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MEMORANDUM %

Marke=ting, Testing and Production

SUBJECT: 88-ADC and 88-MUX System

FROM: Engineering

DATE: 1/19/77

\

The following items should be noted for future reference concerning ordering,
shipping and technical advice for these cards:

1.

An A/D system is one of two basic types:
Type 1. =-- 8 Channel
Type 2. —- 24 Channel

An 88-ADC card ordered without 88-MUX will be shipped with cable assembly
#8810-301. (System Type 1)

An 88-ADC card ordered in conjunction with an 88~MUX (Tvpe 2 system) will be
shipped with cable assembly #8810-302. 1If additional 88-~MUX cards are ordered

for other systems, an additional cable assembly will be shipped for each additional
MUX card. If more than one 88-~MUX is ordered to be used within the same system,
88-MUX option #2 below must be specified.

If an 88-MUX is ordered for a previously purchased 88~ADC and will be the only

88-MUX in the system, it will be shipped with cable assembly #8810-302.

NOTE: If additional 88-MUX cards are ordered to be used with an already
existing 88-MUX card, the old cable assembly must be returned and
re-worked.

Additional options are listed below:

Contact Engineering on all options before making a gquote!!!!

88-ADC Option #l: Differential instrumentation amplifier (AD 521). =-=-- $25 Extra

(Useful in noisy environments and small signal applications)

88-MUX Option #l: Differential inputs to amplifiers + special cable. =-- $15 Extra

(Useful in noisy environments)

88-MUX Option #2: Required by all systems using more than one 88-MUX. -- $15 Extra

Special Cable Assembly

Quote 60 Days Delivery on all Options : o~
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B88=-ADC OBTION #1

(Differential Configuration)

The AD 521 should be immlemented as follows:

Drill out drill hole (D2}. (D2) is a scuare vad di:z
ard. This isclates input pin 2 of the amplifi

g

Remove the 741 (B) and insert {the AD 521 (C)
, remove it.
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88-MUX OPTION %l

(Differential Configuration)

To modify an 88-MUX, perform the following steps:

1. Drill out all drill holes in ground lines of PC Card. Refe{ﬁng to the PC
card layout there are(é@ﬁlands with double feed thru holes near the top
of the card. The bottom feedthru of each land should be drilled out with a
#61 bit (.039"). Care should be taken not to break the land away from the ‘yéf/
top feedthru yet insure the entire removal of the plating-thru the card on ”j
the bottom hole. .

2. For amplifier #1, gain is determined by the formula:

. R4 d
Gain Factor = §E~where R4 = R},and R2 = R1.

Choose R4 € 1 meg ohm for optimum noise and frequency response. Use of precision
resistors is recommended for Rl - R4. Note also that for amplifier #2, R6-RS
replace R1-R4, respectively, and so on for all 24 circuits. Note that scaling
and filtering is not possible in differential mode.

3. A differential-type special cable mnust be used for each 88-MUX with differential
option. (Assy. #8810-303)



88-MUX OPTION #2

(For conversion from single to multiple 88-MUX systems.)

1. Each 88-MUX requires one cable assy. #8810-302 (Assy # 8810-303 if differential
MUX Option #1).

2. Remove the connection to Pin #1 at the 100 pin edge connector end and reconnect
to Pin #5. The ten wires going to the 20 pin Molex connector should be cut off
cables. except for one cable which will interface the 88-aDC.

NOTE: It may be necessary to remove the connection at Pin A, strip
back the wire, and reconnect Pir A. Use care not to short the
shield wire to any other pins.

2. Connect a short length of wire from Pin 16 on one edge connector to Pin 16
on the next connector thus tving Pin 16 on all MUX edge connectors together
via a "daisy~chain".

4. In a similar manner daisy-chain Pin 17, 18, 20, X, V, U and T on all edge
connectors.

‘5. In a similar manner daisy-chain Pin 5 across all edge connectors. If desired,

use a short piece of shielded cable and tie the shield ends to Pin A at each
connector. Be careful not to short any pins with the exposed shield.

all



DESCRIPTION

The 168-120Z Analog-to-Digital Converter is designed
for accurate and reliable performance with adjustment-
free but versatile Operati'on, at low cost. An improved
form of the successive-approximation technique of
conversion is used to convert unipolar input voitages
{0 to +5 V, 0 to +10 V) or bipolar input voltages (I5 V,
or 10 V) to corresponding digital output codes of
straight binary, offset binary or two's complement
binary. The successive-apbroximation technique compares
the analog input with the output of a D/A converter that
tests each bit successively (MSB first) until the D/A
output is equal to the analog input, within the quan-
tizing error.

Versatility and convenience of operation are key fea-
tures of the 168-12QZ. Based on the unprecedented
circuit design of the 170/171 family, these converters
are completely self-contained, low-profile modules that
include a precision D/A converter, high-speed voltage
comparator, precision temperature compensated refer-
ence network, clock, counter and latch circuitry. They are
designed for user flexibility. By varying external pin
connections, four different analog input ranges and
three different types of digital output codes can be
obtained. Both BUSY and it's complement are provided
to allow synchronization with other external compo-
nents: such as output storage latches, sample/hold
amplifiers, or multiplexers.

With this pin-compatible and function compatible con-
verter, Intech/Function Modules takes the worry out
of single sourcing.

FEATURES
® 12-Bit Resolution and Accuracy

® No Missing Codes from 0 to +70°C

® 40 us Conversion Time
® DTL/TTL Logic Levels
® Versatile Configurations

® A Real Pin-for-Pin and Function
Replacement for Analog Devices
ADC-12QZ
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.
ELECTRICAL SPECIFICATIONS (Typical @ 25°C and £15 V Supply)
[ Parameter 168-12Q2 | Unit J
[ResoLuTION, Binary 12 [ bis |
ACCURACY
Quantizing Error 373 LSB
Nonlinearity Error max Y% LSB
Differential Nonlinearity
Error max % LSB
Missing Codes, 0 to 70°C None
Offset Error! +10 mvV
Gain Error’ +0.05 %
STABILITY
Offset vs Temperature
Unipolar max - ppm/°C
Bipotar max +10 ppm/°C
Gain vs Temperature max 30 ppm/°C
Differentiat Noniinearity
vs Temperature max 10 ppm/°C
Power Supply Sensitivity
Offset ‘ +10 ppm/%
Gain +20 ppm/%
\?\.o Warm-up Time 5 minutes
y;/gg\‘ﬁ? [convERsiON TiME? 40 [ us |
vy
" ANALOG INPUT
iz,ﬁ‘ input Voltage Range
K z Unipolar- 0to +5, +10 \
15 Bipofar -5 10 +5, -10 to +10 v
input mpedance
Oto+5 VFS 25 k2
— Qto+10V, =5V FS 5 kQ
t10 VFS 10 kQ
Buffered® 1000 MQ
LOGIC INPUT*
Start Positive puise, OC
coupled 100 ns min
width, rise & fall time
1 us max, 2 TTL loads
Clock In 1 TTL load
LOGIC QUTPUTS?
Data {Parallel or Serial} TTL level, 5 unit loads/
bit
Busy Hi during conversion,
5 unit loads
Strobe Serial data synchroni-
zation, 5 unit loads
Codes
Unipolar (Parallel or Serial) Binary, positive true
Bipolar
Paratlel Qffset Binary, positive
_ true or two's comple- -
ment binary, positive
true -
Serial Qffset Binary, positive
true
| -
[INTERNAL REFERENCE yes 1
TEMPERATURE RANGE
Rated 0to +70 °C
Operation -25 to +85 °C
Storage -55to +125 °C
POWER SUPPLY
Voltage - £15 2%, +5 5% \"
Current
+15 V 20 mA
-15 VvV 30 mA
+5V 210 mA

jPa Lot pez

NOTES:

1. Offsetand gain errors are adiustable (0 2oro,

2. Cornversion ume is messureda Trom the tral iy
adge of the START puise to the HI gmny L

. transition of the BUSY outout,

3. Units with puffer available on special order
only. Add $20.00 to price for 1 to 24 guantity.
Specify -B on order.

4. Afl digital inputs and outputs are completely
TTL compatible. One unit load is identical to
that defined for standard 54/74 series TTL.

ACCURACY

For an analog-to-digital converter, the accur-
acy specifications provide a “window” of
analog input level that can cause a particular
digital output. All ADC’s have an inherent
quantizing effect that causes an uncertainty
of £% LSB. This £¥% LSB is the limit in
resolution of a particular ADC. With a resolu-
tion of 12 bits binary and with a maximum
differential nonlinearity of X% LSB or
£0.0122% of full scale, the 168-12QZ ADC
offers excellent accuracy and performance
for general purpose, low cost systems.

CONVERSION TIME

TThe total time necessary to make a conver-
sion is independent of input signal level. This

" is because the successive-approximation tech-
nigue of conversion must make all bit com-
parisons regardless of input level. The actual

“conversion time will depend on clock fre-
guency which may vary as much as £20%
from unit to unit, But the absolute maximum
conversion time including temperature varia-
tion will never be more than 40 us.

CODING

Fuil-scale for the 168-12QZ is determined by
external pin connections. The converter can
accept unipolar inputs of 0 to +5 V or 0 to
+10 V and bipolar analog inputs of 5 V or
+10 V. One least-significant-bit (LSB) and
converter coding is shown in the following
table.

Rits (Data Output)

] Q

Analog g 2

input 1 2 3-—— 9 10 11 12

Unipotar | +(F5-1 LSB) 1 1 1 1 1 1 1

Straight “FS {1 0 0 o o0 o o0

Binary 1.8 {0 0 O 0o ¢ 0 1

N 0!0 0 0 0o ¢ 0 ¢

+{FS-1 LSB) 1 1 1 1 1 1 1

% FS 11 1 [ 0O ¢ 0 o

Bipolar 1188 1 9 0 0 o 0

Offset 011 0 o o 0 0 0

Binary -1 LS8 0 1 1 1 1 1 1

-%FS L0 1 0 o 0 0o ¢

-FS |0 0 O 0O 0 o0 o
OPERATION

A positive-going pulse with a minimum
width of 100 ns to the START convert input
will initiate the conversion cycle. This pulse
must be a TTL level (+2.4 minimum for HI,
+0.4 maximum for LO) and capable of

.



driving 2 TTL loads. The BUSY output will switch to a
logic HI approximately 75 ns later. The trailing edge of
e START convert pulse begins the conversion by setting
_ETRGstsianificant-bit, bit 1 (MSB) to the LO state and
bits 2 through 12 to the HI state. At the end of con-
version, the BUSY output goes from HI to LO (+24 V
minimum to +0.4 V maximum). At this time, the conver-
sion is completed and the parallel digital output is valid.

The conversion will be completed approximately 150 ns
ahead of the BUSY output negative-going transition, so
the leading edge of the BUSY or BUSY can be used as
a strobe to transfer the output data. Because of the
technique of conversion, the total conversion time will
always be the same regardless of the input level, but will
never be more than 40 us. Therefore, the converter can
be externally commanded to convert at rates of up to
25,000 conversions per second. See Figure 2 for timing
diagram.

CONNECTING THE CLOCK

Although the 168-12QZ contains its own internal clock
oscillator, connection to it is accomplished with an
external jumper between pins 35 and 36 of the module.
This jumper between CLOCK QUT ({pin 36) and CLOCK
IN (pin 35) must be installed unless otherwise specified,
The 168-12QZ is intended to operate only with the
internal clock.

The internal clock is set to run at the maximum permis-
_sable rate. Although running it at a slower rate will not

nprove the converter's accuracy, in some applications
a slower conversion time may permit synchronization or
compatibility with interfacing equipment. This may be
accomplished by connecting a capacitor between cLocK
OUT (pin 36) and CLOCK RATE ADJ {pin 31). The
conversion time can be extended to at least 35 ms in
this manner. The capacitor’'s value is determined by
the formula:

Conversion Time (in us} = (1 + Cext )

where Cgyy = external capacitance in pF.

SERIAL DATA OUTPUT

A latched serial output {taken from the output of a
TTL fiip-flop) is brought out to pin 32. The data is
transmitted MSB first, and is coded positive-true offset
pinary for bipolar input ranges. Prior to the beginning
of a conversion this output will match the state of the
twelfth bit (LSB) of the previous conversion {assuming
the previous conversion was allowed to go to completion).
in most applications the state of the serial output prior
to the beginning of a conversion will be of no conse-
quence.

Figure 3 indicates one method for transmitting data
— serially to a remote location using only three wires
plus a digital ground). The data is clocked into a
receiving shift register using the 168-12QZ strobe output
as a clock source for the shift register.

The Timing Diagram (Figure 2) shows that the serial
data bits are valid on successive strobe pulse leading
edges (“0” to *‘1” transitions). This allows the strobe

i I3
| L)
| L .
K&é@ ! f\::/)/ 2

pulse to clock the shift register directiy, since the shift
register transfers information on "0 to 1" transitions
of the clock input. The first bit, which is the MSB s
valid on the first strobe pulse’s leading edge. Each com-
plete conversion has exactly twelve strobe pulses, one
for each bit,

atrzca ] TarioDaTa
st o0t T d V ' f f 7 d 3 T g

v

Figure 2. Timing Diagram

OPTIONAL EXTERNAL ADJUSTMENTS
OFFSET ADJUST

As a user option, the analog input offset can be
adjusted by applying an offset voltage to Comp In input
{(pin 20). A 20 k&2 trim potentiometer with excitation
voltage of =15 V and the wiper connected to pin 20
through a 1.5 MS2 resistor will provide approximately
+20 LSB of adjustment. |f finer adjustment is required,
then the range of adjustment can be reduced by adding
a larger resistor in series with the potentiometer wiper.
Pin 20 should be left open if an offset adjustment is
not needed.

GAIN ADJUST

The gain, or scale factor, may also be externally adjusted.
A 20 k§) trim potentiometer with excitation voltage of
+15 V and the wiper connected to GAIN ADJUST (pin
1) through a 150 k§2 resistor will provide approximately
*13 LSB range of adjustment. If finer adjustment is
required, then the range of adjustment can be reduced by
adding a larger resistor in series with the potentiometer
wiper. Pin 1 should be left open if a gain adjustment is
not needed.
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Figure 3. Block Diagram — Serial Data Transfer



PIN CONNECTIONS
INPUT SCALING

The input voltage range is selectable by pin connection.
When the optional internal, high-impedance, buffer
amplifier is used, the BUFFER output is connected to
the SPAN inputs. For a 10 V SPAN, connect the
BUFFER output {(pin 4) to SPAN 10 V (pin 6). For a
20 V SPAN, connect BUFFER output- (pin 4) to
SPAN 20 V {pin 5}. Eor a & 5 V_SPAN, connect ths
BUFFER output (pin_4) to . SEAN—m,.\L-me._B)_am:L.
connect SPAN 20.V. {pin.5) 1o COME IN {pin 20} \When |
w the internal _buffer amphfner ‘cgnnect the

the SPAN inputs.

UNIPOLAR OPERATION (0 to +5 V or 0 to +10 V With
Or Without Optional Buffer Input)

Connect the MODE output (pin 13) to ANALOG COM-~"

FION pin 23L Use SPAN 10 V (pin 6) for 0 to +10°V

v/

input range. For 0 to +5 V input range use SPAN 10V
{pin 6) as ANALOG INPUT and connect SPAN 20 V
(pin 5) to COMP IN (pin 20). The output code will be

_hatural binary.[ g - Jo

BIPOLAR OPERATION

Connect_the MODE output (pin 19) to COMP N (pin/
_20). Ugse SPAN 10 V (pin 6) for 5 V input range,
“SPAN 20 V (pin 5) for £10 V input range. The output
code will be natural offset binary. For Two's Comple-

ment coding use MSB {pin 70) as the most-significant-
bit (bit 1).

* ZERO ADJUSTMENT PROCEDURE

1. Unipolar operation:
a. Set input volitage to precisely *¥2 LSB.
b. Adjust offset control until converter just barely
switches from 000000000000 to 000000000001,

2. Bipolar operation:
a. Set input voltage to precisely minus full scale
+% LSB.
b. Adjust offset control untii converter just barely
switches from 000000000000 to 000000000001,

GAIN ADJUSTMENT PROCEDURE

1. Set input voltage to precisely full scale less %2 LSB.
Note this is 1% LSB less than nominal full scale.

2. Adjust gain control until converter just barely switches
from 111111111110 t0 111111111111,

GROUNDING CONNECTIONS

The DIGITAL COMMON {pin 30) must be connected
externally to the ANALOG COMMON {pin 23) at same
point in the system. Also, the commons of the +5 V and
415 V power supplies must be tied to this same common.
For optimum performance, the system common should
be located at the A/D converter and separate power
supplies should be committed to the A/D converter. But
if the power supplies are shared among several loads, then

/ PD [)e V‘W& /){ ‘Z,\

the récommended practice is to connect the DIGITAL
COMMON directly to the +5 V common. The supply
commons are then connected to a central common.

OUTLINE DIMENSIONS

£y Sph”
. 3 TR
Z a1, 0
2T Lt
2.00" X
| (50.8) i
o407
1(10 2)
" T 0.207
w___0.019" DIA.
(.47) DIA. U s
1.80"
b (45.8) —
# 72 BIT 1(MSB) GAIN ADJUST 1@
®71BIT2 ANALOGIN2e
©70BiT1(MS8) ANALOG GND 3e
BUFFER OUT 4@
SPAN 20V 5@
e 67 BIT3 SPAN 10V 6@
¢ 65B8IT 4
2 63BITS
e 61BITS
4.00”
®58BIT7 {10%.8)
®56BITS
®548BITS MODE 19
COMPIN20 ®
®528IT 10
REFOQUT 22 &
e 508IT 11 ANALOG GND 23 e
e 48 BIT 12 ~16V 25 e
+15V 27 ¢
+5V29e
43 BUSY DIGITALGND 30 @
CLOCK RATE 31
SERIAL OUT 32 ¢
BUSY 33 &
e 39 STROBE CONV COMM 34 ®
CLOCKIN35 e
CLOCK QUT 36 @
A
BOTTOM VIEW 0.1 GRID
Case: Black Diallyl Phthalate
Pins: Gold-flashed over silver plated ¥ hard brass
Weight: 4.0 oz.
Socket: MS 2040
7 .

PIN CONNECTIONS

1. Pins 23 and 30 must be connected together externaily.
2. Pins 3 and 23 are connected internally.

5 s
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88~-ADC TEST .
. : IQ 7 S R .
_ Ste -
- Eqnipment Required ' . ;)(M M2 a — 36 3
- You will need a 8800 A, B, or Sherwood Cha551s, {*Sherwood A to D Cards mus* 3

'_be'tested in a Sherwood Chassis) and a Terminal. The chassis should contain the

. .following: A CPU, at least 8K of memory; 10 Card and two switchable Extender Cards.

5You will also need a voltage source. Optional cards which will help includez
/’P(QM ] ost AI‘-{ At EX A nr ~a— A “bf A/ ”L/’G’”t s en St /‘) - L
ACR' (,3 2) 8K BaSlc on Pr0m5-5 1%0“5 CLQJ..J\, é’(ﬁM,% L/t fu Te A o N & t‘F’F {rll 0=, ya u!a °(

%v‘WWZQ.QSJU Fun A Tt wir J{Q4MLYQSHf*‘1f¢#
load Basic and load MUX Diagnost m_e;ther from paper tape Or ¢ cassette,¢~4\ R
/’“>d€>io w5 o+ CEFTWA , (Uhaw BT Catw.’s‘(b} :T'v/ 5P "//f//,«fl’(f-

~_tape. Examine the 88 ADC card for the following before you place it in the cha551s.!

) o AF s
'PRODUCTION 88-ADC | &QC« Zece aa 4 5*“{"""’”4;
Production A to D Cards can be identified by 2 small regulators located uﬂcer |
.the +5V tegulator on the left side of the card. Production A to D Cards also have
2 connectors along the top and most components holes w111 have parts lnstalled . .

Inspect the card for the following jumpers. 5 address jumpers @ approx.
lower center of the board. Above the A to D module jumper @ J2 and jumper @ J3 to J4.

NOIE Correct J3 to use in the right hand J3. g o e
/Inspect the back side of the card for jumpers between'pin 6 and pin 8 of IC
t

‘U(CD 4051) jumper from Pl pln l¢to P2 pin 6. +5VDC land going to R13. R4 & $15
should be cut very ‘near the resistors and a jumper should go from the common
i;esistor pad to the‘+12VDleand. This is the 2nd land down from the top;of the

' card. There should be no other jumpers on the card. “ fﬁ

Y
\

_' - TEST | : . / -

y -»—-(\,\?u&\ RNT“
Stop and reset the computer. Turn off all three SW1tchg§,an_;gg_g§35323£

‘_gggg. Carefully plug the A to D Card into the extender card. Turn on all three

i/ _.itches. Verify that the computer is still at location O and thatit contains

vy : ‘
.an octal PGJ at location O. ) : ‘ , "
\— } ' :



." A Mux 6% ‘BLQLK @0)\ Leaas | /\\/& /}éu\%’é—\&/% 2 .
%O On r‘IE/Qv*’ S\ b 'DL @-ﬁ-fc\c,: Yoo g -

Power Supplies (nn [ef+ bowd cornet oF bd.
=S (Zad o~ FEP
Check with a scope or meter pins 25( 12V), 27 (+12) and 29(+5V) on the A toD

module. These three voltages should be w1th1n +.5VDC of the listed value.

Power supply voltage must be correct before you proceed.

Zero Adjustment

2 Y cwaanal® _ .
Run program, enter "“3,3" and ch "#0": the teletype should start printing a
e SE— S

‘ X :

voltage. Connect the voltage source cable to connector Pl on the A to D Card.
Measure the voltage going into Pl with a digital voltmeter, adjust this voltage
for -5.000 volts (+.005 volts leave DVM connected while setting zero comp).

If the A to D card is working correctly the teletype should be printing a voltage

' ("‘%f”’fi ~p o bd. )
between -4.5 and -5. volts. If not locate and correct the defect. Adjust Rl i/ S 6N TP

located h left side of th 1 th SNQ“*‘E“DUM e
( ocat at the top left side of the A to D) until the teletype is printing * Tot g&_71’b&_

mga-vm/
Note if the teletype is printing =5 when you start you will have to adjust Rl until P

Uo tT7%)
the_teletype prints =4.9xxx volts. The teletype will not print values more negative
thau =5 volts. With the teletype printing -4.9xxx now adjust Rl until it just

ints -5.0. h R ion ,adj .
prints This completes the tﬁ{gjggg’ensagéon)a justment

Tracking L:j; J 5 7‘ ) Q o | = ;_f.»

(Leave equipment»set up as in zero adjustment test) Set the voltage source

for -2.500V(+.005V) and verify thaﬁ the teletype prints -2.500V (+.08V). Set the
voltage source for values of 0.000V, +2.500V, and +5.000 volts. (All voltage set

within +.005V). The telet?pe should track these input voltageé within +.05 volts.}’ﬁy
tele

8 Channel Multiplexer Test re fo printy HRa Liote /Zow«Z/

g R
w F(/U’\H/\W”HV\"\ ’\3" ‘T_—_’/; color
. "Control C" teletype to exit program. Connect g ch multiplexer cable to pluc oded L&

Mux Codo\e) . .
: (o hoore AP
P2 of the A to D Card. Note this should be the cable which will be shipped with 'ﬁi .

the unit. Connect the DB-25 connector, pinsl & 6 (GND) to the voltage source.? E— B0 o '

"(i,/v\/ N

D <A— ?-

Adjust the voltage source for +2.5V (+.005V). Run the program. Enter "4,3". “)T KLA A ’ %
- ,\ka.L_ DCowa U=
‘7 c Feanns

‘te. ,pe should printCh. #0= 2.5V (i,OSV). All other channels should be -5V.‘RReconneCf\

the voltage source and rerun the program for each of the other channels.__t N Clnanck O
: HDOKW\"Q[’J'Uf(wKW P fomns .
/r\c’- E Q—EA)L'S .—Z%L
KM ~ A & N |
— 5 v € Lneennidy
. hy \ -_— J Cimstone <
**Disreguard stamped “1" on plastic connector '> 403 \ ° S

-~ i C [ O



24 Channel Control Test

stop and reset the computer. Turn all 3 switches off on the extra extender

-

 card. Connect a known goo d 24 channel mux cable to a known good g8~ (Production)

. Mux Card. Carefully insert the Mux card into the extender card. Turn on all
7"'91,
. three switches. Insure that the compufer is at address zero and data is octal 363, /

f(i*’{' @np.
S

- If not reset'and deposit as required. Connect the 20 pin connector to the A to D
- card and connect the mux cable to the voltage source. . Run the program. Enter *3,3"
and ch ”#9:. Set voltage source gelector switch to wjecrement" position. Set
S ( onbac g q) oo B T e
the gain switch for gain 1. just source until TTY just pri £3-%. "“Control C" on the
. teletype. Run tﬁe program. Enter ﬁziz". The teletype print. out should have ch#0 -
500. aAll other channels should descend in value (example ch#0 = 500 ch #1 = 487
1#2 = 450). Absolute value is not important-only that each channel is lower in-
value then the next higher channel #. |
Place voltage source selector in the "incr" pbsition. Run the program & ;ntef
«Z »2.3%, Ch #0 should now be the lowest value and Ch #23 should be the highest

——

value. Each channel should be slightly higher in value then the previous channel.

\,"

This completes the A to D test.
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"RAYTHEON J

DUAL TRACKING
VOLTAGE REGULATORS

- 4164

-_M—_“m“

DESIGN FEATURES

® Simuitaneously Adjustable Outputs With One
Resistor to +42v.

® Load Current *200mA with .2° Load Regulation

The RM4194 and RC4194 are dual polarity tracking
regulators designed to provide batanced or unbaianced
positive and negative output voitages at currents to
200mA. A single external resistor agjistment can be
used to change both outputs between the limils of
+50mV and +42v.

These devices are designed for local “on-card”
regulation, eliminating distribution rroblems associated

SCHEMATIC DIAGRAM

¢ Internal Thermal Shutdown at T; = 175°C
e External Balance for +V,, Unbalancing
® 3W Power Dissipation

with single-point regulation. To simplify application the
regulators require a minimum number of external parts.

The device is available in two package types to
accommodate various power requirements. The TK
(TO-66) power package can dissipate up to 3W at
T. =25°C. The D 14-pin dual in-line will dissipate up
to 900mw.

POSITIVE VOLTAGE AMPLIFIER
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CONNECTION INFORMATION

VN (o)

COMP -

8AL

COMP + RseT

GND

TK (TO-66) Package

{Bottom View!

Order Part Nos.:
RC4194TK, RM4194TK

D Duat InJine Package
(Top View)

QOrder Part Nos.;
RC4194D, RM4194D
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DUAL TRACKING VOLTAGE REGULATORS

ABSOLUTE MAXIMUM RATINGS

Input Voltage V10 Ground ... .....ciuiiit i RM4194: 45V
RC4194: £35V
Input-Output Voitage Differential ............ ... i RM4194: £45V
* RC4194: +35V
Power Dissipation at T, = 25°C
D PACKAGE . vt e toneet ittt it e e 900mwW
TK PACKAGE . .o eeee ettt et i aie e ae t et et 3.0wW
Load Current
D PACKAGE . ..ottt ittt e 150mA
TK PBCKAGE .« ..\t ittt te ettt e e i 250mA
Operating Junction Temperature Range ...................... o0 RM4194: —55°C to +150°C
RC4194: 0°Cto +125°C
Storage Temperature Range .............oieiiiiiiiiiiiiiii i -65°C to +150°C
Lead Temperature (Soldering, 10S) . ........ottvi ittt [N +300°C
ELECTRICAL CHARACTERISTICS
(£5 < Vour € Viuax ® RM4194; —55°C < T; < +125°C; RC4194: 0°C < T, < +70°C)
RM4194 RC4194
PARAMETER CONDITIONS UNITS
MIN [ TYP | MAX | MIN | TYP |MAX
Line Regulation av, =01V, 0.02 | 0.1 0.02 | 0.1 % Vout
Load Regulation 4194TK: §, = 1 to 200mA
4194D: 1, = 1 to 100mA 0.001 | 0.002 0.001 | .004 | % V,/mA
TC of Output Voltage 0.002 | 0.015 0.003 [0.015! %/°C
Stand-By Current Drain Vio= Voo Vo = OV +03 | +1.0 +0.3 | +1.5
{Note 1) mA
Vi = Voo Vo = OV ~1.2|-20 -12 | -3.0
input Voltage Range +9.5 +45 [ £9.5 =35 \'
Output Voltage Scale Factor R+ = 71.5K
T, = 25°C 245 | 25 | 255 | 238 | 25 | 262 Ke/V
Output Voltage Range R, = 71.5K 0.05 +42 | 0.05 +32V v
Output Voltage Tracking 1.0 2.0 %
Ripple Rejection f=120Hz, T, = 25°C 70 70 dB
Input-Output Voltage Differential | § = 50mA 3.0 3.0 v
Output Short Circuit Current V,, = £30V Max. 300 300 mA
Output Noise Voltage C, = 4.7uF, V, = =15V
f = 10Hz to 100KHz 250 250 uV RMS
. Internal Thermal Shutdown 175 175 °C
THERMAL CHARACTERISTICS
PARAMETER CONDITIONS PACKAGE
D TK (TO-66) ~
Power Dissipation T = 25°C 900mwW 3w
Te = 25°C 2.2W 17.5W
Thermal Resistance Junction to Ambient, 6, . 128°C/W 41.6°C/W
Junction to Case, 4,.¢ 55°C/W 7.15°C/W

NOTE:

= Icwiescent Will increase by 50uA/Vour on positive side and 100xA/Vout on

negative side.
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RIPPLE REJECTION (dB}

10 100 1K 10K
FREQUENCY {Hz)

Unbalanced
omwFi
Vm’o———-‘

Vi

High OuY

*For best tracking, Tsmpertture coetticient of RQ
should ba same as for RS (5K
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' TYPICAL ELECTRICAL TEST DATA

RM4194: £45V Ripple Rejection Output Tracking Over Temperaiure Load Regulation
. b 150 ™t -
RC4194: +35V Tl e s
. RM4194: 245V W g fx Vo -55°C |
RC4194: 35V g o | 3 2 . vo IS,C//
=] +.50 S
......... 900mw E %0 T g ‘4’ E l//'—v/o 1125°c
.......... 3.0W & go il Vo= 215V L 3" P i g " 4 T
o Il L i 5 O 5 / Vg = t15Y
150mA £ w i s = s °
......... m. H NS | & B z
......... 250mA 30 || z e g 4 ! -
-55°C to +150°C ® & ] .
0°C to +125°C 10 100 1K 10K 100K ~50 -25 +25 +50 +75+100 +125 ° 40 80 120 160 200 240 ‘
-65°C to +150°C FREQUENCY (Hz) TEMPERATURE (°C) IWINMA —
........ +300°C PN Sk bt
C=TC tor negative regulator.
TYPICAL APPLICATIONS
C4194 UNITS Balanced Output Voltage — Op Amp Application
TYP |MAX oomur I “VS’“T Additional O A
N 007 ] p Amps
0.02 | 01 % Vout I [ 2
Vi* O ————{*Vin e Vo',
% V./mA AMA194 (Typically 180 741's) §
0.001 | .004 | % V,/m Vi~ 6— — x;‘ - o m Vo H
0.003 {0,015, %/°C | S | »- To Additions! Op Amps
+0.3 | +1.5 Ao i:n,m Vg=15
- - mA i+ T Roda)=25vour ©
-12 "0 0.001xF :
— ;
~d5 \ ;

Unbalanced Output Voltage — Comparator Application

25 | 262 Ka/v .r—l eV
ﬂ.Nqu; [ ‘LAJ“F r > To
T

e A e
osipr i

* 32V V Vin’o——_-—— +Vin C+ +Vg ,
20 % v AM81S4 BAL {Typically 38 RM710's)
Vin® O— i < :
Rs ¢- GND Rg -vpf Rgd :
70 dB 1.5K* ? » :
—‘V\N——J 1 o To Add i Ci
v >0 HE Vg = -6V
E
{ = Rolke=25vour =
300 mA 0.0014F Adjust R for -Vg = 6V (15K2) then
Adjust Rg for +Vg = +12v 20K}
250 uV RMS
175 oc High Oufput Current Application
2N4905 or equiv. Rsc
AN
AT
WKAGE _L I IR I 2N2297 or equiv.
Vi - +V
TK (TO-66) ot d—mn—I P T TS 4
410 5' 8 b == GOuFt
3W 4y B
Vin S ‘z J = Vg
o AN Vin _Rs - _Rg Q7 -
17.5W 419 _]_ _L
GDI-F t
oF A
41,6°C/W IN2287 or et T 718K Ry
- LOAD REGULAT!ON
715°C/W T — 10mV @ 254
. Rsc 7J‘ B RO (K2 =25 ivg |
F: ki 0
;';‘ :’;ﬁm n: ;;n:csv:;ulu coetficient of R LA~ oo 0
Tantalum i 3
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1-1. SCOPE AND ARRANGEMENT

The 8800 Analog to Digital Converter Board (88-ADC) and 8800
Multiplexer (88-MUX) Documentation provides a general description of
the printed circuit board(s) and detailed theory of their operation.
The manual contains five sections as follows:

1. Section I contains a general description of the Altair 88-ADC
and 88-MUX boards.

2. Section II provides the user with the options available with
the 88-ADC and 88-MUX boards. It is very important to read
this section before attempting to utilize the system.

3. Section III includes a detailed theory explanation of the
48-ADC and 88-MUX circuit operations.

4. Troubleshooting information for the 88-ADC and 88-MUX boards
is found in Section 1IV.

5. Four possible applications utilizing the 88-ADC and 88-MUX
boards are shown in Section V.

1-2. DESCRIPTION

Many of the applications for the Altair computer require the
ability to interface with real world analog signals. The 88-Analog
to Digital Converter Card (88-ADC) permits the Altair 8800a or 8800b
computer to measure analog voltages often encountered in scientific
and industrial applications with an accuracy of one part in 4C96.

The analog to digital converter module contains all of the cir-
cuitry needed to represent an analog voltage as a 12-bit binary value.
The 88-ADC includes a buffer amplifier with a true differential input
instrumentation amplifier option. An on-board 8-channei multiplexer is
used to select one of the eight input signals. Since the 88-ADC is
treated as an I/0 device, it contains the circuitry to address the board
and the associated timing circuitry.

Optionally, one or more 24-channel multiplexer cards (88-MUX) may
be added to replace the 8-channel multiplexer. The 88-MUX expands the
input capacity of the 88-ADC for applications requiring a large number
of analog inputs.

88-A0C & MUX
April, 1977



The 88-ADC is actually a stand-alone card for many systems because
1t contains the on-board 8-channel multiplexer. However, the real poten-
tial of the ADC and MUX conversion system lies in the ability of the
88-MUX to process more than eight signals. Thus, by using four 88-MUX
cards it is possible to process up to 96 analog signals for large system
layouts.

The 88-MUX card is of extremely flexible design, being easily
implemented in most any system. With simple modifications, the 88-MUX
board can be set up to handle a true "differential® signal on each
channe]. The gain and scale factoring of each channel can be set inde-
pendently. Filtering can also be added to provide the desired roll-off
characteristics although factoring and filtering are not offered in a
differential configuration.

1-3. SPECIFICATIONS

88-ADC
Resolution (binary bits) 12 bits
Conversion Time 65us. (max)
Accuracy
Quantizing Error +1/2 LSB
Nonlinearity +1/2 LSB
Offset Externally Adjustable to zero
Stability
Offset vs. Temp. 20 PPM/°C (max)
Gain vs. Temp. 80 PPM/°C (max)
Nonlinearity vs. Temp. 20 PPM/°C (max)
Gain vs. Supply Voltage +30 PPM/%Vs (max)
Analog Input Impedance 1000 Megohms ',ﬂ%«X
Standard Option Voltage Ranges o}
Unipolar 0 to +5 volts
0 to +10 volts
Bipolar -5 to +5 volts
-10 to +10 volts (without MUX)

Operating Temperature Range 0 to +70°C

38-ADC & MUX _
4 April, 1977



Power Supply Requirements +5 volts at 500MA
+15 volts at 40MA
-15 volts at 30MA

hY

88-MUX

Gain up to 1000

Input Impedance 1 Megohm

Offset 5 mvolts (max)

Input Signal Level 0 to +10 volts
‘ -5 to +5 volts

Settling Time to 0.01% 15usec. (max)

(et 2
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2-1. INTRODUCTION

The 8800 Analog to Digital Converter board (88-ADC) may be ordered
with or without the 8800 Multiplexer (88-MUX) board. This section
contains the necessary information for setting up either an 8-channel
or 24-channel multiplexer system, including voltage range selection and
scaling, voltage gain increase, input buffer amplifier option and zero
adjustment. It is very important to read the following paragraphs
before attempting to utilize your system.

2-2. MULTIPLEXER

The standard configuration of the 88-ADC board includes an 8-channel
CMOS multiplexer. The input signals for this system are interfaced to
the card via a 10-pin connector, P2. However, control logic is provided
on the board for decoding up to twenty-four channels of input data by
utilizing the 88-MUX multiplexer board and input comnector, P1. For
larger systems, up to four 88-MUX cards may be used, resulting in a 96-
channel capability. Input signals are interfaced to both multiplexer
systems via one or more cables from DB-25 connectors on the chassis rear.
panel. Proper cable-connector utilization and corresponding software
control is necessary to select between the 8 or 24-channel multiplexer.
Refer to Figures 2-1 and 2-la for an 8-channel system and Figures 2-2
and 2-2a for a 24-channel system.

88-A0C & MUX
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L

DATA BUS INTERFACE

88-ADC

i
A/D MODULE | CONTROL &
4 TINING g
A SIGNALS
INPUT BUFFER| 8 CH. MUX
AMPLIFIER €
A

CONNECTOR P1

!
CONNECTOR P2

(NOT USED)

CABLE ASssY.
#8810-301

Figure 2-1.

10

25 DB

/ UPT08 N\

SIGNAL INPUTS
FROM THE

"OUTSIDE WORLD"

g—Channel System

8800

25 08
INSIDE VIEW

BLACK

HEAT
SHRINK TUBING

PRODUCTION -8 CH.

MUX CABLE LAYOUT

10 PIN MOLEX
25 08 A/D MOLEX (R2)
(CH Q) 1 10
2 9
3 8
4 7
5 a
€ 3
7 2
(CH 7y 8 |
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24-Channel MUX Cable Layout

A11 88-ADC boards are shipped with the 8-channel multiplexer con-

figuration.

If the board is to be used with a 24-channel system or

operated without a multiplexer, the CMOS 4051 8-channel multiplexer

(IC U) should be removed from the 88-ADC board.

This insures that

improper channel selection will not cause a conflict of input signal

selection at the input buffer amplifier.

Refer to the MOS IC Special

Handling Precautions, section 2-9 (page 32), for removal and installation

of IC U.

12
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If you have received the REV 1 88-MUX board, please note the follow-
ing error on the board:

There is a missing etch on the circuit marked A5. It is near the
junction of R23, C13 and R22. If R23 is to be utilized, it will be
necessary to install a jumper between R22 and R23 {use circuit Bl as an
example). Refer to the drawing below for the position of the missing
land. You may also want to refer to the 88-MUX Silkscreen (page 49) at
IC A5, zone C4, for the component layout.

misssing
land

IC A5

9-3. 88-ADC A/D MODULE INPUT VOLTAGE RANGES
The A/D module can be set up to read the voltage ranges shown in

Table 2-A by implementing the proper jumpering options. Figure 2-3,

88-ADC Silkscreen, shows the locations for the jumpering options listed.

When utilizing one or more 88-MUX cards in a system, it is imperative
that the selected voltage range is the same for the A/D module and the

88-MUX amplifiers. (Refer to Section 2-4.)
WARNING

When installing the jumper wires, be sure not to short any

lands together or form solder bridges.

88-ADC & MUK
April, 1977
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Table 2-A. A/D Module Input Voltage Ranges

A/D MODULE LS;" Additional
INPUT VOLTAGE RANGE a1 |42 fa3 Jaa |us Procedures
0 TO +5v X1 x4 X G
0 TO +10v X | x
BIPOLAR )
-5 TO +5v X 4 X
(Std. Config.) Y
-10 TO +10v | x 1 X Drill out
(No MUX) : D1
X = JUMPER INSTALLED

NOTE
J3 and J4 jumpers have a common pad labelled J3/J4 on the
board. Only one end of J5 is labelled. The other end of,
J5 is found directly to the right of the square pad going
to the A/D module, pin 6.

) §az LGS R
iiH g

3 e S

) W
L

ADS21

—

7
-

|

Figure 2-3. 88-ADC Silkscreen
- (Jumper Locations)

2-4. 88-ADC_INPUT RANGES USING MULTIPLEXERS
The standard configuration of both types of multiplexers provides
for the (-5v to +5v) voltage range at each amplifier input. Other input

ranges can be set up by ngecting the proper resistor values on the
multiplexer. Either multiplexer is capable of processing signals over

a maximum 15v range. Table 2-B lists the possible ranges and the corres-
ponding resistor changes.

38-A0C & MUX
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Table 2-B. 88-ADC Input Ranges Using Multiplexers N {
88-ADC 24 Channel MUX 8 Channel MUX
INPUT VOLTAGE RANGE (88-MUX) (88-ADC)
R135 R138 R26 R24
UNIPOLAR ‘;fl:’ ¢
0 TO +5v 5.2 | 4.3K 180~ | 6.8k
0 TO +10v
BIPOLAR .
-5 TO +5v 18.2K Not 1K 2.2K
(std. Config.) Used

Since both multiplexer systems are limited to a maximum input vol-
tage range of 15 volts, the (-10 to +10v) range cannot be multiplexed
directly. There are two methods that can be implemented to handle this
range. First, the A/D module can convert over this entire voltage
range without multiplexing if the signals are input via pins 1 and 2 on .
connector P1 (or an gxternal multiplexing system can interface at this
point). The second method is to scale down all voltages accordingly,
using an 88-MUX based system. For example, if the input voltage divider
network resistors of an 88-MUX card are properly chosen, an external
signal range of (-10v to +10v) will appear as a (-5v to +5v) range to
the 88-ADC card.

The following example references compenents on an 88-MUX card
amplifier #1. Refer to the 88-MUX schematic, Figure 3-3, at the end of
Section III. Use the formula for a voltage divider:

Vour = Vin(Ra)/(Rg + Ry)

Scaling down the input voltage range will always reduce accuracy by an
appropriate factor. In many cases, however, the increase in allowable
voltage span will more than compensate for this error.

88-ACC & MUX
April, 1977 15



\“‘\\JL ’ "\‘:)
v JJQ Example 1: Suppose a (-20v to +20v) span is desired. Scaling by
&QD a factor of 4 will give the best accuracy over the total
range.
Voltage Divider Formula: VOUT = VIN(R3)/(R3 + R4)
Desired Voltage: VOUT = by, VIN 20v

Thus, 5 = ZOV(R3)/(R3 + R4) and 1/4 = (R3)/(R3 + R4)

To keep the input impedance relatively high, choose R3 = 1 Megohm.
(174 = 1 Megohm/(1 Megohm + R4), thus R, = 3 Megohms.) The source impe-
dance has a significant factor on accuracy, especially as it becomes
large. Referring to Figure 2-4, the % error can be calculated as follows
(neglecting amplifier loading effects):

VOUT(theoretical) = VIN(RB)/(R3 + R4)

Vourlactual) = ViNRg)/ (R + Ry + R)

where Rs is the source impedance.

R4
AN \N—

.

2
§ 0

Figure 2-4. % Error In Scaling

16 38-ADC & MUX
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Thus, the % error introduced to the system by adding a scaling network
can be stated as follows:
% error =<lV0UT(theoret1’ca1) - VOUT(actuaU') X 100

|V0UT(theoretica1)|

and from Example 1,
VOUT(theoretical) = 20 volts (1 Megohm)/(1 Megohm + 3 Megohm) = 5v

VOUT(actual) = 20 volts (1 Megohm)/(1 Megohm)/(1 Megohm + 3 Megohm + Rs)
20 volts (1 Megohm)/ (4 Megohm + Rs)

Thus, the % error

(ls volts - 20 volts (1 Megohm)/ 4 Megohm + RS)DX 100

| 5 volts |
and if R_ = 10 ohms, then % error = .00025%
Rs = 100 ohms, then % error = .0025%
Ry = 1000 ohms, then % error = .025%

The A/D module error is .0244%. The total board error is the sum of the
module error plus the scaling error. For this example, as RS becomes
larger than 100 ohms, the source impedance causes an increasingly signi-
ficant portion of the total board error.

Generally, the lower the source impedance or the higher the scaling
resistors, the smaller the % error factor. Beyond a certain point, how-
ever, an increase in scaling resistor impedance will begin to introduce
noise. 10 Megohms is the largest recommended value for R3 or R4.

NQTE
The preceeding calculations are identical for scaling voltages
on other amplifiers of the 88-MUX card. R7 and R8 replace R3
and R4, respectively, for amplifier #2, and so on.

88-ADC & MUX
April, 1977 : 17



2-5. 88-MUX GAIN

For very small signal levels, an increase in voltage gain (unity
is standard configuration) will improve the voltage span seen by the
A/D module. Any gain may be specified from 1 up to 1000 by using appro-
priate resistor values. The channels can be set up independently for
different gain factors. Gain of amplifier #1 is given by:

GAIN = V

v

our = Ry F Ry ¥

IN Ry

Thus, neglecting divider effects from R2 and R3, a value for R4 and R]

can be computed.

Example 2: If the input signal is a 10 Mv (.01 volt) level, a factor of
1000 will increase the signal to 10 volts. (Gain factors
larger than 1000 are not recommended. )

Thus, 1000 = R] + R4
Ry
If R4 = 1 Megohm, then 1000 = R1 + 1 Megohm
Ry

1000 R] + R1 = 1 Megohm

999 R, = 1.00 X 10° and R, ~ 1K ohm

Note that R4 should never be greater than 1 Megohm and at this gain fre-
quency considerations will 1imit the amplifier's response at around 1
KHz. (Signals changing at rates faster than this figure may be inaccu-
rately buffered.)

Gain factoring can also be accomplished at the 88-ADC input buffer
amplifier by selecting R3 and R4 in the same manner as above. A1l
channels are affected in this case.

* Gain is unity when Ry is removed from the circuit.

88-ADC & MUY
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2-6. 88-ADC INPUT BUFFER AMPLIFIER
An optional instrumentation amplifier (differential configuration)

may be used in place of the input buffer amplifier which is already on-
board. [For §ggll,signal_gpgli§§§jgg§M(1ess than 50 mv), the 88-ADC
should be specified with option #1. [jﬁgﬁAg§glﬁinstrumentation amplifier
can successfully track as low as(Tmy (.001 volt]s Capability is also
provided for differential inputs by uti]izingia modified §§;Mux,board.
The modification consists of opening up 24 drill-holes in the analog
ground lines (GA1, GAZ, . . . etc) and using a special interface cable

(48810-303). By utilizing such a differential system, noise immunity

S twv

may be increased significantly when rapidly changing signal levels are L
being read on adjacent channels. -

/ : Y |
2-7. ZERQ ADJUSTMENT ‘fiil -fv“' 0é$;/// L9

o~

For unipolar zero adjustﬁent, follow these instructicns: Lo
a) Set a reference power supply to +O.gg!§ volts and connect to
multiplexer channel #0. '9;1 |
b) Enter Program 2-I, MUX Isolation Test (page 20), with the appro-
priate parameters to loop on channel #0. :

GSS;S\ ¢) While Program 2-I is running, adjust pot R1 for a zero output

reading.
) Repeat steps b) and c) if necessary.

For bipolar zero adjustment, perform steps a) through d) except set the
input signal level to -4.9988 volts.

\j_“l
AN
N
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10
20
30
50
60
65

68

40 &10

This program will read up to 96 channels with an 88-MUX

Program 2-I,

MUX Isolation Test

system, up to 8 channels with the on-board 8-channel MUX,

or directly through the 88-ADC without a multiplexer.
SA is the number of samples desired at each channel.

REM TO READ ONLY ONE CHANNEL CHANGE 70 :

REM DELETE STATEMENT 240

REM CH.# IS THE LAST CHANNEL YOU WANT TO TEST

INPUT"ENTER VI'";VI -
INPUT"ENTER BIAS';BIAS °
INPUT"CH.#'";CN
INPUT''ENTER_ SAMPLES" ; SA
FOR I=0 TO CN

72
75
80
90

100
110
~>120
130
140
150
160
170
180
195
200
210
220
230
235

240

PRINT:PRINT"'CH.#"; 1

FOR J=0 TO SA

OUT130,0

OUT131,2S5

OUT130,4
0UT128,0 .

OUT123,255

OUT128, 4
0UT134,0
OUT135,0
OUT134, 4
0UT132,0
0UT133,0
0UT132,4

peT 138,35

ol Yt

sor )2F 94

A,") (,V;

H

U

Ni %~

FYARBEIEERUIN

2,27

YRR

OUT131,I:0UT129,1
MS=1INP(133) :LS=INP(135)

V={((16*MS+((LS/16)AND 15))*VI/4095)-BIAS

PRINTV;
NEXT J
NEXT I

SELECTED
V. SPAN VI BIAS=
0® Sv 5 0
0#10v 10 0
-5®=+5v 10 5
-10"™=+10v | 20 10
No MUX

I = (DESIRED CH.#) AND

88-ADC & MUX
April, 1977



2-8. SOFTWARE

The 88-ADC board can be utilized in one of several different con-
figurations. Depending on system requirements, one configuration may
have considerable advantages over another. Two easily implemented
schemes (A and B below) are briefly presented in this section to aid
the user in selecting the most useful configuration for his particular
system.

Note that in both methods it is possible to configure the board to
handle interrupts following the normal jumpering scheme for vectored
interrupt lines. The interrupt can be generated from the 88-ADC module
itself or from an external piece of equipment with a "trigger" signal.
A. Standard Configuration

This method is employed more often since it is more versatile in
application, especially for persons programming in BASIC. It is appli-
cable to all systems not requiring synchronization to an external event.
If the system program is written entirely in BASIC (no machine Janguage),
Program 2-1 can be utilized. The advantages of Program 2-1 include ease
of programming and debugging. The major disadvantage is speed (maximum
sample rate between samples is almost one second). For many applica- ‘
tions, this sample rate is toco slow and a high speed program would be

more useful.
Three possible variations (1isted below) can be implemented with

this method. Sample Programs 2-II through 2-V contain the necessary
information to apply any of these approaches to a particular system.
These sample programs are found on pages 24 through 31.

1. a true "machine" language program which is fast but more complex
to write, especially if data manipulation must be done in this
form

2. a "hybrid" program written in BASIC which accesses a USR (user-
called) machine language "acquisition” program

3. ‘"real-time" output to a smart terminal

Utilization of the machine language acquisition results in a maxi-

mum sample rate of approximately 65 microseconds. Sample Program 2-II
is an example of the first variation (without data manipulation) and

Sample Program 2-III is an example of the "hybrid" version of Program 2-II.

88-ADC & MUX
April, 1977



In both sample programs (2-IT and 2-111), approximately 45 micro-
seconds are used for storage of each data sample (two bytes), followed
by the start of the next conversion, and "housekeeping" functions (i.e.
checking if the data block is filled). This leaves only 20 microseconds
for data manipulation if the maximum A/D rate is to be maintained. Thus,
the second variation (hybrid) is probably more versatile since the max-
imum sample rate is maintained and data manipulation is more easily
handled in BASIC.

If the third approach is implemented, interrupt flag IRQA may be
useful. The terminal must be able to interpret which of the two bytes
are LSB/MSB. Also, in a steady output stream, the terminal should know
which bytes 1link together to form one sample.

B. Synchronous Mode

The second method utilizing the 88-ADC makes use of an external
event or "SYNC" pulse to initiate each conversion, thus "slaving" the
88-ADC to an external "trigger" signal. Only one conversion is completed
for each trigger pulse, eliminating the processing time during intervals

of irrelevant data. This occurs with a slight increase in the maximum
acquisition rate, approximately 78 microseconds between samples.

To implement this scheme, the status of the IRQ flags are monitored
without allowing another start until the in-process conversion has been
completed. The external trigger for CB1 is input via P1 pin 9 and should
be standard logic Tevels (LOW ¢ .8 volts, HIGH % 2 volts).

The Std. Config. Mode can also be initiated by an interrupt (or by
doing a status check of the CB1 flag). A "burst" of data is input and
handled as previously described. However, the burst may contain more
data than is required, resulting in excessive handling time.

Program 2-V is the "hybrid" version of Program 2-1V.

88-ADC. & MUX
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C. The following hints are important when designing any 88-ADC program:

1.

88-ADC & MUX
April, 1977

The last four bits of the LSB byte in each sample should be
masked out when reconstructing samples.

If interrupts are enabled from the CBl1 "trigger® Tine, care
should be taken to insure sufficient processing time is

allowed between trigger words, or system errors will result.

In the Synchronous Mode (B), the status check for the trigger
word is approximately 18 microseconds long. If the trigger word
is "out-of-sync" to the time when the program enters the status
check loop, the maximum sample rate may be extended by 13
microseconds.

Referring to the block of NOP instruction in Programs 2-1I and
2-1V, the delay time must be included or the data conversion
will not be completed at the time when data is read and stored
by the CPU.

23



D. Notes for Sample Progéams 2-11 Through 2-V

(:) START ADDRESS - These two bytes specify starting address of the
data block in memory. If only one sample of data is needed, this
address should be two less than the END address.

(:) END ADDRESS - This word is the MSB address byte and represents the
end of the data block in memory (i.e. the last data storage address
is one byte less than this address).

C) IRQB STATUS FLAG - This word initializes PIA 1, enabling or dis-
abTing the IRQB interrupt line. It also determines the desired
active transition (positive or negative going edge) of the trigger
word applied to P1 pin /q It is possible to use this word in the
STD. CONFIG. mode to initiate the data acquisition and is required
for proper operation in the SYNC mode. The trigger signal will
affect the status flag whether the IRQ 1ine is enabled or not.

CONTROL DESIRED DESIRED
WORD TRIGGER INTERRUPT
TRANSITION ACTION
Q06 + IRQB DISABLED
oo4 + IRQB DISABLED
0a7 4 IRQB ENABLED
Q05 + IRQB ENABLED

(:) A/D MODULE STATUS FLAG - This word determines the status of the
A/D module. During a conversion, the CAl line of PIA 1 monitors
the BUSY line of the A/D module which is HIGH during a conversion
and LOW upon completion. If enabled, the falling edge generates
an interrupt on the IRQA interrupt line. The status channel flag
(bit 7) can also be monitored to verify the completion of a conver-
sion, if desired, by using a scheme similar to the status check of
channel 204 in the SYNC program (2-1IV or 2-V).

CONTROL DESIRED DESIRED
WORD TRIGGER INTERRUPT
TRANSITION ACTION
004 + IRQA DISABLED
005 + IRQA ENABLED
24 88-ADC & MUX
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= (&) 8-CHANNEL MUX SETUP - This byte specifies which channel 1is accessed
(000-007) if it is necessary to perform the acquisition through one
of eight channels of the on-board multiplexer. If BASIC is used with
the USR function, it is possible to POKE sequential channel numbers
into this byte each time through the program.

(:) DATA BYTE ORDER - Note the storage order of the two data bytes
(MSB and LSB) in the STD. CONFIG. and SYNC modes. These may be
reversed in some applications, and the major advantage to this
reversal occurs when an interrupt or status flag is used (see (:)
and (:)). A data channel read from the appropriate section of
PIA 1 will always reset bit 7 and the IRQ line for that section
and may affect program timing.

(:) 24-CHANNEL MUX/AD STROBE - The function of this byte is similar to
that of the 8-channel MUX (refer to (§)) for reading the 88-MUX up
to channel 96 (Q00-140).

() REAL-TIME OUTPUT - With the addition of a high speed smart terminal,

- it may be possible to output data in real time (without storage) by
rewriting statement 160, 161 and 164, 165 as shown below:

oLD NEW
160 002 323 where XXX = desired 1/0 channel
161 003 XXX
164 002 323
165 003 XXX

Note that the terminal must keep track of which byte is MSB/LSB
and which bytes should be strung together as one sample point.
(The interrupt lines may be useful for a timing reference signal.)

88-ADC & MUX
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1st Half of Sample Programs 2-II and 2-1V.

OCTAL DECIVAL
' Op. Code
Address Data Address Data (Qctal) Comments
(037) 100 ool 8000 1 LX1B Setup start
101 [ ogo] soo; 0 [DATA]@ address of stored
102 040 800 32 blaock of data.
o 103 | 076 8003 62 o v A
104 000 2004 0 fo]
105 323 8005 21 ouT
106 {2001 8006 128 CH.200
107 323 8007 21 ouT
| 1m0 | [202] 8008 130 CH.202 Pre-initialize
m 323 8009 2n ouT PIAs and define
112 [204] 8010 132 CH.204 as input/output -
13 323 8011 21 ouT devices.
/ 114 | (2061 8012 134 CH.206
115 323 8013 M ouT
116 | [205] 8014 133 CH.205
n7 323 8015 211 ouT
120 [2071 8016 135 CH.207
121 Q76 8017 62 o A
122 377 018 255 {3771
123 323 gg;g“q 2n cut
’ 124 | [201] 129 €4.201
- 135 gzgv; T\ 8021 : 1 ourzbsw~—- !
5 fe03]¥| CH.203-
o 62| s mo Sets up PIAB (A)
120 004 4\ [004] section for 8-
3 323 211 ouT channel MUX ad- ,
132 202 130 CH.202 dress (if used). v
133 076 62 A Sets up FIAD s0 ¥ . ,
134 0s4 44 [osa] ¢B1 line pulses ¢ g '
138 323 2Nn ouT Y each time CH.
136 200 8030 128 CH.200 is output. _ ,
137 Q76 8031 62 ok AviA "auﬁﬁ——sets wp Tor (2 ‘.
140 004 8032 4 00413 status/interrupt X
141 323 8033 2N ouT flag in (8) section
142 204 8034 132 CH.204 from P1 pin 9( V). |
143 076 8035 62 f!' moih Sets up Tor -
144 | (@)oo0s 3036 4 004] (@ status/interrupt ol
145 323 8037 21 GuT flag in (A) section 2
146 206 8038 134 CH.206
147 076 8039 62 My A Selects one of eigng
150 {E)[000] 8040 0 foo0]1 & MUX channels from
151 323 8041 N ouT on-board MUX (if
152 203 8042 131 CH.203 used).
At this point, initialization is complete. The remainder
of the program must be selected as either STD. CONFIG. Mode (A},
Program 2-II or SYNC Mode (B), Program 2-IV.
88-ADC & MUX
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2nd Half of Sample Program 2-1I. A/D Block Storage (STD. CONFIG. Mode)

/
O AU A5

) 29

OCIAL DECIMAL
. Op. Code
Address Data Address Data (Octal) Comments
(037) 153 202 8043 195 JMP Jump to strobe A/D.

154 166 8044 18 [ADD.]
153 037 8045 K}
156 | (©)333 8046 219 INPUT Read (Ws8) data —
157 205 8047 133 CH.205(8B) byte and store.
160 | (B)002 8048 2 STAX B /
161 003" 8049 3 R B 1 MAC Increment store address.
162 219 INPUT Read (LSB) data
163 135 CH.207(A) byte and store.
164 2 STAX 8.
165 3 MR 8 1410 Increment store address.
166 62 = Yl Strobe A/D f0r next
167 0 fooo] @) conversion. (Also set
170 21 out 1 of 24 88-MUX chan-
17 129 CH.201 . [l nels, if used
172 62 B, i Lcad end block store
173 64 {100] (:), ”4& address and compare
174 / 184 cMp B2 to see if block full.
175 202 3z Y If full, jump to end
176 140 [AE)[J.]_1 of program.
177 k)| '
200 0 wiv Y Requirea deiay for
201 0 . conversion to come
202 0 v plete. (Can be

- 203 0 replaced with in-
ggg 8 struﬁtiov;s to mdle

reviously Sto

206 Q data bytes., Out
207 cao aon 0 instruction time to-
210 000 8072 0 tal < 18psec. for
21 303 8073 195 JMp maximum conversion
212 o7 15¢ 8074 |28 r ADD. rate.) Jump back to
213 037 8075 N read.

214 303 8076 195 JUP = Program end. Jump ©O
215 [ ] 8077 [ ] [ ADD-] processing program or
216 8078 do a return.

o

28~ADC & MUX
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S/);jﬁtx‘(’:’ ' { ’ % : ,té‘:
v B S T
\( Sample Program 2-III. Fast A/D - STD. CONFIG. (65us) T
/7 r o ‘,'k
2 VI=10:BIAS=5 Lef
4 INPUT"PL, CN";PL, CN
6 FOP J=0 TO CN: PRINT PRINT"CH.#";J
8 POKE 8040,J:POKE 8055 oJ
10 POKE 8000 1:POKE 8001 0:POKE 8002,32:POKE 8003,62
20 POKE 8004,0:POKE 8005, 211 POKE 8006 128
30 POKE 8007,211:POKE 8008 130:POKE 8009 211
40 POKE 8010,132:POKE 8011 21] POKE 8012,134 -
50 POKE 8013,211:POKE 8014.133:POKE 8015,211 Aot A s
60 POKE 8016,135:POKE 8017,62:POKE 8018, 255 ) e B
70 POKE 8019,211:POKE 8020, 129 POKE 8021 ,211 ?/ﬂefﬁi.?h’
80 POKE 8022,131:POKE 8023,62:POKE 8024, 4
90 POKE 8025,211:POKE 8026,130:POKE 8027 62
100 POKE 8028,44:POKE 8029, 211 POKE 8030,128 e
110 POKE 8031,62:POKE 8032, 4 POKE 8033 21] | é: /7
120 POKE 8034 132:POKE 8035 +62:POKE 8036 4 4
130 POKE 8037 211:POKE 8038, 134 POKE 8039 62
140 POKE 8041,211:POKE 8042,131
150 POKE 8043,195:POKE 8044,118:POKE 8045,31
160 POKE 8046,219:POKE 8047,133:POKE 8048,2
170 POKE 8049,3:POKE 8050, 219 POKE 8051 135
180 POKE 8052, 2 POKE 8053,3:POKE 8054, 62
% 190 POKE 8056, 211 POKE 8057 129
. 200 POKE 8058,62:POKE 8059, 64 POKE 8060,184
210 POKE 8061,202:POKE 8062 140:POKE 8063 31
220 POKE 8064,0:POKE 8065,0:POKE 8066,0
230 POKE 8067, 0 POKE 8068,0:POKE 8069, 0
240 POKE 8070,0:POKE 8071,0:POKE 8072, .0
250 POKE .8073,195:POKE 8074 110: POKE 8075 31
260 POKE 8076,195:POKE 8077,64:POKE 8078, 31
500 POKE 8076 201 e
0 POKE()73 64 POKE 74,31 :REM USR ADDRESS~j) S
600 X=USB{Y)
700 FOR I= 8194 TO 16384 STEP 2
850 LS=PEEK(I+1): MS=PEEK(1)
860 V= ((16*MS+((LS/]6)AND 15))*V1/4095)- BIAS<’
865 IF PL=1 THEN 2000
870 PRINTV, S
900 NEXT I .
1000 NEXT J:END ,
2000 D=36 A -
2010 A=INT(V*5) Pf! N
2020 X=D+A LT
2026 IF PL=0 THEN 2040 L = "
2030 PRINT TAB(X)"+" Al -
2040 GOTO 900 Ik
0K
PL = 1 for PLOT; O for NOQ PLOT
CN = last ch. # to be read
Change statement 2 for proper module voltage range 38-40C & HUX
28 April, 1977



2nd Half of Sample Program 2-IV. A/D Block Storage (SYNC Mode) [76 L

A/D BLOCK STORE {cont.)

QCTAL DECIMAL
Op. Code
Address Data Address Data {Octal) Comments
(037) 153 303 8043 195 JMP Jump to status check.
154 it goss 127 [ADD.]
155 037 8045 k)|
156 ®333 8046 219 INPUT Read (L35) data byte
157 207 8047 135 CH.207(A) and store.
160 @002 8048 2 STAX 8
161 003 8049 3 TNORRE X Increment store address.
162 333 8050 195 INPUT MsS3) data byte
163 205 | 8051 133 | CH.205(B) §:§dsiore?
164 002 8052 2 STAX 8
165 003 8053 3 INCR B Increment store addrass.
166 333 8054 198 INPUT Cneck status CH. 204
167 204 8055 132 CH.204 (wait in loop until Bit
170 027 8056 23 RAL 7.Js set HIGH).
k4! 322 8057 210 JNC ©)]
172 166 8058 118 [ADD. ~13ps
173 037 8059 kil
174 076~ 8060 62 807 Strobe A/U for next
175 | (7)000——8061 o | [000] @) .| conversion. (Also set
176 323 8062 211 | GUT 22| 1 of 24.88-MUX chan-
177 201 8063 129 CH.201" r nels, i1f used) -
290 076 80€4 €2 -~ - Load end block store
201 @100 8065 64 (1001 @ address and compare to
202 270 8066 184 curs see if block full. If
203 312 8067 202 37 fuil, jump to end of
204 222 8068 146 [ADD.J—- program.
208 037 8069 3
206 000 8070 0 Required delay for
207 000 8071 0 conversion to complete.
210 000 8072 Q (Can be replaced with
211 000 8073 0 instructicns to handle
212 Q00 8074 0 previously stored data
213 000 8075 0 bytes. But instruction
214 000 8076 0 time totals 18usec. for
215 000 8077 0 maximum conversion rate.)
(037) 216 000 8078 0 Last dela L)
217 303 8079 195 | _awe e e ™
220 156 8080 110 [ADD.]
221 037 8081 31
223 [ ] 8083 " ] [ADD.:\ processing program or
224 8084 - do a return.

88-ADC & MUX
April, 1977
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Sample Program 2-V. Fast A/D - SYNC Mode (78us)

2 VI=10:BIAS=5

4 INPUT "PL, CN";PL, CN

6 FOR J=0 T0 CN:PRINT: PRINT"CH.#"3J

8 POKE 8040,J:POKE 8061,J

10 POKE 8000 1:POKE 8001 ,0:POKE 8002,32:POKE 8003,62
20 POKE 8004,0:POKE 8005, 21] POKE 8006 128
30 POKE 8007,211:POKE 8008 130:POKE 8009 211
40 POKE 8010,132:POKE 8011,211:POKE 8012,134
50 POKE 8013,211:POKE 8014,133:POKE  8015,211
60 POKE 8016,135:POKE 8017,62:POKE 8018,255
70 POKE 8019,211:POKE 8020,129:POKE 8021,211
80 POKE 8022,131:POKE 8023,62:POKE 8024,4

90 POKE 8025,211:POKE 8026,130:POKE 8027,62 \
100 POKE 8028,44:POKE 8029,211:POKE 8030,128

110 POKE 8031,62:POKE 8032,4:POKE 8033,211 ~
120 POKE 8034,132:POKE 8035,62:POKE 8036,4

130 POKE 8037,211:POKE 8038,134:POKE 8039,62 h
140 POKE 8041,21]:POKE 8042,131

150 POKE 8043,195:POKE 8044,127:POKE 8045,31
160 POKE 8046,219:POKE 8047,135:POKE 8048,2
170 POKE 8049,3:POKE 8050, 219 POKE 8051, 133
180 POKE 8052, 2 POKE 8053,3:POKE 8054, 219
-\ 190 POKE 8055,132:POKE 8056 23:POKE 8057 »210
N\ 200 POKE 8058,118:POKE 8059,31:POKE 8060,62
- 210 POKE 8062,211:POKE 8063,129
220 POKE 8064,62:POKE 8065, 64: POKE 8066,184
- 230 POKE 8067,202:POKE 8068 146:POKE 8069 31
N 240 POKE 8070,0:POKE 8071,0:POKE 8072,0
. 250 POKE 8073,0:POKE 8074 0:POKE 8075,0
3 260 POKE 8076,0:POKE 8077,0:POKE 8078,0
270 POKE 8079,195:POKE 8080 110:POKE 8081 31
280 POKE 8082,195:POKE 8083,64:POKE 8084, 31
500 POKE 8032,5:POKE 8036,5:POKE 8082, 20] REM SETUP FLAGS&RETURN
__510 POKE 73, 64 POKE 74,31:REM USR ADDRESS
< (600 X= USR(Y)
) 700 FOR I=8194 TQ 16384 STEP 2
850 MS=PEEK(I+1):LS=PEEK(I)
a 860 V=((16*MS+((LS/16)AND 15))*VI/4095)-BIAS
BN 865 IF PL=1 THEN 2000
870 PRINTV,
900 NEXT I
1000 NEXT J:END
2000 D=36
2010 A=INT(V*5)
2020 X=D+A
2026 IF PL=0 THEN 2040
2030 PRINTTAB(X)"*"
2040 GOTO 900

S

0K
PL = 1 for PLOT; O for NO PLOT
CN = last ch. # to be read

Change statement 2 for proper voltage range

88-ADC & MUX
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The following timing diagram is given for SYNC Mode (B)
with statements 140 and 144 = 005 to enable interrupts.

— STROBE TIME -
»
A/D
STROBE
TRQA
ENABLED
( ) et 38S (300ns)
CONVERSION DATA BYTE (A)
COMPLETED READ
DATA BYTE NEXT “TRIGGER"
(B) READ ACCEPTED
— 48us 4us min.
IRQB (4us min.)
(ENABLED)

*STD. CONFIG. : 65usec. MIN
SYNC Mode . 78usec. MIN, not including 13usec. unknown
"window" (see text)

Figure 2-5. Timing Diagram for SYNC Mode

88-ADC & MUX
April, 1577
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2-9. MOS IC SPECIAL HANDLING PRECAUTIONS

There is one MOS integrated circuit on the 88-ADC board, IC U.
The IC is very sensitive to static electricity and transient voltages.
In order to prevent damage to the component, read over the following

precautions and adhere to them as closely as possible.

FAILURE TO DO SO

MAY RESULT IN PERMANENT DAMAGE TO THE IC.

a)

b)

e)

32

A1l equipment (soldering iron, tools, solder, etc.) should be

at the same potential as the PC board, the assembler, the work
surface and the IC with its container. This can be accomplished
by continuous physical contact with the work surface, the com-
ponents and everything else involved with the operation.

When handling the IC, develop the habit of first touching the

conductive container in which it is stored before touching the
IC itself.

If the IC has to be moved from one container to another, touch
both containers before doing so.

Do not wear clothing which will build up static charges. Pre-
ferably wear clothing made of cotton rather than wool or syn-

thetic fibers.

Always touch the PC board before touching the IC to the board.
Try to maintain this contact as much as possible while instal-
1ing the IC.

Handle the IC by the edges. Avoid touching the pins themselves
as much as possible.

Dry air moving over plastic can build up considerable static
charges. Avoid placing the IC near any such area or object.

88-ADC & MUX
April, 1977
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3-1. GENERAL

Section III provides a detailed theory explanation of the circuit
contained within the 88-ADC and 88-MUX boards, including a description
of the logic symbols used in the schematics.

Although most applications will utilize either the 8-channel or 24-
channel multiplexer system, the input signal for the 88-ADC board can
bypass the multiplexer system independently through connector P1. This
section will describe how the input signal can enter directly through
P1, through the 8-channel multiplexer on the 88-ADC board, or through
the 24-channel 88-MUX board.

3-2. LOGIC CIRCUITS

The logic circuits used in the 88-ADC (Figure 3-2) and 88-MUX
(Figure 3-3 and 3-4) schematics are presented in Table 3-1. The table
provides the functional name, symbolic representation and brief descrip-

tion of each logic circuit. Where applicable, a truth table is furnished

to aid in understanding circuit operation. The active state of the
inputs and outputs of the logic circuits is graphically displayed by

small circles. A small circle at an input to a logic circuit indicates :

that the input is an active LOW; that is, a LOW signal will enable the
input. A small circle at the output of a logic circuit indicates that
the output is an active LOW; that is, the output is LOW in the actuated
state. Conversely, the absence of a small circle indicates that the
input or output is active HIGH. Note that LOW active signals are
written with a bar on top and the absence of such a bar signifies an
active HIGH signal level.

88-ADC & MUX
April, 1977
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Table 3-A. Symbol Definitions

NAME LOGIC DESCRIPTION
SYMBOL
NAND gate The NAND gate performs one of the
| fundamental logic functions.
A — A1l of the inputs have to be enabled
B — Y (HIGH) to produce the desired (LOW)
N-——- output. The output is HIGH if any
Y = BT of the inputs are LOW.
Inverter _ The inverter is a device whose
A A output is the opposite state of
the input.

Non~Inverting
Bus Driver

The non-inverting bus driver is a
device whose output is the same
state as the input. Data is enabled
through the device by applying a
(LOW) signal to the E input. When
isabled, the outputs enter a high
impedance state.

Operational E— The operational amplifier is a
Amplifier : device that is operated as a buffer
— for analog (Tinear) signals.
CMOS Inputs Qutput The CMOS multiplexer outputs one of
Multiplexer : eight input channels, depending on
— the code received at the channel
"‘: select Tines.
—
—
—1 O
— :3\ —— Channel
— —— Select
L Lines
Enable Line
continued
% 88-ADC & MUX

April, 1977




Table 3-A. Symbol Definitions (Contd)

NAME LOGIC DESCRIPTION
SYMBOL

| oo —

pual Inputs Qutputs A monostable multivibrator has but
Retriggerable one stable state from which it can
Monostable r——f==F=\ be triggered to change states for
Multivibrator Aﬁﬂﬂl_‘A Jl_ o a predetermined interval. External

g capacitance and resistance are
—B i

selected to achieve a desired pulse
width. Retriggerable means that
before the output pulse is termi-
nated, the input can be triggered
)“7 again, allowing output pulses of
long durations. The A input must
go LOW while the B input is held
HIGH to initiate an output pulse.

J-K Dual The output of this flip-flop can be
Flip-Flop ‘ I modified by conditioning the J and
with Clear K inputs HIGH or LOW. Data is trans-
K Jd ferred to the output on the falling
—} CLR CLKO———— edge of the clock pulse. The CLEAR
Q

(CLR) input overrides the CLOCK (CLK)
and DATA inputs and sets the Q out-
put LOW.

3-3. 88-ADC INPUT BUFFER AMPLIFIER (Figure 3-2)

The input signal origin for the 88-ADC is through connector P1,
pins 1 and 2 (zone D3). (P1 pin 1 = (+) input, and P1 pin 2 = around. )
The voltage gain from the buffer amplifier (Icygf zone C3) is given by
the ratio VOUT'= V(R3 + R4)/R3 and is strictly a function of R, and R4
where VOUT = yoltage out of amplifier (IC B) pin 6 and V = voltage
present at pin 3. If R3 is not installed, the gain will be unity which
js the standard configuration. Input scaling can be realized by proper
selection of R5 and Rg as given by V = VIN(RS)/(RS + Rs) where V., =
voltage at P1 pin 2 and V = voltage at amplifier (IC B) pin 3. Re and
C7 can be selected to provide the desired roll-off response.

88-ADC & MUX
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3-4. A/D MODULE (Figure 3-2)

The A/D module (see Figure 3-1, A/D Module Internal Block Diagram)
is operated as a successive approximation register with the following
internal sections: clock, binary counter/shift register (CSR), digital
to analog converter (DAC) and comparator circuit. On the leading edge
of a positive going START conversion pulse pin 34 (zone C5), the BUSY
signal pin 33 is latched and the most significant bit (MSB) pin 72 (zone
C4) of the (CSR) is set up to be tested first. The MSB is set True,
resulting in a corresponding (DAC) output. The DAC provides an analog
output voltage which is dependent on the binary code input. This analog
voltage output is compared to the input signal within the comparator and
a digital True (1) or False (0) signal is clocked into the proper bit
Tocation in the (CSR) register. The process is then repeated, using the
next most significant bit. This results in a string of True or False
binary weighted bits which are shifted into the register until the least
significant bit (LSB) has been "tested" and the comparator toggles True.
Completion of the (LSB) test indicates "equality" of the digitally
encoded DAC output and input signals. Once the LSB has been "tested,"
the BUSY signal goes LOW and the digitally coded voltage may be read
as valid. Note that during “"conversion" time, the data output lines
will be toggling back and forth between HIGH and LOW states and will not
be stable until after the LSB has been tested and the BUSY signal goes
LOW.

38
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BUSY SIGNAL
et

~
ONTROL START SIGNAL <
CLOCK CIRCUITRY
l ‘ t ANALOG COMPARATOR
, WITH DIGITAL
12-BIT COUNTER/ OUTPUT :(
SHIFT REGISTER ANALOG
MSB LSB INPUT
DIGITAL g VOLTAGE
QUTPUTS =
(12 BITS) ™

12-BIT DAC

N
>

Figure 3-1. A/D Module Internal Block Diagram

3-5. CONTROL SIGNALS (Figure 3-2)

card selection for the 88-ADC is accomplished by ICs G, H, J and K

(zones B6, B7 and A7).
address code as shown in Table 3-B.

Jumpers I3 through I7 are used to establish the

Table 3-B. Address Selection
JUMPER ADDRESS 1/0 ADDRESS EXAMPLE :
LINE (DECIMAL) | CHANNEL # =
13 A3 8 A3
14 Ad 16 1Yy .
15 A5 32 A5 » = Octal 200
— or Decimal 128
16 A 64 AG (std. Config.)
17 A7 128 A7

88-ADC & MUX
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NAND gate G pin 11 and pin 8 (zone B6) generate input or output
signals to or from the CPU, respectively. These signals are used to
enable the bus output drivers S and P (zone A5 and A4) and input drivers
S and R (zone A3). They are also used to strobe the R/W lines on PIAs
M and N pins 21 (zone B4 and B3, respectively). The R/W line determines
in which direction data will flow through the PIA. The output of G pin
6 (zone B6) sets the CS1 control lines HIGH on PIA-M and PIA-N pin 24
on either an input or an output and this enables the PIA.

Upon receiving a Read command, the PDBIN signal is inverted to the
input of NAND gate G pin 1 (zone B6). With a Write, the PWR signal goes
directly to input pin 2 of G. The output of G pin 3 strobes the "E"

Tines pin 25 of the PIAs with a positive going pulse. The "E" pulse
strobes data or control signals into the PIA internal registers.

A WAIT state must be introduced during an input to the CPU from the
88-ADC because of the inherent slowness of the PIA latches as compared
to the CPU speed. This is accomplished by ICs G, E, F and H. When the
E flip-flop (zone C6) 1s set HIGH, the Q output pin 13 goes LOW, causing
PRDY to remain LCW and a temporary HALT in processing occurs. The PWAIT
line, returning from the CPU, will be set HIGH after one WAIT state (500:
ns.) This clears the E flip-flop through ICs F and H (zone C7) and
processing resumes. :

The E flip-flop and PIAs M and N are also cleared with a Powerlﬁh‘:x
Clear (POC) command from the CPU card during the power up condition.

The lower order address lines Ap (LSB), Al and A2, which comprise the -

last byte of the channel address, are decoded by PIAs M and N to provide
the access pattern shown in Table 3-C. For example, an output command ,
to channel 131 would decode Tines A2=LOW, AT=HIGH and AO<HIGH. Thus, ./
PIA-N, Section A, Data Channel is selected. |

o
]2

-
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Table 3-C. Channel Address vs. PIA Enables

(A2) PIA @ (A2) PIA 1
Enabled Enabled
Binary Address Code Binary Address Code
(AT) Section B | (A1) Section A7 (AT) Section B (A1) Section A
(A3) Status
Channel
Binary Address 128, 130 132 134
Code™
- (A@) Data-
Channel
Binary Address 129 131 133 138
Code™

*Decimal Address

To begin conversion, the D one-shot (zone C6) is used to generate
the START pulse to the A/D module. The standard configuration of the
88-ADC board uses the CBZ line pin 19 (zone B2) of PIA-N to strobe the
D one-shot. The proper initialization codes (Program 3-1, page 43) must
be received by the PIA.

These codes may be modified as described within the sample program
in Section 2-8, although the START pulse always consists of a LOW going
transition of CB2.

The START signal can generate one BEGIN CONVERSION command (100ns
minimum), but the conversion must be completed and processed before
another pulse is appiied. The time is dependent on the software being
utilized, from ~65usec. in STD. CONFIG. up to ~1 sec. using BASIC only.
The STATUS line (P1 pin 8) can be monitored, indicating whether the A/D
module is busy or ready to accept another conversion command. However,
software processing is asynchronous to the hardware STATUS signal so
caution is advised for real time high speed operation. For true monitor
capability, the card can be set up as described in Section 2-8(B),

Synchronous Mode.

38-ADC & MUX
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The binary address code for the desired multiplexer channel is
latched by PIA-N. The MA@ through MA7 signals (zone B2) can be set to
0 or 1 by generating the proper output code (Table 4-A, page 55) to the
PIA. These signals are output on connector P1 for use by the 88-MUX
card(s).

The PA@, PAl and PA2 signals (zone B2) are generated in a similar
manner to MA@ through MA7 and these are input to the 8-channel multi-
plexer, IC U, on the 88-ADC board. These signals from PA@, PA1 and PA2
select one of eight input channels, AXO through AX7, which are input via
connector P2 (refer to Table 4-B, page 63). Input protection for the
88-MUX is provided by diodes D1 through D16 (zone D1), resistors R16
through R23 (zone D2), resistors R24 through R28 and transistor Q2.
Voltages larger than the supply voltages for the multiplexer IC U are
"clamped" by this circuitry.

3-6. 88-MUX 24-CHANNEL MULTIPLEXER (Figu&é'3—3)

The CMOS 4051 Multiplexers (zones B7, B5 and B2) are controlled by
means of the A, B, C and EN inputs. MUX-A is enabled for channels 0
through 7, MUX-B is enabled for channels 8 through 15, and MUX-C for
channels 16 through 23. The EN signal pin 6 allows coupling of one of
eight channels through the proper MUX IC to its output pin 3. Pins 3
of the three multiplexer ICs A, B and C go directly to the output buffer
amplifier and to P1 pin 5, the MUX 1 output signal. The A, B and C
signal pins 11, 10 and 9, respectively, select the binary code for the
particular channel desired. Refer to the table in Figure 3-4, zone Bl
and B2,

3-7. PIA INITIALIZATION AND DATA INTERPRETATION

It may also be useful to refer to Section 2-8 before reading this
section.

In order to read the 88-ADC card, the PIAs must be initialized for
data flow direction and control signal flags. Program 3-I is an example
of 8K BASIC PIA initialization for an 88-ADC board strapped at channel
128. Note that the channel and data numbers are in decimal.

88-ADC & MUX
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pRLOTE

G%V/ .J’L, Program 3-1. PIA Initialization

dai oo

v é ot fw/’”A J‘i,’;p oU]g)ﬁ_AH ]

80 OUT Q;Q}Zpg}” L e o8
285t o

90 OUT 131,255§ ¢ ;7 In1t1a11ze PIA ﬂ B Section for 24 Channel
100 OUT 130.4f it et T it MUX Selection
110 OUT 128,0 o (701
—~>J20 OUT 129,255 é?w”'”UQW' Initialize PIA P-A Section for 8 Channel
130 OUT 128,4-. vé’y’ i MUX Selection
140 OUT 134,0 ot and/or Strobe A/D

150 OUT 135,0 Jiﬂff‘r ¥ In1t1a]1ze PIA 1-B Section for Most Significant
160 QUT 134, 49 8 Bits of A/D
170 OUT 132,0

180 OUT 133,0.. }
190 OUT 132,47

Initialize PIA 1-A Sectwon for Least Significant
Bits of A/D

*For each PIA section, the first CH. # represents the Control/Status

Channel, 130 in line 80, and the second CH.# represents either the Data /
_ Channel, 131 in line 90, or the Direction Chann depending on the »
\status word at that t1me For example, if bi f the status word is .

LOW, channel #131 represents the Direction Register and if bxqggi/s "S-

HIGH channel #131 represents the actual Data Channel. Normal the

Direct1on Register will be written into only once in the program

during initialization, From then on, the only channel accessed will be

the actual Data Channel,

) 28

)3 ¢

Al Ao

]/ 3¢
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After processing lines 80 through 190, initialization is complete

and the multiplexer channel can be set up as follows:
8-Channel MUX 24-Channel MJX

200 OUT 131, CH. CH. = (0-7) : 0UT 129, CH. CH. = (0-96)
The second half of statement 200 (OUT 129, X) also strobes the A/D
module to begin a conversion. After approximately 50 microseconds, the
conversion is complete and the A/D module is waiting to be read by the
CPU:

210 MS = INP (133) : LS = INP (135)
The first instruction reads the eight most significant bits, the second
reading the four least significant bits. By adding the voltage factors
for the four least significant bits with masking and "weighting" the
following statement can be written:

220 V = ((16*MS + ((LS/16) and 15)*V1/4095) - BIAS
where VI = input voltage span (5, 10 or 20 volts) and BIAS = 0 for uni-
polar, 5 for (-5 to +5 volts) or 10 for (-10 to +10 volts). Statement
220, when combined with statement210,wi11 calculate an equivalent vol- 4
tage (V) corresponding to the total bit count and total voltage span
desired. For example, for a (0 to +10 volt) range, V1 = 10.0 and BIAS =
0, and the voltage in volts is read out directly.

For only eight significant bits, statement 220 can be rewritten as
follows:

220 V = (16 * MS * VI/4095) - BIAS
resulting in a corresponding increase in processing speed due to the
fact that only one input instruction is required and the computations
are greatly simplified.

88-ACC & MUX
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4-1. INTRODUCTION
Saction IV is designed to aid in the location of malfunctions that
could be encountered after the Altair 88-ADC and 88-MUX boards are
installed in the 8800a or 8800b computer. Before installation of the
board, it should be visually inspected according to the visual inspec-
tion check 1ist. The troubleshooting tests will vary slightly, depend-
ing on whether the 8-channel or 24-channel multiplexer is utilized.
WARNING
Always disconnect power when removing the board, cutting or
resoldering PC lands and removing or installing ICs.

4-2. VISUAL INSPECTION CHECK LIST
Before the 88-ADC or 88-MUX boards are installed, it is important
to check the component assembly and etching of lands. Although the
boards should be assembled correctly, an extensive inspection may elim-
inate possible malfunctions.
1. General
Carefully examine the board for the following:
a. leads that have not been soldered
b. solder bridges
¢. cold solder connections
d. errors such as hairline opens in lands
2. Component Check
Using the silkscreen diagram (Figure 4-1 or 4-2) as a guide,
check the following:

a. proper polarity of capacitors

proper polarity of diodes

correct color codes on all resistors

proper pin placement and good solder connections
proper placement of all components

o Qo O o
. . ] L[]
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4-3. GENERAL CHECK

The following items are important factors to be considered when
troubleshooting the overall system:

d.

50

Has the system worked previously?

A PC assembly error (such as a solder short) is less probable
for a setup that has operated prior to this check, unless the
board has since been modified.

Does the program match the system configuration?

Note that depending on whether the 8-channel or 24-channel MUX
is accessed, the program contents are slightly different. Also,
is the addressing of the A/D correct?

Improper voltages?

Too high a voltage will saturate the input buffer amplifier.

If the A/D card is jumpered incorrectly, the A/D module itself
can be saturated, resulting in an unvarying output near full
scale. "Floating" inputs to the 8-channel MUX will also appear
as saturated. If this is an undesirable feature, unused inputs
to the cable should be grounded. Also, note that time-variant .
voltages can cause unusual results since the computer runs
asynchronous to them.

Is the problem on one or all channels?

This is a very significant factor when troubleshooting. Al1
channels except one, point strongly toward the multiplexer
section rather than the A/D.

UNDER NO CIRCUMSTANCES SHOULD THE A/D MODULE ITSELF BE TAMPERED
WITH.

If the module is suspect, please return the entire card with a

description of the problem for a complete factory checkout.

88-ADC & MUX
April, 1977



4-4, PRELIMINARY CHECK
After visual inspection and installation of the board(s), check the

address and data lines for shorts and opens. A1l the preliminary checks
are implemented with the machine On and in the Stop mode. Each of the
16 address switches on the front panel should be in the down position
initially and switched to the up position individually while positioning
the EXAMINE/EXAMINE NEXT* switch on the front panel to EXAMINE for each
address switch setting. Observe that the corresponding LED is On.

After all the switches are up, return them individually to the down
position, and observe that the adjacent LED is OFF. If one LED fails
during this check, or if several LEDs fail at the same time, there are
possible address problems on the board(s). The board should be removed
and a resistance check made on the bus pins corresponding to the address
lines showing the incorrect indications. If the resistance reading
indicates there is a short or open in the circuit, trace the land from
the bus until the problem is isolated.

Data lines are checked in much the same manner. Address switches
AP-A7 correspond to data lights D@-D7. These address switches are
initially in the down position. Place AP up and position DEPOSIT/
DEPOSIT NEXT** switch on the front panel to DEPOSIT and observe that the
D@ LED is On. Place each of the address switches individually HIGH
while positioning DEPOSIT/DEPOSIT NEXT switch on the front panel to
DEPOSIT NEXT and observe that each corresponding LED comes On. Return
all front panel address switches to the LOW position. Position EXAMINE/
EXAMINE NEXT switch on the front panel to EXAMINE to recall data stored
in the first address. Repeatedly place the EXAMINE/EXAMINE NEXT switch
on the front panel to EXAMINE NEXT. This will enable the machine to
read the data that was stored in the successive memory locations to
verify data was deposited.

If one LED fails during this check, or if more than one LED fails
at the same time, there is a possible data problem on the board(s).

* If the board(s) is being used with the 8800a, the front panel will
read EX NEXT.
** If the board(s) is being used with the 8800b, the front panel will

read DEP NEXT.

g8-ADC & MUX
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4-5. MUX _ISOLATION TEST (8 Channel or 24 Channel MUX System)

a. Remove the 8800-302 cable from the 88-ADC connector P1 if a
24-channel system (88-MUX) is utilized. For an 8-channel
multiplexer system, remove IC U from the 88-ADC board. Refer
to the CMOS Special Handling Precautions on page 32.

b. Connect a stable voltage source, preferably a flashlight battery
(1.5 volt), between pins 1(+) and 2(gnd) of connector P1.

c. Enter Program 4-I to loop on one channel.

88-A0C & MUX
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10

.20
30
50
60
65
68
70
72
75
80
90
100

Program 4-I. MUX Isolation Test

This program will read up to 96 channels with an 88-MUX
system, up to 8 channels with the on-board 8-channel MUX,
or directly through the 88-ADC without a multiplexer.

SA is the number of samples desired at each channel.

REM TO READ ONLY ONE CHANNEL CHANGE 70 : I = (DESIRED CH.#) AND
REM DELETE STATEMENT 240

REM CH.# IS THE LAST CHANNEL YOU WANT TO TEST

INPUT"ENTER VI'";VI
INPUT"ENTER BIAS";BIAS
INPUT"'CH. #" ;CN |
INPUT"ENTER SAMPLES";SA . -
I=0 ' == “(/
PRINT: PRINT'CH. #"; « K
FOR J=0 TO SA

QUT130,0 S)y
OUT131,255

UT130 4w\ 0uT /30, 74

W\

110 00T128,0

120

QUT128,255-ADS 0T 139,25 s

T30 OUTIZ%,3) puT 225 4L
140 0UT134,0

150
160
170
180
195
700
210
220
230
235
0K

OUT135,0
OUT134, 49" auT 39,22

oUT132,0

0UT133,0

OUT132,4 7 ouT 132, 22
OUT131,1:00T129,1

MS=INP(133):LS=INP(135) <

V=((16*MS+((LS/16)AND 15))*V1/4095)-BIAS
PRINTV;
NEXT J .

\\ ?x
SELECTED | op*
V. SPAN Vi= BIAS= yoans?

. ekl

piAs -
(-

0+ Sv S 0
0=10v 10 0
-5%5v 10 S

-10™%10v | 20 10
No MUX '
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4-6.

4-7.

54

a.

If the computer now prints the correct answer, the problem is

within the cable, the multiplexer itself or the channel code

output by the 88-ADC to the 88-MUX.

For problems related to the multiplexer, proceed to the follow-

ing sections, depending on which system you have:
8-Channel system - Section 4-15
24-Channel system - Section 4-6

If the computer still does not print the correct answer, pro-

ceed to Section 4-10. This section is concerned with problems

relating to the A/D module.

CABLE CHECK (24-Channel System)

Visually check the cable assembly carefully for misalignment

and make sure it is firmly seated. Refer to Figure 2-2a, 24-

channel MUX Cable Layout (page 12).

Check for broken or bent pins (shorts) and broken wires.
WARNING

Pins on this connector are fragile and will

break if improperly handled.

repeat Program 4-I.

A/D CHANNEL CODE CHECK

It may be necessary to remove and re-seat the connector and

If the system still fails, the A/D channel code must be checked.
These signals (MAP through MA7) are output from the 88-ADC (IC N) as
standard logic levels and should foliow the standard binary code which
is dependent on the channel number input to Program 4-1I.

a. Referring to Table 4-A, check these signals at the 100-pin edge
connector on the top of the 88-MUX card.

b. If the code is correct, proceed to Section 4-8.

c. If the code is not correct, substitute IC M for IC N. _

d. If the code is now correct, replace the bad PIA. If the code

is still incorrect, refer to Section 4-13, PIA Check.

38-ADC & MUX
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Table 4-A. Binary Channel Code
SELECTED MAD MA1 MAZ MA3 MA4 MAS MA6 MA7
CHANNEL #| (pin 16)|(pin 17)|(pin 18)|(pin 20)}(pin X) | (pin V) (pin U) | (pin T)
0 L L L L L L L L
1 H L L L L L L L
2 L H L L L L L L
3 H H L L L L L L
4 L L H L L L L L
5 H L H L L L L L
6 L H H L L L L L
7 H H H L L L L L
8 L L L H L L L L
9 H L L H L L L L
10 L H L H L L L L
11 H H L H L L L L
12 L L H H L L L L
13 H L H H L L L L
14 L H H H L L L L
15 H H H H L L L L
16 L L L L H L L L
17 H L L L H L L L
18 L H L L H L L L
19 H H L L H L L L
20 L L H L H L L L
21 H L H L H L L L
22 L H H L H L L L
23 H H H L H L L L
Corresponding
Signal Names A B C BEN CEN

HIGH level (True) = +(2 - 4)v.D.C.
LOW level (False) = +(.2 - .6)v.D.C.

83-ADC & MUX
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4-8. 88-MUX CHECK (4051)
If the channel code is correct, and the problem has been isolated
to the 88-MUX, it is necessary to check the multiplexer ICs A, B and C.
a. By repeating Program 4-I and referring to Table 4-A, the correct
code should be seen on each multiplexer IC (A, B or C).
b. Depending on the channel group selected, only one MUX IC should
have pin 6 LOW (enabled). The other multiplexer ICs (pin 6)
should be HIGH (disabled).
c. Pins 9, 10 and 11 should correspond to inverted signals A, B
and C as shown in Table 4-A.

d. If these codes are correct, proceed to Section 4-9.
If these codes are not correct, replace ICs G, F or.E. Insure
that the connector is properly seated and aligned and that all
wires are intact.

4-9. 88-MUX INPUT BUFFERS

The final check of the 88-MUX is the input buffer itself. Note
that there are 24 identical amplifier circuits which are "on line" at
all times. The outputs of each group of 8 terminate at MIX A, B or C.

a. Each buffer circuit can be monitored at its respective MUX IC
pin (1, 2, 4, 5, 12, 13, 14, 15) by applying input signal vol-
tages to the cable. Failure at any pin isolates that particu-
lar buffer circuit.

b. After isolating the respective buffer circuit, check for correct
signal level at input pin 3 of the appropriate (741) operational
amplifier.

c. If the signal is not present, check the cable and connector for
the respective buffer circuit to locate a possible break or
short.

d. If the signal is present but the amplifier does not output the
correct ievel, check for bent or broken components on the res-
pective buffer circuit.

e. If the failure is still present, replace the (741) amplifier.

This completes the 24-Channel MUX troubleshooting section.

88-ADC & MUX
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4-10. POWER SUPPLY VOLTAGES ON THE 88-ADC BOARD
The problem is possibly on the 88-ADC. It is first necessary to
check the supply voltages. '
a. Monitor the following voltages directly on the A/D module
pins, being careful not to short any wires together.

Voltages A/D Module Pins
+5v + .5v DC pin 29
+12v + .5v DC pin 27
-12v + .5v DC pin 25

b. If the voltages are correct, proceed to Section 4-11.

c. If the voltages are not correct, check for 88-ADC board mis-
alignment, power supply failure or regulator failure (7oM12,
78L12 or 7805).

4-11. A/D MODULE START PULSE
If the power supply voltages are correct, check the A/D START signal
with a scope. :
a. IC D pin 13 should pulse HIGH for approximately 150ns each time
the 88-ADC board is read by Program 4-I'(Joop on one channel).
b. The output pulse should be measured on the A/D module pin 34.
If the pulse is correct, proceed to Section 4-12.
If the output pulse is missing, check the input of IC D pin 1
for a LOW going pulse occurring at each program.

e. If the input pulse is present but the output pulse has improper
timing, replace or check R9, C9 or IC D.

f. 1If the input pulse is missing, substitute IC M for IC N and
look for the proper input pulse at DI1.

g. After performing step (f), a good pulse indicates a bad PIA-N or
poor contact in the socket. If this is not the case, refer to
Section 4-13, PIA Check.

4-12. INPUT BUFFER CIRCUIT
a. Connect a stable voltage, preferably a battery, to connector Pl
pin 2 (+) and pin 1 (gnd).
b. The input buffer IC B should track the battery voltage. The

88-ALC & MUX . .
a1 1977 output should appear at IC B pin 6.
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4-13.

Improper tracking indicates a bad input buffer or shorted/
broken resistors R3, R4, or R6.
Voltage present at this point follows through jumpers J1 and
J5. Refer to Table 4-A.
Insure that the voltage level is within the acceptable range
for the jumpering scheme being used.
If the signal level at the module input pin is correct and the
problem still pérsists, proceed to Section 4-13.

PIA CHECK

The following checkout procedure assumes that the A/D module has

correct voltages present at the power supply pins and tracks the input
voltage correctly at module pins 5 or 6. It also assumes negative
results when IC M is substituted for IC N if there is an improper channel
code or missing A/D strobe.

58

a.

Insure that input and supply voltages are present. Temporarily
ground pin 1 of IC D and check for a HIGH at pin 2 of IC D and
run Program 4-I. This should force one conversion pulse to the
88-ADC. '
If PIA-M and its associated control circuitry is functioning
properly, the computer should print the correct voltage for

one trial each time pin 1 is grounded. If the card now prints
the correct voltage, IC M is probably working correctly. Since
IC M and IC N are similar in operation, verify that signals
appearing at IC M also appear at IC N. Verify the following
connections from PIA-M to PIA-N, respectively. Read the resis-
tance with an ohmmeter by placing the probe tips on the IC pin
itself.

O] N
pin 21 to pin 21
pins 24-36, to pins 24-36,
respectively respectively
pin 23 to pin 23

Example: There should be continuity between pin 21 on IC M and
pin 21 on IC N.

88-ADC & MUX
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¢. Check for ground on pin 23 of IC N.

d. Check for +5 volts to pin 20 and a good ground connection at
pin 1 on both PIAs.

e. The Reset 1ine pin 34 of both PIAs should be HIGH. If these
are incorrect, check IC L pins 8 and 10.

£. If the proper voltage is output in step (b), and steps (c)
through (e) show no faults, the associated "CPU Input Cycle"
control circuit and PIA-M are probably operating correctly.
The problem may be in the data bus output lines (DOP through
DO7) or in the control circuitry associated with PIA-N. Failure
to print the correct voltage in step (b) may indicate control
circuitry problems or a bad PIA. Substitute IC M and repeat
step (b), then proceed to Section 4-14 to check the control
circuitry.

4-14. CONTROL CIRCUITRY CHECK
a. Address "Board" Selection Test
1) Program 3-I (page 43) must be run first. Single step through
Program 4-1I. IC J pin 8 should be seen to "toggle" (a]ter-'
nating LOW and HIGH).

Program 4-I1I. Output Program To the 88-ADC Board

Location Data
0oo 07t
001 003
002 323
oa3 201*
ooy 303
0os 0gC
00k 0og

* Channel number for card addressed at 200(octal)

88-ADC & MUX
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2) If pin 8 does not toggle, check address jumpers and ICs J
and K. 7

3) If J8 toggles properly, proceed to the Output Test.

Qutput Test

1) Single step through Program 4-II and observe the following:

Test Point Toggled Signal ("Actuated" State)
J8 LOW
H8 HIGH (inverted J8)
G8 LOW
R1 LOW
R15 LOW
S15 LOW
M21 LOW
N21 LOW
Gé HIGH (inverted G8)
M24 HIGH (inverted G8)
N24 HIGH (inverted G8)

2) When G8 goes LOW, data on the DP through D7 lines of both
PIAs should correspond to the binary coded data output in
location 001 of Program 4-11.

3) Change the data in this location and step through Program
4-1I. Verify that the data changes correspond on pins 26
through 33 of both PIAs.

Example 1: For location 001, Data = 001.

DP Tine pin 33 of both PIAs should go HIGH when G8
goes LOW. A1l other lines (D1 through D7) should
be LOW at this time.

Example 2: For location 001, Data = 003.

0@ and D1 lines pins 32 of both PIAs should go
HIGH when G8 goes LOW. A1l other lines (D2 through
D7) should be LOW at this time.

4) Check Data to make sure each bit can be set HIGH and LOW

independently on the output cycle of both PIAs.

88-ADC & MUX
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c.

88-ACC & MUX
April, 1977

Input Test

1) Program 3-I (page 43) must be run first. Single step through

Program 4-III.

2) Observe the following:

Test Point
J8
H8
G11
S1
P1
G6

Program 4-I1II.

Toggled Signal ("Actuated" State)
LOW
HIGH (inverted J8)
LOW
LOW
LOW
HIGH (inverted G11)

Input Program From the 88-ADC Board

Locat

gaa
00l
oge
Qo3
ac4

* Channel

3) Carefully remove PIAs M and N and perform the following test:

ion Data

333
cou*
303
aco
gco

number for card addressed at 200(octal)

(a) Temporarily ground one of the D@ through D7 lines on the
P1A,SOCK A «

(b) Data on the corresponding data bus input line, DI - DI7,
should go LOW when G171 goes LOW.

(c) Sequentiall
verify the

y ground each of the eight data lines and
proper response on the bus lines.

Example: Ground D@ pin 33 of PIA-M. When G11 goes LOW, P9

shoul
HIGH

d also go LOW. Al11 other lines should be
(P3, P5, P7, S3, S5 and S9).
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d.

E Pulse and WAIT State Tests

1) While running (not single stepping) Program 4-II1, check for
a 500ns. HIGH pulse at G3 and pin 25 of both PIAs. If the
pulse is not present, replace IC G and/or IC H.

2) Repeat step (1), utilizing Program 4-II. Check for the same
pulse.

3) While running Program 4-1I, check for a 500ns. LOW pulse at
E13, P13, H4, F8 (inverted) and F6.

This completes thé_K/D troubleshooting section.

4-15.

62

c.

8-CHANNEL MULTIPLEXER SYSTEMS

First check the allowable input voltage ranges shown in Table
2-A, page 13. Input voltages will be "clamped" to these limits.
Note that large out-of-spec voltages may damage the circuitry.
Check the cable inputs and note that the ground pin 25 on the
DB-25 connector (P2-6 on the 88-ADC) should be used as the
signal reference point rather than some other system ground
terminal.

If the voltage at any input pin of IC U is larger than either
supply voltage at pin 16 or 7, the input clamping diodes and/or
associated components are not functioning properly.

Make sure connector P1 pins 1 and 2 are not shorted together.
No external terminations should be required at P1 when using
the 8-channel system.

88-ADC & MUX
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4-16. A/D CHANNEL CODE (88-ADC)
a. Enter Program 4-1 to loop on one channel and check for the
correct binary code at IC U pins. 9, 10 and 11. Refer to Table

4-B.
Example 1: Program selection of channel 0 forces pins 9, 10 and
11 HIGH.
Example 2: Channel 3 forces pins 10 and 11 LOW while pin 9 goes
HIGH.
Table 4-8. A/D Channel Code
CHANNEL IC-U Ic-U IC-U SIGNAL LINE
NUMBER pin-9| pin-10{ pin-11 ENABLED
0 H H H AX0
1 H H L AX1
2 H L H AX2
3 H L L AX3
4 L H H AX4
5 L H L AXS
6 L L H AX6
7 L L L AX7

b. The output of IC U pin 3 should track the "enabled" signal line
(AXp-AX7). Connect a stable supply (such as a 1.5 volt battery)
to P2 pin 10 (+) and pin 6 (-). IC U pin 3 should output a
voltage corresponding to the battery voltage when channel 0 is
enabled.

¢c. If the correct address code is seen at pins 9, 10 and 11 and the
input voltage is within 1imits (but pin 3 does not track the
input signal), replace IC U. Refer to the CMOS Special Handling
Precautions on page 32.

This completes the 8-Channel Multiplexer troubleshooting.
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5-1. GENERAL

This section contains four possible systems that can be implemented
using the 88-ADC and 88-MUX boards.
5-2. System 1

The first system is a true "system monitor," incorporating the
88-ADC and 88-MJX boards. The input signals are derived from temperature
sensors, strain gauges, light detectors or virtually any type of analog

voltage transducers. Since the amplifier gain and scaling is independent
for each channel sampled (24-channel multiplexer system only), a combi-.

nation of sensors can be utilized. Refer to Figure 5-1. A

I

¢

4

UP TO 96 INPUT SIGNALS
SUCH AS TEMP. SENSORS,
STRAIN GAUGES,

LIGHT DETECTORS, ETC.

8800 ¢——>» 88 ADC  jg—uuu]

Figure 5-1. System Monitor
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5-3. System 2
System 2 is similar to System 1, but requires only an 88-ADC board.

It computes the "X"-and "Y" coordinates simulated by a pair of potentio-
meters. This system may be useful for many computer games which utilize
Joystick type controls. Since the 88-ADC can resolve 1 part in 4096
coordinate "increments," extremely good accuracy can be obtained for
sophisticated systems using only one 88-ADC board. Refer to Figure 5-2.

IIXll
—
+5v
AAA {>
8800 g o 88 ADC lq. | 8cCH, ?Y_

MUX

UP TO 3 ADDITIONAL
COORDINATE CONTROL SETS

Figure 5-2. Digital Coordinate System

" 88-ADC & Mux
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5-4. System 3
t is possible to use the 88-ADC and 88-MUX system as an automatic

circuit tester. The 4PI0 board is utilized as an output signal geperator
to key control voltages (standard logic level) on or off through the
various subassemblies of some type of electronic device. Optionally, an
88-PCI (Process Control board) can be used in place of the 4PI0, allow-
ing high voltage control signals and complete isolation. The 88-ADC

and 88-MUX monitor key test points to determine proper circuit operation
and can actually do quite a thorough troubleshooting checkout of the
device in a completely automated mode. Refer to Figure 5-3.

UP TO 64
OUTPUT "CONTROL"
] SIGNALS

—  4PI0 * I i
—-—t —

8800 * or 88-PCI DEVICE

1

B

] | |
i

» 83 ADC lee— 38 MUX | }— L
UP TO 96

INPUT "MONITOR"
POINTS

Figure 5-3. Testing System
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5-5. System 4 —
Only the 88-ADC board is required for System 4. Figure 5-4 shows

how a relatively slow varying voltage can be broken down and "digitized."
Prime considerations for this system are:

1) how fast the input signal varies

2) how fast the processing software can be made

SAMPLING POINTS

.‘ < N INCREMENTS OF 65
MICROSECONDS EACH

Figure 5-4. "Digitized" Voltage

38-ACC & MUX
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