with
both low and high level logic systems. As an added
option, controlled rise and fall time is offered to

3155 West El Segundo Boulevard, Hawthorne, California 90250 Telephone (213) 973-4545
- 50 - Appendix 5.G.
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33
32
31
30
29
26
27
26
25
24
23
22
21

5
6

6
9
10 Am9513
11
12
13
14
15
16
17
18
19
20

1 0
2
3
4

(+5V) VCC
OUT 2
OUT I

GATE 1
X1
X2

FOUT
06
WR

RD
080
081
1302
003
084
005

131:16
087

GATE 1A10811

	 OUT 3
GATE 2
OUT 4
OUT 5
GATE 3
GATE 4
GATE 5
SOURCE 1
SOURCE 2
SOURCE 3
SOURCE 4
SOURCE 5
131:115
0814

 0813
0012/GATE 5A
Mill/GATE 4A

13810/GATE 3A
089/GATE 2A
VSS (GND)

Top View

Pin 1 is marked for orientation. MOS-172

Figure 1.

Appendix 5 .H.

AM9b13
System Timing Controller
Advanced Micro Devices

Advanced MOSILS1

DISTINCTIVE CHARACTERISTICS

• Five independent 16-bit counters
• High speed counting rates
• Up/down and binary/BCD counting
• Internal oscillator frequency source
• Tapped frequency scaler
• Programmable frequency output
• 8-bit or 16-bit bus interface
• Time-of-day option
• Alarm comparators on counters 1 and 2
• Complex duty cycle outputs
• One-shot or continuous outputs
• Programmable count/gate source selection
4, Programmable input and output polarities
• Programmable gating functions
• Retriggering capability
411 +5 volt power supply
• Standard 40-pin package
• 100% MIL-STD-883 reliability assurance testing

GENERAL DESCRIPTION

The Am9513 System Timing Controller is an LSI circuit designed
to service many types of courting, sequencing and timing appli-
cations. It provides the capability for programmable frequency
synthesis, high resolution programmable duty cycle waveforms,
retriggerable digital timing functions, time  clocking, coin-
cidence alarms, complex pulse generation, high resolution baud
rate generation, frequency shift keying, stop watching timing,
event count accumulation, waveform analysis and many more A
variety of programmable operating modes and control features
allow the Am9513 to be personalized for particular applications as
well as dynamically reconfigured under program control.

The STC includes five general-purpose 16 bit counters. A variety
of internal frequency sources and external pins may be selected
as inputs for individual counters with software selectable active
high or active low input polarity. Both hardware and software
gating of each counter is available. Three state outputs for each
counter provide either pulses or levels. The counters can be
programmed to count up or down in either binary or BCD. The
accumulated count may be read without disturbing the counting
process. Any of the counters may be internally concatenated to
form an effective counter length of up to 80 bits.

TABLE OF CONTENTS

General Description .............................................................. 1
Pinout  1
Block Diagram .................................. ....................................  2
Interface Signal Description  2
Functional Description ..........................................................  4
Control Port Registers ......... ....................................................5
Data Port Registers  7
Register Access 8
Master Mode Control Options  9
Operating Mode Description. 11
Counter Mode Control Options 15
Command Descriptions ......... .............................................17
Maximum Ratings 21
Electrical Characteristics 21
Switching Characteristics 23
Applications Information ....................................................... 25
Physical Dimensions 26

CONNECTION DIAGRAM

ORDERING INFORMATION

Package Type Temperature Range

counting Frequency

7MHz

Molded AM9513PC

0°C --5. TA •
--5 +70°C AM9513DC

Hermetic*
AM9513CC

Hermetic —55°C --. TA --5. +125°C AM9513DM

'Hermetic = Ceramic = DC = CC = 0-40-1.

:opyright d 1980 by Advanced Micro Devices. Inc. — 5 1 — Advanced Micro Devices reserves the right to modify informaton contained in this document tv.thout notice.
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Figure 2.
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18-BIT COMPARATOR
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Figure 3. Counter Logic Groups 1 and 2.

MOS-141

Figure 4. Counter Logic Groups 3, 4 and 5.

MOS-142

INTERFACE SIGNAL DESCRIPTION

Figure 5 summarizes the interface signals and their abbreviations
for the STC. Figure 1 shows the signal pin assignments for the
standard 40-pin dual in-line package.

VCC: +5 volt power supply

VSS: Ground

Xl, X2 (Crystal)

X1 and X2 are the connections for an external crystal used to
determine the frequency of the internal oscillator. The crystal
should be a parallel-resonant, fundamental-mode type. An RC or
LC or other reactive network may be used instead of a crystal. For
driving from an external frequency source, X1 should be left open
and X2 should be connected to a TTL source and a pull-up
resistor.

FOUT (Frequency Out, Output)

The FOUT output is derived from a 4-bit counter that may be
programmed to divide its input by any integer value from 1
through 16 inclusive. The input to the counter is selected from any
of 15 sources, including the internal scaled oscillator frequencies.
FOUT may be gated on and off under software control and when
off will exhibit a low impedance to ground. Control over the
various FOUT options resides in the Master Mode register. After
power-up, FOUT provides a frequency that is 1/16 that of the
oscillator.

GATE1-GATE5 (Gate, Inputs)

The Gate inputs may be used to control the operations of indi-
vidual counters by determining when counting may proceed. The
same Gate input may control up to three counters. Gate pins may
also be selected as count sources for any of the counters and for
the FOUT divider. The active polarity for a selected Gate input is
programmed at each counter. Gating function options allow
level-sensitive gating or edge-initiated gating. Other gating

— 52 — Annpndix 5.1-1.



modes are available including one that allows the Gate input to
select between two counter output frequencies. All gating func-
tions may also be disabled. The active Gate input is conditioned
by an auxiliary input when the unit is operating with an external
8-bit data bus. See Data Bus description. Schmitt-trigger circuitry
on the GATE inputs allows slow transition times to be used.

SRC1-SRC5 (Source, Inputs)
The Source inputs provide external signals that may be counted
by any of the counters. Any Source line may be routed to any or all
of the counters and the FOUT divider. The active polarity for a
selected SRC input is programmed at each counter. Any duty
cycle waveform will be accepted as long as the minimum pulse
width is at least half the period of the maximum specified counting
frequency for the pad. Schmitt trigger circuitry on the SRC inputs
allows slow transition times to be used

OUT1-OUT5 (Counter, Outputs)

Each 3-state OUT signal is directly associated with a corre-
sponding individual counter. Depending on the counter config-
uration, the OUT signal may be a pulse, a square wave, or a
complex duty cycle waveform. OUT pulse polarities are individu-
ally programmable. The output circuitry detects the counter state
that would have been all bits zero in the absence of a reinitializa-
tion. That information is used to generate the selected waveform
type. An optional output mode for Counters 1 and 2 overrides the
normal output mode and provides a true OUT signal when the
counter contents match the contents of an Alarm register.

DBO-DB7, D88-DB15 (Data Bus, Input/Output)

The 16, bidirectional Data Bus lines are used for information
exchanges with the host processor. HIGH on a Data Bus line
corresponds to one and LOW corresponds to zero. These lines
act as inputs when WR and CS are active and as outputs when
RD and CS are active. When CS is inactive, these pins are placed
in a high-impedance state.

After power-up or reset, the data bus will be configured for 8-bit
width and will use only DBO through 067. DBO is the least sig-
nificant and DB7 is the most significant bit position. The data bus
may be reconfigured for 16-bit width by changing a control bit in

the Master Mode register. This is accomplished by writib‘g an
8-bit command into the low-order DB lines while holding the
DB13-DB15 lines at a logic high level. Thereafter all 16 lines can
be used, with DBO as the least significant and DB15 as the most
significant bit position.
When operating in the 8-bit data bus environment, D68-DB15 will
never be driven active by the Am9513. DB8 through D812 may
optionally be used as additional Gate inputs (see Figure 6). If
unused they should be held high. When pulled low, a GATENA
signal will disable the action of the corresponding counter N
gating. DB13-DB15 should be held high in 8-bit bus mode
whenever CS and VVR are simultaneously active.

CS (Chip Select, Input)

The active-low Chip Select input enables Read and Write opera-
tions on the data bus. When Chip Select is high, the Read and
Write inputs are ignored. The first Chip Select signal after
power-up is used to clear the power-on reset circuitry.

RD (Read, Input)

The active-low Read signal is conditioned by Chip Select and
indicates that internal information is to be transferred to the data
bus. The source will be determined by the port being addressed
and for Data Port reads, by the contents of the Data Pointer
register. WR and RD should be mutually exclusive.

WR (Write, Input)

The active low Write signal is conditioned by Chip Select and
indicates that data bus information is to be transferred to an
internal location. The destination will be determined by the port
being addressed and for Data Port writes, by the contents of the
Data Pointer register. WR and RD should be mutually exclusive.

CID (Control/Data, Input)

The Control/Data signal selects source and destination locations
for read and write operations on the data bus. Control Write
operations load the Command register and the Data Pointer.
Control Read operations output the Status register. Data Read
and Data Write transfers communicate with all other internal
registers. Indirect addressing at the data port is controlled inter-
nally by the Data Pointer register.

Signal Abbreviation Type Pins

+5 Volts VCC Power 1
Ground VSS Power 1
Crystal Xl, X2 I/O, 1 2
Read RD Input 1
Write WR Input 1
Chip Select CS Input 1
Control/Data C/5 Input 1
Source N SRC Input 5
Gate N GATE Input 5
Data Bus DB I/O 16
Frequency Out FOUT Output 1
Out N OUT Output 5

Figure 5. Interface Signal Summary.

Package
Pin

Data Bus Width (MM14)

16 Bits 8 Bits

12 DBO • DBO
13 061 061
14 DB2 082
15 083 063
16 064 064
17 DB5 DB5
18 066 DB6
19 067 DB7
20 DB8 GATE 1A
22 089 GATE 2A
23 DB10 GATE 3A
24 0811 GATE 4A
25 DB12 GATE 5A
26 DB13 (VIH)
27 0814 (VWI)
28 0815 (VIH)

Figure 6. Data Bus Assignments,
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FUNCTIONAL DESCRIPTION

The Aro9513 block diagrams (Figures 2, 3 and 4) indicate the
interfac'e signals and the basic flow of information. Internal control
lines and the internal data bus have been omitted. The control
and data registers are all connected to a common internal 16-bit
bus. The external bus may be 8 or 16 bits wide; in the 8-bit mode
the internal 16-bit information is multiplexed to the low order data
bus pins DBO through 067.

An internal oscillator provides a convenient source of frequencies
for use as counter inputs. The oscillator's frequency is controlled
at the X1 and X2 interface pins by an external reactive network
such as a crystal. The oscillator output is divided by the Fre-
quency Scaler to provide several sub-frequencies. One of the
scaled frequencies (or one of ten input signals) may be selected
as an input to the FOUT divider and then comes out of the chip at
the FOUT interface pin.

The STC is addressed by the external system as two locations: a
control port and a data port. The control port provides direct
access to the Status and Command registers, as well as allowing
the user to update the Data Pointer register. The data port is used
to communicate with all other addressable internal locations. The
Data Pointer register controls the data port addressing.

Among the registers accessible through the data port are the
Master Mode register and five Counter Mode registers, one for
each counter. The Master Mode register controls the pro-
grammable options that are not controlled by the Counter Mode
registers.

Each of the five general-purpose counters is 16 bits long and is
independently controlled by its Counter Mode register. Through
this register, a user can software select one of 16 sources as the
counter input, a variety of gating and repetition modes, up or
down counting in binary or BCD and active-high or active-low
input and output polarities.

Associated with each counter are a Load register and a Hold
register, both accessible through the data port. The Load register
is used to automatically reload the counter to any predefined
value, thus controlling the effective count period. The Hold regis-
ter is used to save count values without disturbing the count
process, permitting the host processor to read intermediate
counts. In addition, the Hold register may be used as a second
Load register to generate a number of complex output
waveforms.

All five counters have the same basic control logic and control
registers. Counters 1 and 2 have additional Alarm registers and

comparators associated with them, plus the extra logic necessary
for operating in a 24-hour time-of-day mode. For real-time opera-
tion the time-of-day logic will accept 50Hz, 60Hz or 100Hz input
frequencies.

Each general counter has a single dedicated output pin. It may be
turned off when the output is not of interest or may be configured
in a variety of ways to drive interrupt controllers, Darlington buf-
fers, bus drivers, etc. The counter inputs, on the other hand, are
specifically not dedicated to any given interface line. Consider-
able versatility is available for configuring both the input and the
gating of individual counters. This not only permits dynamic re-
assignment of inputs under software control, but also allows
multiple counters to use a single input, and allows a single gate
pin to control more than one counter. Indeed, a single pin can be
the gate for one counter and, at the same time, the count source
for another.

A powerful command structure simplifies user interaction with the
counters. A counter must be armed by one of the ARM com-
mands before counting can commence. Once armed, the count-
ing process may be further enabled or disabled using the
hardware gating facilities. The ARM and DISARM commands
permit software gating of the count process in some modes.

The LOAD command causes the counter to be reloaded with the
value in either the associated Load register or the associated
Hold register. It will often be used as a software retrigger or as
counter initialization prior to active hardware gating.

The DISARM command disables further counting independent of
any hardware gating. A disarmed counter may be reloaded using
the LOAD command, may be incremented or decremented using
the STEP command and may be read using the SAVE command.
A count process may be resumed using an ARM command.

The SAVE command transfers the contents of a counter to its
associated Hold register. This command will overwrite any previ-
ous Hold register contents. The SAVE command is designed to
allow an accumulated count to be preserved so that it can be read
by the host CPU at some later time.

Two combinations of the basic commands exist to either LOAD
AND ARM or to DISARM AND SAVE any combination of count-
ers. Additional commands are provided to: step an individual
counter by one count; set and clear an output toggle; issue a
software reset; clear and set special bits in the Master Mode
register; and load the Data Pointer register.
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CONTROL PORT REGISTERS

The STC is addressed by the external system as only two loca-
tions: a Control port and a Data port. Transfers at the Control port
(C/5 = High) allow direct access to the command register when
writing and the status register when reading. All other available
internal locations are accessed for both reading and writing via
the Data port (C/5 = Low). Data port transfers are executed to
and from the location currently addressed by the Data Pointer
register. Options available in the Master Mode register and the
Data Pointer control structure allow several types of transfer
sequencing to be used. See Figure 7.

Transfers to and from the control port are always 8 bits wide. Each
access to the Control port will transfer data between the Corn-
mand register (writes) or Status register (reads) and Data Bus
pins DBO-DB7, regardless of whether the Am9513 is in 8- or 16-bit
bus mode. When the Am9513 is in 8-bit bus mode, Data Bus pins
DB13-DB15 should be held at a logic high whenever CS and WR
are both active.

Command Register

The Command register provides direct control over each of the
five general counters and controls access through the Data port
by allowing the user to update the Data Pointer register. The
"Command Description" section of this data sheet explains the
detailed operation of each command. A summary of all com-
mands appears in Figure 21. Six of the command types are used
for direct software control of the counting process. Each of these
six commands contains a 5-bit S field. In a linear-select fashion,
each bit in the S field corresponds to one of the five general
counters (Si = Counter I, 52 = Counter 2, etc.). When an S bit is
a one, the specified operation is performed on the counter so
designated; when an S bit is a zero, no operation occurs for the
corresponding counter.

Data Pointer Register

The 6-bit Data Pointer register is loaded by issuing the appro-
priate command through the control port to the Command regis-
ter. As shown in Figure 7, the contents of the Data Pointer register
are used to control the Data Port multiplexer, selecting which
internal register is to be accessible through the Data Port.

The Data Pointer consists of a 3-bit Group Pointer, a 2-bit Ele-
ment Pointer and a 1-bit Byte Pointer, depicted in Figure 8. The
Byte Pointer bit indicates which byte of a 16-bit register is to be
transferred on the next access through the data port. Whenever
the Data Pointer is loaded, the Byte Pointer bit is set to one,
indicating a least-significant byte is expected. The Byte Pointer
toggles following each 8-bit data transfer with an 8-bit data bus
(MM13 = 0), or it always remains set with the 16-bit data bus
option (MM13 = 1). The Element and Group pointers are used to
select which internal register is to be accessible through the Data
Port. Although the contents of the Element and Group Pointer in
the Data Pointer register cannot be read by the host processor,
the Byte Pointer is available as a bit in the Status register.

Random access to any available internal data location can be
accomplished by simply loading the Data Pointer using the com-
mand shown in Figure 9 and then initiating a data read or data
write. This procedure can be used at any time, regardless of the
setting of the Data Pointer Control bit (MM14). When the 8-bit data
bus configuration is being used (MM13 = 0), two bytes of data
would normally be transferred following the issuing of the "Load
Data Pointer" command.

To permit the host processor to rapidly access the various internal
registers, automatic sequencing of the Data Pointer is provided.
Sequencing is enabled by clearing Master Mode bit 14 (MM14) to
zero. As shown in Figure 10, several types of sequencing are
available depending on the data bus width being used and the
initial Data Pointer value entered by command.

When El 0 or E2 = 0 and G4, G2, G1 point to a Counter Group,
the Data Pointer will proceed through the Element cycle. The
Element field will automatically sequence through the three val-
ues 00, 01 and 10 starting with the value entered. When the
transition from 10 to 00 occurs, the Group field will also be
incremented by one. Note that the Element field in this case does
not sequence to a value of II. The Group field circulates only
within the five Counter Group codes.

If E2, El = 11 and a Counter Group is selected, then only the
Group field is sequenced. This is the Hold cycle. It allows the Hold
registers to be sequentially accessed while bypassing the Mode
and Load registers. The third type of sequencing is the Control

DATA POINTER
REGISTER

COMMAND
REGISTER

41,// STATUS
REPISTER

CONTROL

PORT

DATA

BUS

MULTIPLEXER

BYTE
POINTER

GROUP AND ELEMENT
ADDRESS

5116
DATA
PORT
MUX

COUNTER 1 MODE REGISTER

8116

DATA
PORT

PREFETCH
LATCH COUNTER 1 LOAD REGISTER

/
$1116

Figure 7. Am9513 Register Access.

FOUNTER 1 HOLD REGISTER

( COUNTERS 2, 3, 4, 5 MODE.
LOAD AND HOLD REGISTERS

MASTER MODE REGISTER

COUNTER 1 ALARM REGISTER

COUNTER 2 ALARM REGISTER I
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High Accuracy, 100kliz and IMHz
Voltage to Frequency Converters

FEATURES
High Stability: 5ppmfC max, Model 458L

15ppmf C max, Model 460L
Low Nonlinearity: 100ppm max, Model 458

150ppm max, Model 460
Versatility: Differential Input Stage

Voltage and Current Inputs
Floating Inputs: ±10V CMV

Wide Dynamic Range: 6 Decades, Model 460
TTL/DTL or CMOS/HNIL Compatible Output

APPLICATIONS
Fast Analog-to-Digital Converter
High Resolution Optical Data Link
Ratiometric Measurements
2-Wire High Noise Immunity Digital Transmission
Long Term Precision Integrator

GENERAL DESCRIPTION
Models 458 and 460 are high performance, differential input,
voltage to frequency modular converters designed for analog
to digital applications requiring accuracy and fast data con-
version. Model 458 offers a 100kHz full scale frequency,
guaranteed nonlinearity of ±0.01% maximum over five dec-
ades (11-1z to 100kHz) of operation and guaranteed low max-
imum gain drift in three model selections; model 458L:
5pprn/ C max; model 458K: lOppm/°C max; and model
458j: 2Oppm/

0

 C max. Model 460 offers a 1MHz full scale
frequency, guaranteed maximum nonlinearity of ±0.015%
over six decades (1Hz to 1MHz) of operation and guaranteed
low maximum gain drift in three selections; model 460L:
15pprn/

0

 C max; model 460K; 25pprn/
0

 C max; and model
460j: 50ppm/°C max. Model 460L is the industries' first
1MHz V/F converter to offer 15ppm/°C maximum gain drift.

The differential input stage of models 458 and 460 provide
the versatility of either direct interface to off-ground 0 to
+11V input signals with common mode voltages (CMV) to
±10V, as well as ground referenced positive, 0 to +11V or
negative, 0 to -11V signals. Both models also accept positive
current signals: 0 to +0.5mA, model 458; 0 to +1mA, model
460 for current to frequency (I/F) applications.

The rated performance of both models 458 and 460 is
achieved without the need for external components or ad-
justments. Optional adjustments are available for trimming
full scale frequency and the input offset voltage.

WHERE TO USE MODELS 458 AND 460
The combination of low gain drift, low nonlinearity and the
versatility of a differential input with both high speed
(100kHz/1MHz) models, offer excellent solutions to a wide
variety of demanding applications; in high speed remote data
acquisition systems - two wire data transmission over long

Information furnished by Analog Devices is believed to be accurate
and reliable. However, no responsibility is assumed by Analog Devices
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.
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wires; in 51/2 digit DVM's -- featuring high resolution AID con-
version, monotonic performance, no missing codes and high
noise rejection; in strain gage bridge weighing applications -
accurate ratiometric measurements over wide dynamic range.

DESIGN APPROACH - PRECISION CHARGE BALANCE
Models 458 and 460 incorporate a superior charge balance de-
sign that result in high linearity and temperature stability -
see Figure 1. Both models accept unipolar, single-ended volt-
age or current input signals directly. By offsetting the input
using the current terminal, models 458 and 460 will accept
bipolar input voltages up to ±5V.

T24 OUTPUT

+05:rui

POWER COMMON

OFFSET
VOLTAGE
TRIM

MODEL FULL SCALE OUTPUT IMIHMIESI
11=11 100ktir 204( ? INC: 111=1

460 1111111:1111.11 10kil Mal 91051

Figure 1. Block Diagram - Models 458, 460

P.O. Box 280; Norwood, Massachusetts 02062 U.S.A
Telex: 924491 Cables: ANALOG NORWOODMAS:
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BOTTOM VIEW

2.01
(50.8)
MAX

_JL
--11-0.1 (2.5) GRIO

CATIOivS (typical @ +25°C and Vs = ±-15VDC unless otherwise noted)

MODEL

100kHz Full Scale
458

J I K L

1MHz Full Scale
460

J I K L

TRANSFER FUNCTION
Voltage Input
Current Input

fOUT = (10
4 Hz/V) en,'

=fOUT
(2 x 10s Hz/mA) i N

. (10 Hz/V) ens'fOUT
s

OUT = (10
6

HzimA) iTh4

ANALOG INPUT
Configuration
Voltage Signal Range

‘ eREF = Cs)enq Terminal (
eREF Terminal (e ll,' = 0)
Differential (e/N - eREF)

Overrange
Current Signal Range (i llsi )
Common Mode Voltage
Common Mode Rejection
Impedance, C IN Terminal

eREF Terminal
iiN Terminal

Max Safe Input

Differential

0 to +10V dc min
0 to -10V dc min
0 to +10V dc min
+10% min
0 to +0.5mA min
±10V
40clit
20kI2
40kS2
02
±Vs

Differential

0 to +10V dc min
0 to -10V dc min
0 to +10V dc man
+10% min
0 to +1mA min
±10V
40d8
101d2
201(12
0S2
±Vs

ACCURACY
Warm Up Time
Nonlinearity, e iN = +0.1mV to +11V

e l/4 = -0.1mV to -11V
Full Scale Error'
Gain vs. Temperature (0 to +70°C)

vs. Supply Voltage
vs. Time

Input Offset Voltage'
vs. Temperature (0 to +70°C)
vs. Supply Voltage
vs. Time

5 Seconds to 0.01%
±0.01% of Full Scale, max
±0.01% of Full Scale
+0.1% to +2%, max
±2oppmeC max 1 ±1OppmeC max I ±5pprn/

.

 C max
±15pprni%
:4:10pprn/day
±lOrraV max
±30pV/°C max
±.10pV/%
±20pprniclay

2 Minutes to 0.02%
±0.015% of Full Scale, max
±0.015% of Full Scale
+0.1% to +2%, max
±5OppmeC max 1 ±25pprnit max ±15ppm/

.

 C max
±25ppm/96
±lOpprn/day
±10mV max
±30pVeC max
±10pV/%
±lOpprniclay

RESPONSE
Settling Time, ±0.01% +10V Step
Overload Recovery Time

3 Output Pulses Plus 2ps
lOrns

2 Output Pulses Plus 2ps
1 ms

FREQUENCY OUTPUT'
Waveform
Pulse Width
Rise and Fall Time
Pulse Polarity
Logic "1" (High) Level
Logic "0" (Low) Level
Capacitive Loading
Fan Out Loading
Impedance

TTL/DTL Compatible Pulses
5ps
30Ons/50ns
Positive
+2.4V min
+0.4V max
500pF max
10 TTL Loads min
3krt (High State)

TTL/DTL Compatible Pulses
500ns
6Ons/50ns
Positive
+2.4V min
+0.4V max
200pF max
10 'TTL Loads min
6701-Z (High State)

POWER SUPPLY4
Voltage, Rated Performance
Voltage, Operating
Current, Quiescent

±15V dc
±(13 to 18)V dc
(+25, -8)mA

±15V dc
±(13 to 18)V dc
(+25, -8)mA

TEMPERATURE RANGE
Rated Performance
Operating
Storage

0 to +70°C
-25°C to +85 °C
-55°C to +125°C

0 to +70°C
-25°C to +85°C
-55°C to +125°C

MECHANICAL
Case Size
Weight
Mating Socket

2" x 2" x 0.4"
45 Grams
AC1016

2" x 2" x 0.4.
45 Grams
AC1016

'Adjustable to zero using 5001/ potentiometer.
' Adjustable to zero using sokn potentiometer.
'Protected for continuous short-circuits to ground and momentary (less than 1 sec) shorts to the +Vs supply. Output is not protected for shorts to the -Vs supply.
4 Recommended power supply. AD1 model 904, ±15V @ 50mA output.

Specifications subject to change without notice.

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm

0.20 TO 0.25 15 TO 6 4) U 
1...F-

11
1.02) DIA

h
e--- 2.01 (50.81 MAX-41 j

1-

(10.2)
MAX

0.41
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Foul
0 TO 1001,14t 14158)
0 TO 1Mti, 14601

(SOTTO VIEW) Accept -±5V Bipolar InputsFigure 5.

Figure 3. Negative input Signal

+15VDC
OFFSET
ADJUST

-15VDC

Foul

VOLTAGE TO FREQUENCY OPERATION
Models 458 and 460 provide accurate conversion of analog
signals into a train of constant width and constant amplitude
pulses at a rate directly proportional to the analog signal am-
plitude. The output continuously tracks the input signal, r
sponding directly to changes in the input signal; external
clock synchronization is not required. The output pulse
train is TTL/DTL compatible, permitting direct interface to
digital processing circuits. Adding a resistor from the output
terminal, pin 7, to the +15V supply (1.2k2 model 458;
820E2 model 460), shifts the output swing from 0 to +5V to
0 to +12V, providing a 4V noise immunity for driving high
noise immunity logic (HNIL) and CMOS logic.

BASIC V/F HOOK-UP AND OPTIONAL TRIMS
Models 458 and 460 can be applied directly to achieve rated
performance without external trim potentiometers or other
components. Figures 2, 3 and 4 below illustrate the basic
wiring connections for either V/F converter model. Using the
basic hookup without trims, full scale (ell,/ = 10V) accuracy
is +0.1% to +2% and the input offset voltage is --t10mV
max. The full scale and input offset voltage errors can be
eliminated by usin g the FINE TRIM PROCEDURE.

FINE TRIM PROCEDURE
Connect the optional trims as shown in Figure 2, 3 or 4 and
allow a five minute warm-up after initial power turn-on.

V/F INTERCONNECTIONS

FULL SCALE
ADJUST

MODELS
458 • 460

(BOTTOM VIEW)

ANALOG
COMMON

Using a precision, stable voltage source, set the input voltage
es, to 10mV. Adjust the OFFSET trim, R, for an output
pulse interval of 0.1 sec (model 458) or 0.01 sec (model 460).
Set the input voltage to +10.000V and adjust the FULL -
SCALE trim for an output pulse frequency of 100kHz (model
458), or 1MHz (model 460). The V/F converter may now Ix
used without further adjustment.

DIFFERENTIAL INPUT
The e iN and eREF input terminals represent a true differen-
tial input capable of accepting a signal from a strain gage
bridge, a balanced line, or a signal source sitting at a com-
mon mode voltage. The differential input eliminates the nee(
for a differential amplifier to handle these signals.

To apply the 458 or 460 voltage inputs differentially, the
IN pin must always be positive with respect to the eREF

pin as shown in Figure 4. The differential signal source may
be completely floating with common mode voltages up to
±10V max. For differential inputs the output frequency is:

OFFSETTING INPUT FOR BIPOLAR INPUTS
The input summing terminal, 

+iLN, 
may be used to improve

dynamic response as well as scale the output frequency to
directly convert bipolar input voltages. An offset current is
fed through an external resistor from a stable voltage refer-
ence. As shown in Figure 5, input voltages of ±5V min can
be converted directly.

Ult. SCALE
ADJUST

.15VDC

R°';',L7,EsT
-15VDC

FooT

LOAD
8L

Figure 2. Positive Input Signal

MODELS
458,460

Ell MODE L 458 MODEL 460
OUTPUT OUTPUT

1111211111121MM51111aummonmaimairmsa
INCIMENMENOWNEM

The output may also be scaled up so that low amplitude sig-
nals, such as 1V will give full scale output frequency; 100kHz
model 458 or 1MHz model 460. By scaling the output fre-
quency for low level signals, the step response will signifi-
cantly improve. As shown in Figure 6 for model 458, the
step response for a 1 volt input decreases from 200/is befor
input scaling, to 20/..ts with scaling.

(BOTTOM VIEW)

±10VDC MAX POWER COMMON

Figure 4. Floating Input Signal
EXTERNAL CONNECTIONS FOR VOLTAGE TO FREOUENCY OPERATION, WITH OPTIONAL
INPUT OFFSET VOLTAGE AND FULL SCALE FREQUENCY ADJUSTMENTS

RS • FULL SCALE ADJUSTMENT; 50055 lUse low T C. Cermet, <50ppmft or equivalent)
Ro a, INPUT OFFSET ADJUSTMENT; 501,f2 (Use low T.C. Cermet. 50pqmtC or equivalent)

CAUTION: 00 NOT SHORT OUTPUT TERMINAL TO -15V

— 53 —

Figure 6. Offsetting Input to Achieve Improved Dynamic
Response for Small Signal Inputs
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TIME
BASE

MODEL 458
V!F CONVERTER

• 10,000 (!...81./SEC

N
O
 

1111111111)111111111

BCD
COUNTER

.10

DIGITAL
OUTPUT

. No, of counts of
81 1 prt count of N3

. 10,000
InEE

Ft

N $

.841 10 000 es, F !SEC N3
.
 1.0 0., fRE DUE NCY

DIVIDER
4•.8 10,00011

MODEL 458
V!F CONVERTER

+15V

STRAIN
GAGE
BRIDGEMAX LIMITS —

MODELS 4130.1M/L

MAX LIMITS —
MODELS 45131/K/L

001 52K

NUMBER OF PULSES
PROPORTIONAL TO INPUT

VIE  1Hz
02 7 0 DIVIDER

/ DIGITAL [t.

3 50
MK5001P

458/460
(010
1DOrnV)

RESET
INPUT

HOLD 0\ COUNT

1
THOUSANDS HUNDREDS TENS UNITS ,

1 COUNTERS AND DISPLAY READOUT — TIL 306(4)

READING FOR 10V INTEGRATED OVER 2 HOURS
(OR 0.4167V INTEGRATED FOR 2 DAYS)

10k51

0 TO +10V TO 100kHz

VIE TWISTED PAIR CABLESENSOR

10 2 7
MODE L

.58
341

ANALOG
METER

PERFORMANCE SPECIFICATIONS
Nonlinearity: Nonlinearity error is specified as a % of b y
full scale input and is guaranteed over the 0.1mV to 11V
operating signal range; ±0.01% max, models 458J/K/L,
±0.015% max, models 460J/K/L. Typical nonlinearity per-
formance is illustrated in Figure 7.

0.015

Eac j

ci g

p0006
0.006

output period of the divide-by-N circuit, resulting in an out-
put count of 2NV1/VREF.

Figure 9. High Resolution, Wide-Range Ratiometer Using
Model 458 V/F Converter

.10. +104 +104 +0 1 +10

INPUT VOLTAGE — Volts

Figure Z Nonlinearity Error Versus Input Voltage

Gain Temperature Stability: Gain drift is specified in ppm
of output signal and is guaranteed for each model over the
0 to +70°C temperature range; 5pprn/°C (458L), lOppm/QC
(458K), 2Oppm/°C (458J), 15ppm/°C (460L), 25pprn/°C
(460K) and 5OppmeC (460J) max.

LONG TERM PRECISION INTEGRATOR
In critical measurement applications, such as pollution mon-
itoring where it is required to integrate for periods greater
than 1 hour with overall accuracy of 0.05%, the V/F con-
verter offers a superior low cost approach when compared to
the traditional operational integrator circuit. As shown in 
Figure 8, the analog signal is applied to a precision input
amplifier, model 52K and then to the V/F input. The V/F
output is connected to a large capacity counter and display,
operating as a totalizer. The total pulse count is equal to the
time integral of the analog input signal. Since the output
displayed is an accumulated pulse count, there is no inte-
grator drift error. A feature of this approach is the infinite
hold capability without errors due to time drift, since the
counter may be held at any time without affecting the out-
put reading.

PRECISION HIGH CMV ANALOG ISOLATOR
By combining the V/F converter with a floating power sup-
ply and optical isolator as shown in Figure 10, accurate low
level measurements in the presence of high common mode
voltages may be achieved. Only the CMV rating of the opti-
cal isolator and the breakdown rating of the power supply
limit the CMV rating. Using this approach for isolating trans-
ducers, ground loop problems are eliminated. Cost and com-
plexity are minimized since only a single optical isolator is
required to couple the serial pulse output from the V/F to
the digital readout.

COUNTER!
DISPLAY I

PHOTOCOUPLER

500VDC to 1500VDC

Figure 10. Optical Isolation Using LED Photo Isolator to
Provide Up to 1500VDC CMV Isolation

APPLICATION IN DATA ACQUISITION SYSTEMS
High Noise Immunity Data Transmission: A method of ac-
curately transmitting analog data through high noise environ-
ments is illustrated in Figure 11. This approach utilizes the
self clocking output of models 458 and 460 and eliminates
the need for costly additional twisted pair for external syn-
chronization. Model 610 amplifies the low level differential
transducer signal up to the b y full scale V/F input level.
A differential line driver is used to drive a twisted pair cable.
The differential line driver and receiver offer high noise irn-
rnunity to common mode noise signals.

GAIN SET

Figure 8, Models 458/460 as Long Term Integrator with
Arbitrary Display Calibration. Frequency Division Ratio can
Otherwise be Chosen to Provide Direct Readout in any
Desired Units

RATIOMETRIC MEASUREMENTS
The circuit shown in Figure 9 illustrates a simple and inex-
pensive way of using two 100kHz V/F converters to achieve
ratiometrie measurements with less than 0.1% error over a
dynamic range of 10,000 to 1. One converter is used as the
input V/F to a digital counter and display, while a second
converter, with a digital divide-by-N circuit is used as the
time base for the counter. The counting time is one half the

INSTRUMENTATION AMPLIFIER DIFFERENTIAL
G 1 TO 1000VN LINE DRIVER
MODEL 610 LM55109

FA/
2

fr 0 8 F. 0

""0 9 MODEL \
453 0 TO 100kHz DIFFERENTIAL

LINE RECEIVEFI
LM55107A

Figure 11. Application of Model 458 Vir Converter in a
High Performance, High Noise Rejection Two-Wire Data
Transmission System
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