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AIO USER'S MANUAL

SECTION 1: GENERAL INFORMATION

1.1 Product Description

The Z80-AlIO is a 12-bit analog input/output card,
conpatible with the Z80 Microcomputer Board Series.

The analog to digital portion can accept 16 differenti al
or 32 single-ended channels wWith input voltages ranging
from (+-) 2.5mv full scale to (+-) 10V full scale.
The digital to analog portion provides two, 12-bit DA
Converters with double buffering to minimize output
switching transients. The OQutput voltage is selectable
for bipolar or unipolar Operation wth Qutput voltages
ranging from (+/-) 2.5V full scale to (+-) 10V full
scale. This analog system is interfaced as I/O to the
CPU and may operate in a polling or interrupt mode. [/O
addressing may be changed by on-board junper selections.

1.2 Block Diagram
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SECTI ON_ 2: | NSTALLATI ON

2.1 Introduction

The following section contains Information on initial
unpacking and inspection, power and Signal connections
to the MCB, and Installation of the AIO Board or AIB 1in
the MCZ | series Systens.

2.2 Initial Unpacking and |nspection

I nspect the product for shipping damage as soon as 1t 1s
unpacked. Check for any physical damage that may be
attributed to abuse and handling during shipment. If
the product 1s damaged in any way, notify the carrier
i1mmediately.

2.3 Installation (MCZ-1)

The Anal og Boards nmay be installed in either of the
prewired |/O board positions in the MCZ-1/20 or MCz-1/25
Systens. These positions are J2 and J3 as described 1in
the MCZ Hardware User's Manual. J1, an undedicated and
unwired position, may also be used. In the MCz-1/30
System JlI, J2 and J3 of each card cage, nmay be used 1in
the 1dentical manner as previously described. 1In the
MCzZ-1/05, -1/10 and pps, JI (User's Option) and J4
(Video Display Board) will directly accommodate the
Anal og Boards.



2.4 Power and Signal Connections

The Z80 Al O and AIB are pin-compatible with the Z80 MCB
bus structure. For convenience, the wire list for

i nterconnecti on between the MCB and the Anal og Boards is
provided:

TO FROM DESCRI PTI ON
AIO:1-3, 59-51 MCB: | -3, 59-61 +5V P. S

Al QO 4 MCB:4 | ORQ

AlG 5 MCB:5 DATA BI T (5)
Next | El Al O 6 | EO of AIO/AIB
AIO:7 Last used | EO IEl OO AIQ A B
AIO:8 MCB:8 DATA BIT (3)
Al G 12 MCB:12 DATA BI T (6)
Al O 13 MCB:13 DATA BIT (0)
Al G 23 MCB: 23 WR-

AIO: 26 MCB:26 ADDR. BIT (7)
AIO:29 MCB:29 ADDR. BIT (5)
Al O 30 MCB:30 ADDR. BIT (6)
Al G 62-64, 120-122 MCB: 62- 64, 120-122 COMVOM

Al O 68 MCB:68 DATA BI T (4)
AlO 71 MCB: 71 DATA BI T (2)
AlQ 73 MCB:73 DATA BI T (7)
Al Q 75 MCB: 75 DATA BI T (1)
Al G 79 MCB:79 INT-

Al O 98 MCB:98 ADDR. BIT (4
Al O 99 MCB:99 PHI-

Al G 100 MCB: 100 ADDR. BIT (3)
Al G 101 MCB:101 ADDR. BIT (2
Al O 102 MCB: 102 ADDR. BIT (1)
Al O 103 MCB: 103 ADDR BI T (0)
Al G 115 MCB: 115 Ml-

Al QG 116 MCB: 115 RD-

TABLE 2.3.1: MCB TO AlO OR AIB WRE LIST



SECTION_3: OPERATI ON

3.1 Introduction

This section contains a general description of the Anal og
Boards' Operation, and provides some application Software for
initializing and communicating to the AIO and AIB.

3.2 Description N

Interfacing the AIO or AIB to the System bus 1s accommodated
by the on-board PIO and 1s addressed as 1/Q The ADDRESS
DECCDER uses ten addresses to direct all board operations.

By selecting the PIO port A or B control addresses, the PIO
may be programmed to Interrupt the CPU System and supply an
Interrupt vector address upon completion of an A/D
conversion. The CONTROL and TIMNG will gate the requested
anal og input channel to the ANALOG MULTIPLEXER, sStrobe the
SAMPLE and HOLD AMPLIFIER and request conversion of the AD
CONVERTER. Upon completing the conversion, the A D CONVERTER
w1ll respond to the PIO through the CONTROL and TIM NG that ),
the converted data 1s ready. At this time, the PIO may
Interrupt the System or the System may read the Status
register to find that the conversion data 1s ready and the
results have not previously been read.

Each 12-bit DA converter has two I/O ports for the eight
least significant bits and the four npst significant bits of
the data word. The 12-bit data word is formed and presented
to the DAC inputs for conversion when the nmost significant
byte 1s output.



3.3 Address Modification

The AIO or AIR Interfaces to the Z80 MCB /O bus, occupying
ten locations 1in the /O address space. The first four
locations are reguired for the PIO. The next two |ocations
are used to transfer the input channel address and board
Status while the remaining |ocations are used for passing
data to the two DA Converters.

|/ O ADDR FUNCTION

80 PORT A data

81 PORT B data

82 PORT A Contro

83 PORT B Contro

88 Address Register (Sel. Ch. No.)
89 Status Regi ster

8C Low byte DAC | Register
8D High byte DAC | Register
8E Low byte DAC 2 Register
8F High byte DAC 2 Regi ster

TABLE 3.3.1: PREWRED |/O ADDRESSES

The board, as received from the factory, 1s wired to occupy
those |ocations shown in Table 3.3.1. However, 1t 1s
possible to nmove the onboard PIO and the board registers
independently throughout the /O address space. The only
limitations upon address selection are that the PIO and board
regi sters cannot occupy the seme |ocations, and the three
most significant address bits must be the sénne

Address modification 1s achieved by removing the existing
address selection Junmpers and then instslling those 1indicated
in Tables 3.3.2 and 3.3.3 for the desired address. Wherever
a "one" occurs in the address, the High junper should be
installed. Wherever a "zero" occurs, the Low junper should
be installed.



ADDRESS BIT H GH LOW

2 JP39 JP38
3 JPAl JP40
4 JP30 JP31
5 JP32 J 33
6 JpP27 JP26
7 JP28 JP29

TABLE 3.3.2. PIO Address Selection Junpers

ADDRESS BI'T HI GH LOwW
3 JP37 JP36
4 JP34 JP35
5 JP32 JP33
6 JpP27 JP26
7 JP28 JP29

TABLE 3.3.3. Register Address Selection Jumpers.

3.4 Input/Output Handling

Inputting of data can be accomplished in one of two nodes;
Polling and Interrupt. These nodes operate as follows:

Polling Mbde - Duraing initialization of the PIQ the
Interrupt enable flag nmust be reset to prevent the generation
of Interrupts. When a conversion 1s desired, 1t 1s 1nitiated
by writing the Analog Channel Address to the address
register. The program nust then periodically test the
conversion bit in the status register to determine v/hen the
conversion 1s complete.

Interrupt Mode - After setting the board's PIO I nterrupt
enabl e and vector sddress, conversion is started by witing
to the address register. The program execution can then
continue until the end of conversion has occurred. At that
time, the PIO generates an Interrupt vector causing the CPU
to begin execution of the Interrupt Service routine.

Outputting Data - Outputting of data to the AIO's two DA
Converters 1s straight-forward. The two 12-bit DA
Converters have separate |/O addresses for the upper and
lower bytes of the data word. A word 1s formed by loading
the eight least significant bits 1nto a latch where they are
buffered fromthe DA inputs until the final four bits of the
data word are received. The combined 12-bits of data are



then gated simultaneously to the DA inputs. This double
buffering scheme prevents conversion of pertial words, and
therefore, eliminates spiking in the Qutput Signal

3.5 Application

3.5.1 Input Range Selection

The data acgquisition System has been jumpered for (+-)10V
Operation. Other ranges are possible and can be selected ss
shown 1n Table 3.5.1.1.

RANGE JUMPERS

(+-)10Vv W8*, W7*, W9*, WLO*

(+-)5v w8*, JP21, W9*, W10*
(+/-)2.5V ws*, JP20, JP21, w9*, WlO0*

0 to +10V JP23, JP21, JP25, JP43

0 to +5V JP23, JP20, JP21, JP25, JP43

TABLE 3.5.1.1. I nput Range Setting Junpers.

Al'l jumpers marked with an asterisk (*) are installed at the
factory and are implemented by a plated-through hole
connecting pads on the upper and lower surfaces of the board.
These can be removed by careful manual drilling with a 0.055"
(#54) drill. Al other junpers are wire and should be

sl eeved wherever a possible short could occur

When the range 1s changed, those existing junpers that are
not used for the new range must first be renmoved, and then
the i1nstallation of the additional junpers performed.

The analog to digital Converter OQutput data is normally
presented in 2's complement format for bipolar ranges. For
straight binary Operation renove wire Junper WO and install
JP25.

3.5.2 Qutput Range Sel ection

Each DAC is junpered at the factory for (+/-)10 volt
Operation and two's conplement coding (Table 3.5.2.2).
However, 1t 1s possible to alter these junpers as shown in
Table 3.5.2.1 for other Output voltages. Junpers indicated
by an asterisk are plated-through holes on the board and
shoul d be renmoved by careful manual drilling with a 0.055"



(#54) drill. when making a change, first remove those
jumpers 1indicated for the present réange, and replace them
with those junpers reauired for the desired range.

JUMPERS
RANGE DAC | DAC 2
(+-)10v Wl*, We* W3*, W4*
(+/-)5V JP11, w2*
(+/-)2.5v JP11, w2*, JP9 JP15, w4*, JP13
0 to +10V JP11, JP8 JP15, JP12
0 to +5V JP11, JP8, JP9 JP15, JP12, JP13

TABLE 3.5.2.1. Qut put Range Selection Junpers.

When converting from bipolar to unipolar Operation, W5%*
should be removed and JP7 installed. This converts from
two's complement Operation to straight binary.

Bi polar - Two's Conpl ement

Di gital Input/Output (+-) 10V (+/-)5V (+/-)2.5V
0111...11 (7FFH) +9.9951V +4.9975V +2.4988V
100...00 (800H) -10.0000V -5. 0000V - 2. 5000V

Uni pol ar - Straight Binary

Digitel |nput/Qutput 0 to +10V 0 to +5V
111...111 (FFFH) 9. 9975V 4. 9988
000...00 (000H) 0. 0000V 0. 0000V

TABLE 3.5.2.2. Analog Input and OQutput Full Scale Range Val ues,.

3.5.3 Differential-Single Ended Sel ected

The board, as received fromthe factory, 1is wired for
differential input. The input System can be changed from
differential to single-ended or vice verse by simply changi ng
several junpers. W* 1s reaquired for differential Operation,
and JP16 and JP18 are reauired for single-ended Operation.
W6* 1s 2 plated-through connection and should be renmoved by
careful manual drilling with a 0.055" (#54) drill.

Differential Operation 1s generally used t0 minimize common
mode noilse during low level Operation. Single-ended
overation 1s suiltable for large input Signals. However, a
noi se reduction of ten-to-one can be achieved in single-ended



Operation by making a "pseudo differential” connection. This
i nvol ves sensing the ground at the signal source rather than
at the board. To use this method, all input Signals must be
on the same ground System at their source

Pseudo-differential Operation occurs when jumper JP18 hes
been rempbved and JP1 is installed

3.5.4 Input System Low Level Operation

When it is desired to operate the input system
instrunentation amplifier at other than unity gain for low
level Signals, a sinple change of the gain setting resistor
is all that is required. R8 and the optional parallel
resistor RO form this resistance. The value of the gain
setting resistor can be calculated from the follow ng
formul a:

20K
G- |
Stable (10 ppm/deg C wre-wound resistors should be used.

Increasing the anplifier gain also increases its settling
tinme. As a result, the System delay tinmer nust be extended
by increasing the value of R15 and the optional parallel

resi stor Rl4. Del ays and values of R15 versus Gain are shown
in Table 3.5.4.1.

Amplifier Gin Delay Tinme (us) R15 (+20%
I 20 9.5K

10 30 14.3K

100 40 19K

1000 100 47.5K

TABLE 3.5.4.1. Delay Time vs. Anplifier Gain.

3.5.5 Input System Application

The data acquisition System incorporated into the aA1o or
AIB, uses & fixed timing sequence between channel selection
and the Start of data conversion. 1If desired, this time may
be increased by the addition of an external resistor and
capecitor. This procedure is described in the lowleve
Operation section.



Souree Multiplexer
Hewmt ince on Resistance
A Ay A Ad s
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- (g
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* 50 pl S0pk
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FIGURE 3.5.5.1. On Channel Miltiplexer Circuit for
Single~Ended Operation.

For a gain of | (set at factory), multiplexer settling time

1s 20us which 1s sufficient for most application. The only —
external factor which affects the multiplexer settling time

1s the output impedance (RS) of the source connected to a
channel. A circuitroodel of an "Cn" channel 1s shown 1in

Figure 3.5.5.1. The 1input capacitance (Cl) of 50pF for
single-ended Operation does not affect the settling time

since 1t 1s continuously connected to the source. The Signa

at the Qutput of the nmultiplexer nust be allowed to settle to
(+/-)0.01% (nine time constants) to maintain the full

accuracy of the System The multiplexer time constant can be
calcul ated with the fornula: Ts = (RS + Ron) Co. For a

source resistance of 1k, Ts = (I + 1.8k) x 50pF = 14 Ons.

Thus, 1.20us 1s needed to settle to +0.01% This 1s well ’
below the fixed 10us allowed for nultiplexer settling. The
accuracy of the System 1s therefore, preserved.

If the source bandwidth can be limited, high inpedance
sources may be accurately handled by placing a large
cepacitor across the nultiplexer input. An analysis of such
a Circuit shows that a capacitor of 0.5uF 1s sufficient. For
such a capacitance, the nultiplexer time constant becomes
0ns. If this method cannot be used, the time allowed for
settling can be increased as described in the section on low
level Operation
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For switching of large Signals, i1t must be remembered that
the on resistance 1s the channel resistance of a FET which 1s
a nonlinear function of the applied voltages. As a result,
the previous calculations are only an approximation derived
froma linearized mode. Another factor not considered in the
above calculation 1s the addressing delay of the multiplexer.
This 1s typically 250ns and 1s additive to the above

cal cul ated times.

For differential units, the same considerations apply. Even
t hough two 1input circuits are involved, there is sufficient
component matching withain the nultiplexer to prevent
measurable differences in the transfer functions for each
half of the Signal. When operated in the differential mode,
Co 1n Figure 3.5.5.1 becones 12.5pF with 2n Ron = 1.8k 1in
each leg. Therefore, the time constant becones one-half the
time constant for the single-ended channel

The anal og 1inputs have reversed-biased diode Circuits which
prevent damage from discharge of static electricity.
However, 1t 1s still wise to take reasonable precautions
against static discharge.

3.5.6 Thernocouple Tenperature Acguisition

Thermocouples are often used as temperature sensors for
process control Systems. Thernmocouples are characterized by
tenperature coefficients of 10 to 70uV/deg C and operatina
ranges of m nus hundreds to plus thousands of degrees
centrigrade. When the AIO or AIB 1s operated with an
Instrumentation amplifier gain of 100 or more, it may be
connected directly to these devices. The wires running from
thermocouple measuring devices often pick up | arge
common-mode noise Signals of 60 Hz or higher freauencies.

The high common-mode rejection of the Instrument anplifier
will reject conmon-node noise. To minimize differential node
noi se, the Signal wire should be twisted, and 1f possible,
shielded. As a rule, an unshielded twi sted pair 1is better
than a coax but a shielded twsted pair 1s best.

The renote sensor should be earth-grounded to prevent

common- node voltages from exceeding the +5 volt range of the
mul tiplexer. To conplete a thernmocouple System 1t 1s
necessary to terminate all thermocouple wire pairs at an
1sothermal box or connector strip of some type. AN ordinary

11



barrier strip may be monitored to allow the observed
thermocouple cnf to be cold-junction compensated. Figure
3.5.6.2 shows a circuit for this purpose. The Qutput is
connected to one of the input channels to supply ambient
temperature data to the System computer. OQutput sensitivity
Is approximately 2 mv/deg C

12
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SECTI ON 4. PROGRAMM NG AND INITIALIZATION

4.1 Introduction

The follow ng section contains information and progranmm ng
exanples for analog input/output Operation.

4.2 Input Programming

The first four locations (80¥-83H), are used to program the
onboard PI0. A detailed description of the PIO's Operation
can be found 1in the Zilog 7Z80-PIO Product Specification.

Nor mal Operation of the board reauires programm ng the PIO as
follows:

Polling Mode - Both A and B Mode Control registers must be
set for input (mode 1) . Wwen Mdde | is active, data fromthe
analog to digital Converter can be input to the processor

In addition, the Interrupt Enable nust be turned off. The
followng initialization program illustrates the procedure.

Dl ; DI SABLE | NTERRUPT

LD A, 4FH

Qur 82H, A ; SET PORT A FOR MODE |

QurT 83H, A ; SET PCRT B FOR MODE |

LD A, O7H

QJur 82H, A ;DI SABLE PORT A | NTERRUPT

QJrT 83H, A ;DI SABLE PCRT B | NTERRUPT

IN A 80H ;  INITIALI ZE CONVERSI ON READ F.F.
IN A 81H ;  |INITIALI ZE CONVERSI ON READ F. F,.

The remaining board locations are treated as described in the
follow ng paragraph discussing non-PIO |ocations.

14



Interrupt Mode - As in the Polling Mode, the A and B Mode
Control Registers must be set for Input (Mde 1). The PIO
Interrupt System is enabled by |loading the interrupt vector
address and setting the interrupt enable. ©Only Port 3

i nterrupt enable should be set. The follow ng program
illustrates the procedure. In addition to initializing the
PIO, the program also loads the Z80's Interrupt Vector
Register.

DI ; DISABLE | NTERRUPT

LD A N

LD I, A ; (LOAD | VECTOR REGISTER
WITH NUMBER (N))

LDA M ; SET PIO I NTERRUPT VECTOR

QuT 83H, A

LD A 4FH

QuT 82H, A ; SET PORT A FOR MODE |

QuT 83H, A ; SET PORT B FOR MODE |

LD A O7H ; DI SABLE PCRT A | NTERRUPT

QuT 82H, A

LD A 87H : SET PORT B | NTERRUPT

QuT 83H, A

IN A 80H : INITIALI ZE PORT A DATA

IN A 81H : |INITIALI ZE PORT B DATA

IM 2 : SET I NTERRUPT MODE 2

El

The remaining non-PIO |ocations are programmed as foll ows:

Non-PIO Location - Location 88H specifies the particular
anal og input channel to be digitized. Witing the channe
number (0-20H into the Address Register at this |ocation
will cause a conversion to be performed.

The Status Register (See Figure 4.3.1) at location 89H

provi des data on A'D Performance. Bit 0 indicates that a
conversion is in progress by displaying a 0 during this time
and a | at all other times. Bit | is 0 after a conversion
has been perforned and then changes to | after the first
complete reading of the converted data.

B7 B6 B5 B4 B3 B2 Bl B0

X X X X X X READ AD
STATUS STATUS

(X i ndi cates unused)

FIGURE 4.3.1 STATUS REG STER BI T LOCATI ONS
|

15



4.3 (Qutput Programming

As shown in Table 3.3.1, the tw digital to analog Converters
occupy locations 8CH - 8FH  Either Converter is programmed
by loading the least significant eight bits of data into its
Low Byte location. The most significant four bits of data
are then |oaded into the right nost bit |ocations of the
converter's high data byte. The nost significant four bits
of this byte are unused. Figure 4.3.2 illustrates this bit
placement.

LON BYTE PORT ADDRESS (8CH COR B8EH)

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
H GH BYTE PORT ADDRESS (8DH OR 8FH)
X X X X DR11 DB10 DB9 DB8—

FI GURE 4.3.2. DAC BIT PLACEMENT

16



SECTI ON 5:  TESTI NG

5.1 Introduction

The following section contains information on suggested test
equi pnment and test aids, calibration procedure, and a
description of the available calibration and test routines

for the A10 and AIB on the MCzZ-1.

5.2 Test Equi pnent and Al ds

Calibration is performed by connecting 2 precision voltage
source capable of 0.005% accuracy or by using a DC voltage
source of less absolute accuracy, the Qutput of which is
monitored by a five digit DVM capable of (+-) 0.005%
accuracy. To utilize the MCB-1 system-based loop test
described in section 5.4, test routines 15 and 16, a test
plug is used to Junper the analog Qutput of DAC | to the
single- ended analog inputs of channeis 0-15 and the anal og
Qutput DAC 2 to the single-ended analog inputs channeis
16-31. The wire 1list for connecting the back panel connectors
2 and 3 to accommodate this test arrangement is as follows:

TO FROM DESCRI PTI ON

J2:6-9, 18-21 J2:3 DAC 1-ouT TO CH O-7
J3:1-4, 14-17 J2:3 DAC 1-QJT TO CH 8-15
J2:10-13, 22-25 J2:15 DAC 2-QJT TO CH 16-23
J3:5-8, 18-21 J2:15 DAC 2-QUJT TO CH 24-31

TABLE 5.2. 1 Test Plug Wre List

17



5.3 Cali bration

Input System Cal i bration

System calibration is typically performed on a single channel
while running the followmng program The program assumes

t hat the Polling Mode initialization has been

performed as described in the Programm ng section.

AD: LD BC, OH
LD D, 64H
AE: LD A O :LOAD ADDR. REG WITH CH. #
QUT 88, A
AC: IN A 89H ;IS CONVERSION COMPLETE?
AND O1H
JP Nz, AC :NO.
IN A 80H : YES. READ DATA
LD L, A
IN A 81H
LD A L ;IS DATA = Low REF. ?
SUB REF :REF = OH FOR OFFSET aDpJ.
REF = FFH FOR GIAN ADJ.
JP Z, AA
INC C ;NO. INCREMENT COUNT
JP AB
AA: INC B YES. | NCREMENT COUNT
AB: DEC D ;HAVE 100 CONVERSI ONS BEEN
+ PERFORMED?
JP Nz, AE
AF: JP AD : YES., REPEAT
END

The program has been written to accommodate factory
preset addresses. If the board responds to other
addresses, the program references to 1/0O |ocations
must be made to conform with these new | ocations.

After assembling and | oadi ng, insert =z breakpoint
at location AF. The offset and gain adjustments
on the System are made while applying the voltages
shown in Table 5.3.1. The offset voltage
adjustment is made at the most negative value of
the range, less 1/2 least significant bit

(LSB). An LSB is equal to the span (full scale
range) divided by 4096 for 12-bit resolution. The
gr:;ai n adjustment is made at the npbst positive range,
ess 3/2 LSB. Thus, for a range of (+-) 10V
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an LSB is 20V/ 4096 = 4.88mv. The offset

adjustnment is made at -10V + 2.44mvV = -9, 9976V

and the gain adjustnment at +10V -7.32mv = +9.9926V.
Bef ore making these adjustments, however, the unit
should be allowed to reach thermal eguilibrium (about
30 minutes under power).

The offset adjustnent is made first. The calibration
ﬁrogranlis then run, and after 100 conversions, it wll

alt at the break point. The contents of B and C registers
shoul d be compared. The contents of Register B is the nunber
of tinmes the conversion results exactly matched the reference
value. The contents of Register C is the nunmber of tines the
conversion results did not match the reference value.

| deal |y, Register B should have a value of 64H and Register C
shoul d have a value of 0. However B = 50 and C = 50

I ndi cates an acceptable offset or gain adjustment setting.

The gain adjustnent isroadein nmuch the same manner.
However, the value of REF is changed from O to FF.
The appropriate gain voltage is then applied, and the
calibration procedure performed as described for the
of fset adjustnment.

Range O fset Gain

(+/-)10v -9. 9976V +9.9926V
(+-)5V -4, 9988V +4.9963V
(+/-)2.5V -2.4994V +2.4981V
0 to +10 +1. 22nV +9.9953V
O to +5 +0.61mV +4.9981Vv

TABLE 5.3. 1 Data Acquisition Calibration Values

Note: Rv5: ADC gain adjustnment
RV6: ADC offset adjustnment

19



Qut put sSystem Cal i bration

The Qutput system is calibrated through the use of the
followi ng program

START: LD A, LSB ;LSB = OH FOR OFFSET ADJ.

LSB = FFH FOR GAIN ADJ. R
QUJT (DACL) ,A ;OUTPUT LSB TO DAC LOW BYTE REG.
LD A, MSB ;MSB = OF8H FOR BI POLAR OFFSET .

MSB = OH FOR UNI POLAR OFFSET

MSB = 7H FOR BI POLAR GAI N

MSB = OFH FOR UNI POLAR GAI N
QUT (DACH), A ;OUTPUT MSB TO HI GH BYTE REG
JP START
DACL EQU XX ;XX IS THE 1/O ADDR OF DACL |.E 8CH

;OR 8EH
DACH EQU XX ;XX IS THE 1/0 ADDR OF DACH |.E 8DH

;OR 8FH
END
Before tbhe program i s assembled, DACL and DACH must be set to ~
the I/0O addresses of the low and high bytes of the digital to
anal og Converter to be cali brated.
After assembling and | oadi ng, a breakpoi nt should be set at
the Junp instruction. When the programhas been run, the
desired Converter will be set at its npst negative Qutput.
The DAC should then be set by its offset control for its nost
negative full scale Qut put value, as shown in Table 5.3.2.
However, before making this adjustnent, the board should be
allowed to reach thermal eguilibrium -- about 30 minutes
under power.

-
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After the Offset adjustment has been made, the appropriate
values of LSB and MSB for Gain adjustnent must be deposited
into the program The previous procedure nmust then be
repeated, but adjust the gain control for the most positive
full scale Qutput value.

Range Low Hi gh | LSB

(+/-)10Vv -10.000V +9.9951v 4,.8848mVv
(+/-) 5V -5. 000V +4.9976V 2.4414mv
(+/-)2.5V - 2. 500V +2.4987V 1.2207mv
0 to +10V 0. 0V +9.9975V 2.4414mv
0 to +5V 0.0V +4,9988V 1.2207mv

TABLE 5.3.2: DAC Calibration Val ues

Note: RV1: DACl gain adjustnent
Rv2: DAC2 gain adjustnent

RV3: DAC2 offset adjustnent
Rv4: DACL offset adjustnent
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5.4 System Test

The following tests are provided with the Anal og Board and
are apgli_cable to the operating Systens available in the
MCz-1 Series Systens. he test's titles and descriptions are
given in the table below.

Test | - DAC | Bilpolar Ofset

Descri ption

When the program has been run, DAC | will be set at its most
negative Qutput. The DAC should then be set by its offset
control for its nost negative full scale Qutput value as
indicated in Table 5.3.2. RV4 is the offset adjustment
control for DAC 1.

Test 2 - DAC | Bipolar Gain

Description

Wien the program has been run, DAC | will be set at its nost
positive output value. The DAC should then be set to its
nost positive full scale Qutput value for the selected range,
as indicated in Table 5.3.2. The gain control for DAC | is
RV1.

Test 3 - DAC | Unipolar Ofset

Descri ption

This test is performed in the same manner as Test 1.

Test 4 - DAC | Unipolar Gain
Description

This test is performed in the same manner as Test 2.
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Test 5 - DAC 2 Bipolar Ofset

Description

This test is performed in the sane manner as Test 1. The
offset adjustment control for DAC 2 is RV3.

Test 6 - DAC 2 Bipolar Gain

Description

This test is performed in the same manner as Test 2. The
gain control for DAC 2 is RV2,.

Test 7 - DAC 2 Unipolar Ofset

Description

This test is perfornmed in the same manner as Test 5.

Test 8 - DAC 2 Unipolar Gain

Description

This test is performed in the same manner as Test 6.
Note: Before making any of these adjustments, the board
should be allowed to reach thermal equilibrium about 30
minutes under power. Additionally, the gain and offset

controls may contain sone lash-back and should be alternately
rechecked after initial adjustnent.
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Test 9 - Data Acauisition - Bipolar Ofset

Description

The offset adjustment IS made at the npbst negative value of
the selected range less one-half the least significant bit.
The values are shown for the selected range in the Data

Acgui sition Calibration Table 5.3.1. The test will check the
actual conversion value agsinst the expected conversion val ue
and respond with the message "Turn Control Clockwise", or

"Turn Control Counter Clockw se". When the actual value is .
within (+/-)20Hof the expected value for 100 consective
conversions, the programwll exit with the message message

"Control set Correctly" and "Test 2". The offset adjustnent
control is RV 6.

Test 10 - Data Acauisition - Bipolar Gain

Descri ption

The gain adjustment is made in nuch the same manner as the

of f set adj ust nment. The appropriate gain value from the Data
Acaui sition Table for the selected range is applied in the

cal i bration procedures performed as described for the offset -/
adjustnent. The gain adjustment control is RV5.

Test 11 - Data Aquisition - Unipolar Ofset

Descr iption

This test is perforned in a similar manner to Test 9 using

the appropriste values from the Table 5.3. 1.

Test 12 - Data Acauisition - Unipolar Gain .

Description

This test is performed in a simlar manner to Test 10 using
the appropriate values from the Table 5.3. 1.
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Test 13 - Generate Ranp DAC |

Description

This test generates a ramp from a chronol ogi cal sequence
exercising the DAC to its minimum and maximum val ues of the
conversion range. The test 1s intended for observation only
and does not imply that nonotinicity and linearity can be
measured or accurately observed with standard | aboratory
eguipment.

Test 14 - Generate Ranmp DAC 2

Description

This test is the same as Test 13 and applies to DAC 2.

Test 15 - Bipolar Continuity Test - Pulling Mode

Descr i ption

This test checks for missing codes by feeding the analog

Qut put into the analog input and comparing the conversion
results of the AD Converter to the data word of the DA
converter. 1f the actual conversion word is within (+/-)1
LSB of the expected conversion word, then the test wll
increment to the next chronological DDA word and perform the
test again. This process is continued until the entire réange
of conversion is tested for that analog input channel. The
analog input channel is then incremented, and the input réange
is again tested in its entirety. This process is repeated

until all analog input channels have been tested. During the
couse of the test, if a channel fails to match the expected
data word within +1 LSB, the test will respond with the

message "Channel A failure data is BCDE should be FGHI",
where channel A may réange from 0-31 and BCDE and FGH are
actual and expected data words. "Do you want test repeated?”
A response of "yes" will repeat the test for the sanme channel
and data word. A response of "no" will increment the data
word to the next chronol ogical number. After all channels
have been exercised, the test will respond with the message
"End of test" and "Test number 2" The test fixture tO jumper
the analog input to the analog Qutput has been previousiy
described. This test operates by checking the Status word or
conversion conplete. This is known as Polling Mode.
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Test 16 - Bipolar Continuity Test - Interrupt Mode
Description

This test operates in the same manner as Test 15, except that
the program does not check the Status word but is interrupt
driven.

Note: To use Test 16, the interrupt enable input to the

analog board raust be connected to the previous device in
i nterrupt daisy chain.
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SECTION_6: TECHNICAL DESCRI PTI ON

6.1 1Introduction

The following section contains a detailed description of the
Operation and |ogical throughput of the AIO. The reader is
directed to use the acconpanying schematic at the end of the
manual as a reference. The AIB, being a subset of the AlQ
IS not noticeably discriminated in the description. All
references to analog input are applicable to both boards.
The boards' specification is also included in this section.

6.2 Description

The AIO is programmed as |/O ports. IR0 and | Q6 decode
address bus lines AB3-AB7 to select the board itself. 1
decodes address bus lines ABO, ABl, and AB2. Junpers JP29
through JP40 determine the address of the board.

Conversion of an input channel is started by witing the
channel number to the board (location 88H). When address
l[ines AB2, ARl, and ABO are logic 0 and WR- is active, Pin |
of 1C22 will go high latching the input channel nunber into
|C23. The same signal also triggers the first one-shot in

| CH This one-shot times out 20 microseconds to allow for
settling of the input multiplexers, instrumentation
anplifier, and sample-hold anplifier. At the end of this
time, it turns the sanple-hold anplifier to Hold by
outputting a pulse from Pin 13, ICH to Pin 8 of 1Cl2. This
sane pulse also triggers the second one-shot in ICH at Pin
9. The CQutput of the second one-shot, Pin 5 of ICH is
connected to Pin 18 of SM3 which immediately Starts
conversion in the AD Converter. The Qutput of the first
one-shot, Pin 13, of ICH and Pin 22 of SM3 go through an
"OR" gate of IQ28. The Qutput of the "OR" gate connects to
the data bus (DO at Pin 13 of I1CQ7 to provide Status
information. DO is low during the conversion process. DO is
hi gh when conversion is complete and data is ready at the
Qut put of the AD Converter. Data is OQutput fromthe AD
Converter, SM3, on Pins 1-6 and 27-32. The Qutputs are then
connected through 1C33 and 1C34 to the PIO, 1C32, Pins 7-15
and 27-30. Wwen the AIO is read, address lines AB2 and AB1
are equal to logic 0. The eight least significant bits of
data are Qutput when ABO is logic O and the four nost
significant bits are Qutput when ABO is logic 1. ABO is
connected to the PIO from I1Q7, Pin 3, to 1C32, Pin 6.
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The analog input Signals are connected at connectors P2 and
P3 through input protection resistors R27-R58 to the input
CMS multiplexers, IC3, 4, 5 and 6. The input multiplexers
are shipped connected as 16 channel differential. The
Instrumentation amplifier, which consists of amplifiers Al,
A2, and A3, is connected in the differential mode. The
resistance inserted at R8, in parallel with R9, determines
the gain of the instrumentation anplifier.

Data is transferred to the Output DA Converters, SMl and SM2
by writing to the board. Address line, ABl, controls to

whi ch DAC data is witten. Wth ABO a logic 0, the eight
least significant bits are witten to the board and stored in
IC8 and ICl6. Wth ABO a logic |, the four roost significant
bits are witten to the board and buffered by IC25.

When ABO is a logic | and WR- is active, data is witten to
the DDA Converter that is selected by AB1. When AaBl is a
logic 0, data is witten to 1@ and ICl7 which store data for
SM. VWen ARl is a logic I, data is transferred to ICLO and
I C18, which Stores data for SM.
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6.3 Specification

Typical at 25deg C and rated power

noted.

ANALOG 1INPUT SECTI ON

Input characteristics
Number of Channels
ADC Gai n Ranges (Junper

Amplifier Gain Ranges (Resistor
Maximum | nput Voltage W thout

I nput | nmpedance

Bi as Current

Differential Bias Current

Transfer Characteristics
Resol uti on

Throughput Tinme (max.) G

S—-
Accur acy

System Accuracy et +25deg C

Li nearity

Differential Linearity
Quanti zing Error
Monotonicity, Note 3

Stability Over Temperature,
System Accuracy Drift (max.) GC=I

Dynam ¢ Accuracy

Channel Crosstalk

ANALOG ouTtpuT SECTION

Qut put Characteristics
Number of Channel s

Qut put Vol tage Ranges (Strap Sel ectabl e)

(AIO/AIB)

Sel ect abl e)

(max.), Note |

Sanple and Hold Aperature Tinme
Aperature Tinme Uncertainity
Differential Amplifier CVMR

supplies unless otherw se

32 single-ended/16 diff
0-5Vv, 0-10V, (+/-) 2.5V,
(+-) 5V, (+-) 10V

I to 1000

+26 volts

100Mohm , 10 pF OFF Channe
100Mohm , 100 pF ON Channe
20 nA

10 nA

12 bits
45 usec/channel

+0. 25% FSR, Note 2
+1/2 LSB
+1/2 LSB
+1/2 LSB

Guar anteed Odeg C to +70deg C
(+#/-) 30 ppm of FSR/deg C

30 ns

(+/-)5Ns

74 dB (DC to 1kHz)

80 dB down at 1kHz, for
OFF channel to On channel

2

O to 5V, 0 to +10V
(+/-)2.5v, (+/1)5V,

(+-)10V at 5mA Qut put OQut put



Impedence

Transfer Characteristics
Resol uti on
Out put Settling Time (max.)

Accuracy
Qut put Accuracy
Temperature Coeffient of Accuracy

MECHANICAL

Environmental
Operating Tenperature
Storage Tenperature
Rel ati ve Humidity

Mechani ca
Length
Depth

Thickness
Maximum Conponent Height

ELECTRI CAL

Power Converter Requirements:

Available to User*

DC Qut put AIO AIB
+15V Oma* 50ma*
15ma* 65ma*
- 15V Om* 50ma*
15ma* 65m*

30

70 deg
25 deg

70 deg
25 deg

| ohm

12 bits
10 usec

{(+/-)0.0125% FSR
+30 ppm of FSR/deg C

Odeg C to +70deg C
-25deg C to +85deg C
95% noncondensi ng

7.7 in/19.6 cm

7.5 in/19.1 cm

.062 in/0.16 cm
.4 in/1.02 cm

+5V (+/-)5% at 1.6A



Connectors

VENDOR PART NO. DESCRI PTI QN
Garry Mg. Co. 4000- 2 122-pin edge
(100 mil spaci ng)
Augat 14005- 19P1 122-pin edge
(100 m | spacing)
Ansl ey 609-2615M Anal og edge
Ansl ey 171- 26 Cable
Ansl ey 609- 255 Anal og socket
NOTES
1. Includes offset errors, gain errors, linearity errors at
gain = 1.

2. FSR mean Full Scale Range.
3. No m ssing codes guaranteed.
4

I ncl udes offset drift, gain drift, and linearity drift.
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SECTION 7: MAINTENANCE

7.1 Introduction

This section contailns informetion on maintenance of the
anal og boards.

7.2 Drift

In any System powered on Operation will cause the conponents
to drift from their original values. This 1s particularly
evident 1in analog Systens. The Eurr-Brown conmponents, used
on the a10 and AIR, use thin-film laser-trimmed resisters
with a typical absolute temperature coefficient of 20-60
parts per mllion and a ratio tenperature coefficient of 3-5
parts per million. Conseauently, 1n one year, the typical
drift could be 200-600 parts per mllion and the typical
ratio drift could be 25-50 parts per mllion. This means
that after 400 hours of Operation, the offset could have
drifted 1LSB, and that after 43000 hours of Operation, the
conversion may NO longer be monotonic or linear. The offset
and gein adjustments should be checked once every six months.
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SECTION 8: DRAWINGS

8.1 Introduction

This section contains the schematic pinout lists and the
assembly drawing for the AIO and AIO.
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ATO 1/O CABLES P2 AND P3

WIRE

©O~NOTNWN -

Al O EDGE

13
25
12
24
11
23
10
22
9
21
8
20
7
19
6
18
5
17
4
16
3
15
2
14
1

ANSLEY "D
CONNECTOR  CONNECTOR

36

P2 SI GNALS
CH23 (RT7)
CH23 (RT7)
CH22 (RT6)
CH21 (RT5)
CH20 (RT4)
CH19 (RT3)
CH18 (RT2)
CH17 (RT1)
CH16 (RTO)
CH7
CHo
CH5
cH
CH3
CH2
CH1
CHO
SM1-GND
SML- FB
ANALOG COMMOCN
SM2- G\D
SML- QUT
SMe- QUT
SM2-FB
- 15V
+15V

P3 SI GNALS

REMOTE COMVON
REMOTE COMVON
-15V

+15V
ANAL OG COMVON
ANALOG COMVON
ANALOG COMVON
ANALOG COMVON
ANAL OG COMVON
ANALOG COMVON
CH30 (RT14)
CH31 (RT15)
CH28 (RT12)
CH29 (RT13)
CH26 (RT10)
CH27 (RT11)
CH24 (RTS)

CH25 (RT9)
CH14

CH15

CH12

CH13

CH10

CH11

CHS

CHO



PILNOUT _FOR AIC BOARD

PIN # SI GNAL NAME
001 (+5V.PRINTED.DISTRIBUTION)
002 (+5V.PRINTED.DISTRIBUTION)
003 (+5V.PRINTED.DISTRIBUTION

004 I CRO-
005 DB5

006 | EO
007 | El
008 DB3
009 .
010 .
011 .
012 DB6
013 DBO
014 .
015 .
016 .
017 .
018

019 .
020 .
021 .
022 .
023 WR-
024 .
025 .
026 AB7
027 .
028 .
029 AB5
030 AB6
031 TP3
032 .
033

034 .
035 TP13
036 .
037 .
038 .
039 .
040

041

042

043 .
044 TP12
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045
046
047
048
049
050
051
052
053
054
055
056
057
058
059
060
061
062
063
064
065
066
067
068
069
070
071
072
073
074
075
076
077
078
079
080
081
082
083
084
085
086
087

089
090
091
092

TP11
TP10

TP8
TP7
TP6
TP5
TP4
TP1

Ll » L] L]

(+5V.
(+5V.
(+5V.
(GND.
(GND.
(GND.

TP18
DB2

DB7
DB1
P17

TP16
INT-

PRINTED.
.DISTRIBUTION)
PRINTED.
PRINTED.
PRINTED.
PRINTED.

PRINTED

DISTRIRUTION)

DISTRIBUTION)
DISTRIBUTION)

DISTRIBUTION)
DISTRIBUTION)
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093
094
095
096
097
098
099
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122

M1-
RD-
TP2

(GND.PRINTED.DISTRIBUTION)
(GND.PRINTED.DISTRIBUTION)
(GND.PRINTED.DISTRIBUTION)
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SECTI ON 9: SUPPLEMFNTARY INTRODUCTICN

9.1 Introduction

The following section contains listings and references to
additional sources of Information that may be of essistance
in 1mplementing the user's application, and ai1d 1in better
understanding the Operation of the analog board 1in a
microcomputer-based cystem.

9.2 List of Supplementary Information

Burr-Brown Application Note AN-79
Burr-Brown Product Specification ADC 80
Burr-Brown Product Specification DAC 80
7z1log PIO Product Specification

z1log PIO Technical Manual

Zilog Interrupt Structure Application Note
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