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SECTION 1

INTRODUCTION

1.1 OVERVIEW

Data I/Q’s Programmable Logic Development System
(PLDS) provides data development, programming, and
testing support for logic device families from most
semiconductor manufacturers. Once the programmer data
RAM {random access memory} has been loaded with a
specific fuse pattern, devices can be programmed by
installing the appropriate adapter in the PLDS. With the
PLDS, system designers can now use one integrated system
to specify logic device functions using Boolean equations or
truth tables, can program, and can functionally test devices.

This manual describes the components and operation
of the PLDS. Subjects addressed in this manual and the
corresponding sections are listed in table 1-1. Use this list as
a quick reference point of the major sections in this manual.

Throughout this manual, the entries that you are to
make from either the programmer or terminal are indicated
by the entry enclosed in a key symbol. For example,

!/\ ESC) -

—

indicates the “ESCAPE" key on the terminal keyboard
should be pressed. In addition, the symbols shown below
are used to indicate modes of operation and prompts.

= [L

TERMINAL

Table 1-1. Using the LogicPak™ Manual

Subject Section
Interrelationships of system components 1.2
Functions of system components 1.2
Conceptual overview of data development 1.4
Conceptual overview of programming 1.4
Conceptual overview of testing operations 1.4
Installation procedures for LogicPak™ and adapter installation 2.0
Basic operation instructions for LogicPak™ with the 29A Universal Programmer 3.0
Exact key sequences for operating LogicPak™ with the 23A Universal Programmer 3.0
(refer to your programmer manual for System 19 and 100A key sequences)
Maintenance for LogicPak™ 4.0
Calibration for LogicPak™ 4.0
Troubleshooting for adapters (also in each appropriate adapter manual) 4.0
Circuit descriptions for LogicPak™ 5.0
(in appropriate adapter manual for the adapters)
Block diagram for LogicPak™ 5.0
{in appropriate adapter manual for the adapters)
Schematics for LogicPak™ 5.0
(in appropriate adapter manual for the adapters)
Transfer of information between data preparation system and a device programmer Appendix A
Glossary Appendix B
Logic schematics Appendix B
Data 1/0O service centers Back of manual
Warranty information Back of manual

™ LogicPak is a trademark of Data 1/0.
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1.2 PLDS SYSTEM OVERVIEW

The PLDS provides a universal means for developing
data, programming, and testing a variety of logic devices in
engineering and production environments. This modular
system comprises the LogicPak™, a programmer, adapters,
and a terminal (see figure 1-1).

Like the Data /0 programming paks, the LogicPak™ is
designed to interface with a standard programmer such as
the 29A Universal Programmer (see section 1.3 for
programmer compatibility). The LogicPak™ contains the
firmware and electronics necessary for PLDS operations and
controls the flow of data to and from the user as well as
throughout the system. In this manual we will refer to the
operational procedures for the 29A Universal Programmer;
refer to your programmer manual for System 19 and 100A
production programmer key sequences.

Software tables within the LogicPak™ store values for
programming variables, including pinouts, voltage levels,
and timing. This allows high-speed operation with minimum
firmware.

The PLDS has two types of adapters:
programming/testing (P/T) adapters and design adapters.
There is one P/T adapter for each manufacturer’s device
family. These adapters fit onto the top of the LogicPak™
and provide the supplementary, device-specific software to
convert the LogicPak™, programmer and a terminal into a
programmable logic development system. A list of available
logic devices and the hardware necessary for data
development, programming, and testing of each device is
included with each adapter manual and is on the “‘wall
chart’” (Data |1/0 Comparison Chart of Programmable
Devices).

As Data |/0 increases the capabilities of the
LogicPak™ to program new or additional devices, firmware
updates will be available for existing adapters to add new
devices to existing device families. New adapters may also
be added to the PLDS to accommodate new device
families.

The PLDS programs a wide variety of logic devices,
such as FPLA (field programmable logic array), PAL®
{programmable array logic), FPLS (field programmable logic

LogicPak™
Interfaces with Data I/0O programmer;
contains the electronics necessary for
PLDS operation.

PROGRAMMER
Data 1/0 System 19, 29A, or 100A;
base unit with keyboard; accepts
LogicPak™; contains control
electronics.

DESIGN ADAPTER
Design adapters that fit into the
LogicPak™, software to convert the
LogicPak™, programmer, and a
terminal into a data development
subsystem of the PLDS.

TERMINAL

P/T ADAPTER
One for each device family; contains
supplementary software, plugs into
LogicPak™ during programming and
testing.

Figure 1-1. Programmable Logic Development System Components

® PAL is a registered trademark of Monolithic Memories, inc.
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sequencer), and FPGA (field programmable gate array), with
a minimum of equipment changes. Because P/T adapters
configure the LogicPak™ to specific manufacturers’ device
families, the only hardware you have to change when you
change device families is the P/T adapter.

Programmed devices can be functicnally tested using
an optional method developed by Data 1/0 called the Logic
Fingerprint™ test. This unique new test, which can be
used for combinational and sequential devices, finds
defective devices that could pass a routine fuse verify
operation. The Logic Fingerprint™ test is fast and easy and
does not require you to generate test vectors. See
section 1.4.3 for a full description of this feature.

A structured test can also be performed on
programmed devices, based on the test vectors you
generate. This additional testing usually will not be
necessary with most combinational devices because the
Logic Fingerprint™ tests them adequately. With some
sequential devices, the Logic Fingerprint™ test cannot test
all active states. It checks a statistically significant sample,
but not necessarily a specific state you desire. When it is
necessary to define certain test sequences explicitly, the
structured test allows you to write test vectors and test
specific states for full assurance of proper functionality.

These test vectors are applied to the device in sequence
and apply desired inputs and check for correct outputs.
When used in conjunction with the Logic Fingerprint™ test,
they greatly increase the likelihood of finding defective
devices. When entered, structured tests are always

power remains applied between structured testing and Logic
Fingerprint™ testing, therefore allowing initialization of
sequential devices. Some sequential devices require
structured test vectors and/or selection of the Logic
Fingerprint™ test starting vector to avoid false errors when
performing the Logic Fingerprint™ test. These requirements
are device and fuse-pattern dependant; refer to the
appropriate P/T adapter manual for specific examples of the
devices that are subject to special considerations.

New data development features simplify design efforts.
Monolithic Memories’ PALASM (PAL assembler) and
Signetics H&L (high-and-low) logic development software
are contained in the design adapters.

PALASM is a development language that allows you to
describe the desired operation of a PAL device using
Boolean equations. Signetics H&L is used to design IFL
(integrated fuse logic) devices using logic function tables.

TMLogic Fingerprint test is a trademark of Data I/0.

1.3 PROGRAMMER COMPATIBILITY

In addition to the 29A, Data 1/0’s System 19 and 100A
Production Programmers are compatible with the
LogicPak™. To be compatible with the LogicPak™, your
programmer may require a hardware and/or firmware
update, depending on the model, configuration, and age.
The following information will help you determine if your
programmer requires updating. If you find that your
programmer does require updating, contact your nearest
Data 1/0 service center. (A list of service centers is at the
back of this manual.)

* System 17—The System 17 must be converted into a
System 19 with the latest firmware installed and with the
latest hardware modifications.

* System 19— Check to determine if your System 19
contains a 702-1520 or 702-1980 controller board by
performing the following steps:

1. Remove the programming pak.

2. Remove the metal shield (if any) (see section 2.2,
figure 2-1).

3. Count the number of EPROM firmware snckets
located just behind the pak interface connector. If
there are four sockets, it is a 702-1520 board. If there
are eight sockets, it is a 702-1980 board.

If your System 19 contains a 702-1520 controller board,
check the modification status sticker (figure 1-2) on the
bottom of the programmer. If the sticker is not there, or
if the 1" is marked, your System 19 requires hardware
and firmware updating. Contact the nearest Data |/0
service center. If 2" is marked, your System 19 is
compatible with the LogicPak™. If your System 19
contains a 702-1980 controller board, it may require a
firmware update. To display the configuration number of
the firmware in your programmer, press

:% SELECT B 2 START

If the configuration number displayed is *“3599"’ or
"CC8B" your firmware needs updating.

MODIFICATION STATUS

Figure 1-2. Example of a Modification Status Sticker
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e 29A Universal Programmer—To be compatible with the
LogicPak™, the 29A programmers must have Rev
(revision) C or later firmware. To determine the
configuration of the firmware in your 29A, press

=

and observe the display. If the hexadecimal number
matches one listed in table 1-2, your firmware needs to
be updated. '

SELECT B 2

START

Table 1-2. Programmer Compatibility

Configuration

Model Revision Number

29A A 1ECA
B 20A4

29A (with A BB41

computer B cooB

remote

control)

100A A 917F
B 9405
C 9DEE
D 9BED

¢ 100A Production Programmer—To be compatible with
the LogicPak™, the 100A programmers must have Rev E
or later firmware. To determine the configuration of the
firmware in your 100A, press

—

and observe the display. If the hexadecimal number
display matches one listed in table 1-2, your firmware
needs to be updated.

SELECT 1 0 START

1.4 THEORY OF OPERATION

Logic devices are programmed by first defining the
logic structure of a programmable logic device. This first
step is known as data development. The logic structure is
specified using a function table or a set of Boolean
equations. These Boolean or function table designs must be
translated into a fuse pattern in RAM using a design
adapter.

1-4

Once the fuse pattern is translated, you can program
the device using a P/T adapter. The programmer can then
blow the proper fuses to implement the logic design. As
simple as this process sounds, many programmers require
manual transiation of the logic design, akin to manually
translating assembly language software into machine
language. The programming steps are virtually the same as
those taken when programming PROMs. To start the
programming sequence, first enter a device code, then
programming can begin (see section 3.4).

When a manufacturer ships a programmable logic
device, the manufacturing cycle is only partially complete.
Because the device is not fully manufactured until it is
programmed, the fault coverage of the manufacturer’s final
test is limited. Therefore, the programmer must be able to
perform some type of functional testing. This is
accomplished in the PLDS by using structure testing and
Logic Fingerprint™ testing. Refer to section 1.4.3 for
additional information.

1.4.1 DATA DEVELOPMENT

The first step in data development is to design the logic
using some convenient language. The PLDS contains two
adapters to enable you to develop your logic design:
PALASM design adapter and H&L design adapter. The

-PALASM adapter is to be used with PAL-type devices and

translates Boolean equations into fuse data. The H&L
design adapter is used with IFL-type devices and translates
logic function tables into fuse data.

These design adapters are used in conjunction with a
terminal that is connected to the programmer. The PLDS
enables you to specify a device and input the design in the
form of Boolean equations or logic function tables from the
terminal via RS-232 port in the programmer.

The adapter firmware translates your design into a fuse
pattern and, optionally, test vectors. This fuse pattern and
test data are resident in the programmer’s RAM. Thus, the
design adapter can be removed from the LogicPak™, and
an appropriate P/T adapter can be installed allowing the
fuse pattern to be programmed directly into the device and
automatically tested. The detailed operating procedures for
data development are provided in the PALASM and H&L
design adapter manuals.

If a fuse pattern is generated on a host system, it must
use fuse numbers specified according to logic diagrams in
the P/T adapter manual and transmitted to the programmer
in the JEDEC (Joint Electron Device Engineering Council)
format (see appendix A). Data I/0 uses the JEDEC Logic
Device Translation Format (number JC-42, 1-81-62) for serial
data input and output with the LogicPak™. The only
exception to this is when you are using a Signetics H&L
design adapter, in which case data transfer can also occur
in the Signetics H&L logic format.
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An alternate method of specifying the fuse map is to
manually enter the fuse number and state for every fuse in
the device. Each P/T adapter manual contains logic
diagrams for the devices in its repertoire. These are the
same as those in the device manufacturers’ data books, but
the fuse number has been added. Althcugh tedious, fuse
numbers and states can be entered manually into the
programmer’s data RAM from the programmer’s keyboard
or from a terminal. This method usually will be used only for
editing fuse data because it is a long process with room for
error.

With a P/T adapter, fuse data can be entered into the
programmer’s RAM by loading from a master device. Blank
devices can then be programmed using the same P/T
adapter, or other manufacturers’ functionally equivalent
second-source devices can be programmed by installing the
appropriate P/T adapter. Remember that a device that has
its security fuse programmed cannot be used as a master
because its fuses cannot be read.

A different programmer RAM fuse map was used in
some previous Data 1/0 logic device programming modules
(950-0800, 919-1427, and 919-1542). If you have paper tapes
or files that you prepared to use with these modules, you
must prepare new files for use with the LogicPak™ unless
you used the Signetics H&L logic format. The preferred
translator format is the JEDEC format, but a Signetics
translator is available. The 950-0104 and 919-0045 modules
use a memory map that is compatible with the LogicPak™,
The 919-1427 pak used a fuse map generated to simulate a
512 x 4 PROM. Serial data were entered using a standard
PROM data translation format. Again, tapes must be
regenerated for use with the LogicPak™ because of the
different correspondence between fuses and bits in RAM.
The fuse maps have been changed to allow for the
programming of functional second-source devices from the
same fuse map loaded in RAM and to avoid gaps
(previously called phantom fuses) in the fuse maps.

NOTE
If master devices are used as a data
source, the above considerations do not
apply. A master device can be used as
the transfer medium between different
fuse maps. Use the old pak (old fuse
map) to program a master device, then
install the LogicPak™ and load the
master. The new LogicPak™ fuse map
will then reside in RAM.

Sum-Check

After fuse data have been loaded into the PLDS from
the serial port or the master device, the programmer
calculates the sum-check of the fuse data (figure 1-3) and
displays it (when in terminal mode, it will be displayed on
the terminal). The sum-check, which is used to verify the
integrity of data transfers, is a summation of eight-bit bytes
of fuse data expressed as a four-digit hexadecimal number
(see figure 1-3 or 3-14).

HEXADECIMAL DATA BINARY DATA
84 10000100
c1 11000001
62 01100010
24 00100100

[0000 0001 1100 1011]
4 )

Sum-check in Sixteen-bit binary
hexadecimal notation sum-check

Figure 1-3. Sample Sum-Check Calculation

If data were loaded through the serial port and a sum-
check was sent with it, the programmer will compare the
sum-check with its own calculation. If they agree, the
correct sum-check is displayed. If they do not agree, the
programmer will signal an error. Data from the serial port
will also be checked for correct parity if the program parity
switch is on (see your programmer manuatl).

Data from a master device are loaded into RAM by
installing the correct P/T adapter on the LogicPak™ and
performing a load operation. Any information in the source
buffer (Boolean equations, function tables, or test vectors)
will not be affected..

Editing Features

After data have been developed or loaded into
programmer RAM, the PLDS provides editing features that
allow you to modify the fuse pattern. These are accessed
through select functions as described in section 3.5.

Data Lock

The System 19, 100A, and 29A programmers have a
data-lock feature that allows you to limit the accessibility of
your RAM data. This is useful in production environments
to protect the integrity of your RAM data. Refer to the
programmer manual for information on data lock.

1.4.2 PROGRAMMING

After data development, the next step in the
programming sequence is programming the logic devices.
The LogicPak™ applies the manufacturer’s specific
algorithms to blow fuses in the logic device according to the
fuse pattern in the programmer RAM. Once you key in the
operation on the programmer, programming is automatic
and starts with a series of tests: backward device test,
illegal bit test, and blank check. During the backward device
test, the programmer automatically checks the device’s
orientation in the P/T adapter socket and displays an error if
it is inserted backwards. The 29A displays:

(BEVY BRACKWARIS 32
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The iliegal bit test checks for previously programmed bits in
a nonblank device that cannot be programmed according to
the fuse pattern in RAM. If illegal bits exist,

the 29A displays:
1 }
i

(

During the blank check, the programmer searches the
device for programmed bits. If any are found {and the bits
are legal), the programmer will signal the operator and
the 29A displays:

Fu

LLEDRL B

Nonblank parts can be over-programmed by again pressing

—

If the device passes these tests, data are transferred
from the programmer RAM to the LogicPak™ one byte
leight fuse states) at a time. The LogicPak™ then applies
the programming pulses to the first fuse and tests its
condition. If the fuse fails to program, the 29A displays:

22 )

Otherwise, programming proceeds to the next fuse until all
have been programmed (With some P/T adapters,
programming algorithms vary and may only display a verify
error.}. Refer to the P/T adapter manuals for manufacturer-
specific programming algorithms and waveform pictures.

START ‘

1.4.3 FUNCTIONAL TESTING

The next step in the programming sequence is
functional testing, which verifies that the device will perform
as intended. Figure 1-4 shows the sequence used to verify
and test devices with the LogicPak™:; see section 3.4.6 for
details on the verify options.

Fuse Verify. The fuse verify ensures that the fuse pattern
in the device and the programmer RAM are the same,
which would indicate that all fuses have been correctly
programmed. If the fuse pattern of the device and the
programmer RAM correspond, the verify operation will
display the sum-check of the RAM data.

During a fuse verify, the LogicPak™ compares the fuse
pattern of the programmed device, one fuse at a time, with
the fuse pattern in the programmer data RAM. When fuse
states in RAM do not correspond to those in the

1-6

BEGIN

INITIATE A
VERIFY
OPERATION

FUSE VERIFY

ARE
STRUCTURED
TEST DATA PRESENT
IN RAM
?

NO

STRUCTURED
TEST

LOGIC
FINGERPRINT™
TEST
ENABLED
?

LOGIC
FINGERPRINT™
TEST

NOTES

1. This sequence will occur automatically after a program operation. To
verify a previously programmed device, the VERIFY key on the
programmer keyboard or a remote controf verify command is used.

2. The structured test occurs (if data are present) before Logic
Fingerprint™ test. This is useful to initialize sequential devices so the
Logic Fingerprint™ test is more effective.

Figure 1-4. Verifying and Testing Procedure Flowchart
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programmed device, the PLDS will display the fuse number,
the fuse state in RAM, and whether the first or second pass

verify produced the failure. For example, the 29A will display:

r—' Fuse State in RAM

o

AMATAA (A A ]
yiudey 1 vy i

—

Fuse Number

The terminal will display:

Cammang @ 3 - Verafyv cevice

verifvaing cevice
val aal i...
VeE e@dr i....
Sumoneck xxxx

Commarc :

/

Most of the logic paths of a programmable logic device
are not tested by the fuse verify. Therefore, a fuse verify
will not guarantee that the device will perform its intended
function; however, it is a necessary step to ascertain
whether or not the device has been programmed correctly.

\_

XXXX is the sum-check.

Structured Test. The structured test is optional. A
structured test will be performed on the device automatically
after programming and during a verify operation only if
there are structured test data present in the programmer
data RAM. If no data are present, only a fuse verify and a
Logic Fingerprint™ test (if enabled) will be performed.

The structured test supplements the Logic Fingerprint™
test. It lets you enter test vectors that stimulate and read
device pins, guaranteeing that specific states will be tested.
It can also be used to initialize devices for the Logic
Fingerprint™ test. The structured test enables you to
uniquely define the inputs and test for desired outputs. The
LogicPak™ applies those inputs and verifies that the desired
outputs appear. The structured test cannot be performed
unless there are structured test vectors in RAM. With the
vectors present, the structured test can be disabled by

S OO0, WIC SUTCLATEC TSl Lalnl e (Gisalel

selecting verify option 1" {see section 3.4.6).

17

When a device fails a structured test while in the
terminal mode, the terminal will display the vector test
number and output pin number that failed to show the
specified levels. When using the programmer, the 29A will
display an error code (see section 4, table 4-1). The
structured test requires that you write your own test vectors
and input them to the programmer RAM, or that you use
data development aids to generate the test vectors from
specified inputs, outputs, or function tables. Although a
structured test guarantees that certain specified states have
been tested, writing vectors is a time-consuming task that
requires a thorough understanding of the designed function
of the device under test.

Test vectors can be developed efficiently with the
PALASM design adapter. This design aid allows you to
enter equations and function tables. Firmware compares the
equations and function tables during an operation called
“’Simulate Function Table.” If the equation and function
tables are valid, the firmware generates structured test
vectors. Data 1/0 recommends this method as it is the
fastest and easiest way to produce structured test vectors.
If vectors are developed in any other way, they must be
manually input to the programmer RAM from the terminal.

The structured test requires you to write your test
vectors and input them to the programmer data RAM. The
programmer RAM is limited in the number of tests it can
store (see table 1-3). Each vector tests one specific state;
for example, if RAM is limited to 50 states and you require
testing 100 unique states, you would test 50 states at one
time and use multiple loads and test sequences.

Table 1-3. RAM Capacity for Structured Test Vectors

PIN ON PROGRAMMER RAM SIZE
DEVICE ak 8k 16Kk 64k
20 50 150 250 250
24 42 128 250 250
28 36 109 250 250

The structured test can be used to: 1) apply all possible
input states to a combinational device, 2) force a sequential
device through all its state transitions, and 3), because the
structured test is performed before the Logic Fingerprint™
test, present a series of inputs to a device that will drive it
to a known initial state so the Logic Fingerprint™ test can
begin from that known state. This is required for registered
or sequential devices that may power up in an illegal state.
Structured testing is especially useful with sequential
devices because pseudorandom testing algorithms do not
achieve the same level of test coverage as they do for
combinational devices.
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Some manufacturers’ sequential devices include a
preload feature that enables the device to be preset to a
known initial state. This preload feature is enabled by
specifying special variables in the structured test vector.
Refer to section 3.5.7 for specific structured test vectors.
Sequential devices without this feature will need to be
designed and programmed so that structured vectors can
force them into a known initial state. This means that you
must design the registered (sequential) device so that it can
be tested, then write structured test vectors that initialize
the device for testing.

Once written, structured vectors can be stored as part
of the JEDEC formatted file (see appendix A).

Logic Fingerprint™ Test. Of all testing methods available
in logic device programmers, the Data 1/0 Logic
Fingerprint™ test is the easiest to use and is flexible enough
to be applicable to most logic devices. The Logic
Fingerprint™ test is similar to signature analysis. To test a
device using the Logic Fingerprint™ test, it is necessary for
the LogicPak™ to first learn a signature (test-sum) from a
known-good device. Subsequently programmed devices will
be tested, and their test-sums will be compared against the
reference test-sum. If the test-sums match, the device has
passed the Logic Fingerprint™ test.

Figure 1-b shows a block diagram of the Logic
Fingerprint™ test. The test uses a shift register as a
pseudorandom pattern generator to stimulate the device
under test with test vectors. Depending on how the device
is programmed, it responds to these inputs with some set of
outputs. These outputs are used in conjunction with the
inputs to generate the next vector.

SHIFT

DEVICE TEST TIMING

SE UNDER Mux

QUENCE TEST

GENERAT-
or

EXCI;;J:'VE‘ MICROPROCESSOR
%__ INTERFACE

AND
CONTROL LOGIC

Figure 1-5. Logic Fingerprint™ Test Block Diagram

The outputs are fed back throughout the pseudo-
random sequence generator, 128,000 times for each cycle of
the Logic Fingerprint™ test. The contents of the register
after the test is the test-sum unique to the programmed
device. The test-sum is then automatically compared to the
stored reference test-sum.

The LogicPak™ learns the reference test-sum from a
known-good master device during a load operation. If
already known, it can be loaded via the serial port along
with programming data (in the JEDEC format) or entered

from the programmer keyboard or terminal. If a structured
test is being used to initialize devices for the Logic
Fingerprint™ test, the structured test will be performed
upon a load operation prior to learning the test-sum. If the
device fails the structured test in load, an error code will be
displayed (see section 4, table 4-1).

The Logic Fingerprint™ test is enabled by entering the
number of test cycles desired. The default number of cycles
is zero, which disables the test. Any number of cycles up to
99 can be entered; however, each additional cycle will
increase the time of the Logic Fingerprint™ test. Each cycle
takes 3 to 6 seconds, depending on the device type. Only 1
to 8 cycles are necessary in most cases. More than one
cycle will be used most often with sequential devices that
require more than 128,000 testing cycles for a satisfactory
test.

The operator can specify the starting vector for the
Logic Fingerprint™ test. The starting vector could be used
in two instances: 1) to initialize a sequential device that may
not power-on reliably to a known initial state or 2) to test a
device that will not respond to the defauit starting vector of
all bits set to zero. Refer to the P/T adapter manuals for
examples. The starting vector will enable the Logic
Fingerprint™ test to begin from a known initial state. The
starting vector can be up to 28 bits long, depending on the
number of pins on the device. A 20-pin device will have a
20-bit starting vector, and a 24-pin device, 24-bit vector.

The pseudorandom nature of the input vectors can
cause some devices in some programming circumstances to
fail the Logic Fingerprint™ test by giving nonrepetitive test-
sums. THIS DOES NOT NECESSARILY INDICATE A
FAULTY DEVICE, but may be an indication that the device
is subject to the Logic Fingerprint™ test limitations. Logic
Fingerprint™ test limitations are described in each P/T
adapter manual for each manufacturer’s devices. IT IS
VERY IMPORTANT THAT YOU READ AND UNDERSTAND
THESE LIMITATIONS.

The Logic Fingerprint™ test can be disabled by setting
the number of Logic Fingerprint™ test cycles at zero (This
is the normal default). If the Logic Fingerprint™ test is not
suitable for a specific device, it can always be tested by
using the structured test.

Self-Testing. The LogicPak™ performs a series of self-tests
on its hardware to assure the functionality of the module. A
failure will display an error code (see section 4, table 4-1).
To isolate the problem to its source, refer to section 4.4 on
troubleshooting.

Because of the internal analog feedback capability in
the LogicPak™, voltage levels can be measured so that a
“go/no-go” test can be performed. Programmable voltage
levels are tested when device-related operations are
executed. The TTL (transistor-transistor logic) levels are
tested when the family and pinout codes are entered with
the system 29A and 100A programmers and when the
device-related operations are executed with the system 19
programmer. Testing is accomplished under software
control by first setting test levels and then reading back
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these levels through analog comparators. The comparator
output levels are then verified against predetermined values.

When the programmer is powered up, the Logic
Fingerprint™ self-test is done by testing an open socket.
The LogicPak™ compares the open-socket test-sum against
a nredetermined test-sum stored in.the firmware. This
guarantees that all Logic Fingerprint™ test circuitry is
functional. These tests are performed during calibration
operations; see section 4 for the diagnostic steps.

The self-test routines will pinpoint any failures
immediately and flag with an error if there is a problem.
Therefore, you can be confident that your equipment is in
proper operating condition. All the testing features Data 1/0
has incorporated into the PLDS give you the security of
knowing you will have the highest possible programming
yields. The hardware self-tests assure you your equipment is
capable of programming and testing. The device tests
(backwards device, illegal bit, blank check, fuse verify,
Logic Fingerprint™, and structured tests) assure you that
your devices are programmed correctly and test functionally.
Together these tests result in the maximum programming
yield possible with any commercial programmer.

1.5 LOGICPAK™ OVERVIEW

The Data 1/0 303A LogicPak™ is the base unit of the
PLDS. It contains all the common electronics and firmware
for programming and testing logic devices. Any electronics
or firmware unigue to a specific device family, or device
within a family, are resident in P/T adapters that plug into
the LogicPak™, Families with more than one pin number
series (e.g., PAL 20 and PAL 24} have sockets to
accommodate each pin count.

Software tables store values for programming variables
including pinouts, voltage levels, and timing. When you
choose the family and pinout codes for a particular device, .
the programmer uses information in these tables to
assemble a specialized programming routine in scratch
RAM. This method allows high-speed operation with
minimum firmware overhead.

To increase flexibility in waveform generation, digital-
to-analog converters (DAC) control all major power
supplies, with several rise and fall times selected by
software.

In addition to its programming and testing capabilities,
the LogicPak™ is the base unit for design adapters. These
adapters permit high-level Boolean equation or function-
table entry.

1.6 APPLICATIONS

A complete list of all currently available logic devices
and the hardware necessary for data development,
programming, and testing of each is included with each
adapter manual. As Data 1/0 increases the capabilities of
the LogicPak™ to program new or additionai devices,
firmware updates will be available for existing adapters to
add new devices to existing device families. New adapters
may also be added to the PLDS to accommodate new
device families.

1-9

1.7 SPECIFICATIONS

The LogicPak™ receives its power from the
programmer power supplies. Programming waveforms are
generated from programmer supplies using DACs controiled
by the programmer’s microprocessor. The controlling
firmware is iocated both on a circuit board in the
LogicPak™ and in the P/T adapters or design adapters. The
physical and environmental specifications of the LogicPak™
are:

e altitude (operating): sea level to 3 km (10,000 ft)

* humidity (operating): 90% maximum (noncondensing)

¢ humidity (storage): 95% maximum (noncondensing)

¢ temperature (operating): 5 to 45°C (41 to 113°F})

® temperature (storage): —40 to 70°C {—40 to 158°F)

® weight: 1.6 kg (3 Ib, 8 02)

¢ dimensions: 17.9 x 17.3 x 21.7 cm (7.05 x 6.81 x 8.54 in.)

1.8 FIELD APPLICATIONS SUPPORT

Data 1/0 has field applications engineers throughout the
world. They can provide additional information about
interfacing Data 1/0O products with other systems and
answer questions about your equipment.

These engineers are located within the United States at
the addresses listed in the back of this manual. For
international applications support, contact your nearest
Data |/0 representative.

1.9 WARRANTY

The Data /0 LogicPak™ is warranted against defects
in materials and workmanship. The warranty period of 90
days begins when you receive the equipment; the warranty
card inside the back cover of this manual explains the length
and conditions of the warranty. For warranty service,
contact your nearest Data 1/0 service center.

1.10 SERVICE

Data 1/0 maintains service centers throughout the
world, each staffed with factory-trained technicians to
provide prompt, quality service. A list of all service centers
is located in the back of this manual.

1.11 ORDERING

To place an order for equipment, contact your Data I/0
sales representative. Orders for shipment must include:

* a description of the equipment (see the latest Data 1/0
price list or contact your sales representative for
equipment and part humbers)

purchase order number

desired method of shipment

quantity of each item ordered

shipping and billing address of the firm, including ZIP
code

¢ name of person ordering the equipment.
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SECTION 2

INSTALLATION

2.1 INSPECTION NOTE

The 303A LogicPak™ was tested both electrically and Voltage transients can cause device
mechanicaily before it was shipped and was carefuily damage. If a P/T (programming/testing}
packaged to prevent shipping damage. It should, therefore, adapter is installed in the LogicPak™, be
arrive free of any defect, without marks or scratches, and in sure that all sockets are empty when:

perfect operating condition. Carefully inspect the instrument

. .. * switching power on or off
for any damage that may have occurred in transit; if you

note any damage, file a claim with the carrier and notify * installing or removing the LogicPak™
Data 1/0. Also, check that the following equipment is or adapter.
present:

To install the LogicPak™:
¢ 303A LogicPak™ (950-1942) o Install the Loglcha
1. Slide the LogicPak™ into th ing in th

* Instruction Manual (10-950-1942). ide the Logt into the opening in the programmer

(see figure 2-1a).

2.2 LOGICPAK™ INSTALLATION 2. Tilt the LogicPak™ up and gently push it back to hook
the flange of the LogicPak™ over the back edge of the

The LogicPak™ may be installed and removed with the programmer opening (see figure 2-1a).

programmer’s power on; this feature allows you to retain

data in RAM during module changes. If the programmer 3. Lower the LogicPak™ into position (see figure 2-1b).
power is turned on before the LogicPak™ is installed, you 4. Press gently on the front edge of the LogicPak™ to
will hear a beep until the LogicPak™ with an adapter is ensure a good connection (see figure 2-1c).
installed.

a) Tip the LogicPak™ up and back to lock flanges.

NOTE:

Although the 29A is shown here,
the insertion procedure is the same

c¢) Push down to lock LogicPak™ into place.
for all systems.

Figure 2-1. LogicPak™ Installation

2-1
10-950-1942




2.3 LOGICPAK™ REMOVAL
To remove the LogicPak™:

1. Check to make sure the programmer is not in the process
of an operation. If it is, wait until the operation is
complete: the action symbol on the 29A programmer
display will disappear (see your programmer manual). In
the terminal mode, press ESC (escape).

2. Check to make sure a device is not in a socket. If one is
in a socket, remove it as described in section 3.4.3.

3. Grasp the sides of the LogicPak™ and lift.
4. Pivot the LogicPak™ toward the rear of the programmer
to unlock the flanges, then lift out.
2.4 ADAPTER INSTALLATION
To insert all adapters for the LogicPak™:

1. Check to make sure a device is not in a socket. If a
device is in a socket, remove it as described in section
3.4.3.

2. Align the guide pins on the underside of the adapter with
the guide pin holes on the LogicPak™ (see figure 2-2).

3. Gently set the adapter on the LogicPak™. Make sure the
guide pins line up with the guide pin holes.

4. Firmly press down on the front edge of the adapter to
lock the connector pins into the connector receptacle
(see figure 2-2).

2.5 ADAPTER REMOVAL
CAUTION

BEFORE REMOVING THE ADAPTER,
press ESC from the terminal, or from
the programmer front panel, press the
KEYBOARD key {(on the System 19)
or the VERIFY key (on the 100A or
29A). Because the processor in the
programmer executes firmware
resident in the adapter, these
precautions must be taken before
removing the adapter from the
LogicPak™ to prevent a program
interrupt or loss of RAM data.

To remove the adapter:

1. Ensure that the programmer has completed the current
operation.

2. Ensure that a device is not in a socket.

3. While holding down the LogicPak™, grasp the handle
and gently remove the adapter.

GUIDE
PIN
HOLES

CONNECTOR
RECEPTACLE

HANDLE

HANDLE

CONNECTOR
PINS

Figure 2-2. Adapter Installation
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2.6 SERIAL INTERFACING

The LogicPak™ uses the RS-232C serial interface of the
programmer for interaction with a terminai and for
communication with a host computer. Figure 2-3 illustrate
some typical interconnection methods.

The five-wire handshake interconnection may be used
to upload (data flow from LogicPak™ to host) or download
(data flow from host to LogicPak™) data at any supported
baud rate with a host system that recognizes the five-wire
protocol (see figure 2-3a).

Software handshake (CTRL S, DC3, or ASCIl hex 13 to
stop transmission and CTRL Q, DC1, or ASCIl hex 11 to
resume} may be used with either the five-wire or the three-
wire interconnection (figure 2-3a or b), but will be
recognized by the LogicPak™ only while uploading. CTRL Y
(EM, or ASCl! hex 18) may be sent by the host to terminate
an upload.

NOTE -
Due to processing overhead, i/0O overrun }
errors may occur when downloading ’ x"
JEDEC files (see section 3.5.9) over a 7\
three-wire link at baud rates above 4800. I

The controi characters described above ha¥@ a similar
effect when entered from a terminai: CTRL S AND CTRL Q
will halt and resume output to the display, and CTRL Y will
terminate a command during display output.

NOTE

An ESC character {ASCII hex 1B)
received at any time will terminate all
LogicPak™ operations immediately and
return contro! to the programmer.

PROGRAMMER TERMINAL
GROUND| 1 () |[GROUND
SEND DATA| 2 { } |SEND DATA

RECEIVE DATA| 3

REQUEST TO SEND| 4

ke

CLEAR TO SEND| §

SIGNAL GROUND| 7 () |SIGNAL GROUND

a) RS-232C Connection With Handshake
PROGRAMMER TERMINAL

GROUND | 1 {) |GROUND

SEND DATA| 2 ><: () {SEND DATA
RECEIVE DATA| 3 () |RECEIVE DATA

SIGNAL GROUND | 7 ('} |SIGNAL GROUND

b) RS-232C Connection Without Handshake

RECEIVE DATA

{} |REQUEST TO SEND

() |CLEAR TO SEND

NOTES:

1. All signals are named with respect to the originating
unit.

2. All undesignated pins are to be left open.

3. For applications that do not require handshaking, the
programmer’s clear to send (CTS) line is pulled up
internally.

PROGRAMMER TTY

GROUND| 1 {-)
RECEIVE DATA| 3 é !
20-mA SEND | 11 (+) —r

|
(+) l

A

20-mA RECE!VE | 12

20-mA DETECT| 13

¢} 20-mA Current Loop Connection, Full Duplex

PROGRAMMER TTY

GROUND/| 1 ()

RECEIVE DATA| 3

20-mA SEND| 11 (+3
20-mA RECEIVE| 12 E )
20-mA DETECT| 13 [— _Ij

(+)

d) 20-mA Current Loop Connection, Half Duplex

Figure 2-3. Sample Interconnection Methods
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The LogicPak™ wiill transmit the line feed character
(LF, or ASCIl hex 0A) and a variable number of NULL
characters (ASCIl hex 00) following every RETURN
character (ASCII hex OD), based on the null count entered
using select function D9 on the System 19 or 29A (see
table 2-1).

Table 2-1. Null Count/Send Chart

Null Countle LF Sent? Number of Nulls Sent
00-7F Yes Same as null count
80-FE No Null count minus 80 hex

FF No None

(a) geg your programmer manual for details on entering the null count.

NOTE

The NULL count option is not available
when the LogicPak™ js installed in a
Model 100A. A line feed and four NULLs
are always sent.

To set the baud rate, parity, and stop bits, refer to your
programmer manual; we recommend a transmission rate of
9600 baud.

NOTE

Be sure the programmer power is off
before setting the parity and stop bits.

To set up your terminal:

1. Disable any special terminal functions that use CTRL Z,
CTRL C, CTRL Y or CTRL P.

2. Select the cursor mode that deletes the character in the
current cursor position (i.e. destructive cursor). This will
vary from terminal to terminal.

3. The defauit line mode of the LogicPak™ varies with its
system as follows:

¢ Full duplex: System 19.
¢ Half duplex: System 19, 29A and 100A.

The line mode of the LogicPak™ may be changed at any
time (see section 3.5.12).

2.7 REPACKING FOR SHIPMENT

If the LogicPak™ is to be shipped to Data 1/0 for
service or repair, attach a tag to it describing the work
required and identifying the owner. In correspondence,
identify the unit by part number, revision level, and the
name of the unit. If the original shipping container is to be
used, place the LogicPak™ in the container with the
appropriate packing materials, and seal the container with
strong tape. If another container is used, be sure that it is a
heavy carton, wrapped with heavy paper or plastic; use
appropriate packing material, and seal well with strong tape.
Mark the container “DELICATE INSTRUMENT" or
“FRAGILE.”

24
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SECTION 3

OPERATION

3.1 OVERVIEW

To program a logic device, you must first load the
aesired state of the device fuses into the programmer RAM.
With Data 1/0Q’s Programmable Logic Development System
(PLDS) you may input this fuse information in several
forms: H&L programming tabies for iFL devices, Boolean
equations for PAL devices (PALASM), and decimal fuse
number and state. The PLDS translates any one of these
inputs into the LogicPak™ fuse map such as the one shown
in figure 3-1; see section 1.4.1 for a detailed description of
the LogicPak™ fuse map. The programmer then blows the
fuses in the logic device according to the fuse map. The
procedure used to blow the fuse is called the programming
algorithm and is stored in the P/T adapter firmware. The
device is verified and functionally tested after programming.

The LogicPak™ can be used in 29A, System 19, or
100A programmers of any configuration (see section 1.3 for
hardware and firmware compatibility levels required). The
LogicPak™ can obtain data from three sources: a master
device, a serial port, or from the keyboard (see figure 3-2).

29A PROGRAMMER

PROGRAMMING
TESTING

KEYBOARD LOGICPAK™

ADAPTER

i
|

MASTER
DEVICE

SERIAL
INPUT
TERMINAL
PERIPHERAL

Figure 3-2. Loading Data Via the Serial Port or
Master Device

The procedures used to perform basic operations with your
LogicPak™ are described in this section. Wherever possible,
key sequences have been included to use your LogicPak™
with a 29A Universal Programmer updated to Rev C
firmware (read section 1.3 carefully to determine your
programmer’s firmware revision level). Refer to your
programmer manual for key sequences for the System 19
and 100A programmers.

Command :

A - Display,

INCREMENT

use pattern

a2 14 22
Qa2 X—-
BB24  XXAXXXXXAXK  XXAAXXNXXXX XXXX
Q@48  XXXXXXXXXX  XXXXXXXXXX XXXX
FIRST BA72  XXXXXXXXXX  XXXXXXXXXX XXXX
FUSE NUMBER — 9296 X-X
B12@  XXXXXXXXXX  XXXXXXXXXX XXXX
NOTE: FUSE NUMBER = FIRST FUSE NUMBER + INCREMENT
P'N NUMBER INPUTS (0-31)
\‘ 0123 4567 .89 0N 1”1 1415 wn“vs m2‘lu23
—IL
D Z‘—W— eq 18 A
FIRST
INCREMENT
FUSE NUMBER N . 3 —
%

k3

T @) 8B
EEE

NOTE: FUSE STATE X = % = # = FUSE INTACT - =

+ = 1 = FUSE OPEN

Figure 3-1. Fuse Map and Corresponding Device Diagram
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3.2 POWER UP 3.3 POWER DOWN

NOTE CAUTION
If the LogicPak™ with an adapter Do not turn the power off when a
installed is not in the programmer before device is in a socket; voltage
power is turned on, you will hear a beep transients may damage the device.

until the LogicPak™ is installed.

When power is applied, the programmer To tum the programmer power off:

will perform an automatic self-test routine 1. Check to make sure the programmer is not in an
(see section 1.4.3). When the self-test operation process. If it is, wait until the operation is
routine is complete, the programmer will complete.

frlvi ':Z’/a'lt}s readiness (see your programmer 2. Check to make sure a device is not in a socket. If a

device is in a socket, remove it as described in

section 3.4.3.
To turn the programmer on:

3. Push the power switch down to the OFF position

1. Check to make sure a device is not in a socket. If a (figure 3-3).

device is in a socket, lift up the lever (on the upper left
of the socket; see section 3.4.2), then gently lift the
device out of the socket.

2. Plug the AC power cord into the power outlet.

3. Lift the power switch up to the ON position (see
figure 3-3).

POWER CORD
CONNECTOR

POWER
SWITCH

Figure 3-3. Programmer Power Switch Location
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3.4 BASIC DATA TRANSFER OPERATIONS

The basic operations that can be accomplished with the

A1

LogicPak™ and 2SA Universal Programmer are:

* develop data (described in section 1.4.1 and design
adapter manuals),

* load RAM with master device data {described in
section 3.4.4),

* program a device with RAM data (described in
section 3.4.5),

* verify RAM data against the device data (described in
section 3.4.6),

functionally test device {described in section 1.4.3).

The following sections describe device-related
operations with the PLDS using a P/T adapter. Most setup
procedures specify that you enter the family code and
pinout codes because Data I/0O recommends that you
develop the habit of entering these codes when prompted
by the equipment. However, if you are using a design
adapter, you will be able to perform non-device-related
operations without entering the family code and pinout
codes; for example, with the PALASM design adapter,
Boolean equations can be entered into the PALASM editor
without family code and pinout codes. {Family code and
pinout codes are automatically generated upon execution of
“translate source equations’” in the PALASM mode.)

If the programmer has been used to program PROMs,
or contains data in RAM for some other reason, the fuse
pattern developed for logic devices could be adversely
affected or option parameters could be inadvertently set.
Therefore, execute the “clear RAM’’ select function
(see programmer manual), or switch off the programmer
{section 3.3) to clear RAM before beginning operations
with the PLDS.

All data transfer or verification operations occur
between the programmer’s internal RAM and the device or
between the RAM and serial port in your programmer.
Because the operation procedure to transfer data via a serial
port varies among programmers, this manual describes only
data transfer using the 29A. For other programmers, refer to
the specific operation manual.

NOTE
An adapter must be installed in the
LogicPak™ before any of these
operations can be performed (see
section 2.4).

During copy and verify operations, ADDR
and SIZE appear in the 29A prompts.
These correspond to starting address and
block size, respectively. These block limits
must remain in the default state for logic
device programming. An error code (see
section 4, table 4-1) will be displayed if
these limits are altered. For more detail on
these parameters, see your programmer
manual.

3.4.1 FAMILY CODE AND PINOUT CODE SELECTION

Any device that can be programmed with the
LogicPak™ is specified by a unique combination of a two-
digit family code and a two-digit pinout code; these codes
are provided in each adapter manual and in appendix B of
this manuai. Once the codes are entered for a particular
device, the LogicPak™ remains set up for any operation
with that device until you enter new codes. If invalid family
and pinout codes are entered, a beep will sound. In remote

control operation,

(N
[N
—

will be displayed, and the operation will be stopped when
you attempt a device operation.
To select the family code and pinout code:

1. Locate the manufacturer and part number stamped on the
device.

2. Go to the family code and pinout code table in the
appropriate adapter manual and find the manufacturer’s
name.

3. Go to the column entitled ““Device Part Number” and find
the number corresponding to the number on the device.

4. Go to the columns labeled ““Family Code’”” and “‘Pinout
Code” to find the code numbers corresponding to the
device number for the manufacturer of the device.

5. Enter the family code and pinout code you selected from
this table when prompted by the programmer or terminal.
An LED (light emitting diode) will light above one of the
sockets on the adapter.
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3.4.2 DEVICE INSERTION

Once you have entered the appropriate family and
pinout codes, the LogicPak™ with a P/T adapter installed is
ready to accept a device in the socket below the lighted
LED.

To install a device:

1. Check to make sure the programmer is not doing an
operation. If it is, wait until the operation is complete.

2. Lift the lever on the upper-left side of the socket below
the lighted LED (see figure 3-4); the lever will stay in the
upright position.

3. Gently set the device in the socket below the lighted
LED. Make sure pin 1 of the device is aligned with pin 1
of the socket (upper-left corner); see figure 3-4.

4. A good electrical connection between the device and the
socket is essential. To ensure a good connection, push
the lever down to lock the device in the socket.

UNLOCKED

PIN 1

Figure 3-4. Device Installation

34

3.4.3 DEVICE REMOVAL
To remove a device:

1. Check to make sure the programmer is not doing an
operation. If it is, wait until the operation is complete.

2. Lift the lever on the left side of the socket; see
figure 3-4. The lever will remain in the upright position.

3. Lift the device out of the socket; the LED will remain
illuminated.
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3.4.4 LOAD RAM WITH MASTER DEVICE DATA :\%

START

Front Panel Control

. To load the 29A RAM with data from a master device 29A Displays
with control from programmer front panel, follow the steps
given below. r M A »i )
Lr”-'ﬂrinau PIN BB J
NOTE

If options are desired (see section 3.5),

select options and parameters as needed 5. Enter the family code and pinout code (see

before proceeding. section 3.4.1).
NOTE
The appropriate socket LED will light.
1. 3 copy to select the mode.
6. Insert the master device into the appropriate P/T adapter
socket. (See section 3.4.2.)
29A Displays
~ T
(COPY IRTA FROM ) =
29A Displays
2. % Device to select the source of
. P OOTTMIT M TECm
the data (LUI’LU‘.NLJ ey L Cc !_'J
29A Displays [. SO TMONc VEVEY, \,]
ity N INCIN NN
TIZ 4y T T T 72 M
ill_" /\ICLLJJJ ',S..LLE TU
) o NOTE
ADDR/SIZE pertains to block limit parameters. These are XXXX is the sum-check of the device
PROM-related and are not to be used with logic devices. fuses.

Leave defaults in effect.

3. % RAM to select the destination for
the data.

29A Displays

8. Remove the master device from the adapter socket. (See
section 3.4.3.)

0 TIC 7 nmn
(EC DEV)RAM.ADIR )
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Terminal Control

To load the 29A with data from a master device using 4. RETURN

the terminal control mode, follow the steps given below.

1. Place the system in terminal mode; see section 3.5.1
. . i Terminal Displays
2. Enter the family codes and pinout codes, if prompted by

the terminal.

NOTE
If options are desired (see section 3.5),
select options and parameters as needed
before proceeding.

Command : 2 - Load device
Push return to load device
Loading device ...
Sumcheck xxxx

Command :

Terminal Displays

Command : 2 - Load device

Push return to load device

An action symbol will be displayed while the device is
being loaded. When loading is compiete, the terminal will
display sum-check XXXX.

3-6
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3.4.5 PROGRAM DEVICE WITH RAM DATA

NOTE 4. _-—-%“—— l\jf:;/{
If options are desired {see section 3.5),

select options and parameters as needed

before proceeding. 29A Displays
When programming a device, the system performs (CCrm 1AM Tri (A7 h
illegal bit tests and blank checks at nominal V. kFH' n0d PIN 89 J
Front Panel Control
To program a blank device with the data in the 29A 5. Enter the family code and pinout code if required (see

RAM with control from the programmer front panel, follow section 3.4.1).

the steps given below. L
6. Insert the blank device into the adapter socket

(section 3.4.2).
1. 5 COPY
A S START
I
29A Displays
29A Displays

(COPY TATA FROM )

(TEGT DEVIECE i)
2. L 'ﬁ RAM [P BEQHINI' BEIV’I
—

CED)
o o (VERIFY DEVICE 0)
isplays .
[ 3 TimeilC A oA Y EVRYED
TN 7 'm) -
[RHP’:/\RUJJQ”SILE T(.U LFJRLJ UG 1 NN A A

sequence number l l‘
sum-check

(increments by 1 for

each device programmed)
3. L. o 'ﬁ DEVICE

8. Remove the device from the adapter socket (see
29A Displays section 3.4.3).

(CO RAM: DEVARIIR |
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Terminal Remote Control
To program a device with 20A RAM data from the 4. RETURN
terminal control mode:

1. Place the system in the terminal mode (see Terminal Displays

section 3.5.1).
2. Enter the family code and pinout code, if prompted by
the terminal.

Command : 4 - Prcoram device

NOTE Push return to program device
If options are desired (see section 3.5),
select options and parameters as needed
before proceeding.

Testinp device ...
Programming device ..
Verifying device .......

Sumcheck xxxx

Command :

Terminal Displays

Command : 4 - Prooram device

An action symbol will be displayed showing the
pretesting, programming and verifying of the part. If no
errors occur, the terminal displays sum-check XXXX.

Push return to orogram device

NOTE
XXXX is the sum-check of the device
fuses. See figure 3-13 for fuse sum-check

calculation.

38
10-950-1942

—_—



3.4.6 VERIFY AND FUNCTIONALLY TEST DEVICE
4, % START
Front Pane! Control —_— L\_,J

The verify routine compares the device data to RAM

data and performs functional testing, if this option is 29A Displays
seiected {see section 3.5.5). - \
To verify and functionaily test a device from 29A front U: Mo 88 3 I N "38 )
panel control, perform the following steps.
NOTE
If options are desired (see section 3.5), 5. Enter the family code and pinout code if required {see

select options and parameters as needed
before proceeding.

29A Displays

(VERIFY DATA FRO

section 3.4.1).

6. Insert the device to be verified and/or tested into the
adapter socket (see section 3.4.2).

M] 29A Displays

V2 (T TLCw McCir T CC ]

(VERIFY DEVICE M

17 I P ] W R VIR VR VRV

2. ﬁ; . ﬁ DEVICE v - U AN v v
29A Displays . NOTE

XXXX is the sum-check of the device

T N rCTT7LTM fuses.
eV RIDR/SIZE lu] e

8. Remove the master device from the adapter socket (see

section 3.4.3).
29A Displays

- - nn
(wE DEV)RAM.ALIR )

]
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Terminal Control

To verify and test a device from terminal control, follow
the steps given below.

1. Place the system in the terminal mode; see section 3.5.1.

2. Enter the family code and pinout code, if prompted by
the terminal.

NOTE
If options are desired (see section 3.5),
select options and parameters as needed
before proceeding.

Terminal Displays

Command : 3 - Verify device
Verifying device ......
Sumcheck xxxx

Command :

An action symbol will be displayed showing the
verification function underway. Upon completion the
terminal will display sum-check XXXX of the device fuses.

3.6 SYSTEM COMMANDS

In addition to the copy (load or program), verify, edit,
and select functions described in the Operation Section of
your programmer manual, the LogicPak™ offers numerous
system commands that allow you to manipulate data and
set parameters. System commands are accessed by entering
a two-character select code from the programmer front
panel or a one-character menu code from the terminal.
Some commands will prompt for data entry. The
operational overview (figure 3-5) will help you develop data
and program a device using the system commands and
programmer operations. Table 3-1 lists the select codes for
Data 1/0 programmers to enter system commands from the
programmer front panel and the menu codes for control
from a terminal in terminal mode.

NOTE
The sequence explanations assume no
operating errors. If these occur, the
programmer signals with a beep and
displays a two-digit error code in front
panel mode or an error message in
terminal mode. It also beeps once when
an incorrect key is pressed. Error codes
are explained in section 4.1 (table 4-1) and
in your programmer manual. Some errors
will returnn you to the programimer front
panel control from the terminal mode.

3-10
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‘ BEGIN

INSTALL LOGICPAK™
IN PROGRAMMER

(SECTION 2.2)
NOT DESIGN ADAPTER
USED SOFTWARE
DEVELOPMENT
AIDS
?
1
'”g;’,lﬁ'-'- HOST SYSTEMS INSTALL
ADATER l OUTSIDE PLDS DESIGN ADAPTER
(SECTION 2.41 (SECTION 2.4)
INSTALL
PIT
ADAPTER
(SECTION 2.4)
ENTER ENTER SOURCE
FAMILY & EQUATIONS SERIAL I/0
PINOUT CODES OR OoN
(SECTION 3.5/ Hel TABLES TERMINAL
LOAD DATA (SECTION 1.8)
VIA PROGRAMMER
RS232 PORT
{SECTION 1.4)
ENTER NUMBER OF
CYCLES, START
VECTOR, TEST-SUM HEL HeL
{IF USED)2 TABLES TABLES
(SECTION 1.4) OR
EQUATIONS
SELECT ?
OPTIONS
(SECTION 3.5)
ENTER EQUATIONS
STRUCTURED TEST
DATA Y
IF USED ]
TRANSLATE
ISECTION 1.4) SOURCE EQUATIONS
PROGRAM EVALUATE DEVICE, INTO PROGRAMMING
DEVICE THEN LOAD TO DATA (SECTION 1.4)
{SECTION 3.5) LEARN TEST-SUM
(SECTION 1.41
MASTER
DEVICE FUSE DATA
SOURCE? SIMULATE
FUNCTION
TABLE
M) (IF NECESSARY:
(AUTOMATIC) SECTION 1.4)
KEYBOARD
y
MANUALLY
LOAD ENTER TESTING
DATA INFORMATION
FROM KEYBOARD {IF DESIRED:
(SECTION 3.5) SECTION 1.4)
FIRST YES
DEVICE
LOAD REPLACE
"g:g;"gg DESIGN
ADAPTER
(SECTION 3.4) WITH P/T ADAPTER
(SECTION 2.2)
END

Logic Fingerprint™ test sum
may also be derived from the
master device (see section 1.4).

Figure 3-5. Operational Overview Flowchart
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Table 3-1. PLDS System Command Summary

MODULE OR | COMMAND | FROM VIA COMMAND SEE
ADAPTER TYPE PANEL TERMINAL DESCRIPTION SECTION
LogicPak™ - 0 Display menu 3.5.2

(with any E1 - Enable terminal mode 3.6.1
adapter) - 1 Enter family code and pinout code 3.5.3
EB? 5@ Enter reject count option 3.54
E6 6 Enter verify option 355
E7 7 Enter security fuse option 3.5.6
E8 8 Set number of Logic Fingerprint™ test cycles 3.5.7
ES 8 Enter starting vector and test-sum 3.5.7
-- 8 Enter structured test vectors 3.5.7
[] Display menu 3.5.7
D Delete current vector 3.5.7
R Repeat current vector 3.5.7
U Display previous vector 3.5.7
#(N) Go to vector (N) 3.5.7
space Move cursor right 3.5.7
backspace® Move cursor left 3.5.7
return Display next vector 3.5.7
CTRL Z Exit vector editor 3.5.7
EA A Display fuse pattern 3.5.8
EB B Receive JEDEC data 3.5.9
EC C Transmit JEDEC data 3.5.9
ED D Display sum-check of fuse data 3.5.9
EE - Edit fuse by number 3.5.10
-- E Edit fuse pattern 3.5.10
0 Display menu 3.5.10
#(N) Go to fuse (N} 3.5.10
space Move cursor right 3.5.10
backspaca® Move cursor left 3.5.10
return Display next row 3.5.10
CTRL Z Exit fuse editor 3.5.10
EF F Display configuration number 3.5.1
agxcept with PALASM adapter. CE G Set option attributes 3.5.12
BCTRL H is the same as backspace. -- ESC Exit terminal control before removing adapter 3.5.13
PALASM Development -- ("] Display menu
Design -- 1 Enter family and pinout codes
Adapter E2 2 Receive PALASM source
E3 3 Transmit PALASM source
E4 4 Assemble PALASM source
E5 5 Simulate function table
Edit - 9 Edit source
-- ('] Display menu Refer to
-- B Display line 1 PALASM
-- (o4 Change text Design
- D Delete character Adapter
- E Display to end Manual
- | Insert/enter text
- K Delete current line
- L Display 24 lines
- R(M)}{N) Repeat M lines after N
-= U Display previous line
-- #(N) Go to line N
-- space bar Move cursor/prompt right
-- back space? Move cursor/prompt left
-- return Display next line
- DEL/RUB Delete characters (I mode)
- CTRL P Purge all text
- CTRL Z Exit editor, C or | mode
- ESC Exit terminal control before removing adapter

PCTRL H is the same as backspace.

NOTE: ESC (escape) returns control to programmer front panel.
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Table 3-1. PLDS System Command Summary (Cont.)

MODULE OR
ADAPTER

COMMAND
TYPE

FROM
FRONT
PANEL

VIA
TERMINAL

COMMAND
DESCRIPTION

SEE
SECTION

H&L
Design
Adapter

Development

Edit

CIntegrated fuse logic, Signetics

ASClI

BWN =R

ESC

Edit mode

AR WN—C,EMXOUD " Z2ZINS<<ATD

CTRLZ

Display menu

Enter family and pinout codes
Receive data (IFL format)°®
Transmit data (IFL format)

Enter gate number

Enter product term number
Enter transition term number
Move cursor forward

Move cursor backward
Display next term

Display last term

Enter next field

Insert term

Delete term

Clear term

Deactivate term

Display edit sub-menu

Exit edit mode

Return to edit mode

Serial input {receive IFL format)¢
Serial output (transmit IFL format)

List low-order terms
List high-order terms
Compress terms

Exit edit mode

Exit terminal control before removing adapter

Refer to
H&L Design
Adapter
Manual

All P/T
Adapters

Device

Load
Verify
Program

HAWN -

Enter family code and pinout code

Load fuse data from device to RAM

Verify fuse data and perform functional test
Program device with RAM data

3.4.1
3.4.4
3.46
3.45

NOTE: ESC (escape) returns control to programmer front panel
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3.5.1 ENABLE TERMINAL MODE

=

Select code E1 transfers control of the PLDS to the
terminal. After control is transferred, the 29A will display
only its action symbol. This command allows you to access
data development and remote operations resident in the
design adapters and remote operations using the P/T
adapters.

The terminal will prompt you to enter family codes and
pinout codes unless they have already been entered. For
P/T adapters only; see section 3.5.3. The terminal will then
display the command menu (see figure 3-6).

See section 2.6 for terminal setup procedure.

SELECT E 1 START

3.5.2 DISPLAY COMMAND MENU

This command causes the PLDS to redisplay its command
menu on the terminal as shown in figure 3-6.

Command 3 @ — Display mernu

DATA 1/0 CORP.

- GENERAL COMMANDS -

@ — Display menu
1 - Enter Family/pivout code
S - Enter reject count option
6 - Enter verify option
7 — Enter security fuse option
8 - Ernter furnctional test data
F - Configuration number
G - Select attributes

- DEVICE RELATED COMMANDS -
2 - Load device
3 - Verify device
4 - Program device

- Proorammable Logic Develcoment System - 3@3A-Va2
Copyright 1982,1383

- 170 COMMANDS -

B - Receive JEDEC data
C - Trarsmit JEDEC data
- FUSE MAP COMMANDS -
A - Display fuse pattern
D - Display fuse sumcheck
E - Edit fuse pattern

NOTE - Always trarnsmit an "ESC" before removing adapter

Figure 3-6. PLDS Command Menu
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3.5.3 FAMILY CODE AND PINOUT CODE

From the 29A front panel control, family code and
pinout code entry is part of device-reiated operations (see
sections 3.4.1 through 3.4.4).

Terminal Displays

7

Command 5 1 - Enter Family/pinout code

Family/pinout code xxxx

\

Enter the family code and pinout code (see section 3.4.1
for more detail). Space and backspace (CTRL H) may be
used to move the cursor back and back and forth.

3.5.4 SET REJECT COUNT OPTION

This command allows you to select the number of
programming puises applied to the device fuses before
the programmer rejects the device as unprogrammabie.
The default value of @ selects the manufacturer’s
specified number of programming pulses. Refer to the
adapter manual for specific entries to select optional
reject values for single-pulse, military specifications, etc.

NOTE
The PALASM adapter does not provide
this option.

Front Panel Operation

29A Displays

[

[N

& )

To change the reject count to an optional value, enter
the code number (X) specified in the adapter manual.

= x| =

29A Displays

(. 2x ¥x)
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Terminal Operation

To select the reject count from the terminal enter a 5
from the command mode, then respond to the prompt with
the count (X).

(X)

Terminal Displays

Command : 5 - Enter reject count coticn
Programming reject court coticms -

@ - Default
1 - Ootional

Enter optior: @

Command

3-16

3.5.5 SELECT VERIFY OPTION

Three options are available for selecting verify and
functional test routines. These routines are described in
detail in sections 3.4.6 and 1.4.3.

Options available are:

OPTIONS DESCRIPTION

Default option. Perform fuse verify, followed

0 by structured test (if test vectors are present
in RAM), and Logic Fingerprint™ test (if one
or more Logic Fingerprint™ test cycles are
selected), in that order.
Perform fuse verify only.

1
Perform structured test and Logic

2 Fingerprint™ test only, in that order. Do not
perform fuse verify.

Option @ (default) is the option used in normal
operation. Option 1 checks the programming of the device
fuses without checking device functionality. Use option 2 to
functionally test devices with the security fuse blown. In
addition, option 2 can be used to learn the Logic
Fingerprint™ test of a device with the security fuse blown.
Fuse data in RAM will be cleared during this operation.
Programming can not occur with option 2 selected.

Verify options must be entered from the programmer’s
keyboard or a terminal. The option will remain in effect until
it is changed or until the unit is powered down. To reselect
the default, key in option 0.

Front Panel Operation

% SELECT E 6 START
29A Displays
{ 28 )

vy

At this point, to select functional test only for example, do
the steps which follow.

29A Displays .
( 02 K¥)
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3.5.6 SELECT SECURITY FUSE OPTION

Some logic devices are equipped with protective fuses
called security fuses. Once the security fuses are
programmed, the fuse states in the logic array cannot be
copied. Programming the security fuses makes it very
difficult to pirate a device design.

—\ The PLDS security fuse programming feature is a fail-
6 2 safe function. You can either enable programming of the
: security fuse at all times, only allow programming when
security fuse data are downloaded to the PLDS via the serial
. . . port, or disable programming completely, whether security
Terminal Displays fuse data are downloaded or not.

When the security fuse has been blown, a Logic
Fingerprint™ test and structured test can still be performed,
but a fuse verify operation is not possible (see
Command : 6 - Enter verify option Section 3.5.5)‘

Terminal Operation

To enter the verify option from the terminal, enter 6
from the command mode, then respond to the prompt with
the desired option. For exampie, to select functional test
only:

- - f ify, t tured test, topgic F rint . .
T Pt varaty omy T Seructured test, foaie Fingerersn To enable programming of security fuses two
2 - Sequence ~ structured test, Logic Fingerprint . . .
conditions must be met: 1) the security fuse state in the
Enter verify option: 2 R
programmer RAM must be 1 (or true), and 2) security fuse

Fomane programming must be enabled. Once the security fuse
option is selected, it will remain in effect until changed or
until the programmer is turned off.

When security fuse data are entered into RAM in the
JEDEC ASCll-logic format (see section 1.4.1), data in the G
field indicate the state of the security fuse. The G field does
not affect the enable state of the security fuse option; the
enable state must be entered separately. This can be done
before or after loading JEDEC ASCll-logic format data.

/ Security fuse states cannot be loaded from a master
~ device. :

CAUTION
Once the security fuse is blown, you
can no longer verify the state of any
fuse in the device. The process cannot
be reversed; therefore, be certain that
you want to program the security fuse
before you activate this function.
Attempting to re-program the device
after the security fuse is blown wiill
alter the original fuse pattern and
render the device inoperative.
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Front Panel Operation

To select a security fuse option from the front panel:

% SELECT E 7 START

29A Displays

[ AR j
wiJ

Security fuse select-code options are:

OPTION DESCRIPTION
Default option. Disable programming and set
0 the security fuse state in RAM to @
(unprogrammed).

Disable programming, and set security fuse
1 state in RAM to 1 {programmed).

: Enable programming, and set security fuse
2 state in RAM to 0. {Data downloaded in the
JEDEC format can change the security fuse
state to 1.)

Enable programming, and set security fuse
3 state in RAM to 1. {Data downloaded in the

back to 0.)

JEDEC format can change the security fuse bit

Terminal Operation

To enter the security fuse option from the terminal, enter
7 from the command mode, then respond to the prompt with
the desired option. For example, to enable security fuse
programming and set security fuse state in RAM to 1, do the
following:

Terminal Displays

Command : 7 - Enter security fuse option

SECURITY SECURITY FUSE
OPTION FUSE DATA PROGRAMMING

———————— disabled
- disabled
—= enabled
———————— enabled

Enter Security Fuse optiom: 3

Command 1

For example, to enable security fuse programming and set

security fuse state in RAM to 1 (option 3):

29A Displays

~N

L a3 XK
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3.5.7 ENTER FUNCTIONAL TEST DATA

Functional test data includes information for the Logic
Fingerprint™ test and also the test vectors used by P/T
adapters for testing of a programmed device. The Logic
Fingerprint™ test information consists of three components:

® The number of test cycles to be performed during the
Logic Fingerprint™ test {described later in this
subsection). The default value is 89, which disables the
Logic Fingerprint™ test.

¢ The Logic Fingerprint™ starting vector. This is an
arbitrary binary sequence, each bit of which corresponds
to a pin on the device under test. The starting vector
format for a 20-pin device is shown below. Each “‘x”
represents a ‘1" or a 0"’ to apply a logic high or logic
low to the corresponding pin. Values entered for Vo
and ground affect the resulting Logic Fingerprint™ test
signature, but have no effect on the device under test.

Pin 1 Ground (pin 10)

~

XXX XXXXXXXXXXXXXXXX

Ve (pin 20)

The starting vector is used to initialize the Logic
Fingerprint™, and is one of the components {along with
the device type, number of test cycles, and programming
pattern) which determines the resulting Logic
Fingerprint™ test signature. Note that different Logic
Fingerprint™ test signatures may result for a given logic
design, depending on the choice of starting vector.

® The Logic Fingerprint™ test signature itself is the result
of performing the Logic Fingerprint™ test as described
later in this subsection.

Logic Fingerprint™ test data may be entered either
from the front panei or from the terminai. From the front
panel, the number of test cycles and starting vector for the
Logic Fingerprint™ test may be entered, and the resulting
Logic Fingerprint™ test signature may be viewed or
entered. Structured test vectors may not be entered or
edited from the front panel but only from a terminal or serial
download. All functional test data may be entered from the

" terminal, including number of test cycles, starting vector,

3-19

the Logic Fingerprint™ test signature itself, and the test
vectors.

NOTE
If a value is entered for the Logic
Fingerprint™ test signature, it should be
either 000000000 or a known-good value
corresponding to the number of test
cycles, starting vector, device, and fuse
patterns under test. A value of 00000000
wilf cause the LogicPak™ to “learn’ the
correct Logic Fingerprint™ test signature
when a Load, Program, or Verify
operation is performed (see section 3.4 for
details). When in Load, the correct Logic
Fingerprint™ will be learned independent
of the value entered.

If “Device Selection Error” (Prog Pak 30)
appears when you select functional test
data, you must specify family code and
pinout code to define the vector width.

In the subsections which follow, functional test data
will be entered to test the Basic Gates design example? (see
figure 3-10).

aAdapted from THE MMI PAL HANDBOOK, available from
Monolithic Memories Inc., 1165 Arques Avenue, Sunnyvale
California 94086.
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Front Panel Operation

From the front panel, the number of test cycles and the
Logic Fingerprint™ starting vector may be entered, and the
Logic Fingerprint™ test signature may be viewed or
entered.

Set Number of Logic Fingerprint™ Test Cycles.

% SELECT E 8 START

29A Displays

[ a4 )

For example, to enable one cycle of testing,

% 0 1 START

29A Displays

—

L

N
-
i
3

Logic Fingerprint™ and Starting Vector. The starting
vector must be converted from the binary form to
hexadecimal for entry from the front panel. For our Basic
Gates example, we will choose an arbitrary test vector as
shown:

Starting vector

sy
ey

10000000000000001111

= e (binary)
vV b v |
8 0 0 0 F (hexadecimal)
e e

B@th Starting vector

{hexadecimal)

The unused portion of the 32-bit vector is assumed to
be zeroes and must be included in the hexadecimal vector
entry.

For example:

.% SELECT E 9 START

29A Displays

(AR T4
(W T

./

NOTE
The eight-character starting vector is
entered into the programmer in two fields.
B1 identifies the first field.

To enter the first four hexadecimal digits,

% 8 8 0 0

29A Displays
[JMATATA T4
(B228 B 1 )

29A Displays

AMAAA T
[@uuu 52 J

NOTE
BZ represents the second field.

Enter the remaining hexadecimal digit by pressing

= START

The zeroes are ignored, but are needed to correctly
position the “F.”

This vector, when applied to the Basic Gates example,
produces the Logic Fingerprint™ test signature:

ED37A9E4 (hexadecimal)

320
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This value may be viewed or entered at this time by
pressing START:

29A Displays
I~
E

The first four characters are displayed as the E1 field. The
last four characters (E2 field) may be viewed or entered by
pressing START again:

Enter the first four
characters of the Logic
Fingerprint™ test

signature if desired.

-

START

MnmIZI7

Il ]
U VAR

2. L. ™ START Enter the next four
characters if desired.
29A Displays
L
GEERNY: )

29A Displays

[RSE% =

S

)

Terminal Operation

Entering an “8" from the Command mode allows you
to enter functional test data and begin vector editing from
the terminal.

P

The functional test data may be entered in response to three
prompts {see figure 3-7).

Commang @ 8 - Enter functional test data
Cycles for Finperoraint: xx
Fingerorint starting vector:

Fingerorint: MXXXxXXX

HKAXHHHEKAHKRHKHHAXHRKRN

Note: x.represents current values

Figure 3-7. Prompts for Entering Functional Test Data

As each prompt appears, you may modify the current values
(represented by x’s in figure 3-7) using the following steps:

1. Move the cursor forward (using the spacebar) and
backward (using the backspace) along the displayed
value until it is positioned over the symbol! to be

changed.
2. Type the desired symbol.

3. Enter RETURN or CTRL Z at any point to move to the
next prompt.

4. CTRL Z is used to exit the functional test entry mode.
For our test example, the values shown in figure 3-8 should
be entered.

Command ¢ 8 - Ernter furictional test data

Cycles for Fingerprint: @l

Fingerprint starting vector: 1000022222022 1111

Fingerprint: ED37ASE4

- DIspPtAY - — EDITING COMMANDS —

@ Display menu b —————— Delete {(Kill) current vector

Return ———————— Go to rnext vector R ————m—— Repeat current vector

u Up (previcus vector) CTRL Z —— Exit vector editor

B(N) ——————m Go to vector (N}

Space —-—=—————- Move cursor right

BKSP (CTRL H) - Move cursor left

CTRL Z ——————— Exit vector editor

Edit structured vector: Q002

2201: 1102XX1BXNXXXHXLHHAN

2e2:

Figure 3-8. Entering Functional Test Data
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Vector Editing. Vectors are created by downloading
JEDEC 'V’ fields, simulating a source file containing a
function table, or by using the vector editor.

When the Logic Fingerprint™ test information has been
entered (or skipped by entering RETURNS), the vector
editor menu appears (see figure 3-8), and a prompt appears
for the vector number to be edited. The default vector is
0001, as shown in figure 3-8.

The vector editor is a fixed-format line editor with the
first column of the displayed line reserved for command
characters as shown below.

'Edit structured vector: 0001

A character entered in the first column (normally blank)

is interpreted as a command and acted upon immediately;

otherwise vector editing is not processed until a RETURN is
entered (at any point on the line). The command characters

recognized in the first column are 0, U, #, K, and R; see
table 3-2 for command character definitions.

During operation, the vector editor copies the selected
vector to a temporary buffer where all editing changes are
made. Then, when a RETURN command is entered, the
temporary buffer is examined for legal characters before
copying back to vector memory. You are not allowed to

proceed to another vector until all characters are legal in the

current vector. Typing a CTRL Z to exit the vector editor

0001: T100XXTOXNXXXHXLHHON . o .
! Al — \ ) will leave the selected vector in its original state.
y .
vector
command character
vector number
Table 3-2. Vector Editor Command Characters
COMMAND DESCRIPTION ACTIVITY
0 (zero) Display menu Redisplays menu and restarts editing on the same vector.

U Up (previous vector) Moves editing to the next lower vector number (the vector
one ‘up’ on the screen).

#(N) Go to vector (N) Entering a ‘# in the command column causes the vector
editor to prompt for the desired vector number (default =
0001). Entering a vector number greater than the last vector
will move you to the last vector.

D Delete current vector Current vector is deleted, and all higher vectors moved
down one. Current vector number is redisplayed with new
vector.

R Repeat current vector Creates a copy of the current vector immediately following
the current vector. The copy is displayed, with its vector
number {one greater than the original). This command may
be given for any vector, and existing vectors will be moved
to accommodate the new copy.
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An “empty vector”’ is represented by a dash in all pin 3.5.8 DISPLAY FUSE PATTERN
positions. This will appear as the first vector in an empty
;Z:;O;Zd'tzrs:;fﬁ:r’ Zr a: onilfisetc::re;:?; :ﬁ%re\rl;zelr:wer programmer data RAM tc the serial port. The fuse states

P memory. may be shown as a series of “1”'s and “0"’s or a series of

t t . s " ” : -
han_!t_r;eezn:;; t:?;orfollow the steps below -"s and "“X"’s; see section 3.5.12 on selecting characters.
ctor, P ’ The “1""; or ”-" represents a high resistance fuse, “blown”

This command transmits the fuse pattern in the

1. Move the cursor forward (using the spacebar) and in a fuse link device. The “0" or “X'' represents a low
backward (using the backspace) along the displayed resistance or “intact’” fuse. Each fuse can be identified by a
vector until it is positioned over the test condition to be decimal fuse number as shown in figure 3-9. The fuse states
changed. are arranged in a matrix that corresponds to the logic

diagram of the device {figure 3-10). This is useful for
comparing or copying a displayed fuse pattern to the device
logic diagram. Logic diagrams and fuse number charts for
all supported devices are in the appendix of the
programming/testing adapter manuals.

2. Type the desired test condition to enter it into the vector
image; the allowable test conditions are 0-9, X, N, F, H,
L, Z, C, and K (see table 3-3 for test condition
definition).

Table 3-3. Vector Symbol Definition

VECTOR DEFINITION Cammand : AR - Display fuse pattern
SYMBOL
oa 1@ 20
o202 X-- —
0 Drive input low Q024 XXXXXXXXXX  XXXXXXXXXX XXXX
L . 2248  XXXXXXXXXX XXXXXXXXXX XXXX
1 Drive input high BA72  XXXXXXXXXX  XXXXXXXXXX XXXX
. 2296 X-X
29 Drive input to supervoltage #2-9 B12@  XXXXXXXXXX XXXXXXXXXX XXXX
. . B144 ———=X _—
C Drive input low, high, low 2168 X— —_—
P ; : 2132 -X-X
K Drive input high, low, high @216  XXXXXXXXXX  XXXXXXXXXX XXXX
N Power pins and outputs not tested i —— s vt
0264 XXm=m  ————
L Test output low 2z88 -X==
) o @312 —X
H Test output high 2336 - X
L @360 XXXXXXXXXX  XXXXXXXXXX XXXX
pA Test output for high impedance Sumcheck 1EB3
F Float input or output Command
X Ignore input or output (not defined in NOTE: — = open
JEDEC format) X = intact
Fuse Number = First Fuse Number + Increment

NOTE Figure 3-9. Complete Fuse Pattern
“X"" is not defined in the JEDEC format.
The “X”" is treated as an “N’’ for outputs NOTE
and leaves an input at its previously

Sending certain control characters to the
PLDS during the course of fuse pattern

display will affect the display. The output
may be stopped by sending a CONTROL

defined state.

Test conditions 2 through 9 specify non-TTL levels

(super voltages) that access special device features. A S (DC1 or ASCH 11 hex) and then
device may be damaged by improper use of super voltages. restarted by sending a CONTROL Q (DC3
3. Enter RETURN or CTRL Z at any point to move to the or ASCII 13 hex).

next vector or to exit the vector editor. A CONTROL Y (ASCII 19 hex) will

terminate the transmission and return to
the terminal or front panel operation.

An ESCAPE character (ASCII 1B hex) will
terminate the transmission and return to

front panel operation.
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PRODUCT TERMS (0-63)

Logic Diagram PAL12H6

{

I
- : —= 0 (INTACT) += 1(OPEN} X = ROWINTACT
INPUTS (0-31)

0123 4567 89 1011 1213 1415 17 19 21 23
c1 ‘: ‘y i 16‘18 20, 2
- _‘D ‘ b |
| |
L
D Z_’W—‘ H, i A 19 A
. N
; L ‘, ! : e INCREMENT
FIRST FUSE NUMBER ! 3 _1,,_»——%———"?"27
® : NS e 204
24 ' | 18 B
a8 : ; ‘ : - g >
72 t — t I
| !
F3 D 4 P
I ' ‘ i b
% - 2 17 E
120 T , , - — ; ;
RERERSEN ~ !
Ga > . |

144 "‘r 9 - 20!‘“ 16 H
168 , X — 7;
M 5 t ; : P ‘
) i 2 !
192 3¢ i Ly : 15 0
216 ; = ‘ T @:D—_—
N6 E 4 :
240 10 20 14 R
264 1 D
P7 D
» @ 1L
336 ‘L X
m ]
[
o8 D &4} 12 K
18 A 1J
—Px ] &

18 20 22 _
0123 4567 89 10 11 1213 1415 7 018921 23

Adapted from MMI PAL Handbook

Figure 3-10. Logic Diagram for Basic Gates Example
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The last character of the fuse pattern transmission is
either CONTROL C (ETX or ASCH 03) or a CONTROL Z
(ASCII 1A hex). (See section 3.5.9 on selecting the
termination character.)

Front Panel Controi

To display the fuse pattern from front panel control,
follow these steps:

; SELECT E A START
29A Displays
m

( )

29A Displays

[v VEVRY] W 1_}

IN NN Y
NOTE

[(Mis the action symbol. XXXX is the fuse
array checksum.

Terminal Control

To display the fuse pattern from the terminal com
mode, enter an “A’":

Terminal Displays

Cowemans 3 A - Disoclay fuse oattern

a2

Y
XXXXXXXXX X
XXAXXXXAXX

XXXXXXXAXX
HEXXXXXXXX
AXXXAXXXXX

AXXXXXXXXX

[ —
EAXXXXXXXX
XK

XXNKEXXAXX XXXXXXXXXX
BB

Sumchec

Commanc

and

L wnal
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3.5.9 JEDEC FORMAT DATA EXCHANGE

Fuse data, test vectors, and the Logic Fingerprint™

test signature are transmitted between the host computer
and the PLDS in the JEDEC format. The JEDEC format i
described in detail in appendix A. A brief overview of the
format is provided in this section, and shown in figure 3-12,

Figure 3-11 shows an example JEDEC transmission and its

components.
Command : C - Transmit JEDEC data Design
PAL12HE PAL DESIGN SPECIFICATIONT] Desigh
P7000 JANE ENGINEER S-21-83 —Specification
BASIC GATES Header
DATA 1/0
*
QPEe* €— Number of Pins
GFR384% <€ Number of Fuses

LOOO? - —
1111111@111111331122111818 N

Fuse Address

Q121111111111 113114114144

111101111111111111111111
11111111@111111111111111 Fuse States
111111111110101111111111  p———— 0 = intact

Q022 1 = open

Laz4d

11111111111111@11@211112
111111111111111@@1111111
111112111311111111111@11%
111111111312111111111111@
11111131313114111111@11141

J
XXXXXXXHANXXXX XX XHONH
KXXXXXXXXNXXXXXXXL 1N*
PBXXXXXXXNXXXXXXLXXN*
DLXXXXXXXNXXXXXXLXXN®
1@XXXXXXXNXXXXXXLXXN*
LIXXXXXXXNXXXXXXHXXN*
XX@BXXXXXNXXXXXLXXXN*
XXB1XXXXXNXXXXXHXXXN*
XX1@XXXXXNXXXXXHXXXN*
XX11XXXXXNXXXXXHXXXN#
XXXXXXXX@NB@HXX X XX XN*
XXX XXXXX@NALIHXXXXXXN* |
XXXXXXXX@N1@HXXXXXXN*
XXXXXXXX1N@OHXX X XX XN+
XXXXXXXX1NT1LXXXXXXN*
XXXXB@XXXNXXXXHXXXXN#*
XXXXB1XXXNXXXXLXXXXN*
XXXX1@XXXNXXXXLXXXXN#
XXXX11XXXNXXXXLXXXXN*
XXXXXX@AXNXXXLXXXXXN*
XXXXXXQTXNXXXHXXXXXN*
VRBEE XXXXXX1@XNXXXHXXXXXN*
VB@Z3 XXXXXX11XNXXXLXXXXXN*J
T2 * <€

veaal
vaRaz
vooe3
voaeRs
veers
vooRe
vego?
vizees
veeas
Ve Le
veatt
vee1z
Vagis
vag1s
vea1s
Va1
vea17
voai8
Vae13
voeza
veezi

Functional Test
Vectors

Test Cycles
<€«——Starting Vector
Logic Fingerprint™
Test Signature

Fuse RAM Checksum
Transmission Checksum

RAB472BEBE* <€

C1BB9* <g—
2642 -

Figure 3-11. JEDEC Transmission —Basic Gates Example

The transmission consists of a start-of-text (STX)

character, the various fields, an end-of-text (ETX) character,
and a transmission checksum as shown in figure 3-12.
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(STX>PALLEHE DESIGN SPEC etc *
L JL -}

L L

QPZ@*

e L

QFQ384%

A=

L22@@ {(carriage return) o (space)

<

=

11i1ili@11t1111113131111

l .

plvaralradr Cadrdvatralridnlralvadrilardrar vl g

[

VAR XXXXXXXXXNAXXAXX XHBN*

b

Tal*

i

einatraddridvadritndnlrrintedrgrdrdrivirnlub g

I .

RAE472BEE*
L il

ClRRI*
1 JL

Field Terminator
Header text
ASCIl 92 Start of Text

Field Terminator
Decimal Number of Pins
Field and Sub-Field Identifier

Field Terminator
Decimal Number of Fuses
Field and Sub-Field Identifier

Delimiter between Number and Fuses

Starting decimal fuse number
Field identifier

Fuse number 8 state intact
Fuse number 0 state open

Field Terminator
Fuse number 239
Fuse number 216

Field Terminator

Pin 20 Power

Pin 19 Input low

Pin 18 Output high

Pin 10 Ground

Pin 1 Don’t care
Delimiter

Decimal vector number
Field identifier

Field Terminator
Number of Fingerprint™ Cycles
Field Identifier

Field Terminator

Pin 20 of starting vector
Pin 1 of starting vector
Field Identifier

Field Terminator
Logic Fingerprint™ test signature
Field identifier

Field Terminator
Fuse RAM checksum
Field Identifier

Figure 3-12. JEDEC Format (Breakdown of Figure 3-11)
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Transmission checksum

OTHER FIELDS

ASCIll 03 End of Text

Field Terminator

Security Fuse State

Field Identifier

Field Terminator

Default Fuse State

Field Identifier

Figure 3-12. JEDEC Format (Breakdown of Figure 3-11) (Cont.)

The transmission checksum is the 16-bit sum of all ASCIi
characters transmitted between and including the STX and
ETX. The parity bit is excluded in the calculation (see
figure 3-13). The transmission checksum computed by the
PLDS may be found by examining data RAM addresses 495
and 406, using the programmer’s EDIT mode (discussed
later in this subsection). Some computer operating systems
do not allow a user to control what characters are sent,
especially at the end of a line. The transmission checksum
may be disabled in this case by sending a dummy checksum
of 0000 .

in general each field in the format starts with an
identifier, is foilowed by the information, and is terminated
with an asterisk. For example, “T01*"" sets the number of
Logic Fingerprint™ test cycles to 1. The design specification
header does not have an identifier and must be the first field
in the transmission, immediately following the STX.

" number may include leading zerces {i.e.

Fuse information is specified by the “QF", “F", “L",
and “C” fields. The “QF”, “F”, and *“C" fields are optional.

The “QF” field sets the maximum allowable fuse
number; this will override the value set by the family code
and pinout code. The “F” field sets the default fuse value.
An “F@*" fills the fuse RAM with @s, and an “F1*" fills the
fuse RAM with 1s. This operation takes a significant
amount of time and can lead to an input buffer overflow at
high baud rates. .

The “L"” field starts with a decimai fuse number and is
followed by a stream of fuse states (1 or 8). The fuse
“L12" and "LO012"
are the same). A “space” and/or a ‘“‘carriage return’” must
separate the fuse number from the fuse states. The stream
of fuse states can be as long as desired (up to the
maximum allowable fuse number). The fuse data for an
entire device, for example, could be sent in one ““L"* field
starting at zero and continuing for all fuses in the device.
Spaces and carriage returns may be inserted to make the
stream more readable. Each “’L" field must be terminated
with an asterisk.

(STX) ® {(ETX> QR&F

(STX>TEST* (return) (line feed?
QFazZB4% {return) (lire feed)
Fax (return? (line feed’

L13 1@1#(returr) (line feed)
(ETX>@5C4 (return?

22 + A + A3

random text {(returr’ (lirne feed)

other random text

e
ZF

= 2092

BZ+34+435+53+54+2A+AD+BA = 183
S1+46+30+33+38+34+2A+BD+QA = @1A7
46+3Q+2A+20+20+0D+0A = QQF7
4C+31+30+20+31+30+31+2A+AD+@A = B1AG
a3 = Q233

@asC4

Figure 3-13. Computing the Transmission Checksum
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The “C” field is the sum-check of the entire fuse RAM
(fuse number @ to maximum fuse number for the selected
device), not just the fuse states sent. See figure 3-14. (The
JEDEC term “Fuse Checksum’’ is the same as Data 1/0's
term ‘‘sum-check”’.)

The structured test vector information is specified by
the "“QP"”, “P”, and "'V” fields. The “QP” field defines the
number of pins on the device and overrides the value set by
the family code and pinout code. The V" field starts with a
vector number, is followed by a space, then by a series of
test conditions for each pin, then is terminated with an
asterisk. The test conditions are normally sent in pin number
order, however the “P” field can specify a different
sequence. The PLDS JEDEC translator does not validate the
test conditions in the vectors {see table 3-3 for the presently

defined test conditions). The super-voitage test conditions
{2 through 9) are used to apply non-TTL levels to certain
pins to access special test features. A device could be
damaged by improper use of super-voltages.

The Logic Fingerprint™ Test information is specified by
the “T", ’S", and "“R" fields. The “T" field defines the
number of test cycles to be performed. The legal values are
0 to 99. The ““S" field defines the starting vector with a
series of 1s and @s for each pin. The "“R" field defines the 8
digit hexadecimal Logic Fingerprint™ test signature.

The “G" field defines the security fuse state.

The D" field is not sent by new versions of the PLDS
JEDEC translator. It has been replaced by the “QF" and
“QP" fields and the manual setting of family codes and
pinout codes.

(BTX) *Fa*Laaad

Q1001112 QQ221Q@2 1111@@@@ 11111111 Q1Q10@A1*

Cazinx
(ETX) aQad

The F@* cleared all the
fuse states starting at @.

Fuse number @@ @i &2 @3

State a 1 a @ 1 1 1

MSE LSE
765432181
Qoaa 2111201 @Q
o208 221 200Qa@
aaie o221 111
Aa24 11111111
232 12201010
2240 2o0QQ20a000
2048 Qo000 @
XXX X Qo000 aea

fuse RAM tao

24 25 26 @7 128 @3 1@ 11 12 13 14 15

2. The L field transmitted 4@

16

@ 2 @ & 2 1+ @& @ @ 1

Figure 3-14. Computing the Fuse RAM Checksum
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Transmit JEDEC Data

This command transmits the contents of the fuse and
vector RAM to the serial port in the JEDEC format (see
appendix A).

The following characteristics apply to JEDEC

transmission.

¢ The output may be halted by sending a CONTROL S
(DC1 or ASCII 11 hex) and restarted by sending a
CONTROL Q {DC3 or ASCII 13 hex).

* An ESCAPE character (ASCIl 1B hex) will abort the
transmission and return to the programmer front panel
operation.

¢ A CONTROL Y (ASCIl 19 hex} will terminate the
transmission and return to the terminal or programmer
front panel operation.

® The Logic Fingerprint™ test fields (S, R, and T) are not
sent if the number of cycles is 9.

e The “G" field is sent only if security fuse datais a “1.”

* The fuse checksum (C field} is the 16-bit sum of all fuse
states (/.e., from fuse @ to the fuse limit for the device).
See figure 3-14.

Front Panel Control
To transmit JEDEC data, follow the steps below.

) E SELECT E

29A Displays

C 0
[}

‘7 \ Vv W/
(I\ IN NN ,!:\{ 7%]

o
w
3

NOTE
[l is the action symbol. XXXX is the fuse
array sum-check.

Terminal Control

To receive JEDEC data from the terminal mode, enter a

ti~y

C” from the Command mode:

B

(9]

)

See figure 3-11 for the terminal display of the Basic Gates
design example data.

Receive JEDEC Data

This command prepares the programmer to receive fuse
and vector data from a peripheral device via the serial port.
A transiator converis the JEDEC format data (see appendix A}
to the memory image required by the PLDS.

NOTE
The D field is ignored by the transiator.
The correct family code and pinout code
must be entered before receiving JEDEC
data. See table B-1 in appendix B for
correct family codes and pinout codes.

There are three types of errors that may be caused by

receiving improper data in the JEDEC format (see
table 3-4). You may determine the field in which the error

Table 3-4. Translator Input Errors

ERROR DESCRIPTION POSSIBLE FIELDS
82 SUMCHK ERR Transmission check-sum
84 INVALID DATA ETX F L S V
91 I/OFORMERR | C G L P R T V
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occurred by examining data RAM location 0408; the ASCII

To examine the data RAM location 0408, perform these

value (hexadecimal) of the field is stored here (see steps.
table 3-5). More information about the possible cause of the
error may be found in table 3-6.
Table 3-5. ASCII Values of Field Identifiers
. FIELD ASCII 29A Displays
IDENTIFIER- VALUE
7T T wvavwwv )
{ETX) 03 [L.U'_ [ FI'_UU"\ NIV AN
C 43
F 46 L ™ 4 0 8 START
G 47
L 4c 29A Displays
P 50
R 52 (8408 D%, RXX )
S 53
T 54
Y 56 NOTE
XXXX is the current address.
XX is the field identifier in hexadecimal.
The transmission checksum computed by the PLDS
may be found by examining data RAM locations 405 and
406 in a similar fashion.
Table 3-6. Translator. Input Error Codes
ERROR DISPLAY FIELD* POSSIBLE CAUSE

82 SUMCHK ERR ETX Transmission checksum of all ASCII characters does not match
the computed value.

84 INVALID DATA ETX Fuse sum-check does not match computed sum-check. The
comparison is not made until the transmission is complete, so the
field is stored as ETX rather than C. The sum-check includes the
entire fuse RAM as defined by the family and pinout code, not
just the fuse states sent.

F Invalid character in field. Only 1" and “0" are allowed.

L A space or carriage return did not follow the fuse number.

L An invalid character was in the fuse state field. Only **1" and "'0"
are allowed. Spaces, line feeds, and carriage returns are ignored.

S Invalid character in field. Only ““1”, 0", and “’N’’ are allowed.

\Y Too few or too many test conditions.

91 I/0 FORM ERROR C Invalid character in field, must be 4 digit hexadecimal number.

G Invalid character in field. Only “1"" or “0” are allowed.

L Fuse number exceeds fuse limit for device or invalid fuse number
{must be decimal number).

P Too few or too many pins or invalid pin number for device.

T Test cycles greater than 99.

R Invalid character in field: must be 8 digit hexadecimal number.

*From RAM Addr. 0408
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Front Panel Control

To receive JEDEC data from the front panei mode
perform the steps which foliow.

: setecTii 1 E i o1 B i START i

29A Displays

( D
L

29A Displays

VARV ARV AT 4
AN ANANAY

3
3

NOTE
[ is the action symbol. XXXX is the fuse
array sum-check.

Terminal Control

To receive JEDEC data from the terminal mode, enter a

“B" from the Command mode:

\

S

Terminal Displays

Command : B - Receive JEDEC data

3.5.10 EDIT FUSE PATTERN

The individual fuses that make up a PAL® fuse map
may be edited using the fuse map editor. Fuses may be
changed from blown to unblown or vice-versa on a
downloaded fuse map, a fuse map generated by assembly
of source code, or directly in fuse memory,

Fuses may be edited one at a time from the front
panel, or in line editor fashion from a terminal. In the
examples that follow, assume that we are editing the Basic
Gates fuse map of figure 3-9, representing the logic diagram
of figure 3-10.

If ““Device Selection Error’’ appears when you enter the
fuse editor, you must specify the family code and pinout
code to define the fuse map.

Front Pane! Control

Enter the fuse editor with select code EE:

L } SELECT E E START

(X) (X) (X} (X START

XXXX is decimal number of
fuse being edited, ** is binary
state of fuse number XXXX
(00 or 01).

VNNV y
(KKK ¥¥)

29A Dispiays

The desired fuse number for editing from the front
panel may be scrolled to by using the START and REVIEW
keys, or specified directly by entering the fuse number
XXXX as shown above. The data display on the right
reflects the current state of the selected fuse:

01 = high-resistance, “blown’’ fuse
00 = low-resistance, fuse intact

Entering a 0 or a 1 while displaying a selected fuse will
store that state for the fuse.
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To change fuse number 98 in our Basic Gates example
from unblown to blown:

.% SELECT E E START

29A Displays
IACATAra
/AVAY'Al'A]

t— Fuse number

Enter the decimal fuse number, 98.

29A Displays
AMACIC A
(MR p ] AN j
—

Fuse state

This display indicates that RAM data for fuse 98 is set
for ““don’t program.” To change it to a programmed
{blown) state:

29A Displays
AN A A
(UU‘DB kot j

{Fuse number increments automatically. )
To decrement a fuse number:

— T

29A Displays
(2298 21 )

Terminal Control

Enter an "“E”" from the terminal Command mode:

Terminal Displays
Commard : £ — Edit fuse vattern
-~ COMMANDS - - FUSE EDITING -

L Display meru Space -——————=——- Move cursor right

§ mmm—mm——m—— Go to fuse rumber EKSP (CTRL H) ---Move cursor left

CTRL Z ~~=——- Exit fuse editor Return ————— Edit next row
CTRL Z ~————————— Exit fuse editor

Enter decimal fuse number : 0020

You may now specify a fuse number directly, or enter
RETURN to display the first fuse row.

The fuse editor is a fixed-format line editor, with the
first column of the displayed line reserved for command
characters. A character entered in the first column {normally
blank) is interpreted as a command and acted upon
immediately; otherwise fuse editing is not processed until a
RETURN or CTRL Z is entered (at any point on the line).
The command characters recognized in the first column are
0 (zero) and #.
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The fuse editor display (see figure 3-15) shows the
specified fuse number followed by the next N consecutive
fuses, where N is the number of fuses in one row of the
selected PAL. Any fuse number may be specified, regardless
of row boundaries, and the dispiay wili foliow this
convention. Thus entering RETURN at any time moves the
editor to the fuse one row down from the previousiy
specified fuse. index marks are shown over every tenth fuse
in the row displayed, for easy location of fuses beyond the
one specified. Also note that the fuse display may be )
changed from X/- to 0/1 with select code CE or main menu
command G (see section 3.5.12).

In operation, the fuse editor copies the selected row to
a temporary buffer where all editing changes are made.
Then, when a command or RETURN is entered, the editing
buffer is examined for legal characters before copying back
to the fuse map. You are not aliowed to proceed to another
row until all characters are legal in the current row. Typing
a CTRL Z to exit the fuse editor from an untested edited
row will leave the row in its original state.

To edit a fuse row, use the following procedure:

1. Move the cursor back and forth along the displayed row
using SPACE and BACKSPACE until it is positioned over
the fuse to be changed.

1o

Type the desired symbol to enter it into the editing buffer
as the fuse state.

3. Enter 0 (zero) or # in the command character position at
any time to display the menu or move to a specific fuse
number.

4, Type RETURN at any time to move to the next row.
5. Type CTRL Z at any time to exit the fuse editor.

Command @ E - Edit fuse pattewrn
- COMMANDS -

a -—— Display menu
# -—= Go to fuse rnumber
CTRL Z ——————————— Exit fuse editor
Ernter decimal fuse riumber :@: Q203

1 1 i
200@ -X - -

! ! !
Q024 XAXXXAXXAXXXAXXXXAXXAXXX

! i H
2248 AXXXXAXAXXXXXXXAXXAXXXX KX

t t t
Qa7 XXXXXAXAXXXXXXXXX XX XXX KX

t H \
aa36 X=R e ————— -

1 H H
Q120 XXXAXXAAXXXXXXXXAAXX XXX XX

1 ] t
Q144 ————f

1 I ]
21€8 ———————- Xm—m e e

! ! | ——
Q132 ——————————- X=X=—m——————
L d

- FUSE EDITING -

Space ———————————— Mave curscor right
BKSP (CTRL H) ——=— Mave curscr left
Returrn —-————————=m— Edit rext row

CTRL 7 ——————————— Exit fuse editor

Mark every tenth fuse

Fuses in row
Command character
First fuse number

Figure 3-15. Default Fuse Editor Pattern
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Editing fuse number 98 in our example may be done in
two ways. As one method, you can enter the fuse editor
and type RETURN until the desired row appears (beginning
with fuse 0096), resulting in a display that matches the
device data sheet, and then space three times to locate fuse
98. The display in this case will resemble figure 3-15.

Alternatively, fuse number 98 may be directly specified.
When this is done, a fuse ‘‘row” is displayed which begins
with fuse number 0098 and does not match any of the rows
in the logic diagram of figure 3-10. Fuse number 98 may
now be modified without counting spaces, and subsequent
RETURNSs will jump to the fuses directly below fuse 98 in
the same column (122, 146, 170, etc.). Figure 3-16 shows
the display when this method is used.

Eriter cecimal fuse rumber @  @@38

- R e XX

2z XAXXAX AL LXAAXAXXXXXAXXN A ——

i '

2146  ——Xmmmmm e

@178 ——m——— { e

Figure 3-16. Starting Fuse Not On Row Boundary

3.5.11 DISPLAY CONFIGURATION NUMBER

This command displays the configuration number of the’
adapter firmware. Configuration numbers are used as serial
numbers for firmware.

Front Panel Control
Enter SELECT EF from the front panel:

.; SELECT E F START

29A Displays

(VAR VR VARV
IN /NN N

3
3
N

Terminal Control

Enter an “F’ from the terminal command mode:

Terminal Displays

Command 3 F - Configuration rumber
XOux

Command 3

NOTE
XXXX is the configuration number of the

firmware in the adapter plugged into the
PLDS.
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3.5.12 SELECT ATTRIBUTES An underblow condition occurs when the programmer
RAM indicates that a particular fuse should be blown and
the device in the socket shows the fuse to be unblown. An
overblow condition occurs when the programmer RAM
indicates that a fuse is unblown yet the part shows it to be

This command aliows you to select one of two options
or any of seven attributes as shown below. The only
options available to the PALASM and H & L Design
Adapters are those numbered @ thru 7:

-

blown.
OPTION DESCRIPTION Disable underblow/overblow display:
Echo (full duplex): PLDS echoes all 8 disables this attribute.
0 characters received at the serial port.
Enable underblow/overblow display:
No echo (half duplex). 9 enables this attribute.
1
NOTE Some registered devices need to be initialized to a

known state before functional testing. One method is to
force the registers to a particular state. This function is
referred to as preload. The default state (A) disables the
function. The function may be enabled by entering a “B”,
but if it is not implemented in the P/T adapter, a warning
message will be output and the feature once again is

The default echo mode will depend upon
the programmer being used. The 29A and
100A programmers wifl power up in the
“no echo” mode, while the Model 19 will
power up in the echo mode.

disabled.
Disable preload option: this is the default

JEDEC full mode: described by the JEDEC A state P P .
2 standard (JC-42-1-81-62). This is the default )

state.

Enable preload option

JEDEC kernel mode: selects the kernel B
3 mode (see appendix A for kernel mode

definition).

F display X/ —: displ Two-pass functional verify: performs the
4 use display g f— Isp f;’(ian g c normal two-pass functional verify at Voo

unprogrammed tuse as“ ) an_ _a voltages above and below nominal.

programmed fuse as a “*-”’. This is the

default state. One-pass functional verify: speeds up the

. . D testing cycle by only doing a one-pass

Fuse display 0/1: d'SDIaXS ,é,m functional verify at the nominal Vcc
5 unprogrammed fuse as 0"’ and a voltage

programmed fuse as "“1"". '

End upload with ETX: PLDS terminates an
6 upload operation (serial data transmission)

with an ETX character (ASCIl hex 83). This

is the default state.

End upload with CTRL Z: ends the upload
7 with a CTRL Z.
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Front Panel Control

To access the attributes from the front panel, do the
following:

To change an attribute or attributes from the terminal,
space or backspace (CTRL H) to the appropriate attribute(s)
and enter the new value. The edit session is terminated by a
RETURN if the edited attribute(s) are to be saved or by a
CTRL Z if they are not to be saved. If an invalid value is

SELECT START

entered the line will be repeated, including the invalid data,
waiting for the correct valuels) to be entered.

29A Displays
AA
o8 )

To change any attribute, enter the code number from
those given above where the (X) is shown in the following
key sequence.

} (X) START
29A Displays
[ A v/ J
THEA

Terminai Controi

To access the attributes from the terminal, enter a G
from the command mode.

Terminal Displays

Command : B - Select attributes

@ - Echo (full duplex)
1 - No echo (half duolex)

2 - JEDEC full mode (default)
3 ~ JEDEC kernel wmode

4 - Fuse display X/- (gefault:

5 - Fuse disolay 0/1

6 - End upload with ETX (default)
7 - End upload with CTRL Z

8 - Disable underblow/overblow display (default)
9 - Enable underblow/overblow display

A - Disable preload cption (default)
B - Enable preload option

C - Two pass functional verify (default)
D - One pass functional verify

Options: @,2,4,6,8,A,C

3.5.13 EXIT COMMANDS -

During terminal mode, a CTRL Z will exit specific
operating modes. When using the design adapters, this
function is also used to terminate the change, insert, and
edit modes.

(L

Terminal Displays

CRTL simultaneously

Command :

\

The ESC key is used to terminate all PLDS operations
and return control to the front panel. This must be done
before removing an adapter or the LogicPak™,

L

returns control to the
programmer front panel from
terminal control.

ESC

3-36
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SECTION 4

I*F‘l

TENANC

CE/CALIBRA

TION/

TROUBLESHOOTING

4.1 OVERVIEW

The support materiai in this section has been provided
to heip you keep your LogicPak™ in optimum operating
condition. General ma nce practices are discussed in

section 4.2, and the basic troubleshooting setup is described
in section 4.4, For those LogicPak™ users who prefer to do

intena

their own calibration, detailed procedures, including
measurement charts and timing diagrams for each device,
are provided in each adapter manual. The basic procedures
to set up the LogicPak™ in the calibration mode are
described in section 4.3 of this manual.

4.2 MAINTENANCE

Regular maintenance of the LogicPak™ consists of
cleaning (section 4.2.1) and inspection (section 4.2.2).

4.2.1 CLEANING

Inspect the LogicPak™ inside and out for accumulated
dirt or dust. To clean the LogicPak™:

1. Wipe any dust or dirt off the outside of the LogicPak™
with a clean, damp cloth.

NOTE

Do not use abrasive cleaners or solvents
that will etch the paint.

2. Remove dust from the circuit boards with a blast of
dry, compressed air or a ciean, soft-bristied brush.

4.2.2 INSPECTION

You can help prevent malfunctions by periodically
inspecting your LogicPak™. Check cable connections, card
seating, component mounting, etc., for shorts, opens, or
discontinuities.

If you find heat-damaged components, be particularly
careful to find and correct the cause of the overheating to
prevent further damage.

4.3 CALIBRATION

The need for calibration varies with the amount of use
your LogicPak™ receives. Generally, we suggest calibration
whenever: 1} programming yields fall below the
manufacturer’s recommended minimums, 2} when
troubleshooting has been completed, or 3) if the user’s
company policy requires periodic calibration certification.

Because the LogicPak™ must be calibrated with an
adapter installed and the values vary with different adapters
the detailed calibration procedures, measurement charts
and timing diagrams are provided in each adapter manual.

’

The calibration setup procedure is described in this section. .
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NOTE

if you do not have the equipment
necessary to perform calibration and
repairing procedures, contact the nearest
Data 1/Q Service Center. Because of the
different programmer mainframes and
adapter modules, this manual does not
attempt to cover all areas of programmer
calibration. Instead, it lists the steps
necessary to calibrate only the
LogicPak™,

The first step in testing the LogicPak™ hardware is to
measure the programmer power supplies (and adjust if
necessary). Proper LogicPak™ operation requires calibrated
programmer power supplies. These measurements are
essential before any tests are performed on the LogicPak™
itself. Refer to your programmer manual for power supply
adjustment.

To prepare the LogicPak™ for calibration:

1. Remove the adapter (if any) from the LogicPak™.

2. Remove the four phillips-head screws from the
LogicPak™ cover {see figure 4-1).

3. Remove the two allen screws on each side of the
LogicPak™ cover {see figure 4-1).

PHILLIPS HEAD
SCREWS
(FOUR)

g %’

(0 ey

>

= et

%’ f
A¢/
Z
z
P o
= °
- //

ALLEN SCREWS
(FOUR)

Figure 4-1. LogicPak™ Cover Removal
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4. Lift the cover off the circuit board cage assembly.

Plug the adapter into the connector on the pin driver
board as shown in figure 4-2.

To calibrate the LogicPak™ follow the series of steps
presented in the measurement chart located in each adapter
manual. The second step on the measurement chart is a
“go/no-go”’ functional test of the module.

Figure 4-2, Calibration Equipment Setup

42

CAUTION

If the LogicPak™ fails the second
step on the measurement chart in the
adapter manual, DO NOT proceed to
the next step. The hardware must
pass this step or further testing may
damage the LogicPak™,

Steps 1 through 4 and step 16 serve to calibrate the
module. Potentiometers adjust each digital-to-analog
converter (DAC) to the optimum voltage. Measurements are
made at test points on the LogicPak™, shown in figure 4-3,
or at socket pins on the P/T adapter.

R1
Rise Time Comparator
(701-1941)

TP3 R31
TP4

R6 PG

TP2 TPS

TP

R9 R28

Waveform Generator
(701-1939)

'Figure 4-3. LogicPak™ Test and Adjustment Locations

If the LogicPak™ fails any step on the measurement
chart in the adapter manual, do not continue to the next
step. Refer to table 4-1, which lists suspect boards and
components that would cause the module to fail for each
step. Subsequent tests will not give valid results unless all
preceding steps are passed and adjustments made.
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Table 4-1. PLDS Error Codes

ERROR
CODE

DESCRIPTION

ACTION

21*

22*

25*
30

31

32*

35

36

37

38*

llegal Bit Error

Programming Error

No Socket Adapter

No (or Invalid) Device Selected

Overcurrent

Backward Device/ Vg Overcurrent

Invalid Device Selected

Source Equation Translation Error

Begin RAM Pointer Not = 0008

Invalid Device-Related Operation

Calibration Step Error

RAM Write Error

Firmware Sum-Check Error

The programmer is asked to leave intact a
fuse which is already blown. Examine
programmer RAM and the device’s data.

An attempt to blow a fuse was made and
failed. Try the programming sequence again.
If the second attempt also fails, try another
device. If both devices produce this error,
check the calibration of the LogicPak™. if
calibrated correctly contact your local

Data 1/0 office.

Insert appropriate socket adapter.

Enter valid device family and pinout codes
(refer to Comparison Chart of Programmable
Logic Device in each adapter manual).

Hardware error in LogicPak™ or shorted
device. Substitute a known-good device or
consult the troubleshooting section.

{1) Device plugged in backward; turn it
around.

(2) Vcc overcurrent, probably caused by a
faulty device.

Incorrect family pinout code entered. Enter
proper family pinout code. This error occurs
in computer remote control only.

Check equation buffer by connecting
terminai to examine the equation buffer. This
error code lets the operator know that an
error exists in the source equations when the
programmer is not controlled by a terminal.

Refer to programmer manual to reset the
begin RAM pointer to zero. This error usually
occurs when changing from one
programming pak to another.

Verify, program, or other illegal operation
was attempted, with a design adapter
installed.

(1) Indicates you have selected an incorrect
calibration step, or

(2) a program operation is attempted prior to
exiting calibration —exit the calibration mode
(refer to the programmer manual).

System RAM failure. Refer to programmer
manual or contact Data |/0 service
representative.

Contact Data 1/0 service representative. This
indicates that the EPROM firmware in the
LogicPak™ or adapter may have changed
since the unit was shipped. Do not continue
operation until the situation is corrected.

*These errors do not apply to design adapters.
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Table 4-1. PLDS Error Codes (Cont.)

ERROR
CODE

DESCRIPTION

ACTION

70*
n*

72*

74*

75

76

78*

79*

81

91

DAC Error, VcC

DAC Error, Bit Switch Number 1
DAC Error, Bit Switch Number 2
DAC Error, CE

Logic Fingerprint™ Test Verify Error

Structured Test Verify Error

Self-Test Error

Security Fuse Programming Error

No Fuse Verify Set

Preload Not Implemented

Parity Error

Checksum Error

Invalid Data

Fuse Address Error

See section 4.4 (troubleshooting).
See section 4.4,
See section 4.4.
See section 4.4.

Indicates one of the following Logic
Fingerprint™ errors:

{1) Device passed fuse verify but failed Logic
Fingerprint™ Test —defective device.

{2) Operator has entered wrong test-sum.

{3) Device cannot be tested with Logic
Fingerprint™ (refer to P/T adapter manual
for the limitations of the Logic Fingerprint™
test).

The device passed fuse verify but failed
structured test —defective device. Check
structured test vectors and make sure they
are correct. If not, reenter the correct
vectors. The vector could be invalid, or the
operator may have miskeyed a valid vector.

Indicates failure in the LogicPak™ Consult
section 4.4 (troubleshooting) or contact your
Data 1/0 service representative.

(1) Indicates that the security fuse option can-
not be programmed in the installed device, or
(2) there is no security fuse option available for
this type of device.

Indicates you have tried to program the
device with the verify-option mode set for 2.
The verify option will not allow this. When
this error code displays, select E6 and enter 0
or 1, and then you will be allowed 1
program.

The preload algorithm is not implemented for
this device.

A parity error occurred while receiving serial
data.

Indicates an incorrect transmission data from
a peripheral to the serial port, including fuse
data, CRs, STX, etc.

See section 3.5.9.

See section 3.5.9.

*These errors do not apply to design adapters.
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4.4 TROUBLESHOOTING

This section will help you interpret and isolate failures
in the LogicPak™. Use it in conjunction with the calibration
section in each adapter manual, section 5 (Circuit Descrip-
tion) and the schematics provided in the back of this
manual.

There are three major classes of failures that can occur
in a system composed of a programmer and a LogicPak™,
The first is no system operation, the second is poor yields,
and the third is LogicPak™ failure.

After successfully troubleshooting the LogicPak™, it
must be calibrated according to the instructions in each

adapter manual. It is very important that you calibrate the 2.
programmer before you calibrate the LogicPak™. Refer to
your programmer manual for detailed programmer
calibration procedures.
4,

4.4.1 EQUIPMENT SET UP

The following equipment is necessary to troubleshoot

the LogicPak™:

¢ Data /O extender card (part number 701-1949) and
09-0078)

service gabie {nart number 700-
gservice C 4 <

ST TIUN IO 4w

one phillips screwdriver

one 1/16-inch allen wrench

To prepare your LogicPak™ for troubleshooting:
. Turn off the programmer power (section 3.3).

Remove the LogicPak™ from the programmer
{section 2.3).

Remove the adapter (if any) from the LogicPak™,

Remove the four phillips-head screws from the
LogicPak™ cover (see figure 4-4).

ALLEN SCREWS
(FOUR)

PIN DRIVER
BOARD

EXTRACTION TABS

4-4a) Remove the interconnect cable

4. 454

mbata i
b s

} Rotate the pin driver card
180° and plug it into the bus
extender board connector

PHILLIPS HEAD
SCREWS
{FOUR)

Figure 4-4. LogicPak™

45
10-950-1942

Disassembly




Remove the two allen screws on each side of the
LogicPak™ cover (see figure 4-4).

Lift the cover off the card cage assembily.

7. Unplug the pin driver board (702-1943-001) from the

10.

11.

12.

13.

bus extender board and lift it slightly until you can see
the interconnect cable and its connector
(figure 4-4).

Flip the extraction tabs out on each side of the
connector (figure 4-4).

Pull the cable out of the connector.

Rotate the pin driver board 180° and plug it into the
connector on the front of the bus extender board
(figure 4-5).

NOTE

The interconnect cable must
be replaced by the service cable before
you can troubleshoot your LogicPak™,

Lift the extraction tabs on each side of the three
forward circuit cards as shown in figure 4-4.

Unplug the interconnect cable from the three
connectors shown in figure 4-4.

Lift the extraction tabs on the waveform generator card
(figure 4-5).

14, Pull out the waveform generator board along the guides
(figure 4-5).

15. Gently push the service extender card (701-1949) along
the guides to plug it into the J2 connector on the
motherboard (702-1938) where the waveform generator
was located.

NOTE

Any board can now be placed on the
extender board. The waveform generator
card (701-1939) must be either on the
extender board or in the slot just behind it.

16. Firmly, but gently, push the service cable into the
connectors on the three boards (as shown in
figure 4-5). Notice that the extraction tabs will move
back to their locked positions when the cable is locked
into the connector.

17. Gently push the extender cable into the connector on
the pin driver board (see figure 4-5).

4.4.2 NO SYSTEM OPERATION

The following steps should be performed if the system
will not initialize with the LogicPak™ installed. After
completing each step, determine whether the problem stili
exists.

4-5a) Remove the waveform
generator board to
make room for the
service board extender

4-5b) Install the service
extender board, the
extender cable and
the suspect board

EXTRACTION
TABS EXTENDER BOARD

WAVEFORM
GENERATOR

Figure 4-5. Troubleshooting Equipment Setup
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Check to be sure the LogicPak™ and adapters are
properly installed in your programmer (see section 2.4).
Check to be sure the power cord is properly connected
{see section 3.2).

Check the programmer mating connector (J1) for bent
or broken pins (Pin HH is intentionally shorter).

Check the cards to be sure they are correctly instailed
in their connectors (section 4.4.1).

Check the ribbon cable to be sure it is properly inserted
in the connectors (section 4.4.1).

Check the programmer power supplies for proper
voltage output levels (see programmer manual).

If steps 1 through 5 fail to isolate the problem, contact
your iocal Data I/O Service Center.

4.4.3 LOGICPAK™ FAILURE

The following steps shouid be performed if a device will

not program at all or if error messages are displayed. After
completing each step, determine whether the problem still
exists.

1.

[

10.

Check that the family and pinout codes are correct for
the device and that the device is being inserted in the
correct socket {the one with the illuminated LED).

If possible, try to program a known-good device to
determine if it is a hardware or device problem.

Check tc be sure the LegicPak™ and adapters are
properly installed.

Check the programmer mating (J1} connector for bent
or broken pins {Pin HH is intentionally shorter).

Check the LogicPak™ cards to be sure they are
correctly installed in their connectors (section 4.4.1).

Check to be sure the ribbon cable is correctly and
properly inserted in the connectors.

Perform a complete calibration noting any
measurements falling outside of the indicated limits.
Refer to the calibration section in each adapter manual,
as well as the Circuit Description (section 5) and the
schematics in this manual to attempt to isolate the
problem.

Perform waveform observations and note any
discrepancies. Referring to the Circuit Description and
the schematics may be helpful in isolating the problem.

Refer to the section on limitations of the Logic
Fingerprint™ test in the P/T adapter manual to see
whether any of those conditions apply to the problem
at hand. A Logic Fingerprint™ test that gives multiple
test-sum for a single device is an indication of an
oscillating condition.

If steps 1 through 9 fail to isolate the problem, contact
your local Data I/0 Service Center.

4-7

~

4.4.4 LOGICPAK™ ASSEMBLY

To remove the troubleshooting equipment and
reassemble the LogicPak™, proceed as foliows:

1.

Lift up the extraction tabs on the cable connector on
the pin driver board and the three boards in the card
cage.

Remove the service cable from the LogicPak™,

3. Unplug the board from the connector on the service

10.
11.

10-950-1942

extender board.

Unplug the service extender board from the
motherboard.

Using the flat surfaces of the extraction tabs, gently
but firmly push the waveform generator board along
the guides until it locks into the J2 connector on the
motherboard; the extraction tabs will lock into position
when the board is properly inserted.

NOTE

Because of mechanical restrictions the
waveform generator board can only be
inserted into the J2 or J3 connector on
the motherboard. The other three boards
are interchangeable.

Gently but firmly insert the normal interconnect cable
into the connectors on the circuit boards.

NOTE

The extraction tabs will move back to
their locked positions when the cable is
locked into the connector.

Unplug the pin driver board from the bus extender
board.

Rotate the pin driver board back 180° (the opposite of
what is shown on figure 4-4) and insert the
interconnect cable into the connector on the pin driver
board.

Plug the pin driver board into the bus extender board
as shown in figure 4-4.

Lower the LogicPak™ cover onto the assembly,

Replace the four allen screws and four phillips head
screws to secure the cover in place.



SECTION 5

CIRCUIT DESCRIPTION

5.1 INTRODUCTION

This section defines the functions of the principal
hardware components of the LogicPak™. Each major
function is depicted by a block diagram accompanied by a
written description.

5.2 GENERAL ARCHITECTURE

The principal components of the LogicPak™ are
illustrated and labeled with their names and part numbrs in
figure 5-1. Figure 5-2 is a block diagram of the LogicPak™
electronics. The LogicPak™ controlled by the programmer’s
extended processor bus {(J6 in figure 5-2) through the
programmer’s mating connector.

LogicPak™ adapters interface with the LogicPak™.
When these adapters are installed, the LogicPak™ provides
all the specific hardware and firmware required to support
numerous families of programmable logic. Support provided
includes methods of specifying the logic device design, fuse
programming and verification, and functional testing.

P/T OR 701-1943
DESIGN ADAPTER PIN DRIVER

701-1939

EXTENDER WAVEFORM
GENERATOR
702-1938 701-141
MOTHERBOARD COMPARATOR

701-1942 701-1940 RISE TIME
CONTROLLER/  SINK
MEMORY DRIVER

Figure 5-1. Principal Components of LogicPak™

R/W, Vo2

Jb
DATA BUS

PROGRAMMER ADDRESS BUS

CONTROLLER
MEMORY

7011942

WAVEFORM
GENERATOR
701-1939

COMPAR-
ATOR
RISE TIME
701-1341

PIN
DRIVER
702-1943

PT
OR
DESIGN
ADAPTER

_..__-_.______.______.._,

PLUG IN
ADAPTER

SINK
DRIVER

DECODE/ CONTROL

701-1540 DEVICE BUS

Figure 5-2. LogicPak™ Electronics Block Diagram
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5.3 COMPONENT LAYOUT 5.3.3 CONTROLLER/MEMORY

Each board is described, and block diagrams are The controller/memory board (701-1942) has two
presented in sections 5.3.1 through 5.3.7. Schematics are functions: 1) it provides high-speed control operations that
provided at the back of this manual. are not obtainable under processor operating speed, and

2) it contains the address decode circuitry that specifies the
5.3.1 MOTHERBOARD memory map for the base LogicPak™ and adapters. The

block diagram of the controller/memory board is in figure 5-3.
Control function. A high-speed controller is necessary to
supplement the programmer’s processor because of the
large quantity of serial data that must be read during
programming, verifying, and testing of logic devices; see
the controller portion of figure 5-3.

A free-running crystal-controlled oscillator produces a
4-MHz clock pulse that synchronizes the on-board

The motherboard (702-1938} accepts the programmer
processor bus and power supplies and routes them to the
five 72-pin connectors. It also serves as the interconnect
between the five connectors for signals generated on the
plug-in boards. ’

5.3.2 BUS EXTENDER

The bus extender board (701-1944) is installed in one of operations of the control counter, vector counter,
the five motherboard connectors and extends motherboard synchronize register, and control register. Its output is
pins up to the top-mounted pin driver board (701-1943). routed to other boards via the motherboard.
OSCIL- CONTROL VECTOR
LATOR Y COUNTER COUNTER
| ]
¢
1 CONTROL

DATA BUS

l LINES
CONTROL.

REGISTEA

CONTROLLER
BLOCK

T 7 MEMORY
8LOCK

VECTOR SO

OUTPUT SO

DECODE
OUTPUTS

Figure 5-3. Controller/Memory (701-1942) Block Diagram
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The mode register stores instructions from the
processor that are presented to the controlier and test
PROM; these instructions describe which high-speed cycle
the controller should perform. During each cycle, the

control counter addresses the controller and the test PROM.

Their decoded output function determines what control
states shouid exist for that cycie. These states, which are in
the form of registered controi lines, are routed to other
cards to control the input and output register operations.
Each cycle is executed by output from the synchronize
register. This output synchronizes the processor operations
to the controller cycles. This synchronization is a
handshake, busy/ready-type operation.

At the end of each cycle, data serially stored (under
controller operation) in the read register are available for
interrogation by the processor. These data represent:

1) logic device fuse states after fuse-related operations,
2) device output data during functional test operations,
or 3) the Logic Fingerprint™ test.

During the Logic Fingerprint™ test, a vector counter
tallies 128,000 cycles and then outputs a signal that tells the

53

processor that one Logic Fingerprint™ test cycle has been
completed. The test can then end or continue, based on
user-selectable options. The test options range from 0 {no
test performed) up to 99 cycles.

Memory function. The two parts of the memory function
are: 1) primary decode, and 2} storage of LogicPak™
firmware; see the memory portion of figure 5-3.

1. Primary decode. The decode PROMs and decode latch
allocate the available 16k bytes of processor memory to
LogicPak™ functions. Where necessary, the output from
the decode latch is routed to the secondary decode on
other boards. Decode outputs are timed with V02 such
that the selected locations are strobed to the data bus
only during Ve02 time.

2. LogicPak™ firmware. The low-order 8k bytes of the
16k byte available space are allocated for LogicPak™
firmware. This firmware is stored in an 8k byte PROM
whose outputs are buffered and presented to the data
bus.
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5.3.4 WAVEFORM GENERATOR

The waveform generator board (701-1939) selects
specific voltage levels required to perform logic device fuse
read, fuse program, and functional test operations. Figure
5-4 is a block diagram of the waveform generator board.

The three major power supplies of the waveform
generator are: V¢ supply, CE supply, and BIT supply.
Each supply is under software control via a DAC (digjtal-to-
analog converter). The DAC voltage output levels are
obtained by presenting data via the data latch to the DAC
inputs. This latch provides buffering and the timing required
to store data. A common DAC reference voitage is
generated from the DAC reference voltage circuit.

Each DAC output is routed to a power amp to provide
for the high current requirements of the supplies. The
power amps are op-amps with their positive voltage rails
supplied through current sense detectors. The output rise
and fall times are fixed by the slewing rate of the op-amp
and are routed to the rise time section of the
comparator/rise time board.

The current sense detectors have two selectable
ranges. The ranges are controlled by the values stored in

three bits of the control register. When activated, these
detectors set the reset memory, which in turn kills all supply
outputs by shutting down the DAC reference. The state of
the reset memory is gated onto the data bus, and, if the
memory state is set when inspected, an overcurrent error is
flagged. The power-on reset circuit sets the reset memory
when the programmer is powered up. When a device-
related operation is selected, this memory is cleared by an
initialize routine and remains cleared until an overcurrent
condition sets the memory or the programmer is powered
down. The current sense integrator smooths the transient
overcurrent pulses, thereby avoiding false overcurrent
errors.

Other functions of the control register are scope
synchronization and provision of control lines for the
adapter. These lines control the adapter LEDs, the backward
device test circuitry, and the special clamping levels.

The comparator reference supply is identical in
operation to the three other supplies except it does not
require (or incorporate) a power amplifier and current sense
stage. Its output is routed to the comparator section of the
comparator/rise time board and is used as a programmable
voltage reference level for the comparators.
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Figure 5-4. Waveform Generator (701-1939) Block Diagram
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5.3.5 COMPARATOR/RISE TIME

The comparator/rise time board {(701-1971) has two
functions: 1} it monitors the logic device pins and the
waveform generator outputs, and 2} it converts the
waveform outputs into switchable signals with
programmable rise time control. Figure 5-5 is a block
diagram of the comparator/rise time board.

Rise time function. The switch control register determines
which rise times are selected and which switches are to be
activated. Each rise time control circuit consists of a current
source (one common current value for all sources) driving
the base of its switch transistor to charge the base
capacitance. When the bases are released, a linear ramp is
generated that is truncated at the switch supply level. The
slew (dV/dt) rate is dependent on the value of capacitance
switched to ground by the control register and the value of
the current source.

The switch outputs and the nonswitched V¢ sense
line are connected to the switch comparator. This

5-5

comparator allows the switch and V¢ functions to be
output as status to the status gate. Controller-ready status
along with the switch/VcC status are monitored on the
data bus. Error codes are displayed if the switches or Vo
are not functional during the LogicPak™’s self-test.
Comparator function. The comparator monitors the pins
of the logic device and compares them against the
comparator voitage reference levei. The comparators
support the high-level program voltages and the TTL read
levels of the device. Their outputs (device data) are stored
in the output registers that, in turn, output data over the
serial output (SO) line to the read register on the controller
board. The register load and serial shift operations are
synchronized to the controller operations by the control line
(S/L) and oscillator {CP). As previously explained in section
5.3.3 (control function), this is how the logic device fuse
and functional status are read.
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5.3.6 PIN DRIVER registers. The current sources provide a constant base drive
to the PNP switches at all switch voltages.

The data latch provides the buffering and the timing
required to store data in the CMOS source registers. This
data storage will control the routing of the BIT switch and
CE switch to the socket adapter receptacle.

The pin driver board also connects the sink driver board
outputs and the extended processor bus extender board
outputs to the socket adapter receptacle.

The pin driver board (702-1943) serves as a receptacie
for the LogicPak™ socket adapters and contains the source
driver circuitry that routes the switch outputs from the
comparative rise time board (BIT switch 1, BIT switch 2, CE
switch} to the socket adapter receptacle, Figure 5-8 is a
block diagram of the pin drive board.

The source drivers are PNP transistor switches driven
by current sources that are controlled by the source

CE SWITCH

BIT SWITCH 1

BIT SWITCH 2

Q1410 R

DATA BUS

SOURCE
REGISTER! DRIVER
17018

SOURCE
REGISTER DRIVER

170 9-16 |

—

SOURCE
DRIVER
110 17-24

SOURCE
REGISTER
1:017-24

SOURCE //////////?///////////////////////////////////////// SOURCE
DRIVER
170 30-22

170 25-28

RESET

Figure 5-6. Pin Driver (702-1943) Block Diagram
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5.3.7 SINK DRIVER

The sink driver board (figure 701-1940) provides the
TTL levels that are necessary to read and program device
fuses and perform function testing. The sink drivers are
high-voltage noncommitted collector drivers. Their output
drive is limited so that during a functional test, the logic
device can override. Figure 5-7 is a block diagram of the
sink driver board.

The input registers control the level of the sink drivers.
These registers are under software control for fuse and
structured test operations and are under controller board
control for Logic Fingerprint™ test operations.

In Logic Fingerprint™ test operations, the registers are
preloaded by using the starting vector specified. The Logic
Fingerprint™ test cycle then begins, starting a serial shift
operation of the registers with serial data input from the

parity generator. Following 32 clock cycles (one controller
cycle), the next Logic Fingerprint™ test vector is presented,
and the register will halt until the logic device pins are
tested. This procedure will continue until the controller
board signals that the Logic Fingerprint™ test is then read
by additional shift cycles with the serial data input being
that of the register serial output {recirculate). The shift
modes are controlled by control lines IRC and CP (see figure
5-7) and the data recirculation path is enabled by control
line RICR. i

The CP and CE multiplexer changes control of up to
four sink drivers from input register control line to controller
board control. This alternate control is necessary during the
Logic Fingerprint™ test to provide special consideration to
logic devices that have dedicated clock, reset, preset, and
enable pins.

170 1-1/0 32

merT M IMMIIDTMEOOUUEEEylyhhyhyhEHTETEHEEEOEE s

werr  IMINMM N ITTETR Ty i ij yuyhiiyiihi iy awe §

DATA BUS
iNPUT B
REGISTER
110 1-8
A1 A4, Ci
SECOND-
ARY REGISTER
B DECODE 170 9-16
1 eur P
REGISTER
1/0 1724
REGISTER|
| jvomsx
IRC. CP (CONTROL LINES}
e
OUTPUT SO
PARITY
GENERA-
RECIRCULATE TR 5 LINES
VECTOR SO

CP. CE CONTROL

DRIVER
1/0 916

DRIVER
/02532

—

cP

MULTI-
PLEXER

Figure 5-7. Sink Driver (701-1940) Block Diagram
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APPENDIX A

STANDARD DATA TRANSFER FORMAT BETWEEN
DATA PREPARATION SYSTEM AND PROGRAMMABLE
LOGIC DEVICE PROGRAMMER

This document defines a format for the transfer of information between a data preparation or storage system and a
device programmer. This format provides for, but is not limited to, the transfer of fuse, test, identification, and comment
information in an ASCII representation. This format defines the “intermediate code” between device programmers and
data preparation storage systems.

NCTE
This is Data I/0’s implementation of the JEDEC (Joint Electron Device Engineering Council) standard
(JC-42.1-81-62).

Copyright 1983
Data /0 Corporation
10525 Willows Road N.E./C-46
Redmond, WA 98052
(206) 881-6444

Version 1.1 May 5, 1983
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SECTION A.1

INTRODUCTION

The Backus-Naur Form (BNF) is used in this document
to define the format syntax.

A.1.1 BNF RULES
“::="" denotes “is defined as”.

Characters enclosed by single quotes are literals.
Parentheses enclose indentifiers.

Square brackets enclose optional items.

Braces {curly brackets) enclose a repeated item. The item
may appear zero or more times.

A vertical bar separates alternative items.

A repeat count is given by a “:n"’ suffix. For example, a six

digit number would be defined as (number) :: = (digit} :6.
Example

The English description of a person’s name may be as
follows:

The full name consists of an optional title followed by
a first name, a middle name, and a last name. The
person may not have a middle name or may have
several middle names. The titles consist of : Mr.,
Mrs., Ms., Miss, and Dr.

The BNF definition would be:
(full name} :: = [(title)] (f. name) { (m. name)}
| (I. name)

(title) == ‘Mr." | ‘Mrs.” | “Ms.’ | "Miss’ | ‘Dr.’

A2

A.1.2 BNF DEFINITIONS
(digit) ::= 0" | 1|2 |3 |4 |5 |6 | 7|8
(hex-digit) ::= (digit) | ‘A’ | ‘B’ | ‘C’ | ‘D’ | ‘E' | ‘F'

(binary-digit) ::= ‘0" | ‘1’

(number) :: = (digit) {(digit}}
{del) :: = (space) | (carriage return)
{delimiter) :: = (del) {(del)}

{printable character) ::= (ASCII 20 hex ... 7E hex)
(control character)::= (ASCIl 80 hex ... 1F hex)
| (ASCII 7F hex)

(STX) ::= (ASCIl 02 hex)

(ETX) ::= (ASCII 93 hex)

(carriage return) :: = (ASCIl @D hex)
(line feed) ::= (ASCII A hex)
{space) ::= (ASCII 20 hex) | " *

(valid character) ::= (printable character)
| (carriage return) | (line feed)

(field character) ::= {ASCII 20 hex ... 2A hex)
| (ASCII 2C hex ... 7E hex)
| (carriage return) | (line feed)
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SECTION A.2
TRANSMISSION PROTOCOL

The transmission consists of a start-of-text (STX)
character, the various fields, an end-of-text (ETX) character,
and a transmission check-sum. The character set consists of
the printable ASCIi characters and four control characters
{STX, ETX, CR, LF). The other control characters should
not be used because they can produce undesirable side-

effects in the receiving equipment,

BNF Syntax
(format) :: = (STX) (design spec) {{field)} (ETX)
(xmit check-sum)
A.2.1 DESIGN SPEC

The design specification is the first field in the format
and doesn’t have an identifier. An asterisk terminates the
field. This field must be included. The design specification
should consist of:

1. User’s name and company
2. Date, part number, and revision
3. Manufacturer’s device number

4. Other information

BNF Syntax

(design spec) :: = {{field character)} "*’

A.2.2 TRANSMISSION CHECK-SUM

The transmission check-sum is the 16-bit sum (i.e.,
moduio 65,535} of ali ASCIi characters transmitted between
and including the STX and ETX. The parity bit is excluded
in the calculation.

BNF Syntax

(xmit check-sum) :: = (hex-digit):4

A3

A.2.3 FIELDS

Each field starts with a single character identifier.
Multiple character identifiers could be used to create sub-
fields (i.e., “A1”, “A$”, or “AB3"). The field is terminated
with an asterisk and therefore asterisks cannot be imbedded
within the field. While not required, carriage returns and line

feeds should be used to improve the readability of the
format.

BNF Syntax

{field) :: = [(Delimiter)] (field identifier)
{{field character)} **

{field identifier) ::

ICI l IDI l lFrl IGI l ILI ! lMi I lPl ' ’Q’
I IRI [ ISI l :Tr ] lvl

(reserved identifier) ::= ‘A’ | ‘B’ | ‘E’ | ‘H’ [ 1] K

I lNl ' 401 l IU' I IW' I IX' l IYI l IZI

Identifiers

A-* N-*

B-* o-*

C - Check sum P - Pin sequence
D - Device type Q - Value

E-* R - Resulting vector
F - Default fuse state S - Starting vector
G - Security fuse T - Test cycles
H-* u-=

|- V - Test vector
J-* wW-*

K-* X-*

L - Fuse list Y-*
M - Option Z-*

* Reserved for future use

10-950-1942



SAMPLE TRANSMISSION:

(STX)

Acme Logic Design Joan Engineer
Widget Decode 756-AB-3456 Rev C Device Mullard 12AX7*
QP20* QF384* G1*

L0O00o

L0200

Voot
Vooa3
Vo5
Vopo7
Vooa9

TO2*
{ETX)

1111111011 1111111111 1111000000
0000000000 0000000000 0000000000
0000000000 0000000101 1111111111
0000000000 0000000000 0000111101
1111111111 1111119111 111111111

1118101111 1111110000 0000000000
1M11111111 1111011011 1111111111
0111111111 1111111111 1111111110
1111111111 1111101111 1111111111
0000000000 0000000000 0000*

XXXXXXXXXNXXXXXXXHON* Vopo2
DOXXXXXXXNXXXXXXLXXN* Voo
TOXXXXXXXNXXXXXXLXXN* Vo006
XXBOXXXXXNXXXXXLXXXN* Vooas
XXTIXXXXXNXXXXXHXXXN* Vo010

Feb. 29 1983

0000000000
0000000000
LRRREANRRN
1111111
1111111111

0000000000
1111111110
LARRARRRRNI
111119111
Cc1BB9*

HXXXXXXXXNXXXXXXXLIN
BIXXXXXXXNXXXXXXLXXN*
TIXXXXXXXNXXXXXXHX XN
XXBTXXXXXNXXXXXHXXXN*
XXTEXXXXXNXXXKXHXXXN*

$10101010101010101010* R1ACB678F*

32EB
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SECTION A3

FORMAT FIELD DEFINITIONS

A.3.1 DEVICE TO BE PROGRAMMED Example
The device field defines the specific device being FO*L0 01010101* LOGOS 01610111*L1000 0101*CF3BA*

programmed. -
BNF Syntax Example

Pt v ot~ pe e 'y awr i L3209 2110101212101010101101011101011012001007

{device} :: = 'D’ {family-pinout code) 001001¢*

Example

. A.3.3 STRUCTURED FUNCTIONAL TEST
D501 INFORMATION

A.3.2 FUSE INFORMATION This field specifies one of several test conditions for

each pin of a device. A test vector is defined as N test

Each devics fuss link is assigned a decimal number. conditions where N is the number of pins on the device.

The fuse may have two possible states: a zero to specify a
::;vl: resistance link and a one to specify a high resistance Test Conditions
The fuse information is presented in three fields: the
default state (F), the fuse list (L), and the fuse check-sum

(C). The default state and fuse check-sum fields are
optional.

The “F” field is used to define the states of links not
explicitly defined in the “L” fields. If the default state is not
used, all device links must be defined in the “’L” fields.

The “L” field can be any convenient length, and any
number of “L" fields can be used. If the state of a link is
specified 2 or more times, the last state replaces the
preceding entries. The number following the “’L” indicates
the starting fuse number for the data string.

The link information check-sum is computed by
performing a 16 bit addition of 8 bit words constructed from
the specified state of each link in the device. The unused
bits in the last word are set to zero. The 8 bit words are
defined as shown in the following diagram.

@ - Drive input low

1 - Drive input high

2-9 - Drive input to supervoltage #2-9
C - Drive input low, high, low

K - Drive input high, low, high

N - Power pins and outputs not tested

L - Test output low

H - Test output high

Z - Test input or output for high impedance
F - Float input or output

The C and K driving signals are presented after the
other inputs are stable. The L, H, and Z tests are performed
after aii inputs have stabilized inciuding C and K.

The test vectors will be applied to the device under test
in numerical order. If any vectors are specified 2 or more
times the data in the iast vector replaces the previous data.
There is no default test vector.

The optional “‘P” field is used to specify the
correspondence of the test conditions to the device pin
numbers. If the "’P" field is not used, the first condition wiill

word @@ |msb)| | | | | | | Isb |
Link No. 7 6 5 4 3 2 1 (/]

g:;dN?_ ]rr;ssbl ” | 3 l 2 | " | 10 ! 9 I lssb | g:]alsfolied to pin 1, the second to pin 2, and so on through
BNF Syntax
word 62  |msb| | | | | | | Isb | {function test) ::= [(pin list)] (test vector) {(test vector) }
Link No. ) ) ) - 499 498 497 4% {pin list) ::= ‘P’ (pin number):N ‘*’
BNF Syntax (pin number) :: = (delimiter) (‘number)
{fuse information) :: = [(default state)] (fuse list) N ::= number of pins on device
{(fuse list)} [{fuse check-sum)] (test vector) ::= 'V’ (number) (delimiter) (test condition):N
{default state) :: = ‘F’ (binary-digit} * il
(fuse list) :: = ‘L’ (number) (delimiter) {(binary-digit} (test condition) :: = (digit) | 'C’' | ‘F" | ‘"H’ | 'K’ | ‘L
[(delimiter)]} ** | ‘N"|Z
(fuse check-sum) :: = ‘C’ (hex-digit):4 **' (reserved condition) ::= ‘A" | ‘B' | ‘D'| ‘E' | 'G" | ‘1" | *J’

I IMI l lOI | IPI l IQI I 1Rl ' 4sr I 'T’
| IUI I IVI | IWI i ‘X' [ 1Yr | IZI

A-5
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Example

P11 12 13 14 15 16 17 18 19 20
M 9 8 7 6 5 4 3 2 ™

Vo1 Co101010INHLLLHHLHLN*
Vooo2 Co101111TINHLLHLLLHLN*
Vooo3 C10010111NZZZZZZZ7ZZN*

V4 CO1010100NFLHHLFFLLN*

A.3.4 OPTIONAL INFORMATION

Additional option fields may be defined using the letters
G, S, R, M, Q, and T. Each field must begin with one of
the above letters and be terminated with an asterisk (*). No
other restrictions are applied. Therefore, multiple letters
could be used to create any number of option fields.

BNF Syntax

{option field) :: = {option ident.) {(field character)} **’

(option ident.) ::= ‘G’ | ‘'S’ | ‘R" | ‘M’ | ‘Q" | ‘T’
Example
O*
MFG Acme Semiconductor*
M:1234*

Data 1/0 uses five optional fields; three for the Logic
Fingerprint™ test, a security fuse field, and a value field.

LOGIC FINGERPRINT™

The 'S’ field defines the starting vector for the Logic
Fingerprint™ test. The possible states are @ (TTL low) and 1
(TTL high). The ‘R’ field contains the resulting vector or
test-sum. The ‘T’ field denotes the number of test cycles to
be run.

BNF Syntax

(starting vector) ::

‘S’ (test condition):N ‘*’
(resulting vector) :: = ‘R’ (hex-digit):8 ‘*'
{test cycles) ::= ‘T’ (number) '*’

N ::

number of pins on device

Example

S010001000011100011110110*
R5BCD34A7*
TO1*

A-6

SECURITY FUSE

The security fuses of certain logic devices may be
enabled for programming by sending a /1"’ in the “G"’ field.

BNF Syntax
(security fuse) ::= ‘G’ (binary-digit) ‘*'

Example
G1*

VALUES

The Q" field is used to express values or limits
required by the receiving device. Two subfields have been
defined, the “’P"" subfield for number of pins on the device
and the “‘F"’ subfield for the number of fuses. These two
values will enable the receiving device process the other
fields without knowing the device manufacturer or
family/pinout code.

BNF Syntax
(number of pins) ::= ‘QP’ (number) *'
(fuse limit) ::= ‘QF {number) *'
Example
Qp24* QF1024*
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SECTION A4

OTHER RULES

A.4.1 TRANSPORTABILITY

All receiving machines should have a “kernel”” mode to

A.4.2 RESTRICTIONS AND VARIATIONS

ignore all optional fields so that the actual programming
data will be transportabie. For example, as ailowed in the
format, optional fields can be sent to specify additional
checksums. A receiving machine in the “kernei” mode
couid ignore this information yet receive the link information

required to program the device.

If the optional “F" field is used to avoid transmitting

link data, transportability could be lost. Therefore, whenever

practical, data should be transmitted for all links of the

device.
Some computer operating systems add control

characters after each line making it very difficult to compute
the transmission check-sum. To disabie the transmission
check-sum, receiving equipment shouid accept 0000 as a

valid check-sum.

BNF Syntax

(kernel) :: = (STX) (design spec) {min. fuse information)

(ETX) (xmit check-sum)

(design spec) :: = {(field character)} **'

{min. fuse information) :: = (fuse list) {{fuse list)}
Example:

{STX)

Acme Logic Design Jane Engineer

Feb. 29 1983

Widget Decode 756-AB-3456 Rev C Device Mullard 12AX7*

Looo® 1111111011
0000000000
0000000000
0000000000
M11111IN

111111111
0000000000
0000000101
0000000000
111111011
Le200 1110101111
mnminnm
2111111111
111111111
0000000000

1111110000
1111011011
111111111
1111181111
0000000000 0000*

(ETX)00000

1111000000 0000000000
0000000000 0000000000
111111111 11111111
2008111101 1111111111
1111111111 111

0000000000 0000000000
1111111111 1111111110
1111111110 111111111
1111111111 1111181111

A-7
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a)

b)

a)

b)

c)

d}

e)
f)

VARIATIONS FROM PRESENT JEDEC STANDARD

The delimiter after the link number or the vector
number may be any combination of carriage
returns, line feeds, and/or spaces.

The check-sum and sum-check are renamed fuse
check-sum and xmit check-sum respectively.

VARIATIONS FOR 303A-VO1 LOGICPAK™

The link number (L field} and the vector
number (V" field) must be 4-digit numbers.

The delimiter after the link number and the vector
number must include a space.

Spaces are not allowed between the terminating
asterisk of one field and the identifier of the next
field.

The security fuse (“G"’ field) requires a space
after the binary digit.

The kernel mode is not implemented.

The D" field must have a valid family and pinout
code.

(device) :: = ‘D’ (hex-digit):4 *'
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/

Table B-1. LogicPak™ Family Codes and Pinout Codes

y,
v Y
Device Family Pinout LogicPak™™ P/T Adapter  Design Adapter |Device Family Pinout LogicPakT™  P/T Adapter  Design Adapter
Advanced Micro Devices DATA1/0 Part Numbers |National Semiconductor DATA I/0 Part Numbers
AmPAL 1618 97 17 VOl  303A-004 VO1  303A-100 vO1 |PAL 10H8 9% 18 VOl 303A-002 VO1  303A-100 Vo1
AmPAL 16R8 97 24 VOl 303A-004 VOl  303A-100 vo1 |PAL 12H6 9% 19 VOl  308A-002 VOl  303A-100 vO1
AmPAL 16R6 97 24 VOl  303A-004 VO1  303A-100 vO1 |PAL 14H4 % 20 VOl 308A-002 VOl  303A-100 Vo1
AmPAL 16R4 97 24 VOl  303A-004 VO1  303A-100 vo1 |pAL16H2 % 2 VOl 303A002 VO1  303A-100 Vo1
AmPAL 16LD8 97 17 VOl  303A-004 VO1  308A-100 vo2 |PAL10L8 9%5 13 VOl  303A-002 VOl  308A-100 Vo1
AmPAL 16H8 97 25 VOl 303A-004 VO1  303A-100 voz |PAL12L6 9% 14 VOl  303A-002 Vo1  303A-100 Vo1
AmPAL 16HD8 97 25 VOl  303A-004 vO1  303A-100 vo2 |PAL14L4 9% 15 VOl  303A-002 VO1  303A-100 Vo1
PAL16 9% 16 VOl  303A-002 vO1  303A-100 Vo1
Haris Semiconductor DATAI/OPartNumbers |pal @ 95 24 VOl  303A-002 VOl  303A-100 vO1
HPL77153/825153 98 04 VOl  303A-003 vO1  303A-101 vo1 | PAL4SE % 24 VOI  303A-002 Vo1 303A-100 voi
PAL fELB 9% 17 VOl  303A-002 Vo1  303A-100 vo1
HPL77209/16L8 98 01 VOl 303A00 VO1  303A-100 Vo1
PAL 16R8 95 24 VOl  303A-002 VOl  303A-100 vot
HPL77210/16R4 98 (2 VOl 308A00 vO1  303A-100 Vo1
PAL 16C1 85 21 VOl  303A-002 VO1  303A-100 vo1
HPL77211/16R6 98 02 VOl  303A-003 VO1  303A-100 Vo1
PALL10Y 9% 06 VOl  303A-002 VOt 303A-100 vO1
HPL77212/16R8 98 02 VOl 303A003 VO1  303A-100 Vo1 >
. « | ParziXio) 9% 23 VOl 303A002 VO1  303A-100 vO1
HPLT77215/16H8 %8 01 VOl 308A003 Vo1 X
HPLTI216/16P8 © 08 VOl 303A008 vor  * . |PAC20X8< 95 23 VOl  308A-002 VO1  308A-100 Vo1
PAL 20X4 9% 23 VOl  303A-002 VO1  303A-100 Vo1
Monolithic Memories DATA I/0 Part Numbers Signetics DATA I/O Part Numbers
PAL 10H8 2 18 Vol 3mA-002 Vo2 303A-100 VOl rpLAg2S101/100 9% 01 VOl  308A-001 VO1  303A-101 Vo1
PAL 12H6 2 19 VOl  303A002 V02  303A-100 Vo1
FPLS 825104/105 % 03 VOl  303A-001 VOl  303A-101 Vo1
PAL 1aH4 2 20 VOl  303A002 V02  303A-100 Vo1
FPRP 825106/107 9% 04 VOl  303A-001 VOl 303A-101 Vo1
PAL 16H2 2 2 VOl  308A002 V02  303A-100 Vo1
- FPGA 825102/103 9% 02 VOl 303A-001 VOl 303A-101 Vo1
PAL10L8 2z 13 Vot 303A-002 voz  303A-100 Vol ep 152/153 9% 05 VOl  303A-001 vO1  303A-101 vO1
PAL 12L6 2 14 VOl  303A-002 VO2  303A-100 vor | e 6 06 Vo1 3 oA 1
PAL 14L4 2 15 VOl  303A-002 V02  303A-100 Vo1
PAL 16L2 Z 1 Vo1 303A-002 Vo2 - 303A-100 V01 | Texas Instruments DATA 170 Paxt Numbers
PAL 16A4 2 24 VOl 303A002 V02  303A-100 Vo1
PAL 16X4 2 24 VOl 303A-002 V02 303A-100 vo1 |paLi6L8 99 17 VOl  303A-006 VOl 303A-100 vO1
PAL 16R4/ 16R4A 2 24 VOl 303A-002 V02  303A-100 vO1 | PAL 16R4 99 24 VOl 303A-006 VOl  303A-100 vO1
PAL 16R6/16R6A 22 24 VOl 303A002 V02  303A-100 vO1 | PAL 16R6 99 24 VOl  303A-006 VO1  303A-100 Vo1
PALIGLB/16LBA—~ 22 17 VOl  303A-002 V02  303A-100 vo1 |PAL16R8 99 24 VO1  303A-006 VO1  303A-100 Vo1
PAL{I6RB/A6RBA 2 24 VOl  303A-002 V02  303A-100 V01 | FPLA 74FPB40/839 » v . LR .
PAL16CT ~ 2 21 VOl  303A-002 V02  303A-100 V01
PAL 12H10 2 07 VOl 03A002 V02  203A-100 vO1 )
PAL 14H8 2 08 VOl 303A002 V02  303A-100 vO1
PAL 16H6 2 09 VOl 303A002 V02  303A-100 Vo1
PAL 18H4 2 10 VOl 308A0R2 V02  303A-100 Vo1
PAL 20H2 2 11 VOl  303A-002 V02  303A-100 Vo1
PAL 12L10 2 01 VOl  303A-002 VO2  303A-100 Vo1
PAL 14L8™ 2 02 VOl 303A002 V02  303A-100 Vo1
PAL 16L6 2 03 VOl  308A00R2 V02  303A-100 Vo1
PAL 18L4 2 04 VOl  308A-002 V02  303A-100 Vo1
PAL 2012 2 06 VOl 308A002 V02  303A-100 Vo1
PAL 20C1 2 12 VOl  308A-002 V02  303A-100 Vo1
PAL 20L10 2 06 VOl  303A-002 V02  303A-100 Vo1
PAL 20X10 2 23 VOl 308A-002 V02  303A-100 vO1
PAL 20X8 2 23 VOl 303A-002 V02  303A-100 vo1
PAL 20X4 2 23 VOl 303A002 VO2  303A-100 Vo1
PALATE] | 2 26 V01 3BA002 V02 303A-100 Vo1
PALZORE= & 2 27 VOl 3BAOR vO2  303A-100 Vo1
PAL 20R6 2 27 VOl 303A-002 vO2  303A-100 vO1
PALZORA 22 27 VOl  303A-002 V02  303A-100 Vo1
* under deveiopment *under development
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Glossary

address field. Optional set of control characters in a data
translation format. It defines the address of the next data
byte.

address offset. A four-digit hexadecimal value subtracted
from addresses on input and added to addresses output
from the programmer. The resuit is added to the begin
device address or begin RAM address as applicable.

begin device address. The first device address from which
or to which data are being transferred.

begin RAM address. The first address of the programmer
data RAM from which or to which data are to be
transferred.

blank check. A test performed by a programmer to detect
the presence of any programmed bits. A device with no
programmed bits is “’blank.”

block size. The hexadecimal number of bytes to be
transferred in a data transfer.

configuration number. A four-digit hexadecimal number

that identifies the software revision level of the programmer.

data translation format. Form in which the translator
software accepts input data. Also the form for data output
by the unit.

default value. The value the unit uses for a parameter
unless the operator specifies another value.

device. Any PROM, EPROM, MOS PROM, or
programmable logic array.

end code. Character in a data translation format that
signals the completion of a data transfer.

error code. A code that signals specific errors to the
operator,

family and pinout codes. Two-digit codes used by some
Data 1/0 programming modules to identify programming
variables including pinout, address limit and programming
algorithms.

full duplex. Simultaneous, two-way independent
transmission in both directions.

B-3

handshaking. The required sequence of signals for
communication between two units. The 1/0 bus protocol
for a unit defines its handshaking requirements. This is
especially true for asynchronoius 1/0 systems in which each
signal requires a response to complete an |1/0 operation.

half duplex. Transmission alternately in either direction but
not both directions simuitaneously.

illegal-bit test. A test performed by a programmer to
detect the presence of any programmed bits of incorrect
polarity (illegal bits).

logic gate. Digital circuits with two or more logic inputs
and one output, with a logic level determined by the logic
levels present at the inputs. The basic logic gates are:

OR produces a 1 (hi} when one or more inputs are 1.
AND produces a 1 only when all inputs are 1.

NOR produces @ (low) when any input is 1.

NAND produces a @ only when all inputs are at
different levels

EX-NOR produces a 1 only when the inputs are at the
same logic level.

mode. A software routine in a machine, characterized by a
specific automatic sequence of steps.

select function (also select code). A two-digit hexadecimal
number used to specify data translation formats, serial
interface operations, or certain RAM data manipulations.

start code. Character in a data translation format that
signals the beginning of a data transfer.

sum-check. A summation of bits calculated according to
the rules of simple addition and usually expressed as a four-
digit hexadecimal number; any carry from the most
significant bit or digit is discarded. A sum-check is used to
verify the integrity of data transfers.

waveforms (programmable). The graphical representation
of the timing and magnitude of programming pulses. If the
programming waveforms are not kept within tolerance,
programming yield is jeopardized.
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Abbreviations

The following is a list of abbreviations commonly used

in Data 1/0 instruction manuals.

amp - amplifier or ampere

ASCII - American Standard Code for Information
Interchange

CE - chip enable

CMOS - complementary metal oxide semiconductor

CP - clock pulse

CR - carriage return

CTRL - control

CTS - clear to send

DAC - digital-to-analog converter

dV/dt - delta voltage versus delta time

E - enable pulse derived from the 6802 microprocessor

EPROM - erasable, programmable read-only memory

ESC - escape

ETX - end of text

FPGA - field programmable gate array

FPLA - field programmable logic array

FPLS - field programmable logic sequencer

H&L - high and low

hex - hexadecimal

IFL - integrated fuse logic

1/0 - input/output

JEDEC - Joint Electron Device Engineering Council

B-4

K - thousand

LED - light-emitting diode

LF - line feed

MHz - megahertz

No. - number

op-amp - operational amplifier

PAL - programmable array logic
PALASM - PAL assembler

PCS - program card set

PLDS - programmable logic development system
PROM - programmable read-only memory
P/T - programming/testing

RAM - random-access memory

Rev - revision

R/W - read/write

S/L - control line

SO - serial output

STX - start of text

SYNC - synchronous

TP - test point

TTL - transistor-transistor logic

Ve@2 - timing pulse, sum of E and VMA
V - volt

Vcc - power supply voltage applied to integrated circuits

VMA - valid memory address
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ASCIl CONTROL CHARACTERS

ACK
EL
BS
CAN
CR
DC1
DC2
DC3
DC4
DEL
DLE
EM
ENQ
EOT
ESC
ETB
ETX
FF
FS
GS
HT
LF
NAK
NUL
RS
sI
SO
SOH
STX
SUB
SYN
us

acknowiedge

hall
(o1}

backspace

canroi

carriage return

playback on, CNTL Q, X-ON
record on, CNTL R, PUNCH-ON, SOM
playback off, CNTL S, X-OFF
record off, CNTL T, PUNCH-OFF, EOM
delete, rubout

data link escape

end of medium

enquiry

end of transmission

escape

end of transmission block
end of text

form feed

file separater

group separater

herizontal tabulation

line feed

negative acknowledge

null

record separater

shift in

shift out

start of heading

start of text

substitute

synchronous idle

unit separater

vertical tab

Code Chart Key

134-\

VT < |

ASCII
CONTROL
" CHARACTER
HEXADECIMAL
|~ EQUIVALENT

DECIMAL
EQUIVALENT

11/

[ OCTAL EQUIVALENT

B-5
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Cross-Reference Chart of Number Bases

Standard
Binary Octal Hexadecimal| Decimal Abbreviation

0000 0 0 0

0001 1 1 1

0010 -2 2 2

0011 3 3 3

0100 4 4 4

0101 5 5 5

0110 6 6 6

o1 7 7 7

1000 10 8 8

1001 " 9 9

1010 12 A 10

1011 13 B 1

1100 14 C 12

1101 15 D 13

1110 16 E 14

1N 17 F 15

0001 0000 20 10 16

0010 0000 40 20 32

0100 0000 100 40 64

1000 0600 200 80 128

0001 0000 0000 400 100 256

0010 0000 0000 1000 200 512
0100 0000 0000 2000 400 1,024 1K
1000 0000 0000 4000 800 2,048 2K
1100 0000 0000 6000 Ccoo 3,072 3K
0001 0000 0000 0000 10000 1000 4,096 4K
0001 0100 0000 0000 12000 1400 5,120 5K
0001 1000 0000 0000 14000 1800 6,144 6K
0001 1100 0000 0000 16000 1C00 7,168 7K
0010 0000 0000 0000 20000 2000 8,192 8K
0010 0100 0000 0000 22000 2400 9,216 9K
0010 1000 0000 0000 24000 2800 10,240 10K
0100 0000 0000 0000 40000 4000 16,384 16K
1000 0000 0000 0000 100000 8000 32,768 32K
0001 0000 0000 0000 0000 200000 10000 65,536 64K
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ASCII and IEEE Code Chart

7 0 0 [} 0 1 1 1 1
6 [4] 4] 1 1 0 1] 1 1
0 1 0 1 0 1 ] 1
NUMBERS
BITS CONTROL AND UPPERCASE LOWERCASE
SYMBOLS
3 2
] 20 40 60 100 120 140 160
NUL DLE SP 0 @ P 1 P
'] 0 0] 10 i6 | 20 32130 48 40 64 50 80 60 96 70 112
1 21 41 61 101 121 141 161
SOH DC1 ! 1 A Q a q
o0 1 1 n 17121 3| A a | & 65 | 51 81| 61 97 | 7 113
2 22 a2 62 102 122 142 162
STX DC2 ” 2 B R b r
21 2 2112 18| 22 34 1 32 50 42 66 52 82 62 98 72 114
3 23 43 63 103 123 143 163
ETX DC3 t 3 C S c s
8 1 3] 13 19 | 23 35|33 51 43 67 53 83 63 99 73 115
4 24 44 64 104 124 144 164
EOT DC4 $ 4 D T d t
190 4 4114 2} 24 36 52 44 68 54 84 64 100 74 116
5 25 45 65 105 125 145 165
ENQ NAK % 5 E U e u
10 51 15 21 25 37 ] 35 53 45 69 55 85 65 101 75 117
6 26 46 66 106 126 146 166
ACK SYN & 6 F \") f v
11 61 16 21 26 38| 36 54 46 70 56 86 66 102 76 118
27 47 67 107 127 147 167
BEL ETB ! 7 G w g w
11 7 7117 23| 27 39| 37 56 | 47 71 57 87 | 67 03| 77 119
10 30 50 70 110 130. 180 170
BS CAN { "8 H X h X
9 0 8 8| 18 24 | 28 40 | 38 56 48 72 58 88 68 104 78 120
n 31 51 71 m 131 151 17
HT EM ) 9 ! Y i ¥
9 0 9 9119 25 | 29 41 39 57 49 73 59 89 69 105 79 121
12 32 52 72 112 132 152 172
LF SUB * H J ¥4 j z
0 1 A 10| 1A 26 | 2A 42 | 3A 58 | 4A 74 5A 90 6A 106 7A 122
13 33 53 73 113 133 153 173
VT ESC + : K i K {
91 B 11{1B 27 | 2B 43 | 38 59 | 4B 75 58 91 68 107 78 123
14 34 54 74 114 134 154 174
FF FS ’ \"} L \ | :
10 C 12 1C 28 | 2C 44 | 3C 60 | 4C 76 5C 92 6C 108 | 7C 124
15 35 55 75 115 135 155 175
CR GS - = M ] m }
10 D 13| 1D 29 | 2D 451 3D 611 4D 77 | 5D 93 | 6D 109 | 7D 125
16 36 56 76 116 136 156 176
SO RS . > N A n e
11 E 14 | 1E 30 | 2 46 | 3E 62 | 4E 78 | sE 94 | 6E 110 | 7E 126
17 37 57 77 117 137 157 . 177
Si us / ? (0] — o Rubout
11 F 15 | 1F 31| 2F 47 | 3F 63 | 4F 79 5F 95 6F m 7F 127
Addressed Universal . Secondary Addresses
Commands Commands Listen Addresses Talk Addresses or Commands

B-7
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SCHEMATICS

30-702-1938  Motherboard
30-701-1938  Waveform Generator
30-701-1940  Sink Driver
30-701-1941  T/Rise Comparator
30-701-1942  Controller/ Memory
30-702-1943  Pin Driver
30-701-1944  Extender Board
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RRUNING 49270

a | - | ~ | = -— A | X | [} | |
O | { | Q | J Y - ! ~ | o 1 '
REVISIONS
LTR DESCRIPTION DR CHK|APPR’'D| DATE
A RELEASE K . L
J1 J2-J6 J2-J6 '
PROGRAMMER CARD EDGE 72PIN CARD EDGE 72PIN B ECN 4691 cL 76
MEU 64PIN 5 CONNECTORS 5 CONNECTORS C| ECN #4785 23|47/ 16y (YR
(A) 1 |—a0 ]
r— u - u — 1~ [r—
'T\ [ A} A5 iA' LEL RICR MW
{s) oAt 2 41 19}—CE2 19}
=/ L=l |
@ B A6 B PROGRAMMER |jx cp (%]
MEU 64PIN . ) Bell
| A2 STATUS
c 3 3 20 20
(o) [« ]}—=as {<] () 21| v —2Y 21] v
(+) D A8 D (2) Z +24V J] z
(e) [s]—A4 5 G\F ]|22'| +PROG 22
L2 — 5V
{(5) E A9 E (3) AA - ]IAAI
@ {6 |—A10 ]li (a8) 23|26 DD|-ENR. 23|26{pD
& Fl——au 7] @ oo} —oPEmE
<Z\ﬁ [ ]—a12 7 OBB 2 4] SENSE E;]
(H) Mn] A13 Ty R [cd] BEY. —Jcc
|k | | A T , —
@ Py A14 Iy v OCC TJJGATE ENABLE [
L= |
1 A15 [ ] EXTEN
J 1] 1] 26 KK KK
a1 DO1 [ a | iRQ A
K 9 9 DD, 30 30
N Bl | . | . I A
| K1 A1 E (27\ i25i +48V 25 NOTES: UNLESS OTHERWISE SPECIFIED
(D Mol DO2 o @ 51— R/W - I LAST REFERENCE DESIGNATOR USED:
\~/ | R | A 119 5 121 1, 48
[] (]
O [17}—Do3 7] o> pwy BIL'ZY 7 7]
DM A3’ DM COMP. REF, [ ‘
I, Dos4 o Y/ INTERLOCK
@ 112] VR 112] {HH) 33 33
| N } N NN cP1 {NNI
@ '1___3]'1 D05 13 E 2] —CcP2 34
— & — RESET
P e PP PP
| - ___ i
Py DO6 SELA
R 14 = 14 35 35
1 o3 — SELB
R - 1J R RR RR
— =1 ] — RESET
<§_\ﬁ 115} Do7 15 @\F 36 36
< 1 c3 [ o) CP1 EN
s 3 27 27
Il 1=
OT [Tl Dos8s Ds I-E._E CP2 EN EC
711 Ca _ [T] >8]— VYECTOR SO EI
D” C5 f‘l:l17 OUTPUT SO _
U | cé ]T "2? IRC 29 APPROVALS: | SPEGIEIED DIMENSIONS Dm I /o
_f p— L._ ___l ARE IN INCHES.
CE EN o i h  o— D$N.ENGR. DATE
18} — l|18| HHI S/L IiH o= | :,::x:.zm‘.ssz;zz:s.:z TME SCHEMATIC DIAGRAM,
— CE1 MFG.,ENGR DATE| xxx 1
V] LY Sl o Aneuias MOTHER BOARD
DRAWN BY: DATE | SIZE |CODE INDENT. | DRAWING NO.

—_ Me
RN \al o i

QUAL. ASSUR. |DATE
T2

JAEHEE KIM 'z,’,_

ENGR. MGR. DATE

(,.'-‘).- ey g

%ECKE%Y.:_ DATE

GHEL  en D

- .|SCALE

NO.
54193

30-702-1938

| 12-17-81 [sheer
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BRUNING 49, 7¢

DOg

D6

VREF ilsvm-:t:
D7CS WR

v

) 7 | 8 5 3 2 I |
w ! | ~ ~ '
. REVISIONS .
LTR DESCRIPTION DR |CHK[APPR'D| DATE
71 . A RELEASE e (7ol ey |1eisg
00y [o]—— e HEC SUPELL DA 5| ECN #4785 383 |57 G |3
1 » ]
1 oz j.v VCC SUPPLY
DO | I 1 14
2 10 2 iP—_‘\_’V}—‘B—‘/ %DQ RFB |2 cRe .
o i I' r3s / ,3\=-==9 D1 Gut 1 ' N T(s
3 E—\ (1 1.3.3K ¢ o2 Ut4
’ ‘r—_’:v_v::e—/ 5“‘%53 e crq 4S04 PJ
I \
DO, .-——\ i >_Nv\,_:4_7 MEE) Us %7 4+ l @ vee
4 : Py 7524 003 <30
" R4
|:| N I

DOg

o)
@)
~N

EHER
%

DOg

+PROG

+48V

-9V

%%

| RP1 | o
L33
DATA L
ad P Q

14

ATCH

3 73] U12
7415373
K]
18
+PROG i 3D O—EGQ
ca7,1 ! n
—H p————

+*

»
o
<

f
:<l

Y
o
= = =
(_D.mml\)(DU'u‘
~\O N\

e

IN ouT

C3,12,13,.01/100V
P

26,.01/100V
e
25,22/15V

—

N\

N

(LLLICEE

(N

12]13 g RP2
BV 3.3K

Tia ,o CE_SUPPLY DAC

-
-

RFB
19
ouT 1 S
ue
o) EIPNL Iy

.
VREF -—5—25VREF

R12 N
12.1K RO
5K
CE SUPPLY

+48V
10 11
ui4 :} N
74L.504

12]13 g RP2 c1
4 R29
‘%V 3.3K 27PF/200V 2.4K
14 BIT SUPPLY DAC BIT SUPPLY w
rFBJE TA8V

€8,.01/100V 73,

6

3
R1 5
A
5 K4 4 R8
CR6

12413
Ui4 N

CE
SUPPLY

2
4 . 1 1
4 <4 1ov00v g7 —
+24V E—I—o——| ) 7524 ‘7 ._é7 MJE240 L‘
: VREF F22 SVREF - 74L504 T
4+5v | €0,.017100V == o= R10 20) =
5v |21 h S WR oA RE +5V UPPLY
» C28.31,.01/100V Tmfn 5 RP2 ’ cs ) ; 2‘“3” NOTES: UNLESS OTHERWISE SPECIFIED.
o L | [ o w3 L s e e o
GND . ) 1 R24 10K oN2484 2. ALL CAPA MICROF ARADS,50V.
= 1 + 3 4 L@” RFB L VFE 3. LAST REF DES USED.
26]DD| 3 12 out 113 4 CLAMP RP2,U15,C31,Q8,CR12,R43,TP6,VR1.
\V2 r35 1 c21
— ’{ 8 2 2] 4.7KT.22
cé I U = : 1 0TS % 3 /—@ VPUP 4. POWER AND GROUND.
. 5
_ ‘ NG U87 524 REF. DES. | +8Y | GND |+24V]| -9V
C5 \ i vrer 15 v U14,15 | 14
2|2 Y = w / U11,12 | 20 | 10
‘ : U13 16 | 8
A1 E_l 3 2 12 213 RPE (* R23 Us 2 |11
u14 4 __UM —T_ "(\/W—?‘PROG @ GND
A !__ 7aLs04 | U1 / Y 3.3K VRA c9,22 |172w 5. ALL DIODES ARE 1N4148.
L Q’Du?*msv pes ;I;,g,ov"—@T D) [£-002 SHOWN.
A3'E___ , CONTROL REG ¢+—5VREF 1 @
5 lc2B \ 17 16 / \/ DAC REF
4 s24 { 14 ° @ 15 3 v
Ay E___ ) Ya oy R el M3E240 701-1939-001 SHOWN,
¢ 5 u11 s EXCEPT AS NOTED.
10 2] 7415273
| SET { 7 6
ci[p}—o VD y1sa N 5 2 CURRENT
ik e o iEaekron e DATAI/O
*—— 3 :
+5V cL 3 2 INTEGRATOR APPROVALS S onee:
e .5V T K oL RESET .
RP2 R34 N MEMORY DSNCENGR. TOLERANCES. UNLESS | TITLE SCHEMATIC DIAGRAM,
3.3K R33 10K ]1 1 T1 —_ ”A_% L OTHERWISE SPE :
MFG, ENGR, XXX
02 - € M ANGULAR WAVE FORM GENERATOR
V- + 252484 gsng c20 _L QUAL. Zssun, DRAWN BY: s|:/ATE SIZE |CODE INDENT. | DRAWING NO.
I 0088 S8 77 Pzt % o NO. ) ) )
% @ _E_ 5 ENGR. MGR. CHECKED BY:  |DATE 54193 30-701-1939
SEL B SEL A RESET COMP REF o N ¥ ce. |720[scae T Tsweer 1 OF 1




| | 5 4 | 3 ' 2 . !
8 — 7 1 6 | he * . I REVISIONS
LTR DESCRIPTION DR |CHK|APPR'D| DATE
INPUT VECTOR SHIFT REGISTER SINK DRIVERS /—\ p— A ELEASE NMIERED
N N N 1 gl Y8 560y, 8| ECN #4785 3-83 |si7)|G
/- /) /0 1 SINK/SOURCE
|
= ] bf - h ' . 1 N VUYL P e :)I/O 2SINK/SOURCE
. 3 i .
po1|°® i va 1 1 f 1 Hus — :‘ I70 3 SINK/SOURCE
- S cP2 o A
2 cP2 / 2 2 2 6 11
D! po2 N 1 ¥ 2 N T a1 A /O 4 SINK/SOURCE
s BT .| u1s |7 RT ™ 4| v19 2 ] -~ s s R2 510 -
DpO3 111 R 2] 741595 h3 2 < 74LS95 l13 4 1308 6\—R~NV‘—-‘7. 5)i/0 5 SINK/SOURCE,CE2
6 ol - PR el N 9 o—¢—{6)!/0 6 SINK/SOURCE ,CP2
DO4 > - cP1 N—1ys —
‘A DS DS 7 60 !
5 () 1 2 1 5 I 9 f /7 jU4 560
DO5 @-—J T ) b7 N—2y3 8\- : : /O 7 SINK/SOURCE
6 % ¥ (/O 8 SINK/SOURCE
| bos o] [N ! 5 F=°73
007 7 5 8l cp2 10 'S 9l cp2 10 /6 9\_ 7| U11 560,10 /O 9 SINK/SOURCE
|:|—__ 4 f 1 N\ 4 11 ___M,._@
10
8 L Y14 ha"q | ] 1 7:JL1S§5 L2 N 13) w2 19 }4'—¢w~—'1-3——@ 170 10 SINK/SOURCE
D08 F o] 74Ls95 |15 N\ 2 Les 13 o 1 \L_ 170 11 SINK/SOURCE
[ 10 2 |
"Fsém T lee U Ik—ﬁﬁ/w'g—@ 170 12 SINK/SOURCE
Ds | 9? D15 L. __1|
ﬁ_ I1 > | | | !
13 U 560
MLM/JH-@ 1/0 13 SINK/SOURCE
14
¢ JEe JE e— \— 170 14 SINK/SOURCE
1 B
ouTPUT > cP2 19-2? -5 cP2 2 :\:-—'L/vw—"&@ 170 15 SINK/SOURCE
F H NER 11 ; NEF sl h2
S0 G Rl [ 3| Y20 |2 27 j 3] u21 2 _ N AN I/0 16 SINK/SOURCE
4 3 § 74L595
VECTOR : A 2 7:"LSS:5 ! 2 = | N & '3 Q 295%0s NOTES: UNLESS OTHERWISE SPECIFIED
6 -6 u7 @ 170 17 SINK/SOURCE
>0 ”_iP1 zP1 he r=="7 I. ALL RESISTORS ARE 2.2K OHMS, 1/74W, 5%.
ﬁos f—o= N3 32 18| 1 USSeo 2. ALL CAPACITORS ARE IN MICROFARADS.
irwl ° ! A : v E—JTN\'%_'. 170 18 SINK/SOURCE 3. LAST REFERENCE DESIGNATOR USED:
| RCIR|W] ok U 13 12 ! M 170 19 SINK/SOURCE U23, CO, RPARI2 ,J2
‘ 6 d 2 T 4.
18 18 T Ic +5v | GND
N RS T N~ u7>s 'g_L'_MiG%—' 1/0 20 SINK/SOURCE U575 14 | 7
| I j J
U17 §o! 7406 (16 PLCS) \ I/0 21 SINK/SOURCE u23 16| 8
8 741595 |5 1 y F L:;&j
I
-9 Sizm oSl § ! ; @ 1/0 22 SINK/SOURCE
A A % 4! 12 (48) /0 23 SINK/SOURCE
B A %/w_:’z—. 170 24 SINK/SOURCE
5 U9 560
- LMAQ—. I/0 25 SINK ONLY
R4 510 — .
— \ l 7aLS38 AAA 28) 1/0 26 SINK ONLY,CE 1 UNUSED GATES:
Ve2|32 74L504 N (4PLCS) r=-"1
NG NER Y 1/0 27 SINK/SOURCE
a1 7 R3 2.2K —\NWA-@
8
ol E N ) K——I%AN_:W——‘ 1/0 28 SINK/SOURCE 7406 7406
9 R8,10K 1 A - -
] (30 an= = s 1 12
ghll = Y1 4 W oA R 1/0 29 SINK ONLY ,CP1 1) 11
41 1 e 2l U 13| U']
A3 c74LS138 u22 1 . I '_j AL o {us 5601 = / oo
13 6 T Rui3p 9 g — = — - g ® 6 ; A AAALS @ 1/0 30 SINK ONLY $bUates
Y2 AN — RP1 2.2K 1! s
A4 u22 \4‘ D B \EEAVEED Lgroo S L_.«_N_le-i-'vo 31 SINK ONLY
s 2 & Juis st aar— 41 y——vWA—e | |5, U4 @!/o 32 SINK ONLY
—_— 2 12 Q I R 8 9 ’
“ 1 1b0 g . ! ! 2 A' | Q 560 UNLESS OTHERWISE )
u22 CP ANDCE GATE L Epf/_g'z_K L _RP3 2.2¢ L RP2 2:2K APPROVALS: SPECIFIED DIMENSIONS Dm I/
+5Y
CONDARY DECODE 7407 DSN ENGR DATE
Al sy 2] R e J S e T Jioke s e | M*SCHEMATIC DIAGRAM,
co ¢ c1-8 ! 2 7407 - 31 GND  [mrFG. enGr oaTel xxx -
22/15V O V50V 5 5 | Grm K. Vidtey SINK DRIVER
GND r_D—D m QUAL ASSUR. [DATE [DRAWN BY oaTe | Size [CODE INDENT T DRAWING NO
- LR e[| JAEHEE KM 12| o NO _ B
26)23 uog u uN" CcP1 ch2 ENGR. MGR DATE [CHECKED BY  |DATE 54193 30-701-1940
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. R . O O

A




- ” i 2 | n | ]
a - ~ & ! ~J (= | !
2 I f . ° A 4 L i REVISIONS
BIT SUPPLY LTR DESCRIPTION DR JCHK AFI;R'D DATE
“,p3) A RELEASE MP A Rl
B| ECN 4677 JK [ l0-20
+48Y +48V c ECN 4768
T :
| U1 D| ECN #4785 3835 |6y 33
RS
1K 18) CE SUPPLY
CRi e 10 | e N
in7aTA BIT_SW™1 BIT sw®2 ‘ sGpry@—(20) BIT SUPPLY
3.6V > e —— A (1.D5)
/ \ Q3 P—@. )
Pl 1 MJEBOO ] 91303799 @ CE sSwW
po1r |9 SW CONTROL REG.
: ! 5V 1 0—@ BIT sw¥2
po2 |10 3 2 *
3 }— D —\ +5V RS Ice O -
Doz |11 / }_4 5 1 ] 30 L150PF 33) BIT SwW™
4 4\ 7 6 2) 2
4 h2 N N U2 — U2
po 5 o~ = 3 MPQ3725 |° 74L538 MPQ3725 |°
pos |13 13 12 +5v
8 —\
6 N\ 14 15 2 W
7 — c2 R34,IK,I/2W
DO6 |14 r—/ 17 16 3 | — " \\\—¢
- 8 —\
o7 [1s /‘7 18 . 19 4 /:c;v R32,IK,172W .
K |
y ° R33,1K,1/2
.001 WK 122W
pos |16 2
c5 |17 0022 /50V
AR 12 390%7
RESET |PP 5| MPQ3725 25
OUTPUT| ¢ QuTPUT \. BIT_SW*1TR CONTROL 2 |BIT SW*2TR CONTROL / |CE SW TR CONTROL
SO {(2.A4)
— st
S/L [HH (2.44) \ /
CcP X cp
(2.A4)
calr *
+5V
VCC & SwW COMPARATORS NOTES:. UNLESS OTHERWISE SPECIFIED.
1. ALL RESISTORS ARE IN OHMS 1/4W, 5%.
R12|R11|R13|R14 R15 2. ALL CAPACITORS ARE IN MFD, 100V.
+5Vi[211Y 8 1 19 ALY @ VCC SENSE 3. LAST REF DES USED
oY = S S /+ R16 100K 1% R34, C21, JP2, Q7 CR1.U21,J2
— 4 16 YT . E 100K 1% R17
+PROG |22 6 . R18 19&,\;% 4. POWER AND GROUND .
u /_ 332K 1% | R21 REF DES | +5 | GND #PROG
+48V |25 4 Uv4 ‘VV‘-' U3 14 7
N 9 &_‘_ R22 | 100K 1% U4a-U12 12 3
3 3 Q_ _ 33.2K 1% R19 U14,15 | 20 [ 10
GND |23]26 P — \ A~ U16,18,2109] 16 | 8
5 . R20 | 100K 1%
DD ! 3 ] 33.2K 1% @@ GROUND
AN \__ d
/ vV @)
STATUS |20
— STATUS GATE
COMP A o N
rer M R25 L 1 i
*——AAN——@ c14 (2.A8) UNLESS OTHERWISE
39K l.01/50V APPROVALS: SPECIFIED DIMENSIONS Dm I/o
R2S, , . ) ARE IN INCHES
3.9K V DSN-ENGR___JOATE roiemances. uness | Tme  SCHEMATIC DIAGRAM,
~ Tt 7 weleso— 4 B2 2(1;(HER+WISE SPECIFIED:
R A ;TK.‘GXUL;H\ T/RISE COMPARATOR
JU_MP_EB_QEI Ql;AL“ﬂA‘;‘SUR_ )DuéT\EZ DRAWN BY: EATE SIZE |[CODE IDENT.| DRAWING NO.
- N I B R T e B e 30-701-1941
ENGR. MGR. DATE CHECK;D 8Y: V;T/ 54193
O AR Kidis I iia T 1 |sHeET 10F2

A



-— ] . i
8 7 ; 6 ! 5 \ 4 4 | 3 | 2 I
REVISIONS
LTR DESCRIPTION DR |CHK|APPR'D| DATE
A SEE SHT 1 mol ey Je-30
B SEE SHT 1 K 0~20
COMPARATORS OUTPUT SHIFT REG. JI c SEE SHT 1 - 9P 243
4 AN /0 D SEE SHT1 283 |om7| (s 1988
2L® T SINK/SOURCE
FanN
3)3
+BY l'.rr ¢
1 e 39K . [13 L@ 4
S+ . 17 AN s+ . 1 [ Sl U AN 2l5, o7 5
2/ 2 \_.<:)
4 - > 2 . :0——“‘/\“’]2 \3 2o, cr L N X
N\ 2 | 6
LA . : 1 b7 7y + ; / | ¢——AAA |4 \4 4o, cE rrw % 6
6 - 6 - | 6 5
L vz ' 3 al L us s DN & ol 3 u1e "= s‘@, /
339, y \ 339, 4 y | A | s b, 74L5166 N . 5
8 - . 10 - Y AN 7 \; 11 og o’sry 9
20 sl + 4 Is 12 9 9
* 13 14__/ : +—— AN\ ' \a Dg MRp— 10
5
21 5 | lis Re :I H1 1
e R = R e e S
- I
= 6 2 lo———I\N\,IM \11 210o, cr \13;@12
22 7 6 12 4 | 6
+ 14 g ¥ : + 1 /] :0—-——’V\/\r|11 \12 . Dy CE.,15 m13
+: u11 »s 7 o . us 5 I"—‘W\',9 (i o] %3 U8 FEP 14
339, ) \ 339, l e AN N7 » D 74LS166 .
- sl - A A R30 y ‘()
24 N 8 :‘ L — 37X Ns 12 s ) N
+ 13 y 11 + 13 ) | AN I10 - Dg Mrb - ‘]6
- - 1 4
19 L—— W22 o, s }-@1 7
9 - - 17 \
25 11 9 r “hs 2 3 %
+ 2—_—/ N + 13_/ | ANV l \18 Dg Q7 ._J 19 18
_ ” 1o - :0———’\/\/\ 114 oo 3o, cr X H )19
+ 28 N 9| + 10 13 4 6
K / . 14 / ,"——J\/\/\rI v . 0, CEp— \21 .20
= 11 = | —AM—2 D PE 2
+ u10 27 N 71+ g;'g 11 | lg N1 10] 2 Y21 —6921
3ssf, , N —AAA : b, 74Ls166 52
- e o - | o N2 11 622
12 v | —— MW\ Dy 23
g \23 12 AN .
* 13 28 AN 5 +> 2 2 | ——AAA—! D MR 23
] € 24
- 4| - | lg \24 14 1
13 1 " O7 oS 24 SINK/SOURCE
29 13 5] 25 2
T 5 N\_ s+ . II " AAA R ; D a7 12 ~ 25 sink
sl | >—FT— 4] _ ' 2 7
14 1 A 27 Dy P 265INK
+ 1s 30 N 7 + 14 | s N2 415 cE & 27
/ 1 p pAA A 2
> > 28 \__Cb
10T = U9 a1 15 s = us : *— '_A AA ;i;:( QS 5 b, yig E RE o8 27 SINK/SOURCE
7 339 9 15 — 7 10 L@
. * > 1 /] - + 339, % | A N - p, 74LS1es 2 28 SINK/SOURCE
- 16 = | ——AAN 31 Dg 30_—(: 2)29 SINK
5 + 32 11 + 16 ¢ ls 12, MR b2
2 13 / l’_ 'VV"‘ 32 6 30smx
4|l - 10] - ) a3 N i1 IS 31
L1E___.J : b 31 siNk
I T— NS
(1.cs)
o \V/
T UNLESS OTHERWISE
APPROVALS: i;ﬁgﬁ:lfﬁg:lgngsmsmms Dm !'/Q
T S ] Toumances umsss | TTE SCHEMATIC DIAGRAM,
MFG. ENGR, DATE] xxx |
A B Vo] ANGULAR T/RISE COMPARATOR
QUAL. ASSUR. ﬁATE DRAWN BY ZDATE SIZE |CODE IDENT DRAWING NO
— ey 2. NO
oo B | g 77 Rz |y p |V 30-701-1941
ENGR. MGR DATE |CHECKED BY: D ‘TE
SR/ Al a2 P (S Yy pe— | [sneer 20F2




8 7 e E - P - n | |
< ¥ | ~ | ~ Y - | (o] i (= = '
REVISIONS
LTR DESCRIPTION DR JCHK|APPRDIDATE
A RELEASE K |Z73] 6% Je-30
ol | B ECN 4788 KIS e 383
P c ECN #4785 3s3|onl=H & [3rg3
v.g2 |32.I T o —__E} ca D £CN _4866,CMA 0039 cL G /53
DECODE
) DECODE_PROMS LATCH | d N
b ,
| 1 s
AZ 1 —— }____QAG pe CLK os 6 U 1a L) N I_!K AT
At L‘JD_; 841 prom o1 ol = ; s 2 (Sl
2 SR/ P} 05 a5 [1S c AZ
u18
3 A 4 u7 7 u1e Q2|6 44 i' 15 3
A2 3 A3 9 02 sLs373 5 28 YOp—— M A3
3 {—7 A4 256X404p9 13 pse Qsf'2 z 7415138 4
A3 2l 03pl® & p3 Q3 —olG2A 7 % ad!
5 Yae optl—— 807 arfe X np 5
A4 Sy o1pt2 Do Qof2 61 ;El c1
5 6, ¢S ¢S OC & -_
A6 SECONDARY DECODE
A7 ' ’ 9
o [F——2 | Yy
1o o . 19l US JJ| GATE ENABLE
AQ — }i_____iAo o030 4LS32
11 1\2—6-4\1 PROM 04 02— v
A11 ' ! H A3 o2t 740532
. N 3|aq 256%4 12 . : i
5 N
A2 n——/ ¥___\ﬂifﬁ‘?’ 01 pt2 13 Yo 'b 3 2| us ¥ {SI C3
14 o———
A13 e e 74Ls32 2q 74532
15 cS Cs 741508 R10
10
A14 ._—/ T4 013 SELECT GATES [—W iBBI OPERATE NOTES: UNLESS OTHERWISE SPECIFIED
e W I. ALL RESISTORS ARE IN OHMS, I1/4W, 5%.
- — R11 2. ALL CAPACITORS ARE IN MICROFARADS,50V.
R/W |31 { l 3 LAST REFERENCE DESIGNATOR USED:
| i R9 24| SENSE U20, C13, R11, Y14
DEV. cC W_S‘E;V DATA GATE READ REGISTER 4. POWER AND GROUND
3.3K +5V U4 PING REF DES GND 5V
/ (2.08) 4,5.8,15-17 7 14
P 1 2 +SV U1,U2,3.6,7,10,18 8 16
1 1o[TFF POWEY, 1 ) 0 TP U9 11,12,13,14, 19 10 | 20
N 10lx0 00 IN ouTt ~ DO1 > Z}i/01 Mi e
DO ) S orf2 8 _D_ 2 ? —f Do2 > 2.C8 H-/oz
sl ozf2 13 z { po3 84/03U13 s4f19.Cys PiN10
Doz 2 & 2lps PROMoaps € 14 2 j’ DO4 N 144/04 74520 2.3
D03 N afs U20o4pe 1 uta |s A o N /o5 < U4 PINI2
3 pO-1 osfZ 4| 74is244 he A o2 | € 13,00 (2,A5)
Do4 \HAG los osf8 17 2 A {07 N 4707
4
DO5 D — o7 2 =N 13——2——{ D08 f_.ﬂ‘ 708
10 A8 U7 019
D06 2440 ‘J
6 N1 2] D
3 A10 28| VECTOR SO
DO7 N \3___2.3./.\11
¢ 2 FF|OUT
po8 \ AN PUT SO
||4 Tézaéb
+5Y
é—J _T_
1
FIRMWARE N 2[ PR
Pl ;‘5V / Dyie Q@ 5
3| 74LS74 |g UNLESS OTHERWISE
+SV]Y 21| K e [ N© APPROVALS: SPECIFIED DIMENSIONS
o ARE IN INCHES.
+ C1-4,6-10,12 .., DSN. ENGR. DATE
_ Lot =) | sy o o Prved mmezs ssse | e SCHEMATIC DIAGRAM,
oD PG ENGR  [DATE] xxx \ CONTROLLER/MEMORY
GND[—]26 Ani Zz[éz ANGULAR
23 QUAL. ASSUR. DATE | DRAWN BY: DATE | SIZE |CODE INDENT. | DRAWING NO
e 70|'|942’OO3 SHOWN B8 [ JIAEHEE KM f/s2| o (VO
ENGR. MGR. DATE CHE’Q}.ED BY: DATE 54193 30- 70 1 - 1 942
C N o—rn [ /1 Jscate [ |sweer  10F2 -

A

o



[} b 4
8 » i 1 6 ; 5 \ 4 4 | 3 } 2 , !
REVISIONS
LTR DESCRIPTION DR |CHK]APPR D] DATE
MASTER OSC. A SEE *SHEET ONE KB | GO |6-30
B - J ] 69 [3/93
| l sy CONTROL COUNTERS c 4 383 sl 7% o |33
n| D wN v D " cL
I U13 PIN12 -~
Y1 (1,85} ~ g
4MHZ * , VECTOR COUNTER D
|
1 13 12 s /——|
) i ! I ocs i i ! 1 4 7 10&9 .’?,‘
741504 470PF | 74LSO4 2L TP 2L TP
100V 4A U2 asft3 ::A U3 OA———\1: > R U1
5 1 1 (] ‘ 3.3k
b1 ‘R'a‘ 2 c13 R4 c74'-5"°1§g e 5 274Ls1e1g§ 12 & CD4020B
100PF V— N
1K {9 200V 1K ) D reulls el aoj 19p
CP | X v 4 8 8)
cL MR
5V T’ 11
'3 SYNC REG. —¢ F—%‘sv
Cé |u 1 9 ) 3.3k
I } u1e Z
1) 7als74le
PR
10
.5V
o
CP AND CE rev
TEST PROM
11 , ! 11
cL
4 8 CK Qg_ﬁ ;—:.AO 0112 1 D CK 9
:;221_._@0 1 1 o] o1t 1 6 N|CP1
03— 2 e . R 72 010 1 o
D04 y—14] 5 N 4] a3 PROM o4l® 1 12 3 ot 3alcp <
1.BS 005 ut2 |s & a¢ U0 ue 74LS05 2
DOG’ 1 7as273 g g~§ 2| 55 256x4 8l 745273
N 1 TS
3 2 6 A6 5 8
D07 §—2 ” N 15 2 % v |CET
pos —3 74L505
cL kS
T 9 8 =E5
+5V CONTROL REG. %505 * 19] k2
MODE REGISTER
B
CP AND CE BUFFERS
7 CONTROLLER o1 UNUSED GATES:
4
3 8 10
9 27 CP1 EN 9 11
19 7 % {EEI CP2 EN 74LS04 74L504
74L508 R UM he STATUS
CE GATE X 5| PAL 16L8 hs 3 1 0 13 ’ —
[_ R 4 ho - HH| S/L
4 s A 3 h2 4 13 12 Ciyis ping 4 RICR 74L505 74LS05
N 2
5 6 I ? h4 7 als04 (1,84) 5
741504 74L508 !‘———-—-——qs :7——} A 29} IrRC
STATUS 1 s 1 "10 AL
GATE 74L504 ’ RUN
APPROVALS: | SPECIFIED DIMENSIORG Dm I /o
TEST ARE IN INCHES. A
DSN. ENGR DATE ~
9 } ) Toena jefs. unLess nime SCHEMATIC DIAGRAM ’
WMFG ENGR. [OATE| Axx :\ CONTROLLER/MEMORY
ANGULAR
QUAL. ASSUR. DATE | DRAWN BY DATE | SIZE |CODE INDENT | DRAWING NO
JAEHEE KIM [1/82 No
EWGR. DATE [CHFCKED RY- DATF D 54193 30-701-1942
. scAlE ——— | |sHeET 20F 2




BRUNING 49270

- 1 . ]
8 | 7 ! 3 } 5 \ 4 4 ! 3 ; 2 ,' i
SOURCE DR REVISIONS
220RCE DRIVERS 92 /0 LTR DESCRIPTION DR |[CHK][APPR'D][DATE
ﬁ RO 1K N 6 RP6 4 1k N\ Q378 /_® Vosiks A RELEASE [ 728 Rk S /T
' ' ! SOURCE >
" NPasTESE 4 —2)2 B| ECN#4785 583 |sh/t | G 13483
Mgoz;?ng Q36D ) 2 l
DATA LATCH (1 N > T Q22 VW4 25Y /_@ 3
11 . 9 1 5 4 8 3
P . 1A § 220 [+
i3 12 13 12 i 3 RP7 \ *—II——* /‘_® 4
/ N ouT 7 CLK 2 A, y -'\ WAL TAAALLK] 13 330PF 4
T 1a 15 114 s 0 c31 i 2k I cio Q37¢C /__@ 5
3 es
{ 17 U1_ 16 4 17 ur 1l 330PF | Q364 1330PF | g 5 e 6
/3’ 18] 74373 [ 1o S T 1e] 746374, 4 Q33D 14 _l_@ 1 _l_@ 28 8721 | 6,23, S3q] D £ ,,
SR 5 13 2 10 220 7
3 A 2 — : )
}_ 2 7 3 2_{ 2RP8 | L RPY T } ) aRP7y | g RP4 | 33l 4
(] 4 5 5 | 4 5 2 g 3 Q37D 0 8
J3 & PI /— a 1K 14
DOq |29 e 7 6 A 4 - Q19 8 °
/ 4 8 Q33A - | Q38C 27 RP2 RP3
8 9 7] s 9 ! 8 GAnAll 3 1330 \ f)
7 Q30 Q21 ! »
bo %V 7 oc N2 9 . 12 220 /—'@ 10
2|27 8 T 8 1 3,RP8 | 4 RPO, T\ ® RS 7 RP4 ;330 \ 10
‘ 3 3 V¢ 15 10) 11
3 4 " 1K 10 220 cS Q37A /
DO3 25 / R 5 \1\ - ¥ r&} — \ 2 07 (: > 12
y, B3N | 4|0 ol Q338 , “a2s asss , as ® SR EARALE N b 13
DOg E_J | ' 3 1 2 6 6 3 930 pA A 28 .
5 et L 7l U6 he soaid e w N ¢ R RRao [N |ae3sc it ;_® "
b 4 Y 6
005 [21 RP10: 1N g T e % 5 o« czs 5 220 CIé MPQ3T25A 330PF £
vt
3.3K 13 NS 13 Q348 Q408 a7 ,—-<::) 5
6 ! 2N 2—{ MPQ3725A 330pF MPQ3725A 330PF ) 9 ] N A
DOg 19 1 is N6 4 5 7 028 7 Qe 9 5 RP2 4 3P4 1 330 }9 16
! 6 6 - 10 220
K7 15 A ) 22 ce 16
5o 7 | rd AN I 6 R7 5 RP9, '5\ sRPLy | 6, RP8 1 a3l |\ y 7
717 1NN I ' 5 220 5 220 " Q39A 330pF 7
' 8 === oc ; 1 G 18
‘ 1 2 18
DOg |15 t Q34aA | Q40A 7 30 2 RP2 | 4 RPa, 33 N\ @ 19 .
4 " . Q27 2 Q3 3 1 30 % NOTES: UNLESS OTHERWISE SPECIFIED.
1 T o 220 ‘3"3 ,__(:3 20 I, ALL RESISTORS ARE IN OHMS,1/4W,5%
\2\ =1l &{ -'V\ﬁas 1A ¢ ST * W ZAN-$3% 18 [ s30¢ 20 ’ -
N e D o |15 3 220 c2e 3 220 Q39D 1a @ o1 2. ALL CAPACITORS ARE IN MICROFARADS, 1KV, 10%,
3 13 Q18 3. LAST REF DES USED.
N7 ua |is ] 330PF 13 N NG 21
N ] Tecsa [ 2 Q34D ,, 2 Q400 31 4 RP24| 5 RP4{ 339 2/——.2 @ 22 €35,R9,040,RP11, U7, J3.
4 p 31
5 21 13 13 12 30 23 4. UNUSED DEVICES.
1 7 .
. > 3 2 6, RP8 | g RPe 7\ 19 4Py | g RPS Saol } %  RP3  BITSW2 RPa  BIT sw1
2 N ﬁ 12 12 220 Q398 24 SINK/ T An 1 d sT T,
J3 & Pi 74L500 1, L 23 Qs 24 SOURCE e l IHAAMEE
_— = L /—{:) 25 souRce —AN—— —L-'\/V\’-J—J
v.02 |11 8 24, Q34C 8 Q40C 8 32 7 RP2 | MUE2ST \ LYYV, hAAS
8 9 Q25 Q4 b 32 2 330 ¢ ow 330
oc e N 9 p” 5 220 (8PL) /—@ 26 souRce e —ES_, -2
. 1 g RP8 RP6 2 RP! RP5 26 —"W\/—‘—' 8 !
A7l 30— ./4< N SAAAL 9K 4 B SAAALS BAAALSSS |20 \V4 27 SiNK/ ALy CYVVT
" Q358 1K 10 220 cl1a 47 SOURCE 1K 1K
1 _&_ .25 Q38D N\ @
. 1 13 1 SINK/
Ao’ |28 —l A :°g \2; oK -2—2{ MP°3725A7 MPQ37254 330pPF / N\ 4s 28 SOURCE 9 RP8
| - RPe_
— 2 vp 3 1410 Q L“{ R 23 13 Q14 29 SOURCE 10] U2 Y2 L 3
Az’ - Y3p / 9 1 74L500 =
3 |26 3, U3BP 7] US Jie Sanatl aRPs 4 i [N a 3RPLA 1 4 RPSy330] |0\ 2 @ 30 SOURCE o *8
— 6] 7aLSI38 & g T4c374 | 28 5 q q b y & 4 RP11 1
Nl / 1K 220 30 _5 vz b AN --h
4 24—7 % \5\_3 ﬁ L/ . 31 soukee . 74LS00 8 !
—62a vg 6 30 Q354 Q38C 3 _‘I:’!V_\':‘-
= qozs v I, N4} s /] att g al /——. 32 SOURCE 5. POWER & GROUND. 3.3k
Ct 22 z _3-3;(,. \7; _s_y 10 2 RPT RPE 2 S RPI RPS u 32
h A 2 1l 3 1 L0 6,RP1 4 3RPS 4 335 ot sw 2 REFDES | +5 | onD
8 ] UL4-7 f 20| 10

@(L

1K ] 330
SECONDARY DECODE 5 oc 3 co4 10 220
1
+5 RPII 1 330PF Q38A
RESET| 6 L2 33K az4 S Q2
vz p—42 . 2 :

CE SW us 16| s
Q35D 4 u2 19| 7
NRE] 33) it sw 1
13 1 23
5 13 Tha 741500 sRP7T, 1 L RP6 , -} 2RP1y | 2RPS, 330 é P e
M SPECIFIED DIMENSIONS
.5 SOURCE REG 12 c12 3 220 c13 0 ARE IN INCHES. I_
1618 —— 330PF 3305 DSN. ENGR, _ |DATE
i 4 PF » TOLERANCES, UNLESS TITLE
— — J-034,l'c33 Q35C Q388 7 S [ GTHERWISE SPECIFIED: SCHEMATIC DIAGRAM R
B *
35 T 22/15v N ar2 N a3 MFG_ENGR,; [DATE| xxx PIN DRIVER
GNOl 1 | 2 RP7 24 RPI K 21 ,,_/: ANGULAR
100v ? 1 “‘(’1522:_‘, 2 Lt } M;Ezzpm } uU,AL ASSUR. |DATE [DRAWN BY: DATE | SIZE |CODE IDENT. | DRAWING NO.
0 1K 5 220 L) . o ; 3, 0.
9 |10 i e 77 Pz %| p N 30-702-1943
ENGR. MGR. | DATE |CHECKED BY:  |DATE 54193 -
2 i | 37 FOShssL 4-/2-62
: - Lzt scae — | |sHEET 1 OF 2




BRUNING 19, 0

-— A = | n !
8 ’ ? 6 I 5 v = I ~ | = REIVISIONS
LTR DESCRIPTION DR JCHK][APPR'D] DATE
J2 A SEE SHT 1 &
(50 PIN) Ja - - U:
J3 a P SOME PINS USED "o 96PIN) B G 3-83 S /)u |G 3/23
ON SHEET 1 (96 PN) @L ”02 @
a7 2o (e8) (3) 2 @
_ As < O/ 170,
48 @ (4 )— e 24 ~
— a5 o (82 (5) R (o7
A U 1/06 v
i ] /\\ 30
46 A 79 @ o
T — o= ®
i A
] — @ ® 8
S Ag 1/010
40 A j@ @ 170 38
A 12
Ao o1 @ 13 @
— 35 Ay 1 1704, \)
— — &9 Bt @
33 A3 . 1/04¢
34 A 162 - @ 1/0 47 5
] A|5 1/0 18
32 59 45 70 89
c3 17020
20 bo j@ @ 1/024 8¢
2
27 DEV @ @; 1705, @
12 @ '/\ @ /-\ 1/0 @ /\
DOy 23 . =
25 SEL A lis) @ 170,54 @
3 E— @ @ 170 @
SEL B 17055
s (3) ® C
L "] Py 005 (20 @ 1/026 @
5 _— zATE ENABLE @ @ 1/oze; @
— L~ R/W 1/03g
_ 17 ?_0_7 @ @ 1/029 @
A — ® ®
| .5 DOg 31 @ 1/039 @
J 15 +5 17039
Flele G GO b T —
1({2]|9|10—» SND 22[23 @ @ 1/03,1 @
¥ O ®
170
€
@ VCC SENS| @
Czo * BIT SUPPLY @
@ CE SUPPLY @
VFE CLAMP UNLESS OTHERWISE -
G_QJL 50 APPROVALS: . | SPECIFIED DIMENSIONS Dm I/o
17 VPUP a8 ARE IN INCHES.
/ N ) - DATE
N/ @5 BIT SW 2 N @ ;%2 ENGR e ToLemances uniess | e SCHEMATIC DIAGRAM.,
33 :: Z:' @ MFG. ENGR. DATE gééug\n\ PIN DRIVER
@ @ QUAL. ASSUR. DATE | DRAWN BY: g/ATE SIZE |CODE IDENT.| DRAWING NO.
(303132 - —{70[71]72 U v Y I 30-702- 1943
% ~ "~ ENGR,MGR, _ |DATE |CHECKED BY:  |DATE 54
BN @ A=-7/7225 9 P4
s SCALE | |sHeeT 2 oF 2

_’



3 v 2 |
LTR DESCRIF‘TIONREV'SK)I\‘S DR |CHK|APPR D DAYE_
A RELEASE RB| Y| &y |
Jl, B| ECN#4685 CL N PRy
Jl, P3 (50 PIN) C | ECN #4785 sHlvic Ay (343
P1 P3 (30 PIN) P1
1 A9 47 Y {21 tov
I
2 Al @ CC DEV
A2 / GND
3 @ 23|26|DD
INTERLOCK
4 23 @ 33 0 8
A8 @ TPt
5 - (37) 30 RQ (7)
A9 38) .
6 A10 @ op RESET < 5 >
A11
{(36)
7 A12 33 31 R/W NOTES:
5 1. LAST REFERENCE DESIGNATOR USED:
A13 @ P3, JI, TP{
: - 3 RR}—sL ()
AiO [32
DO vV-o2
9 1'1 29 32 I
e 2 W
10 D02 @ 35 SEL A 3
7 &
11 DOS 25
-6 o
12 DO4 23
=0
13 205 21
C1 <22> }
14 DO6 < 19)
15 D_°7 7
-
16 DO8 {5 APPROVALS: ;\E%%E?FEE.:.?’J?ENS Dm I /o
TR Z‘:; o Rt:"«lggsgptég't;gg Tme SCHEMATIC DIAGRAM,
MFG, ENGByy ;)T2 :r:(gmla EXTENDER BOARD 50/72
QUAL. ASSUR _\?,ATEL DRAWN BY D2A'=§’ SIZE |CODE INDENT DRAWING NO
= v ['g+~] R BENN [lg no _
ﬁ%ﬂ%}xﬁ DfTE CH;CKED BY r:n ¢ 54193 30-701-1944
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US. and Can

ada Sales Offices and Represe

Direct Sales and Service Offices

HAWALI, OREGON,
WASHINGTON

Data 1/0 Corporation
10525 Willows Road N.E.
C-48

Redmond, WA 88052
{206) 881-6444

Telex 15-2167

{Sales & Service)

NORTHERN CALIFORNIA

Data 1/0 Corporation

473 Sapena Court

Suite 4

Santa Clara, CA 95050

(408) 727-0641

Telex 352054

Sales, Applications & Service}

WESTERN REGION

Data |/0 Corporation
277G South Harbor Blvd.
Suite K

Santa Ana, CA 92704
(714) 662-1182

Telex 910-595-1562
(Sales & Service)

EASTERN REGION
ADMINISTRATIVE OFFICES

MAINE, EASTERN
MASSACHUSETTS.
NEW HAMPSHIRE, VERMONT

Data I/0 Corporation

Nashua Road

Route 101A

Ambherst, NH 03031

(603) 889-8511 (Sales)

{603) 889-8513 (Applications & Service)
Teiex 943431

SOUTHERN REGION
ADMINISTRATIVE OFFICE

Data 1/0 Corporation
1810 N. Gienville Drive
Suite 108

Richardson, TX 75081
(214) 235-0044

Telex 792474

(Sales & Applications)

Representatives
(Sales Only)
ALASKA

Microprocessor Technology
3537 East 65th Avenue
Anchorage, AK 99507

(907) 344-8080

Telex (090) 25-462

OREGON, EASTERN
WASHINGTON

Northwest Test and Measurement
8196 Southwest Hall

Suite 217

Beaverton, OR 97005

{503) 646-9966

ARKANSAS, LOUISIANA,
OKLAHOMA, TEXAS

TESTECH, Inc.

1000 E. Campbell Road
Suite 108

Richardson, TX 75081
({214) 644-5010

9219 Katy Freeway
Suite 124
Houston, TX 77024
{713) 467-2192

2525 Wallingwood
Suite 804

Austin, TX 78746
(512) 327-7033

MICHIGAN, EASTERN KENTUCKY,
OHIO, WEST VIRGINIA,
WESTERN PENNSYLVANIA

Electro Sales Associates
1635 Mardon Drive
Dayton, OH 45432

(513} 426-5551

29200 Vassar Road
Suite 505

Livonia, M! 48152
(313) 474-7320

9816 Portage Road
Portage, MI 49002
(616) 323-2416

851 East 222nd Street
Cleveland, OH 44123
{216} 261-5840

3740 Mount Royal Bivd.
Allison Park, PA 15101
{412) 487-3801

UPSTATE NEW YORK

Martin P. Andrews
623 East Genesee Street
P.O. Box 443
Fayetteville, NY 13066
{315} 637-56291

METROPOLITAN NEW YORK,
LONG ISLAND, NORTHERN
NEW JERSEY

RT1

300 Northern Blvd.
Great Neck, NY 11021
(516) 829-3770

KANSAS, MISSOURI, NEBRASKA,
SOUTHERN ILLINOIS

Midtec Associates, Inc.
7702 Mize Road

DeSoto, KS 66018

(913) 441-6565

Telex 910-743-4129

8460 Lindbergh North
Suite 11

Forissant, MO 63031
(314) 837-5200

Addresses on this list subject to change without notice.
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ALABAMA, FLORIDA, GEORGIA,
MISSISSIPPI, NORTH CAROLINA,
SOUTH CAROLINA, TENNESSEE

Pen Tech Associates
1398 Semoran Blvd.
Suite 106

Casselberry, FL 32707

(?v?l AT ‘2“4

201 S.E. 15th Terrace
Suite K

Deerfield Beach, FL 33441
(305) 421-4989

Cherokee Center
627 Cherokee Street
Suite 21

Marietta, GA 30060
(404) 424-1931

Holiday Office Center

3322 Memorial Pkwy. S.W.
Suite 36

Huntsville, AL 35801

(205) 881-9298

3708 Alliance Drive
Suite C

Greensboro, NC 27407
{919) 852-6000

INDIANA, IOWA, WESTERN
KENTUCKY, MINNESOTA,
NORTHERN ILLINOIS, NORTH
DAKOTA, SOUTH DAKOTA,
WISCONSIN

Torkelson Associates
4840 Viking Drive
Minneapolis, MN 55435
{612) 835-2414

108 Wilmot Road
Suite 110
Dearfieid, IL 80015
{312} 545-8700

2346 S. Lynhurst
Room B101
Indianapotis, IN 46241
(317} 244-7867

2840 N. Brookfield Road
Brookfield, Wi 53005
{414) 784-7736

ARIZONA, COLORADO, IDAHO,
MONTANA, NEW MEXICO,
NEVADA, UTAH, WYOMING

Zeus Electronics, inc.
1428 E. Pierson Street
Phoenix, AZ 85014
(602} 263-6022

Telex 910-951-1362

310 Val Verde S.E.
Albuquerque, NM 87108
{505) 842-6633

3333 Quebec Street
Suite 2950

Denver, CO 80207
(303 321-4246

1849 W. North Temple
Suite B105

Salt Lake City, UT 84116
{801) 534-0500

<
D
.I

SOUTHERN NEW JERSEY.
DELAWARE. MARYLAND, EASTERN
PENNSYLVANIA, VIRGINIA,
WASHINGTON D.C.

SCI-REP, Inc.
304 Cooper Center
Pennsauken, NJ 08109

{aE} a8 e

9512A Lee Highway
Fairfax, VA 22031
{703} 385-0600

CONNECTICUT, RHODE ISLAND,
WESTERN MASSACHUSETTS

Pat Jenks Associates
52 Washington Avenue
North Haven, CT 06473
{203) 239-6201

114 Cummings Park
Woburn, MA 01801
(617) 938-0488

CANADA

Allan Crawford Associates, Ltd.
6503 Northam Drive

Mississauga, Ontario L4V 1J2
(416} 678-1500

Telex 06 968769

881 Lady Ellen: Place
Ottawa, Ontario K1Z 5.3
(613} 722-7682

Teiex 053 3600

7018 Cote De Liesse

St, Laurent, P.Q. H4T 1€7
{514} 731-3564

Telex 05-824344

1935-30th Avenue N.E.
Calgary, Alberta T2E 625
{403 230-1341

Telex 03 821186

3795 Wiltliam Street
Burnaby, B.C. V5C 3H3
(604} 294-1326

Telex 04 54247

192 Joseph Zatzman Drive
Dartmouth, Nova Scotia B3B 1N4
(902) 463-9360

Telex 019 31604

15043A 118th Avenue
Edmonton, Alberta T5V 1HS
(403) 451-4893



International Sales Offices and Representatives

Europe

Data 1/0 Europe
Vondelstraat 50-52
NL-1054 GE Amsterdam
The Netherlands
(201186855

Telex 16616 DATIO NL

Data 1/0 Germany GmbH
Bahnhofstrasse 3

D-6453 Seligenstadt

West Germany
(6182)3088/89

Telex 4184962 DATA D

AUSTRIA

Ing. Ernst Steiner
Hummelgasse 14
A-1130 Wien
Austria
(222)827474

Telex 135026 ES A

BELGIUM

Simac Electronics
Rue du Progres 52
BOITE 3

B-1000 Brussels
Belgium

(2)2192451-3

Telex 23662 SIMEIP B

DENMARK

ITT Komponent A/S
Fabriksparken 31
DK-2600 Glostrup
Denmark

(2)451822

Telex 33355 itt dk

FINLAND

Havulinna-Instrumentarium Oy
P.O. Box 357

SF-00101 Helsinki 10

Finland

(01799711

Telex 124426 havul sf

FRANCE

M.B. Electronique
606, rue Fourny

Zac de Buc

P.0. Box 31

F-78630, Buc, France
(39568131

Telex MB 695414 F

GERMANY

Instrumatic Electronics GmbH
Am Kirchenholzel 14

D-8032 Grafelfing (near Munich}
West Germany

(891852063

Telex 524298 INSTR D

GREECE

Mr. Elias Mammeas

65 Meg. Alexandrou & Athinas Street
P.O. Box 181

Korydallows

Piraeus

{1)4967815/0r 818

Telex 213835 LH GR

ISRAEL

R.D.T. Electronics Engineering, Ltd.

46 Sokolov Street
P.0. Box 75

Ramat Hasharon
Israel

(31483211

Telex 32143 RDT IL

ITALY

Sistrel SPA

Via Giuseppe Armellini 39
1-00143 Roma

Italy

(615915551

Telex 680356 SISTREL i

Sistrel SPA

Via P. da Volpedo 59

1-20092 Cinisello Balsamo (Mi)
Italy

(26120129 or 6181893

Telex 334643 SISTREL i

NETHERLANDS

Simac Electronics
Veenstraat 20
NL-5503HR Veldhoven
The Netherlands
(40)533725

Telex 51037 SIMAC NL

NORWAY

Teleinstrument A/S
P.O. Box 134

N-1371 Asker
Norway

(21783460

Telex 72919 TELIN N

PORTUGAL

Decada

Equipamentos de Electronica, Lda.
Rua Pedro Nunes 47-C

P-1000 Lisboa or P-1003 Lisboa Codex
Portugal

{19)574984

Telex 18469 NONIO P

SPAIN

Instrumatic

Alameda Principal 26
Apartado 151

Malaga 5
Spain
(52)213199/213898

Telex 77131 Hafn e

Instrumatic

Juan Hurtado de Mendoza 8

Madrid- 16
Spain
(112502577 /2507278

Telex 46277 Itic e

SWEDEN

Macrotek AB

Vallingbyvagen 212, Box 43

S-162 11 Vallingbyvagen, Sweden
(8)870190

Telex 12543 MATEK S

SWITZERLAND

Instrumatic SA

5-7, rue du Clos
CH-1207 Geneve
Switzerland

(22)360830

Telex 28667 FLUJA CH

Instrumatic AG
Weingartenstrasse S
CH-8803 Ruschlikon
Switzerland
(117241410

Telex 56605 INST CH

TURKEY

Data 1/0 Europe
Vondelstraat 50-52
NL-1054 GE Amsterdam
The Netherlands
(20)186855

Telex 16616 DATIO NL

UNITED KINGDOM

Microsystem Services
P.O. Box 37

Lincoln Road

Cressex Industrial Estate
High Wycombe

Bucks, HP12 3XJ, England
(494)41661

Telex 837187 MICSYS G

International

Data 1/0 International
10525 Willows Road N.E.
C-46

Redmond, WA 98052
U.S.A.

(206) 881-6444

Telex 15-2167

AUSTRALIA
CORPORATE OFFICE

Warburton O’Donnell Ltd.

372 Eastern Valley Road

P.O. Box 182

Chatswood, N.S.W., Australia 2067
4073261

Telex Warfran AA21299

SOUTH AUSTRALIA
ADELAIDE, AUSTRALIA

Warburton Franki (Adelaide}
Pty. Ltd.

322 Grange Road

Kidman Park

South Australia 5025 Australia
3567333

Telex Warfran AAB2579

BRISBANE, QUEENSLAND

Warburton Franki (Brisbane)
Pty. Ltd.

13 Chester Street

Fortitude Valley

Queensland 4006 Australia
527255

Telex Warfran AA41052

MELBOURNE, VICTORIA

Warburton Franki
(Melbourne) Pty. Ltd.
220 Park Street

South Melbourne
Victoria 3205 Ausfralia
699 4939

Telex Warfran AA31370

PERTH, WESTERN AUSTRALIA

Warburton Franki (Perth)
98-102 Belgravia Street
Belmont, 6104

Western Australia

65 7000

Telex Warfran AAS2908

SYDNEY, NEW SOUTH WALES

Warburton Franki
Sydney

199 Parramatta Road
Auburn, N.S.W. 2144
Australia

648 1711

Telex Warfran AA22265

TASMANIA

Associated Agencies Pty., Ltd.
P.O. Box 252

43 Albert Road

Moonah, Tasmania 7009

23 1841

Telex ASSAG AA58206

BRAZIL

Cosele

instrumentos Electronicos Ltda.
Rue da Consolacao, 867

3.° And. - Conj. 32

01301 - Sao Paulo - SP

Brasil

255-1733 or 256-7421 or 231-5548
Telex (011) 30869 CSEL-BR

HONG KONG

Cummings Engineering Co., Ltd.
90 Sung Wong Toi Road, I/F,

To Kwa Wan, Kowloon,

Hong Kong

3-636227

Telex 74015 CUMMH HX

INDIA

Transmarketing Private, Ltd.
Sterling Center

16/2 Dr. Annie Besant Rd.
Bombay 400-18

India

022 391874

Telex 011-5424

JAPAN

Data 1/0 Japan Company, Ltd.
Sankei Building

1-8, Sarugaku-cho 2-Chome
Chiyoda-Ku, Tokyo 101

Japan

(03) 295-2656

Telex 2225391 DATAIO J



KOREA

Elcom System, Inc.
‘Yeongdong Box 50
Seoul, Korea

555-5222 or 557-3836
Telex ADUCEL K256227

MALAYSIA

Cadco Technical Services

67A, Jalan Perisai

Taman Sri Tebrau

Johore Bahru, Malaysia

Cable - CADCOKIT - JOHOR BAHRU

MEXICO

Christensen, S.A.
Guillermo Prieto 76-304
Col. San Rafael
Delegacion Cuahutemoc
06470-Mexico, D.F.
546-25-95

546-29-55

Telex 017-75612 Mycome.

NEW ZEALAND

Wellington-New Zealand:
Warburton Franki, Ltd.
42-43 Oxford Terrace
Lower Hutt, New Zealand
693-016

Telex Warfran NZ 3824

Warburton Franki, Ltd.
P.O. Box 9301; Newmarket
142 Broadway

Auckland, New Zealand
504-458

Telex Warfran NZ 3824

PHILIPPINES

Cummings Engineering Co., Ltd.
90 Sung Wong Toi Road, 1/F,

To Kwa Wan, Kowloon

Hong Kong

3-636227

Telex 740156 CUMMH HX

SINGAPORE

GEA Technology PTE., Ltd.

Units 1003 to 1008, Block 3, 10th Floor
PSA Multi-Storey Complex

Pasir Panjang Road

Singapore 0511

2729412

Telex RS 37162 Answerback Geasin

SOUTH AFRICA

Electronic Building Elements

(PTY) Ltd.

P.O. Box 4609

Pine Square, 18th Street
Hazelwood

Pretoria, South Africa 0001
46-9221/7

Telex 3 0181 SA
Telegrams Elbilem

0321/183

SOUTH & CENTRAL AMERICA

Dexter Computer Products, Inc.
3465 Torrance Bivd.

Suite N

Torrence, CA 90503

213-542:7333

Telex 182360 DXTR TRNC

TAIWAN

COMPAC Microelectronics, Inc.
11th Fl., Walsin Bldg.

#219, Chung-Hsiao E. Road, Sec. 4
P.O. Box 53-479

Taipei, Taiwan R.O.C.

7529911

Telex 24368 COMTWN

THAILAND

Dynamic Supply Engineering R.O.P.
12 Soi Pasara 1, Sukhumvit 63
Bangkok-11, Thailand

Tel. - 3914434, 39228532

Telex 82455 DYNASUP TH



ATTENTION
MANUAL CHANGE INFORMATION
INSTRUCTIONS

At Data 1/0, we continually strive to improve our equipment by adding new improvements to our
hardware and software as soon as they are developed and tested.

The attached Documentation Change information reflects an update to this equipment. Please file
the Document Change Summary and Document Change Revised Pages Record forms in front of the
Title Page in your manual. The format of the Document Change information you receive will vary.
Follow the instructions below for the correct procedure.

1. Document Addendum: File Document Addendums behind the
Document Change Revised Pages Record.

2. Revised Pages: Replace the existing pages in the manual with
the revised pages.

3. Complete Revision: Remove all existing pages, including
Document Addendums, and replace them with the newly
issued revision.

If you have any questions regarding these changes, please contact:

Ms. Jan Simmons

Technical Publications Supervisor
Data I/0 Corporation

10525 Willows Road NE/C-46
Redmond, WA 98052

(206) 881-6444

Telex 15-2167

0675/1083
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DOCUMENT CHANGE SUMMARY

At Data 1/0, we continually strive to improve our instruments as soon as they are developed.
Sometimes, because of printing and shipping requirements, we can't include these changes
immediately into printed manuals. Consequently, your manual may contain new change information
as summarized below.

File the Documentation Change Summary and the Document Change Record pages in the
beginning of your manual, in front of the Title Page. File any Document Addendum pages received
with changes immediately after the other two Document Change pages. If you have received
revised pages, remove the previous page version, and replace it with the latest page revision. If you
have received a complete revision, remove all previously filed Document Addendums and replace
the existing manual pages with the revised manual pages. Whenever you receive a manual update,
replace the existing Document Change pages with the most recent set of Document Change pages.

REV DESCRIPTION OF CHANGE DATE

C Incorporate ECN# 4958 10/83

D Incorporate ECN# 4968 10/83
0547/1282
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DOCUMENT CHANGE REVISED PAGES RECORD

REVISED ADDED DELETED
= = = e
< < < q
& o
[T w w w
o2 > o2 > 02 > 02 >
2 - 3 = 2 = g2 =
o 10/83
D 10/83

0546/1282

DC-3



Warranty 90 Days

Data /O warranis that ail equipment soid
pursuant to any resultant agreement shall be
free from defects in material or workmanship at
the time of delivery. Such warranty shall
extend for 90 days. Buyer must provide notice
to Data 170 within this prescribed warranty
period of any defect; if the defect is not the
result of improper usage, service, maintenance
or installation and equipment has not been
otherwise damaged or modified after delivery,
Data i/0 shali either 1tepiace or repair ine
defective part or parts of equipment or replace

Data I/0's option after return of such equipment
by buyer to Data I70. Shipment to and from

0299/6K/183
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Warnanty/Registration
Service Manager

10525 Willows Road NE.
C46

Redmond, WA 98052

Data 1/0's facility shall be bome on account of
buyer.

{(a) Consequential Damages — Data /O
shall not be liable for any incidental or
consequential damages incurred as a result of
any defect in any equipment sold hereunder,
and Data I/0's liability is specifically limited to
its obligation described herein to repair or
1eplace a defective part or parts covered by
this warranty.

(b) Exclusive Warranty — The warranty set
forth herein is the only wamnanty, oral or written,
made by Data I/0 and is in lieu of and
replaces all other warranties, expressed or
implied, including the WARRANTY OF
MERCHANTABILITY AND THE WARRANTY OF
FITNESS FOR A PARTICULAR PURPOSE.



Reader Comments

The manual’'s completeness, accuracy, organization. usability, and reliability:

Did you find errors in this manual?

How can this manual be improved?

Additional comments:

Name Title

Department M/S

Company

Address

City State Zip

Phone ( )

Manual or Part No.

wanﬁnt'v/ Registrdion Please return this card to Data |/ 0 within five days

Did the packaging of this equipment exhibit any outward signs of physical damage? . O YES
Did this equipment arrive intact, without loose parts or cable damage? . ............... O YES
Did the equipment operate oOn powerup? ............. .. i O YES
Did you attain adequate system performance? ... ... ... O YES
Were any electrical adjustmentsrequired? . ... [JYES
It you required assistance, was a local Data I/0 representative contacted? ... ... ... O YES

Comments:

O NO
ONO
ONO
ONO
ONO
ONO

Name Title

Department M/S
Company

Address

City State Zip

Phone ()

Model or Description Serial or Part No.

Date Received
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