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INSTRUMENTATION INTERFACE

FOR HP9845A DESKTOP COMPUTER

I. Introduction

This report describes an HP9845A interface which provides two 6-digit
resolution integrating (V/F and Counter) analog inputs, two high resolution
analog outputs, and four TTL logic level outputs; a block diagram of the
unit is shown in Figure 1. The purpose of the intérface is to allow the
computer to make noise temperature, gain and other measurements upon micro-
wave amplifiers and mixers. To accomplish this the computer must control
noise sources, microwave switches, movable shorts, voltage-controlled
oscillators and measure output power (via a square-law detector or power
meter). The next two sections describe hardware and software operation
and should give the reader sufficient knowledge to use the interface.
Additional sections treat subjects which are needed for repair or modifi-

cation.

II. Hardware Operation

The interface is composed of 2 parts, the 16-bit HP interface card
(HP98032A) and the interface module. The interface card plugs directly
into the backplane of the HP9845. This card is an input/output port to
the HP9845 and connects to the interface module via a 4-foot cable and
50-pin connector. The interface module has been given the title, "I/0 2"

due to the fact that its address has been designated the number 2.



1ndino
viva

STIVNOIS
ONIWIL
o/ 1

ayv?d
JOVIHILNI
Sb86

LNdNI
viva

weideTq MO0Tg °°BII9IUL

40X37d
=-ILanw

HO 1V

‘T *811

HOlv

>

43 1LY3ANOD

v —2a

<—>

ONISS3J0¥8d 21907 O/

Y3 LY3ANOD

v—2a

D,
)

Y01 vYd 3IN3O
STVYNOIS

HOX37d
=ILNKW

39v3yoLs +
43LNNOD

)

39v3yoLs +
H3ILNNOD

1vo

3lvo

STOYLNOD
A3Nvd

LNOY4

H31L¥3ANOD
4 =A

31vo

431 YH3ANOD
4-A

—)
—)

" m...—-:o
90TWYNY

ALY
90TVNY

8, NI

O0TYNY

V. NI

907IYNV



This module is intended to be plugged into a standard VLA Bin. A power
supply furnishes I/0 2 with +5V, =15V, +15V via a cable and 34-pin connector.
A photograph of the front panel of I/0 2 is shown in Figure 2 and internal
layout is shown in Figure 3.

The front-panel components of I/0 2 are as follows:

Analog Inputs - The two analog inputs, designated "A" and "B," allow voltages

to be read by the computer ranging from OV to 10V with + 1 mV accuracy.
These inputs have 1000 meg ohm input impedance and have overload protection
of + 30V for infinite durations and + 150V for short duration. These inputs
feed 1 MHz voltage-to-frequency (V/F) converters. The outputs of these
converters are counted by 6-digit, BCD counters. This makes it possible

to take the average voltage of a signal over a period of time selected with

the CYCLE and BLANK digi-switch to be described.

Analog and Digital OQutputs — The two analqg outputs provide voltage ranging
from OV to 9.999V with an accuracy of + 1 mV. These outputs have 100 ohm
output impedance and are protected against short circuits. The digital
outputs are TTL levels (0 - 3.5V) and can sink a 30 mA source when low (0V)
and drive 40 uA when high. LED's on the front panel indicate the state of

these outputs; a logic "1" (3.5V) is represented by an illuminated LED.

Cycle/Blank - A 4-digit block of thumbwheel switches control the duration
of each measurement CYCLE and the fraction of each measurement cycle,
denoted as BLANK, which is not integrated by the voltage/frequency converters.

The left-most three (3) digits represent the CYCLE time. The right-most
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Fig. 3. Interface Side-View



digit represents BLANK time as a fraction of the cycle time. The CYCLE
time ranges from 0.01 to 9.99 seconds. The BLANK time setting ranges from
.1 to .9 and determines the duration of BLANK time as a fraction of the
CYCLE time. A BLANK setting of .1 means 1/10th of the CYCLE time is
allowed for settling of analog input signals before valid data is present.
The difference between the BLANK time and CYCLE time is the COUNT time
during which V/F converters are counted.

Two TTL logic signals, COUNT and BLANK, are provided through front
panel BNC jacks. COUNT is high during COUﬁT time; BLANK is high during

BLANK time.

Front Panel LED's - The 3 LED's located at the top of the front panel have

the following description:

1) Color: Red
Label: ""COUNT TIME"
Location: Left upper panel

Characteristics: This LED indicates whether I/0 2 is in a BLANK
mode or COUNT mode (illuminated).

Significance: This LED indicates that power is applied to
I/0 2 (will blink) and timing circuits are

operating properly.

2) Color: Green
Label: None
Location: Center upper panel

Characteristics: This LED illuminates for .5 seconds after a

variable is transferred (input or output).



Significance:

3) Color:
Label:
Location:

Characteristics:

Significance:

This LED indicates whether the program is

actually inputting or outputting data.

Red

"BLANK TIME" (erréneous); should be "MISSED DATA"
Most right upper panel

This LED illuminates for .5 seconds if the
computer does not output during a CYCLE. This
LED should flicker when a program isn't running.
This LED helps adjusting the CYCLE/BLANK switches
according to the length of the program I/0 loop

(elaborated in Software section).

9-Pin Connector - Located at the bottom of the front panel with the fol-

lowing pin designation:

I/0 2 Module:

Pin

Front Panel 9-Pin Connector

Description

A |Digital Output A (LSB)

B |Digital Output B

C |Analog Input A +

D |Analog Input A

E |Digital Output D (MSB)

F |Analog Input B

1

H |Analog Input B +

J |Digital Output

Q

K |Digital Ground
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III. Software Operation
All analog input/outputs on I/0 2 are controlled by software from
the HP9845. There are many statements available for manipulating I/0 2,
yet only the following statements are required:
RESET 2
ENTER 2 WHS NOFORMAT; Var 1, Var 2

OUTPUT 2 WHS NOFORMAT; Var 1, Var 2

RESET 2 - The RESET statement/command resets the I/0 2 multiplexers. If
. the multiplexers lose synchronization, the HP9845 will misread and miswrite
data. RESET 2 is necessary at the beginning of all I/0 programs; it can

be executed from the keyboard.

Short Precision Variables - The OUTPUT and ENTER statements are followed

by Short Precision variables which have 6-digit mantissa and an exponent
ranging from -99 to 99. A variable can be declared to be short precision
by the use of a SHORT statement (This is done once and usually near the

beginning of the program).

ENTER - The ENTER statement can input either one or two variables. These

variables are equal to the V/F converter counts plus 800,000. The 800,000
is necessary in order to cancel a "dummy bit" needed in transferring the
variables from I/0 2 to the HP9845. The result (after subtracting 800,000)
is proportional to the input voltage with the proportionality constant
dependent upon COUNT time, the V/F converter outputs 1 MHz for a 10 volt
input.

I/0 2 alternates between A and B inputs. One cannot input from Port

A twice (successively) without inputting from Port B. After the RESET
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statement is executed,Port A is available for input. The following example
shows two methods of inputting data from the two input ports. Example 2

is more efficient and uses less time.

Example #1

10 SHORT A, B ! Declares variables SHORT precision
20 RESET 2 ! Now Port "A" is available for input
30 ENTER 2 WHS NOFORMAT; A ! Port "A" input is put into Variable A
40 ENTER 2 WHS NOFORMAT; B ! Port "B" input is put into Variable B

Note: Port "A" is now available for

input
50 A = A - 800000 ! A is now a voltage derived from the input BNC.
60 B = B - 800000
Example #2
10 SHORT A, B ! See above.
20 RESET 2 ! See above.

30 ENTER 2 WHS NOFORMAT; A, B ! Variable A & B receive inputs from
Ports "A" & "B" respectively

40 A = A - 800000

50 B B - 800000 ! See above.

OUTPUT - In nature, the output statement is very similar to the ENTER
statement. The output statement controls both the analog outputs and the
4 digital outputs. These voltages and digital states are coded into SHORT
precision variables placed at the end of the OUTPUT statement. Outputs to

Port "A" or "B" alternate as described for inputs.



- 12 -

A variable written to either analog output Port "A" or "B" specifies
a voltage between 0 and 9.999V in the units of millivolts (5000 represents
5V). One must specify an integer. (An output of 123.5 does not represent
123.5 mV.) One must add 800,000 to all written variables in order to set
a dummy bit required in transferring data. The following example program
will produce a saw-tooth wave on both analog output ports. Port "A" will

be inverted in relation to the Port "B" output.

10 RESET 2 ! One must set count time to 0.00

20 SHORT A, B

30 For X =0 to 9999 Step 200 ! 2 Hz saw tooth wave

40 Y =9999 - X
50 A =Y + 800000
60 B = X + 800000

70 OUTPUT 2 WHS NOFORMAT; A, B
80 Next X
90 GO TO 30

100 END

Digital Output Control - The control of the digital outputs is coded into

the variable which is written to Analog Port "B". Encoding is done by adding
certain numbers to this variable (in addition to 800,000) to represent
certain digital outputs. In order to make digital output "A" go high, add
10,000 to the variable which is written to Analog Port "B". The following

table shows what number must be added to set a certain bit high:



Number added to Short Precision
variable which is written to
Analog output Port "B". Digital output bit set high
10,000 A
20,000 B
40,000 C
100,000 D

The following are examples of several output variables and the effects

they produce:

Status of
Digital Ports Output
Variable, B A B C D Voltage, B

809999 0 0 0 0 9.999V
800001 0 0 0 0 .001V
815555 - 1 0 0 0 5.555V
835555 1 1 0 0 5.555V
934321 1 1 | o | 1 4.321V
979999 1 1 1 1 9.999V

The following example program makes all digital outputs square-wave.
Digital outputs A and C are 180° out of phase with digital outputs
B and D:

10 RESET 2

20 SHORT A, Bl, B2

30 B1 = 850000

40 B2 = 920000

50 OUTPUT 2 WHS NOFORMAT; A, Bl



60

70

80

90
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WAIT 250
OUTPUT 2 WHS NOFORMAT; A, B2
WAIT 250

GO TO 50

Special Output Considerations

1

2)

3)

4)

An output voltage of 10,000 is considered to be @, not 10V.
Only the first 4 digits apply.
One cannot place a number (instead of a variable) at the end of
an OUTPUT statement, i.e.,
OUTPUT 805432

is forbidden. The reason for this restriction is that numbers
are not written in SHORT precision.
One cannot place an expression at the end of an OUTPUT state-
ment, i.e.,

OUTPUT 2 WHS NOFORMAT; (A + 800000), (B + 800000)
is forbidden. The HP 9845 will interpret the preceding example
as ASCII characters requesting to be transferred.
Always output integers. One cannot output numbers such as

800100.5 and 800000.753.
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IV. Synchronization

The COUNT/BLANK signals control the timing between the HP9845 soft-
ware and I/0 2. The following rules govern this synchronization between
I/0 2 and the HP9845:

1) The computer can only output during BLANK time. When the computer
executes an OUTPUT statement during COUNT time, I/0 2 will cause the com-
puter to WAIT until BLANK time occurs. When BLANK time begins, the trans-
fer of data will occur.

2) The computer cannot output more than 2 variables during a BLANK
period. If the computer attempts to OUTPUT a third variable, it will be
put into a WAIT state until a new BLANK begins (as in Rule #1).

3) The computer cannot input more than 2 variables during a CYCLE
(BLANK time + COUNT time). If it attempts to input a third variable, it
will be put into a WAIT state until a new CYCLE begins.

4) The right-most red LED on the front panel will illuminate for
.5 seconds if the computer fails to output during a BLANK period. The

illumination of this LED indicates an error in a fully synchronized system.

The following program illustrates both OUTPUT and ENTER commands and
synchronization. It is a test program which measures the error in an
output-input loop. Analog output ports "A" and "B" are connected to
analog input ports "A" and "B" respectively. The program prints out the

average error on both ports every 100 readings:
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Special Considerations

1) The HP9845 can go into a WAIT state for a maximum of 9.8 seconds,

assuming there is nothing wrong with the system.

2) 1If one tries to either OUTPUT or ENTER while I/0 2 is not properly
set-up (power on, cables not attached, etc.), the HP9845 will go into a
WAIT state until these problems are fixed. After several minutes of waiting,
an error 163 will appear.

3) Everytime one changes the CYCLE/BLANK setting switches, the new

CYCLE/BLANK signals are delayed several seconds.

V. HP 16-bit I/0 Interface Card

The Hewlett Packard 16-bit input/output card (Model No. 98032A) plugs
directly into the main frame of the HP9845. This card makes it possible
to input and output 16-bit words in parallel fashion. The card comes
equipped with 16 data input lines and 16 data output lines (open collector
outputs). All data used in conjunction with the input and the output
lines is in negative true logic. In other words, 0 volts represents a
logic 1 and 4 volts represents a logic O.

There are many control lines associated with the interface card. Most
of these lines can be complemented by iﬁserting jumpers on the P.C. board
of the interface card. There is a line referred to as the PRESET line
which pulses high when the "RESET" command is executed from the computer.
Other interface lines not used with I/0 2 include two control input lines
(STIO and ST1l), two control output lines (CTLO and CTL1), the I/O line
(direction of transfer), the EIR line (External Interupt Request) and the

PSTS line (Peripheral status).



When inputting or outputting a 16-bit word, the peripheral and the
interface card must execute a procedure called a handshake. There are two
handshake lines (PFLG and PCTL) which govern all transfers for input and
output operations. The following description of handshake logic assumes
that jumper 3 is installed, in the interface card used with 1/0 2
(Jumper 3 complements the logic sense of the PCTL line). The PCTL is an
output of the interface card and the PFLG is an input to the interface
card. The following explains how a handshake is performed:

When the computer wishes to execute an input or output transfer (one
16-bit word), it will begin the handshake by checking if the peripheral
is busy (PFLG will be high if the peripheral is busy). If the PFLG is
low, it will proceed by driving the PCTL high. The peripheral will then
respond by setting the PFLG high (Signaling to the computer that it is
ready for data). The PFLG will automatically drive the PCTL low. The
peripheral will keep the PFLG high until it is ready for new data or
until it wishes to end the transfer. If one did not require a handshake,
he could tie these two lines together (the PCTL would drive the PFLG pro-
ducing a handshake).

All interface card lines enter the interface module via a 50-pin
connector. From the connector (in the module) the lines are connected to
the input/output pins on a wirewrap card. The following table shows all
interface lines with their associated connector pins and input/output pins

(on the wirewrap card):



Interface Line Connector Pin Wirewrap Card I/0 Pin
Data Input O A 6
DIy B 8
DIy c 10
DIj D 12
DIy E 14
DIsg F 16
DIg H 18
DI7 J. 20
DIg K 22
DIg L 24
DIjg M 26
DIj1 N 28
DIj2 P 30
DIi3 R 32
DIi4 S 34
DIis T 36
STIg U 40
STI; \') 42
GND W GND
GND X GND
GND Y GND
GND Z GND
1/0 a 43
PRESET b 45
PCTL c 47
PFLG d 51
PSTS e 53
EIR f 55
GND h GND
CTLg n 60
CTL3y P 62
Data Output O r 66
DOy s 68
DO2 t 70
DO3 u 72
DOy v 74
DOg w 76
DOg X 78
DOy y 80
DOg z 82
DOg AA 84
DO1g BB 86
D011 cC 88
D032 DD 90
D013 EE 92
DO14 FF 94
D015 HH 96

TABLE 2. INTERFACE LINES



- 20 -
The following is a list of the jumpers which have been installed in

the interface card associated with I/0 2:

Jumper Function When Installed
3 Complements logic sense of PCTL
7 Allows calculator to actuate DMA
A Clocks the high input byte at the time the
calculator reads the register
B Selects word input mode
C Clocks the low input byte at the time the

calculator reads the register

F Selects word input mode

Mounted on the interface card there is a switch which selects which
address the card is located at on the HP9845 HP-1B bus. The address,
called the "select code" can be between 0 and 16. Thé interface card
used with I/0 2 is set for Select Code 2. All software controlling this
interface card must specify its select code. The following contains a

table of the select codes which are occupied:

TABLE 3. SELECT CODES

Select Code Device
0 keyboard, printer
2 1/0 2
13 graphics
14 tape drive
15 tape drive

16 CRT
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HP9845 Variable Formats

INTEGER

The integer precision variable requires one 16-bit word of memory and
can denote an integer between -32768 and 32767. The variable is
stored in binmary. Data bus line No. 0 pertains to the LSB of the
binary word. The numbers O to 32767 are stored using standard binary;
negative integers are stored in complement form as shown in the

following examples:

INTEGER BIT PATTERN

+327671g 0111 1111 1111 1111

+ 510 0000 0000 0000 0101
+ 139 0000 0000 0000 0001

0 0000 0000 0000 0000
- 130 1111 1111 1111 1111
- 570 1111 1111 1111 1011
-32768;5 1000 0000 0000 0000

FULL PRECISION

The full precision variabie can accomodate up to 12 digits and the
exponent is between -512 and 511. This method requires four 16-bit
words. The 12 digits are stored in binary-coded-decimal (BCD) and
the exponent is stored in binary. Each digit requires 4 bits and
the exponent requires 10 bits. Another bit pertains to the sign of
the number (+/-). The following figure illustrates the architecture

of the full precision variable:
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Sign Bit
Signed 0=+
Exponent Not Used 1=~
Word #1 l 1 1 1 1 1 1 1 1 1 ‘ ) 1 1 1 I * !
Digit Digit Digit Digit
1 2 3 4
Word #2 l 1 1 1 l 1 1 1 l 1 ' 1 l 1 1 1
Digit Digit Digit Digit
5 6 7 8
Word #3 l 1 1 1 J 1 1 1 l 1 1 1 l 1 1 1 l
Digit Digit Digit Digit
9 10 11 12
Word #4 l 1 1 1 ‘ 1 1 1 I 1 [N 1 l 1 1 1
16-Bit Word

Fig. 4. Architecture of Full Precision Variable

(Word #1 is the first word transferred)

SHORT PRECISION

A short precision variable can accomodate up to 6 digits and the exponent
can denote a number between -64 and 63. The short precision variable
requires two 16-bit words of memory to store its contents. Like the full
precision variable, the digits are stored in BCD (4 bits per digit) and
the exponent is stored in binary using 7 bits. The last bit pertains to
the sign of the number (logic "O" = positive/logic "1" = negative). The

following figure illustrates how a short-precision variable is set up:
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Signed Sign Digit Digit
Exponent Bit 1 2
Word #1 l y y X 1 ' 1 l * l 1 1 1 ] 1 [ ]
Digit Digit Digit Digit
3 4 5 6
Word {2 l 1 [ . l 1 1 1 I 1 1 1 l [ L * o, * I 2
2l

Fig. 5. Architecture of a Short Precision Variable

Between Digit 1 and Digit 2 there is an imaginary fixed decimal. Indepen-
dent of the number of digits in a short precision variable, the most signi-
ficant digit will always be placed in the space referred to as "Digit 1".
This means that Digit 1 could denote the 1l's place or the 100,000's place
depending on the exponent. The rest of the digits will fall into their
place respectively. This may be referred to as a stacking procedure. All
the digits of a variable (in the mantissa) are stacked against Digit 1.

The following table shows some examples of how a short precision variable

is stored:
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Imaginary
Fixed Decimal

7 Bits Sign
Number | Digit 1 2 3 4 5 6 Exponent | Bit
10 l10 0 0 0 0 0 110 0
100 110 0 0 0 0 0 210 0
156.7 110 510 6lO 710 0 0 210 0
1567 l10 510 6lO . 710 0 0 310 0
-1567 110 510 610 710 0 0 310 1
.1 llO 0 0 0 0 0 —110 0
.123456 110 2lo 310 410 510 610 —110 0
.000123 150 210 310 0 0 0 —410 0
<: All digits are stacked in this direction.

TABLE 4. SHORT PRECISION VARIABLE INTERNAL FORMAT

It is possible to input a number from the interface in a manner producing

an illegal format. The following illustrates an example of this:

Fixed Decimal

' Sign
Number ' Digit 1 ' 2 | 3 l 4 I 5 ’ 6 I Exponent | Bit
1234 %10 010 ! L10 l 230 | 310 4101 3 t

Illegal Format for Short Precision Variable
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Note that Digits 1 and 2 are both zero. This is in violation of the
stacking procedure: the most significant digit (110) is not in the space
referred to as "Digit 1". Suppose this inputted into short precision
variable "A". When a "Print A" statement is executed, the computer will
not catch the illegal format and print out "1234"; however, a "PRINT (A+1)"

statement would print an erroneous value.
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Appendix 2. Manufacturers Data

Appendix 2.A. Consists of pages 1-4 of an eleven-page report. The
complete report can be obtained from Burr-Brown Research
Corporation, P. 0. Box 11400, Tucson, Arizona 85734.



BURR-BROWN

H'igh Resolution
16-BIT DIGITAL-TO-ANALOG CONVERTER

FEATURES

* 16-BIT, 4-DIGIT RESOLUTION

+0.003% MAXIMUM NONLINEARITY
LOW DRIFT +5ppm/°C (DAC72)
AVAILABLE IN TWO TEMPERATURE RANGES:

0°C to +70°C
-25°C to +85°C
e CURRENT AND VOLTAGE MODELS
o LOW COST
Voltage Model
( mSa! 6.3V REF. OUT
* I (5 +15ve
T[]
o imms LT JO AN anausT

16-Bit
Ladder
Resistor
L] Network
and
Current
Switches

DIGITAL INPUTS
.

1) SUMMING JUNCTION

(O common
(<) -15v0C

R OOOOO(POQQO‘

O DIGITAL
O INPUTS

~

DESCRIPTION

The DAC71/72 are high quality 16-bit hybrid IC
D/ A converters available in 24-pin DIP compatible
ceramic and metal packages.

DACT71/72C with internal reference and optional
output amplifier offers a maximum linearity error of
10.003% of FSR at room temperature and a
maximum gain drift of *15ppm/°C over a
temperature range of 0°C to +70°C. The DACT72
offers a maximum linearity error of 0.003% of FSR
at room temperature and a gain drift of £5ppm/°C
over a temperature range of -25°C to +85°C.

Three basic models accept complementary 16-bit
binary or complementary 4-digit BCD TTL-
compatible input codes. '

Packaged within the DAC71/72 are fast-settling
switches and stable laser-trimmed thin-film resistors
that let you select output voltages 0 to 10V (CSBand
CCD) or 10V (COB) and output currents of +1mA
or 0 to -2mA. Input power is £15VDC and +5VDC.

International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. {602} 746-1111 - Twx: 810-852-1111 - Cable: BBRCORP - Telex: 66-6491

© 1978 Burr-Brown Research Corporation

PDS-409

Printed in U.S.A. October, 1978
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ELECTRICAL

T. = 25°C and rated power supplies unless otherwise noted.

MODEL

DACT71;72C DACT2
MIN | TyP | MAX MIN [ TYP | MAX UNITS
INPUT
DIGITAL INPUT
T T T T
Resolution, CCD 4 4 Digits
CSB, COB 16 16 Bits
Logic Levels (TTL-Compatible)'"’
Logical *17 (at +40uA) +2.4 +5.5 +24 +5.5 vDC
Logical “0” (at -1.0mA) 0 +0.4 0 +0.4 vDC
TRANSFER CHARACTERISTICS
ACCURACY
Lincarity Error at 25°C, CCD +0.005 +0.005 % of FSR'”
COB, CSB +0.003 +0.003 G of FSR
Gain Error'", Voltage +0.01 10.05 +0.01 +0.05 %
Current +0.05 +0.25 +0.05 *0.25 %
Offset Error'™, Voltage, Unipolar 0.1 +1] +0.1 *1 mV
Voltage.Bipolar *2 +2 mV
Current, Unipolar hd ] *l KA
Current, Bipolar +5 +5 nA
Monotonicity Temp. Range (14-bits) 0 +50 0 +70 “C
DRIFT(Over specified temp. range)
Total Bipolar Drift (includes gain,
offset, and linearity drift)'", Voltage +7 +15 +5 +8 ppm of FSR “C
Current *15 +50 *10 +40 ppmof FSR “C
Total Error over Temp. Range'”
Voliage, Unipolar +0.083 +0.045 % of FSR
Bipolar +0.071 +0.05 G of FSR
Current, Unipolar +0.23 +0.24 G of FSR
Bipolar +0.23 +0.24 % of FSR
Gain, Voltage *15 *5 ppm, °C
Current *45 +35 ppm "C
Offset
Voltage, Unipolar *1 *2 *1 + ppmof FSR “C
Bipolar *10" *s ppmof FSR “"C
Current, Unipolar +i i ppmof FSR “C
Bipolar *40 *35 ppmof FSR “C
Differential Lincarity over Temperature +2 *1 ppm of FSR,"C
Lincarnity Error over Temperature *2 +] ppmof FSR “C
SETTLING TIME
Voltage Models (1o +0.003% of FSR) »
Output: 20V Step 5 10 5 10 usec
ILSB Step™ 3 5 3 5 usec
Slew Raté 20 20 V. usec
Current Models (to 30.003% of FSR)
Output: 2mA step 1001 to 10002 Load 1 1 usec
1k Load 3 3 usec
Switching Transient 500 500 mV
ouTPUT
ANALOG OUTPUT
Voltage Models
Ranges - CSB, CCD 0to +10 0to +10 v
COB *10 *10 v
Output Current 5 *5 mA
Output Impedance (DC) 0.05 0.05 [§}
Short Circuit Duration Indefinite to Common Indefinite to Common
Current Models
Ranges - CSB, CCD 010 -2 0to-2 mA
coB +1 +1 mA
Output Impedance - Unipolar 15 15 (39}
Bipolar 44 44 k)
Compliance *25 *25 v
INTERNAL REFERENCE VOLTAGE 6.0 6.3 6.6 6.0 6.3 6.6 v
Maximum External Current'” +200 +200 kA
Temp. Coeff. of Drift +10 +5 ppm "C
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MODEL DAC?1 72C DAC72
MIN TYP MAX MIN TYP MAX UNITS
POWER SUPPLY SENSITIVITY
Unipolar Offset
+15VDC +0.0001 +0.000! % of FSR/% Vs
+15VvDC +0.0001 +0.0001 % of FSR/% Vs
Bipolar Offset
+15vDC +0.0004 +0.0004 % of FSR/% Vs
+SVDC +0.0001 +0.0001 % of FSR/% Vs
Gain
+15vDC +0.001 +0.001 % of FSR/% Vs
+SVDC +0.0005 +0.0005 % of FSR/% Vs
POWER SUPPLY REQUIREMENTS .
DACT1/72 +14.5, +4.75]  *15. 45 155, +5.25 | £14.5, 4475 | XI5, 45 *15.5. +5.25 vDC
Supply Drain, £15VDC (no load) *25 *35 *25 *35 mA
+5VDC (logic supply) +20 +30 *20 *+30 mA
TEMPERATURE RANGE
Specification 0 +70 -25 +85 °C
Operating (double above Drift Specs) -25 +85 -55 +100 °C
Storage -55 +100 -55 +110 °C
NOTES:

Adding external CMOS hex buffers CD4009A will provide 15VDC CMOS input compatibility.
FSR means Full Scale Range and is 20V for £10V range, 10V for £5V range, etc.

1.

2.

3. Adjustable 1o zero with external trim potentiometer.
4. See “Computing Total Accuracy over Temperature™.
5. With gain and offset errors adjusted to zero at 25°C.
6. LSB is for 14-bit resolution.

7. Maximum with no degradation of specifications.

responsibility is d for possibl

circuits described herein.

The information in this publication has been carefully.
checked and is believed to be reliable, however, no
inaccuracics or
omissions. Prices and specifications are subject to change
without notice. No patent rights are granted to any of the

MECHANICAL

DAC72 & DAC72C
A !
] 1 I NOTE: Leads
in true position
. within .010"
(.25mm) R at

MMC at
ing plane.

N\

\——— Denotes pin 1

7

P

—;GG.OOOOOOCC:/—Plnnumkm
‘f__—' 1 12 shown for
R reference only.
Numbers may
24 13 not be marked
‘O.OOOOOIOGGOJ onpackaSC.
INCHES MILLIMETERS
oM [ miN | max MIN | MAX
A |1365 | 1385 | 3467 | 35.18
8 .790 .810 | 2007 | 2057
c 170 .250 4.32 6.35
o .016 .021 0.41 0.53
G .100 BASIC 2.54 BASIC
H .125 .150 3.18 3.81
K .150 .300 3.81 7.62
L .600 BASIC 15.24 BASIC
R 080 | 110 | 203 [ 279

CASE: Nickel Plated Kovar
MATING CONNECTOR: 245MC

PIN: Pin material and plating composition conform to

method 2003 (solderability) of Mil-Std-883 (except
paragraph 3.2).
WEIGHT: 8.4 grams (0.3 02.)

HERMETICITY: Conforms to method 1014 Condition

C Step 1 (fluorocarbon) of Mil-Std-883 (gross leak).

MECHANICAL

DAC71
T ﬁoo.o-oooo.o.‘/"innumbﬂ!
e 124 shown for
8 reference only.
1 ' 12 Numbers may
1 “coocoecco not be marked
on package.
A .] —] —H
NOTE: Leads
[ ——— . .
in true position.
within .010"
(.25mm) R at
MMC at
c scating plane.
[
[ I e
L« O —opa—
G po— —F L
INCHES MILLIMETERS
DM | MIN | MmaXx MIN MAX
A 1310 | 1.360 | 33.27 | 34.54
8 770 .810 | 19.56 | 2057
c .150 .210 3.81 5.33
[} .018 .021 0.46 0.53
£ .035 .050 0.89 1.27
G .100 BASIC 2.54 BASIC
H 110 .130 2.79 3.30
K 150 .250 3.81 6.35
L .600 BASIC 16.24 BASIC
N 002 | .00 | o0.0s 0.25
R 085 | .105 2.16 2.67

CASE: Black Ceramic
MATING CONNECTOR: 245MC

PIN: Pin material and plating composition conform to
method 2003 (solderabiltiy) of Mil-St1d-883 (except

paragraph 3.2).

WEIGHT: 8.4 grams (0.3 oz.)

HERMETICITY: Conforms to method 1014 Condition
C Step 1 (fluorocarbon) of Mil-Std-883 (gross leak).
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CONNECTION
. DIAGRAM

Voltage Model 1.0uF .Il

—

mSy 24 +so

1
A [F ! e gl
- Control LT 100k
GH H okt | (@) i C —reto-Vs
@— 21 , u:x;n
D ;"-°'MF 100kQ
@_ 16-bit ' @
! L= +Vs
o || L @ v T
Network Re* .
| () I
o | L) 2
] Switches
Y L
s L VAl 0 +V,
@-—- = 16 J_ +S
. @ ll.()yF
@+ _‘——] I
@-——I NOTE:

Current Model does not contain Al

13

—
N

PIN ASSIGNMENTS
Pin
I Models No. V Models
(MSB) Bit 1 1 Bit 1 (MSB)
Bit 2 2 Bit 2
Bit 3 3 Bit 3
Bit 4 4 Bit 4
Bit § 5 Bit 5
Bit 6 6 Bit 6
Bit 7 7 Bit 7
Bit 8 8 Bit 8
Bit9 9 Bit 9
Bit 10 10 Bit 10
Bit 11 1 Bit 11
Bit 12 12 Bit 12
Bit 13 13 Bit 13
Bit 14 14 Bit 14
Bit 15 15 Bit 15
(LSB)Bit 16 16  Bit 16 (LSB)
Re 17 Vour
+5VDC 18 +5vDC
-15vDC 19 -15vDC
COMMON 20 COMMON
lour 21 SUMMING JUNCTION
GAIN ADJUST 22 GAIN ADJUST
+15VDC 23 +15VvDC
6.3V REF. OUT 24 6.3V REF. OUT

*R¢ = 5kl (CSB), 10k} (COB), 8k (CCD).

DISCUSSION OF SPECIFICATIONS

DIGITAL INPUT CODES

The DAC71/72 accepts complementary digital input
codes in either binary (CSB, COB) or decimal (CCD)
format. The COB model may be connected by the user for
either complementary offset binary (COB) or
complementary two’s complement (CTC) codes (see
Table I).

TABLE L. Digital Input Codes.

DIGITAL INPUT CODES
CSB COB CTC*
a Compl.
‘5’ Compl. Compl. Two's
g Straight Offset Comple-
= MSB L%B Binary Binary ment
]
8 All bits ON  0000...000 +Full Scale +Full Scale| -ILSB
o8 |Mid Scale oli1...111 +1/2 Full Scale Zero -Full Scale
& |Albits OFF  1111...411 Zero -Full Scale | , Zero
1000...000 Mid Scale -1LSB -ILSB +Full Scale
" CCD *Invert the
d : MSB of the
a (Complementary Coded COB code
g Decimal) 4 Digits with an
a external
8 F.S. bits ON  0110...0110 +Full Scale inverter to
All bits OFF  1111...1111 Zero obtain CTC
code.
LINEARITY

This specification describes one of the truest measures of

D/A converter accuracy. As defined it means that the
analog output will not vary by more than +0.003% max
(CSB, COB) or :0.005% max (CCD) from a straight line
drawn through the end points (all bits ON and all bits
OFF) at. +25°C.

DIFFERENTIAL LINEARITY

Differential linearity error of a D/A converter is the
deviation from an ideal 1LSB voltage change from one
adjacent output state to the next. A differential linearity
error specification of +1/2LSB means that the output
voltage step sizes can be anywhere from 1/2LSB to
3/2LSB when the input changes from one adjacent input
stage to the next.

MONOTONICITY

Monotonicity over 0°C to +50°C (DAC71/72C) and 0°C
to +70°C (DAC?72) is guaranteed in the DAC71/72. This
insures that the analog output will increase or remain the
same for increasing 14-bit input digital codes.

DRIFT

Gain Drift is a measure of the change in the full scale
range output over temperature expressed in parts per
million per °C (see Figure 1). Gain Drift is established by:
1) testing the end point differences for each DAC71/72
model at +25°C and the appropriate specification
temperature extremes; 2) calculating the gain error with
respect to the +25°C value; and 3) dividing by the

Appendix 2.A.



- 34 -

High Accuracy, 100kHz and 1MHz
VItage Freque Con

i ANALOG
DEVICES

-FEATURES
High Stability: 5ppm/°C max, Model 458L
15ppm/°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 (1Hz to 100kHz) of operation and guaranteed low max-
imum gain drift in three model selections; model 458L:
S5ppm/ C max; model 458K: 10ppm/°C max; and model
458]: 20ppm/°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:
15ppm/°C max; model 460K: 25ppm/°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 offground 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/1MHzz) 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.

P.O. Box 280;

sl

MODELS¥4588and460 3

ral ot
pttched 408

1o men
enarge (Bt SR

wires; in 5% digit DVM’s — featuring high resolution A/D 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.

vy

+iny INTEGRATOR
“n T2L oUTPUT
TIMING had mn
sner (3) N REFERENCE °

POWER COMMON

PRECISION
CHARGE
DISPENSER

OFFSET
VOLTAGE (8
TRIM

MODEL FULL SCALE OUTPUT Ry Ry Ry
458 100k Hz 20k 10k82 AT
460 IMH2 T0kS2 a0 91012

Figure 1. Block Diagram - Models 458, 460

Norwood, Massachusetts 02062 US.A.

Telex: 924491 Cables: ANALOG NORWOODMASS
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SFEC‘HC&T‘GNS (typical @ +25°C and Vg =

+15VDC unless otherwise noted)

100kHz Full Scale
458

MODEL )] | K | L

1IMHz Full Scale
460

J i K | L

TRANSFER FUNCTION
Voltage Input
Current Input

four = (10°Hz/V) ¢
four = (2 x 10°Hz/mA) ipy

four = (102 Hz/V) ey
four = (10°Hz/mA) ipy

ANALOG INPUT
Configuration
Voltage Signal Range
ey Terminal (egpp = 0)
eger Terminal (epy = 0)
Differential (eyy - egpp)

Differential

0 to +10V dc min
0 to -10V dc min
0 to +10V dc min

Differential

0 to +10V dc min
0 to -10V dc min
0 to 410V dc min

Overrange +10% min +10% min
Current Signal Range (i)y) 0 to +0.5mA min 0 to +1mA min
Common Mode Voltage 110V 110V
Common Mode Rejection 40dB 40dB
Impedance, ¢;y Terminal 20k 10kQ
erer Terminal 40kS2 20k2
ipy Terminal 02 [19]
Max Safe Input Vg 1Vg
ACCURACY
Warm Up Time 5 Seconds to 0.01% 2 Minutes to 0.02%

$0.01% of Full Scale, max

+0.01% of Full Scale

+0.1% to +2%, max

+20ppm/°C max | +10ppm/°C max | iSppm/eC max

Nonlinearity, ejy = +0.1mV to +11V
eN = -0.1mV to ~-11V

Full Scale Error’

Gain vs. Temperature (0 to +70°C)

10.015% of Full Scale, max

+0.015% of Full Scale

+0.1% to +2%, max

+50ppm/°C max | +25ppm/°C max | +15ppm/°C max

vs. Supply Voltage +15ppm/% *25ppm/%
vs. Time *10ppm/day 110ppm/day
Input Offset Voltage? 210mV max 110mV max
vs. Temperature (0 to +70°C) i30uV/°C max iSOuVI°C max
vs. Supply Voltage *10uV/% *10uV/%
vs. Time +20ppm/day +10ppm/day
RESPONSE

3 Output Pulses Plus 2us
10ms

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

2 Output Pulses Plus 2us
Ims

FREQUENCY OUTPUT?

Waveform TTL/DTL Compatible Pulses
Pulse Width Sus

Rise and Fall Time 300ns/50ns

Pulse Polarity Positive

Logic “1” (High) Level +2.4V min

Logic “‘0" (Low) Level +0.4V max

Capacitive Loading 500pF max

10 TTL Loads min
3k (High State)

Fan Out Loading
Impedance

TTL/DTL Compatible Pulses
500ns

60ns/50ns

Positive

+2.4V min

+0.4V max

200pF max

10 TTL Loads min

67082 (High State)

POWER SUPPLY*

Voltage, Rated Performance *15Vdc 115V dc

Voltage, Operating #(13 to 18)V dc (13 1o 18)V dc

Current, Quiescent (+25, -8)mA (+25, -8)mA
TEMPERATURE RANGE

Rated Performance 0 to +70°C 0 10 +70°C

Operating -25°C 10 +85°C -25°C to +85°C

Storage -55°C to +125°C -55°C to +125°C
MECHANICAL

Case Size 2" x 2" x 04" 2"x2" x 04"

Weight 45 Grams 45 Grams

Mating Socket AC1016 AC1016

! Adjustable to zcro using 5002 potentiometer.
? Adjustable to zero using 50k§2 potentiometer.

3Protected for continuous shortircuits to ground and momentary (less than 1 sec) shorts to :he'-v\’s supply. Output is not protected for shorts to the -Vg supply.

* Recommended power supply. ADI model 904, 115V @ S0mA output.

Specifications subject to change without notice.

t--—— 2.01 {50.8) MAX ——-—-‘

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).
10N LD
20N ]COM 5 2.01
l-——z.m (50.8) mx—-—i {-Vs 0 8 150.8)
30 CREF
.OJ. Four 07 R
nd“z‘) TRIMD B
t s {
0.20 YO 0.25 (5 TO 6.4} 0.04 '.—“<-
T————U 1.02) DIA l - -
: + :
BOTTOM VIEW
-4 l—-vo.t (2.5} GRID
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VOLTAGE TO FREQUENCY OPERATION

Modcls 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, re-
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 (1.2k§2 model 458;
82052 model 460), shifts the output swing from 0 to +5V to
0 to +12V, providing a 4V noisec 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 potentiomcters 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 (e = 10V) accuracy
is +0.1% to +2% and the input offset voltage is £10mV

max. The full scale and input offset voltage errors can be
eliminated by using 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
o1 a0 +15VDC
>
o2 5 Od—, 3 R OFFSET
Re $ o apsust
- lo 3 6 —O0 -15VDC
810 mopers 7 © Four
- 458,460 go- LOAD
R
(BOTTOM VIEW) L
ANALOG L powER common
COMMON =

Figure 2. Positive Input Signal

FULL SCALE [©O1 40 -0 +15VDC
ADJUST OFFSET
o A S I s s
VA~ 3 6 O —O -15VDC
- MODELS 7O Four
o070 458, 450
nv 8o Ry
+ (BOTTOM VIEW)
ANALOG L. POWER COMMON
COMMON =

Figure 3. Negative Input Signal

FULL SCALE
ADIUST  fo4 a0 -0 +15VDC
o o 2 504— —e3Ro SEFSET
+ B 60 0 -15vDC

MODELS
0TO NV | 455 460

70 -0— Four

O 3 8

L) Ry
(BOTTOM VIEW)
Vem,
$10VDC MAX L POwER common

Figure 4. Floating Input Signal

EXTERNAL CONNECTIONS FOR VOLTAGE TO FREQUENCY OPERATION, WITH OPTIONAL
INPUT OF FSET VOLTAGE AND FULL SCALE FREQUENCY ADJUSTMENTS

Rs « FULL SCALE ADJUSTMENT; 50052 (Use tow T.C. Cormet, < 50ppm/°C or squivaient)
Rg = INPUT OFFSET ADJUSTMENT; S0k{2 (Use low T.C. Cermet. < 50ppm/~C or equivalent)

CAUTION: DO NOT SHORY OUTPUT TERMINAL TO -15V

Using a precision, stable voltage source, set the input voltage,
eg, to 10mV. Adjust the OFFSET trim, Ry, for an output

‘pulse interval of 0.1 sec (model 458) or 0.01 sec (model 460).

Set the mput voltage to +10.000V and adjust the FULL
SCALE trim for an output pulse frequency of 100kHz (model
458), or IMHz (model 460). The V/F converter may now be
used without further adjustment.

DIFFERENTIAL INPUT

The epy and egpp 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 need
for a differential amplifier to handle these signals.

To apply the 458 or 460 voltage inputs differentially, the
€N Pin must always be positive with respect to the egpp
pin as shown in Figure 4. The differential signal source may
be completely floating with common mode voltages up to
110V max. For differential inputs the output frequency is:

[( ) ey + €, 1
F, = €y —€3) + ( ) X ( ) K
ouT 1 2 3
, 2 CMR g
INPUT CMR ERROR
SIGNAL

Kg 10* Hz/V; model 458
10° Hz/V: model 460

OFFSETTING INPUT FOR BIPOLAR INPUTS

The input summing terminal, +i;y, 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 canverted directly.

410Vaer

FULL SCALE
Ry ADJUST

o1 o4+—0 Four

2 © 70 100x
o587 Hr 1458)
o2 5:'“ 070 WMH; (460}

15v o3
INPUT

moprL | R, i sy 100k Hs M,
458 20wi: | 30k 0 S0MH1 500w Hz
460 10M3L 15kiL -5V 0 0

MODEL 458
ouTPUT

MODEL 460
QuTPUT

Figure 5. Offsetting Input to Accept *5V Bipolar Inputs

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 IMHz 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 200us before
input scaling, to 20us with scaling.

“10Vqes

FULL SCALE
ADJUST

1 O1T—O Four
+02

458 INPUT ouTPUT

208
3 v 100k HZ
0 QinMz

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

070 «1Vv
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PERFORMANCE SPECIFICATIONS

Nonlinearity: Nonlinearity error is specified as a % of 10V
full scale input and is guaranteed over the 0.1mV to 11V
operating signal range; £0.01% max, models 458}/K/L,
+0.015% max, models 460J/K/L. Typical nonlinearity per-
formance is illustrated in Figure 7.

i MAX LIMITS —

oo 4 —bHE—m 7 2t~ -t LY MODELS 4504/K/L.
'
& 450 4 :
£ MAX LIMITS —
52 Rl ot bk 2 of et i o s ""'% 771 mooeLs saixn
o vl :
22 L 458
32 e vl

- 2% Vg " |
2y 0008 o~ -
: g
A L~
//r"
=
+104 +103 +102 +0.1 “ +10

INPUT VOLTAGE - Voits
Figure 7. Nonlinearity Error Versus Input Voltage

Gain Temperature Stability: Gain drift is specified in ppm
of output signal and is guaranteed for cach model over thc
0 to +70°C temperature range; Sppm/ C (458L), IOppm/ C
(458K), 20ppm/°C (458]). 15ppm/°C (460L), 25ppm/°C
(460K) and 50ppm/°C (460]) 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.

NUMBER OF PULSES
07O +10V PROPORTIONAL TO INPUT

' w THZ
VIF / DIGITAL
10002 o 2 7

DIVIDER
104

lo3 5 04
MKS001P
° 458/460 s
70 -

100mv)

HOLD O O COUNT

RESET Yr ‘‘‘‘‘‘‘‘‘ ﬂl
INPUT
! 1 l
| | D@ @@}
i !
1 THOUSANDS HUNDREODS TENS UNITS :
'
-

COUNTERS AND DISPLAY READOUT — TiL 306(4)

{OR 04167V INTEGRATED FOR 2 DAYS)

Figure 8. Models 458/460 as Long Term Intsgrator 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
ratiometric 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

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

15V

N, .
MODEL 458 10,000 ege¢ /SEC | FREQUENCY | N3= 1.0egey

ViF CONVERTER iag 1000611
TIME
" 8ASE

STRAIN
GAGE
BRIDGE

o

Ny = 10,000 (ieg )/SEC DIGITAL

£ MODEL 458
¥ | V/F CONVERTER

8CD i
COUNTER | 1 ouTPUT
H R
H
[ R = No. of counts of
R Ny per count of Ny
Ny | | | | = 10,000 228

LN

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

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.

ISOLATED
POWER
-15V_ COM +15V Wy
wQ .
v 1 e COUNTER/
L DISPLAY
IN751
3 4 -

“~

VIF

S
o

S00VDC to 1500VDC

PHOTOCOUPLER

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

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 climinates
the need for costly additional twisted pair for external syn-
chronization. Model 610 amplifics the low level differential
transducer signal up to the 10V 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 im-
munity to common mode noise signals.

GAIN SET

0 TO +10V 0 YO 100k Hz

TWISTED PAIR CABLE

SENSOR

DIFFERENTIAL
LINE DRIVER
LMS5109

INSTRUMENTATION AMPLIFIER
V G = 170 1000V/V
MODEL 610

ANALOG 2
METER / ’ I 8 Fiy
6 07O 10V

OTO10KHz pippepenTIAL
LINE RECEIVER
LMS51074

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