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DIGITAL EQUIPMENT CORPORATION ENGINEERING SPECIFICATION i gt s COMTINUATION SHEET
MAYNARD, MASSACHUSETTS
— ~ S | THLE AD8-A Engineering Specification
ENGINEERING SPECIFICATION DATE 9/16/74 | |
I w1 1,0 INTRODUCTION
TITLE AD8-A Engineering Specification i
- U — 1.1 DESCRISTT N
REVISIONS ,

REV DESCRIPTION CHG NO ORIG DATE APPD BY DATE ; The AD8-A (A008 module) is a 5 volt FSR, 10-bit A/D Converter
having‘l6 channels of input multiplexing with sample-and-hold for
use on the PDP-8 Omnibus family of processors. The device code
is selected by PC switches on the module allowing the use of mul-
tiple A/D's per system.

1.2 FEATURES
A. Arbitrary device code selection.
B. Self-contained analog power supply operating from +5V. DC
logic power.
C. Double buffered data output for maximum throughput rate.
D. Programmed unipolar/bipolar operation.
E. Program enabled auto increment of the multiplexer register.
F. ADS-L compatible instruction set
G. Conversions may be initiated by program command, from
the D¥8-AP real time clock, or from an external source.
H. Compatible with H322 distribution panel.

2.0 GENERAL SPECIFICATIONS (@ 25°C unless otherwise specified)

2.1 INPUTS
Analog Input Impedance (—SVé;Vins;+5V):

ENG -, . 7-4-75"| ARPD ] SIZE [cODE NUMBER [ REV SKE CODE NUZMBER REV

Yie . Sk o sge éww Hhnaion A |sp | aps-a-2 i sp | aps-a-
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Unselected Channel = 1000 Meg-nmin,

Selected Channel = 10 Meg.. min.
Analog Input Bias Current (—SVf&Vinf&+5V):

Unselected Channel = +100 nA max.

Selected Channel = -2 A max.
Analog Input Voltage (FSR):

Unipolar = 0V to +5V

Bipolar = -2.5V to +2.5V
External Start Input Current:

Low = -3.2 mA max. @ OV input

High = +1.1 mA max. @ +5V input
External Start Logic Levels:

Low = 0OV to +0.7V

High = +2V to +5V

Input Protection:
External Start: 47 -

fusible* resistor guaran-
teed to open @ 325 mA
within 6.25 sec. (fig. 1).

Guaranteed not to open

from -3V to +8V input.

Analog Inputs: 1K fusi-

ble" resistors guaranteed
to open @ 70 mA within
6.25 sec. (fig. 2).

Guaranteed not to open

from -15V to +15V input.

+5V

FIG. 1

EXTERNAL START INPUT CIRCUIT

FIG. 2

TYPICAL ANALOG INPUT CIRCUIT

NUMBER REV
AD8-A-2
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A sp | Ap8-aA-2
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TITLE AD8-A Engineering Specification

2.2

CODING

~UNIPOLAR

INPUT (V)

+5 - 1 LSB 0777
: +2.5 0000
i
0 - 7000%*=*
.. BIPOLAR
INPUT (V) OCTAL CODE
+2.5 - 1 LSB 0777
0 0000
L _2.5 . 7000%*

|
|

1

** The three MSB's of the output data are tied together

PERFORMANCE

Accuracy: 0.1% of FSR (1 LSB)

Linearity: 0.05% of FSR (% LSB)

Temperature Coefficients:
Gain = 50 ppm/°C max.

Linearity = 25 ppm/°C max.
Noise:
% LSB rms max.

1/15 LSB rms typical

Warmup Time = 5 minutes max.

FIGURE 3

TIMING DIAGRAM

SIZE |CODE NUMBER REV
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Start L U— 5 §—
AD Done H i oy l A
CONV. = 0 if no MUX
<— DELAY Change
MUX Change H | l —3
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_)(
usec
Hold L I
{f ] :
— «— 0 to 2 usec
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i l e}
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2.4 TIMING (fig. 3)
Discrete (nominal) :
A, MUX and S & H settling delay = 11 psec from channel change
(8 psec by removing jumper W3 if channels are all unipolar
or all bipolar)
B. Same channel re-acquisition = 4 us

C. A/D Sync-up = 0-2 usec (clock dependent)

1l

D. Hold delay 2 usec (clock dependent)

I

E. Conversion 20 pusec (clock dependent)

Start to A/D done (nominal) :
Same Channel:
B+ C+ D+ E =26 to 28 psec
Different Channels:
Mixed Unipolar & Bipolar (w3 in)
A + C+ D+ E = 22 to 35 usec
(A1 = 0 to llusec)

All Unipolar or Bipolar (w3 out)

Ay + C+ D+ E = 22 to 32 usec
(A2 = 0 to 8 usec)

Clock Dependent Times:

Accuracy = +6% with supply @ +5V

+8% with supply from +4.75 to +5.25
Temperature Coefficient = 650 ppm/°C max. @ constant

supply voltage

ENGINEERING SPECIFICATION
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2.5 POWER REQUIREMENTS
+5V DC +5% @ 3.25 A max.
2.6 ENVIRONMENTAL SPECIFICATIONS (ref. DEC STD. 102, Class C)
Operating Environment:
Temp. range = 5°C to 50°C system amb.
= 5°C to 70°C module amb.
Humidity = 10% to 90%
Storage Environment:
Temp. range = -40°C to +66°C
Humidity = 95% max.
2.7 PACKAGING
The AD8-A is a single A008 quad size module which mounts
on to a PDP-8 Omnibus. 1Included with this option are two RFI
shields which should be mounted one on each side of the A008
module. For improved performance it is recommended that at
least one slot adjacent to each side of the A008 be left empty,
or that the A008 be the last module onthe bus assembly with the
adjacent slot left empty.
One Berg connector (J1) provides access to the analog in-
puts. Table 1 shows the pin assignments for J1. Two tabs on

the A008 (which are disabled when not connected) provide the

input start signal from the DK8-AP.

NUMBER REV
ADS_A—2Z

L

SIZE |CODE
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TABLE 1

CONNECTOR J1

T Trros
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L

PIN SIGNAL

i
K, M, W, Y, AA, CC ANALOG GND i
EE, HH, KK, MM !
L CHAN 17
N CHAN 16
P, S LOGIC GND
R CHAN 15 !
T CHAN 14 A
U EXT ST L i
\V4 CHAN 13
X CHAN 12
Z CHAN 11 |
BB CHAN 1¢
DD CHAN (7
FF CHAN @6
JJ CHAN @5
LL CHAN @4
NN CHAN @73
PP -13V (for test only)
RR CHAN (2
SS +13V (for test only)
TT CHAN @1
Uuu +5V HQ @ 20 mA
\a%4 CHAN g¢

SIZE |CODE NUMBER REV
A sp | AD8-A-2
DEC FORM NO DEC 16—(381)—1022—N370 ' SHEET 9 OF 13
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i 3.0 A/D SPECIFICATIONS

Resoluticn- 10 bits (1 part in 1024)

Differential Linearity:

Guaranteed: No skipped states;

95% of states within +% LSB.

99% of states within +% LSB.
85% of states within +% LSB.

Typical:

4.0 SAMPLE-AND-HOLD SPECIFICATIONS
E Tracking:
Small signal bandwidth = 700 KHZ typical
Slew rate = 1V/usec typical
Aperture:
Delay = 200 nsec max.
Jitter - 1 nsec max.
5.0 MULTIPLEXER SPECIFICATIONS
Switching: break-before-make
Channels: 16 non-expandable single-ended inputs
Crosstalk:

-80 db @ 1 KHZ

-20 db/decade roll-off

SIZE |CODE NUMBER REV
Sp AD3S-A-2
DEC FORM NO DEC 16—(381)—1022—N370 SHEET 10 OF 13

DRA 108
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6.0 REGISTERS
INC EN (Bit 5) when set = 1 from the AC will auto increment
2 3
v L 4 > 6 7 8 2 19 _ll the MUX REGISTER to the next seguential channel at the end
A/D | TMG |[DONE | ERR | EXT |INC | UNI- | TEST
DONE | ERR | INT INT | ST EN POLAR | BIT MSB LSB of each conversion. The MUX REGISTER will overflow to g¢
EN EN EN
from 17.
Status J .
kﬁh*REG K Enable Register K Multl?lexegm_wé
. / Register UNIPOLAR (Bit 6) when set = 0 from the AC the A/D will be
in bipolar mode. When set = 1 the A/D will be in unipolar
6.1 sStatus Register (AC bits 7 & 1) :
‘ mode.
A/D DONE (Bit @) is set = 1 when a conversion is completed.
‘ 6.3 MULTIPLEXER REGISTER (AC bits 8 thru 11)
The buffer is updated 1 psec later.
The multiplexer register is loaded from the AC and in-
TMG ERR (Bit 1) is set = 1 when a start conversion is at-
dicates the current channel being monitored by the AD8-A.
tempted while a conversion is in progress, or when the
One of 16 channels is selected by loading the channel number
buffer is updated while a read buffer command (ADRD) is
(#% - 17 octal) into this register.
in process.
6.2 Enable Register (AC bits 2 thru 7) NOTE: All AD8-A registers are cleared by a processor genera-
DONE INT EIT {(hit?) when set = 1 from the AC will enable the ted INITIALIZE.
INT RQST line to interrupt when A/D DONE is set. 7.0 PROGRAMMING
ERR _INT EN (Bit 3) when set = 1 from the AC will enable the Eight instructions are used to program the AD8-A. The device
INT RJST line to interrupt when TMG ERR is set. code (XY) is preset by the user using switches provided on the AD8-A
EXT ST EN (Bit 4) when set = 1 from the AC will enable the (A008 module) .
external A/D start conversion circuit to initiate conversions CLEAR ALL (ADCL) - 6XY{
from the DKS-ApOr an external source. Clear STATUS, ENABLE, and MUX registers.
LOAD MUX REGISTER (ADLM) - 6XY1 \
I,0ad MUX RECGISTER from the AC, then clear the AC.
SIZE |CODE NUMBER REV SIZE |CODE NUMBER REV
sp | Ap8-a-2 A sp | AD8-A-2
DEC FORM NO DEC 16—(381)—1022—N370 SHEET 11 oF _13 gsi f(?gRM NO opEc 16—(381)—1022-N370 SHEET _12 _ oF _13
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START CONVERSION (ADST) - 6XY2
(*~ar A/D DONE and ERROR flags (STATUS REGISTER;, then ini-
tiate a conversion on the current channel.
READ A/D BUFFER (ADRB) - 6XY3
Transfer the contents of the A/D BUFFER into the AC (bits
@ thru 2 are the MSB), and clear the A/D DONE flag.
SKIP ON A/D DONE (ADSK) - 6XY4
Skip the next instruction if the A/D DONE flag = 1.
SKIP ON TIMING ERROR (ADSE) - 6XY5
Skip the next instruction if the TMG ERR flag = 1.
LOAD ENABLE REGISTER (ADLE) - 6XY6
Load the ENABLE REGISTER from the AC, then clear the AC.
READ REGISTERS (ADRS) - 6XY7
Transfer the STATUS, ENABLE, and MUX registers into the AC.
SIZE |CODE NUMBER REV
SP A_J@—A—Z
DEC FORM NO DEC 16—(381)—1022—N370 SHEET _13  oOF _13
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ENGINEERING SPECIFICATION DATE 4/15/75

TITLE  AD8-A TROUBLESHOOTING PROCEDURE

ry information of DEC.

proprieta

his document contains confidential

Copyright

1.0 SCOPE

This document covers troublshooting procedures for the AD8-A one-

DEC 16-(392)-1079A-R873
DRA 107A

REVISIONS
REV DESCRIPTION CHG NO ORIG DATE APPD BY module analog sub-system. The AD8-A consists of a 1l6-channel 10-bit

A/D converter with sample-and-hold. Since the AD8-A is a PDP8 Omnibus
option, it also contains an Omnibus interface. Because the AD8-A
draws power only from the +5V processor power supply, it also contains
a dc-to-dc converter to supply power for the analog circuitry.
2.0 RELATED DOCUMENTS

The following material should be referenced when using this docu-
ment:

2.1 AD8-A User's Guide EK-ADSA-TM-g@1

2.2 A@g@8 (AD8-A) Circuit Schematics D-CS-A@@8-g-1

2.3 AD8-A Installation/Acceptance Procedure A-SP-ADS-A-4

2.4 AD8-A Circuit Déscription A-SP-AD8-A-5

2.5 AD8-A Diagnostics

2.5.1 Logic Test MAINDEC-@8-DJADA-A
2.5.2 Analog Test Auto. Cat.-@8-QJADA-A

3.0 MAINTENANCE

The AD8-A logic is to be repaired in the normal manner. The AD8-A
analog circuitry is to be repaired only in the AD8-A option area. If
any analog failures occur either in system integration (FA & T) or in
the field, the ADS8-A is to be board-swapped and returned to the option
area for repair. Likewise, no analog adjustments are to be attempted

3‘2@ — ,,,;(,7{’/4“7}’( PD ) -1 7 SKE CODE 8—ANL;MBER SIZE COSDPE ADB—AEgMBER REV
e bt e — :3EET- T DEC FORM NO DEC 16—(381)—1022-N370 SHEET 2 OF B8
DRA 108
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in FA & T or in the field. All potentiometers are sealed after final
adjustment in the option area, and from then on are considered to be
fixed resistors. All AD8-A's have been burned in to assure the reli-
ability necessary for successful implementation of this board-swap
maintenance philosophy.

It is the intent of this procedure and of the AD8-A diagnostics
to provide the tools necessary to troubleshoot and repair all digital
logic problems, to verify analog performance, and, if A/D problems are
detected, to isolate the problem to either the digital or analog cir-
cuitry so that a decision can be made whether to repair the board
(digital problem) or to board-swap and return it to the option area
Field (and FA & T) repairs may be made on the dc-to-

(analog problem) .

dc converter (analog power supply) .

4.0 DIAGNOSTICS
4.1 TLogic Diagnostic MAINDEC-@8-DJADA-A

The tests starting at address #207F do a complete checkout

of all AD8-A logic - Omnibus interface, registers and A/D

logic. These tests are set up to automatically test multiple
AD8-A's provided that the device codes are in sequence. When
originally loaded the tests are for device code 55. To run
multiple AD8-A's set address @143 to the device code of the

first A/D and set address @144 to the last A/D code. The

diagnostic will print errors that occur and the device code

TITLE

AD8-A TROUBLESHOOTING PROCEDURE

of the failing AD8-A.

The routine starting at address @2@1 is a troubleshooting
aid. This routine allows switch register selected IOT's to
be executed.

The routine starting at address @2@2 displays continuous
A/D conversions in the processor AC. It is used to cali-

brate the AD8-A using a dc voltage standard and verifying

the AD8-A calibration.

SIZE |CODE NUMBER REV
A sp | AD8-A-3

SIZE |CODE NUMBER REV
SP AD8-A-3

DEC FORM NO DEC 16—(381)—1022—N370
DRA 108
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If a DK8-E real time programmable clock is to be used to
start conversions‘on the AD8-A then the routine starting

at address @2@3 should be used.

a ramp

The monotonicity test starting at address @2¢4 uses

input to the A/D. However, if all other factors are ignored,
to pass this test, the A/D must have a differential linearity
the A/D

of bettér than +1 LSB. For this test to be valid,

must be noiseless. Noise spikes could give false differentiall
linearity readings that would indicate some states are
zero in width. Since this routine looks for sequential codes
generated by the ramp input any noise spike greater than

one state width would generate a code one or more counts dif-
ferent than the code expected.

The successive reads test starting at @2@6 checks the A/D
buffer for noise by reading the buffer twice after each con-

version and comparing for equality.

Analog Diagnostic AUTO.CAT-@8-QJADA-A

This diagnostic tests the AD8-A in conjunction with the VC8-E
and a G5@36 wraparound module. The two D/A converters on the
VC8-E are combined in various manners using resistive dividers
on the G5@36 module and sent to the AD8-A analog inputs. Be-

cause the D/A's are divided down before going into the A/D,

ENGINEERING SPECIFICATION

CONTINUATION SHEET
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addition,

ternal start

and external

and used as inputs,

the analog power supply levels are divided down

allowing test of the dc-to-dc converter.

the INTENSIFY output of the VC8-E is fed into the A/D ex-

input, thus allowing testing of both program

starts. Use of the various A/D channels by

the wraparound test is as follows:

test resolution far better than 1 LSB is attained. 1In
SIZE |CODE NUMBER REV
A sp | AD8-A-3
5 8

DEC FORM NO DEC 16—(381)—1022—N370
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CH @#@: sSwitchable between ground (@) and split lug (E)
for external inputs (EDC).
CH ¢#1: Ground through a 100 K ohm resistor, used for
bias current test.
CH @2: +5 V HQ power, divided down to +1 volt nominal.
CH @3: pPositive analog supply, divided down by 50:9.
CH @4: Negative analog supply, divided down by 50:9.
CH #5: Coarse X and fine Y, Voltage %X +(1/100)v,
Code X +(1/50)Y.
CH #6: Coarse Y and fine X, Voltage %y +(1/100)X, Code
Y +(1/50)X%.
CH ¢7: Fine Y, Voltage (1/100)Y, Code (1/50)Y.
CH 1¢: Fine X, Voltage (1/100)X, Code (1/50)X.
CH 11: Direct X.
CH 12: Direct Y.
CH 13: ERASE L to +5V pull-up.
CH 14: WRITE-THRU L to 45V pull-up.
CH 15: NON-STORE L to +5V pull-up.
CH 16: CHANNEL @2 T to +5V pull-up.
SIZE |CODE NUMBER REV
A | sp | aps-a-3
DEC FORM NO DEC 16—(381)—1022—N370 SHEET 6 oF 8

DRA 108




ENGINEERING SPECIFICATION d g Ul ]

CONTINUATION SHEET

TITLE  ApS-A TROUBLESHOOTING PROCEDURE

ENGINEERING SPECIFICATION

CONTINUATION SHEET

CH 17: +5V HQ power, divided down to +4 volts nominal.
The diagnostic tests only one AD8-A at a time and only for

a device code of 55.

5.0 TEST POINTS
The following test points are available on the AD8-A for trouble-
shooting purposes:

TP-A: Chopper output of the dc-to-dc converter, switching be-

tween ground and +5V with a 32 pusec period.

TP-B: +13V analog power.

TP-C: H.Q. analog ground,

TP-D: -13V analog power.

TP-E: AD CLK H; a 500 KHZ TTL timing signal.

TP-F: MUX NODE; output of the analog multiplexers.
TP-H: DAC and S & H summing node.

TP-J: Sample-and-hold output.

TP-K: EN AD (1) L; TTL signal useful for exlernal scope trigger
to synchronize scope to conversions.
6.0 HINTS
6.1 HQ Power Supply
If the +13V supplies are not up to at least 12.5 volts check
the following in sequence:
If this signal is correct proceed

1) Chopper output.

to no. 2; if not check for a clock input and follow

TITLE AD8-A TROUBLESHOOTING PROCEDURE

6.2

the signals through.

2) Each grounded capacitor in the doubler circuit
should show about a 3V change per section in se-
guence.

3) If the +13V supplies recover when the output in-
ductors (L4 & L5) are "lifted" then the low voltage
is probably caused by an overload external to the
supply.

A/D Logic

When the ALL "1"s jumper (Wl1l) is in, the converted value
should be @777. With the ALL "@"s jumper (W2) in, the con-
verted value should be 70@@. If these results are obtained
and a problem exists, then the fault is in the analog cir-
cuitry. If these results are not obtained, there is a pro-

blem in the A/D logic. There may also be a fault in the

analog circuitry.

SIZE | CODE NUMBER REV
A Ssp |AD8-A-3

SIZE |CODE NUMBER REV
SP |AD8-A-3
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1.0 INTRODUCTION

1.1 The AD8-A is a one-module analog subsystem that interfaces with

REVISIONS
REV DESCRIPTION CHG NO ORIG DATE | APPD BY the PDP-8 Omnibus computers. Included on the AD8-A module are
the following:
1.1.1 Bus control, with switch-selectable device code.
1.1.2 A/D Converter, with 16-channel multiplexer and sample-
and-hold.
1.1.3 Analog power supply.
1.2 The following material should be referenced when using this
document:
1.2.1 A@?P8 (AD8-A) circuit schematics D-CS-AQ@8-g-1.
1.2.2 AD8-A User's Guide EK-ADSA-TM-@@1.
1.2.3 PDP8 Small Computer Handbook.
1.2.4 AD8-A Engineering Specification A-SP-AD8-A-2.
1.3 Reading A@@8 Prints
Appearing in the TITLE block of each sheet is an "A" designa-
tion in parentheses. This designation is used as a prefix
to signals originating on that sheet and appearing on other ?
sheets for cross-referencing purposes.
Example:
A3 MUX @8 (1) H appears on sheet 8. (A3) appears
in the TITLE block of sheet 5.
Therefore, A3 MUX @8 (1) H is generated on sheet 5.
EN 4575 | APPD /-15-75 | SIZE [CODE NUMBER SiZE |CODE NzMBER REV
//2229 AP Horaiom A 4 sp | ADps-A-
,j{?uﬁog,jgl %&uu op AD8-A- >
SHEET _L DEC FORM NO DEC 16—(381)—1022—N370 SHEET OF 11
DRA 108

DEC 16-(392)-1079A-R873
DRA 107A
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2.1

2.0 BUS CONTROL
The AD8-A Bus Control consists of the DECODER

TERFACE (sheet 5),

(sheet 4), DATA IN-

and the FLAGS (sheet 6).

Decoder (Figure 1)
When the Omnibus lines MD@3 through MD@8 compare with the sl i
(E1l & E9)

settings the outputs of the digital comparator go

high. Since the comparator outputs are open-collector and

a high will not appear until all outputs i

H

wired together,
should be high. The 1/0 PAUSE signal then completes the deviceg
selection on ‘the comparator which strobes the IOT devoder (E17)

thus decoding the Omnibus MD@9 through MD11l signals into one of
gight separate commands, and providing the INTERNAL I/0 Signal
to the Omnibus. The Omnibus C lines are controlled by one of
four IOT commands, depending upon which is currently decoded.

The action of each of the four instructions is as follows:

ADLM Cg Cé Transfer AC to MUX Register and clear AC.
ADRB L L Transfer A/D Buffer to AC.

ADLE L H Transfer AC to ENABLE Register and clear AC.
ADRS L L Transfer A/D STATUS Register to AC.

The remaining logic establishes the clearing functions for
the FLAGS and Registers and ANDS the programmed start command

(ADST) to coincide with TP3.
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2.2

Data Interface (Figure 2)

The DATA INTERFACE consists of a digital multiplexer

and E34) which sends the A/D STATUS Register anto theOmnibus DATA

lines during ADRS
The data receivers, E25,

ENABLE register (E27) during ADLE.

ceivers, E43,

during ADLM, thus selecting the A/D current channel.
INC EN bit of the ENABLE register is set then the MUX register
will be automatically incremented to the next sequential chan-

nel at the completion of each A/D conversion.

Flags
There are two flags:

(E14 upper)
(E14 lower)

TMG ERR
A/D DONE

2.3.1 TMG ERR

There are two conditions which sct the timing crror flag.

If an ADRB (read A/D buffer) is
is updated during the read then
that the data has changed while
a start conversion is attempted
is in progress,

2.3.2 A/D DONE

This flag is set when an A/D conversion has been completed

or the A/D Buffer contents during ADRB.
read the Omnibus DATA lines into the
The remaining data re-

read the DATA lines into the MUX register

being done and the buffer

the

it was being read.
while a conversion cycle

then the flag will be set.

(E6, E26

(E36)

If the

flag is set to signal

If

Z HJdNOIdA

HOVAIHINT YVIVA

WIay

dd OWL .

a a/v

A
YLvYd
a/v

HIAY

MUX

REG

7T

RECEIVERS

T

THNNYHO DOTYNY

100H

—\

XOW TYLIDIA

ENABLE
REG.

T T

RECEIVERY

q71dY

SHUNIT VIVA SNEINRWO

S¥Mav

SLId
HTIdYNH
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SIZE
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and is cleared at the start of a new conversion. Both
the ERR and DONE flags may be sent to the Omnibus SKIP
and INT RQST lines by setting the proper bit in the
ENABLE register.

2.3.3 OTHER LOGIC
When the MUX register is changed, either by program up-

date or by auto increment, an 8 (W3 out) or 11 psec (W3 in)
delay is triggered that will delay any start conversion

until the timenout is completed. The AD8-A is shipped
with W3 installed.

3.0 HQ POWER SUPPLY (SHEET 7)

The AD8-A requires only +5V DC logic power from an external source
(the processor). A series of voltage doublers are connected in cascade
and operated from a power chopper (Q40 and Q41) to derive the higher
voltages required by the analog section. A typical doubler section of
the positive supply is shown in figure 3. When the chopper is at ground
the first capacitor charges from the previous section. The chopper
then switches to +5 V causing node A to go more positive thus reverse
biasing the input aiode and forward biasing the second diode and dump-
ing additional charge onto the output capacitor. The negative supply
operates in a similar fashion. Timing for the A/D and power supply is

derived from the clock output (Q38) and counter (E4). See Figure 4.
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4.0

ANAL,OG SECTION (Figure 5)

The AD8-A analog section consists of the MULTIPLEXER (sheet 8),

A/D CONVERTER (sheet 9), and BUFFER (sheet 10).

4.1 Multiplexer
The multiplexers (E37 and E39) are protected by series fusible
resistors and diode clamps (E38 and E40) on each channel in-
put. The MSB of the MUX register selects the multiplexer I.C.
and the remaining bits select the input within the particular
During conversions the multiplexer I.C.'s are disabled

chip.

(off) and the output of each is shorted to ground by 042.

4.2 A/D Converter

This circuit consists of an 8 bit D/A converter (E42) with

two external bits added (024 and Q26) to form a 10 bit D/A.

Pots R82 and R83 provide for the calibration of the added bits.

Since the HQ power supply is apt to be noisy, due to the chop-

per, power for this section is supplied through current

sources (Q1 through Ql1). The pot acts as a gain control
for the output of the 8 bit D/A converter. (033 and Q34 con-
stitute the sample-and-hold. 1In bipolar mode the MSB of the
D/A is on during sample thus dfsetting the sample-and-hold exact-
ly the value of the MSB. The drain of Q36 is the comparator
output with R84 provided as the comparator offset control.

The intermediate amplifier stages between the MUX NODE and

the comparator, and the MUX NODE and the sample-and-hold

TITLE AD8-A CIRCUIT DESCRIPTION

serve as the preamps of the sample-and-hold during sample be-

tween conversions and as preamps to the comparator during hold

while a conversion is in progress.
4.3 Buffer

The SAR I.C. is tied to the D/A bits. During conversion the SAR
interogates éach bit in sequence starting with the MSB, for
2 pusecs. The D/A output isvcompared to the sample-and-hold
output and the decision to hold or reject the SAR bit is clocked
into the SAR at the end of each 2 psec period from the comparator.
At the end of the cdnversion the EOCP from the SAR sets the A/D

DONE Flag and the resulting data in the SAR is the transferred

to the buffer registers (E21 and E29) 1 usec later.

SiZE |CODE NUMBER REV SIZE |CODE 5 N%MBER REV
A |sp | apg-n-4 | A | sp | aps-a-
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ESS TITLE AD8-A INSTALLATION/ACCEPTANCE PROCEDURE

S0l

82 | ENGINEERING SPECIFICATION DATE 3/28/75
=90

ESa 1.0 SCOPE
e TITLE  AD8-A INSTALLATION/ACCEPTANCE PROCEDURE
- REVISIONS This procedure covers the installation and acceptance of an AD8-A
_83

o2 ! . . . . . , .
G8E REV DESCRIPTION CHG NO ORIG DATE APPD BY DATE in a PDP8 Omnibus system. It is anticipated that this procedure will
895 | A ECO CHANGE A98 L | G.SIROIS | 82075\ AL, 1 s | 757 |
025 be used in one of the following situations:
saj
TE3C
§§g§ 1.1 1Installation and acceptance of an AD8-A on a PDP8 Omnibus

= - Q

“U5e
ESQS system in an in-house FA & T system integration area.
£52%
§1>«“E )
f§f§ 1.2 Add-on installation and acceptance of an AD8-A on an existing
|
2E82 PDP8 Omnibus system in the field.
5850
§§§ 1.3 Acceptance of an AD8-A on a new PDP8 Omnibus system upon in-
;ég stallation at a customer site.
£250
8355
2803 1.4 On-going AD8-A verification testing at intervals over the
£383

life of a given system.
2.0 MOUNTING AND CONFIGURATION

2.1 The AD8-A is a one-module analog option which interfaces di-
rectly to any PDP8 Omnibus processor.

2.2 The AD8-A may be mounted in any Omnibus slot and will operate
within specifications with no configuration restrictions
whatsoever regarding physical proximity to the processor,
memory, or other options. AD8-A analog performance may be
further optimized by mounting it in an electrically quiet
environment. Consequentiy, if a choice is available in con-
figuring a particular system, the AD8-A should be mounted

EN  F-r4-75 | APPD . SIZE |CODE NUMBER REV SIZE [CODE NUMBER REV
2 e Cotopor |Boss Mvaian 9/Y-B] A | sp| apsons A A | sp | ap8-AS A
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away from the processor and memory modules. 3.4 1Install the 17-00021-02 RFI shields on both sides of the
2.3 Cabling AD8-A.
The AD8-A is interfaced to the outside world by means of a 3.5 Conduct an acceptance test per section 4.0.

single forty pin Berg connector through a BC@8-R flat cable

) ) ) 4.0 AD8-A ACCEPTANCE
to an H322 distribution panel, a BCll-L Berg-to-open end _
4.1 AD8-A acceptance testing flow is shown in figure 1. Since thef

cable, or a user built cable. wraparound cable is special and a VC8-E may not be present at

a user sight, test 4.3 is intended for in-house use only.

2.4 Device Code
Logic
The AD8-A device code is selected by means of a PC switch- Test
: 4.2
pack (S1) mounted on the AF@8 module. Care must be taken not
to assign the device code of any other option in a particular NO YES
system and to avoid using special codes such as @@ which is )L
used for internal IOT microinstructions. An OPEN, or OFF, — NO 5 YES
switch will decode a "1", and a CLOSED, or ON, switch will
|
i N
decode a "@g". Switches 21-1 and 81-2 are unused. Switch AVA
EDC raparound
81-3 is the MSB of the device code, and 81-8 is the LSB. Anaioz Teskt zegt
3.0 INSTALLATION
l -
3.1 Based on the above considerations, choose an Omnibus slot and
; 1 VC8-E Present?
device code. Verify
Shipping 2 Wraparound Module
3.2 Remove the switchopack (S1) cover and set the device code List
and cable available?
switches.
3.3 Re-install the switch-pack (Sl) cover and insert the AQ@S8 Accept

module into the selected Omnibus slot.
FIGURE 1 AD8-A ACCEPTANCE FLOW

SIZE |CODE NUMBER REV SiZE |CODE NUMBER REV
sp | AD8-A-5 A A | sp | aps-a-5 A
. —(381)—1022— 4
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4.2 Logic Test the AD8-A. Interconnect all AD8-A's using the 7011017
4.2.1 Equipment cable. (DK must be C.S. rev F, or beyond, on M518).
1 ADS-A , ,
) 4.2.8 Run the test starting at address @2@3. Three passes
1 PDP8 Omnibus Processor (4K)
1 MvV11l6 EDC or equivalent per AD8-A, without error, are required.
1 BCllL cable ( 915 termi-point jumpers may be used

by Field Service if care is taken not to short to etch 4.2.9 Connect a BCllL cable to Jl (Berg Connector) on the

under J1.) ADS-A
4.2.,2 Software

MATNDEC-@#8-DJADA-A Diagnostic and listing 4.2,10 Connect the EDC through the BClly, cable to the channel

(s) to be tested. Ground all unused channels. The EDG

4.2.3 Load MAINDEC-@8-DJADA-A
must be "floating" to awoid ground loops.

4.2 .4 T,0ad the device code of the first AD8-A in address
4.2.11 sSet addresses @143 and @144 to the device code of the

@143,
ADS8-A to be tested. Only one AD8-A can be checked at

Example: If first device code = 53

Set SR = @143

Load address
set SR = @530 4.2.12 Run the test starting at address @202 selecting the

Deposit

a time in the following calibration check.

channel (s) connected to the EDC. The processor AC

4 2.5 TLoad the device code of the last AD8-A in address 7144 .
shall display the codes indicated in table 1 for the

Example: If last device code = 55 ‘
N g144 corresponding EDC voltages in bipolar mode.
Set SR =
Load address )
Set SR = @55¢ 4.2.13 Repeat sections 4.2.9 through 4.2.12 for each AD8-A
Deposit | .
4.2.6 Run the tests starting at address @2@@. Three passes in the system.
per AD8-A, without error, are required. "An 113/ o B
failure will sometimes occur, this is normal due to EDC (V) AC CODE
the fact that the program timing is asynchronous to R - T e e
the A/D timing. It is sufficient to have only one -1.875 7200 +1
1]
pass. 0 E goed  +1
4.2.7 1If a DK8-E clock module is present, connect the +1.875 ! gegg +1
7010872 cable.to the Berg connector on the clock ! ,_HmmNﬂlMﬂﬂ ]
module and the tab of the same cable to the tab on TABLE 1
SI1ZE | CODE NUMBER REV SI1ZE |CODE NUMBER REV
A SP | AD8-A-5 A A sp | AD8-A-5 A
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greater than 1% all be egual to, or less than,

63, or 51 .
(8) P09

4.4 EDC Analog Test
4.4 .0 EBgulpment

1 PDPB OQmnibus Processor (4K)

1 Mvlilé EDC or eguivalent i

#

1 BCLl-n cable ( 91 Ltermi-point jumpers may be used

by Field service if care is taken not to short to etch

under J1)

4.4.,2 Softwave

MAINDEC--Z8 - -DJALA-A Diagnostic and listing

4.4.3 TLoad MAINDEC-@B8-DJADA-A,

4.4.4 set addresses $143 and @144 to the device code of
the AD8-A to be tested, Only one AD8-A can be checked
ét a time in the following calibration and linearity

check .,

CONTINUATION SHEET
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4.4.5 Connect a BCLLL cable to J1 (Berg Connectoxr) on the
AD8-A,

4.,4.6 Connecf the EDC through the BClln cable to the chan-
nel (s) to be testoed,
The EDC moi be "floating" to avoid ground loops.

4.4.7 Run the test starting at address @272 selecting the
channel (s) connected to the EDC. The processor AC

shall display the codes indicated in table 2 for the

4.3 Wraparound Test
4.3,1 Tyuipment

1 AD8B-A

1 PDP8 Omnibus Processor [8K)
1 @5036 Wraparound Module

1 vCB-E Scope Control

1 7010923 wraparound Cable

4.,3.2 Software

AUTO. CAT.-@#8-QJADA-A Diagnostic and listing

4.3.3 fLoad AUTO. CAT.-@8-QJADA~A

wul
u
s

4.3.4 set the device code of the ADB-A Lo be tested to

4.3.5 1Interconnect the G5¢26, AZY8 and VC8-E using the wrap-
around cable,

4,3.6 gstart the diagnostic. (G5#36 switch to "#")

4.3,7 The STATE-WIDIH printout gilves the coudes yreater than,
and less than 1% and % LSB with their octal widtﬁs.
an octal width of @001l is equivalent to 0.02 LSB.
Therefore, 0,50 LSB = 31(8)’ 1.00 LsB = 62(8)’ 1.50LS8BE

, and 2.00 LsB = 144 .
8) (8)

equals 113(
4.,3.8 Following the STATE-WIDTH statement is a summation of

states SKIPPED, CREATER THAN 2 LSB, LESS THAN % 1LsB,

and CGREATER THAN 1% 17.8B. There shall be no SKIPPED

states nor shall there be any states greater than 2

LSB. The sum of the states less than % LSB and those

1 s1ZE [ CODE NUMBER REV

5P ADB-A-5 A

SiZE |CODE NUMBER REV
A | cp lapg-a-s A
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4.4.8 wWith the EDC still connected, run each of the tests corresponding EDC voltages in bipolar mode.

starting at the following address, one pass is re- TABLE 2
quired: ! EDC (V) : AC CODE |
~2.500 J 7009 +1
#2@5 per TABLE 4 -1.875 : 7208  +1
-1.250 7499  +1
2 : .
w206 | 0.625 7609 +1
g2g7 0.000 gogy  +1
+0.625 g209  +1
+1.250 | gagg  +1
4.4.9 Repeat sections 4.4.4 through 4.4.8 for each AD8-A +1.875 | gegd +1
pre sent, -

4.4.8 Run the test starting at address @2¢2 again but with

TABLE 4 | SW 6 = 1 (unipolar mode). The processor AC shall dis-
TEMP A TEMP B MAX . NUMBER ALLOWED . .
DIFFERENCE BHO play the codes indicated in table 3.
2 LSB 45/1000 conversions*
TABLE 3
3 LSB 1/2000 conversions - S
>3 1SB 0 [f EDC (V) | AC CODE
0.000 7099 +1
% 45(10)=55(8) | 10 625 % 7208 11
| +1.250 7409 +1
+1.875 ‘ 7697 +1
+2.500 gppg  +1
. +3.125 g209  +1
+3.750 : gagy  +1
+4,375 ' gegy +1
SIZE |CODE NUMBER REV SIZE [CODE NUMBER REV
A | sp | apg-a-5 A A sp | AD8-A-5 _ A
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§ | ERT ULE ECO HIS M- -0-
e T PO, RPORATION" LWl W2 AND W3 ARE OPTIONAL. DO NOT INS . REF MODULE ECO H1STORY B-MH-A008-0-6 3
[ ETCHED CIRCUIT BOARD 5011129 4
s 36§ CI THRU ©28,C56 THAU LE3 : 1001610-01 5
1By _AZ T § Coa AP, 001 U v 10% 1009939 8
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D Bluf 8 C44 THRU 049 i CAP, 39 UF 10V 10% 1000078 8
4 I T cse AP, B2 FF 100V & 1000015 9
3 1L BCI CCl DCI 7§ C51 , 560 PF 100V 5% 1000025 19
2 = f«? BFI cC.:“\ D;\\\\ T [ C53 56 PF 100V 5% 1000012 1
| BNi = —
An BT T oTl T {C50 210 PF 100V 5% 1000022 12
A2 B2 2 X2 [ ) 220 PF 100V 6% ' 1000021 13
AF2. BF2 CF2 g\i T 86 F 100V 5% 1001738 14
ANZ  BNZ2 2. DN
ATz RTZ. (T2 DT2 I C8s 1000016 15
2 9007850-4 18
| Z HEP #4-40 9808557 17
37 [ 01 TARU 033, D41 THRU D44 | DI0DE, D812 1105275 18
W 7 iﬁ? "B {034. 056 D&7 ZENER, IN 4732 A, 4.7V 6% 1105138 19
i 1 < - 9 {35,700, 007 ZENER, 1N 749 A, 4.3V 5% 1109977 20
9) Q) 9) T i 0O O | 1 {038 ZENER, IN 825, 6.2V 5% 1101385 21
. 1 §D39 ZENER, 1M 751 A, 5.1V 5% 1110994 22
L ﬂ% F:=<EA<:$13:S) X X ox T[40 CURRENT LIMITER, HCL 1301, THA 1105610 23
™ . '
X© 6x TRz - T ISt SWITCH, ROCKER (B POS) 1211154-08 24
E e | 0 e | Eeos |85 eoo ]Eih. 20 ]@ g & @] I [ 5 COVER, SWITEH (B POS) 1211284-04 25 1 C
C : - _ R COMNECTOR, 40 PIN HEADER 1209941
- 14 SPLIT LUBS 9006735 21
b o
| b e ] b e | b e ] S ]g| e s 2 HANDLE, FLIP CHIP-AMBER |soosaa7~oo 28
: - [ EYELET [soos732 29
i = - T fRI RES., 33 OHM 1/4¥ 5% fis00197 30
II 'ﬁ‘ ot ]@ L e | g oew |3z e IS 2 IRZ2, R26 RES., 1GO OHM 1/4 W 5% 1300229 31
. - - 1IR3 RES., 560 OHM 1/4W 5% 130 32
— — — ; . -
. . N 1 fr4,ns RES., 750 OHM 1/4¥ 5% 1301401 33
[ 67 g 0 | p e |3l p e I: g I:‘_ T IR6 RES., 910 OHM 1/4¥ 5% 1305374 34—
> EzD) 0 (LD ) ox 18 [R7 THRU R17,R24 R2D, |RES., 1.1K 1/4% 5% 1301475 35
[ces IIS]C‘SQI[]]] ex @X. (=) § 8 44 R28 Th7u .L3,R4B 1
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B 2 |rs6,Rs7 [Res., 100k 1/4w 53 -
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0 1 [Re1.e IPOT, 500 O 1,20 10% 82 PR 309150-
f rm POT, 2K 1/2% 10% 62 PR 309150-7 be
25@ 1 14 | - - RT NO TEM|
DESIGNATION DESCRIPTION PA . NO.
AM 2504 12 | 24 QTy REF
8837 8 16 FIRST USED ON OPTION MODEL PARTS LIST
I ke 10.44 REF " cronsomro ey | B ] S O O O A
825' P=) [‘ TN W T
e TR DD /2 NER EQUIPMEN
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| 8235 8 [*3 - > mrs&
A 14174 8 I Sl : /zT-Es- TITLE
DA
5 44 2. -
1423 - 2™ ADB-A 1@ BIT A-D
74123 8 |6 z|> / 27
141! & 1@ z|# EXT JIGHER ASSY
REV.
IC TYPE GND + 5V SUEICODE NUMBER
I l 8-0-1 A
GND AND 5V ARE USUALLY PIN 7 AND 14 — DEC NO. EIA NO. DEC NO. EIA NO. T DICS ADD T
RESPECTIVELY EXCEPTIONS ARE STATED ABOVE 3 SEMICONDUCTOR CONVERSION CHART seer 1 of jo  jost] | 1 1 |
2 IC PIN LOCATIONS T S > ‘ l
prme—
ORG 135.8 8 I 7 6 5



8 | 7 | 6 5 | 4 3 | [y ] 70-800v FJq] 2 |

’

300513715 1
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: 2 | £10,E12 1.C., 7402 71
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B
QTy REF DESIGNATION DESCRIPTION PART NG, rTlEOW1
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: ETCH BOARDREV | | L T 1 T 1 11
> oA 0 Z";E/n , N EQUIPMENT
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g 9 € : o Ef:«:';p f TTLE
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