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CHAPTER 1

ANALOG/DIGITAL DEVICES

1.0 Introduction:

The GRI complement of peripherals includes a line of
Analog-Digital devices¥* mou;ted on small device operator cards
that plug into the rear I/0 section of the GRI family of com-
puters.

The line is intended for modest applications of analog equip-
ment, i.e. those which do not have large numbers of inputs or
stringent analog signal handling requirements. The line is simple
to use and install and will satisfy all general applications for
analog front-end in a convenient manner. |

Analog signals are generally handled by A to D converters of
varying precision and speed capabilities. When choosing A to D
equipment for use in a system, the user is urged to remember that
the measurements obtained from an A to D will be no more accurate
than the transducers that produced the measurements and that accuracy
and speed are two parameters which are somewhat inconsistent in
A to D conversion equipment.

There are two ways of viewing a word which is produced by an
A to D converter. A 10-bit unipolar A to D has a full scale cali-

'Bfa;ion of 10;23 volts. UTen bits feﬁresents.a maximum count of 1023.

The value of the least significant bit is then 10.23v/1023 or 0.0lv.

*Interchangeable between GRI 99 and GRI 909 computers.
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We then say the A to D resolution is 10mv per bit. If the A to D
word is viewed as an integer (right justified), we have only to
multiply the bimary word by 10 to obtain the voltage represented by
~the word in millivolts. In normal use, the reading in volts is
meaningless. The voltage is usually produced by a transducer and
represents physical units such a; pressure, temperature, flow, etc.
The full scale calibration is expressed as, say 102.3 psi. The

A to D word may be viewed as a left justified fraction (binary point
to the left of the most significant bit). The conversion in this
case to engineering units is done by multiplying the A to D reading
by the full scale factor using conventional fixed point arithmetic.
Floating point arithmetic may also be used by converting the A to D
fraction to floating point format. The exponent for the A to D
would be 0. Note that in a system requiring a selectable gain am-
plifier in front of an A to D, it is a simple matter to use floating
point if the amplifier gain ranges are chosen as powers of 2, i.e.

2, 4, 8, 16, etc. The exponents then become 1, 2, 3, etc.

. Multiplexers are used in front of an A to D to allow many voltages
to be sampled by a single A to D. GRI multiplexers are solid
s;ate (FET), high level devices. That is, they are not capable of
handling micro-volt level signals such as those produced by therm-
couples. For small numbers of such low level inputs, separate amplifiers

may be used to convert to high level signals before multiplexing.

Voltages may be generated in a system through a D to A converter.
The conversion from a binary word representing engineering units is

handled in the reverse manner as described earlier for A to D converters.



2.0

10-47-015-B

CHAPTER II

ANALOG TO DIGITAL CONVERSION

Introduction:

There are two common varieties of A to D converters. These are
the successive approximation types and the integrating or counting
types. These A to D converters are closed loop, simple, servo systems
and all function in the same general fashion. A register is used to
hold the digital representation of the voltage to be measured. This
digital number is converted to an analog voltage which is some per-
centage of the full scale analog input range. The converted voltage
is compared to the incoming volfage in a difference amplifier, This
amplifier is called a comparitor and produces a go no-go digital
cutput that essentially indicates equality or inequality between the
analog representation of the register and the incoming unknown voltage.
The register contents are controlled by logic, whose basic control
signal comes from the comparitor. Thus, as long as the comparitor
indicates an error (inequality), the control logic will continue to
modify the register until equality or equilibrium is reached. Fig. 2-1
is a general block diagram of an A to D converter,

The manner in which the register is altered determines the
basic type of converter. The successive approximation converter
alters the digital register with a series of approximations that
cause the guessed analog value to follow the series

Ly ke, o
2VrstZVrs+ 8VFS+. . +2

FS
Where VFS is the full scale value of the voltage, and n is the number

of bits in the converter. The control logic will set each guess and

extinguish it if the comparitor indicates that

v v
Arree S TN
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If, however, VGUESSSVIN, the guess is left in the register and the next
lower order is added to those previously taken and left. As the
progression approaches the low order bit of the register, the increments
added to the guessed voltage get smaller and the guessed voltage con-
verges on the actual voltage. Fig. 2-2 shows an eight-bit successive
approximation converter converging on a value which is less than 3/4 of
full scale. The speed at which th; approximations may be taken is a
function of the speed of the comparator, and the speed of the ladder net-
work which converts the guess register to a voltage. The speeds of these
two will vary with the magnitudes of the voltages involved, and the ac-
curacy of conversion required (number of bits of precision). Speeds on
the order of 750ns per bit to 2 us per bit are typical. The total conver-
sion time is, of course, the time per bit times the number of bits in
the converter. This is exclusive of any settling time required for signal
conditioning such as high impedance amplifiers in front of the comparator.
Comparators are‘generally low input devices and will require a high impedance
amplifier in front of them if multiplixing is used or if the signal source
cannot work into a low inpedance.

Another form of converter drives the register as a counter that starts
at 0 as-the initial guess and increments the contents by 1 as long as the

comparator indicates that

VeuEss s V1IN

The counting stops when VGUESS EEVIN. This converter requires, on the

average, %(Zn - l)tB u seconds where tB is the conversion time per bit and

n is the number of bits in the conversion register. Note that the maximum

conversion time will take twice as long if the measured voltage is the full

scale value. A ten bit converter with a bit time of 1 us will take a
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maximum of 1.023ms to convert a full scale value.

The counting type of converter, although less expensive, has the
drawback of not being very good at measuring AC voltages of any significant
frequency. This time of conversion is also called the aperture of the
A to D. The aperture of any_type of A to D may be improved by using
a sample and hold amplifier in front of the A to D.

There are many other typés of A to D converters, most of which are

variations on the two standard themes presented here.

2.1 Specifications:

- The GRI-909 line of A to D converters use the successive approx-
imation technique and cover a wide range of capabilities. All are
mounted on the small device operator cards that plug into the rear

section of the computer.

Electrical:
input
Analog Input Voltage Ranges OV to +10v full scale
OV to +5v full scale
-5v to +5v full scale
-10v to +10v full scale
Input Overvoltage _ +15 VDC
Input Impedance 10 Megohms

Performance:
Resolution 1 part in 256 (8 bit)
1 part in 1024 (10 bit)
1 part in 4096 (12 bit)

,

Accuracy .025% of FS +1/2 LSB
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Coding Binary (unipolar) (Bit 15=MSB)

2's complement (bipolar)

(Bit 15 = sign)

(Bit 14 = MSB)
Temperature coefficient +10 ppm/°C of FS
Conversion rate 1.3 us per bit (low speed)

.75 us per bit (high speed)

Conversion time (including settling)

8 Bit 10 Bit 12 Bit

14.5 us 21 us 23.6 us (low speed)

6.1 us 15.5 us 17 us  (high speed)
Input power | +A  40ma

+5v 640ma
Environmental:

Operating temperature range 0°C to 50°C
Storage -55°C to +85°C
Relative humidity 95% non-condensing

Device Operator:

The device operator is connected as a source of data only. The
system address may be chosen via a set of staples according to the
instructions in Appendix B. The suggested mnemonic for the operator
is ADC and the device is normally set for a system address of 65 for
factory test purposes. Data is transferred from the ADC by any in-

struction that references it as a source, e.g.:

ZRASX MACHINE CODE
RR ADC,AX 65 0000 11
RMID ADC,0 65 0010 06
000000
JC ADC,ETZ,100 65 0100 03

000100
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The ADC must be started by a function output command. Its value
should not be read until the ADC input ready flag sets, indicating
that conversion has been completed. If the converter has been in
use, its input ready flag should be cleared by the same function

command that starts the conversion, e.g:

% RASX MACHINE CODE ;5 Action
FO CLIF,ADC 02 1000 65 ; clear IRDY flag
FO STRT,ADC 02 0001 65 ;s start ADC
FO CLIF STRT, ADC 02 1001 65 ; clear & start ADC
SF ADC, [NOT] IRDY 65 1030] 02

[1]

The ADC is also provided with an interrupt connection to allow
the IRDY flag to automatically notify the computer upon conversion
completion.. The Interrupt Status Register bit and interrupt jump
address may be chosen by the user according to the instructions in
Appendix B. These are normally set at the factory for test purposes to:

ISR bit 12

Interrupt Address 52 (53, 54)

The ISR bit is set, typically, by an instruction such as:

I 10000 TO ISR 06 0010 04
010000

Ths interrupt system will cause the SC on interrupt to be
stored in loc 52. Operation of the program resumes at loc 53 which
normally contains a non—-trap disturbing jump to the service .routine

such as:

I ADSER-1 TO SC 53: 06 0010 07
54; ADSER-1
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The conversion rate (l.3us or .75us per bit) is used to
calculate how long the flag will be down after start of a con-
version, Thus, in a 10-bit low speed ADC, the conversion time
will be 13us. There is, however, a settling time spec of 8us
for the ADC's amplifiers. This\requirement is only of interest
if the input to the ADC is switched through a multiplexer, a
sample and hold unit, or a variable gain amplifier. When such
switching occurs, the user must provide sufficient time (8us)
between the switching of the input voltage and the starting of
the ADC in order to obtain a digitized reading that is within
the accuracy spec of the ADC. Conversion and settling times are

given in table 2-3 for the various ADC units available.
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2.3 Programming:

Programming the ADC is a relatively simple matter. A simple
service subroutine which excludes any settling time, returns with

the ADC value in AX after starting the ADC:

ADSER: TO CLIF STRT, ADC ; START ADC
SF ADC,IRDY:
MRI .-2,5C ; WALT FOR CONVERSION
RR ADC,AX
RR TRP,SC ; RETURN

The settling time requirement is logically considered with
the multiplexing subroutine,

Typical conversion to volts of the value in AX 1s handled
as follows:

; CONVERT TO VOLTS

CONV: RMI TRP,0

MR FS,AY ;get full scale value

JU $SMY ;multiply by AX (ADC)

MS SF,P1 ;add 1 to scale factor

JU $ssC ;jnormalize result

Wrd SF ;scale factor of FS value

JU $SUS ;spiit into integer & fraction

Wrd SF

JUD CONV+1 sexit with integer in AX, frac. in AY
FS: WRD X ;full scale value as a fraction

SF: WRD Y ;scale factor of full scale value



2-8
10-47-015-B

The full scale value is stored as a fraction along with a
scale factor. Thus, if

FS = 5.1175. v = 5.0741 v

10 8
0.50741 X 8

sF =3 (23 = 8}

The full scale bit values for the various size A to D's avail-

able are as follows:

Accuracy
FS 8 10 12
LSB
+5v
+10v 10.2375
Range
+5v
+10v

NOTE: Unipolar ADC's are connected with BIT 15 = MSB. To put this
in proper form for fixed point operation, the user may simply shift
the data right one position while reading the ADC (making sure the
LINK was clear before doing this). Thus:
ADC R1 TO D TABLE‘
or ADC Rl TO AX
will put the ADC rééding”in a positive fraction format at the destina-

tion end as shown in the following table.
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% of FS ADC RDG (Unipolar) Shifted rt 1
MSB LSB MSB LSB
0 0 0 0 .« . 0
50 1. .. 0 o1 . . . O
100 1. .. 1 o1.. .. 1




- REGISTER CONTROL

2-10 i
10-47-015-B

GUESS REGISTER

D TO A CONVERTER S—— ;és'.:
VGUESS
VIN
COMPARATOR
Figure 2-1.
FS L o e o e e e e —
0y
BRL o ——m . — —_ — V)
50%
2%5% |-
0 1 1 1 1 1 1 1
BIT 7 6 5 a4 3 2 1 0

Figure 2-2.
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H=High speed ADC

TABLE 2-3

L=Low speed ADC

2-11
WORD SIZE 8H 8L 10H 10L l 12H 12L
CONVERSION TIME(us)| 4 10.4 7.5 13 9 15.6
SETTLING TIME (us) !2.1 4.1 6 8 6 8
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MULTIPLEXING ANALOG INPUTS

3.0 Whenever a multiplicity of analog signals are to be measured in

a computer system, the multiplexer becomes

the switch which commutates

the signals into the single inbut of the ADC. The GRI line of

multiplexers is available in 8, 16, 24, or 32 inputs on a single,

small device operator card that plugs into

3.1 Specifications:

Input:

TYPE ¢« ¢ ¢« v ¢ v 4 o o v 0 0 e o
Range . . « « & ¢ « ¢ & ¢« o o &
Overvoltage .« « « v v o & o o &
"ON" resistance . . + v . . . .

"OFF" resistance « « ¢« « « « « .

Performance:

Transfer accuracy . . + . .« . .
Settling time . . . « . « « . .

Input power. « « ¢ « + & o ¢ o .

Environmental:
Operating temperature range .
Storage temperature . . . . . .

Relative humidity. . . . . . . .

the rear of the computer.

+ + « « « » single ended

e e o e o F5v,F10V

C e e +15v maximum

« « « « « « 300 ohms (typical)

« + + « » 100 Megohms (typical)

e « o o o » 0.01% of full scale
e « « s o o« 1 us to .01% of FS

&« « +« 4+« «+A 3 ma (8 channels)
-A 8 ma (8 channels)
+5 26 ma (8 channels)
+5 328 ma (logic)

e« « « « . 0°C to +50°C
.+ « « « + o =55°C to +85°C

« « « + « » 95% non-condensing
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3.2 Device Operator:

The device operator is connected as a source and destination
of data. The system éddress may be chosen via a set of staples
according to the instructions in Appendix B, The suggested mnemonic
for the operator is MUX and the device is normally set for a system
address of 64 for factory test purposes. Data transfers to and
from the operator may be made by any instructions that reference

it as a source, destination, or both, e.g:

% RASX MACHINE CODE
RR AX,MUX 11 0000 64
RS MUX,P1 64 0100 64
MRID O,MUX 06 0010 64
000000
JC MUX,ETZ,100 64 0100 03
000100

There are no function commands or status flags associated
with the MUX. The settling time of the MUX is 1 us to .01% of
FS and therefore requires no special coding of the multiplexing
routine. After loading the MUX with a channel address, the next
instruction execution period cannot normally occur within less
than 1.76 us, thus allowing plenty of time for the MUX to settle.
The A to D, however, requires a settling‘period of 6 or 8 us (see
table 2-3). This is the time required for the amplifiers in the
ADC to settle after being switched from one input to another
through the MUX. This time must be allotted by the program prior
to issuing the start ADC command. If this is not done, the con-

verted value may be in error.
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Programming:

Programming the MUX requires a service routine that will
determine what order the channels are scanned. The simplest
scan order is a binary incremental scan and simply requires that
the MUX register be incremented each time a new channel is
selected. The MUX register is a 5-bit register and will count
modulo 32. Thus, if all 32 channels are implemented on the MUX
operator, a scan of all channels simply requires the detection of
0 in the MUX register each time it is incremented. The front end
settling time of the ADC (e.g. 8us) must be implemented here.
A subroutine to scan 32 channels and put their values in a table
might look like this:

SCAN: TRMI TRP,O

MRI VTAB-1,AX ; initialize value table

R AX,POINT

(3) JU ADSER ; get a reading
RMID AX,O ; store it
POINT=,-1
RS MUX,P1 » ; next channel

(1) JCD MUX,ETZ,SCAN+1 ; exit, scan done

(2) JU SCARN+6

VTAB: loc. .+40 ; value table

The settling time for the ADC front end occurs during in-
structions (1), (2), and (3) and amounts to 5 cycles or 8.8 us seconds.

which should be sufficient for the low speed ADC series. When the
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scan is complete, the MUX register will contain 0 and this will
be the first point scanned when the routine is re-entered.

If the MUX is not fully implemented (32 channels), the ad-
dresses of those points not implemented must not be selected
or the input to the ADC w?ll be an open circuit. This will
cause the amplifier on the ADC to saturate and give a full scale
reading. To avoid addressing non-existent points, the SCAN
routine should count the number of points until the maximum

number (8, 16, or 24) has been scanned and then exit.
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CHAPTER FOUR

DIGITAL TO ANALOG CONVERSION

4.0 The GRI series of D to A converters are binary weighted ladder
networks with a buffer amplifiér on the output. The interface board
contains a general purpose (full 16 bit) register with the most signifi-
cant bits connected to the DAC. The register is a standard GP register
and is therefore a full parallel transfer type of register, thus avoid-
ing the problems of transient outputs caused by "reset-set' types of
registers. The GRI DAC line, therefore, does not require double buffer-

ing since these transient spikes cannot occur during loading of the

register.

The D to A ladder network is simply a programmable voltage divider
connected to a reference source. It is programmable in that there are
switches on the legs of the network that are controlled by the bits of
the binary word which is to be converted to an analog representation.

As bits of the data word are turned on or off, the switches in the
various legs of the ladder open and close, and the net value of the
voltage divider changes, thus changing the output voltage. The reference
voltage is set for full scale and therefore the output is always a per-
centage of thg full scale reference value. Figure 4-1 is a typical ladder
network with switches and output amplifier. This arrangement is, in
reality, a current summing type of network as opposed to the divider

type mentioned earlier. If the LSB switch is closed to the reference

source and all other switches are opened (connected to ground), a
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current is produced in the LSB leg and it gets divided by a factor of 2
at each junction. The contribution of that current to the summing
junction is binary weighted according to the number of junctions through
which it passed (number of junctions = number of bits in conversion

word). Thus, the LSB contributes a current to the amplifier summing

\

E |
junction which causes an output Ey = ?%géi)’ e.g. if Epes = 10.23v and
n = 10 bits, E, = igi§3 = 10mv. Each leg by itself will cause twice

the voltage generated by the previous leg to appear at the output.
When all switches are closed, the output is the sum of all individual
leg contributions, e.g. Fy = (10 + 20 + 40 + .... 5120)mv = 10.230v.
The advantage of this type of ladder network is that the impedance
seen by the amplifier is constant (equal to R) and the accuracy is not

dependent on the absolute value of R but on their differences.

The DAC is, of course, an important element in an ADC as mentioned

in Chapter 2 since it is used to close the feedback loop.

4.1 Specifications:

The GRI line of D to A converters cover a wide range of
capabilities. All are mounted on the small device operator cards

that plug into the rear section of the computer.

Electrical:
Output:

Analog Output Voltage Ranges OV to +10V full scale
45V full scale

Output Impedance 0.1 ohms
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Performance:
Absolute Accuracy +0.025 of FS
Linearity +1/2LSB (8,10 bits)
+1 LSB (12 bits)
Resolution 1 part in 256 (8 bits)
1 part in 1024 (10 bits)
. 1 part in 4096 (12 bits)
Coding Binary {0V to +10V) (Bit 15=V¥
2's complement (+5V)
(Bit 15'= SIGN)
(Bit 14 = MSB)
Temperature coefficient +30 PPM/°C
Output Current +5ma (typiéal)
Output Slewing Rate 10V/usec
Settling Time Susec to +0.057% of FS
Input Power +A - 30ma
+5V -~ 370ma
Environmental:
Operating Temperature Range 0°C to 50°C
Storage =-55°C to +85°C
Relative Humidity 95% non-condensing

4.2 7Device Operator:

The device operator consists of a GP,16 bit register connected
as both a source and destination of déta. The system address may
be chosen via a set of staples according to the instructions in
Appendix B. The suggested mnemonic for the operator is DAC, and
the device is normally set for a system address of 61 for factory

test purposes. Data is transferred to or from the DAC by any
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register or memory reference instruction, e.g:

FAST MACHINE CODE
AX TO DAC 11 0000 61
D 100 TO DAC 06 0001 61
000100
DAC P1 \ : 61 0100 61
C DAC P1 61 0110 61
IF DAC ETZ GO TO 100 61 0100 03
000100

There are no flags or functions associated with the DAC, . but
the programmer must bear in mind the settling time specifications
of the unit, i.e. the DAC will produce an output change for a
change in data sent to the DAC, but it will not settle at its
steady state value faster than 5 usec. (see Section 4.3).

The DAC may be had with a 0 to +10V or a +5V range. This may
be changed by the user by simply clipping and inserting one staple

(see logic print 17-047-017).

4.3 Programming:

Programming the DAC amounts to simply transmitting binary fractions
to it from memory or other sources such as registers. The user must
bear in mind that the DAC has a 5 usec settling spec. This means that
a step change in value will not be accurate to within +0.05% of the
FS wvalue until 5 usec of settling time has been allowed. When using
the DAC to generate periodic functions, this may or may not be of
consequence, depending on the faithfulness desired in generating the

function. For steady state usage, however, a delay of at least 5 usec
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(approximately 3 cycles) should be introduced prior to changing the

value. This permits settling of the DAC output.

The full scale bit values for the various size DAC's available

are as follows:

Accuracy
FS
i FS 8 10 iz
2"-1
*Range +10V 39.22mv 9.78mv 2.442mv
+5V 39.37mv 9.785mv 2.443mv

*The DAC's, unlike the ADC's, are calibrated only for a 10V or

45V full scale value.

When using the O to +10V range, the user must remember that the
machine word is left justified and Bit 15 is the MSB of the data
word. Thus, signed data should be left shifted as it is sent to
the DAC. The user may send signed data to the DAC and assume that
the zero offset is half scale (i.e. 5 volts). This will result in
a set of readings that range from -VFS = OV through 0 = +5V and

+VFS= +10V.

The bipolar DAC accepts 2's complement numbers with Bit 15 =
sign bit. The binary point in the unipolar case is assumed to be
to the left of Bit 15 and in the bipolar case, to the right of Bit 15.
Thus, to generate a voltage that represents a physical constant,
simply convert that constant to a percentage of the full scalé value

and transmit it to the DAC, e.g. a table of values for pressure
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calculations is based on a full scale value of 100 psi. A DAC

is to be used to drive the Y axis of a scope display. Each value
is converted to a fraction of full scale P.F.S. = Vi/goo, and
sent to the DAC. The resulting display will be proportional to
the original values with the full scale deflection representing

the full scale value of the pressure.
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CHAPTER V

SAMPLE AND HOLD UNIT

5.0 A sample and hold device‘is essentially an analog memory. Very
crudely, it is a capacitor and a single pole double throw switch
as shown in Figure 5-1. When sampling the input voltage Vi,
the switch connects the voltage source to the capacitor which
allows it to charge up t4~a value approaching Vi. This, of course,
is a function of the time constant formed from the source im-

pedance Ry and the sample and hold capacitor C If the switch is

H*

in the sample position sufficiently long the capacitor will charge

to within the digitizing accuracy of the system. The switch may

then be thrown to the hold position which connects the capacitor

to the ADC for digitizing. The hold capacitor Cy will discharge

through the input impedance Rj of the ADC, but if this is suffi-

ciently high compared to the source impedance Rs it will take

a much longer time to lose the charge in the hold position than it

took to build the charge in the sample position. During this time, the

converter will be, for all practical purposes, digitizing a DC voltage.
In practice, SHU's are used to decrease the:aperture time

of the ADC (see Section 2.0). The charging of the sample capacitor

must, of course, be rapid -in order to achieve better aperture

time, and the discharge rate in the hold mode should be many orders

of magniture greater than the sample or charging time. This is

accomplished through the use of an operational amplifier in the prac-

tical SHU. Figure 5-2 is a block diagram of the GRI sample and

hold unit.
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Specifications:
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The GRI 99 Sample and Hold Unit (SHU) is mounted on a

small device operator card that plugs directly into the rear section

of the computer,

Electrical:

Analog Input Voltage Ranges

Input Overvoltage

Input Impedance
Input Source Current

Analog Output Voltage Ranges

Qutput Current
Performance:
Bandwidth
Acquisition Time

Aperture Time

Hold Decay Rate

Output Slewing Rage
Gain

Accuracy (25°c)
Linearity

Temperature Coefficient
Long. Term Stability
Input Power

Environmental:

Operating Temperature Range
Storage
Relative Humidity

0V to +10V FS

0V to +5V FS

-5V to +5V FS

=10V to +10V FS
+15V (Max) with a re-
covery time of 3us
2100 megohms
2namps typical
7namps maximum

0V to +10V

0V to =5V

=5V to +5V

-10V to +10V

+5 MA

DC to 200 KHs (max.)
full power @ 3db point

5 us (Max) to +0.025% FS
of input signal

time uncertainty of 50 ns(max)
1MV in 1 MS

30V/us

+1.00

+0.025% FS

+0.01%

+20 ppm/©¢

+0,01%/6 months

+A 35 ma

+5 115 ma

0°Cc to 50°C
-550C to + 85°C
95% non-condensing
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Device Operator:

The device operator is connected to respond to function out-~
put commands only, 1It's system address is generally the same
as the multiplexer operator and is chosen via a set of staples ac-
cording to the instructions in Appendix B. The suggested mnemonic
for the operator is MUX with the FO command bits being represented
by SAMP and HOLD respecti;ely. To initiate a sample, the command is:

% RASX MACHINE CODE
FO SAMP ,MUX 02 0010 64
To terminate a sample, the command is
FO HOLD, MUX 02 0001 64
Programming:

The specified acquisition time is 5 us to 0.025Z of FS. Since
this time is reasonably short compared to instruction timing, it is
suggested that the user insert NOP's between the sample and hold com-
mands to fill in the acquisition time, Thus the sequence

Fo SAMP ,MUX

Nop

NOP

FO HOLD, MUX
will result in 3 cycles between the sample and hold actions, or
5,28 us. This will produce a holdiﬁg accuracy comparable to the
resolution of a 12 bit ADC. The acquisition time, of course, includes
output settling time.

The aperture of the SHU will affect the frequency response of

the unit at various accuracy levels, The aperture is defined as the
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uncertainty in switching from the sample to the hold mode, When
in the sample mode, the unit is tracking the input voltage. When
placed in the hold mode, the switching uncertainty (or aperture time)
is 50 ns. Fig, 5-3 is a graph of the accuracy that can be expected

of the SHU for various frequency input signals.
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Figure 5-1. Simple Sample and Hold Unit

ELECTRONIC
HI O—\ SWITCH
INPUT AMP ® AMP HI
o O / OUTPUT
Lo

HOLD CAPACITOR

S/H CONTROL O - | I '

EXTERNAL
HOLD CAPACITOR

Figure 5-2. GRI Sample and Hold Unit
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Figure 5-3. Error Due to Aperture as a
Function of Input Signal Frequency
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APPENDIX A

INSTALLATION

A to D Converters:

The ADC operator uses the interrupt system and therefore reqﬁires
PIN-POUT jumpers (S40-215) ta be inserted in positions SE-S5 and SF-S6
in all vacant slots between the lefthand side of the machine, as viewed
from the rear, and the ADC board.

If there are other device operators which require use of +A vol-
tages, their total current requirement must not exceed 100ma for +A
and 100ma for -A. If the current capability has been exceeded by ad-
dition of the ADC, a supplementary supply will have to be added to the
machine. The supplementary supply is installed in the last slot on the
right of the I/0 bus in the rear of the processor. The orange and purple
quick disconnects that supply +A to the bottom righthand side of the I/O
bus must be disconnected and taped. They may then be taped or tied out
of the way.

The analog signal is brought into the ADC via a coaxial commector
at the bottom rear edge of the device operator card. The plug for this
connector is available from Sealectro (#50-024-0000). It is for use
with a subminiature coax, type RG188 or RGl74.

A bipolar ADC is merely an offset version of a unipolar ADC. Thus
a +5 volt ADC is still a 10 volt FS unit but a bias of -5 volts has been
introduced into the operational amplifier on the front end of the‘ADC so0
that the ¢ reading of the ADC corresponds to a -5 volt unput, the half

scale reading (+5 volts) corresponds to a @ volt input, and the full scale
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reading (+10 volts) corresponds to a +5 volt input.

There are two pot adjustments on the ADC board, one for § offset and
one for full scale (gain). Note that ¢ offset applies to the true ADC @
reading which is not the same as the ¢ volt input on a bipolar unit. Sim-
ilarly, the full scale or gain adjustment applies to the positive most
reading on the ADC. Note also that the bipolar ADC's present 2's comple-
ment results which mean there will be one missing value on the positive full
scale end. Thus a 12 bit bipolar ADC (+ 5VFS) presents

1000600000000

-5.1200v and

011111111111 = +5.1175v
Note that the first reading is not useable in the standard arithmetic
packages as a legitimate binary number.

The following table gives the adjustment values for the various size

ADC's in the family.

ADC F.S. Adjust Adjust
Offset at Gain at
8 +5v gv +5.10v
8 +5v -5.12v +5.08v
8 +10v @ 10.20v
8 +10v -10.24v +10.16v
10 +5v @v +5.115v
10 +5v -5.12v +5.11v
10 +10v gv +10.23v
10 +10v -10.24v +10.22v
12 +5 -5.1200v +5.1175v
12 +10 Gv +10.2375v
12 +10 -10.240v +10.235v
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Key the following loop into memory:

loc
FO STRT CLIF,ADC 100 02 1001 65
SF ADC, IRDY 101 65 1000 02
JU .-1 \ 102 00 0100 03
103 101
RR ADC,27 104 65 0000 27
JU .-5 105 00 0100 03
106 100

Dial Device Select switches £o 27, start the loop, and apply the
rated negative most voltage to the analog input line from a precision
source. This should be done out at the transducer that will supply the
voltage to be digitized. Adjust the offset pot until zero readings
(unipolar units) of the largest negative number (bipolar units) are dis-
played on the console display register (Device Select Switches = 278).
Adjustment of offset will interact with the gain adjustment which affects
the positive full scale reading. Using a precision source (or the trans-
ducé; itself) produce a full scale, known positive voltage (i.e. +5.1175v
for a 12 bit, bipolar ADC) at the cable end which feeds the ADC input.
Adjust gain for the proper positive full scale reading displayed on the
display register. After adjusting the gain, the offset shogld be recheck-
ed and adjusted if necessary. Alternately adjusting offset and gain will
eventually result in the proper digital readings (usually within two itera-

tions).
On bipolar units the @v input reading (which is really the half scale
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point on the ADC) should be checked. This may be done by shorting the
input. After gain and offset adjustments have been made the center point
should fall right in place if the ADC were perfectly linear. If the center
or ¢ input of the bipolar ADC does not produce a ¢ reading and this is
desired, the user can shift both the gain and offset adjustments by a half
a bit or so in order to obtain a @ ADC reading at half scale. At any rate
the ADC readings should be within half a bit at half scale. Half bit ad-
justments are obtained by setting the input reference value halfway between
ﬁwo increments of readings. Thus to move half a bit away from the negative
full scale value on a 12 bit bipolar ADC, set the reference input at -5.11625
(1.25mv greater than -5.1175v) and adjust for a -FS ADC reading at that
point. See A-5 for a graphical explanation of offset and gain adjustments.
After adjustments have been made, a histogram test of known voltages applied

to the ADC should be run to assure proper adjustment.
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Multiplexers:

The MUX operator should be located in the first slot to the left of
the ADC operator. Note that +A voltages are required by the MUX. Prior
to installation, check the loading of +A to determine whether or not an
auxiliary supply is required. A short coaxial jumper is supplied with
the MUX to couple the analog signal to the ADC. This cable also uses a
Sealectro subminiature coax connector #50-024-0000. The 32 analog signal
connections are made via the PC edge connection at the rear of the card
using the 48 pin I/0 connector with cable clamp (S40-216 with S40-204
contacts), supplied with the MUX option. The grounding of the signals
brought to this connector becomes extremely important as the resolution
of thé ADC increases. At 2.5mv per bit, it does not take much common mode
to normal mode conversion to introduce a 2.5mv error on a particular channel.
Figures A-1, A-2 are connection charts which show a common or return con-
nection for each signal pair. Thus, the ground connection for channels 0
and 3 is pin L. The common signal connections are connected to analog
ground which is also the processor's logic ground and eventually becomes
the frame ground back at the power supply. Since all of the analog device
operators are single ended systems, differential voltages may be handled as
shown in Figure A-3.

In noisy environments, the signals should be handled over twisted
shielded pair or subminiature coax, particularly as the resolution of the
converter increases. As common mode currents in the ground system increase,
there will be a point at which extreme ground provisions must be taken.
Figure A-4 shows a simplified version of the mode problem arising in single
ended front ends. The analog equipment and the computer are tied to build-
ing ground at two different points. Between them, there is a large current

called Icm which consists of the ground currents of every piece of equipment
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in the building that is tied to building ground. There is a finite ground

grid resistance, between the two ground points; and they will there-

Rgg’

fore be at different potentials. If we assume the computer ground is the
0 reference, the analog equipment ground is at a slightly higher potential

ch. Ignoring the impedance of the signal source E;, both the ground line

and the signal line are at this common mode potential Von:

The potential ch is:

Vem = Lem Rgg

The common mode current in the ground return of the signal is

Lemsg = ch/ng

The common mode current in the signal line is:
Iems = Vem/ (Rg + Rip)

where Rj, 1s the input impedance to ground of the A to D. Rj,  is very

large (10M) and effectively swamps out Ry, therefore:

~
Iems = ch/Rin

A common mode voltage V will appear acroSs*Rin which will be measured by
the ADC along with the signal Eg. This voltage is:

~o
V= Iems Rin

Rin (Vem/Rin)
= Vem
This, of course, is an over-simplified presentation of what happens, but
it does vividly demonstrate that common mode voltage can appear directly

across the input to an A to D. Looking at some numbers for a moment:

If the distances over the ground grid are large, a typical number



10-47-015-B

for Rgg might be 0.01 ohms. In a medium size plant with lots of motors
and equipment all tied to building ground, we might find 100 amperes of
ground current in which case:
Vem = Icn Rgg = ,01 X100 =1 volt =V
This voltage which is now measured by the ADC could be handled as
a fixed offset by subtracting It from the actual ADC reading, which now
represents:
Vade = Eg + Ven

meas

Actual V = Vadc - ch

However, the I.n is not a constant; it varies severely as motors
and equipment are started up and sﬁut down. Treating V., as a fixed
offset is, therefore, impractical. The only solutions with the single
ended system are:

a) disconnect the analog equipment from building ground (float it)

b) short circuit the common mode voltage with a ground connection
between the equipment grounds whose resistance is very low com~
pared to the resistance of the signal lines.

Solution a) 1is not always feasible because of plant safety practices.

It is, however, a good solution where permissible. Solution b) would be
extremely costly, for it could conéeivably involve a large amount of copper.

As these common mode currents become excessive, the grounding system

will become extremely expensive, and the best solution becomes differential
amplifiers for each signal. As the number of signals increases, it becomes
economical to consider a more sophisticated, outboard differential multi-

plexer and ADC system, which may be interfaced to the GRI-909 series through

the Gate Input and General Output Register cards.
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The offset and gain adjustments of the ADC should be checked through
the multiplexer. The loop previously given for this may be modified by

adding the instruction:

loc
RR, SWR,MUX . 77 10 0000 64
and changing the last instruction to
loc
Ju 77 105 00 0100 03
106 77

This will allow selection of different channels when performing the

gain and offset adjustments.

D to A Converters:

The DAC operator does not use the interrupt system, and therefore its

installation requires no attention to PIN-POUT, DIN-DOUT jumpers.

If there are other device operators which require the use of +A
voltages, their total current requirements must not exceed 100ma for +A
and 100ma for -A. If the current capability has been exceeded by addition

of the DAC(s), a supplementary supply will be required.

The analog output is brought out of the DAC via a coaxial connector
at the bottom rear edge of the device operator card. The plug for this
connector is available from Sealectro (#50-029-0000) and is to be used

with subminiature coax, type RG188 or RGl74,

There is one pot adjustment on the DAC for zero offset. This is
set at the factory but may have to be re-adjusted by the user as the

DAC is used over a long period of time.
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The offset adjustment affects the 0 value of the DAC and may
be adjusted as follows:
1. Transmit 0's to the DAC via the console
2. With a voltmeter whose resolution is at least as good
as the DAC being adjusted (i.e. 40mv, 10mv, or 2.5mv),
adjust the pot for a zero reading on the meter.

Sample and Hold Unit:

The SHU does not use the interrupt system, and therefore its
installation requires no attention to PIN-POUT,DIN-DOUT jumpers.

If there are other device operators which require the use of
the +A voltage, their total current requirement must not exceed 100
ma for +A and 100ma for -A. If the current capability is exceeded
by addition of an SHU, a supplementary supply is required.

The SHU should physically be located between the MUX and ADC
Cards in the system. The analog input and output on the SHU are
brought out to two coaxial connectors at the bottom rear edge of
the device operator card. The plug for this connector is available
from Sealectro ( #50-029-000) and is to be used with subminiature
coax, type RG1l88 or RGl74.

The upper most connector is the input to the SHU and the lower
most connector is the SHU output. The SHU input is generally con-

nected to the MUX output (or signal source) and the SHU output is

generally connected to the input of the ADC operator.

There is a pot adjustment built into the sample and hold
module on the board and is the dumped charge adjustment. This is
preset at the factory and is adjusted for a hold offset at Vin=@ volts

(i.e. a grounded analog input).
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The leakage rate in the hold mode may be decreased by the
addition of an external capacitor. This, however, increases the
acquisition time., The leakage rate for an external capacitance is:

LR = 1 mv per ms

1+ 1000
c
e
The acquisition time for an external capacitance is:

AT = 5+ G us
200

where C, = external hold capicitance in pf. Thus for a 1000 pf
external hold capacitor, the leakage rate is 0.5 mv per ms and

the acquisition time is 10 us.



ANALOG MULTIPLEXER

CONNECTIONS
INPUT PINS
CHANNEL # OCTAL ADDR SIGNAL COMMON

] @ 14 1é&
1 1 R T
2 2 15 16
3 3 S T
4 4 23 25
5 5 a c
6 6 24 25
7 7 b c
8 10 21 22
9 11 20 22
10 12 y z
11 13 X A
12 14 v w
13 15 18 19
14 16 u W
15 17 17 19
16 20 K L
17 21 9 10
18 22 8 10
19 23 J L
20 24 F H
21 25 D H.
22 26 6 7
23 27 4 7
24 30 B c
25 31 A c
26 32 2 3.
27 33 1 3
28 34 M P
29 35 11 13
30 36 12 13:
31 37 N P

Figure A-1
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ETCH SIDE

Ch 25
Ch 24
COMMON
Ch 21
KEY

Ch 20
COMMON
Ch 9
Ch 6
COMMON
Ch 28
Ch 31
COMMON
Ch 1.
Ch 3
COMMON
Ch 14
Ch 12
COMMON
Ch 11
Ch 10
COMMON
Ch 5
Ch ¥
COMMON

MUX CONNECTOR (rear view)
" COMPONENT SIDE

A 1 Ch 27
B 2 Ch 26
C 3 COMMON
D 4 Ch 23
. KHY KEY
3 6 . Ch 22
H 7 COMMON
J 8 Ch 8
K 9 Ch 7
L 10 COMMON
M 11 Ch 29
N 12 Ch 30
P 13 COMMON
R 14 Ch ©
S 15 Ch 2:
T 16 COMMON
U 17 Ch 15
v 18 Ch 13
W 19 ' COMMON
X 20 Ch 9
Y 21 Ch 8.
Z 22 COMMON
a 23 Ch 4
b 24 Ch 6
l c 25 COMMON

Figure A-2
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APPENDIX B

DEVICE ADDRESS AND INTERRUPT SELECTION

Device Address Selection:

The device address selection consists of a dual row of staples
marked "1" and "0" surrounding decoders (7430) in positions Al (DAB
decode) and L1 (SAB decode). To set an address in a board, insert
staples in row "1" for those SAB or DAB bits which are to be decoded
as 1's. Insert staples in row "0" for those SAB or DAB bits which

are to be decoded as 0's. The example shown on Page B~6 is for an

address of 658.

Device Interrupt Control:

Some deviceé provide for a choice of interrupt status bit and
interrupt address generation. Where the interrupt status bit is to
be chosen, the same SB and DB bits must be chosen. Interrupt address
generation provides for up to four 1's to be generated on any of the
16 DB lines. For example, assume that the desired interrupt address
for a device is 45g, 468, 478. Only the first address of the group
need be generated, and this will be the address that the SC is stored
in when the interrupt occurs. The generated address plus 1 (468) will
be the location in which program operation resumes after the interrupt.

To generate 45g, we need three 1's generated, e.g:

458 = 1001012

DB bits 0, 2, 5 must be connected to the address generator gates.‘ Note

that one of the four gates is not required and is, therefore, left open.
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The wiring of interrupt functions is described with each device

manual in a tabular form.

NOTE: All device operators are set for a specific device address and
interrupt controls at the factory in order to facilitate testing of the
boards. The user may alter these addresses if he desires by following
the instructions in the device manual. In systems where multiples of
the same operator are used, the user must, of course, change the addresses
and interrupt controls.

The interrupt controls, however, need not all be different. The
same status bit, for example, is often assigned to a group of like de—‘
vices. For example, 5 general output registers are put into a system.
They may all be assigned to the same status bit, but each one will
generate a unique interrupt address. When all boards are on the same

status bit level, there is a hardware priority imposed by the order in

which the boards are plugged into the rear of the GRI-909. This priority
is determined by the PINL-POUTL chain and runs from left to right (highest

to lowest) looking at the rear of the machine.



EXAMPLE ADDRESS = 658

DAB/SAB ? 4
1

INSTALL FOR

O O

O=O 7430

-

O

O
O

o

O

STAPLES

" INSTALL FOR
. 1's

0—0:
O0—0+
O O
O0—0-
O O
O—0>

STAPLES

A1-DESTINATION ADDRESS (DAB)

L1-SOURCE ADDRESS (SAB)

Variable Address Selection

10-47-015-B

DAB OR SAB
LINES



INTERRUPT STATUS BIT CONNECTION TABLE

SB DATA INPUT
pad F

ADC
TO ONE SB DATA LINE
to pad on connector finger SS  SBf

S15 SB ¢1
ST SB 92
S1e SB @3
SU SB ¢4
S17 SB @5
SV SB @6
S18 SB @7
SW- SB @8
S19 SB @9
5X SB 16
S20 SB 11
SY SB 12
S21 SB 13
Sz SB 14
522 -8B 15

10-47-015-B



INTERRUPT STATUS BIT CONNECTION TABLE (cont.)

DB DATA OUTPUT
pad

ADDRESS GENERATOR OUTPUTS
pad A
B
C
D

ADC
TO

TO

ONE DB DATA LINE
pad on connecg%r finger

DA
D1
DB
D2
bC
D3
DD
Dé4
DE
D5
DF
D6
DH
D7
DJ
D8

DB @1
DB (2
DB @3
DB (4
DB @5
DB @6
DB @7
DB 08
DB #9
DB 10
DB 11
DB 12
DB 13
DB 14
DB 15

10-47-015-B

UP TO FOUR DB DATA LINES
(See Above)
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