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1. Introduction

A new multiplexed ADC was designed and constructed back in 19791.
However, because of budgetary constraints and manpower shortage, we
had not produced any beyond five units. Recently, we constructed
fifteen units, and we will build twenty-five or forty-five more units.

Each units has 192 connections at the input. If there are some
faulty connections, how can we detect and locate them quickly and
efficiently? How can we adjust the offset and gain on the ADC fast
and without frustration? These questions motivated the author to
implement a microprocessor based test facility. A graphic display
greatly eases pains in adjusting the offset and gain of the ADC.

The author thinks this is only the first generation, and he

intends to try and improve it through experience.



Test Method

2.1 Basic Check

The MADC units are assembled by an outside subcontractor.
When the units are delivered, the following basic functions are

checked out.

1. Check and adjustment on power supply voltages.

2. Check and troubleshoot on controls and displays.

3. Check on one of four MUX cards.

4. Check and adjustment on amplifiers and sample/hold.

5. Rough adjustment on ADC.

After the basic functional check, the units can be locally
and remotely controlled, and they can digitize and display analog

signals at least on a few channels with a moderate accuracy.

2.2 Basic Tests

Prior to computer aided tests, we document several
characteristics, i.e., (1) rough lineaiity, ({2) DC common mode
rejection, (3) AC common mode rejection, and (4) channel cross
talk.

The amplifier has been properly adjusted and it performs well
with reasonably accurate offset, gain and common mode rejection.
The sample/hold and the ADC have been adequately adjusted. The
unit as a whole appears to be functioning and it produces

reasonable readings. We are now ready to do computer aided tests.



2.3 Computer Aided Tests

The first thing that comes across our mind is that there are
many physical connections through the input arrangement, i.e.,
connectors, cables and MUX cards. There are sixty-four
differential channels each of which has Hi, Lo, and shield, and
therefore we deal with at least 192 connections. If there is
something wrong with any one of these connections, how can we
detect and locate it quickly and efficiently?

Another thing is how can we adjust the offset and gain on the
ADC?, and how can we know whether the ADC performs as it is
specified or not? 1In order to answer these questions, the author
introduced a graphics display. When the operator adjusts the
offset and gain, he can watch and tell how much the linearity
curve changes as he turns the potentiometer. When he finishes
with the adjustment, he can watch and tell how good the linearity

is on the graphic display.

2.3.1 Channels and their interaction tests

A channel should be properly selected and isolated from
other channels. A signal should come through the channel and
it should be accurately digitized. On our test facility, we
implemented two test programs, i.e., MINTS1l and MINTS2.

Fig. 2.1 shows how to run the MINTS1l program on a CRT
terminal. PFirst, the operator makes certain whether Source B
on an input switching unit has normal polarity or not. He
then specifies a channel group and a reference value. The

input switching unit connects only one channel to the



reference and ties the other channels to ground during a
cycle. It switches from one channel to another as the cycle
advances from one to another. As it is shown in the figure,
Channel 0 is selected in Cycle 1, Channel 1 in Cycle 2,
Channel 2 in Cycle 3, etc...., and it continues until Channel
15 is selected in Cycle 16. 1In this test, only the selected
channel should have the voltage. 1If unselected channels have
some voltage, there may be miswiring or short circuits. Or,
if the selected channel does not have the voltage, there may
be open wires or ground short circuits. If the operator
selects the other channel groups, he can test all of the
sixty-four channels.

Figure 2.2 shows how to run the MINTS2 program on a CRT
terminal. Differing from the previous program, this program
allows the operator to specify the channel pattern. 1In the
figure, an alternate pattern (AAAA in Hex) is selected. By
manipulating the channel pattern, the operator can further
diagnose the problem that has been found in the previous test.
2.3.2 Input protection test

The input circuit of all of the channels has to be
protected from accidental application of a high voltage. Each
one of the connections that are needed for the sixty-four
differential channels is protected by two diodes and a series
resistors. For the test, we use a mechanical switch box and a
power supply instead of the programmable input switching unit

and the DAC. Figure 2.3 shows how to run the MINTS2 program



for this particular test. The operator specifies the channel
group, and he can put an arbitrary number on the chanﬁel
pattern and reference, such as FFFF or XXXX. 1In the figure,
each pair of the input wires of the sixteen channels are
connected to a common voltage (Ecm in Figure 2.3). When
Ecm=+10V, the amplifier is in a linear range and it can reject
the voltage that is commonly applied to the Hi and Lo wires of
the channels. Therefore, all the readings are nearly zero.
when Ecm is increased to +15V, the amplifier is in saturation
and the input to the multiplexer is approaching the supply
voltage. All the readings shown resulted from the imbalance
between Hi and Lo connections. When Ecm is increased to +17vV,
protection diodes start to conduct. We repeat these with ECm
in negative voltages. If all the readings that have been
taken are reasonably small, we deduce that all the protection

circuits function properly.

2.3.3 Linearity tests

A graphic display greatly eases pains in adjusting the
offset and gain of the ADC and allows us to examine the entire
linearity curve at a glance.

(1) Linearity (Regular)

The operator invokes a command file called MLNTS2 on his
terminal. He then enters type of linearity, channel number
and delay. He selects 'Linearity (Regular)' by entering RLA.
In a second or so, the graphic display will have a picture

like the ones shown in Fig. 2.4. The horizontal axis shows



the reference voltage in a linear scale, and the vertical axis
shows the different between reference and ADC reading. There
are twenty-one data points starting from -10V up to +1l0V.
Figure 2.4 (a) shows a curve when gain is too high. A half
turn adjustment on the gain potentiometer gives us a curve
like the one shown in Fig. 2.4(b). If the operator selects
repeat mode, the program repeats digitization and updating of
display. Therefore, he can adjust the gain potentiometer as
he watches how much the linearity curve is affected. He can
do the same thing with the offset adjustment. With this
graphic display, we now feel that we have a search light in
the dark.

(2) Linearity (Differential)

After invoking a command file called MLNTS2, the operator
selects 'Linearity (Diff.)' by entering DFL. In a second or
so, the graphic display will have a picture like the one shown
in Fig. 2.5. The horizontal axis shows the reference voltage
in a binary scale, and the vertical axis shows the difference
between reference and ADC reading. There are twenty-four data
points, i.e., -10.24, -5.12, -2.56,~--~=0~---, 2.555, 5.115 and
10,235 (v), or 100000000000, 110000000000, 111000000000,
———————————— , 000000000000, --—=—---, 000111111111,

001111111111 and 011111111111 (Binary).



Hardware

3.1 Microcomputer and Peripherals

We purchased card cages, chassis parts, a power supply and
cards in order to construct a Multibus-based microcomputer shown
in Fig. 3.1. Monolithic Systems' MSC8004 Z80A based CPU board is
the heart of the computer. There ae 32K byte on-board RAM and 32K
byte off-board RAM. The Z80A communicates with TEC501 terminal
via on-board serial I/0 interface. A home made disk control board
handles two double sided disk drives, Shugart Associates' SA850.
Matrox Electronic Systems' MSBC-512 graphic control board, which
has a resolution of 256x256, drives Shibaden's VM904U video
monitor. Kinetic Systems' 5110 interface board drives Kinetic

Systems' 3908 crate controller.

3.2 MADC Test Setup

A CAMAC crate based test setup is shown in Fig. 3.2. Analog
Devices' DAC1l136K high resolution 16 bit DAC is housed in a
chassis. It is optically isolated from the digital environment at
the input, and it is buffered by Analog Devices' 234K chopper
stabilized amplifier at the output. The chassis has its own power
supply, which can be left on for stable output. The input
switching unit has 16 solid state, single pole-double throw
swiches, which connect the MADC channels to either Source A or
Source B. Source B can be selected to either Norm or B=-A. When
it is selected to B=-A, Source B will have the reversed polarity

of and the same amplitude as Source A. The unit is also optically
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isolated from its controller and is self-powering. This unit is
replaced with a mechanical switch box when the input protection
test is carried out. All of the controller cards that reside in

the CAMAC crate are home made, except the crate controller.

Software

4.1 System Software

CDOS (Cromemco Disk Operating System) is the disk operating
system. It is a single-user, single-task operating system for
disk file management. CDOS occupies memory from Location 0
through 100H as well as approximately 8K bytes of memory above the
user area (High Memory). CDOSGEN allows CDOS to be built around
the user's particular hardware configuration and software needs.
It supports up to 64K bytes of memory in 1K blqcks and any'
combination of up to four 8" and 5" disk drives. CDOS utility
programs are (1) BATCH, (2) DUMP, (3) INITIALIZE, (4) STATUS, (5)
WRITE SYSTEM, (6) TRANSFER, (7) SCREEN EDITOR, and (8) TEXT
EDITOR.

FORTRAN IV is a complete implementation of ANSI standard
FORTRAN X3.9--1966, except that there is no complex data type and
that specification statements must appear in a specific order.
The FORTRAN IV Compiler produces relocatable code and FORTRAN
program modules can be linked with the code produced by the
relocatable assembler.

280 MACRO Assembler is a two pass assembler which reads
source code from a disk file, assembles it, and produces listings

and an object file either in relocatable or in Intel hex format.



LINK, relocating linker/loader, loads and links separately
assembled modules as desired at run time. These modules may
include FORTRAN library routines as well as those generated by the
FORTRAN compiler. The linked machine code can then be saved in a
disk file for execution.

DEBUG allows machine language programs to be traced,
disassembled and patched, and it allows the operator to establish
break points, display and alter the Z80 registers, and initiate

normal or step by step program execution.

4.2 Program Example

All of our test programs are written in FORTRAN IV.
MINTS2.FOR is shown as a program example in Fig. 4.1, There are
many subprogram calls in this program. However, in order to
illustrate how parameters are passed between tHe main program and
a subprogram, a subprogram named Cl126DA is shown in Fig. 4.1(b).
The subprogram call is made at one line below Line 110 of the main
program. The subprogram has two parameters, i.e., ICDI and ICDO.
TICDI and ICDO are passed by (HL) and (DE) respectively, between
the main program and the subprogram.

At the end of the program, the operator is allowed to
intervene and select a mode. He has four choices, i.e., (1) C
(Continue) repeats another cycle with the same parameters, (2) N
(New) starts another cycle with new parameters, (3) R (Repeat)
repeats the number of cycles specified, and (4) S (Stop) stops the
execution of program. The author has found this feature is

convenient and useful, and he is in the habit of using this



feature in any program that he writes.

5. Conclusion

Computer aided tests on the MADC units have just begun, and our
present implementation is far from being complete. We intend to try
and improve it by learning from experience. One thing that we know
right from the start is that we have an input switching unit for 16

channels but not for 64 channels. We ought to construct one soon.
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SHOTMPUT SWITOH UNIT, SOURCE B = NORM * (¥/My Y

SELECT CHANNEL GROUP 1 1 2 § 1%
ENTER RETEREMCE RANGING FROM -:043 TO 1047 -2.0.0 0
CYILE = i CHANNEL CSROUP = 1
£ i 2 3 3 3 3 7
i5.gd §.00 9.00 £.C0 .00 G.400 ¢ .00 8.0
VR SO0 J.¢4 0.40 0.G0 .00 3. 00 0.03
3 3 id il iZ 13 ig 13
ZYCLE = 3 CHANNEL CRCUP = 1
3 i z 3 4 3 § 7
S 0G 5.88% o.od 6. 00 J.00 .00 g.00 .00
0.2 0 ot .ot 0.G0 0.0 .00 0.Gd -. 01
H 8 10 il 12 13 14 13
ZYCLE = 3 CHANNEL GROUP = @
a 1 Z 3 ) S & 7
t.00 9.%0 3.39 .00 0.00 0.00 0.00 t.00
0.00 ¢.60 6. 00 6. GO t.ce 0.ce 0 00 G.GG
g 3 1G 11 12 13 i4 13
C¥Ciz = & CHANNEL GROUP = &
d 1 Z 3 4 3 g 7
G .00 g.00 §.00 §.8%8 .00 0.00 8.00 0.00
0.cd -. 01 -. 00 -. 00 - Q0 -.00 ~-. G0 -. &0
8 3 1) 11 12 13 i3 15
CYCLE = 53 CHANMEL GROUP = 1
0 1 i 3 4 5 8 7
7.¢00 0.00 g.00 .00 3.89% 0.60 0.00 .00
0.¢0 .00 .00 G.00 0.00 0.60 0.00 G.00
3 3 ig 11 12 13 ig 15
CYCLE = & CHANNEL GROUP = |
P! 1 Z 3 ] 3 & 7
.00 .00 .00 0.00 .00 5.9% .00 0.00
7. 84 t.0¢ .00 ¢.00 0.0¢0 ¢.00 g.00 - Gl
g 8 10 11 1z 13 i4 13
CYCLE = 7 CHANNEL GRQUP = 1
T 1 o 3 4 5 & 7
- 30 0 20 2.00 g.00 .00 0.00 3.39 6.00
¢ Gd 0.G¢ .03 ¢.00 .00 0.0a¢ .00 0.0¢C
¢ 3 30 il iZ i3 14 15
CYZLE = 2 CHANNEL SRQUP = I
¢ 1 A 3 & 5 3 7
£.00 .00 0.4d .00 §.00 0.00 0.30 9.83
G.G4 G.00 .00 .00 G.o0C 0.00 .00 0.00
g g 10 i1 12 i3 i4 15

FIG. 2.1 Channels and Their Interaction Test No.

-12 -



EF <CHANNEL PATTERN IM HEX A A A A
£CT CHANWNEL GROUF 1 2 3 4

ENTER FEFERENCE -1043 THRY 1447 2 0 0 ©

CHANNEL IROUP - 1
1

'

wr

(ST R

o e

£ Q

e Y ]
o> -

Z 3 4 5 & 7
-9 .93890 3.320 -9 .383 3.815 -9.58% 5.8290
-%. 885 3.310 -9.3835 3.8310 -3 485 2.820
12 11 12 i3 i4 15

FIG. 2.2 Channels and Their Interaction!Test No.
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MM T 5L
ENTER CHANNEL ZATTERN IN HEX .F F F F
ZELECT ZHANNEL GROUP 1 2 3 & .1
ENTZR FEFIREMCE -2048 THRY 2447 % X & %
CHANNEL SROUE 1 E =+10V
C
1] i 2 3 ‘; 5 b
- 455 - 905  -.00S 905 -.005  -.005  0.G0O
- 0G5  -.005 0.000 0G3 .05 .G05  0.000
3 3 10 il 12 13 14
SELECT MODE C N R 53 :C
CHANNEL GROUE : 1 E, =+15V
) 1 2 3 4 5 8
035 105 110 110 105 105 105
105 109 1G5 185 100 (165 105
8 3 10 11 12 13 14
SELECT MODE c H R § @
ZHANNEL CROUF i E m=+17v
3 i ) 3 4 s §
-.035 -.925 -.030 -.D30 -.G30 -.025 -.830
- 333 - 030  -.G36  -.G63¢  -.030 -.030 - 030
3 3 10 ) 12 13 14

FIG. 2.3 Input Protection Test
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MICROCOMPUTER

INTERFACE

KSS5II0

GRAPHIC

CONTROL
MSBC-512

wCp——-—Hrrcg

DISK

[ ]

o o oM

> TO CAMAC CRATE

VIDEO MONITOR
SHIBADEN
VM-904 U

CONTROL

280 CPU

=

=

MSC 8004

32 KRAM
CDC
B1020 "

<

POWER SUPPLY

POI
CP225

-

DISK DRIVES SA850

TERMINAL
TEC 50l

FIG. 3.1 MICROCOMPUTER & PERIPHERALS
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INPUT
SWITCHING [&
UNIT /
c MADC
UNDER
TEST
16 BIT
DAC
_ COMAC CRATE
_ CRATE CONTROLLER
< KS 3908
N N\ _ FROM COMPUTER
DAC MADC < INTERFACE
CONTROLLER CONTROLLER
ISU
'CONTROLLER

FIG. 3.2 MADC TEST SETUP

- 18 -



RAIC THRAUT TEST HOW2

K+ SEIRD, 9/11/81

THE SPECIFIED PARARETERS,

SFECIFY CHMWEL PATTERHs CHAMNEL GROUF AND DAC REFERENCE VALUE,
THE FROSRAN LIGITIZES AHD DISPLAYS A GROUF OF 14 CHAHWELS WITH

CAICICIICICICICT CD

FROGRAY HINTSZ
BINENSION
BIREMSION ICIDA(B),ICIDKG)
REALEE CYCL

FERL CHVOL

IHTEGER CrllsRs3

DATA ColoRaS//C o'W 'R 5/

T4TA ICIDA/Cs 1929314451807/
IATA TCIDR/8sPs10:11412:130 14415/

IKFUT CRERATION PARAHETERS

] LAL=N

FRITE(Or40)

£0 FORMATY 205 EWTER CHARRZL PATTERN IN HEX V')

CALL REXIRCIRXD)
I"‘fﬁ (2FIRL
RITEL5»30)

Rt F&‘ﬁ»ﬂ( 2%/ SELECT CHAMREL GROUP 1 23 4 1)

READN S160) ITHORP
&0 FGR‘H#T( 1)
URITE(S:70)

70 FORHAT! 2%y ENTER REFEREHCE -2048 THRU 2047 1)

READ( S 80) IREF
80 FORRAT(IS)
C FOrH CABAC ADDRESSES
20 CALL COREGHALRI01041+0)
CALL CIREGIRADRZ2505015:0)
ChLl CDREGINAIRT050:3:0)
TRUERT REFERERCE FROM 12 BIT TO 16 BIT USE
110 ICDI=IREF )
CALL C124D4( ICDI,ICDO)
IBAREF, 2)=1C10

Lo ]
L)
Lot

C SEAD REFEREWCE 7O DAC

120 CALL CFSA{ 16sHAIIRL s IDAREF 4GRSP)

C GEAD CHANMEL PATTERN TO INPUT SWITCHING UNIT

139 CALL CFSA( 16 HADRT, ICHPAT1GRSF)

C IeLAY 1 SEC

140 CALL DLYB(1000)
”O 10 180

C INMT RJHUEF OF CYCLES

150 #ITE G 160)

160 FC HATE 2%y ENTER HUMBER OF CYCLES ')
REAR( 3+170) CYCL

70 FORRAT(F16.0)

N
ICHH 235 IDAREF( 2 3+ ICHPAT(2 ) CHVOL( 16 )y TADRI 2)
. 4

O CONTINUE OR RCPEAT FROH THIS POINT

i'r:'vi? IF{ ICHGRRVER. 1) ICHM 2)=2' B0
IFUICHGRPLER.2) ICH# 2)=1447' 80
IFLICHGRRLESLT)Y 10K 2)=3247° 80/
TFUICHERPLEQ.4) ICHH 2)=4B41'B0/
190 I=ts18
CRLL CFSH 16 HATRZ + ICHMS ORSP)

T IELAY 30 HICRO SEC
CALL DLYA ’)

{ CET LaTA FROY AD

CALL CTFSAL G RADR2 IADRs BRSP)

rinwt T VL Ty
CHVOLL T =TADRE 2)

C COWVERT IT FRGS INTECER TO REAL AND THEW DIVID
CRVOLL T 3=CRVOLL 107200
I0HR 2)=1CHI 204
170 CORTIMGE
”
T FPRINTS RESULIS
g
0 CALL ZERAS
CALL SLFTHS)
HRITE(Gy210) ICHGRP
21 FORBAT 2%’ CHARREL GROUP § '4ID)
t CALL SUFKID .
¥RITE(5,220) ICIDA
0 FORKATL 83U LLsTXD)
Wil TEC 92220 ) CHVOL
230 FORBATO 25, B(F8.3)/2X,8F843))
BRITE(S:240) ICIDB
240 FORRATC 6% 20 11 7X)18(12:6X))
CALL 5LFTR2
C IELAY 2 SEC
CALL DLYRC2600)
C CL{J_UI rxgu'
IF(LAILNELR) GO T0 230
CYCL=CYCL-!
IF{CYCL.EQ.0) GO TO 230
G0 70 180
L
C SET HODE: C=COHTINUE, ®=NEWy R=REPEAT, S=STOP
£

4RITE(S1260)

260 FORMAT(2X,'SELECT HOBEC NR S %)

L5
&l

REAI( S»270) LHD
FORMAT(AD)
IF(LHD.EQ.C) GO TO 180
IFCLMDLEQ.N) GO TO 30

F(Lﬁﬂ&ﬂ.ﬂ) G0 10 130

IF(LKD.EB,S) 6O TO 280
GU T3 250

280 sTop

END

FIG. 4.1 (a) Programi%xample - Main Program
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iFUT IT IN A 4D B
iFROM (HL)

o~

't
i
{3

Y &2 3 e

pos safipen o
L Cn
paves’ Juiten

[>=]

[ ] <L < <
SRR L od e e ot d

iSHIFT 4 TIMES

(HL)

SR T S8 <T £G4 <X fa <D £G

iFUT RESULT IN (BE)

AH :lﬂnv ﬁ..rn_l—vl.
wd o o RE e JE e €5 6O +
lra 3 TATETh FE G e DA o D 0 a0 L AL o

FIG. 4.1 (b) Program Example - Subprogram
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