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Chapter 1
INTRODUCTION

1.1 Survey of DT176Q series

The DT176P series are advanced, standardized, low cost data
acquisistion systems designed for users of the Digital Equipment Corporation
LSI-11 micro-computer series. These data acquisition systems are on standard
quad-size boards that plug into the LSI-11, PDP-11/@3 or Heath H1l backplanes.

The DT1762 data acquisition system can process up to 64 channels of
analog data at a throughput rate of 25,009 channels per second. Throughput
rates of 1PP,PPP channels per second are also available. The DT1764 offers
the sameanalog input capability as the DT1762 but accepts wide range signal
inputs down to 3uV resolution. The DT1761 analog input/output system offers
16 single ended A/D input channels and 2 D/A output channels - each D/A
with a power amplifier output for driving industrial loads. The DT1765 offers
the analog I/0 capability of the DT1761 but accepts wide range A/D inputs
down to 3uV resolution. A complete DMA (Direct Memory Access) interface is
available on all models.

These systems contain several standard features that are usually
found only in much higher priced systems. Included as standard are acquisition
of data on an external event and a complete data acquisition system containing
a fully protected input analog multipliexer, sample/hold amplifier, and an
analog-to-digital converter. The entire system is powered from the computer
+ 5 volt power supply through a highly isolated DC-DC converter contained on
the interface system. Full interrupt control and optional DMA interface
provide the user with full system compatibility under RT-11 and RSX-11
operating system environments.
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1.2 Product Line

The DT1760Q series product line encompasses a wide range of analog
requirements. Members of this series include the following interfaces:

I/0 Systems

TYPE MODEL DESCRIPTION
(Types of outputs, number
of input channels)
High Level Analog DT1762 8 DI or 16 SE
16 DI, 32 DI, 32 SE, or 64 SE
Input Systems with on-board expander module
Wide Range Analog DT1764 8 DI or 16 SE
16 DI, 32 DI 32 SE, or 64 SE
Input Systems with on-board expander module
Range 1PmV to 1P volts
High Level Analog DT1761 - 8 DI or 16 SE
2 D/A with point plotting
1/0 Systems capability
Wide Range Analog DT1765 8 DI or 16SE

Range 1fmV to 19 volts
2 D/A with point plotting
capability

Note: ALL UNITS ARE 12 BIT RESOLUTION.
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1.3
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OPTIONS

Models
SE
DI
8, - 16
FD

DMA

Models

Mode

Mode

-16,

Mode

-0

>0

1s

R

1s

1s

Cables

-32, -64

single ended input

differential input -

number of input channels

diagnostic software on floppy diskette rather
paper tape

DMA hardware

DT1761 v~
DT1762

programmable gain amplifier -
100 KHZ A/D throughput

125 KHZ A/D throughput

1-5V input (4-20 mA)

DT1764
DT1765
precision resistor kit included

DT1762
DT1764

Number of input channels

DT1761
DT1765

Analog Output only
(no A/D input)

Order DT186916-2 cable assembly for a 10 foot ribbon cable
with connector. Mates with DT1760 series,

One used for Models DT1761 and DT1765, Models DT1762 and
DT1764 require 2.
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Chapter 2

ANALOG INPUT SPECIFICATIONS

2.1 Explanation of Input Types

Data Translation offers the user three distinct types of ana]og
inputs. High level systems are available where the input range can be
selected to be p-5V, +5V, P-1fV, or +1@V (optional programmable gain ampli-
fier extends dynamic range of system to 14 bits). The wide range input
systems offer user-selectable gain, allowing input ranges from 1pmv full
scale to 1pV full scale, depending on the choice of a single external gain
resistor. Finally, 1-5 Volt (4-2PmA) inputs are provided for industrial

loop control applications (requires customer installation of a resistor for
each channel - see section 2.5).

The customer must select one of these three input types at the time
of purchase. It is not possible to field-change the input type (although
units may be returned to factory for such a change on special arrangement).

2.2 High Level Analog Input Specifications:
(models DT1761 and DT1762)

NUMBER OF CHANNELS: DT1761 8 DI or 16 SE with 2 D/A channels
DT1762 8, 16, or 32 DI channels
16, 32, or 64 SE channels

MUX INPUT CHARACTERISTICS Break before Make on new channel selection
+ 35 volts overvoltage protection

INPUT IMPEDANCE: 1pp megohms in "OFF" or "ON" position
of multiplexer
A/D CONVERTER RESOLUTION: 12 bits binary weighted
CODING: Straight binary,offset binary, or 2's
complement, jumper selectable.
RANGES : p to 5 volts, + 5 volts, § to 1P volts,
or + 19 volts. A1l jumper selectable.
PERFORMANCE :
a. Gain Error Adjustable to zero
b. O0ffset Error Adjustable to zero
c. Linearity + % LSB
d. Accuracy + 0.P3% FSR
e. Stability + 25 ppm/OC FSR
f. Throughput 35 KHz Standard

19p KHz Option "C"
125 KHZ Option "A"

Note: ALL HIGH LEVEL ANALOG INPUT INTERFACES MUST BE ORDERED AS SE OR DI.
THEY ARE NOT FIELD SELECTABLE.
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2.3 Wide Range Analoag Input Specifications:
(modeTs DT1764 and DT1765)

NUMBER OF CHANNELS:

MUX INPUT CHARACTERISTICS:

INPUT TMPEDANCE:

BIAS CURRENT:

A/D CONVERTER RESOLUTION:

CODING
RANGE :
PERFORMANCE :
.a. Gain Error
b. Offset Error
c. Linearity
d. Accuracy
e. Stability
f. Throughput
Note:

DT1764 8, 16, or 32 DI channels
16, 32, or 64 SE channels
DT176L 8 DI, or 16 SE with 2 D/A channels
Inputs are protected to + 15 volts
non-destructive. :

1909 megohms // 1P pf
1pp megohms // 6@ pf

2PnA @ + 250C.
5PnA @ + 750C.

IIOFFII
llONll

12 bits binary weighted

Straight binary,offset binary,
or 2's complement,jumper selectable.

p to 1pmV, P to 1PV (or +1PmV, +1pV)
These ranges represent the minimum
and maximum input ranges. The full
spectrum of intermediate ranges is
given in table 2-1. A1l ranges are
selected via a single resistor and
timing capacitor on the interface.

Adjustable to zero

Adjustable to zero

+ % LSB

+ P.P3% FSR @ gain equal to 1
+ 3p ppm /9C

31 KHz @ a gain of 1 to 18. For
higher gains with corresponding
throughput rates see table m.

ALL WIDE RANGE ANALOG INPUT INTERFACES CAN BE FIELD CONFIGURED TO

BE SE OR DI BY THE USER VIA JUMPERS PROVIDED ON THE INTERFACE BOARD.
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2.4 Instrumentation Amplifier

The wide range interface systems (mode]s DT1764 and DT1765) have
an on-board high-precision variable gain instrumentation amplifier. As the
gain of the amplifier is increased, the time allowed for settling of the
multiplexer, sample/hold and amplifier must also be increased. The gain
(and hence the input range) is set with the use of an external gain resistor
(Rq). The time allowed for settling is set by an external capacitor (Ct)'
If neither of these two parts (Rg and C.) are installed, the instrumentation
amplifier will operate at a gain”of 1 (Fepresent1ng a P-1pV or +1pV input
range) and the proper settling time will be allowed. To select the gain
required and the value of the gain resistor, the following formulas are
useful: (the gain resistor must be a precision resistor with +p.p2%
tolerance)

3
6 = 10 -1 20x108
Tnput range desired g
R = 2Q x 10%_ (for a gain of 1, no resistor
g TG-1T is required)

The following table illustrates the values of Ry and C; required
for various gains and amplifier settling times. It should be noted that the
total throughput time is the time required for amplifier settling plus the
2PuSEC required for the A/D conversion.

INPUT RANGE GAIN| Rg Ct AMP SETTLING | SYSTEM THROUGHPUT
TIME ACCURACY (SAMPLES/SECOND )
+ 19 mv 1000) 20.92 | .p15uf 25pus +0.1% 3.7 KHz
+ 25 mV 4pp | 50.13 | 68pPpf 12pus +0.08% 7.1 KHz
+ 59 mV 200 | 100.5 | 33pPpf 7pus +0,07% 11.1 KHz
+ 19p mV 100 | 202.0 | 15pPpf 4Pus +0.05% 16.75 KHz
+ 1 volt 190 | 2222 | None 12uS +0.03% 31.0 KHz
+ 2.5 volts 4 6667 | None 12uS +0.03% 31.0 KHz
+ 5.0 volts 2 20.0K | None 12uS +0.03% 31.0 KHz
+ 1p.0 volts | 1 None | None 12uS +0.03% " 31.0 KHz

Note: Throughput time = Amplifier Settling time + A/D conversion time (2@ uSEC)
Throughput =

throughput time
Table 2-1
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2.5 4-2pmA Analog Input Option

Data Translation analog input systems can be configured for 4-2pmA
loop control Anputs. This is accomplished by ordering the 1-5V input option
(models DT1761 and DT1762 only). The user must provide a 250 ohm resistor
to convert the 4-2PmA input to a 1-5 volt signal. This resistor should be
a precision resistor with a + 0.02% tolerance. A1l 1-5 volt inputs are
supplied in the differential configuration. The 4-2PmA input option-may
only be factory-installed - it may not be field-applied.

)
|
!
| DT1761
I DT1762
: |
T
]
|
User |
Supplied 250
4-20-mA Precision ohm 1-5 Volt
Input T resistor ? EE : differential input
|
|
l @
I WD U _
NS U
I
l .
|
v l
) Ve !
l

NOTE:

Vem (common mode voltage) should be < 0.1V
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SAMPLE 4-2p MA INPUT CODES

ADDBR

OCTAL BINARY Vin Iin
7777 | 111111111111 | 1.9009 | 4.pppmA
7776 | 111111111110 | 1.p010 | 4.pp4mA
7775 | 111111111101 | 1.0020 | 4.pp8mA
7773 | 111111111911 | 1.pp39 | 4.p15mA
7767 | 111111110111 | 1.pp78 | 4.931mA
7757 | 11111111111 | 1.9156 | 4.962mA
7737 | 111111911111 | 1.9313 | 4.125mA
7677 | 111119111111 | 1.p625 | 4.250mA
7577 | 111191111111 | 1.125p | 4.5ppmA
7377 | 111911111111 | 1.2509 | 5.02pmA
6777 | 11p111111111 | 1.5p89 | 6.p0pmA
5777 | 1p1111111111 | 2.pp00 | 8.popmA
3777 |p11111111111 | 3.0009 | 12.pp9mA
1777 | pp1111111111 | 4.pp0p | 16.0p0mA
p777 |ppp111111111 | 4.5pp9 | 18.9pPmA
p377 | pepp11111111 | 4.7509 | 19.090mA
p177 | ppppp1111111 | 4.875p | 19.509mA
pp77 | opoppp111111 | 4.9375 | 19.750mA
pp37 | ppppppp11111 | 4.9688 | 19.875mA
9017 | 0ppppppp1111 | 4.9844 | 19.938mA
ppp7 | popoppppp11l | 4.9922 | 19.969mA
pep3 | PP0P0PPP0P1L | 4.9961 | 19.984mA
pppl | ppppppopepRl | 4.9980 | 19.992mA
poPp | POPPPPOPPADD | 4.999P | 19.996mA
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Chapter 3
ANALOG QUTPUT SPECIFICATIONS

3.1 Dual Channel D/A Specifications

The DT1761 and DT1765 offer the user a sophisticated dual channel D/A
Converter. The converter and its associated interface circuitry simp]ify a
number of control tasks. A complete guide to the use of the analoo outpnut
circuitry is given in Chapter 5.

RESOLUTION: 12 bit binary weichted
LINEARITY: + 3 LSB
RANGES : P to 19 volts, + 1P volts; @ 25 mA minimum
output current, all ranges jumper selectable
RELATIVE ACCURACY: + P.925%
SETTLING TIME: P.1% in 1 uS, P.91% in 3 uS driven into
50 ft. coaxial cable terminated with
479 ohms.
TEMPERATURE COEFFICIENT: 25 ppm/OC.
Z AXIS CONTROL: The DT1761 and DT1765 contain all the

control circuitry for Z axis and scope
control mode bits.

Z OUTPUT (INTENSIFY): TTL compatable pulse driven into 59 ohm
termination. Normally LOW (max. p.8 volts),
generates HIGH (min. 2.4 volts) pulse
on intensify.

Z RISETIME: 100 nS into 50 ft. of coaxial cable
terminated with 4790 ohms.

Z PULSE WIDTH: $.5 uS or 5 uS jumper selectable.
External capacitor supplied by the user
can lengthen the pulse width from p.2 uS
to 190 uS.

SET-UP DELAY: 3 uS or 7P uS jumper selectable. Exter-
. nal capacitor supplied by the user can
lengthen the delay from 1 uS to .5 mS.

GAIN & OFFSET: Both outputs adjustable with external pot.

MODE BITS: ‘ Two input bits are decoded to four mode
control output lines. The output lines
are LOW true and can drive up to 1P
standard TTL loads (consult Chapter 5
for application information).
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Chapter 4
COMPUTER INTERFACE REGISTERS

4.1 Introduction

The interface registers of the DT1760 series data acquisition systems
are designed to meet the requirements of standard DEC PDP-11 interfaces. As
such, they are structured around a Control and Status register for complete
software control of the interface. The registers are standardized, providing
a common register set among the entire series. This chapter describes in
detail the bit definitions of this register set.

4.2 Summary of Registers

The following is a brief summary of the registers common to the DT1760
series interfaces. The term "BASE" refers to the device address (see Chapter 6).

Register Name Address Comments

A/D Control-Status Register BASE R/W, byte addressable
(ADCSR) all models

A/D Data Buffer Register BASE + 2 Read only, word addressable
(ADDBR) all models

D/A Data Buffer Register BASE + 2 Write only, word addressable
(DACDBR) DT1761 and DT1765 only

DMA Word Count Register BASE + 4 R/W, word addressable
(DMHCR) ' DMA option only, all models

DMA Current Address Register BASE + 6 R/W, word addressable
(DMCAR) DMA option only, all models
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4.3 Detailed Register Description

The following sections describe the interface registers in detail.

Control - Status Register Base address
ADCSR

Z (DT1761/DT
I ( /DT1765 only)

15114113 12|11 plo|8]7]6|5]4]3 21|

= T A
ERROR]\ Multiplexer ADDRESS T INT RTC T GS1 6SP DMA T

< ENB ENB ENB

INC MODE ' A/D DONE  EXT TRIG A/D START
ENB

Upper Byte (loading this byte will trigger a conversion - see section 5.1)
ERROR bit (bit 15) READ/WRITE TO ZERD

This bit indicates an error condition on the board when set.
The following error conditions will set this bit:

@® an attempt to start a new conversion during the
multiplexer settling interval. This can be due

to external inputs (external trigger or Real Time

Clock inputs) or program attempts to start a

conversion.

Note: Selecting Ext. trigger or RTC trigger modes with
the respective input floating (not tied to a
digital high or digital low) can generate this
error.

@® an attempt to start a new conversion while a previous
conversion was still in progress. This error can be
generated in all triggering modes.

@® a read of the A/D data register while a previous
conversion was still in progress. Invalid data will
be read if this is done, hence the error indication.

This bit may be cleared in two different ways. The backplane
INIT signal (generated by power-up or execution of a RESET
instruction) will clear this bit, as will writing a zero
into this bit position. (example: CLR @ADCSR
MOV #p, G#ADCSR

note that either of these two examples

will reset the error bit but will also

start a new conversion by loading an address

into the upper byte of the CSR)
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INC MODE  (bit 14) READ/WRITE

When this bit is set the A/D converter is placed in
increment mode. When in this mode, every start
conversion command will increment the multiplexer

address automatically. Thus, the program can sample
channels sequentially without the requirement of a
software m:intained channel address counter. The
multiplexer address is incremented before the conversion
is initiated. This means that if the multiplexer address
is read back upon completion of a conversion initiated
under increment mode the address bits will indicate the
channel address from which the waiting data was obtained.
Increment mode can be used under all triggering

modes. See Chapter 5 for information on how to utilize
increment mode. The bit can be set and reset under program
control, and is cleared by the INIT signal.

Z (bit 13) READ ONLY (DT1761/DT1765 only)

This bit is internally connected to the Z axis intensify
output of the DT212 dual DAC module. Duringc a £ axis
intensify pulse this bit will read as a one.

MUX ADDRESS (bits 8-13  READ/MRITE

These six bits provide the means for addressing up to
64 analog input channels. On the DT1762 and DT1764,
all six of these bits are used to address the input
channel desired. On the DT1761 and DT1765, only the
low order 4 bits (bits 8-11) of this field are required
to address the maximum of 16 analog input channels
available on these models. CSR bit 12 becomes a read-
only bit, always reading as a zero. CSR bit 13 is
utilized differently - See description of Z bit above.

The multiplexer address bits are read/write bits.
Whenever a new address is written into these bit
positions, a conversion is automatically initiated on
that channel. Thus, any operation that writes into the
upper byte of the CSR will start a new conversion. See
Chapter 5 for information on how to utilize this feature
to best advantage. Uhenever a conversion is completed,
a read of the multiplexer address will always indicate
the channel from which the waiting A/D data was obtained.
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Lower Byte
A/D DONE (bit 7) READ ONLY

INT ENB

RTC ENB

EXTTRIG

This bit is set when the A/D module signals that the

End of Conversion (EOC) has occurred. The bit remains
set until the A/D data is read, at which time the bit is
cleared. Thus, the A/D done bit indicates that valid
data is available to the program. This bit is also
cleared by the INIT signal.

(bit 6) READ/WRITE
This bit when set enables interrupts to be generated upon
either the A/D DONE bit or the ERROR bit becoming set.
The A/D done and the error interrupts use the same
interrupt vector (see Chapter 6 for information on setting
the interrupt vector). This bit can be set and reset under
program control, and is cleared by the INIT signal.

(bit 5) READ/WRITE
This bit when set enables the A/D converter to be triggered
from the Real Time Clock input on connector J1. If a Real
Time Clock is connected to the RTC input, the user may then
control the converter through the Real Time Clock. This can
be set and reset under program control, and is cleared by the
INIT signal.

ENB (bit 4) READ/WRITE

«This bit is similar in operation to the RTC ENB bit but instead
allows the A/D converter to be triggered by the External
Trigger input. This bit can be set and reset under program
control and is cleared by the INIT signal.

GAIN SELECT  (bits 2-3)  READ/WRITE
GS1 bit 3
GSP bit 2

These bits function only on boards equipped with the programmable
gain option. With the option installed, these bits control the
gain of the switch gain amplifier and thus the gain of the con-
verter. The gain can be selected according to the following
table:

GS1|GSP GAIN

- - e

1
2
4
8

i~ T e ]

The gain bits can be set and reset under program control,
and are cleared by the INIT signal..
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A/D Data Buffer Register

DMA ENB

A/D Start

(bit 1) READ/WRITE
This bit controls the operation of the Direct Memory
Acess (DMA) option if installed. On boards with the
DMA option, setting this bit instructs the board to
transfer A/D data directly into memory using DMA.
Before setting this bit the two DMA registers should
be set correctly with the transfer parameters. See
Chapter 5 for information on using this very useful
option. The DMA ENB bit can be set and reset under
program control. It is automatically cleared when
the given transfer is complete. It is also cleared
by the INIT signal.

(bit P) WRITE ONLY
This bit is a write only bit and will always read
back as a zero. Writing into the CSR with this
bit set will initiate a conversion. See Chapter 5
for information on triggering conversions.

Base address + 2

ADDBR READ ONLY This register is not byte-addressable.
This location will return the A/D data as follows when
read:
1514 13112111 11p |98} 716}5}14)13}12]119P

not used *)

MSB A/D DATA _ LSB

~

D/A Data Buffer Register
WRITE ONLY

DACDBR

rd

Base address + 2
This register is not byte-addressable

15

14

111191871654 ]31]2 110

X-Y
SEL

|

z

'MODE

19

INTENSIFY

MSB DAC DATA LSB
pd 3

A Y K4

%T'.2s2 bits are not driven on thc bus by the interface, thus
tiiey are indeterminate.
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X-Y (bit 15)
When set DAC data is loaded into Y-DAC
When clear DAC data is loaded into X-DAC

Z INTENSIFY (bit 14)
When set will trigger a Z-axis intensify output.
MODE (bits 13-12)

These two bits are decoded to produce four digital )
outputs according to the following table:

MODE MODE | Connector Pin
1 P |43 45 47 49

p o]0 1 1 1

P 1 1 p 1 1

1 ) 1 1 9 1

1 1 1 1 1 9P
DAC DATA (bits 11-p)

Twelve bits of DAC data.

DMA option registers

When the DMA option is installed, the fo]1owing registers have
meaning.

DMA Word Count BASE address + 4
DMWCR This register is not byte-addressable.

1511411312111 j1p ) 9| 8 71615413 |2]1

not used WORD COUNT DATA

&
Y

4

v

'1
| <

The word count register is a 12 bit counter/ register

which determines the number of transfers that will

occur. The register is loaded with the one's complement

of the desired transfer count. This register is incremented
after every transfer. When the transfer is completed
an End of Range (EOR) interrupt will be generated. For
a complete description of DMA operation, see Chapter 5.

Upon readback of this register, the upper four bits of this
register are indeterminate. The low order 12 bits can be
set and reset under program control, and are also modified by
the DMA Togic as the transfer progresses.
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DMA Current Address Register

Base address +6

DMCAR This register is not byte-
addressable
15141311211} 9876|514 |312]11}©P
CURRENT ADDRESS -
< >

The current address register is used to supply
the actual memory location where data is to be
transferred. Before initiating a DMA transfer
this register is loaded with the first location
of the memory block to be filled. The register

is incremented by the DMA logic after every

word transferred. Due to the fact that the A/D
data is 12 bits in length, a complete PDP-11 word
is transferred for every conversion. The user
program may write either even or odd addresses into
this register, but the logic will strip bit p and
start its transfer at an even address. Upon read-
back of this register, bit @ will be indetermin-
ate. The 15 bits of this register may be set and
reset under program control, and are also modified
by the DMA Tlogic.
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Chapter 5
OPERATION AND PROGRAMMING

5.1 Triggering Modes

There are several means of initiating an A/D conversion on
the DT176Q series, giving the user great flexibility. The following
conditions will trigger the start of an A/D conversiun:

A. Loading a Multiplexer Channel Address (upper byte of ADCSR)
Whenever a new channel address ia loaded, the board will auto-
matically initiate a conversion after the multiplexer has
settled. A new address may be loaded in several ways:

MOVB #channel, G#ADCSR+1; loads channel address in upper

; byte of ADCSR, starts conversion
loads an entire new CSR
clears ADCSR, starts conversion
on channel zero.
clears only channel address, starts
conversion on channel zero.

MOV #csr,@#ADCSR
CLR  @#ADCSR

CLRB @#ADCSR+1

we we Ve Ve Ve

If the user desires to start a conversion without loading a new
channel address, the program should use a variation of (B), below.

B. Setting bit @ (A/D START) of ADCSR
This technique can be applied in several ways:

MOVB #1p1, @#ADCSR. ; enable interrupts, start conversion,
; but do not load new channel
MOV #1P1, @#ADCSR ; enable interrupts, start conversion
; on channel zero
(Note that the last example is equivalent to
MOV #1pP, G#ADCSR  due to (A), above)

To start a conversion without changing any of the parameters
already loaded into ADCSR, use

INCB  @#ADCSR

This sets the start bit without modifying any other bits in
the CSR and without loading a channel address. If INC were

to be used instead of INCB, the upper byte of ADCSR would be
read and reloaded during the execution of the INC instruction.
Under some conditions this may cause an error. Consequently,
the use of INC is discouraged and INCB is recommended.



C. Real Time Clock input when RTC ENB bit is set, and
External Trigger input when EXTTRIG ENB bit is set

When the RTC ENB bit is set, the operation of the converter is under the
control of the Real Time Clock input, a TTL compatible input. The trailing
edge of this input will switch the analog sample and hold to hold,.
initiating u conversion. A typical application of this input would be to
connect a waveform to the Real Time Clock, triggering the RTC at a certain
threshold level. After a programmed time interval, the RTC would then

generate a pulse to trigger the A/D converter. (Note: the pulse output of the
DEC KWV11A is too narrow to be used directly.)

Delayed Trigger Application:

: RTC
RTC RTC Trigaered

Triggered Triggered

///~\\\\JZ/ \I u{//
Threshold —_) $----- R T T e RO CE

[

\ ' ‘

L {

[

|

|

Voltage

Programmed Delay Time »

RTC output Y Y
(A/D triggered on trailing
edge)
Another application that is perhaps more common is utilizing the RTC
to generate a software controlled clock. If the A/D converter is triggered
by this controlled frequency clock, an incoming analog waveform can be
digitized to any desired degree of accuracy (limited only by the sampling
frequency and the A/D throughput). Digital filters are greatly simplified
using this combination of the RTC and an A/D converter.

Digital Filter Application:

Voltage
| . '
/ | I | X
[ ! i !
{ | '
! l | ' : ;
f ' ' : ! |
! 7 | ] : o
‘ | : ' : ; ime -
RTC Output
(A/D triggered on Y Y \ \ \

3 v

trailing edge)

For further information about the Real Time Clock, consult the User
Manual for the Data Translation model DT2769, a dual-width LSI-11
interface providing complete compatability with DEC's KWV11-A option.
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The EXTTRIG ENB bit and the EXTERNAL TRIGGER input function in an identical
manner to the RTC input and enable bit. The purpose of the TTL compatible
external trigger input is to provide the user with yet another means of
triggering the converter. A typical application of the external trigger

input is to-synchronize the converter with some external event (s). If an RTC
board is available in the system, the Schmitt Trigger inputs of the RTC may

be used to detect a preset threshold voltage and immediately issue a TTL
trigger to the A/D converter.

Before enabling RTC or external trigger mode the user program must set up the
channel address parameters on the board (selecting the channel and sequential
mode if desired). Setting up these parameters generally requires performing
an A/D conversion, as loading a new address will start a conversion. Once
the board has been instructed as to the proper channels, the RTC ENB bit or
the EXTTRIG ENB bit should be set, along with any other mode bits that are
appropriate (such as the gain setting, interrupt enable, DMA enable, etc. as
desired).

For RTC mode:

MOVB  #4@ ,0#ADCSR  ; set RTC bit, clear other bits

MOVB  #14p,8#ADCSR : set RTC bit and enable interrupts

BISB  #4p,@#ADCSR  ; set RTC bit, leave others alone

For External trigger mode:

MOVB  #20,8#ADCSR ; set EXTTRIG bit, clear others

MOVB  #12Q,8#ADCSR ; set EXTTRIG bit, enable interrupts
BISB  #2p,8#ADCSR  ; set EXTTRIG bit, leave others alone

Note that all of the examples are "byte" instructions, operating only on the
lower byte of ADCSR. The use of "byte" instructions will prevent modification
of the upper byte of ADCSR, keeping unwanted triggers from interacting with
the RTC or External Trigger inputs. Take care in using the BISB method,

as it is possible to generate an unwanted combination of modes (such as RTC
and interrupt, RTC and EXTTRIG, etc.)

Once the RTC ENB or EXTTRIG ENB bit is set, an A/D conversion will be triggered
on every negative-going edge of the respective inputs. If both inputs are in
use simultaneously, (both RTC ENB and EXTTRIG ENB are set), the inactive input
(i.e. the input that did not trigger the current conversion) must remain in the
low state until the conversion is finished. The RTC input and the EXTTRIG input
are subject to the following constraints:

Under sequential mode:

Trigger Input  7///) Q\/‘_—" Yoy (minimum)_“‘*‘f')j; 7 27/

MUX Timeout €¢SETTLE4(:V
S & H SAMPLE [ HOLD C
EOC - Sleteonvers1on =N

tSETTLE = nultiplexer settling time

. ) (see Appendix C for numerical values for
tCONVERSION = A/D conversion time = these two parameters)

t oy (mins =t + tan . » @ low time less than or equal to this
LOW (minimum) SETTLE CONVERSION * U 1 @ Will set the ERROR Bit
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Under random mode: k‘tCYCLE (minimum)“““““‘*'

Trigger Input 7./// <:»+tLow (minimum)>/////7 <:,
\

o mns———————

S & H SAMPLE HOLD «t nco

EOC <toonversion —1 Y
tac = Sample=& Hold acquisition time -
Q (see Appendix C for numerical values
- . . t
tCONVERSION A/D conversion time for these two parameters)

a low time less than or equal to this value

t . = tanr s
LOW (minimum) CONVERSION will set the ERROR bit

t a cycle time less than or equal
to this value will result in
incomplete sample & hold acquisition

CYCLE (minimum) - tAcq ¥ Pconversion *

5.2 Channel Addressing Modes
The DT1760 series analog boards offer the user two methods of
specifying input channel addresses to the A/D converter. The desired channel
address can be directly loaded or the multiplexer auto-increment method can be
selected (sequential mode).
A. Direct Loading
Utilizing this mode of addressing, the desired channel address
along with any appropriate mode bits is loaded into ADCSR. Examples
of this method and a discussion of triggering considerations are
given in the Triggering Modes section in the paragraph on loading a
multiplexer address. Complete random access to any channel is
possible with direct loading of the address.

B. Seqguential Mode .

Many applications for data acquisition systems require the periodic
scanning of all or a group of input channels. To simplify software
requirements in programming for these applications, the DT176f¢
series allow the program to set a bit (INC MODE) in the CSR to allow
the hardwired logic on the board to cycle through input channels
automatically.

Once the INC MODE bit is set to allow sequential mode and an
initial channel address is specified, every new trigger will increment
the multiplexer channel address and perform a conversion on the new
channel. When the multiplexer reaches the last channel installed on
the board, the channel address is forced to zero and the cycle contin-
ues. With this mode of operation, valuable CPU time is not required
to update a software channel address counter and direct-load a new
address for every conversion. Sequential mode can be used in combina-
tion with any triggering and data transfer mode desired (DMA, inter-
rupts, RTC, etc.).

One concern for the user application software is the need to know
on what channel waiting A/D data was taken. To meet this need, the
board CSR always contains the address of the channel on which the
current valid A/D data was taken. The multiplexer address is not
incremented until the next trigger command is received, at which
time the logic will automatically wait a preset time for the analog
front end to settle



before triggering the conversion. The need for a software channel address
counter is completely obviated by this feature.

Configuring the board for sequential mode, although not completely
straight forward, is simple. The procedure is slightly complica“ed by the
fact that the INC MODE bit (ADCSR bit 14) is located in the upper byte of
the CSR, and any modifications to the upper byte will trigger a conversion.
Before setting the INC mode bit, the initial channel of the scan must be
selected. To prepare the board, load a channel address corresponding to the
channel immediately preceding the desired start channel (if the first conver-
sion of the scan is to be on Channel 3, load channel address 2, etc). Do not
set the INC MODE bit until the channel address in ADCSR is one less than the
desired start address. After waiting for the converter to finish its current
conversion (if any), execute '

BIS #4pppp, @#ADCSR
setting the INC MODE bit. This will increment the channel address (to the
desired start address) and start a conversion on that channel. Once sequen-
tial mode has been enabled, it is only necessary to trigger the converter
with the A/D start bit or by an external trigger source to automatically step
the multiplexer to the next channel and perform a conversion. Note: when
preparing the board to be operated under sequential mode with triggering
supplied by the RTC or EXT TRIG inputs, the channel address loaded should be
two less than the desired start address.

5.3 Data Transfer Modes

There are several methods that may be utilized to transfer data to and
from the DT176Q series data acquisition systems. The methods and some pro-
gramming examples follow.

A. Programmed I/0

A11 data transfers occur under explicit software control when using programmed
I1/0. Once the converter is triggered, the software must wait for the A/D DONE
bit (bit 7 of the CSR) to become set before data can be obtained. The program.
is not informed of when the done bit becomes set - it must sample the CSR until
the bit 1S set,

Example:

MOV  #4PP,8#ADCSR ;direct load channel address 1,
strigger conversion .

=user code=

; program is ready for A/D data, see if board is ready too

Loop: TSTB @#ADCSR ; is bit 7 set? (A/D DONE)

BMI GETDATA ; Yes - go aet data
=user code (if any)=
BR LOOP

The TSTB instruction can be replaced by a BIT #290,8#ADCSR or a BITB #2090,
@#ADCSR. A1l test the state of the A/D done bit (make sure the proper condi-
tional branch follows whatever test instruction is used). Before the program
gets the A/D data, it is good practice to check the state of the ERROR bit
(bit 15 of the CSR) to verify that the conversion was error-free. Once the
program has determined that A/D data is ready, the software must move the data
from the A/D data buffer register to whatever location is appropriate to the
program.
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GETDATA: TST @#ADCSR : error bit set?

BMI ERROR ; Yes - go process
MOV @#ADDBR,dst ; get data
=yuser code=

Programmed 1/0 may be used in conjunction with any triggering mode
and any channel addressing mode.

B. Interrupt driven 1/0

In many applications, the time consumed by the CPU in programmed
I/0 just waiting for the A/D converter is too vaiuable to waste. For
these applications and applications that require an instant (real time
response to the A/D data, interrupt mode is provided. In this
mode the program not only selects the channel addressing mode and triggering
mode desired but also sets bit 6 of the CSR, the INT ENB bit. Thereafter,
an interrupt will be generated every time the A/D DONE bit (bit 7 of the
CSR) or the ERROR bit (bit 15 of the CSR) become set. The program now
does not need to loop waiting for the A/D DONE bit - instead the CPU
can proceed to some other task. The program is assured of being informed
as soon as the board requires attention. One interesting application of
interrupt mode is when interrupts are used in conjunction with an external
trigger source: after a conversion is triggered externally the A/D done
condition generates an interrupt. This tells the processor that some
external event has occurred and A/D data is ready - a dual use of the
interrupt.

Before using interrupt mode, consult the processor handbook for the

LS1-11 to become familiar with the DEC interrupt procedure. The DT176p
series boards generate vectors that are completely DIP switch selectable -
any desired vector can be set (see Chapter 6). The interrupt generated

by the A/D DONE and ERROR bits uses the "base" vector.
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The user interrupt service routine (ISR) must remember that an
interrupt can also be generated by the ERROR bit. Typically the first
function of the ISR is to check this bit - if clear, then the interrupt
signals valid A/D data. If set, an error condition has occurred.

Example:
MOV #14p,04#ADCSR senable int., load address P,enable RTC
=user code=
ISR: TST @#ADCSR ; error bit set?
BMI ERROR 5 yes - go process
MoV @#ADDBR, (R2)+ ; store A/D in memory
RTI

In the example above, the program loads address zero, enables interrupts
and the RTC trigger, and then proceeds to a different task. Thereafter,
every time a conversion completes an interrupt will be generated and

the service routine executed. In this example, the service routine
checks the error bit to see if the interrupt was generated by an error
condition, then moves the A/D data into memory using processor register 2
as a pointer. The interrupt service routine should end in an RTI
instruction (exception: RT-11 users consult RT-11 manual for information
on programming interrupt service routines.)

Interrupt driven I/0 may be used with any triggering mode and either
channel addressing mode.

C. Direct Memory Access (DMA)

A unique option for the DT176p series interfaces is the Direct Memory
Access (DMA) option. Some applications such as high speed waveform analysis,
digital filtering, etc. require the high speed acquisition of a number of
continuous conversions. Programmed I/0 and interrupt operation still require
processor action for every conversion taken, using valuable time and reducing
the potential throughout of the A/D converter. The DMA option allows the inter-
face itself to completely handle the transfer of such a block of A/D data
directly into memory with no processor action. The interface is free to run
at its own highest throughput under DMA making possible a number of applications
that were prohibitively expensive in the past.

Normal triggering under DMA causes a wrap-around effect. Every time
the A/D DONE bit becomes set, the interface makes a DMA request to the
processor. After the interface becomes bus master, the A/D data is sent to
memory. The Word Count Register and the Current Address Register are incre-
mented and the A/D DONE bit is cleared. The clearing of the A/D DONE bit
automatically triggers the next conversion and the cycle repeats. Thus the
data transfer rate is dependent upon the speed of the Data Acquisition Module
and the time required to perform the transfer.

An external triggering source (RTC or EXT TRIG) can be used under DMA
mode. When an external trigger source is enabled, the wrap-around triggering
that is normal for DMA mode is disabled and the interface will wait for explicit
“triggers. This is the only difference from normal triggering - the rest of the
transfer cycle is identical.

Sequential mode may be used under DMA, but the desired start address
must be set up before DMA operation is enabled. Under sequential mode, each
trigger will increment the multiplexer channel address and perform a conversion
on the next channel. If sequential mode is not selected, all conversions will
be taken on one channel.
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The operation of the interface under DMA mode is as follows:

1. Load the DMA Word Count Register (DMWCR) with the
complement of the number of words (A/D conversions)

2. Load the DMA Current Address Register (DMCAR with the
starting memory address of the block. ,

3. If sequential mode is desired, prepare the interface for
it now. (see section 5-2B)

4., Load the low byte of DCSR with the DMA ENB bit set and
the appropriate triggering mode bits set
(if neither RTC or EXT TRIG modes are desired, set the
A/D START bit)

5. When the transferis complete, and End of Rance (EOR)
interrupt will be generated. The vector for this interrupt
is the selected vector for the interface plus 4.

Example:

WC: .WORD 2p47.

ADD: .WORD 8192.

START: Mov ~ WC,B#DMICR j1oad word count into register
COM @#DMKCR .complement word count
MOV ADD,B#DMCAR ! load address register
MOVB #42 ,@#ADCSR s start transfer under RTC
=user code=

EOR: =user end of range interrupt service routine=
RTI

5.4 Using the D/A Converter

The DT1/61 and DT1765 offer the user a sophisticated dual channel
D/A converter. The converter and its associated interface circuitry simplify
a number of control tasks. For a description of the interface register, see
Chapter 4. Chapter 7 will inform the user where the output connections are
to be found.

A1l data transfers to the DACs occur under programmed I/§ - to
update the DACs, the program merely writes a new word into the DAC Data
Buffer Register (DACDBR).

If the two D/A converters are being used for controlling equipment
other than display oscilloscopes, the digital mode outputs and the Z axis
outputs are available to the user. The Z axis intensify output, for example,
is useful if there is a need for a program-generated output pulse. The user
may program the pulse through the installation of capacitors for the set-up
delay and the pulse width. The digital mode outputs are useful as general-
ized TTL program outputs.

For driving a CRT point plotting display, the hardware provided on
the interface greatly simplifies the refresh operation. To display a point,
write both X and Y co-ordinates to the appropriate DACs. If a storage oscillo-
scope is being used, the digital mode output may be used to control the mode
of the CRT (erase, write-through, etc.). When writing the second of the two
coordinates, set the Z axis intensify bit. The hardware will automatically
wait a preset time for the CRT deflection amplifiers to settle before issuing
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~a £ intensify pulse of selectable duration. When this operation has
completed, a point has been displayed on the CRT screen. If a scope with
electrostatic deflection amplifiers is being used (7@ uS amplifier settling
time), it is important for the refresh software to be able to detect when
the display hardware is ready to display another point. To meet this need,
ADCSR bit 13 is internally connected to the Z intensify output. During the
interval that a 2 intensify pulse is being produced, this bit will read as a
logic 1. The falling edge of this bit (the change from a logic 1 to a logic
P indicates that another dot may be displayed.



Chapter 6

CONFIGURATION

6.1 Introduction

This chapter describes in detail the customer-applied configuratinn
jumpers in addition to explaining the configuration options. The location of all
switches, jumpers, and adjustment ppints are given in Appendix B. If any
questions arise as to-the location of any jumper or switch mentioned in this
chapter, consult this appendix. (Space limitations precluded printing diagrams
at every point in the text where a jumper or adjustment point is mentioned)

6.2 Interface Address

The DT176p series interfaces allow the user to configure the
interface so that the interface will respond to any desired peripheral
address in the standard LS1-11peripheral address space. This "base" or
"device" address is set with miniature switches, allowing the user to change
the e¢ddress without any tools.

The interfaces will respond at 8 consecutive locations (with each
location corresponding to part of an interface register.) The user selects
the base address and the inteface will automatically respond to the desired
address and the 7 following locations. The base address may be any value
between 160090, and 177779

To s§1ect the bage address, DIP switches B8 and Bll are set.
Before setting the switches, the user must determine the binary address on a
bit by bit basis.

Record the address here:
le—user-selected bits——|

151141 1311211110198 7}6|5141312]1
1 1 1 X| x

(Note: bits 15-13 are fixed as ones (selecting the LS1-11 peripheral
address area) and bits 2-P are decoded internally to select the 4 double-
byte registers).

After choosing the states of bits 12-3, appropriateswitches must
be set on the interface to make the board respond to the desired addresses.
The following table maps each of the 1P bits that the user may select onto
19 switches. When setting the DIP switch, and "on" or "closed" position
represents a zero in the respective address bit.

Address bit

=§witch 12 11 1p 9 8 7 6 5 4 3 Numbers given inside
table represent sections
B8 Yy > e 7] 4 ,2 /} /? 6 /? ", or individual switches
BLL W N ] 3] 2 of each DIP switch. For

example Address bit 12
maps onto DIP switch B8,
switch #5.
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Once the base address has been set, bits 2-p decode internally to address
the following registers:

Address bits

Register
ADCSR Lo Byte
ADCSR Hi Byte
Data Buffer *
Data Buffer *
DMWCR  *

DMWCR
DMCAR
DMCAR

TS S S SIY
HHBS&-—IHBB;—J
[ SWER S WER L WEER Y (S

* * *

*These registers are not byte - addressable.

Unless otherwise requested, all DT176Q series interfaces are factory-set
at a base address of 177ﬂﬂﬂ8.

6.3 Interrupt Vectors

In addition to the flexibility of setting the base address, the DT1760 series
interfaces allow the user to select the interrupt vectors used by the inter-
faces. Like the base address, the base interrupt vector is also set by
opening or closing DIP switches. Before setting the switches however the user
must select the desired vector. Record the chosen vector here.

eUser - Selected—

716151413

nN
ot
s

* Bits 2,1,0 are generated by the interface as follows:

Bit 2; set if DMA EOR interrupt .
cleared if A/D DONE or ERROR interrupt
Bit 1,0 : always P

Once the vector has been chosen, the following table should be used to map
the vector address bits onto DIP switch sections.

Vector Address bit

5 11 cwiten oct sl7le]l5]a |3

switch section Gslalale 7 15
Unless otherwise requested, all DT176@ series interfaces are factory-set
at a base-vector address of 130g.

[N .
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6.4 Analog Input Configuration

6.4.1 Selecting SE or DI

Model DT1764 and DT1765 allow the user to configure the analog front end
for either single- -ended (SE) or differential operation (CI). Thc table
below summarizes the connections required:

Input configuration Jumper connection
SE (Single Ended) P1-P2, P3-P4
3 DI (differential) P5 installed, P2 to P3 |~

Models DT1761 and DT1762 must be factory-configured for either SE or DI
input. SE or DI operation is not user selectable. These two models must be
ordered according to use. For SE-configured DT1761 and DT1762, P3-P2-P4 are
connected at the factory.

6.4.2 Selecting an input range

6.4.2.1 High level (DT1761 and DT1762)

Models DT1761 and DT1762 allow the user to select bipolar or unipolar ranges,
the magnitude of the range, and the notation of the resultant A/D data. These
are configured through the installation of jumpers on the printed circuit card.
- The following table summarizes these connections:

Range Data Notation ' Jumper connection
P-5 binary ; R5-R6 »R3-R4, S3-S1 |
£ 5 offset binary R R5-R6,R2-R4, S3-51
| £ 5 two's compliement ‘ R5-R6,R2-R4,52-S1
p-10 binary ___R3-R4,S3-S1.R5-R1
+ 1P offset binary ~ R2-R4,33-S1,R5-R1
> 1 two's complement ~ R2-R4,52-SLR5-R1 | ~—

6.4.22 Wide Range (DT1764, DT1765) :

The wide range systems have the ability for gain and t1ming selection. The
Instrumentation Amplifier may be programmed for any gain from 1 to 1pp0.
Because the A/D has an input voltage range of either § to + 10V

or + 1PV, the gain of this instrumentation amplifier will determine the

input signal voltage range to be digitized. At a gain of 1PPP., the input
signal for full scale would be 1P mV (19 mV x 1PPP = 1PV). For a gain

of 1, no external resistor is needed, since the instrumentation amplifier
has been set to this gain internally. The gain equation for the Instrumenta-
tion Amplifier is given below: (see Section 2.4 for additional information)

_ 1PV _ 20 x lﬂ
G-—V ..1+__.R...___
input range desired g
R = 20 1p° (for a gain of 1, no resistor
g G-1 is required)
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6.4.3 Selecting expander channels (DT1762 and DT1764)

Models DT1762 and DT1764 allow configuration of the interface with up to
64SE or 32DI channels. These two models feature an extended addressing
mechanism to allow the interface to address more input channels than are
present on a single A/D converter module. Model DT1764 utilizes wide range
inputs and may be field selectable as either SE or DI.  Model DT 1762 utilizes
high level inputs and may only be factors set as SE or DI. The following
table summarizes the connections required for the extended addressing:

Input mode #of channels Jumper connections
v on expander jumper header

SE 64 Jumper across all pins

32 2-15,3-14,4-13,6-11,7-10,5-8

16 3-14,4-13,7-10,5-6-8

32 2-16-,3-15,6-12,7-11,8-5
DI 16 3-15,7-11,5-8

8 5-6-7-8

6.5 Analog Output Configuration (DT1761 and DT1765 )

6.5.1 Selecting an output range

The output ranges of the two D/A converters provide maximum f]ex1b1]1ty as
each channel can be configured independently. The following table gives
the available configurations:

Range YDAC jumper XDAC jumper | Offset binary/ Two's
binary Complement
*+5v Y1-Y2, Y3-Y4 X1-X2 , X3-X4 M2-M3 M1-M3
p-10v Y3-Y4 X3-X4 M2-M3 N/A
Y1-Y2 X1-X2 M2-M3 M1-M3
+10v

6.5.2 Configuring Z-intensify

The DT176) series interfaces equipped with D/A outputs allow the user the
maximum flexibility in mating the D/A channels with any of several standard
display oscilloscopes, if that is indeed the use of the outputs. This
flexibility is achieved through the on-board timing circuitry associated

with the Z intensify output. When the D/A's are used with display oscilloscopes,
there is a minimum setup time for the xy values to settle through the
horizontal and vertical deflection amplifiers. Once this setup time.has been
met, a fixed-width output pulse is required to display a dot at the (x,y)
location. - The timing relationships for the Z intensify output pu]se are

as follows:

A1
g¢//§€§2§ing

Load DACDBR

DAC OUT
Z 0UT

I

Z-intensify
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-y

Load DACDBR A1
\

. —— e A 4
Delay | Dt ’

Z nuT «—FRo—

Jumper Connections

Set up delay 3 usec 70 usec 1 usec-p.5 sec.

(DT) D-D1 D-D2 install CDe]ay between D and D3

. D - C
Note: C t= #.5796 x ~ Delay

delay must be greater than 109p pf

Pulse width 0.5 usec 5 usec p.2 usec - 1PP usec

(Pw) I-12 I-13 install Cpu]se between I and I1
Note: Tw - P-5796 x Cpyise

Cpu]se must be greater than 1009 pf

6.6 Factory-set configuration.

Unless otherwise requested all DT176Q series interfaces are shipped in the
following configurations:

A11 Models: Base address 177009
, Base Vector 139

Models DT1761, DT1762 A D range

'+

1pV, 2's complement
Models DT1764, DT1765 A/D range + 1PmV, 2's complement

Models DT1761, DT1765 D/A range + 1@V, offset binary
£ pulse width 0.5 uS
Z delay 3 uS

In addition, interfaces will be shipped configured for either SE or DI
operation as requested by the customer, and will be shipped with the
requested number of input channels.
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Chapter 7
USER CONNECTIONS

7.1 Introduction

User connections of analog signals require a discussion of the various
connection schemes available. This includes both single ended and
differential inputs with both high and low level signals.

7.2 Single ended analog inputs

Single ended connections are those which have a common side that is
referenced back to analog common of the system. The advantage of this
scheme is that the user gets twice the number of channels in the same space.
The major disadvantage is that the user gives up any common mode rejection
he might obtain from a differential system.

Multiplexer
Vi O_®___7
R Y2 ~
1 B Inst Amp
S
—

(™)
N

)

.

<57 Analog Ground

Figure 7.1

Figure 7.1 shows the single ended connection. The output of the in-
strumentation amplifier, Vo = Vn + Vs + V_,, thus error can be intro-
duced due to V 1 and Vn, where Vn is the ﬁ&ise voltage and Vpy is the
voltage drop Jﬁe to input cabling resistance.



7.3 Differential Inputs

When the differential input scheme is utilized, there are two switches per
channel, thus the number of channels are cut in half. The benefits are that
common mode voltages, ie. voltages appearing on both sides of the source
simultation amplifier. This CMR accounts for a much quieter system. The
amount of CMRR depends on how well balanced the instrumentation amplifier is.
This can be calculated as follows: Two differential inputs are tied together
and connected to a voltage source of plus 10 volts. Than the output of the
instrumentaion amplifier is measured as Vo.

Multiplexer

MV

System Analoa Ground

° v

CMRR = 20 Loglg CMV
VOUT/A
Where CMRR = common mode rejection in db
CMV = common mode voltage
VOUT = The change in the amplifier output voltage
due to the CMV.
A = Amplifier gain



For example, .the specification for CMRR on Data Translation's wide range
interface is 1pPpdb at 60HZ at a gain of 1PPP. Thus with a CMV of 1P volts,
the V out of the amplifier at a gain of 1PPP should be:

10 = 29 Log 19 —gvuT/A

Antilog 1pp = 1ﬂ4
20 VOUT/ 1900

m5 - 1‘?)4
VOuT

vout = 1p ~lv.
Thus with a CMV of 1P volts, the output of the instrumentation amplifier
is 1pPp milli volts. The differential inputs on these systems are not isolated

and require a ground return from the system analog ground to the Tlocal
ground reference of the source.

7.4 Avoiding spurious signals

In order to obtain the best performance from a system, certain guidelines in
connecting analog signals to the system should be utilized. These guidelines
and precautions will minimize the pickup of electrical noise by the

measuring circuits.

7.4.1 Twisted pair input lines

The effects of magneti coupling on the input signals may be reduced for
differential input configuration by twisting the signal and return lines.
This is effective since the inductive pickup voltages on the two lines tends
to match, thus not having an effect on the measurement. This, however, is
not the case for a ground referenced single ended system.

7.4.2 Shielded input lines

The effects of electrostatic coupling may be reduced by shielding the input
lines. This becomes important if the source has a high impedance. The
shield should only be tied to a ground at the instrument end. This will
prevent ground loop currents.

7.4.3 Input settling With high source impedance.

Solid state multiplexers inject a small amount of charge into the input Tines
when channels are switched. This can cause a transient error due to the
input source impedance time constants. A1l Data Translation systems allow
for input settling upon new channel selection. The settling time varies
for the different input systems available.
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Data Acquisition Module Input Settling Time Conversion Time

DT5791 (high level) 19 uSec. 18.8 uSec.
DT5719 (1pp KHz) 3 uSec 7.9 uSec.
DT571pA(125 KHz) 3 uSec 5.9 uSec.
DT57p2 (wide range) Set by user 20.9 uSec.

Settling time for input multiplexer

Normally, the control logic allows sufficient time for this charge to

settle to less than % LSB of error (nine time constants to .p12 percent).
However, more time may be needed when the multiplexer is switching an input
channel with high source impedance, particularly when large amounts of shunt
capacitance exists in the interconnecting cables. Source impedance / cable
shunt capacitance products greater than f.3 uSec. (1K-3@8PF) on 1PPKHZ units

and 1 uSec. (1K-1PPPPF) on 3PKHZ units should be avoided if less than % LSB
error is desired. Assuming a twisted pair cable capacitance of 50 PF / foot and
1K source impedance this translates into a maximum run of six feet on

1PPKHZ models and twenty feet on 30KHZ models. Note also that settling

errors can be minimized by increasing the internal time out with an external
capacitor C_ (60p7 per uSec.). This time out can only be adjusted on the

wide range nits which utilize the DT5792 module. X

7.5 Connector pin assignments

The remaining pages of this chapter contain tables detailing the
pin assignments on the user interface connectors.

7-4



7.5.1

Models DT1761-SE, DT1765-SE

CONNECTOR J1

PIN | siGNAL ]|PIN | SIGNAL

1 CHP 26 | A. GND

2 A. GND | 27 | cH14

3 CH8 28 | A. D

4 A. GND | 29 | CH7

5 CH1 30 | A. aND

6 A. GND | 31 | CH15

7 CHY 32 | A. GND

8 A. GND | 33 | YDAC ouT
9 CH2 3¢ | A. GND
10 A. GND | 35 | XDAC OUT
11 CH1p 36 | A. GND
12 A. GND | 37 | RTC IN
13 CH3 38 | p. anD
14 A. GiD |39 | EXT TRIG IN
15 CH11 40 | p. aNp
16 A. GND |41 | 2z ouT

17 CH4 42 | D. GND
18 A. GND |43 | DAC MDp
19 Cil12 44 | D. GND
20 A. GND |45 | DAC MD1
21 CH5 46 | D. GND
22 A. GND [a7 | DAC MD2
23 CH13 48 | D. GND
24 A. GHD |49 | DAC MD3
25 CH6 50 | D. GND




7.5.2

Models DT1761-DI, DT1765-DI

COMNECTOR J1

PIN | SIGNAL  JPIN | SIGNAL

1 CHP 26 | A. GND

2 A. GND | 27 | RET6

3 RET® 28 | A. GND

4 A. GND | 29 | cH7

5 CH1 30 | A. GND
-6 A. GND | 31 | RET7

7 RET1 32 | A. GND

8 A. GND | 33 | YDAC OUT

9 CH2 3 | A. GND
10 A. GND | 35 | XDAC OUT
11 RET2 36 | A. GND
12 A. GND | 37 | RTC IN
13 CH3 38 | D. GND
14 A. GND | 39 | EXT TRIG IN
15 RET3 40 | D. GND
16 A.GiD J 41 |zout

17 CH4 42 | D. GND
18 A. GND |43 | D. GND
19 RET4 44 | D. GND
20 A. GND |45 | DAC MD1
21 CH5 46 | D. GND
22 A. GND | 47 | DAC MD2
23 RET5 48 | D. GND
24 A. GID | 49 DAC MD3
25 CH6 50 | D. GND




7.5.3 Models DT1762-SE, DT1764-SE

CONNECTOR J1 CONNECTOR J2
PIN SIGMNAL PIN SIGNAL PIN SIGNAL PIN SIGNAL
1 CHP 26 A. GND 1 CH24 26 CH36

2 A. GND 27 CH14 2 CH16 27 CH45

3 CH& 28 A. GND 3 CH25 28 CH37

4 A. GND 29 CH7 4 CH17 29 CH46

5 CH1 30 A. GND 5 CH26 30 CH38
6 A. GND 31 CH15 6 CH18 31 CH47

7 CH9 32 A. GND 7 CH27 32 CH39

8 A. GND 33 8 CH19 33 CH56

9 CH2 34 9 CH28 34 CH48
10 A. GND 35 10 CH20 35 CH57
11 CH1P 36 _ 11 CH29 36 CH49
12 A. GND 37 RTC I 12 CH21 37 CH58
13 CH3 38 | b e 13 | cH3o 38 | cHs0
14 A. GND 39 EXT TRIG IN 14 CH22 39 CH59
15 CH11 2 | b e 15 | cu3 40 | cHs1
16 A. GHD 41 16 CH23 41 CH60
17 CH4 42 17 CH40 42 CH52
18 Ao avd | a3 18 | 32 43 | cH61
19 CH12 44 19 CH41 44 CH53
20 A. GND 45 20 CH33 45 CH62
21 CH5 16 21 | cHa2 46 | cHsa
29 A e | a7 22 | cH3s 47 | cHe3
23 H13 48 23 | cHa3 43 | CcHss
20 noan | a9 24 | cH3s 49 | A. ap
25 CH6 50 25 CH44 50 A. GND
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7.5.4

Models DT1762-DI, DT1764-DI

CONNECTOR J1

CONNECTOR J2

PIN | SIGNAL  |PIN | SIGNAL PIN | SIGNAL |PIN | SIGNAL
1 CHP 26 | A. GND 1 RETS 26 | cH20

2 A. GND | 27 | RET6 2 CH8 27 | RET21
3 RETP 28 | A. GND 3 RET9 28 | CH21

4 A. GND | 29 | cH7 4 CH9 29 | RET22
5 CH1 30 | A. GND 5 RET10 30 | CH22

6 A. GND | 31 | RET?7 6 CH10 31 | RET23
7 RET1 32 | A. GND 7 RET11 32 | cH23

8 A. GND | 33 8 CH11 33 | RET24
9 CH2 34 9 RET12 34 | CH24
10 A. GND | 35 10 CH12 35 | RET25
11 RET2 36 11 RET13 36 | CH25
12 A. GND | 37 | RTC IN 12 CH13 37 | RET26
13 CH3 38 | D. GND 13 RET14 38 | CH26
14 A. GND |39 | EXT TRIG IN 14 CH14 39 RET27
15 RET3 40 | D. GND 15 RET15 40 | CcH27
16 A. GND | 41 16 CH15 41 | RET28
17 CH4 42 17 RET16 42 | CH28
18 A. GND | 43 18 CH16 43 | RET29
19 RET4 44 19 RET17 44 | CH29
20 A. GND |45 20 CH17 45 | RET30
21 CH5 46 21 RET18 46 | CH30
22 A. GND |47 22 CH18 47 | RET31
23 RET5 48 23 RET19 48 | CH31
24 A. GND | 49 24 CH19 49 | A- GND
25 CH6 50 25 RET20 50 | A. GND
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Chapter 8
CALIBRATION AND TESTING

8.1 Equipment and System Requirements

In order to assist the user in calibrating and testing the operation of
DT1760 series data acquisition systems, Data Translation has developed a
comprehensive software calibration aid designated SP0024. This software
is provided in either of the two media: Paper tape for minimum, paper-
tape based LSI-11 systems and floppy disk for sophisticated RT-11 systems.
The system and test equipment requirements for this software are given in
the following tables:

SP-0024 System requirements
Paper Tape

KD11-F (LSI-11) processor, ECO #1¢ or greater
or
KD11-HA (LSI-11/2) processor
Minimum of 4k words RAM (on processor card or elsewhere)
Serial Interface at standard DEC console address
Low Speed paper tape reader (TTY) or high speed paper tape reader
Data Translation DT1760 series data acquisition system(s).

Floppy Disk

KD11-F (LSI-11) processor, ECO #1§ or greater
or
KD11-HA (LSI-11/2) processor
Minimum of 8k words RAM
System console terminal at standard DEC console address
DEC Compatable dual floppy disc drive system
RT-11 operating system (version 2 or version 3)
Data Translation DT1760 series data acquisition system(s).

Test Equipment Requirements

For A/D calibration (all models):
Laboratory quality voltage standard
EDC Model E1P@C or equivalent

For D/A calibration (models DT1761 and DT1765 only):
Laboratory quality 4% digit or greater Digital Volt Meter (DVM)
Data Technology Model 4P or equivalent
19 MHz or greater band width oscilloscope
Tektronix Model T922 or equivalent

8.2.1 Loading SP-p@24 From Paper Tape

SP-p@24 is supplied in PDP-11 absolute Toader format. To load this release
into memory the following steps must be taken:

1. Load the LSI-11 absolute loader (see DEC documentation for
information on this).
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2. Place the paper tape in the paper type reader.

3. Start the absolute loader at location XXX50@ when XXX is
determined by the following table:

SYSTEM MEMORY SIZE XXX
4K 017

8K 037

12K 057

16K 077

20K 117

24K 137

28K or greater 157

Following this procedure will cause SP-@@24 to be loaded into memory
and executed.

8.2.2 Loading Floppy Disk

SP-PP24 contains an RT-11 memory image file namded SP@P24 SAV that is
prestructured to run under the DEC RT-11 operation system. This file is
linked to load into memory and start execuition.

To load SP-PP24, boot RT-11 up on floppy dirve zero and leave the system
floppy disk in the drive. Insert SP-P@24 in drive one. Type "RUN DX1:SPP@24
carriage return " in response to the RT-11 monitor's "." prompt character.
When SPPP24 has loaded, the initialization routine will automatically
execute.

8.2.3 Using SP-pp24

SP-@P24 runs under a test executive which allows the user to control the
operation of the program and to configure the software for the proper option
configuration of his particular interface. Under this test executive the user
may ask for a directory of products which the program supports, he may specify
what ests to run and he may loop on a test if an error occurs, or halt an error.
The commands for the SP-PP24 test executive ar« Tisted.
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COMMAND
ALL

BOOT

DIRECTORY

EXIT
MODEL

(space)

MODEL (space)  DTXXXX

TEST (space)

TEST (space) ( number)

FUNCTION

Runs all logic tests that are present
for the current device. Generates an
error if there is no current device.

Jumps to the standard hardware boot-
strap (173ppP). Generates an error
if there is no bootstrap present.

Displays the contents of the current
directory. Generates an error if
there is no current directory.

Halts the processor

Displays the parameters associated with
the current device. Generates an error
if there is no current device.

Searches the current directory for the
given model number. If found, makes

that model the current device. Generates
an error of there is no current directory
or if the model number can not be found.

Runs the last test executed

Runs the indicated test

Test Command prefixes - The following command prefixes are to be used with
the TEST command to control the execution of the various tests.

I

COMMAND PREFIXES TO TEST EXECUTION COMMANDS

(TEST command only)

A control C will terminate any test.

8-3

repeat this test continuously

loop on this test if an error is
detected

halt test stream if an error is
detected

inhibit error printout



Example: User wants to run a scope lcop on Test 2 because an error is
encountered. Type:

ILT ( space ) 2
In this case the program will loop on test 2 and inhibit error printouts.

SP0024 Error Codes - SP0024 will print an error code when a specific error
is encountered. All codes are in the program listing and show the error and
‘what test the program was in when a failure occurred.

8.2.4 Initialization Routine

When the program begins execution a message will be printed on the system
console.

DATA TRANSLATION  TST-11 MONITOR V02-04.
DIRECTORY OF SP-0024 V01-03.

THIS DIAGNOSTIC CONTAINS ROUTINES FOR

MODEL DT1761
MODEL DT1762
MODEL DT1764
MODEL DT1765

The program will be waiting for the next command with a prompt character.
In this case a "»".

The user then enters his model number by utilizing the "M" command. EX.
> M ¢ space ) DT1761 CR.

The program will then ask for the particular configuration of the board.
Once all the configurations are entered the program will give the Base address
and Interrupt vector address and print a prompt character.

8.2.5 SP-0024 Program Description

SP-0024 consists of two main sections. The first section which contains 16
tests will test all the logic of the interface board. These tests contain
scope loops for debug purposes and will provide an error message if a problem
exists. The next section of tests actually produces printouts of A/D data
and provides D/A outputs for calibration and verification of operation. The
tests contained in SP-0024 are listed.

LOGIC TESTS

TEST 1: BRPLY FROM ALL REGISTERS
TEST 2: CHECK A/D START BIT
TEST 3: CHECK ADCSR R/W BITS
TEST 4: BINITL ACTION

TEST 5: BYTE OPERATION OF ADCSR
TEST 6 CHECK DMWCR BITS

TEST 7 CHECK DMCAR BITS

TEST 10:  HIGH BYTE TRIGGERING
TEST 11:  A/D START BIT TRIGGERING
TEST 12:  INCREMENT MODE OPERATION
TEST 13:  ERROR BIT OPERATION
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TEST 14: A/D DONE INTERRUPT

TEST 15:  ERROR INTERRUPT

TEST 16:  DMA LOGIC

TEST 17:  DMA DATA TRANSFER

TEST 20:  END OF LOGIC TESTS

TEST 21:  D/A OUT TO A/D IN

TEST 22: A/D IN TO D/A OUT

TEST 23: A/D CALIBRATION

TEST 24: A/D DATA DISPLAY UNDER DMA
TEST 25:  A/D INPUT CHANNEL SCAN
TEST 26:  A/D INPUT GAIN/CHANNEL SCAN
TEST 27: D/A CALIBRATION

TEST 30:  D/A SQUARE WAVES

TEST 31: D/A RAMPS

TEST 32:  SCOPE CONTROL OUTPUTS

8.2.6 Test Descriptions

ATl desckiption of tests are located in the program listing at the beginning
of each test.
8.2.7 Modes of Operation

Test 23 and test 24 will ask for a MODES input when they are called. This
MODES input is the lower byte of the CSR.

When a user wants to run an interface under RTC control or EXT TRIG he can
set these bits when the program asks for MODES. DMA mode can only be run
with Test 24. Ex. If a user wants to run DMA under EXT TRIG he will set the
MODES as 208.

7 6 5 4 3 2 1 0

) ! T T
RTC GSI GSP
EN

EXT TRIG

MODES BITS FOR'USE IN TEST 23 AND TEST 24

8.2.8 Calibration

Calibration of the system requires a voltage standard for highly accurate
analog inputs and a DVM for calibration of analog outputs.

Equipment Required:

Voltage standard - EDC Model MV-100 or equivalent

DVM - Data Technology Model 40 or equivalent
v

8.2.8.1 Calibration of Analog Inputs
Configuration 10V FS, 2's compliment notation:

1. Connect a Voltage Standard to CHP input
2. Set standard to -2.4mV
3. Start Test 23 at CH@, Mode 0



4. Adjust A/D offset for the printout between 7777 and P09
5. Set voltage standard to +9.9927V

6. Adjust A/D range control for printout between 3776 and 3777
NOTE: for +10mV systems (DT1765,DT1764) divide above values by 1000.

8.2.8.2 Calibration of Analog Inputs with Programmable gain amplifier

Adjust the A/D offset and range as in section 8.2.8.1

Set voltage standard to -600mV

Start Test 23 at CHP Mode 14g

Adjust the Programmable gain offset pot for a printout between
7777 and 0pPP

SN~

8.2.9.3 Calibration of Analog Output
Configuration - +10V offset binary notation:

1. Connect DVM to YDAC output pin

2. Run Test 27 - this test will produce plus and minus full scale
outputs on each D/A connector each time the space bar is hit on
the system console

Adjust the offset pot for each D/A for -10,000V

Adjust the range pot for each D/A for +9.9915V

S w



APPENDIX A

Power Requirements

Although the precision analog-to-digital and digital-to-analog
converters manufactured by Data Translation require a highly reguta-
ted + 15 volt power supply, all DT1760 series interfaces contain an
on-board DC-DC converter to meet this requirement. Thus the DT1760
series interfaces require only +5V for complete operation. This power
is supplied by the computer backplane via pins dedicated by Digital
Equipment Corporation for supplying logic power to Q-bus interface
boards. '

Power specifications for all DT1760 series interfaces:

+ 5V @ 2A maximum



APPENDIX B

Physical Locations of all jumpers, switches and

adjustment points.

Models DT1761 and DT1765: see page B - 2

Models DT1762 and DT1764: see page B - 3
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Data Translation, Inc.
Software Engineering

READER'S COMMENTS

We are .interested in hearing of any problems encountered in the
use of our software and calibration manuals. Please fill out
this form and return it t> us if you have any comments or
suggestions regarding this release.

Title of manual/release:

Did you find any errors in this release? If so, please describe.

Did you find this manual understandable, usable, and well-organized? Please
make suggestions for improvement.

Is there sufficient documentation on the software, regarding both system
requirements and usage? If not, what material is missing and where should
it be placed?

Please indicate the type of user/reader that you most nearly represent.

O Assembly language programmer
O Higher-level language programmer
O Occasional programmer (experienced)
O User with little programming experience
O Non-programmer
O Systems Engineer
Name Date
Organization
Street
City State Zip Code

If you require a written reply, please check here.




~ APPENDIX C

GENERAL NOTES

C.1 Timing Values for Data Translation A/D modules

(Note: the A/D module number is printed in bold digits on the

top of the module.

according to this diagram.

The module can be located on the interface

Ao T !
|moeule l |
Mmode .I ______ 1
M J1 I

Data Translation Required A/D Throughput | Maximum
Module Rumber Settling Time | Conversion Time Time Samnles/Second
DT5701 19 uSec 18.8 uSec 28.8 uSec 34722
DT5719 3 uSec 7.0 uSec 10.9 uSec 102029
DT5710A 3 uSec 5.0 uSec 8.¢ . 125000
DT5702 see table 20 .PuSec sae table below

below
DT57@92 Parameters
INPUT RANGE | GAIN Rg C¢ SETTLING | SYSTEM MAXIMUM

TIME ACCURACY | SAMPLES/SECOND

+ 10 mV 1900 ] 20.92 1 @.015uf | 25PuS +0.1% 3793
+ 25 mV 4pp | 50.13 | 63PPpf 129uS +0.08% 7142
+ 50 mV 200 | 129.5 | 33pppf 79uS +0.07% 11111
+ 100 mV 100 | 202.9 | 1500pf 4pusS +0.p5% 16667
+ 1 volt 19 | 2222 |None 12uS +0.03% 3125¢
+ 2.5 volts |4 6667 |None 12uS +0.93% 3125p
+ 5.0 volts |2 20 .9K | None 12uS +0.93% 3125
+ 10.0 volts | 1 None |None 12uS +0.03% 31250




C.2

Notes on Full Scale (FS)

Full Scale (FS) is the amount of input voltage required to turn OH
all the bits of the A/D converter. For a D/A converter, the inverse

is true:

converter are turned ON.

In a 12 bit converter there are 4096 possible states (212).

Full Scale is the voltage that results when all bits of the

Because

one of these states is given to zero, the converter lacks one state

at its high or positive FS end.

Hence even though the converter is

rated at 1§ volts Full Scale, the positive Full Scale value will
actually be 1 state (1 least significant bit value) below 19 volts.
For example, a §-1p§ volt range converter has a least significant bit

value of 4.88 mV (1P volts / 4096 states).
will be reached at 1§ volts -4.88 mV or 9.9951 volts.

The positive Full Scale

The negative

full scale (in this instance taken to mean the voltage associated
with all converter bits OFF) will be § volts.

Full Scale Range (FSR)

The Full Scale Range is the difference in voltage between positive
Full Scale (all converter bits ON) and negative full scale (all

converter bits OFF).

Thus a P-1P volt converter has a Full Scale

Range of 10 volts while a +1p volt converter has a FSR of 20 volts.

C.3

Computing Calibration Values for use with SP-p13

(Hote:

LSB (least significant bit) = FSR = 4096, see C.2 above)

A/D Offset Adjustment

Unipoiar Ranges (p<n Vclts, n<1p)

Printed Data

Input Range Input Voltage Low Value High Value
any +; LSB ] 1 LSB
any, octal output + LSB pe0o P01
p-19v +1.2207mV 0000 p.oR2
p.5V +0.61p4mv p.000 p.0¢21
f.10nv +1.2207mV 9.000 p.002
4.20mA 4.0039mA 4.0ppmA 4.904mA

Bipolar Ranges (tn Volts, n £ 1p)

) . Printed Data

Input Range Input Voltage Low Value High Value
any P volts -% LSB] @ volts -1 LSB P volts

any, octal output P volts -% LSB| 7777 PPPp (two's complement)

3777 4ppp (offset binary)

+ 19V -2.4414mv -0.005 + 0.000

+ 5V -1.22¢7my -p.pp2 + 0.000

1P mV -2.4414uV -9.905 + 0.000

C
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A/D Range Adjustment

Unipolar Ranges

(P-n Volts, n<1p)

Printed Data
Input Range Input Voltage] Llow Value High Valu
any +FS-13 LSB +FS-2LSB +FS-1LSB
any, octal output | +FS-1% LSB 7776 7777
p-1pV +9.9963V 9.995 9.998
p-5v +4.9982V 4,998 4.999
P-1Ppmv 4+9.9963mV 9.995 9.998
4-2PmA +19.9941mA 19.992mA 19.996mA

Bipolar Ranges

(#n Volts, n<lp)

Printed Data

Input Range Input Voltage] Low Value High Value
any +FS - 1% LSB +FS-2 LSB| +FS - 1 LSB
any, octal output | +FS - 1% LSB 3776 3777 (two's complement)

7776 7777 (offset binary)

+10V +9.9927 +9.999 +9.995
5V +4.9964 +4.995 +4.998
+10mV +9.9927mV +9.990 +9.995
A/D Gain Adjustment  (LSB now = FSR/(4p96%8) )

Unipolar Ranges

(%-n Voétsiv1510)
Input Range Input Voltage] Low Va Sént' H?gﬁaVa1ue
any +1 LSB p 1 LSB
any, octal output] +% LSB poRp 2001
P-1pV + 0.15259mV 0.000 p.000
p-5V + P.07629mV p.000 p.000
Bipolar Ranges (tn Volts, n<1p)
Printed Data
Input Range Input Voltage Low Value High Value
any P Volts - % LSB P Volts - 1 LSB | @ Volts
any, octal output] @ Volts - % LSB 7777 po@p (two's complement)
. 3777 4ppp (offset binary)
+ 1pV 0.30518mV -p.p01 +0. 000
+ 5V 0.15259mV +0. 000 +0.000




D/A Offset Adjustment

(-FS)

Qutput Rdgge -FS
p-5v p.0000
+ 5V -5.0000
p-1pv p.0000
+10 -19.0000
D/A Range Adjustment (+FS)
Output Range +FS
p-5v +4.9988
5V +4.9976
p-1pv +9.9976
£1pV +9.9951
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=11 LIME Vas,

RFEASG. SHY
[E‘.lgl::T I0M  ADDE
AEs. GEEEEE

| EPORZ4  BE1EES
l: ea1E7E

TS

| [

TREAMSFER ADDRES

_,,l

h‘|

11 e8Tz4z

G4A LOAD MAF
TITLE: SPagz4 IDENT: Va1 a4

SIZE GLOEBAL WVALUE GLOBAL WALUE

ga1e08 . (R, I, GBL. AES. OVRE>
HEAETH (Rl I, LCL, REL, COMNX

DIRECT Bola8s
CRM. I, LCL. REL, COMD
I1vel golzd44  IdTes BE1254
I1veS BE12VE FPHRTCH HEv216
Tivez BEe1EaTE Tived sE31878
BEsdZd CREW. I, LCL. REL, COMO
START gavadgs

iy
b
1Ty
[y
n
[ ]

= @ETa4s. HIGH LIMIT = @15:7e = 2551

SAT I1-MAR-7S 14:65:67

GLOBAL

11764
Tiv61
T17ES

WORDS

VALUE

arlzes
ae167va
aaiavy



Vidleew  1D1-11 FULULE MHUKU Vs, U2E X1 MHR—7S 13:45:
TAEBLE OF CONTENTS

4i-
2-

T -
A

GEMERAL IMNFORMATION

TEST PARAMETER BLOCE (TFE:»
INITIALIZATION

DISPLAY PARAMETERS

ERROR REFPORTERS

MODEL TESTIMG IMFORMATION
LOGIC TESTS

-
-

-

[P

i]
)
R LRERPRHERRPRRERRRAPRBRRPRRRRRBRBRRPBRRBRBRDR BB R PBI

8- TEST 4: ERPLY FROM ALL REGISTERS
G- TEST 2: CHECKE RS STARARET BIT
18- TEST Z: CHECE ADCSRE R/W BITS
2= TEST 4: BINITL ACTION
1=- TEST S: BYTE OPERATION OF RDCSR
15~ TEET &: CHECE DMWCRE BITS
1e—- TEST ¥: CHECE DMCAR BITS
17~ TEST 46: HIGH BYTE TRIGGERING
15— TEST 11: RS START BIT TRIGGERIMG
21~ TEST 42: INCEEMEMT MODE OPERATION
25— TESZT 4Z: ERREOR BIT OPERATION
25- TEST 14: ASD DOMNE IMTERREUFT
27 TEST 1%5: ERROR IMTERELUFT

TEST 4&: DMA LOGIC

TEST 47F: DMA DATA TRAMSFER

TEST 2&: EMND OF LOGIC TESTS
CALIEBRATION INITIRLIZATION

DAC INITIALIZATION

TEST 24: DA OUT TO ASD IN

TEST 22: RSD IM TO DAAR OUT

TEST 22: ASD CALIBRATION

TEST 24: ASD DATH DISFLAY UNMDER DHMA
TEST 25: ASD IHPUT CHAMMEL SCAM

RN

IR NN S 0% I P P I Y O Y | ',A' I
R @~ T O L

,.
I O I A A A |

et~ TEST 2&: RS ITHPUT GRIMSCHANMEL SCAM
G- TEST 2¥: DA CALIEBRATION

G- F TEST Z8: oA SQURRE WARYES

47— TEST Zi: DA REAMPS

4v- 1 TEST Z2: SCOPE COMTREOL OUTRUTS



RRRPpRpR
AWNRE

15
i€
7
is
i9
2a
21
22
2=
24
25
2&

a2v

os
29
2

=1
3z
2z
34
25
26
37
28
29
4@
41
4z
43
44
45

WONOARWNE

eiolololol

far %ms tms fes fes ‘me far fme me fee e

e T e B 1 L= U= S Wy ey = Pt we) ZI=TRE=r = 125452 FHUE 1

.LIST TTH
.ENREL LC
.TITLE D[DT4i7e@d  TST-11 MODULE
IDEMT Aval a4/
.FPSECT DT47ed
.HLIST EIW

.SETTL  GENERAL IMFORMATION

COPYRIGHT <C» 1979, DATA TRAMSLATIOM INCORFORATED. ALL
RIGHTS RESERVED. MO PART OF THIS FROGRAM OR PUBLICATION
MAY BE REFRODUCED WITHOUT THE FPRIOR WRITTEM FERMISSION
OF DRTA TEAMSLATION IMCORFORATEDR. 4 STRATHMORE ROAL.
NATICK. MASS., B17eH

THE IMFORMATION IM THIS DOCUMENT IS SUBJECT TO CHAMGE
WMITHOWUT HNOTICE AMD  SHOULD HMOT BE COMSTREUED AS A
COMMITMENMT BY DATA TRAMSLATION IWNCORFORATELD.

DATA TRAMSLATION CANWOT ASSUME ANY RESFONWSIEILITY FOR

THE USE OF ANY FORTION OF THIS SOFTHARE FOR OTHER THAN
ITS INTEWDED DIAGHOSTIC FURFOSE  IW CALIBRATING AMD

TESTIWG DATA  TRANSLATIONW MAMUFACTURED AMALOG  AND

DIGITAL INTERFACE EBOARDS. '

WERSION 81-Ed

ELWIM ERJEKER Z1-MAR-7Z

THIS PROGEAM MODULE CONTARIMS ROUTIMES TO TEST AMD
CALIEBRATE LTI DTiVen SERIES AMALDG INTERFACE SYSTEME
FOR THE LSI-11. A COMPLETE LISTIMG OF THE MODELS
TESTED EBY THIS CODE MODULE MWILL BE FOUHD ON THE
FOLLOMING PARSES. THIS MODMILE IS DESIGHED TO OFERATE
LIMDER TST-11 SUPERYNISIOM. ANMD WILL EXECUTE UNDER

THE L=I-14. LSI-11-2, AMD LSI-11.-2% CPUS.

. LIST EIN



DT1768 TST-11 MODULE

TEST PARAMETER BLOCK (TPB>

WONMTALWRE

-

VAl ind o Ll W) WA I P PO I
DO S VT 00 0 U 0 B

27

nlalslolnln)

alololololo)

alalolnlnhe
aaaaaz

alaletuic by
alaial i)
anaEld
aenaaza
aanaz4
enaazE
ennnz4
aaaad4a
[slalla
alaic o be)
eEaasd
GoOBs0
alaici o)
nlclolo g
BonaT4
eaBLaE
aas104
slalch RS
enaiig
|valza
8a01z4
aen1=6
881324
800146
vopid44
880150

; TEST-11 DECLARATION

5 ADDITIOMAL

MACRO YBZ. 62E

. SETTL TEST PARAMETER BLOCK

CMCALL TsTi14
T=T11

FRRAMETERS

; TEST FRRAMETER ELOCK

aonSd4e  DELRAY

BRERSE2 ERRCNT
CHLIST

TRE: . WORD
. BYTE
. BYTE

. WORD
. WORD
. MORL:
. MORD
. WORD
. WORD
. WORD
. MORD
. WORD
. WORD
. WORD
. WORD
. WORD
. WORD
. WORD
. WORD
. WORD
. WORD
. WORD
. WORD
. WORD
. WORD
. WMORD
. WORD
. WORD
. WORD

TEST ARDDRESS TRELE FOR

EIN

FARRAM

USE

TESTL. FRT
TESTZ. PRET
TESTZ. FRT
TEST4. FET
TESTS. PRF
TESTE. FRF
TEST?. PRE7
TEST16. FRT
TESTi1. FRT
TEST1Z. FRT
TEST1Z. FRT
TEST14. PRT
TESTAS. FRT
TEST1E. FRT
TESTL7. FRT
TESTZ28. FRT
TESTZ21. &
TES
TESTZ2Z. @
TESTZ24.
TESTZS. @
TESTZE: @
TESTZF, &
TESTZH. @
TESTZL. &
TESTIZ. @

22,8

fxy]

LLIST EIN

EY

 ZA-MAR-7S 13

CTPE

LZED BY THIS DIAGHOSTIC

i

AASD DELRY

ARODRESS

COUMT

STORRAGE

OF PREAMETER

FEINT-0OUT ROUTINE

FEESERWEL
# OF TESTS

TST-11



NTA?PEE  TST-ii MODULE MACRD VOZ OZF ZISFARS 7S I s 2 oo s
Il ITIARLIZATION

.SETTL INITIALIZATION

RN
=
)

G154 @12737 INITEL: MOV HEITZ, BHSUR i 1,0 MODEL
aoES4D
BOO1EZ GEA41Z CBR . INITH

aeg1e4 BRSAZET iNITGE: CLE BH LR i INPUT OMLY MODEL
BEASYE .

Vow ! o *oue!

gpel1ve ooodid EF INITH

WO~ Ak

iNIT64: Mo HEIT4., EHSWE ; LOW LEVEL IMFLUT OHLY

aee1v2 @127V
BERBEZE
BEER54E

18 88200 008430 ER IMITL

IMITES: mMaw #$#EBEITA+BEITZS, BHIME i kOl LEWEL I.0

[
=
by
x)

ol S el
o 4 Py

[y
DA ]

R

[
[ N S RS
D S

-~

oo o

1)
=
=
3
[
[
[y
o

. : EF IMITL

14 i

15 i HIGH LEVEL MODELS INITIRLIZATION
16 ;

B © 1 [ P e IMITH: RELMOYW  #SPEED. RL i QUERY USER

18 888228 084767 CALL QLIERY '
BREZ40

19 gaazzd 163487 BCS LTSVe1 i TYFPED "HY

28 RREZI LTSVie: =SET BITE, SR i DTSVie MORULE

21 BEEz34 B1I2VET R {WEY #14, EHDELAY i SET DELAY CORSTART
alslaia i
BERS4 s

PP © 1 s SR o T T ey EF IMIT ¢ GO TO COMMOM IMNIT

24 panzdd LTSvel: SET EITS. SWE i DTSTe1 MODULE

25 BERz5z 812VIET Fon #56, BHDELAY i SET DELAY CONSTARMT
EEEESE
BEESds

gEGzen BRe4E3 BEF: IMNIT i GOOTO CorMMor THIT

i

; LOW LEVEL MODELS INITIALIZATION

Lot AR Bt R 1

L3 PO 3 P3P

&
@ERZEs  BAZPEIT O INITL:  MOw #524, BRDELAY ; SET LOW LEVEL DELAY
BIEES2 .
BEESAE



DTLi7FEE  TST-11 MODULE MACRO VEZ. B2B  31-MAR-79 1348 22 PRAGE 4
IMITIARLIZATION

1 ; INITIALIZATION COMMOW TO ALL MODELS

¥ = i
g G c s by o INIT: FELMOY  #DMAOFT. R1 ;i GUERY USER
4 BEBE2TEe OB47ET CALL GBUERY
: BEE1SE
b 1682463 EBECS HODMA i TYFED "W"
= CHMA: SET EITG, SHRE
v NODMA:  PRINT “Z# OF ASD IMFUT CHAMNELS (IMW OCTARL:
= GETOCT ; GET OCTAL IMNFUT

162462 ECS 1% ; CR — CONTINUE
CRLF ; ASK AGAINM
BEETSE ER NODMA

QOO0 D
QR 5505
LU RO R U ot
Sy Iy e G

DU L S 08 I O OO N

NENERENEN AN

113?3? 1#: MOVE EHODTACC, EHZMNR+L

(X
[’X]
=
b
1=
[

%3
Y
Dy
o
[x]
Y
1=
iy ]
=
jr

SVYET TSTE EHOLTRCC i ZERO WALUET
-

BE1HEE EHE =% i HO - SEIF

CLERE 171, SHF i CLERR SOME BITS
- TEST BITZ. SR i IS0 MOREL?Y
BE1411 BER =% i MO - SKIF

FELMOY  #DACODE. R1 i ASE REOUT CODLING
CALL FLIERY

ol
-
i

.,_,-.
Bt 15t
L]

!
o
it

UKt Y]

JR R R R RN R Y
d P [ b

o o I i oy I v )
iy

)
]

b

S T EEY
000 =g T
o
PA B TR
3
4

U ]
Al
1

.,..
e
—

b’
[xcx)
;A
I
=)

DU DA 3
[P Y |

RisIGIS
21 BBEdZe 1830 BCC s 3 io2°% COMF. . SKIF
22 BEEddn SET BEITL. SHRE i SET OFF. BIMW. FLAG
examcisichE 3 Mo #177000, BHEASE ; SET DEFRULT ARDDRESS

3 I
11
&
=)
[y
£
Ja
iy

F H1ZG, EEVECTOR i SET DEFRULT WECTOR

FETLREHM i ALL DONE

SOFTHMARE SMWMITCH REGISTER EBIT RESERVATIONES

O I s T

BEITS l'_r # OF A</ CHANMELS

i BIT LTSF18 RS0 MODULE PRESEMT
2 i B8IT DTSVE1 RS MODULE PRESENT
S i BIT LDTSVE2 AT MODULE PRESENT
=4 i BIT DTSTEZE ASD MODULE PRESENT
=5 i BIT DTz12 DA MODULE FPRESENT
I8 i BIT DAC OFFSET BIMARY CODIMNG
=7 i BIT DR LOGIC FPRESENT

Y
L2

Lod Led T3 [ T3 P P
H

oGl Sl R I W R R lJ:



DIVEE TS =11 MUbULE FACKL Yui beb  S1-FHR=-r9 14985 &2 FPHLOE o
IWITIHLIZHTION

QUERY: PUSH  R1 i SAVE POINTER
FRINTS | i PRINT PROMFT
FRINT < <% OR N7 >
SIS EE TTYIN
» CMPE  #°%. R iR YR

[t o kY
Moo R Y]
= Ty

| N R 8

)
]

i
-
Y

A B R U L Y

) B G P LY
[ R R

pnd
—
1ol
o
=
fia]

BER
“MFE

%
"W, RE i R "N"7?

=l T
(R
[ iy
[ x

n n

[ I O8I O Y]
I

PR &R
BP o] P

B b
[P

Do N o

| o N L I Y By )

PA o B

Aoz 5] EER 1¥ i YES

a5z4 CRLF

ASzE FRIMTC <SEE MANUAL FOR ASSISTHMCE. »

aoed FPOF Fi ; RESTORE POINTER
A EFR RUERY

J
o Ul oo
o I I B B

Y
[A]
0y
A
]
LA
T4
I'T|
X1
[y ]
X1
=J
' ‘-'
Ty

i

i%: SEC i SET CRERY FLRAG

4 BEESTE BoEZel

15 BEastz  Gbodol EBF 2

16 BERE574 ooozdl 2% cLo i CLERR CARREY FLAG
1V BRESTE =¥ TTYOUT i ECHO CHRRACTER

18 88EsEE CRLF
= FOF Rl i RESTORE R4
B BEEZET FETLURH

Py =
[ N3]
[ x d
XU
ol o
Dot
[

2= CHLIST BEIM

24 gpEsos SPEELR: | ASCIZ 168 EHE RS MODULE"
25 BEoszl DMACDPT: | ASCIZ "IS THE DMA ORFTIOW FRESENTY
S8 BEEBssE DRCODE: | ASCIZ "DRACS: TWO S COMPLEMENT CODLING"

£
T . EWEH
= CLIST EIH
o

=2 CSETTL DISFLAY PRARAMETERS

=4 ; THIS ROUTINE DISFLAYS THE CURRENT SETTING

=5 i OF “BASE" AMD “WECTORS OM THE SYSTEM COMSOLE
) . i TERMINAL.

FRREAM:  FREINT < BRSE ADRDRESS =
" Mo EHERSE, RO i GET BR=E RDLDRESS

!

fxx
o
D
RN}
=3 =)

R (]
Ty [

Y
i

48 BRETEE OCTis : i DI=PLAY

41 BEETIY CELF

42 BEETHE FREIMNT “WECTOR RADDRESS =

43 Baioaz o & s - BHYECTOR. BB i GET VECTOR RADDRESS

[ax
o

[y

H

Y

OoTies i DISPLAY
CRLF
BEHEZET RETURN i ALL DOMNE

Lt

45
4&

[ Y]
DU

Py T

oo
P



DTAFE® TST-11 MODULE  HMACRO Y83 @2E  31-MAR-79 13:48:22 PAGE &
ERROR REFORTERS

. SETTL ERROR REFORTERS

Y

i THIZ ROUTIME FROVIDES ERROR REFORTING FOR BUS
i TIME-OUT ERRORZ (MO BRFLY FROM INTERFACES.

SNRG NORFPLY: PRINT IHO BRPLY MHENM ACCESSING LOCATION
A1 Bleieg Mo 1. RE

GGLG@E QCTiE i DISFLAY ADDRESS
16 GelEsd . CRELF . '

11 BE188s  BRazar RETURHN ; DOME

LY s (O I R FY N (N

ot I kv ]

1+
LY

l_-,,l S

[xa) 1"\
m L;’

W

14 i THIS ROUTIME FPROVIDES ERROR REFORTING FOR REGISTER
15 , i BIT ERRORS COME OR MORE INCORRECT EBITS IN A REGISTER:

FEG: FRIMTC <REGIZTER ERRORI:
FRINT CADDREESS: o
FLZH R i SAYE R&

M Ri. RE i GET ADDRESS
aCTie

CRLF

FREINT =~ <ESFECTED:
MON 2. RE i GET EXFECTED VALLUE
OCTis i DISPLRAY

CRELF

FEINMT SFILND =

Mo (SR RE i GET BRD BITS

=R Rz, R& i GEMERATE SHRAFPSHOT
OCTis i DISPLAY

CELF i FORMATTING

FREIMNT SBITS: o

FOF R i GET EERORE EBIT:

-

LS

AR EAE AR E A ST e o ot -
o I icn T T Tk T T o O A e Ty T it B T oo T B ot B A B

= ik OCTie i DISPLAY

A
o
Fc i T i T T o o O T o s o B o ot o O Ao B o o B s B By}

oo

i

i}

CRELF
RETLIRHM i DIOME

¥
X}

X
ot
jond
!

D
)

i THIS ROUTIHE FPROVIDES ERROR REFORTIMNG FOR THE DMA
5 i DATA TRAMSFER CHECE TEST. THE LOCATIOM IM MEMORY
41 i WHERE EBRD DATH WAS FOUMD IS5 REFORTELD.

236 DMAERRE: PRINTC  <DMA DRTA TREAMSFER ERRORZ
SR FRINT <BRD DATA AT LOCATION >

g o) o RE. RE i GET RDDRESS
1e278a SUE #2. BB i MODIFY

Sa

N
Do I R I A
[ U Y]

42 BEa1zEza OCTie i DISPLAY
4% gelzas CRELF
S8 88124 AoO2o7 RETURM
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TST-11 MODULE

MACRDO vaz. a2k J1-MAR-7S 412:48:22 PAGE 7

TESTIMNG INFORMATION

PoUBRY LR Bt B SR N N R N o

ol ol
AN

)

e
EY

Ped T T P P

.SETTL MODEL TESTING INFORMATIOM
.HLIST BINM

THIZ CODE MODULE CONTAIMS THE ROUTIHES HECESSARY
TO TESET THE FOLLOWIMG DTI IMTERFACE MODELS:

DTivel HIGH LEYEL AMALOG 1.0

INITE1l
TFE

nn

DTivez HIGH LEYEL AMALOG INFUT

INITEZ
TFE

nn

LTived  LOW LEVEL AMALOG IMWFPUT

INITE4
TPE

nn

LTiVeS LoW LEVEL AMARLOG I-0

==INITES
==TFE

. LIST EIM



DTi7em

>
QVUONH AWM

(XN
|

iz

1=
14
15

i&
ig
1
2a

s
-4

L DV CXTN DUJ YIS S (N I LA
RS XN BRI SR P O (Y

K4S

]
-

< .

.,

Lof 1a) L
LA E SR

TST-14 MODULE
LOGIC TESTS

Bu132¢6
Be1zza
8e1336

ae1342
88134¢

alsh Brawic)
BELE52

BE1E5
GE1EeE
ae1zs2
HE1ZEE
BELETE
BELET2
BELEVE
HEL 486
BEl4E2

.
IRy}

m o
XA IR
| el el e
KR S T N
[l UK
L U R <Y

-
!
pmad
>y

Blacez

R1EAZT
folells ok,
B137EeL
BERS4S

BaSE11
Bezvel

bk

A ]

SE1l
Vel
FRAE2

[

Py

A

UL

%

Lous
=

.

3

Do o I x]
Dol R A
[ Y B )
o
[y P b

joed

Lot

[xcx]
]
n
[x]
[
%%

s
T
a0y

el
Dy

Ty )

....
[ ]

[xq]
x|
[x1]
Loy
X3
[ ]

A

L . T )

CRO YBZ. 82E

. SETTL
. SBTTL

21-MAR-79 13:48:22 PAGE &

LOGIC TESTS
BREFLY FROM ALL REGISTERS

TEST 4:

THIS TEST VERIFIES THAT THE INTERFACE SYSTEM RESFOMDS
HWITH A BUS REFLY SIGHAL DURIMG A BUS DRTIO BUS CYCLE
ALL REGISTER:S AVAILAELE OM THE EBEOARRD ARE CHECEKELD.

Mo
RELMOY
R [AY

"1 ,:l "t'.
SCOFE
CLE
ST

SCORE
CLE
AL

SCOFE
CLR
EXIT

SF. Rz
#3%, R
REL G4
BH#EASE, Rl

.

CR1
#2. R1

CRLY
#2 Rl

CR1s
#2. F1

CRE1

SAVE SP
SET UP TRAF TO 4

GET ARDLDRESS

DECLARE LOOF POIMNT
DATIO BUS CYCLE
HE®T REGISTER

DECLARE LOGF POINT
DATIO BUS CYCLE
HEXT REGISTER

DECLARE LOOF FOINT
DATIO BUS CYCLE
MEXT REGISTER

DECLARE LOOF POINT
DATIO CYCLE

22 3 S R SR SRS SRS S SR SR R BT S S T A SR S T S R M R KR R L B R R R R R L R R

ERROR CODE 1 - BUS TIMEQUT

E 2E SR SR TR0 3 2R SRS SR R B TR RT B SR S R SR TR TR OB oF 3R SR AR AR SR R AR R S R R P o SRR Y

o
MO
ERROR
JrHF

(SRR
E2. SF

1. HORFLY
CRED

GET OFFENDING FPC
FESTORE STRCK
FEFORT ERROR
COMTINUE TEST



DTI7ed  TET-1i WMODULE —~ MACKD VBZ G628 31-MAR-79 13748722 PRGE &
[EST 2: CHECK A/D START BIT

.SBTTL TEST &: CHECK A/D START EIT
THIS TEST CHECKES THE OFERATIOM OF THE RAD STHRET BIT.

i THE BIT IS CHECKED FOR RERDERACE OF ZERO AND RERD-ONLY
OFERATIOMN.

NN b LR

gal41€ TESTZ: MOV EHEASE, R1 i GET ADDRESS

Ll oy
5P
[ A ]
ol IR
[ kY
PP

INIT. TEST REGISTER
DECLARE LOOFP POINT
CLERR BORRD

GET BIT

TEST BIT

& Boidz22 ’ CLE R

9 aoidz4 SCOF

16 6814z¢6 CLE CRL>

11 601420 Fan CR1y RE

12 681422 EIC #1777 VE. RE

m
‘mr me ‘me W e

KE Nl
o BNl

[xx]
(]
[
Je
=

I @

PO o
D @ @R

PRSP

poy

I 0814Z=s EED puk 2 ' i QK - SKIF ERROR
1 =| H b S S R0 ST R 3R SR SR S o o o SR A S SE OB R SR SR SRR SR SR RES TR R R R BT B B T2 SR R SR SR BEY SEY XY AR B TR S R O 28 ;+.

iv : i ERROR CODE 2 - ASD STRART BIT ERROR
i& i : FERDS AS A 1

28 G ebbehbubedobsbdok bbb ok b s ok b bbb b b b b bbb bbb b bbbk b ok

& ' ERFOR 2. REG i REFORT ERFOR
14 2% EXIT
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TEST =:
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DoORRY e Bt B PR O PN KU o

1

TST-11
CHECE

gEld4e

BE1452
aa1454

x
D B R

]
k

A1 AER
A4S
16

ARt
1des

(DU RY]
1

o~
!

1%

!

o]
[ Iy ]
BB
£ P
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L

'

ainkReiais
aElS1E
HE1S1E
BE1LSaE
AE1S2S

o e

BEiEEs
EE1 534
BE15Es

oy A
o

i ann

X1
Ty Lo

mE kL

[ o

-
ot

BER1554

CA STk Rt

MODUILE

MACRO vaz. aze 1-MAR-7S 412:48:22 PRGE 16

ADRCSE RS BITS

bl for [0 B

I I Y
b RO B |

1
1

Lo 5 5 D

Doy o o I o x ]
[l S o
it

-

'
®Y
20

i

U

"t

-y

Sl BB
[ N

DB R I Iy

B N SO I e Y
TR L)

DoCROCUNE S icn I o o1

.
ol

11E7EE
BEESAL

[
[ o

]
d
o

--------

"

ok

i

..
XY
“P‘
XY
RS
=
I
ey

Sl I P
[ i < Y I N P'- lz.l

Do R e I o
st L LR,
X3

KX

.SETTL TEST Z: CHECK RDCSR R/MW BITS

THIS TEST CHECKS ALL OF THE RERDA/WRITE BITS IN ADCSE.
EITS ARE CHECKED FOR BOTH SET AMD RESET CAFPARBILITY
EITS THAT ARE HWOT CHECKED HEE

me Cwe ‘we me Cme

i ASD START. DMA ENME. RSP DONE. EREROR

TESTZ: MOV EHERASE. R1 ; GET ADDRESS

CLE r2 i INIT TEST REG.
Mo #48. RZ ; SET # OF STRTES

SCOFE

i#: [QLRAY R2. CR12
G 1NRY CR1s, REE
EIC #177VEEZE, FQ

DECLRRE LOOF FOINT
SET BITS

GET BITS

IGHORE SOME EITS

‘ws we ‘me twe

HOR R, RE ; TEST BITS
BE® =% i NO ERROR - SKIF

PR T3 T R R TR AR R R P R R o B R R R A 2 B 20 2 R R R 2D

ERROR CODE = - BIT ERROR. RADCSE
BITS Z-&

S S S S SR R SR B B B R R S R R R R R R R bt b R 3 BP0 R oF O
ERREOR . REG i REEFORT ERFOR
é$: RO #4. B2 i MEXT STRTE

SoE RZ. 1% ;i LOOF UNTIL DOME
TEST 178, SHE i ASD PRESEMTY
BEG TE i HO - SKIF

CLE Rz i IMWIT TEST REG
MoWE EHIME+L. RE i SET # OF STRTES

TEST BITZ. SR i 170 MODRELY
EEL =¥ i WO - SEIF
Mo #zE, B2 ; FORCE VALUE

TE SCOFE ; DECLARE LOOF POINT
4% MO RE, CRL ; SET BITS

Mo (R1y, RS ; GET BITS

EIC #140377. RE ; IGHORE SOME EITS

HOR Rz, R& ; TEST BITS
EE® S¥ ; NO ERROR - SKIF
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; ERROR CODE 4 - EIT ERROR. RDCSE

; EBEITS &-1Z

H o o oo oot ool oo oo st o o o oot oo b s s oo s s s b s st s s s o s o b b
ERROE 4, REG i REFPORT EREOR

T ADD #4083, B2 ; NEXT STATE

.

o EHDELARY, RS i WRIT

=k 2 SOE RS, &% i DELRY
SOE - RE, 4% ‘ i LOOF UMTIL DONE
TE: CLR R i IMIT TEST REG
SCOPE i DECLARE LOOF FPOINT
Mo R, TR1S i SET BIT
LR CR13. RE i GET BIT
BIC #1ZVVVT. RE i TEST BIT

EER &¥ i MO ERROR - SKIF

H oo o ot oot ot ot s o o b oo oot s s e ot et oot e s s oo et ot o o s s st s b s o o o b s s s b A

; ERROFR CODE S - EIT ERROR. ADCSE
i IMC MODE BIT HMWOT CLERE
H R R R R R B R R R R R R Bt L L L a3 3 2 2 3

ERROE 5. REG i REFORT EREOR
=k Mo #4000, Rz i GET EBIT

SCOPE i DECLARE LOOF POINT
AT R TRl i SET BIT

Fas CR1M. RE i GET BIT

EIC #I1ZVVVV. R i TEST BIT

EME ok 3 i 0K - SKIF ERROE

i S T 3T TRY TRT TRY RS KB TR T3 S SR SR T3 13V BRC 2PY S SR AP HE SRR S B R P B R R R o i o R o S

j ERROR CODE & - EIT ERROR. RDCSE

K INC MODE EBIT WOT SET
R 3 1 32 S I T RE o S T S SP S  SE SE R R S R B R S R ot o e B o i

ERROE £, REG i REFORT ERFROR
S ExIT ;i DOME
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TEST 4: BINITL ACTION

.SETTL TEST 4: PBINITL ACTION

-

i THIS TEST YERIFIES THAT THE EBINITL SIGHAL CLEARS
THE FROFER ADCSE BITS. THE EBITS THAT ARE MOT
CHECKED ARE

ETC ENE. EXTTRIG EME. DMA ENE. MU:x ARDDRESS BITS

RWVWONNHARWRNE

001658 B1370 EST4: MO EH#EASE. R1 ; GET ARDDRESS
GoE542

11 801654 612782 1% Mo #40114, B2 ; SET ADCSE EBITS
646114 ‘ -

12 @PlecE  Gie21d MO RZ. CRLY

1% @91662 @16211 MOy R, CR1D . ; SET ERROR BIT

14 galeed Q1Z700 o =HLELAY. R i WAIT FOR ASD DONE

=J

't

BElg482 BEL s 2 i Ok - SKIF ERROR

BEES4 s

15 aedleva  ervoel 2% SOE R&, 2%

16 BEBlevyz  2osoa CLE Rz i CLRE TEST REG.

¥ oEE1evd SCOFE i DECLREE LOOQF POINT

18 g8levye  QoOBaas RESET i ISSUE BINMITL

1% 8eiven eiii66 Fon CRE1M. RE i GET BITS

Ze oolivez a4z7es EIC #7408, RO i IGNORE SOME EBITS
HET4688

21 BR17vos Bydzon AN Rz R i TEST BITS

22 891710

. K
"‘.2 4 H 222 o5 % SR S R AR SR A SR AR R A AR R R AR R A R R R Y R R R R R AR AR B

26 ; ERROR CODE 7 — FROFER BITCS» MOT CLERRED
=y i EY BIMITL

: 'E-l H i bodudnbndudododudududodududi bl dodudududududodoudiodudududndodudodi pududndod bod b b b odod
Z1 aBiviz ERRDRE v+ REG i EEFORT ERROR

I BE1T1s ot E=IT . i ALL DOME
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'EST S:  EBYTE OFERATION OF ADCSRK

.SBETTL TEST S: EYTE OFERATION OF ADCSR

; THIS TEST WERIFIES HIGH AMD LOW BYTE OFERATIOMNE
i ITMWOLYING THE ARDCSE.

R AR B O P LN

TEZTZ: MO BHEASE, R1 ;i GET ADDRESS

hx ]
x)
=Y
=
P
[xx]

)

Y
(: . "
HEBER BRRE BB RER HER

CLE CR1 ; CLEAR RDCSE
MO EHDELRY. R& i WRIT

- J -, ]
X Y
Ay

W 00
[ ]
[ ]

1% SOE FE, 1¥ ‘
oY #174, B2 i INIT. TEST REGISTER

o~

X%
[EN

DU
Dyl

16

= =
b 12}
Fu ol

[ l:-;l Do R R R Y] |"_;l
P B I B U ol

DU OIS o T S 4 s Y

R AR IR R Y
R N R

U SR U B B

2 8o

T4 SCORE : ; DECLARE LOOF FOINT
Faz

1= MOVE #4757, CRLD i SET RAW BITS

Dol o

AT R R L

e R AR R A )

| RS

o
[ SO

14
15

o CR12. RE i GET ADCSRE AS WORD
(Y EHDELAY. RX 5 LET BOARD FIMISH

.,_
o
p—
[
-
Cd

-
=

fad

DA R B R Sy ST PY )
ry
L]

n &
U]
X

o’

=) =]
(|
=
[0

1

,..
PO O
=
o

-
POUR K

soB Rz, 2%
EIC #1o8263%, B8 i IGHORE STRTUS BITS

= .

-

[

T
XA
(Y]

ot
s’

=) =}
R
l'T,
U Sy Y]
s U = |

e’
xR I o I ot O Y

s R, FE i TEST EBITS
BE®R s 3 i Ok - SKIF ERROR

1
3

N R R R R R ]

oy

)
-

b '-Jv'
=

= =)

!T| T ]
£
=
XA

|
1]
[l
e
1)
=

x4
Al

=1 & chidikidudndudigibibididodudobododudob dodobub b b bnde b b b b b b b b b b b b b bk b e b A b o

=3 ; ERROR CODE 418 - HIGH BYTE LORDED DURIMNG
=4 ; H LD BYTE OFERATIOMN

e R b b (B o 2 B R b Rk R R o R AR R R R R R R R R R R 3 R R R

28 BELTES ERROR 16, REG i REPORT ERROR
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TEST S: BYTE OPERATIONW OF ADCSE

. 1 8EivrPe BeSEl1l If. CLE R1> i CLEAR ARDCSE
: 2 BEivVyF4 @lzE7on Moy E#DELAY. R& i WRIT
BOEAS4E
I BEZesn avvanl 4% S0E Ro, 4%
4 BRzZBgE  11=ZFez MOVE EH#SHR+1. B2 5 INIT TEST REGISTER
GAaaSg41
ooapzZens  1aszez DECE Rz i RADJUST
& BEZeie  aszvaz EIS #7E0E6, R2 ; SET ALL EXTRA BITS
By aB6E N
T oagzeld aasSzel INC F1 ;i POINT TO HIGH BYTE
S agzels SCOFE i DECLARE LOOF POINT
3 oaozezg 116211 MOVE Rz, (R1Y i SET RA/W BITS
18 eEzezsz 9lclos Moy -A1CR1>. RA i GET RDCSE AS WORD
1F7FP7 , .
11 BE2ZE2E BlETEZ Mo eHDELAY. R ; LET BOARD FINISH
alsla bt 1
2 BRZEZZ G6FTISl DF. SOE FEZ, SF
12 BRZe3d 842700 EIC #1lEazaz. RO i IGMORE STRTUS BITS
1ERZEZE
14 @82848  OREzaz SHAE =4 i ADJUST R2
15 8ozed4z  B842vaz EBIC #1BAZTTV. R2 i CLEAR RANDOM EBITS
1B8BZEFT
18 BEZE4S 874280 AN Fz. k@ i TEST BITS
17 BE2Za5E anld4ez BER &F i OK - SEKEIF ERROE
14 ; R E b b ok b st R G o R B b o O b e O B R R R e B R R R
=2 ;
=1 i ERREOR CODE 11 - LOMW EYTE LOARDED DURING
22 i A HIGH BEYTE OFERATION
;.'_3_' :;} . B SR SR S S A 23 RR RS Y 2ET SRR SRR o o o oF B RS BT R AR B AR BE BRI R R o o o I R R ) 3R R RO ) R R
Eé HE2E5 ERROE 11. REG i REFORT ERRCGE
o5 BEIASE £ EXIT |
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.TEST €: CHECK DMHCR BITS

.SETTL TEST &: CHECK DMWCR BITS
i THIS TEST CHECKS ALL LEGAL COMEINATIOMZS OF BITS
5 IM THE DMWCRE (DMA WORD COUMT REGISTERD.

aazeen ' TE=Te: TEST BITE, SR ;i DMA FRESENT?
aBzece 1422 EE®R 3% ; NO - SKIF TEST
ge2evae  01zvol Mo EHEASE. K1 i GET RDDRESS

g :

WMONIMAR PP

T8l RDL #4, R1 i ADJUST

11 821060

12 eozie:z

a
&
a

i6 662674 ©
&
[}
@ Mo #4855, . BRI i SET # OF STRTES
a ,

BEEd
SEe2 CLF R i INIT TEST REG.
27EE

(5]

R o e R ol SCOPE i DECLARE LOOF FOINT
14 gEz116 916211 1% Mo Fs TR SET BITS

15 ga2112 8111686 o CR1y, RE GET BITS

1 82114 842708 EIC #1vVogod, R IGHNORE SOME EITS

‘es  tee tes ‘e

17Boag

Voeaziza  avdzan HOR Rz, R& ;i TEST BITE=
18 apzlizz  vald4ez EBER 2% i NO ERROR - SKIF

2B : ddududidobdodoboobobkob bbb bk bobob bobbbob bbb Rk doRob b bbb b bbb o

=2 j ERROF CODE 12 - BIT ERROR. DHMMCR

24 ; Aobctobdiobbibbobob bk bbb bbb b bbbk b b bbb b bbb b b b ob bobob bbbk
gEz124 ERFOFR 1=. REG i REFORT ERROR

:_:’c' : IHC R i MEXT STHTE

; : SOE R 1% i LOOF UNTIL DOME
=4 % 2 E=IT

[

I
o E
=} 151
=) N
[ (8]

e S
A

g P2 DI RY 21D
SoUNRY R 1 Bt BRI |
=
Iy
2
}
X1
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TST-14 MODULE MACRO Vaz. aze 21-MAR-7S 132:42:22 PAGE 16
DMCAR BITS : :

CHECE

a2 3
BEz144
Beaz214e

aE2152

BEa215e
aE2len

AR

e3P PR3 o)

[ R
[ e b

= =)

I AN

=
ey

BEZLITE
BEZ2EE

BE142z=
B1E7EL
aEaas4z
Bezvel
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fr.3
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B

Fo 0D
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3 05 b S

.SBTTL TEST ¥: CHECK DMCARR BITS

i THIS TEST CHECES ALL LEGAL COMEBINATIONS OF BITS
i IM THE DMCAR (DMA CURRENT ADDRESS REGISTERD.

TESTV: 7TEST  EBITE. SHE ; DMA PRESENT?
EE® K 3 i NO - SKIP TEST
MO EBHERSE, K1 ;i GET ADDRESS

Ak #c. R1 i ARDJUST

CLE R ; INIT TEST REG.
Moy #3I27VER. L REE i SET # OF STATES

SCOFPE ; DECLARE LOOF FOINT
1%: rMos F2. CRELD SET BITS

Mo CR1y, BE GET BITS

BIC #1, RE IGNORE EBIT ©

e W e w

“0R Rz, RE ; TEST BITS
BEL! 3 3 i NO ERROFR - SKIF

j sk sk ohbsh bbbk bbbk bobbobobobob ol kol ok bbbk bbbk b b b ok ok
ERFEOR CODE 1% - BIT ERRORE. DMCAR

: sk Aok ook bbb A ARk bbb bbbk ok

ERROR 1=, REG i REFORT ERROR

ADD #2. R2 i ME®T STHTE

Py -
W

SOE R, 1% i LOOF UNTIL DONE
E=IT

1)
#
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leST 16: HIGH BYTE TRIGGERING

.SBTTL TEST 16: HIGH BYTE TRIGGERING
i THIS TEST WERIFIES THAT LOARDING THE HIGH BYTE OF

; ADCER TRIGGERS A CONWERSIONW AMD THAT THE ASD DONE
EIT IS CLERRED MWHEM DATH IS RERD

TESTi®: TEST 178, SWR ; A/D PRESENT?

Do R Bt e A S I A

gE221e :
sEZ2zd4 881434 EER bk 3 ;i NO = SKIF TEST
16 gazzze B1z7VEl Mo EHEASE. F1 ; GET ADDRESS
BEESY 2
11 GEz2Z2 aaSell CLE CR12 ;i CLEAR ARDCSE
12 eazz2z4  Q1zvVen MO EHDELAY. BB i WRAIT
BEESd S
gyveasl i€ SOE. R, 1%

SCOPE 5 DECLARE LOOF POIWNT

Blelon Fos SR BB i RERD DRATH

BEEBE

185711 TSTE CRL ; DOME BIT CLERRY

188EE1 EFL &F i YES - SKIF ERROR
is : ; B 2 2 2 SR G 2R ob 2 2B 2B 2 S 2 B S i o i b B G G 2t g 2 0 R R 2 2 R R 2 B R

21 ; ERROR CODE 14 — AAD DOME BIT NOT CLERRED
22 i RFTER A DATR WAS RERD

';-' g3 i b S S SR R0 SR SR SR Y BE SR BB RN IR AR SR AR B SRR SR SR R B o oF 3 S B AR SRRE T AR R S S O 3 AP R P A R R R L 2

15 P ' ERFOR 14 i REFORT ERROR

Ty
-
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HIGH BYTE TRIGGERING

apz22se
aazzen
aaz22ee
aezva

aazzv4
Be227s

aazziz

Baz314

BE23is

1127€4
alsisiole s
aluisiaioh )
B1Z760a
BEABS4E
B67rFoal
165711
156481

Biclisn
jalulciic b
185711
leEEE1

Sl o Gl ) Pt ahe

2% SCOPE ; DECLARE LOOF FPOINT
MOVE #c, 1R i LOARD HIGH BYTE. RDCSE
MOy EBHDELAY: RO i WRIT

S 3N Soe FE. E¥
TSTE CR12 ; DOME BIT SET?
BMI 4% i YES - SKIF ERROR

HEE 2SRRI ERFIEEREEI LR LR LR LR L E L2 2 2 0 3 2 F o O

i ERREOR CODE 45 - AA/D DOME BIT HWNOT SET

H ***##**#*$$*&#**#*#*#***#****$*$$$$$$$***#*#****$&
ERROR 15 ;i REFORT EREROR

3% SCOFE ; DECLARE LOOF POINT
Mo Z2CR1y, RE i RERD AAD DATH
TSTE CR1> ; DOMHE BIT CLERRT
EFL SF i YES - SKIP EEROR

HEEZEX TR EEEE S EL LI ERFE PRI EEFL LR LS S22 28 5 25 3 2 3 3

i ERROR CODE 1€ - ASD DONE BIT WOT CLERREED

i HFTER

A-D

DATA MAS RERD

2 X32 TRETRY SR TR0 T80 SEY SE RE TR REY TE% KR SR LR RRY N N A XY B SR SR SR IR R R AR AR A o8 R R SR OF SR T R L R R o o OB o o R SR

ERROR 1

5S¢ E=IT

i

REFORT ERROR
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aE2z20
(5 ]5 JEX RS
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BRZISE
BEZI5
BEISE
%] ]

oo oa
D

o
"l

I, ]
T
o

kA
.
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.SBTTL TEST 44: AR/ START BIT TRIGGERIMNG

i THIS TEST VERIFIES THAT THE RAAD STRET BIT OF THE
i RDCER TRIGGERS A CONVERSIOM ANMD THRT THE AAD DOME
; BIT IS CLEARRELD WHEM DARTA IS RERAD.

TEST11: TEST 178, SWR i RA/D PRESENT?
EBECG o¥ i NO - SKIP TEST
Mov GHEASE. F1 ; GET ADDRESS

CLE CR1> ; CLERR ADCSE
Moy EHDELAY. RG i WRIT

1%: SOE - FE, 1%
SCOPE ; DECLARE LOOF FPOINT
Fcn 2CR1, BB i RERD DRTH

TSTE (R4 ; DOME BIT CLERRT
EFL oF i YES - SKIF ERROR
B ik o2 28 o AR 2R o oh b B oh R B R O R R L G R R R B R T R R B 2 3 e o S O A
i ERROR CODE 17 - ASD DOME BIT HNOT CLEARRELD
; AFTER AR-D DATA WAS RERD
E 2 o 22 28 B 2 SR 2R 2R 30 B R 387 SR 2R AR R AP SRR R SR R R R R K A P R R R E R R R
ERROR iv i EEFORT ERROFR
2% SCOFE i DECLAEE LOOF FOINT

IMCE CRL i SET RSD START EIT
P EHLELAY. BB i WRIT

¥ SOE R&. Z&F
T=TE L o I ; DOME BIT SET?
EMI 4% i YES - SKIF ERROR
*m**$$***#************#***$*#*#***#*********#*****
ERROR CODE 28 — ASD DONE EBIT MOT SET
:; RUSE S0 EP TR TRY S M R TR R S SR O B X TR TRY B SR SR BB XPUIEY SR RSB BN TR BB R R BT KB SR SRR SR O BT NP I AR AR Y Y SP AR R P

i

ERREOR 28 i REFORT ERROR
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TEST 41: A/D STRRT BIT TRIGGERING

1 a8z460 B & SCOPE ; DECLARE LOQOF POINT

) 2 202462 616169 RINAY 2CR1>, R& 5 REARD ACD DATAH
BESEREaz :

I ggzd4oe 185711 T&TE CR1% i DONE BIT CLERR?

4 82410 106661 EFL S¥ i YES - SKIF ERROR

; ,. EE ot o 2 2 2 2 2R 2 20 2 2 B B B e i i i i R i 2 2 2 2 R i R

& ; ERROR CODE 21 - ASD DONE EIT NOT CLERRED

S i ‘ RFTER R/D DATA WARS READ

16 i

11 BRI 2 G b 28 2 g b i b i o 2 i B 2 g G 2 AR R e i i B B e i

1= eszdls ERROR 21 i REFORT ERROR
14 BBazd414 bk 3 EXIT ' .
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. SETTL TEST 12: IWNCREMEMT MODE OFERATIOM

THIS TE:=T
SEQUEMCING

STiz2: TEST
BER

Moy

CLE
Mo

SOE
MOVE

TE=T
EER
4Ry

MovE
AsL
Py

Fcny

SOe
Mo

SCOFE
Mo
BIC

wOE
EBER

178, SHF
18%
EHEARSE, R1

(R1>
EBHDELAY, R@

RE, 1% .
EHZWR+1. R4

BITZ., SMR

2%
#20, R4
R4, BRI
R

#4@086, (R1o
EHDELAY. R8
FE, Z¥
#4668, R2
CR1y. RE
#14BZTV. RE

Rz RE
=¥

YERIFIES THAT THE HARDUARE CHAMMNEL
LOGIC FUMNCTIONS

FPROFERELY.

i

i

A’D PRESENT?
MO - SKIFP TEST
GET ADDRESS

CLERR ADCSE

WARIT

GET # OF CHAMMELS
I1/0 MODEL?Y

HO - SKIF

FORCE WALUE

cCoPyY TO RZ

NOW # OF ITERATIONS
SET INC. MODE BIT

WHIT

FRIME TEST REGISTER

DECLARE LOOF
CHECE ADCSE
IGHORE SOME BITS

FOIMT

TEST BITS
OK—- SKIF ERROR

£ 3 ;}: R 330 2 B SR 2R oF 2R R R SR S SR SRR T SR SR R REY SR AR SR AR S Y TR R R S M o B SR R O S 3B oF oF o SR SN

ERROR CO0

b T}
—

= ML

ADDRESSES NOT

INCREMEMTING FROFEFRLY

ELE o S SR SR o O B S o ok SR S s o R R SR R S R R o o G o i o o B

ERROR

22 REG

i

REFORT ERROR



DTA7VEE
TEST 41=2:

=

BRI PR S OO P

oEz2szd

Pl B
[ o I ]
oo
T Lo 4o
Ju 13 T

U VR Y

S25HEE

BRZ54E
BEZS4Z
eazS44

o

BE2556
RSS2
OS54

[x]
=
§

255

Do
[ O kY]

U (R (X

o n
Ty Ty Ty
A (A

g
o~

TRy T
LU
F|
ale?

fr3 T2

et
=
(3]
o
=]
T

TET-11 MODULE
INCREMENT MODE

R R

QR Ee
TR R ]
[ N (N PY I N |
Do R s I oI oy I ]
L 0 O N

~—

fea!

aEsans
BERazEZ2
185211
B1E7E0
BEE54E
gt ichi
165711
188401

o

Dot S BN |

1 I O R I Y |

Do )

X It |

R B RN | IR B xR Y |

A B AR R OO o B ol (N
O ol S L U ]

IR
)

'
XIEAX
-

MACRO VBZ. eze 21 -MAR-79 12:48:22 PAGE 22

OFERATION

Tk ADD #4048, R2 ;5 BUMF COUNT
SHARE R ; SWAF BYTES
CHMFB 2. R4 i END=-0OF-CHANMELS?
EMNE =% 3 i NO - SKIF :
CLE Rz i YES - RESET TO ZERD

(% SHAE Rz ;i SWAF BYTES BRCK
INCE CR1> i TRIGGER CONYERTER
Mo EHDELAY, RO i WARIT ;

k-2 Soe R, 7%
TETE (R1d ; DONE BIT SET?
EMI a% i YES - SKIF

i $$*#******#***$$$$**************$*********$***#$**

i ERROR CODE 2% - ASD DOME BIT MNOT SET

HEE I E R R R R R R R R R R R R b R 2 2 R 2 R i 2 i S R 2

ERRCOR
é$: SoE
CLE
Mo
=k SoE
T=T
18F E=IT

2

1)

FZ. 4%

CR1D
EHDELAY. BG
4, SF
Fin

23
P v )

(LY

I

REFORT ERROR
LOOF UNTIL DONE

CLERR BORRD
WAIT

CLERR RAs/D DOME



R B e L~ e U — 1 IR I I L= |~y =y

ERROR EBIT OPERATION

[P

ST 1
_SETTL TEST 12: ERROR EIT OPERATION

i THIS TEST YERIFIES THRT THE ERROR EBIT OF THE RDCSE
i CAM BE SET AMD CLEARED FROFERLY.

TESTALZ: TEST 178, SHE i A/D PRESENT?
445 EER (=% 3 i MO - SKIP TEST
i < Mo EHERZE. 1 ; GET RDDRESS

RO Ut B e SRR I T 0 I
]

[ ]
DU XY
[N Y]
[ ]
L
Do

B

Ju
Do N = ]

Doy o
Ui el

vl TST (k1o i CLERR ﬂ/D‘DDNE

Y
x]
o
=
ry
a4}

>~
"'

R RS R AL

AR R IR R
Y

CLE CR1> ;i CLEARRF ADCSE
5} (RIREY EHDELAY. A i WAIT

[
i3]

Dol
[ )

1% SOB RO, 1%
TST CRiy . ; ERROR BIT CLEART
EFL o ; YES - SKIF ERROR

g o R LY
[l o B I 10 B S 1t B
P b e

[E%
F

Do kY]

Do Ry By

B P

-
Lo

',7" , spohiobi s stbndug s s i b b bbb b s b s o b s e b s s s o o s s b b o b b
i i ERROR CODE z4 — EREROR BIT NOT CLERFR
=26 ;

= I (E 2k o R R R R R G R R R R R R R R R R R S R R R

L ; REFORT EREOE

I’x

I
[cw]
kv
[jA
1Ty
I
iy

ErRROR =

25 BEZEZs g1IZVos ZF: LAY #1. k& i RS START BIT IW RO
BEOEEL
PR X P 0 B SCOPE ; DECLARE LOOF POINT
27 Bazed4 110611 MOVE RE, CFE13 i THO QUICKE TREIGGERS
28 gBazeds 146811 MOVE RE. CR1
29 BRZeSE BlEZve My EBERDELAY. B2 i WRIT
falalnbw i
e QR 1 e b SR = e 4 s I & SOE R, Z
s S 1% MY b T S 1 i T T=T rR1 ' i ERROR BIT SETY
2 PE2ess 1bodEl EMI 4% i YES - SEIF ERROR
: 4 H S L SR SR SR SR SR SR SR SR Y R BR BE 2 SR R TP SR TR R R 1T 2R S SR R SR S ST o AR R R R 3 SRR oF R SRR B S S R
e i ERROR CODE 25 - ERROR EIT WHOT SET

o oot ol oo ot o s st s b oot ot ot ot s i e o st s ot ot o st e s s s o o o v o b b b b b s

43 BEIZEER ERROR 25 ; REFORT ERROR



LTivEE  TST-11 MODULE MACRO Vez. aze I1-MAR-7S 1X:48:22 PAGE 24
TEST 1%: ERROR EBIT OFERATION

T=T CR1> ; ERROR BIT CLERR?
EFL %2 i YES - SKIF ERROR

1 aEzecd 4% SCOFE ; DECLARE LOOFP FOINT
f 2 BEzZece  BASTEL TST 2CRLD i CLERR RA/D DONE EBIT

ooEEEs

I BRZeT  8a5614 CLE CR1l ' ; CLEAR ADCSE

4 BEZeVd B1ZTE6 Moy BHDELAY. R i WRIT
aiaio b I

gEZTEEe  uavvoel  SF. SOB FG, 5%

15 1 b I
LRoicicich

*m***m*m#**m*wm**m*mm**m**m*******m***************'

B
B 4000 =g oo

i ERROR CODE 26 - ERROR EBIT NOT CLERR

1= i ************$****$$***%**#$**&*************#******

14

.y

15 eezves ERROR 25 i REFORT ERROR

1

EXIT

[ax]
fix]
[ ]
—.‘]
59
[xa]
ﬂ';
L
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TST-11 MODULE  MACRO VB3 B2E  31-MAR-79 13:48:22 PAGE 25
A/ DONE INTERRUFT

. SBTTL TEST 14: AAD DONE INTEREUFT

;i THIS TEST VERIFIES THAT THE A<D DONE EBIT CANM
;5 PROPEELY GEMERATE AW INTERRUFT.

aE2712 ©  TESTi4: TEST 176, SWR i A/D PRESENT?
BEZ728  @DP1445 BER 4% i MO - SKIP TEST
gez722  B137e1 HMOY @#ERASE, R ; GET ADDRESS
BEES542
ea2726 B1I7HZ MO E@#VECTOR, R2 ; GET VECTOR ADDRESS
BEOS44
ARZ7I2  @O5761 TST ZCRLY i CLERR A/D DOME EBIT
BRREES }
OOZ7IE  @RSE11 CLR CRA ; CLEAR ADCSR
BOZF4R  B1I7O0 MY @#DELAY. RE i WAIT FOR AAD DOME

aezv4d  @vvonl 1% SoE RE, 1%
BE274s 185711 TETE CRL i IS BIT SETY
BEZFSER 108462 BMI 2% i YES - SKIP ERROR

HERE G EEREEEE LRSS LRI LR D L2 23 2 RS 2 3 2 F
H
; EREOR CODE 27 - ASD DOME BIT MWOT SET

H E o3 20 T S35 2 MR RE SR S R B SR oE R TS Y SR R SR S8 R R 26 3R 08 SR 3 R 2R R oF SR P 08 R 3R B o o o 0B o

BEZvTE2 ERROE 27 i REFORT ERROR
BE2TSE 900427 EF EE3 5 CAN-T CONTINUE
BEZTSE  OOSEee:E 2¥F: CLE R= i PREFARRE STHTUS MWORMS
BEZ2TeE 812704 oy #FREV. R4

BEEz4E
BEez7ved -RELMOY  #Z%, RE i GET ISE RODEESS
BEZVT2 b1l Mo FE. (R2 i STORE
BE2VVE BlOgdel 14N R, 20RE i STORE STRTUS TOO



21-MAR-79 13:48:22 PAGE 26

#1660, (R1>
R=

F4
#1ee, R1D

‘mr we  es e

DECLARE LOOF PQINMT
ENARELE INTERRUFTS

"EMARBLE CFU INTERRUFTS

STALL TIME
TURM OFF CFU
CLERAF ENARELE BIT

oo b ot s s oo o s s o s ob s b s o o o s o s o o s ok ok o s e o s b s s b o o b ook

ERROR CODE 36 - NO

DTAFPEG TST-14 MODULE MACRO VAZ. azB
TEST 44: A/D DONE INTERRUPT
1 aazea6 SCOPE
1 2 8azenz 052711 BIS
aaa16a
2 DBzEaE 166463 MTFS
4 Q@zeli6 Bo82406 HOF
S 88zR1z 165404 MTFS
6 88za14 4427411 EICE
BaRies
7 i
e H
=] i
i@ ;
11 i
12 i
1z H
14 BGZE206 ERROR
15 aBze22 aoaded EF
16 : i
17 80zaz4 BRI27HEe =% RO
slsininich)
18 00zE28 142714 BEICE
aaalan
19 B61zZaz4 4% #IT

INTERRUPT OM AAD DONE

i

g

REFORT ERROR
CHN“T COMTINUE

ARLJUST STACK

CLEARFR EMNRBLE BIT
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'EST 15

Y R I S I O YO (S

[
)

RN R RO W R R AT R A
KU IRt B3 L | Y N P CS T o o RS

=

45

L= R SO

ERROR

ORIEZE
GO3a44
BEZE4E

o
fx]
5
.n

Il

]
o
1o}
iy
n
M

[
[ ]

1) ta)

fc v
T My

RO L8

oD ]
Jo P3O

[y B r ]
Led L) 1ad

R XY
-

s}

X
x¥]

i

Lt
-

T
Dl
-
)
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1

[y
L
T
it

L

a

[ R

...
EX ]
ey I

[ S S S s

BB B

....
S 5
Lo

fey)

P o

[y B xx]
D]
Ja P2

[ LR S

INTERRUFT

Lot s I BOUR oy B U X
DARDORE R l kY
Dt o R YRR PY I
LT RN
b @R
ol SO (N (NI Y

o~

=
1

o
=3 S U L

>,

)
[y n

't
s

o -
Y

R

B1o611
B1Z7as
Fu'-ﬂjﬁfh':

xx]
T
[ex ]
B
[N
=4

VIR L Vs, OsD

. SETTL ‘TEST 15:

SATPIT R LS (ST S8 MRl &£

ERROR INTERRUFT

i FROFERLY GEMERRTE AN INTERRUFT.

TEST1S: TEST
EEG T 3

Mo

Moy

CLE- CR1
#1, k&

o

Fon R&, CR13
Mo &, (RLD
GHDELRAY. RE i

Mo

1%: SOE
TET
BEMI 2%

iva, 5

EHEASE. F1

2CR1D

Fa, 1%
CR12

EHVECTOR. B2 i

THIS TEST YERIFIES THAT THE ERROR EBIT CAM

A/D FRESENT?
MO - SKIP TEST
GET ADDRESS

GET VECTOR RDDRESS

CLEAR ASD DOME EBIT

CLERR ADCSR
GEMERATE ERREOFR

THO QUICK TRIGGERS

WAIT

IS BIT SET?
YES - SKIFP ERROR

B2 S8 2R G 2 S 2 o G g g 2 B g B e B i i e i B R 2 2 i e B 2 B

i ERROR CODE

B 30 SR B SR R I S R SR R HE B R R SR R SR R AR S TR AR SR AR SR S S R R P A R R i

ERROR 21
ER S¥
2% ros

TSTE
EFL s 3

bbb b s b e e oo bbb b s o o ook e e b e s s s b ook sk ke ok s sk kb ko ok o

; ERROR CODE

R 2 0 bbb bbb o bbb oo sbode s s sheabebope sk bbb b s b b b o s sk ok o b ok b sbop

ERROR K
=1 S¥

2CR12. RE

CR1

- A

i

i

i

21 - ERROR BIT NOT SET

FREFORT ERROR
CAM‘T CONTINUE
RERD RASD DATH

IS DOME BIT CLEREY

YES - SKIF ERROR

DOME EBIT NOT CLERRED
AFTER A<D DATA WAS RERD

REFORT ERROR
CAMT CONTINUE



Vidron

TEST 15:

M

a Bl

1> 1=11
ERROR

gezi1z6
Baz1z6e

gaz1z4
a8zl42
aezi44

682150
aaz1sa

ae315e
e8zica
aazi62
gaz1ée4

rULULE

M

LRU YU B2E

31-MAR-7S 13:48:22 PAGE 28

RZ
#FRET, R4

#4%, EQ
FE, (R23
F4, 2CR2
#iGE, CR1>
RZE

R4

#1@E, (R

; PREFARE STATUS WORD=

i GET ISR ADBDRESS
i STORE
i STORE STRATUS TOO

i DECLARE LOOF POINT
; EMABLE INTERRUFTS

ENARELE CFU INTERRLIFT=
STALL TIME

TURN OFF CPU

CLEAR EMNAREBLE EBIT

e W e ‘me

srdodidodiddobidodidiabnedib budub dibibododubiodudi ook dudi ok b e bbb bbb ok b b b b b o

ERROR CODE

22X - MO

INTERRUFT ON ERROFR

bbb b bbb b b bbb b b bbb R R R b b R e b b R kb s o b o

INTERRUPT
BESeRzZ 3§ CLE
e12784 MO
agnaz4a

RELMOY
@ie612 Moy
ale4e2 Moy
araaa:z

SCOPE
852711 EIS
aoa16a
186462 MTPS
‘eRozde MHOF
l1ase484 MTFS
142711 BICE
aaaiea .

EFRROR
Elale RIS ER
BE2TEE 4% RO
BEEEES
142711 EICE
EEEL

bk ExIT

2=

S¥

#4, SF

#1e6, (R1>

i REFORT ERROR
i EXIT

i RADJUST STACK

i CLERR ENRELE BIT
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29
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zz

T1766
ST 16:

TST-11 MODULE
DMA LOGIC
ea3206
ax214 BE1SSE
@E321€ 913701
EEpS42
e@3222 13702
BeES44
BEIZ26 12703
ATETFT
BEZZIZ  @127ed
BLlEHEE
BRIZIE  BRSE11
BREZ24E  DLITED
BRESIE
ea3Iz4d  EBFTEEL
BEI246  BESTEL
BEHEEZ
Baz252
BEZZS4  BLEZEL
BEEEED
BEIZER  B1Ad4El
BIREEHES
BEE2E4 152711
BEEEE
BRAZSTE 132711
BEEEES
BRZZT4  BELEEZ
BEIITE
BEIIEE  BEES1E

MA

__‘ e tme ms me  ‘ws ws

E

i%:

CRO YBZ B2B  2i-MAR-79 13:45:22 PAGE 29

. SETTL  TEST 46: DMA LOGIC

THIS TEST VWERIFIES THAT THE DMA LOGIC IS CYCLING
FROFPERLY. THIS TEST DOES MWOT CHECK THE RCTURL

TEAMNSFERREDR DRTH.

STi&6: TEST EITO, SHR
BER 1z%
Moy EHERSE, R4
QY EHVECTOR, R2
Mo #17EFVV. RZE
o #1lco0E, R4
CLE CR1y
[INAY EHDELAY. R
SOk FE. 1%
TST 2CR1D
SCOPE
Mo FZ, 4R
Mo R, g CRLD
EIZE #2, CREL

EITE #$2 CR1Y

EME =¥

i

DMA PRESENT?

NO - SKIF.TEST

GET RADDRESS

GET VECTOR

GET WORD COUNT

GET BUFFER ADDRESS
CLERR EORRD

WATT

CLERR DONE EIT

DECLARE LOOF FOINT
LOARL DMWCR

LOARL DMCAR
STRET TRRMKEZFER
BIT SETY

YES - SKIF ERROR

o o o o o oo e o o oo o st oo ot s s b s b s s s o b b o b b e b b b b b b b b sk e b

ERROR CODE =4 - DMA ENRELE BIT NOT SET

ot b b e o o oo b b s s e b ok b s e b b b b b o e b b e b e s e ob b b s ok b s b b b b b e

ERROR 34
ER 12%

i

REFORT ERROR
CAM“T CONTINUE

-



MACRD VYBz. azB

TST-11 MODULE 2A-MAR-7S 12:48:22 PAGE 3@

DMA LOGIC

DTivEE
TEST 4&:

EBINITL CLEAR EBIT?

. 1 BEZEHZ  06BBeS 2% RESET ;
2 BRzZEA4 AZ2F11 BITE #2., (R1> i TEST
BEBEEs
I BRzE18  seldez BEQ % i YES - SKIF ERROR
4 i
S i hseksobdeb ook ok b ok b dodnbbob ok dodnbbok ok bbb dob b bbb sk bbb ok
& i
v i ERROR CODE E5 - BIMITL FRILED TO CLEAR
] ; MA EMAELE BIT
S ;
16 i sbshebobohdododododob ododnbodisbodobiob bodok ik b dobodoboR ek o ddobob b b b b s b b 4
11 i R
2 Bnz2zI12 ERROR =5 REFORET ERROR
1Z 8823214 98asia EF iz# CAM“T CONTINUE
14 i
15 Bazzls % FELMOY #E8%, RB GET ISE ADDRESS
1e BBZEZ4  Blofed 0 Fa, 4022 STORE
HEEEg
17 BBRZEZH BlETFez Mo #PRET. GCRE STORE STRTUS TOO
BERZ45
BREEEG
12 @B BESEEE CLE & EMABLE CFU INTERRIIPTS
19 oo 1RE4 05 MTP= Ri
ey T SCOFE DECLARE LOOF POINT
=1 @ B1EzEsd Mo RZ, 4R LORD DMUWCR
BOEEE
22 BEEESE Pledsl Moy FEd, &CR1 LOARD DHMCAR
slainiclial
2 BEZES4 BaEvEedlL T=T g o I CLERR DOMHE
BEBEEs
24 BREIZeR S2vid BIZE #1e, (R1D STARRT TRANSFER
BERELE
=25 i
=6 BRZZEZC OLDd = -2 FOR QLD REY. PRTCH
22 BERZEEsed 815185 4% P diR1 RS SAMFLE DMWCE
alsielnic )
=29 BEZEETER B4zvas BIC #1700850, RS
FEAEE
8 BRZETYd  BZ27an CHP #r7T7. RE END OF REANGE™
BEFFFT
e I . 1 et 15 1 S 15 a I 4 BE &F YES - WRIT FOR EOR
I BAE482  B1ZTe0 QINGY EBHDLELAY, RE WAIT
BEESS S N
I BBEZ40s BYTanl SE. SOE FEL SF
I4 BRE418 81160 rc 4CRE1LY, RE SAMPLE DMWCE
Sialniait)
5 BazZ444  @427vaE BIC #1vaoae, Fa
17FEB688
26 823428 A2aBas CHF REL. RS AMNY TRAHZFERS?
IV BBZ422 aBlizZen EME 4% YES - COMTINUE




LT1766 TST-14 MODULE  MACRD V3. 2B  31-MAR-79 13:48:22 PAGE 34

[}sr 16: DMA LOGIC

e oz o o ot o e e o o o o s s s e e o s o bt v o b s b s o b o e b b o b sl b o b ol s b b s b b o
ERROR CODE 26 - DMA FAILING TO CYCLE

B 5B 30 SRR SR oF 0E AR 3F OE AR R YRR oF S T SR SR 0K 8 AR P S 3 SRR SR OE BE oF R B R ORL OF BB BE AE R O SR R R 58 R R

‘me e e We we e

663424 ‘ ERFOFR 5 ; REPORT EREOFR
ao342¢ OBEa44Z= EF 1Z% i CAM‘T CONTINUE

WONOMARWNE

16 BB2436 BIZ708 6% Qv BHDELAY. Rg i WAIT ONE MORE CYCIF
888545

11 68324234 BTYvV88l 7% SOE R&, 7%

b 3 o 32 0 SR SR R SR T R R o o8 SRR B R SR SR 1: PR S R B SR R B AR R R o R K R R R

ERROR CODE 27 — WO EOR IMTERRUFT

XY
AR S

',? H sbuohi b bl s b s s s b A b b b b b b s b b s o s b o b b b s b o b o b

19 @aB3436 ERFOR =7 i REFORT ERROR
26 Baz446 i EFR 1=¥ i CANT COMTIMUE

v}
x)
=
5
‘Aj
T

22 e8zd442 = 2 RO #4. 5F i ADJUST STHRCK

]
ol
ol
&
(Y]
b
NS
M

Mo #7YVTV. RS i DMWCRE = F7FFT?

[
Ju
it

EIC 4R, RS

DD REEEESH
P@ @SR
2@ @
IO S

RXRE S IV B N 1

DROom R

EBEL SE i WES - SKIF EREOE
0 ebubabebidudududidnududedudododudnbob o dodoob b b b oo s b bbb e b b s b b b b b b b b b b e

; ERROR CODE 48 - EOR INTERRUFT WITHOUT
i DMWCRE = 7777

s s s st s st st s b o s s b b b st s b o s s s s v s o o b o s N o o o b R

BEZ4568 ERROF 46 i REFORT ERRCR
aazd4ez EF 1=# i CAM’T COMTINUE

Q
5
)
Y
n
¢

L b L b e Ll I L) P PY Y B )
YA A S PY B U I ol cORY O 1 Rt B LR

Bazdeq

R
|
LD
#®

BEIT #2. (Rl i DMAR EME EBIT CLERREDR™

Qoo
o0 el
N (N ]
oL N |
(e

P3P

2 @0zZ478 EBER il1a% i YES - SKIP ERROR
;é IR 2 2 B R B G G R b R TR R R R R SR R PR S R R R R R R R R R R R R

4z i ERROR CODE 44 - DMA ENARELE BIT NOT CLERRED
; AT EHNC OF TRANSFER

B i gk i i i i i B i iR T R R R T ot S B R S G 2 i i T B 2

H
a

47 80247z ERROR 41 ; REPORT ERROR
48 802474 0668428 ER 1=% i CAN‘T CONTINUE



DTive6 TST-11 MODULE
TEST 16:

i

| )

WOoONOA R

lad Ld La] L)

WM

DMA LOGIC

aaz5i14
aazSile

AETST4

Baz5ze

016165
anpans
a4zvas
gBooel

az2vaes

gzaoee
Ba1462

MACRO Vaz. azE Z1-MAR-7S 1X:48:22 PAGE 22

10%: MOy ECRLY, RS i CHECK DMCAR

EIC #1, RS ; IGMORE BIT @

CHP #20000, RS i CORRECT?

BEQ 11% i YES - SKIF ERROR
*******H‘i*ﬂi****&l*ﬁk**#ﬂ:*********************,****ﬁl*J'I'-?l-'-

ERROR CODE 42 - DMCAR INCORRECT AT END
OF DMA TRANSFER

£ B B T R 2 i i 3 o G e it i B i B i i S i St i B

‘me e Ywe ‘we fme e es  we

ERROR 4z i REPORT ERROR
EF 1=% i CRAMIT CONTIMUE

11%: T=T CRil i ERROR BIT CLERE?Y
BFL bk 2 i YES - ALL DOME

S

H *w***********wm*#*****m***m*****m**mw**#**********
&

H EREOR CODE 42 - EREOR BIT SET DURING

i DMA TRAMZFER

3

HEE (2 08 5 08 TE o B 2k SR R R R R R R R S o R R S KGR R R o g o B R G R

ERREOR 4= i REFORT ERROR
12%: EITE #14, CRLS i BITS CLERREDY

EE®R 1=% i YES - SKIFP ERROR

IR 5 o5 5 S GBS SB SR SR oh Sk S ot A b B AR oh Y S 2 o i SR R S S S o o R R U X R R
i ERROR CODE 44 - IMFEOFER RDCSE STRTE

3

3 chebrbboduoduobobbodbodok bk ok bk bobod dob bbb ok s e sk b b b b b b R
i

ERROR 44 ; REFORT ERROR

1=%: EAIT i ALL DOME _



DIA7EE TST-41 WODULE  MACRO Y83 B2B  S1-MHN-¢9 1%.449 22 FHGE 23
T'"ST 17: DMA DATA TRAMSFER

1 .SETTL  TEST 417: DMA DATA TRANSFER
2 i
2 i THIS TEST VERIFIES THRT THE DMA LOGIC IS ACTUALLY
4 i TREANSFERRIMG DARTA INTO MEMORY.
S i
& i
7 8823540 TEST1V: TEST BITE, SWR i DMA PRESENT?
& Baz54e 801526 EBEQ 14¢ i MO = SKIP TEST
S Pazooe  gizvel MO GHERSE. F1 ; GET RDDRESS
anas4z2 :
18 803554 @lzvez - MOV EHVYECTOR, Rz i GET VECTOR
8ua544
11 eaz568 085814 CLFE CR1> ; CLERR BORRD
12 883562 @1z27en Mo E4DELRY. RO i WRIT
a0a54& : ‘
2 BR35es 8VvEsl  1F: soe Fe. 1%
14 903578 a12vaz Mo #4, B3 5 SET # OF ITERATIOHZ
alalclolo b
15 883574 aasoes CLE RS ;i CLERE AVERAGE
16 BAzE7 185211 2% INCE CR1> i TRIGGER COMVERSION
17 eezend 813700 MO EHDELRY., RO i WRIT FOR AA/D DOME
eaES4e
18 8uzend rragl 3F: SOE 8. X
19 gBzee 1685711 TSTE CR1> i SET?
20 B0zcln 108482 EMI 4% ;i YES - SKIF ERROR
21 i
22 I b ok o S B 20 i oE B B 2t i A G o U S S R i i 2 o L Lk G i i B i b R i 2 g
24 ; ERROR CDODE 45 - ASD DOME BIT NOT SET
25 i
25 i hebobdubobabobebob shedudobbobobobobobobdob ok bk skob bbb otk b b ko sk bk ok b Ao A
22 Bezelz ERROR 45 i REFOET EREOE
29 8nzZeld  BQRESez EF 14% i ERIT
8 i
Z1 B83Zele  OeelGT 4% AL (k1 RS i ADD IM DRTH
BEBEBZ
22 egzezz Tl SOE FZ. 2% i GET MORE
22 oezezd BBPEB_ ASE RS ; DIVIDE BY 4
24 BRIEZE  OBe2OS ASE FES
20 9RZeZE BaS1as - CoM RS i COMFLEMENT )
26 BRZeZZ  B427vas EIC #lvaan, RS ; CLERFE UFFER 4 EBITS
17enns
IV BRZEZE  B127VeZ Moy #le@oa, B2 ; INIT. TRAWSFER ARERA
@leaan
2B Bazedz  olz2vod MO #i1e0a. B4 ;i NUMBER OF WORDS
aa160n
29 802646 01laSz:E SF: MO RS, (RI3+ ; LORD DATH
46

Be2EesB  arvv4oez SOE R4, S% i LOOP UNTIL DONE
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TEST 17:

T

1

HW

an

0N

et 1 dede 8 I Pl b

0 il YOI, S

DMA DATA TRANSFER

8a3652
aazecn

BO3666
Baz674

aBzveo
8a37ees

51 K R
aazviz

o

o Qe
Do Y] [\v]

(A
= =J

)
=
D]
3]

W
oM

BEITSE
BEZ7SY
BEZTSE

6127€1
17?2?7
Goaoa4q
812761
gie466
joiciciolnly

ai1eoe2
aoaaag
ai1zvez
aaux40
anBees
aiaieiclalcl
lae468
152711
ool

Bez7v14"

812ves
aae40a6
g1xves
aaa54¢
a7 vaal
a8vvyIeg

BaBd ==

Be2ves
agonag
gizvez
Ble800
aizvad
sEezan
B22ze5
Ba1e001
By 748z

MoV
Moy
RELMOV
MO

MOV

CLE
MTFS
EISE

oLDz = -2

Moy
% Mo
vF: soB
S0E

‘e me  ms  ‘we ‘ms  ‘we ‘me

ERROR
EF

oF: RO
Mo
MO
oF: CHMF

EME
sSOB

S THIN T § & denr . TO

#177IV7, 4(RLD
#1406, c(RL>
#o%, R

rRe, 4(R2>
#FFE7, 6C(R2D
ra

R&
#2, (R12

#4008, RZ
EHDELAY. RO

ra, v&
FZ. &

4
14%

#4. SF
#16090, B3
#3008, R4

CRZ3+, RS

i16%
R4, 9%

e T Wle S

.
I

LORD DMWCE

LOAD DMCRR

GET ISR RDDRESS
STORE

STORE STATUS TOO

ENARBLE CFU INTERFIIFTS

START TREANSFER

FOR OLD REY. PATCH

WHIT FOR TRAMNSFER

B Bk B i i R B R R R R R A R R T

ERROR CODE 4& — WO EOQOR INTERRUFT

bt G 2 2 i i 2 2 o 2 b i 2GR s dh B e R Bt B 2 s i i B B

REFORT ERROR
CAN"T CONTINUE

ADJUST STARCHK
CHECK LOM BUFFER
ClegBe TO 165885
AL DATRH?

YES - EXIT LOOF
CHECK REST OF BUFFFR



Frivea
ST 47:

XY

WONOADLINP

i&
v
i&
is

26
b}
(=
4:)4‘-

Iad P3P PRI PD P PT
£ bed T

DU R B I LA

[y

TST-11 MODULE
MA DATA TRANSFER

883766
Bazrr2

AEz7T4
GR4EE0
BEdaEg
OR4E0S
Ge4010
eR4a12

aa48ie

[t
]

-y
o @
SN
5@

gzzrez
ale462
ge1462

aaE414

81278z
B1e4a0
B127064
BEASHA
B22Z85
ao1461
arr4az
az2vaz
a17482
aal14az

MACRO VBaz. ez2e

1688 CHMF

EE®

O T T T L T

ERROR
EF

11%: Mo
Mo

12%: CHF
BEL
SOB

13%: CHF

EEQ

21-MAR-79 12:48:22 PAGE =S

#1le482, B ;

11%

47,
14%

#1e
#5550
CRZ=
1=%
Fd.,

#17

14%

B

CORRECT FIRST WORDY

YES - SKIF ERFROF

R ) ST 30 R R R R R O S R 3 G R b o S o R R B R S R o i e

ERROR CODE 47 - ERROR IN DMA TRANSFER.

STARTIMNG LOCATION

DMAERE i

400, B3 ;
6. R ;
I+ RS

2%
482, R=

e e e e

sobobodododubobshododobbobobobobodobbodiubobub bbbk sbkob ok shobobok fodobobobobobbobod

FREPORT ERROE

CHECkE REST OF BUFFER
Cledel TO 1760@0

R0 DARTA?

NO - EXIT LOOF

CHECK REST OF ELUFFER
CORRECT LAST MWORD?

YES -~ EXIT

;; BRI R IR R R R R R R R DR g i k2 b 2 o o 5 22 B 28 o 0 R 8 3 R

i ERROR CODE

58 - ERROR IN DMA TRAMSFER.
EMDIMG LOCATION

H e ot o oot ot ot st st s s b b st st s s o st oot ot s st st b o oot o s st b s s o o o o b b b s s s b s o g

ERROR
14%: EXIT

S8,

DMARERE ;

REFORT ERROR



DT1768 TST-11 MODULE  MACRO VO3 @2E  X1-MAR-79 13:48:22 PAGE 26
TEST 26: END OF LOGIC TESTS

é .SETTL TEST 28: END OF LOGIC TESTS
’ Pl
‘ = ;5 THIS TEST IS PRESENT TO INFORM THE TST-411 MOMITOR
4 i THAT THERE ARE MO MORE ADDITIONAL LOGIC TESTS
o ; TO BE EXECUTEDR. MWHEN THE "ALL" COMMAND 1S USED.
€ i THIS TEST WILL FORCE R RETURM TO THE COMMAND
v ; LEWEL OF TST-11 WHEMN THE TEST SEGUENCER RERCHES
8 ;i THIS TEST.
S i
i1a i
11 6646826 TEST28: ESCAPE
1z ' H
iz H
14 .SETTL CALIBRATIOM INITIALIZATION
A5 i :
is i THIS ROUTIME PERFORMZ IMNITIALIZATION FUMNCTIONS
iv ; FOR ZOME OF THE CRLIEBREARTIOMN TESTS.
is H
- 419 H
28 aBd4Eaza GETCH: FPERINT <CHANMEL? > i QUTPUT PROMPT
21 8a4644 GETOCT i GET VALUE
22 ap494e  10z422 ECS 1% ;s CR AT EHD - CONT.
22 aB4a35a FRINTC <ENTER AN OCTARL CHAMMEL ADDRESST
24 Aa41i1z BBAT4E ER GETCH i TEY AGAIN
25 i
25 884114 ©@1zE7vez 1% P EHODTACC. B2 i GET VARLUE
nlalahits
27 aB41z28  B427a2 EIC #1777ER, B2 ;i CLERR UFFEER BITS
17770
28 884124 BEoQzZaz SHAE ey i RDJUST
29 BaEgd4izs 2% FRIMNT <HMODE BITS? > 5 OUTPUT PROMFT
Z6 084144 GETOCT i GET WARLUE
21 gedide 183428 BECS iF i CR AT EMD — COMT
22 Ba4158 FRINTC <ENTER AN OCTAL BYTE WYWALUE.
ZE gRdzZes aeav4yv EFR 2%
=4 i ’
25 834218 841zves ZF. Mo EHODTACC, RG i GET WARLUE
. GaRsid .
26 aEdzid  Bd4z27veg BIC #177480, Ra ; CLEAR HIGH BYTE. RA
177465
IV eddzza pekanz AL R B2 i ADRD IN MODE EBYTE
=8 884222 Bi1zved Mo EFHERSE.: F1 i GET ADDRESS
aEasd4z - R
29 a84226  BOSTEL , TST ZCR1> ; CLEAR DOME
ulalainis e
483 @R42322 ase1ll CLE CR1n i CLERRE BOARD
41 804224 185741 4% TSTE (R i WRAIT FOR DOME
42 884236 188Z7E EFL 4%
4% 004246 0a57&1 TET 2CR1> i CLERER DONE
aapaaz
44 @04244 BOB2ETY RETURMN



LUilves  1=i=11 MODULE —~ MHURU Vs, UZ2E 31-MAR-79 1X:48:22 PAGE =7
- IMITIALIZSATION

.SETTL DARC INITIARLIZATION

i THIS ROUTIME FPROVIDES IMWITIARLIZATION FUNCTIONS
i FOR SOME OF THE TESTS THAT EXERCISE THE DRCS.

x pa
ol RN Y B VR O PX IR

B84245 DAC: TEST BIT2. SHR ; 1,0 MODEL?
aa4254  @a1a91 EME 1% ~
GR4256 EXIT i NO - EXIT |
11 884268 G12782 1% MOV #4000, R2 i SET FOR TWO‘S COMF
eleElc el '
12 804264 B12703 MOW #IPVTLRI
BEZTTT
T Be4270 TEST.  BIT1.SWR i OFFSET BINARY?
14 BE427E  A01404 BEG 2% i MO - SKIP
15 @E43Z8E 42702 EIC #4008, 2 i MODIFY
EIE G
1€ BE4Z84 AS27AZ BIS #4608, RI
5 BEE
7 OR4316 10284 2% MO Rz, R4 i MAKE COFPIES FOR
12 94312 ASZ764 BEIS #1008608, R4 ; SECOMND DAC CHRAMNEL
1 GIEAEEE
15 BR4316  B16365 MO R3. RS
20 BE4IZE ASZTES BIS #100080, RS
1 HEEGE
21 GE4324  B137H1 M EBHEASE. R4 i GET ADDRESS
BHESY 2
20 GE4IE0  GOAZET RETURN
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TEST 21: DJ/A OUT TO ACSD IN

% .SETTL TEST 21: D/A OUT TO AZD IN
* 4 K
= i THIS TEST OUTFUTS A RAMP OW THE ¥ DAC WHILE
< i DISPLAYINHG AAD INPUT DATA FROM CHAMMEL &, IF THE
b ¥ DAC IS COMMECTED TO THE CHAMWMEL & INFUT. THE
& i USER CAM WYERIFY THAT THE AMALOG SUBSYSTEMS ARE
v ;.FUNCTIONING CALTHOUGH MOT CRLIERRTEDS.
= H
9 i
16 @423z 8a4787  TEST21: CALL DAC
177716
11 @843zs FPRINTC <CONMECT THE ¥ DAC TO CHAMNMEL @
12 884464 KBEXIT i SET UP KEYBORRD
1Z add4nz paasvel TST 2CFE1Y ;i CLERE DOME
BADEERS . ’
14 834488 05011 CLE (R ; CLEAR CSE
15 BEad444i8 185711 2 TSTE CR1> i WRIT FOR DOME
1 gad4diz  188EFE EFL =¥
17 Bad4d414 @a57el TST (R ; CLEAR DOME
aaEEmaz
18 BEd44z28 s CRLF . .
1% gad4zz  1127a% MOYE #1460, RS ; LINE COUMTER
BEaEER1E
=28 gadd4ze 185211 4% INCE CR1> i TRIGGERE COMVERTER
21 9844z 185711 5% TSTE Rl i WARIT FOR DONE
22 pEddzEz 18E3ETe EFL SE
2Z BEd44=Ed4 @1e2el Mo R Z20R1D i SET UFP MEXT STRTE
jalnnleals e
24 ad44E Blelan Mo 2Rl RE i GET R/D DATH
SEEsE s
=25 BEdddd oCTiz i DISFLRAY
2E BRddds BRn2Es IMNC R i HNEXT DRC STARTE
=2V aadd5n Badzrvaz EIC | TEEEE, B2 H 2 BITS ONLY
By ERER0
28 aeddSd 183zZa5 DECE RS i LINE QVWER?Y
=5 BaddSe BRlven EER =¥ i YES - NEXT LINE
ZE ooddsn THE i MNEXT DATH
21 sadd4ez BEavyel ER 4F



NN ADRWNE

XY
Ll R

1%

TST-11 M

R/D IN

BB4464
0804470
Be4536
ap4540

884544

3 884550

aa4552
884554

. BE455E

aE45e2
884564

S 8B45va

84574

[xy]

ODULE
TO D/A

[
=] 3
= P

N m
=

B81zval
asas4z
aas7el
nlallals e
anteall
185711
1883Z7e
vlelibg
eagranz
185211
g4z 7en
17aaan
a1a601
aenons
Beaves

MACRO vaz. aze

ouT

e e ‘me e e e

-
m
0
-
P
LV

1%:

21-MAR-7?9 41X:48:22 PAGE =9

. SETTL TEST 22: RAD IN TO DASA OUT

THIS TEST RALLOWS
TO INFUT CHAMMEL @ AND SEE WHAT
SAME SIGMHAL AFFPEARING OM THE ¥

CALL

PRINTC
KEEXIT
MOy
TST
CLE
TETE
EFL
Mo

INCE
EBEIC

Mo

EFR

DRC

<COMMECT SIGHAL

GHEASE, R1
&CR1)
CR1D

CR13

i
2Ry, RG

CR1>
#170000, Re

RE, 2CRL

i%

A USER TGO CONMECT H

(K

S0

SIGHAL SOURCF
SHOULD BE THE
AC OUTFUT.

-

URCE TO CHAMNHEL &> .
SET UF KEYEBORRD

GET RDDRESS

CLERF DOME

START LOOP
WAIT FOR DOMNE

GET DATH

START NEXT CONVERSIMNM
FREFARE % DRC DATH

LOARD DAC DATH
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TEST 2=

RV B S B OVl

[y 1:‘;
[ ]

[ o3 I
LY R 3 Y |

1
1]

o

iy
L

1

1ad 1ot
[ R N

24

cha)
S
=7

TST-11 MODULE

A CALIERATION

B4
G

M

Py =]

Peuling

bad&e24
aa4e2¢

BE4eE2
alsh 1w

!

o 05
D I I R Y]
1.

Ty L P

1

.
e

facx]
=
S
Ty
i
fra

B4 a5
BEdesi
BEEEd

BEA4ETE
BR4ETE
EIET S
BEGETE
B TR
R P
B4 TEE
1 7L
BE4TLE
BE4TLE
BB 7 20
B T
BRI T 2E
BE4T 34
BE4TIE
B4 TAE
Ba474z

BE4verT
Tradd

B427a2
146303
B1EZEE
542760

BB EES
ﬁ:?U'

T R
| U
DR Y]
Foled =) D

) e b
ST

Ky

fi

[ax}
o
=}

B }-: ficx]
1Ll
X K]
b
o B fe

-~
ot

]
=
4]

ks
~

&

=l

-
1
Lo
1

D]

o3
sz
B
fe

J Y BT

ol
JbB

I
ol

[ Sl S kY
A
PO -

-
&Y

[xy]
T
Cond
X
=}
Al
1)

T

1%:

% 2
3F

S

MACRO vVaz. aze

EST=X:

. SBTTL

FRIMNTC
CALL

KBEXIT
BIC

Mo
BIC

i inkh
TSTE
EFL

TST

EIT

BMHE
EIS

Mowve

CRLF
MOYWE
TSTE
EFL
Q[uin

Q-Tiz
T
EFL
MOVE

TTYOUT
INC

EME
Mo

DECE
BER
TRE
ER

21-MAR-79 13:48:22 PAGE 40

TEST 23

<R/D CHLIBPHTIDN}

GETCH

#140=20%, k2

R2, R&
#c48, Fg

RE, CR1>
CR12

i%
2CR1>

#58. B2

ps: >
#1. R2

#1898, R4

RZ. (R
(R

4%
ZCRLY, BB

CR1

5%

#7E. RB
EHERRCHNT
5%

#-1, GHERRCNT

Py A
W b

'0"\‘
H

A/D CALIEBRATION

THIS TEST RCCEFPTS A CHAMMEL ALDRESS FROM THE USER
AWML DISPLAYS THE DATA FROM THAT CHAMNEL CONTINUOUSLY

GET CHRMMEL ADDRE=S

SET UFP KEYEORRD
CLEAR SOME BITS

GET CSRE IMN RS
MO EXTERNAL TRIGGER

SET LF CHARMMNEL
WAIT FOR DOME

CLERR DOMNE
EXTERMAL?Y

YES -~ WO STRART BIT
SET STRRT BIT

LIME COUNTEER
STARRT COMYERSION
WARIT FOR DOME
GET DRTH

DISFLAY

ERFOR BIT SETY
HO - SKEIF

FRINT "E-
INCEEMENT COUNT
MO OVERFLOW

LINE OVER?
YES = NEW LINE

HEXT CONYERSION
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IEST 24 A0 DATA DISPLAY UNDER DMA

.SBTTL TEST 24: R/D DRATA DISFLAY UNDER DHMA
THIS TEST ALLOWS THE WUSER TO RCTUALLY CHECE THE

i RSD DATH ACRUIRED AT HIGH SPEED AND TRAMSFERRED
LIRECTLY INWTO MEMORY.

000 ) O L)

HE47E g TESTZ24: TEST BITA, SHE ; DMR PRESENT?
BEa47EE aRlionl EME i# i YES - CONTIHUE
18 884754 EXIT i NO - EXIT
11 i '
12 B847Ss 1%: FRINTC <AAD DATA DISFLAY UNDER DMA>
Z paSeld ae4dyvevr CALL GETCH 5 GET CHANMMHEL ALCDEESS
1778168
14 @@sozo KEEXIT ' i SET UF KEYEORRD
15 8asezz  ad427es BIC #14830Z, R2 ; CLERF SOME EITS
148282
18 aasEzse Blozas MY Rz: B8 i GET CSE IN RB
TOBRDEIZE a427e0 EIC #&0, Ea i WO EATEREMAL TRIGGER
BEAHEE
18 aaseaz4 010611 Mo rR&., CR1> i SET UF CHAMMEL
1% gataze 185711 2% T=TE (R1i> i WARIT FOR DOMNE
28 BaSEadn 188ZETE EFL 2%
=1 8a584z  Aa5TEl TST 2CR1 i CLERE DOME
HEERES
22 aaSads 81EVeE MY EBHYECTOR, RZ ; GET VECTOR RDDRESS=
BER5G 4
2% BESHESE  BESTET AL #4, R i ADJUST
HEEEES
24 BESHSC RELMOW  #5%, R ; GET ISR ADDRESS
=25 EEsEsd 810981z QIAn FE, CR3> i STORE
26 BERSESE % FRINT <FILLIMG EBUFFER. .. >
27 BEsils BlsFel P #loE@@, aCRL Y i LORD DMCAR
BlsEan
(alaiaisicby
28 BESlze @lzFel M HITETTV. 4CRLY i LOARD DMWCE
1TETFTV
EEEREES
29 Jatize gRsvel TST bl S i CLERAER DONE
15 1 1 1 ey
Z8 8atlzs 118214 MOWE R, CR12 i LOAD MODE BITES
21 8a%iz4 1S2Fi1 EIZE #2, CRLD i STRRT TEAMSFER
BEAREES .
23 BERS1IEsT OLDZE = -2 i LD REY. PFATCH
= H
5 Be5i40 o@anEnl 4% WARIT i WAIT FORE IMTEREREUPT
ZR 8aT142  QBavve EFR 4% i HANG UMTIL RECEIVED
28 H HOTE : KEYEQOARRDS INTEREUFTS ARLSO OM. STILL FROWIDES

jé i AEILITY TO REBORT OUT OQF THIS WRIT.
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TEST 24: ASD DATA DISFLAY UNDER DMA

1 gESi44 185811  S§: CLRE (R1> ; TURM OFF MODE BITS
. 2 aasld4e  BEETAC ADD #4,. SF i ADJUST STACK
! BERARG
Z easisz pasvil TST R i EEROR BIT SET?
4 8a5is4 10081z EFL (2% 2 i HO - SKIFP
g v 5 e Rt CELF
& DaSien FPRINT <ERFROR B.T 1S SET>
T oaszad K1lZvaz ef: MOy #l1e000. B2 ; DISPLAY BUFFER
gleoan .
& \|aszig pizvod4 MOy #1a0a, R4 i CONYERSION COUNT
Ba180a
9 aa5214 112785 TF: MOVE #168, RS ; LIME COUNMTER
aoeEia
16 a@asz2z2a CELF
11 aaSzZz2z 942208 2F Mo - CRZN+, RE i GET DATA
12 aaszz4 acTiz i DISPLRY
I oBanzZze  18svEy TETE EHRCSE ; CHARACTER?
1775En
14 8aozzz 120065 EFL ia% i HO - SEIF
15 saszzE4d TTYIN i FROCESS
18 BRSZEE = 3 CRELF i HEW BUFFER
17 aa52468  ga5009 CLE R i RE-ENARELE INT
18 gaSzdz  1asd4e0. MTPZ R
1% aaSz44 @oarvian ER %
=k F
21 8asz4se gasEed  106%: LEC R i ALL DOME?
22 aA5z5n grRivyEs EBER SF i YEZ - MEW BLUFFEFR
23 @ER5252 1853285 LECE RS i LIME DOME?
24 Jaszsd gRivEsv BER TE i YES - LOOF
20 8R525e TRE i MORE DRATRH
ZE BESZER PEETER EF oF
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TR=T 25: R/D INPUT CHAMNEL SCAN

.SETTL  TEST 25: ASD INPUT CHANHEL SCAM

1
2 H
= i THIS TEST SCAMS THE INPUT CHRANMELS WHILE
4 i DISPLAYING THE AASD DATA ONH THE TERMIMAL.
=} i
& i
v easSzéez TEST2S: PRINTC <AADR INFUT CHAMHMEL SCANG
& gas34i4 KEBEXIT i SET UFP KEYEOARRLD
9 8a533216e B1EZ781 P EBHEASE. R1 ; GET ADDRESS
BER542 )
18 BBSzZ22 Oas57Tel TST 2CR1s i CLEARR DOME
GEBae2
11 eaSz28 Be56a11 CLE (RiD ; CLEAR CSE
12 885238 165711 1% TSTE CRA i MWAIT FOR DONE
I aaa5332 1883 Te EFL - 1% ’
14 @RaSzZ24  @asvel T=T 2CR1Y i CLERF DONE
mialalole e
15 aesSz4a  faSons CLE Rz i INIT. CHAMMEL COUNT
e 85342 - 2% CRLF
17 easSzEd44d 412783 MOVE #16, RZ ; LINE COUNTER
fEaaLa
18 BASzE5G FRINT SCH=> LISPLAY ADDRESS
19 @ESzE5Ee  alazan M Rz, RB
28 aaszen oacTS
21 /RsSIsz el1ozen  ZF. Mo F2., R& i GET CHAMNEL RDDEE=S
22 ARSIZsed  gRAZAD SHWAE 0 RS i PUT IM HIGH EBYTE
22 BasIes alagll P FE, CRL ; TRIGGEE COMWERTER
24 BASEITHE 165711 4% T=TE CR1 i MWRIT FOR DOME
25 JaSIve 10Eazve EFL. 4%
26 BESETY  @lelnn Mo 2UR1 R i GET DRTH
nlalninle e
27 BRSd40n TRE
28 aasd4az noTiz2 i DISFLAY
29 a0S40d4  AES3IEZ LECE RZ i LIMNE DONET
ZB BES408 @BlzeT EMHE % i MO — COMTINUE
21 BaS41i8 apszez IHC R 5 INHC. CHAMHEL
2 eaoddlz  1zzVaz CHMFE EHIWRE+1. B2 i EMD+ OF RAMGE?Y
BERSdd
23 BEsd41s @nlzol EME 2% i HO — CONTIHUE
Zd AAS4z28e AaSoaz CLR Rz i YES
5 8asdz2z CRELF
ZE BaSd4Z2d4 aEavde EF 2%



e e

TEST 2&:

-

S0 00 g T B P

15

ie
is
i=

om

Lod o3 P2 12

[URRN R R

=4

BESIEZE

ORS4E4
BRS4EE

]
iy}
on
I
=J
"

Pl
DU I I k)
oo an e
b
DU D Y |
R A B 4

-~
"

b’

DU
DO R
o N oon
o onon o
el ol e
T e 3 3

T T
o

o an on On
oo o on

EEN N

DU o I A
RN O I A 3

b

XX
k!

,.,..
KUK
KA}
KA RRRY

]

1 .
o on
o

S fu

3 T

}
{

X1
1

]
n
on
_;:L
Ty

on
]

(Y]
IR
n
|

Ty o 2

n o

v
o’
prvad

a) o

iy Iy}

oo
]

oo oon

XY
Lo}

N R W W Y [WT¥TN T S

B1zEvel
BEE542
aasvEl
sagERE2
HE5E11
185711
18EE7e
516 ]

1

-4
1

Y

Y
15
1
'?"
X\
R
K

D]
[y ]
o
Lad P3P

]
[ ]

DUl =
D

Pt
XU
=) &

o

[ix]
3
bex)
)
by
(v

hx]

[eA]

-‘L el
L} B el XY
1oL T
"waeke’

=

oy

|
Do)

it
"F‘
nd
i
iy
lﬂ-
e’
[ N

1
i

—
b
KX,

[

[ <
oy

L

FIANLRO ¥vuas, ust

A0 INFUT GRINSCHANMEL SCANM

-] e er e Cme e el

i%:

4%

A<D DRTH

ESTZ2E:

S1-MAR=rY 13 4522 FHGE 49

.SETTL TEST 26: A/D INFUT GARINZCHAMNEL SCAM

FRINTC
KBERIT
Moy

TST

CLE
T=TE
BFL
TET

CLE
CLE
CRLF
MOVE

FRINT
Mo
acTs
MovE

TTYOUT
MOWE

BIT

BE®R
INCE
TTYOUT
MOVE

BIT
EER

INCE
TTYOUT

THIS TEST SCANS THE INFUT CHAWMELS MHILE
CHAMNGING THE GRIN OF THE COWWERTER. THE
IS DISFLAYED ON THE TERMINMNAL.

<AASD INPUT GRIMATHAMMNEL SCANG

EHERSE. R1
2CR1s
(k1>

CR1y

i%

2R

-
o
R=

#7, B4

LCH=%
Rz, kG

#7, . FB

#708, BB
#lo, R=

3 2
&

#°9, RE

#4, B

4%
RE

i

i

SET UF KEYBORRD
GET ADDRESS

CLERFR DOME

CLERR CSE
WAIT FOR DOME

CLERR DONE

INIT. CHANMEL COUNT

INIT. GARIM
LINE COUNTER

DISFLAY RLDRE=S

DISFLAY GRIN

G141 SET?
HO - SKIF

DISFLAY EBIT

Gse SETT
HO - SKIF

DISPLAY BIT



P A R T R S T TR T T CIRUML YOS, e SA=FIMER=rD LS. 40 L LR 943

rST 26 ASD INFUT GRINSCHAMNEL SCAN

4 gasSsve 018268 SE. MOy Rz, R@ i GET CHARNWNEL ADDRESS
2 AESSRER  AERZeH SHAE R i PUT IM HIGH BYTE
I BASSRZ  ASeZe0 EIS Rz, RE i SET GARIM BITS
4 EESSH4 816014 Mo FE, CR1> ; TRIGGERE COMVWERTER
5 BESSRs 185711 & TSTE o ok I i WRIT FOR DOME
& BaSslE  1863E7Fe EFL &f
Toagsslis:  alelien MOy 2CR10. RB i GET DATH
(s [ate Tais
S @essie THE
9 pRSeza ocTiz i DISFLAY
18 BasSezz 1685364 DECE R4 ;i LINE DOME?
11 865524 GH1Zs4 BME S+ i MO - COMTINUE
12 BESEeZe  @auszes INC Rz i IWNC. CHARMHHMEL
12 BeSeZ0  Bs27VOE AL #4, R i INCREMENT GRIM
BSEEE : '
14 BESeE4 B427R3 BIC #$177PEZ, R ; CLERAR EXTRA BITS
A7FTES
1% 8eScdE 12Z7R2 CHMPFE EHSUR+1. B2 i END OF RANGE?
BEE5d1
16 BRSedd  BR1Z2E EMHE 2% i WO = CONTIMNUE
17 easeds gRsaas CLE R i YES
18 BEASESE CRLF
1% BASESS  BRETIE ER 2%
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TEET 2V: DA CALIBRATION

i .SBETTL TEST 27: DAA CALIEBRATIONM
4 = H
= i THIS TEST ALTERHATES POSITIVE AND MEGARTIVE FULL
4 i SCALE OUTPUTS OM THE THO DAC CHANWMNELS TO ALLOWM
o THE UsSER TO CALIBRATE THE DACS.
& BaseSd Gad4TEY TEST2V: CALL DAC ; INIT. DRACS
TEZEE :
S BRSEEn FRINTC <Do/A CALIBRATIOM>
i@ gasvesz eladél 1#: P R4, 2CFR1> ;i +FS, ¥
BE@REaz
11 8as7vas TTYIN
12 as7i8  918%5e1 Mo RS, 20R1>» i —=F&s, ¢
ula s I e ’
1% easvig TTYIM
14 8asSvise  8lazsl MON FE2, 20RL i +FS, X
BERRAZ
15 GRs7vaes TTYIM
18 BEST24 GlazZsl MO FEZ, 2CR1D i =F%, ¥
BRERaZ
T OBRRSTIEO TTYIM
18 8asSvFIZ aREvres EF 1%
1= ;
2a
21 ;
2 CSETTL TEST Zd: DAA SRUARE WAYES
iy i THIS TEST QUTRUTS HIGH SFEED FULL SCALE
=7 JSBUARE WAYES TO BOTH DACS
R i
IR AaSvE4 eadvey TESTZE: CRLL CAC
1TEZAE
Z1 aasvdn FRINTC <Do/sA SEURRE MRVESZ
Z2 BESved BEeZTEl ROD #2. Rl i ADLJUST POINTEER
BEREREs
ZE BaSTre {BEXIT ;i SET UP KEVYEORED
24 BREvvE alezil 1% gy R, CR1D
25 8anvvd aledid Py Fd, CR1>
ZE BASTTE goad400 EF 2% .
JEAT o e, T T T v s D I T MO EZ, (R4
o 1 T T P s W bl W P RS, (R1D
9 aEsoEd gearyz EF i%
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7T 31: DA RAMPS

1 .SETTL TEST Z21: DA/R RAMPS
2 H
=z i THIS TEST GEMERATES RAMFS OM THE DARC QUTPUTS.
4 H
S H
& gacaEs aBd4vEeETY TESTZ1: CHLL DAC s IMIT. DRCS
17vEZZ4
T BRsels FRINTC <DAA EAMPSS
& grsazée aszvol ALD #2. kK1 i RDJUST POINTER
eanan2 )
S GBEBz2 KEBEXIT i SET UP KEYBORRD
18 6524 818211 1% MOov RZ, (R1i>
11 BBEAZE B18411 MoV R4, CR1>
2 BacBd4a  onsSzZe2 INMC 4
1= 6asRd4z2  BAaS2Ze4 IMC R4
14 Q@44 @EavvzR EFR 1%
15 i
i¢& i
is .SETTL  TEST z=Z2: SCOFPE CONTROL OUTFUTS
18 i
z2a i THIZ TEST EXERCISES THE DRC MODE QUTFUTS AMD THE
21 i 2 AXIS IWMTENSIFY QUTFUT.
22 i
2z i
24 oepde @e47eT  TESTZZ: CALL DAC
' 17e174
25 aReRsz FRIMNTC <SCOPE CONTROL CQUTPUTSE
=26 Baslaz FEESIT i SET UF KEYEBOARD
27V easliad alzved Mo EHEARSE. F1 i GET ARDDRESS
RAES4 2
28 aaslln aszZvel AL #2. R1 ' i RADJUST FPOINTER
BEAREZ
29 gasild @asenz CLE RZ i INIT. TEST REGI=TFFR
20 BEellse 16241 4% (R INEN F2, CR1» i SET BITS
21 aaclizia aszvaz ADD #1loBEe, B2 i MEXT STRTE
u ke Raaisin]
22 Baslzd apEyvvrd BEF 1% i LOOF BRCK
3 i
24 i THIS SECTIOM OF CODRE MRKES CHAMGES TO THREE LOCATINM=
=5 i IM THIS SOFTHWARE ERELERSE. THIS CRUSES THE DMAR TE=TS TM
Z5 i COMPATARELE WITH CERTAIN OLD REVISION BORRDS. QHLY THF
=7 i DMA STARETING COMDITIONES ARE MODIFIED. .
9 gEslzZs Bl2VEY  PATCH: o Mo #Z. 0L ;i PATCH 1
anaaaz
AT522E
48 B8s1z4 @127ET Mo #2Z, OLDZ i PRTCH 2
SERREz:E
175552
41 8BE142 BL127ET MO #Z. 0LDZ= i PATCH =
BagnEz
176766 N ,
42 @Aas15a ESCAFE ;i RETURN TO T&T-14
4z H

44 olalolnitk . END

——



AT O

BASE
BITG
BITA
EITLG
BIT11
BITiZ
EITAZ
BITi4
BITAS
BITZ
BIT=
BEIT4
BITS
BITE
BITY
BITS
BITS
CR
CTRLC
CTRLI
DRC
DACODE
DELAY
DMA
DMAERE
DMADFT
TS7EL
DTSTF46
ERRECHT=
ERREHUM=
=3 =
GETCH
HLTERE=
IMHERFE=
IMIT

AES.

DTLVER

ERRORS DETECTED:

IRTURL

W moewwn e

12174l NMUPPrULT

SYMEOL TARBLE

aBes4z
880001
aaanoz
ajolioioic]
aad4Eaa
818860
azeaon
B46300
1686606
8aB604
8Ee68106
acenza
8600406
Bae0166
s lnled ol
aBa406
Beleoa
aaeals

alaialcic s

claicioy i

aad4z246R
aEBeszR
aoasde
annze4R
Bel=zaR
ulaic {on R
aoazddp
voBz2eR
aaaszz
alulobrey
anEald
aa4B0zaR

nlaloiolels

(a[eisioteic]

1615 1% R

MEMORY

USED:
DYMAMIC MEMORY AVAILARELE FOR

IMITH 8a6212RrR
IMNITL BEBZEZR
INITEL ©GBDO1S4R
INITEZ ©OB164R
IMITE4 @©88172ZR
INITES ©OBZB2Z2R
11761 = AEBE1S4RG
11762 = BOB1E4RG
117¢€4 = a@aB172ZRG
11765 = 88B2a2rRG
LF = @aegiz
LFERE = Bo@agz
LFTST = 800061
NEWFLG= @16866
HODMA BEEZ1ZR
MORFLY B81814R
ODLTRCC= aBeSi4
OLD1 = B83Z62R
LDz = BazvidR
OLD=E = B8S1Z6eR
682 PARRAM asavz2R
aaz FATCH guc1ZeRG
FRV = Baaz45
gaz GLERY BHE4E4R
aaz RBUF = 4775&e2
BE2 RCSRE = 1775ed
g8z REG aoiEvar
@z SPACE = oboB40
SPEED elulnlc i
SHWE = 208548
TESTL BE1ZZER
gEz TEST1i® eezzieR
TEST11 GE2ZZER
TEST1z 88z41cR
BE2 TESTLE eRzsBeR
a8
aa4
aEz
2228 WORDE o 9
74 PRGES

S PRGES>

aaz
aaz
agz
aaz
aaz
aa2
aaz
ez
agaz
aaz

aaz
aaz

8Baz
aaz
aaz
aaz
aaz

(5 1 b=

2 T1vVeS
2 VECTOR
= =RBUF

DXB:17€R. D¥1:4760=Dx1:TST11. MLAM. DX1:1760. Vo1

2 TAVeZ

SATPIET 2 LS (ST

TEST14
TEST4S
TEST1E
TEST4?
TESTZ
TESTZ28
TEST21
TESTZ22
TESTZ2Z
TESTZ24
TESTZS
TESTZ26
TESTZ2?
TESTZ
TESTZ@
TESTZz1
TESTZ2
TEST4
TESTS
TESTe
TEST?
TPE
TSTALL=
TSTCSRE=
TSTHUM=
TSTONE=
TSTSER=
Ti761

Tived

®CSE

<< FHuE 401

8e2712R
BEZB2ER
aaz2esr
2Bz548R
eul141er
Ba4B826R
8a4332R
Ba4464R
BR4576R
a84744R
885262k
8as4zeR
aa5SeS4R
sal446R
eas724K
gasBeeR
BBcA4ER
aa1eS6R
aa17z2er
862058k
6B21=6F
juinlolciclolg
slalolohig
aeason
esasza
agaa4o
aeaezo
aeoooaRG
saaaaarGc
aooanarG
aaoagarG
BaESdd
17v7Ses
177564

ee2
eaz
eaz
eaz
eaz
eaz
eez
eoz
eaz
eaz
o6z
eaz
a6z
eoz
ea2
eez
eaz
@62
eaz
eaz
eaz
a6z

g2
Bz
agz
aaz
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PIN| SIGNAL NAME |PIN| SIGNAL NAME |PIN| SIGNAL NAME |PIN] SIGNAL NAME |
AAI - |AA2] +5V BAI| BDCOK M BA2 +5vY

AB | AB2| =12V 8Bl| BPOK H BB2 -12v

AC| BAD 16 LY+ D GNO BC BC? D GND

ADI BADI7? AD2] +l2V BDI BD2| +12v

AE| AE2]  BD ouTL BE! €E2| BDAL2L |
AF| AF2 B8RPLY L BF) 8F2| BDAL 3L

AH) AW2 BDIN L BHI BH2| BDALML

ATl D _GND AJ2] BSYNCL Bl O GND BJ2] BDAL SL

AK| AK2 BWTBT L BKI| BK2 BDAL &L

AL AL2 BIRQL 8Ll BL2 BDAL 7L

AM1 0 GND an2 BIAXI L BMI D GND BM?2 BDAL 8L

AN| BDMRL AN?2 BIAKOL BNI BSACK L BN2 BDAL 9L

AP) BNALT L AP2 8BST L B8P 8P2 BDAL |OL

AR} BREF L AR2 BDMGI L BRI BEVNT L BR2 BDAL VL

As) AS2 BOMGOL BSI 852 BDAL I2L

AT\ D GND AT2 BINITL | BT O GND BT2 BDAL I3L

AU AY2 BDALOL Bul BU2 BDAL |ML

AV +58 AV2 BDAL L 8vi +5Vv Bv2 BDAL 5L

COMPONENT $)1D€E

SOLDER SIDE

COMPONENT SI\DE

SOLDER SIDE

PIN| SIGNAL NAME |PIN] SIGNAL NAME |PIN]SIGNAL NAME [PIN] SIoNAL NAME
CAl CA2] +5V DAl : DA +SV
[€]) 8?2 -12v [\]] 082 -12Vv
[ cc? D GND [ DC2 D GND
coi C02 +l2v DO 002 +i12v
CE| N CE2 DEI DE?

CF\ CF2 OF| OF2

CHi CH2 DHI DH2

cI O GND cJ2 DI D GND 072

{ K2 DK1 Dk2

[QY) 2 OL| DL2

CMI D GND M2 oMl O GND orM2

(1] CN2 DNI ON2

(4] cP2 OP) P2

CRI [ DRI DR2

CS1 Ccs? 0S| 082

cTI O GND T2 ot D GND 012

[]) cu2 Y] oU2

cvi +58 cve ovI ov2

\—PlNl

.__",,-—-"',_-,-;,;-,-:l B l EPO39 |2/oeoosv

J2 J 1
PIN |SIG. NAME [PIN| S1G. NAME PIN [S16. NAME [PIN] S1Ic NAME
t jcHy/ RETE | 2 | cHe/ cHE [] CH@ 2 A GND
3 [cwes/RETA | 4 [cmir/ cHY 3 | cHe/ReT | 4 A GND
5 |cH2e/ RETVO | ( |cwig/cHi0 S CHI 6 A GND
7 |cH7/RETH | B8 |cHi9/ CHIL 7 | cHa/rRETI | 8 A GND
S |cH28/ ReT 12 | 10 [cHao/eviz 9 | cH2 Ke) AGND
VI JcH2e/ RETI3 | 12 [cHzi/cri3 1l fcHI0/RET2 | 12 A GND
13 {cwso/reTid |14 jcH2Z/ iy 13 CH3 K] AGND
15 [cH3I/ RETIS | 16 [cH23/emis 1s] cHu/reratie A GND
17 |CHYO/RETIG | 18 [CH32/ CHIG [ CHY 18 A GND
19 |cHul/ RETIT | 20 |CN33/ cHIT 19 | CHI2/RET4 | 20 A GND
21 |CHY/RETIB |22 [cH3Y/ cHIB 21 ] ¢cHS 22 A GNO
23|cnu3/reTi9 |24 [cH3S/ cHi1q | |23 ] CHIS/RETS |2y A GND
25[<Hud/RET20 [ 26 [cH3e/ CcH 20 25] cHe 2] AGND
27 [chis/ reT 2y [ 28 [cH3Y/ cH 20 271 CHIV/RET G | 28 A GND
29 |cHue/ RETZZ |30 |cH38/ cv22 29 CHTY 30 AGNO
31 [chuTr/RETZ3 | 32 |cH3t/ cm23 31 | cus/reT7 |32 AGND
33| cusel/ RaT2v| 39 |CHuB/ cH2¥ 33 34 AGND
3S|ewnsr/RET25] 36 [cnud/ emnazs 3s 36 A GND
37 |cnse/)RET2¢ | 38 |enSo/ cH2e 837) Rrc '~ 38 D GND
39 [cw59) pPeT27 |40 fcuSi) cnz7 39| £x7 76 /1N | 4Q D GND
4) |cueo/ReT28 |42 |CHS2Z/ crz8 41 42 DGND
473 |CHGl | RrET29 |44 |CcK53] crv2? 43 44 OGND
45 |cne2/ peTyo |46 |cnsyl cw30 45 46 D GND
47 fcned/reT3r |48 [cnss/ cnrl 47 48 O GNOD
49 AGND S0 |A GND 49 S0 D GND
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