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ABSTRACT
OPTIMAL ALGORITHMIC TESTING OF RE-PROGRAMMABLE LOGIC
ARRAYS
(May 1989)
Arvind Chopra, M.S.E.E., New Jersey Institute of Technology
Thesis Advisor: Dr. William N. Carr

This research delineates a test strategy and detailed sequence of test vectorsfor a
new class of programmable logic devices (PLDs). This new class of devices is based
on architectures that contain programmable logic arrays (PLAs) programmed by on
chip integrated static RAMs or EEPROMS. The new PLD architecture poses unique
testing problems which require 100% nodal test coverage. Previous PLAs/PLDs did
not require that 100% of the nodes be tested since their circuits utilized fuse link
crosspoints and were not dynamically reprogrammable. Such devices could be tested

by a unique personality pattern that combined the application and the test circuit.
The new PLA /PLD architecture requires testing of arbitrary personality patterns.
The dynamic reprogrammability of these devices presents a more challenging 100%
test requirement. The same PLA /PLD device can be reconfigured for many different
personality patterns permitting a 100% internal node coverage using externally
applied test stimulus-response sequences at the packaged device’s pins.

This work details the testing of a specific PLA/PLD circuit but attempts to
provide a scheme of general applicability. All stuck at, bridge and crosspoint faults
are tested. The unified testing scheme minimizes the costs for both the production

and application environments.
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Chapter 1

Introduction

The last few years have seen an increasing use of programmable logic devices such
as PROMs, PALs and PLAs. PLAs are being increasingly used to replace random
glue logic in large circuit designs. The PLAs offer a smaller turn around time than
full custom design and yet a proprietary circuit customization. The use of PLAs
poses unique testing problems. The PLAs are usually one time programmable and
hence cannot be checked for production faults by the conventional methods . The
production tests must completely check the chip for all possible faults. The one time
programmability of the PLAs limits the section of the circuitry that can be checked
from the external pins. Therefore production testing is done before packaging by
wafer probing which requires special equipment and is time consuming. Furthermore
after packaging the chip cannot be completely tested and the user must design some
test scheme and circuitry to be implemented along with his actual circuit.

A new approach to the design and testing of PLAs is to employ a static RAM
instead of one time fusable metal links to enable and disable the crosspoint links
in the Input and Output arrays. The reprogrammability allows new circuit im-

plementations at will but also neccessiates a complete diagnostic check to be per-



formed, preferably continuously but at least periodically, say at power on. The
reprogrammability would make the chip completely fault testable from the external
pins and would also obviate the need to program redundant test circuitry along
with the actual circuit.

The NJIT PLD 1s a SRAM programmable array of four PLA Cells and is used
as a model for test derivation. The design and layout of the initial SRAM cell
has been done by RAVI VADIYANATHAN in his master’s thesis CMOS SRAM
Design for initializing Programmable Logic Devices. The design and layout of the
PLD chip has been implemented by PRAVEEN K. PARVATHALA for his master’s
thesis 4 Dynamic CMQOS Programmable Device. This thesis highlights the design
for testability aspects of the chip and its testing scheme in production runs. The
production tests may also be executed by a user to check the correct functioning of
the chip.

Chapter 2 describes the NJIT PLD as it appears to a user. This chapter de-
scribes the various blocks in the chip. It also provides other necessary application
information such as the different Pin functions, signal timings, the programmer’s
model and the the SRAM writing/reading for circuit implementations.

Chapter 3 describes the testing approach to the NJIT PLD. It explains the
testing of all the sections except PLA Cells on the chip.

Chapter 4 describes the faults that arise in PLAs. It then discusses the detailed
testing of the PLA cells. It details the various test patterns and vectors for detection
of different faults in the PLAs.

The test equipment used for actual testing of the NJIT PLD is INTEGRATED

MEASUREMENT SYSTEM’s HS1000 test station which consists of an IMS1000 Main-



frame and VS1000 Verification System. Appendix A gives an overview of the equip-

ment and its use.



Chapter 2
The NJIT PLD

2.1 The PLD Alternatives

Today a logic designer has a plethora of alternatives available for his circuit imple-
mentations. These range from standard products to fully customized integration.
In between these two extremes are the semi-custom products that include gate ar-
rays, programmable logic devices (PLDs) and standard cell libraries. The major
advantages of the PLDs over other types are that they offer a significant chip count
reduction from the standard circuit design and have a faster design and development
cycle compared with fully customized integration.

The PLD category includes a number of competing alternatives, all based on
a programmable AND-OR plane architecture. Bipolar PLDs are programmed by
burning or opening fuse links. CMOS PLAs can be one-time programmable, elec-
trically programmable (EPLDs), or electrically erasable (EEPLDs). These PLDs
are often used in place of five to ten SSI/MSI devices.

Programmable Read-Only Memories (PROMs), Programmable Array Logic (PALs)

devices and Programmable Logic Arrays (PLAs) constitute the three most popu-



lar forms of Programmable Logic Devices today. All these PLDs have the same
basic two level AND-OR architecture, but vary in their logic features and pro-
grammability aspects. The basic AND-OR structure of PLDs makes them ideal for

implementing logic equations in Boolean Sum-of-Product form.

PROM

The basic logic structure of the PROM consists of a fixed AND array whose outputs
feed a programmable OR array (Fig 2.1a). The PROM inputs are fully decoded by
the fixed-AND array. This means that every combination of inputs is represented
by a separate AND gate. Since the OR array is programmable, the outputs can
be programmed individually corresponding to every possible input combination. A
limitation of the PROM is that it 1s difficult to accommodate a large number of
inputs. Each additional input doubles the size of the matrix.

PAL

The basic logic structure of the PAL consists of a programmable AND array whose
outputs feed a fixed OR array (Fig 2.1b). Unlike the PROM ,the AND array of
a PAL device is programmable therefore all the inputs need not be fully decoded.
PAL devices may contain additional architectural features such as programmable
I/0 pins, registered or combinatorial outputs with internal feedback etc. that make

them well suited for implementing logic functions.



PLA

The basic logic structure of the PLA consists of a programmable AND array and
a programmable OR array (Fig 2.1c). The designer has complete control over all
inputs and outputs. PLAs allow a great flexibility for implementing logic functions.
A limitation of PLAsis that due to the extra programmable-OR plane, a given signal
has to pass through two programmable arrays ; as a result, PLAs are inherently

slower than PAL devices and PROMs.

2.2 NJIT PLD Overview

The NJIT PLD is an advanced LSI design. It consists of four PLA cells linked
by an 8-bit internal data bus. Figure 2.2 shows the basic block diagram. Each
of the four PLA cells is individually programmable. There is an I/O block that
interfaces the internal bus to an external 8 bit data bus. Each of the four PLA cells

has an address to be selectively loaded or read via the data bus. This architecture

allows for concurrent operations in the four cells. The PLD is usually connected to
a microprocessor or another intelligent unit that issues appropriate commands and
data.

To allow dynamic re-programmability each of the PLA cell derives its personality
pattern from a SRAM embedded in the background. This SRAM is arranged as
2960 bit (7T4row X 40column) matrix. Each bit has one to one correspondence with
a node in the AND or the OR matrix in the PLA cells. Thus by reprogramming the
SRAM the function of the PLA cells may be changed even while powered on. The
SRAM is programmed with a serial bit stream and may also be serially readout

anytime. There is a daisy chain feature that allows sequential programming of
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multiple PLDs from a serial source such as the XLINK

Other features of the chip include a status register. This five bit register indicates
whether the SRAM has been properly (completely) initialized and the status of each
PLA cell. The status register can be read at any time.

Each PLA cell has four feed back flip-flops and hence can be configured as a
16 state machine. There 1s a feature that enables each cell to signify end of its
processing sequence. The CPU can configure the cells as state machines and also
implement a state detection circuitry that would indicate the end of processing or
any other function. This End of Operation signal can be used to latch the out put
of the PLA cell and also generate an interrupt and set a status bit in the status
register.

This is a distinctive feature compared to other contemporary designs. The NJIT
PLD is not intended for use as a replacement of glue logic but for processing intensive
hardwares for image analysis, signal processing etc. This justifies the multiplexing
of the four PLA cells’ inputs and outputs on the common data bus. Appendix A
contains greater details about the NJIT PLD circuitry.

2.3 NJIT PLD Specifications

The pin out diagram of the NJIT PLD is shown in figure 2.3. Table 2.1 describes

the various pins and their functions.
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PIN I/0 | FUNCTION
Vee - | +5V Power Supply.
GND - | Power Supply and signal ground.
AQ-A3 I |4 bit address. The address is used to select different
PLA cells and the status register.
Address Block Selected
0 Cell 0 I/P (CISO)
1 Cell 0 O/P (COS0)
2 Cell 1 I/P (CIS1)
3 Cell 1 O/P (COS1)
4 Cell 2 I/P (CIS2)
5 Cell 2 0/P (COS2)
6 Cell 31/P (CIS3)
7 Cell 3 O/P (COS3)
8 Nibble Mode 1 (NM1)
9 Nibble Mode 2 (NM2)
10 Status Register (SR)
11 PLA 0 O/P Latch Enable (EOP0)
12 PLA 1 O/P Latch Enable (EOP1)
13 PLA 2 O/P Latch Enable (EOP2)
14 PLA 3 O/P Latch Enable (EOP3)
15 Not Used
DO0-D7 I/0 | Bidirectional 8-bit data bus.

Table 2.1:

NJIT PLD Pin Functions.
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PIN

1/0

FUNCTION

cs

CLK

Chip Select. A low on this pin enables the PLD to be
read or written.

The SRAM can be serially initialized irrespective of the
status of this pin.

The state transitions of the PLA cells are not affected
by this signal.

Master Clock. All internal clocks are derived from this
master clock. A clock signal meeting the clock specifi-
cations and must always be applied to this pin. Under
no circumstances should it be gated off.

Power on reset. This active low signal is used to reset
the chip at power up (and at other times as well). It
results in a request of reprogramming of the SRAM.
Power on reset

1. Resets the SRAM initialization circuitry such that
it is ready to be reprogrammed at bit location 0.

2. Resets EOI to low state.
3. Resets all the bits in the status register.

4. Resets all internal flip-flops (PLA cell input, out-
put and feedback latches).

Read. This active low signal together with CS and W R
control the data transfer. When CS is low, a low RD
would read out the data from the source whose address
appears on the address lines.

Read. This active low signal together with CS and RD
control the data transfer. When CS is low, a low W R
would write in the data from the source whose address
appears on the address lines.

Table 2.1 NJIT PLD Pin functions.

12



PIN

1/0

FUNCTION

SDI

SDO

ESDI

ESDO

RCLK

EOI

INTR

Serial data input. When ESDI is high and EOI low the
serial data on this pin is written to the SRAM. The 2960
bit serial data stream provided by an external device is

latched at the rising edge of the RCLK.

Serial data output. When ESDO and EOI are high the
SDO pin serially outputs the contents of the SRAM.
Each positive edge of the RCLK latched the next bit on
this pin.

Enable serial data input. This active high signal sets
up the SRAM for serial programming. If EOI is high
(ie SRAM has been initialized since last reset) the ESDI
pin status is ignored. It is then necessary to reset the
chip again to reprogram the SRAM.

Enable serial data output. This active high signal allows
a serial read out of the SRAM when EOI is high. Serial
data bits are shifted out at the rising edge of the RCLK.
Request Clock. It has two fold purpose. When ESDI
is high and EOI low it acts as a request clock to an
external device which supplies serial data for SRAM
programming. The data on the SDI pin is latched at
the rising edge of RCLK.

When ESDO and EOI are both high the RCLK latches
out the serial data from the SRAM on the SDO pin at
every rising edge.

End of initialization. This signal is set high when all
the 2960 bit nodes of the SRAM have been programmed
after a reset. Resetting the chip sets EOI low.
Interrupt. This signal is set high when a of the process-
ing sequence in any PLA cell is completed. The proces-
sor must then read the output of a predetermined cell
or check the status register to determine which PLA cell
has finished its processing. A read from the appropriate
cell or the status register will reset this line.

Table 2.1 NJIT PLD Pin functions.
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2.4 Timing Waveforms

This section describes the basic timing sequences for the read, write power on reset,
serial data write and read operations. The PLD connects as an asynchronous device

to the puP bus.

Read Cycle

The microprocessor starts the read cycle by driving the address on the address lines,
fig 2.4a. The address is decoded externally to generate the CS signal. A low CS
sets up the PLD for an 1/O operation. When RD goes low the PLD outputs 8
bit data, from the address specified on A0-A3, on the data bus. The address must

remain stable and C'S active while the data is being read.

Write Cycle

The microprocessor starts the write cycle by driving the address on the address

lines, fig 2.4b. The address is decoded externally to generate the C'S signal. A low
CS sets up the PLD for an I/O operation. The processor outputs the data on the
data bus and sets W R low. The PLD latches this 8 bit data, at the address specified
on AQ0-A3, on the data bus. The address must remain stable and CS active while

the data is being written.

Power On Reset

At power on the POR must be held low for a duration of at least 10ms to properly
initialize the chip, figure 2.5a. The reset signal may be applied at any other time

14
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as well and its minimum duration must be 1us. After a reset the SRAM has to be

reprogrammed.

Serial Data Write

After a reset the EOI pin is set low and the SRAM has to be programmed serially.
When ESDI pin is driven high the PLD generates a request clock, RCLK to serially
shift in the data on the SDI pin, figure 2.5b. After the 2960 bits of the SRAM have
been programmed the EOI signal goes high and RCLXK is tristated. ESDI must be
held high until EOI goes low. The RCLK frequency is 1/16 of the CLK frequency.
The initialization time is 16 * —— % 2960 = 43380 ;ocq,

ferx ferx
By connecting the EOI pin to the ESDI pin of another PLD multiple PLDs may

be programmed sequentially from a single serial data source.

Serial Data Read

The SRAM contents can be read out at any time by pulling the ESDO pin high.
Serial bit stream will be shifted out on the SDO pin at each positive transition of
the RCLK, see figure 2.5¢. It is not necessary to read out all the 2960 bits and ESDI
may be driven low before all bits have been read. However when ESDO is driven
high again the serial data from the next location in the SRAM will be shifted out

unless the chip has been reset.

2.5 Programming Model

Figure 2.6 shows the programming model of the NJIT PLD. There are four input

and four output registers, one pair for each PLA cell.
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There is a 5 bit status register. Bit 0 is set at the end of SRAM initialization.
Bits P0-P3 are set if the corresponding PLA cell has finished processing. At this
time the result is available in the corresponding PLA O/P register.

Each PLA cell has an extra OR term that is used to detect the end of processing,
latch the result at the PLA cell O/P register and set the corresponding bit in the
status register.

There is a provision for four bit data modes referred to as nibble modes. Each
nibble mode register allows simultaneous reading of 4 bits from tweo PLA cell O/P
registers. Nibble mode 1 (NM1) reads the upper four bits from the PLA cell 0 O/P
register and lower 4 bits from the PLA cell 1 O/P register. Nibble mode 2 allows
reading of the upper four bits from PLA cell 2 O/P register and lower four bits
from PLA cell 3 O/P register.
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Chapter 3

Testing of NJIT PLD

3.1 Test Approach to the NJIT PLD

The NJIT PLD is a unique chip and so is its testing. Like any other PLA the
NJIT PLD must pass through exhaustive production testing where in every fault is
checked for. When in use the chip has the unique feature of reprogramming. The
personality of the chip or in other words the circuit realization in each of the four

PLA cells in the NJIT PLD may be changed at any time. This poses a unique test
problem when testing the PLA cells in the NJIT PLD. The solution to this problem

is equally unique and the reprogrammability of the chip is utilized to create a unified
production and user test program for complete testing of the PLA cell.

The complete testing proceeds in a sequence of tests starting at power on. The
chip is viewed as if partitioned into blocks and these blocks are tested either inde-
pendently or together in groups. The following sections provide detailed discussion

on the actual testing of the NJIT PLD in a packaged form.

20



3.2 Test Equipment for the NJIT PLD Testing

As noted earlier the NJIT PLD is tested in a completely packaged form by applying
signals externally through the pins and observing the output responses. The actual
application of test vectors and sensing of the outputs is done on the INTEGRATED
MEASUREMENTS SYSTEMS (IMS) HS1 workstation. This comprises of a IMS 1000
LoGic MASTER system and a VS1000 VERIFICATION STATION. The IMS 1000
connects to a computer or a terminal from which test programs can be run. The
device under test is wired on a test board on the VS 1000 verification station.
The Logic Master acts as a controller for the VS1000 and sends test data, clocks,
power supply and acquires input data which may then be compared with reference

response. More details about the IMS test system are presented in Appendix B.

3.3 Overview of NJIT PLD Testing

As discussed above the NJIT PLD has a unified production and user test set. This

section describes the overall test scheme for the chip.

Referring to figure 2.2 the blocks of the NJIT PLD are:

1. 2960 bit serial read /write static RAM for programming a circuit in each of the
four PLA cells.

2. Four PLA cells each with 8 inputs, 8 outputs, 4 feedback terms (through D
type flip-flops). Each cell has twenty 20 input product terms and nine 20 input

sum® terms.

1The actual PLA implementation is NOR-NOR for speed considerations. Here the standard
product and sum term terminology is used to refer to the input NOR and output NOR terms.
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. Status register with five bits. Four of these bits indicate end of processing in
the corresponding PLA cells. Bit 0 is set to indicate end of initialization, that

is to signal completion of the SRAM programming.

. Input-OQutput buffers to route data to/from any of the PLA cell input, output

or the status register to the external data bus.

. Address decoder to select a PLA cell input or output register for reading or
writing and to select the status register for reading. In addition the address
decoder can also clock the output registers of each PLA and hence load the

PLA cell result in its output register during testing.

. Timing and control block is responsible for proper powering up of the chip
and generation of internal clocks, serial data requests, serial data read and

write, interrupts and other status signals such as EOI etc.

The overall chip testing involves checking of each of these blocks individually.

Failure in any one block implies an overall test failure. Some blocks can be checked

independently of others while some cannot be. When testing for faults in a block

that cannot be checked independently the other interacting blocks are assumed to

function correctly or a fault in the interacting blocks will result in a faulty response

from the block being tested. However each block must be examined for all possible

faults either separately or in sections along with other blocks.

Figure 3.1 shows the skeleton of the test scheme for the NJIT PLD. After pow-

ering on the initial hardware status is checked. All the inputs are either driven to

the inactive state or left in hi-Z state. The status of all the outputs and the hi-Z

inputs is sensed and compared.
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The status register is read next and its value is compared with expected value.
Note that reading of the status register requires correct operation of the address
decoder, input-output buffer and control circuitry to a certain extent. Neither of
the above interacting sections can be checked just by itself. The probability of
having some faults in any one or more from the status register, address decoder,
input-output, or control blocks mask a fault in another block is almost zero. In

general

In any interaction of two or more blocks a faull in any one block will
not mask a fault in another block and vice-versa as long as these blocks

interact only via signals controlling each other and do not share any data

flow.

Also note that the testing of any one block in such a combination would also check
out the parts of other blocks that interact with the block under test. Hence along
with the status register the End of Processing signal generation, interrupt generation
and address decoding for the status register and other blocks used in this test are
also checked. All these tests will hereafter be collectively called Status Generation
test.

The SRAM is checked next. The SRAM is checked after the status generation
test because it requires more time. For a go/no-go type of test all faults that can
be detected quickly must be checked first. In testing of the NJIT PLD the different
checks are performed in an increasing order of their time requirements. Checking
of the SRAM also tests the initialization control circuitry and bit 0 (EOI) of the

status register.

Finally each of the four PLA cells is checked. Checking of the PLA cells is
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the biggest challenge in the test design on which various schemes have appeared in
literature. However the NJIT PLD has a unique reprogrammable personality and
is checked differently from all the other schemes. The NJIT PLD allows a unison
of user and production testing. It is unique in the aspect that it allows a complete
fault detection of all the resources from the eziernal pins.

Each PLA cell is tested individually. Along with the testing of each cell the
interacting sections of the address decoder, input-output buffer and the control
circuitry is also tested. The testing of the four PLA cells is concurrent but distinct,
that is at any time each of the four PLA cells is in a different state.

More detailed testing of each block is discussed in the following sections.

3.4 Power On Check

The is the first test in the sequence after the chip has been powered on and applied
a reset signal. All the input pins are driven inactive and if those pins which do not
have any inactive states are left in high impedance or tristate condition. The state
of all the output pins and the tristated input pins is noted and compared with the

values indicated in the table 3.1.
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Pin Name 1/0 | Power On Status
POR I | High

CLK I | IMHz clock
CcSs I | High

RD I | High

WR I | High

Ag — As I | Tristate

Dy — Dy 1/0 | Tristate
ESDI I | Low
ESDO I | Low

SDI I | Tristate
SDO O | Low
RCLK O | Low

EOI O | Low

INTR O | Low

Table 3.1 NJIT PLD pin status after power on and reset.

3.5 Status Generation Check

This check detects faults in all the circuitry associated with generation of status.
The only exception is the end of initialization circuitry which is tested along with the

static RAM. The status of the chip is indicated by the following pins and registers:

1. Status Register: The five bits in the status register indicate the end of

processing for each of the four PLA cells and the end of initialization.

[EOP3 [ EOP2 | EOP1 | EOPO | EOT |

Each of these bits is set to 1 on occurance of the corresponding condition.
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2. Interrupt (INTR) Pin: The occurance of end of processing in any of the
PLA cells sets the INTR line high. This indicates an interrupt request. The
CPU has to poll the status register to determine which of the four PLA cells
had actually finished processing. A read from the status register or the output
register of the PLA cell that has finished processing will reset this request.

3. End of Initialization (EOI) Pin: This signal is driven high by the PLD
when the SRAM has been completely loaded with PLA cell configuration data.
This signal is tested in the SRAM check.

The parts or sections of the chip that would be tested are:
1. Status Register.

2. Interrupt generation and reset.

3. End of processing generation in each cell.

4. Address decoder for addresses A,B,C,D and E (Hex).

The status generation check proceeds in the following steps: (see figure

3.2)

1. At the outset the status register is read. All the bits in the status register

must be zero to confirm that

(a) Initialization of SRAM is not yet complete.

(b) No PLA cell has detected end of processing.
Any deviation indicates a fault.
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2. The second step is the checking of end of processing signal generation in the

first PLA cell (Cell0). It proceeds as follows:

(a)

(b)

An address of 0B (Hex) is put on the address bus. Thislocation is neither
readable nor writable but has been created exclusively for test purposes.
Any read or write activations at this address would be ignored by the
PLD chip.

Normally the output of a PLA cell is latched onto a cell output reg-
ister/buffer. The clock signal for loading the output data of the PLA
cell in its register is generated in the cell itself. Each PLA cell has nine
output terms out of which only eight are brought on the data bus. The
extra output is used to clock the cell output latch. Thus a state detection
can be implemented and the cell output latched when the cell reaches a
pre-defined state. For test purposes the application of an address 0B-0E
(Hex) on the address bus would enable the latching of the corresponding
cell’s output. The cell output latching is independent of the RD and
WR lines and the data present on the data bus is of no interest. Thus

the end of processing status generation circuitry is activated.

The next step is to check the status on the INTR pin. Latching of the
cell 0 output data must also set the INTR request high.

The status register is polled now to determine which cell had actually
reached end of processing. All the bits except the EOP 0 bit in the status
register must be zero.

The Cell0 output register is read. This should reset the INTR pin. The
resetting of the INTR pin is now checked.
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(e) Finally the status register is read again to verify that bit EOP 0 has been

cleared. The status register again reads 00000.

3. The third step is the checking of end of processing signal generation in the
second PLA cell (Celll). It proceeds in a similar manner to the checking of
EOP status generation for cell 0 except that address 0C Hex is read/written
to set EOP1 and INTR signal and the Celll output is read from Cell Output
Register at address 03 Hex.

4. The next step is the checking of end of processing signal generation in the
third PLA cell (Cell2). It proceeds in a similar manner to the checking of
EOP status generation for cell 0 except that address 0D Hex is read/written
to set EOP1 and INTR signal and the Celll output is read from Cell Output
Register at address 05 Hex.

5. The final step is the checking of end of processing signal generation in the

fourth PLA cell (Cell3). It proceeds in a similar manner to the checking of
EOP status generation for cell 0 except that address OE Hex is read/written

to set EOP1 and INTR signal and the Celll output is read from Cell Output
Register at address 07 Hex.

This completes the Status Generation checking.

3.6 SRAM Testing

The static RAM is used to implement the desired circuit in the PLA cells. Each
PLA cell consists of 740 programmable nodes (links or cross-points) in the input,

output and feedback arrays. The total SRAM capacity is 4% 740 = 2960 bit capacity.
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To keep address decoding simple and to reduce pin count of the chip the SRAM
is read or written serially. This is justifiable since the SRAM needs to be read or
written only once for each circuit implementation. The positive transition of the
RCLXK signal latches the data on the SDI pin onto the next SRAM bit location
when ESDI pin is high. When ESDO pin is high the SRAM is set for serial read out
and each positive transition of the RCLK signal latches the next bit on the SDO
pin.

The RCLK is derived from the CLK input to the PLD by dividing it by 16.
Thus the time taken to serially read or write the entire SRAM is

16
CLK

Tspanmr = 2960 =

or

TS.RAM = 47360 * TCLK

The time taken to read or write the SRAM is 47ms at a clock frequency of 1M Hz
and 4.7ms at 10 M H =.

The layout of the SRAM cells is interspersed with the layout of the input, output
and feedback arrays. This justifies a straightforward testing of the SRAM rather
than designing any specially designed or optimized tests. The SRAM tests include
the following;:

1. Each bit of the SRAM must be programmable to store values 0 and 1. This

checks for any stuck at O or stuck at 1 faults.

" 2. Each bit location of the SRAM must be capable of being set or reset indepen-
dently of the neighbouring? bits.

?The neighbour criterion is determined from the physical layout of the SRAM cells and not
necessarily according to the read or write sequence.
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3. The SRAM read and write control circuitry must also be checked proper
operation and timing relationships. The control circuitry includes the RCLK

generator, SRAM address counters and read write buffers.

To perform all the above checks a 1010... pattern is shifted into the SRAM and
then read out serially to verify correct programming. Next a complimentary pattern
0101... 1s shifted into the SRAM and then verified by another read out . Each of
these two pattern result in a checker board pattern being programmed in all the
four PLA cells as shown in figure 3.3. These checker board patterns will check the
following sections of the PLD:

1. SDI and SDO pins: Any stuck at O or stuck at 1 fault on the SDI or SDO
pins will result in a fixed output voltage at the pin SDO when the SRAM is
read. The s-a-0 or s-a-1 fault on SDI will result in the programming of the

SRAM with all Os or all 1s. Hence the SRAM read out will be a fixed voltage.

2. ESDI and ESDO pins: The faults detected with the SRAM read and write

enable circuitry are detected in three steps:

(a) A s-a-0 on the ESDI or ESDO will never allow reading or writing of the
SRAM. This will result in a fixed voltage level on the SDO pin when
attempting to read the SRAM.

(b) A s-a-1 on the ESDI would result in an unintentional programming of the
SRAM immediately after power on. Once all the bits of the SRAM have
been written (erroneously) to the reprogramming of the the SRAM is
inhibited till a reset. Thus in the current test the checker board pattern

will never get written to the SRAM because of some random pattern
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already being there. Further a s-a-1 on the ESDI will result in appearance
of RCLK pulses immediately after power on and EOI pin will go high
after all the bits in the SRAM have been programmed. This would be
detected by the power on check.

(¢) A s-a-1 on the ESDO is detected by the appearance of RCLK signal right
after power on and shifting out of the random SRAM data on the SDO

pin. This would be detected by the power on check.

3. RCLK pin: Any s-a-0 or s-a-1 faults on the RCLK pin would become
evident while programming the SRAM with the checker board patterns. Any
such fault would inhibit programming and readout. The +16 relationship
between the RCLK and the CLK input to the chip can also be checked for at
this time.

4. EOI status circuitry: The EOI pin must initially be low (as checked by
the power on tests) and then go high after the programming is complete. At
this point any s-a-0 fault on the EOI pin would be detected. Note that a s-a-1
fault on the EOI would have been detected by the power on check. Also after
the SRAM has been initialized the EOI bit in the status register would have

been set. This bit remains set till a reset occurs.

5. SRAM faults: The checking of the faults associated with the SRAM are

now described.

(a) Stuck at 0 and stuck at 1 faults: The checker board pattern 1010...
is first written and then read from the SRAM. This checks for the s-
a-0 faults on half of the bit cells (which have been programmed with
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1s). The other half (those programmed with Os) are checked for s-a-1
faults because any of these faults would disrupt the regularity of the
1010... pattern. Next the chip is reset and a complimentary pattern of
the above, 0101..., is written to the SRAM. The SRAM contents are then
read again. Any s-a-0 faults in the bit cells programmed with 1s (which
had earlier been programmed with Os and tested for s-a-1) or s-a-1 faults
on bit cells programmed with Os (earlier programmed with 1s and tested
for s-a-0) would disrupt the regularity of the 0101... readout pattern.
(b) Bridging faults: Due to checkerboard pattern programming every bit
cell programmed with O is surrounded by bit cells programmed with 1s
and in turn every bit cell programmed with 1 is surrounded by bit cells
programmed with Os any bridging faults between the adjacent cells will
disrupt the regularity of the checkerboard pattern and will get detected

on readout.

6. Reset circuitry: After programming the 1010... pattern the chip is reset
and the status on the out put pins checked again as in the power on check.

The status generation test are performed again to verify the effects of reset.
Next the 0101... pattern is serially loaded onto the SRAM and all the above

tests are repeated.
To sum up the SRAM check tests the following circuits in the chip:

1. SRAM bit cells.
2. SRAM read and write pins (SDI and SDO).

3. SRAM read and write control (ESDI, ESDO, RCLK).
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4. EOI status generation (EOI pin and EOI bit in the status register).
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Chapter 4
PLA Cell Testing

4.1 Faults in PLAs

There can be three types of faults in PLAs [1-3].

4.1.1 Stuck At Faults

These faults result from a metal, polysilicon or diffusion path being shorted to
ground or positive supply voltage. Even an open circuit manifests as a stuck at
fault, for example a open circuit gate can appear as a stuck at 0 fault. Also a
short between the source and drain may be construed as a stuck at 1 or stuck at
0 on the drain of a NMOS and PMOS transistor respectively. Any shorting of the
polysilicon gate to the drain or source due to defects in the SiO, layers will also
effect in a stuck at fault.

A stuck at fault may or may not propagate along the circuit network [4-8)]. Hence
test vector sets must allow for propagation of all possible stuck at faults. A stuck at
fault may pass through several polarity inversions at each transistor stage. Figure

4.1 shows a 2-1 input AND-OR-INV gate and propagation of stuck at faults on the
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inputs.

4.1.2 Bridge Faults

Bridge faults are caused by shorting of two or more metal, polysilicon or diffusion
lines. As mnoted above certain types of shorts such as those between a gate and
source manifest as stuck at faults. For testing purpose bridge faults represent the
abnormal connection of two or more different inputs that results in a faulty output
different from the output because of a stuck at fault Figure 4.1 also shows a bridge

fault and the resulting response.

4.1.3 Cross Point Faults

A crosspoint fault is caused by the abnormal absence or presence of a diode or
transistor. For example a missing transistor T3 in the circuit of figure 4.1 is a
crosspoint fault. The presence of an extra parasitic transistor Tp also constitutes
a crosspoint fault. Usually cross point faults arise in circuits using grid or array
models such as memories, PLAs etc.

The cross point fault in the above example is equivalent to a stuck at 0 fault
on the gate of transistor T3. However a parasitic transistor across the source and

drain of T3 would be harder to detect especially if it turned on and off with time.

4.2 Testing of PLAs

The testing of PLAs is a unique problem of its own. Unlike the SST and MSI circuits
there is no standard way of testing a PLA. However the regular and structured

architecture of PLAs allow their testing with simpler schemes than other LSI and
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VLSI devices.
A PLA could be tested by the manufacturer or the user. These two groups have
markedly different test philosophies, goals and equipment. The different aspects of

production and user testing are now discussed.

4.2.1 Production Testing

The production testing must be exhaustive. It must check for all the types of faults
that may result due to processing and packaging irregularities. The simple way
of testing a PLA is straightforward but rather inefficient. A look at the simple
testing technique will highlight the many a uniqueness of PLA testing. To test the
PLA well we must excite all faults and check the output for incorrect responses.
However most PLAs are one time programmable. This means that once we burn a
circuit onto a PLA we cannot alter it. This is indeed the severest limiting factor
for the straightforward testing technique. The fault coverage of such a test would
depend upon the fraction of total nodes used in burning of the test circuit onto the
PLA. This fraction is in turn dependant on the complexity of the circuit burned in.
Greater complexity would require generation of more complex (with respect to size
as well as sequence) test vectors. For any circuit’s implementation on a PLA the

following rule applies:

Any non trivial circuit implementation cannot have a node coverage

greater than 50% in the INPUT? array.

!Different PLA schemes use different implementations such as AND-OR, NAND-NAND, NOR-
NOR etc. The general form used here is INPUT-OUTPUT array.
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This is true because no non trivial® sum or product term can have a signal and its
complement together. Hence the test circuit realization can use a maximum of 50%
nodes in the INPUT array. Therefore the fault coverage of the INPUT array cannot
exceed 50%. The node coverage (and hence fault coverage) of the OUTPUT array
depends upon the number of INPUT termsin the OUTPUT array. For a very small
number of INPUT terms it is possible to have 100% node coverage but this is very
rare. Usually a PLA will have 8-24 INPUT terms per OUTPUT gate. Fig. 4.2
illustrates the node coverage possible with some PLAs implementations of medium
complexity circuits. The density of dots in the AND and OR arrays gives an idea
about the node coverage. This explains why simple testing of PLAs is rarely done
by a user.

The above discussion highlights that it is impossible to test with 100% node
coverage on a one time programmable PLA. However a manufacturer must test his
product completely before marketing. Usually a manufacturer would take a sample

of chips from a production run. Each of these chips would have a different patiern

burned onto them so that they collectively cover all nodes. Different sets of the
sampled chips would be tested with members of each set collectively covering all
faults. This would give a statistical yield for the production run. A manufacturer
might also test pre-packaged chips using wafer probes and other test equipment.
Wafer probing is done when packaging costs are high and yield is relatively low.
Wafer probe also helps in fault location and determination of fault causes. However
the wafer probe method is quite delicate, expensive and time consuming. Hence it

is desirable to be able to test a chip to the greatest possible extent from the external

2 A non trivial sum or product term is one that does not have an output fixed at 0 or 1 irrespective
of the input
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pins.

4.2.2 TUser Testing of PLAs

The impossibility of testing every node of a one time programmable PLA was dis-
cussed above. In practice it is not even necessary for a user to test all the nodes of
the PLA. A user would normally burn in a circuit of his own application. After that
he is concerned only with the fault free working of his circuit and it is immaterial
whether any faults develop in the unused resources® of the PLA.

To aid the complete testing of the user implemented portion of the PLA it is
recommended that the user burn additional redundancy or test circuitry along with
his own circuit. The redundancy or the test circuitry is then used to check itself
and the user circuit. Many schemes of creating a testable PLA design have been
proposed [9-13]. These include error detection and correction encoding of outputs,

extra terms in the output function to create disjoint terms etc.

4.3 PLA Cell Testing in the NJIT PLD

A user normally burns some redundancy or test circuitry along with the actual
circuit on the PLA. However the NJIT PLD may be reprogrammed at will. Each
reprogramming may be intended to result in a different circuit realization. So the
user might have to design a different test circuit for each application. Some times
the new design may even be adaptive and indeterministic beforehand. This would

make testable design very formidable.

3The unused input lines, output lines and other gates etc. are collectively referred to as the
unused resources of the PLA.
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However the NJIT PLD exploits reprogrammability to permit enhanced testing.
Reprogramming of the SRAM matrix to yield a new circuit realization at will allows
comprehensive production as well as user testing for a complete fault coverage. This
is a unique unison of production and user testing and both tests are identical. The
user is freed from creating a special design for testability and generating test vectors.
The production testing is made much more economical because all faults are tested
from the pins. Wafer probing is required only for location of faults due to processing
imperfections. This reduces the time and costs of wafer probing. Packaged chips
are completely testable for fault detection at any time.

The detailed testing of the PLA cell is discussed in the next sections. Along with
the testing of the PLA cells sections of other interacting circuitry such as address

decoder, input-output buffer and timing and control circuitry are also tested.

4.3.1 Taxonomy and Nomenclature of PLA Cell Sections

Figure 4.3 shows a complete schematic of a PLA Cell. The PLA is implemented
as a NOR-NOR matrix. These will henceforth be referred to as INPUT NOR and
OUTPUT NOR (abbreviated as I/P NOR and O/P NOR) matrices. The I/P NOR
matrix has 20 NOR gates. Each gate has 24 programmable inputs (8 inputs, 8
complementary of inputs, 4 feedback Lines and 4 complementary feedback Lines).
The O/P NOR matrix has 8 gates each with 20 programmable inputs. Each input
to the O/P NOR matrix gate corresponds to a output of an I/P NOR gate.

The feedback is through 4 D type flip flops. The inputs and outputs of these
flip flops constitute the FEEDBACK matrix.

The inputs to the I/P NOR matrix are called X Inputs. Thus X;X,...X5 are

the inputs to the PLA cell. These are latched from the external data bus D¢ — D7
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to the Cell Input Latch of the PLA cell. Hence any test vector for the PLA cell

check is a set of 8 elements in the form
X = {.Xng rg}

where X, = 0 or 1. The 8 input Lines and their 8 complements are collectively
referred to as the X Array or the X Lines. Thus the X Array has 16 elements
whereas there are only 8 X Inputs.

The output of each 24 I/P NOR gate run on metal Lines across the chip. These
outputs of the I/P NOR gates are called Y Lines and are collectively referred to

as Y Array. The status of these Y Lines in response to a test vector
X ={X1X,...X3} isgivenby ¥ = {¥1Y5...Ya0}

where X,,Y, =0 or 1.
The 8 output Lines are also called Z Lines. These form an 8 element Z Array

Z = {21Z2...Z8}

where Z; = 0 or 1.
The feedback is through 4 D type flip flops. The inputs to these flip flops are
called the D Lines and constitute a 4 element D Array such that

.D = {D1D2D4}

where D, =0 or 1.
There are four normal (Q) and four complementary (@) outputs from the D flip
flops. These are collectively referred to as Q Lines and constitute a 8 element Q

Array such that
Q = {QI-QT"-Q4—Q7}
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where @, = 0 or 1.

Table 4.1 summarizes all these notations.

4.3.2 General Test Sequence

The test sequence for the PLA cell testing consists of the following steps.

1. Reset the PLD chip and program the SRAM so as to realize a test circuit

configuration in each PLA cell.

2. Apply one or more test vectors on the X Lines and obtain the response from

the Z Lines.

3. Compare the obtained response with the expected respomnse and check for

CITOTS.

4.3.3 Test Length

The total length of the test depends upon various factors. It also depends upon

the test equipment and apparatus set up times. However the test time measured
herein will be the time used exclusively for the checking of the PLA cell. This time

depends upon:
1. PLD reset time (Treser)-
2. SRAM read and write times (Tsp4ar)-

3. Total number of test vectors. The time spent on applying a test vector to the

PLA cell and obtaining the response is
Trv =Twr + TrD
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Group Name

Symbolic Represen-
tation

Remarks

I/P NOR Ma-
trix
O/P
Matrix
FEEDBACK
Matrix

I/P Array or
I/P Lines

NOR

X Array or
X Lines

Y Array or
Y Lines
Z Array or
Z Lines

D Array or
D Lines

Q Array or
Q Lines

X = {X1X2X8}

X = {-XIXz"'-XlG}

Z = {Z1Z228}

D = {D1D2...D4}

Q = {@10:.-Q4Q4}

Consists of 20 INPUT NOR gates each
with 24 programmable inputs.

Consists of 8 OUTPUT NOR gates each
with 20 programmable inputs.

Consists of the four feedback flip flops and
their input and output matrices.

This is the 8 bit input to the PLA Cell.
This comes from the data bus (Dy — D-)

Lines.

These are the 8 inputs and their comple-
ments. Thus the INPUT Array is a subset
of the X Array.

These are the 20 outputs of the INPUT
NOR gates.

These are the 8 outputs of the OUTPUT
NOR gates.

These are the 4 inputs to the D type flip
flops.

These are the four normal (Q) and four
complementary (@) outputs from the D
flip flops.

Table 4.1: PLA Cell Sections
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therefore Tyopy = TReset + 2 * Tspans + n % (Twgr + Trp) where n is the number
of test vectors in a test. The total time to test the chip is the sum of times

for all the tests.

The reset time for the chip is fixed at Ims. The SRAM read and write times
are also fixed and depend upon the CLK frequency. At 10M Hz the read or write
time for the SRAM is 4.7ms. Hence the test design challenge has two aspects:

1. Design of such PLA configurations that permit a wider fault coverage for each
implementation. Thus every programming of the SRAM should be designed
to result in a circuit that checks for maximum number of faults in the PLA

cell.
2. Minimization of total number of test vectors.

A comparison of the test times must be made when there are different and

alternative ways to test. It must be kept in mind that the time taken to reprogram

the SRAM is greater than of a write-read cycle by an order of 10000.

4.4 Test 1 (Testing of the X,Y and Z Arrays)

The first test involves a programming pattern that would detect s-a-0 and s-a-
1 on the X Lines, s-a-0, s-a-1 and bridge faults on the Y Lines and s-a-0, s-a-1
and bridge faults on the Z Lines. The first step is loading of a special pattern
into the SRAM. This pattern is equal weightage, half matriz, single activation and
interleaved (abbreviated as EWHMSALI pattern), see figure 4.4. The characteristics

of this pattern that aid testing are:
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. Equal Weightage: All the X Lines are loaded the same. So are all the Y
Lines and all the Z Lines. The equal loading makes the transient and heating
effects be distributed along the chip area and minimizes spurious faults and

other irregularities.

. Half Matrix: As discussed in a previous section the INPUT NOR matrix
cannot have a node coverage greater then 50%. The EWHMSAI pattern has
the maximum node coverage of 50%. This is very advantageous in testing of
cross point open faults since it is possible to test for all crosspoint faults with

two programmings of the SRAM.

. Single Activation: Single activation implies that in each of the X, Y and
Z arrays only one line is active (high or low) at any time and all the rest are

complementary. This is very essential for bridge fault detection.

. Interleaving: Two adjacent signals that are input to the same gate can
mask each other’s bridge faults. Hence no two Y Lines form inputs to the

same gate.

Design of the EWHMSAI Pattern: For a PLA with n inputs (including the

complementary inputs as well) the EWHMSALI pattern will cover (n*n)/2 nodes in

the Input matrix and (n * m)/2 nodes in the Output matrix where the PLA has m

outputs. This pattern is derivable for an even number of X inputs (not including the

derived X inputs). For PLAs having odd X inputs two even subsets of the inputs

may be considered such that they together cover all inputs. The complementary of
the EWHMSAI pattern shown in figure 4.6 is also an EWHMSAI pattern and is used

to check the other (n*n)/2 and (n * m)/2 nodes in the Input and Output matrices
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with the same test vectors as will be derived for the first EWHMSAI pattern.

As an example the design of the EWHMSAI pattern for the 8 input 8 output
PLA shown in figure 4.2 will now be presented. Since there are 8 X and 8 X inputs
the EWHMSAI pattern 1 will cover 16 Y Lines. Each of these ¥ Lines (or Input
Nor Gates) will have 8 inputs. One input to each gate will be complementary type
of all the other inputs to that gate. In the present example one ¥ Line will have
X1,X5,Xs,...,Xg as inputs, another Y Line will have X, X5, X3, ..., Xs as inputs
and yet another Y Line will have X;,X,, Xs,..., Xs as inputs and so on. Note
that the inputs X1, X5, Xs,..., X5 and X1, X5, X3, ..., X5 are complementary of each
other. All the complementary input patterns are placed such that there is one other
pattern between them (interleaving). The Z Lines (output Nor gates) in the Output
matrix have alternate Y Lines as inputs and every Y Line and its complimentary
Y Line are both inputs to the same Z Line. This results in the EWHMSAI pattern
shown in figure 4.3. For PLA structures with other I/P and O/P matrix sizes similar
patterns may be derived by the procedures outlined above.

We now consider the various faults detected by using the pattern shown in figure
4.3. In the following discussion a italicized value indicates a fault sensitive value
in an array. Thus X = {00100110} indicates that X, and X are fault sensitive

and their value would change with any of the faults under consideration.

4.4.1 Stuck at 0 Fault Detection in the X Array:

The test vectors for the stuck at 0 fault detection, the resulting Y Line status and

the responses on the Z Lines are shown in the table for Test la.

Figure 4.5 shows the signal paths that are tested with the first vector as high-
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Ar = {.X]Xz...Xs}

Y ={1Y,...Y56}

Z = {Z1 Zg...Zg}

X={0000 0000}
X={1111 1111}

Y={0000 0000 0000 0000}
Y={0000 0000 0000 0000}

z={11111111}

7={11111111}

Table 4.2: Test 1a (Stuck at 0 Fault Detection in the X and Z Arrays,

Stuck at 1 fault detection in the Y Array)

.X = {.XIXQ....Xg}

Y - {.-Y':I.‘Y'2---Y16}

Z - {21Z2...Zg}

X={0111 1111}
X={1011 1111}
X={1101 1111}
X={1110 1111}
X={1111 0111}
X={1111 1011}
X={1111 1101}
X={1111 1110}

Y={1000 0000 0000 0000}
Y={0100 0000 0000 0000}
Y={0000 1000 0000 0000}
Y={0000 0100 0000 0000}
Y={0000 0000 1000 0000}
Y={0000 0000 0100 0000}
Y={0000 0000 0000 1000}
Y={0000 6000 0000 0100}

7={0111 1111}
Z={1011 1111}
7={1101 1111}
7={1110 1111}
Z={1111 0111}
7={1111 1011}
7={1111 1101}
7={1111 1110}

X={1000 0000}
X={0100 0000}
X={0010 0000}
X={0001 0000}
X={0000 1000}
X={0000 0100}
X={0000 0010}
X={0000 0001}

Y={0010 0000 0000 0000}
Y={0001 0000 0000 0000}
Y={0000 0010 0000 0000}
Y={0000 0001 0000 0000}
Y={0000 0000 0010 0000}
Y={0000 0000 0001 0000}
Y={0000 0000 0000 0010}
Y={0000 0000 0000 0001}

7={0111 1111}
7={1011 1111}
7={1101 1111}
7={1110 1111}
7={1111 0111}
z={1111 1011}
7={1111 1101}
7={1111 1110}

Table 4.3: Test 1b (Stuck at 1 Fault detection in the X and Z Arrays,
Stuck at 0 in Y Arrays and Bridge Faults in Y and Z Arrays.)
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lighted. The first test vector would detect s-a-0 faults on all the X Lines. The

second test vector checks for all the s-a-0 faults on the X Lines.

4.5 Stuck at 1 Fault Detection in the X Array

Test 1b shows the sixteen test vectors for s-a-1 fault on the X Lines. However only
the first eight or the second eight would by themselves detect all the s-a-1 faults
on the X Lines. Note that a stuck at 1 fault on an X Line which is low (0) would
result in the corresponding fault sensitive Y Line being driven low which would in
turn make the fault sensitive Z Line go high (1).

Note that each test vector checks for s-a-1 on one X Line and seven & Lines.

4.5.1 Stuck at 0 Fault Detection in the Y Array

The sixteen test vectors in the s-a-1 test for X Array result in a single activation
of the Y Lines, that is only one Y Line is 1 at any time. If this Y line is s-a-0
the corresponding fault sensitive Z Line will go high. Thus the s-a-0 faults on the
sixteen of the Y Lines are detected by the s-a-1 for X Line test. Stuck at 0 on other
four Y Lines are detected by TEST 4.

4.5.2 Stuck at 1 Fault Detection in the Y Array

The Y Line s-a-1 faults are also detected by the X Line s-a-0 fault detection tests.
Note that in the X Line s-a-0 tests the Y Lines are always 0. Any s-a-1 fault on the

Y Lines will result in the corresponding Z output going low.
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4.5.3 Stuck at 0 Fault Detection in the Z array

In the s-a-0 test for the X Lines all the Z outputs were always 1. Any of these s-a-0

will show as a faulty response to the input test vector.

4.5.4 Stuck at 1 Fault Detection in the Z Array

During the s-a-0 fault detection in the X Array one out of eight Z Lines was normally

0. A s-a-1 on the Z line would evidently show up as a faulty response to.a test vector.

4.5.5 Y Array Bridge Faults

Again note that during the s-a-1 testing of the X Lines a rolling 1 pattern appeared
at the Y Lines. Besides checking for s-a-0s on the Y Lines these vectors would
also detect any bridging faults between adjacent® Y Lines. Again this is because of
single activation. A bridge between any active (1) Y Line and a adjacent Y Line
would result in the same logic on both of them. This would result in either double
activation or null activation and generate a faulty output response. It is important
to note the interleaved pattern in the OUTPUT NOR array. Had there been no
interleaving then a bridge fault masking may have occured because the bridging of
two Y Lines such that both evaluate as high would have gone un-noticed because
a NOR gate responds with a 0 output when even more than one inputs are high.
Interleaving guarantees that adjacent Y Lines are inputs to different NOR gates
and a bridge resulting in double (or multiple) activation would result in multiple

activations at the OUTPUT NOR array as well.

4A bridge fault between any non adjacent Y Lines would also bridge the intervening adjacent Y
Lines.
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4.5.6 Z Array Bridge Fault Detection

The X array s-a-1 fault detection tests result in a single Z Line being active (0) at
any time. A bridge to any adjacent line, all of which are 1, would result in multiple
activation or null activation. Hence the Z array bridge faults also get detected by
the X Array s-a-1 fault tests.

4.5.7 INPUT and Output Array Crosspoint Faults

The checking for the INPUT and Output array crosspoint opens and shorts with
the EWHMSAI 1 Pattern is defined in a later section.

4.6 Test 2 (Testing of the X,Y and Z Arrays)

The second test involves the programming of another EWHMSAI pattern in the
PLA. This pattern is however complimentary of the pattern used in test 1. Thus

all Os in test pattern 1 are Os in the test pattern 2 and vice versa. Figure 4.6 shows

the new EWHMSAI pattern.

The second EWHMSAI Pattern is used to detect crosspoint shorts and opens in
the INPUT array. Since each EWHMSALI pattern covers half of the matrix the two
tests put together have 100% fault coverage. The details of the crosspoint tests are

presented in another section.

4.7 Test 3 (Testing of X Array Bridge Faults)

This test is to check for bridge faults in the X array. Figure 4.7 and 4.8 show the

PLA cell programming and the circuit realization.
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X = {X,%5..Xs) Y = {¥,Y2...Ye} 7 =12,25...05}
X={0000 0000} | Y=1{1000 0000 0ddd dddd} | Z={01dd dddd}

where d = don’t care.

Table 4.4: Test 3 (Testing of X Array Bridge Faults)

If all the X Inputs are driven low then any two adjacent lines in the X array
will be at different logic levels and a bridge between them would change the logic
level on at least one of them. It now remains to design a circuit that would detect
a abnormal change in the logic level of each X Line.

The test vectors and the resulting state of Y Lines and the output on the Z lines

are given below.

Thus a single test vector is sufficient to detect all bridge faults in the X array.
Also note the rather sparse node coverage in the INPUT and OUTPUT Arrays.
This allows another test configuration for testing the FEEDBACK Array to be

programmed together with the current test pattern.

4.8 Test 4 (Testing of the FEEDBACK Array

This test checks for all faults (except crosspoint) in the FEEDBACK Array. The

different faults that are checked are:
1. Stuck at 0 and 1 on D Lines.
2. Bridge faults on D Lines.
3. Stuck at 0 and 1 faults on Q Lines.

4. Bridge faults on Q Lines.
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X1 Xp . Xs | Yi6Y17..Yo0 | D4 D3...Dq | Q104...04Q4 | Yi5Y34...Yo | 2:2,...24
01010 10101 1010 10011001 | 0110100 | dd01 001d
1 0101 01010 0101 01100110 | 1001010 ddio101ld
where d=don’t care.

Table 4.5: Test 4a (Stuck at 0, Stuck at 1 and Bridge Fault Detection on D Lines,
Stuck at 1 Fault Detection on Q Lines)

5. Stuck at 0 and 1 on Y77...Y5.
6. Bridge faults on Y36...Y20.

Note that Yig...Yo Lines were not checked in the tests 1 and 2.

Figure 4.9 & 4.10 shows the PLA cell pattern and the resulting circuit realization.

4.8.1 Stuck at 0 Fault Detection on D Lines

To check for stuck at 0 fault on the D Lines each feedback flipflop is loaded with
1 and its output response checked. The inputs X, X3X X5 undergo two inversions
each before feeding the D input of the feedback flipflops. A stuck at 0 fault on any
D Line would result in an abnormal output on Z, or Zs.

The test vectors for the test are given in Test 4a.

4.8.2 Stuck at 1 Fault Detection on D Lines

This tests proceeds similar to the stuck at 0 fault detection on the D Lines with
the difference that the response of the flipflops in response to a 0 input is observed

(Test 4a).
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X1X3.. X5 | Yao¥1r--Y20 | DaDaoDy | Q1010404 | YisYraYo | Z1Z2..-Z
01101 10010 1101 1010 0110 | 001101 0 | dd01 101d
0 0111 11000 0111 0110 1010 0001110 | dd01 101d
01110 1 0001 1110 1010 1001 0011100 | dd01 101d
01011 10100 1011 1001 1010 0 01011 0| dd01 101d

where d=don’t care.

Table 4.6: Test 4b (Stuck at 0 Fault Detection on Q Lines)

4.8.3 Stuck at 0 Fault Detection on Q Lines

The four test vectors needed for s-a-0 and s-a-1 fault detection on the Q Lines are

given below.

4.8.4 Stuck at 0 and stuck at 1 faults on Y;7Y35...Y5y Lines.

Note that these Y Lines were not checked during test 1 and 2 on I/P and O/P
arrays. Any stuck at fault on the Yi7Y15...Y20 Lines would result in a stuck at fault
on the D Lines and hence be detected by the tests for stuck at faults on the D Lines
(Test 4a).

4.8.5 Bridge Fault Detection on D Lines

Again the two tests for the stuck at 0 or 1 fault detection on the D Lines would detect
any bridge faults. This is possible because the D Lines are driven in an alternate
pattern (0101 or 1010) in both the tests. Any bridge fault on two adjacent lines
would result in their having the same logic level and hence appearing as if stuck at.

Thus test 4a would also detect D Line bridge faults.
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X1 X0 X | YigY17..Y50 | DyD3...D1 | @101...Q4Q4 | Y15Y14..Ys | Z12,...Z4
01111 1 0000 1111 10101010 0000001 | ddol 10d
where d=don’t care.

Table 4.7: Test 4c (Bridge Fault Detection on Q Lines)

4.8.6 Bridge fault Detection on Yi;Y3;...Y5 Lines

Any bridge fault on the Y;7Y¥1s...Y50 Lines would result in an apparent bridge fault
on the D Lines and be detected by the same tests as for D Line bridge fault detection
(Test 4a).

4.8.7 Bridge Fault Detection on Q Lines

The first test used for s-a-0 on the Q Lines (this test checked for @ line s-a-0 can be
used for bridge fault detection Q lines as well. The method of detection of bridge
faults on Q lines is analogous to the one used for bridge fault detection for X Lines
(Test 3). The test vector and the fault sensitive responses are indicated below.

Thus seven test vectors detect all the faults associated with the feedback array
(except crosspoint faults).Note that the node coverage in the PLA cell is
quite sparse and can be merged with Test 3 Pattern. The resulting pattern
is shown in figure 4.11. When testing the feedback array the Xz line must be held
1 (to make Qg equal 0).

4.9 Crosspoint Fault Detection in the I/P and
O/P Arrays

Crosspoint faults are the permanent presence or absence of a link between the X

and Y ,Qand Y,Y and D or Y and Z Lines. The crosspoint fault in the NJIT
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PLD can arise because of :
1. A fault in the SRAM bit cell.
2. A fault in the crosspoint transistor.

First discuss a general scheme for detecting crosspoint faults is presented and
then the test vectors for crosspoint fault detection in the NJIT PLD are presented.

Consider the PLA cell pattern in figure 4.12 To test for all crosspoint shorts on
Zy Line all the inputs X;X,...Xg are set 1. This results in Y;Y3Y35 all being 0 and
Y3Y....Y 6 being all 1. This results in a normal output of 1 on Z; Line. Any extra
crosspoint link in the O/P array will include a Y Line from the group Y,Y;...Yie
and cause the output to be 0. Thus a single vector can test all the crosspoint shorts
on each output line (Z Line or Y Line). Further more a checker board pattern in
the Output array will allow crosspoint short detection on all the alternate Z Lines
simultaneously. Thus only two test vectors could detect all crosspoint shorts in the
O/P Array. A similar approach may be followed for the the I/P array.

The detection of crosspoint open faults is more time consuming. To detect a
crosspoint open that point must be made the only active path in the product or
sum term (analogous to single activation). Thus an input of 01111111 would result
in a normal O/P of 0 on the Z; Line but a crosspoint open between Y; and Z;
would result in O/P being 1. Again a checker board pattern would allow parallel

detection on all similar lines and speed up the test.
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4.10 Crosspoint Fault Detection with EWHM-
SAT (Test 1) Pattern

The EWHMSAIP is not perfectly symmetric like the checker board pattern and
hence it requires more test vectors to detect the crosspoint faults in the I/P Array.
However the EWHMSALI pattern can produce Y outputs which are singly activated.
These outputs can be then used to detect crosspoint open faults in a O/P matrix
programmed with a checker board pattern. The EWHMSAI pattern can itself be
used to check the I/P matrix for crosspoint faults. Referring back to Test la and
1b we find that all the Y Lines are either all O or at the most one line is 1 (single
activation). Therefore the interleaved pattern in the O/P matrix can be
replaced by a checkerboard pattern right in the beginning. The resulting
pattern is shown in figure 4.13 and it may be called EWHMSAI-Checkerboard
pattern. Now four alternate outputs out of the eight Z Lines will have same logic

value but adjacent output lines would have different values making it still possible
to detect s-a-0, s-a-1 and bridge faults described in Tests 1 and 2. This highlights

the elegance of EWHMSAI pattern.

4.10.1 Crosspoint Short Detection in the I/P Array

The test vectors for detecting the crosspoint shorts by the scheme discussed above
are now presented.

Note that the first eight vectors have been used in I/P array s-a-1 test too.
Each of the 16 test vectors above checks for crosspoint shorts in the Y Line which

is at 1. The above test vectors are applied again after programming the second

EWHMSAI-Checkerboard pattern 2 (Test 2).

70



Y1 Y3 YE Y7 YB Y1lvi3vis Y17 YiB
Y 181720

APAFRFAFAPA AP

FRFLFRFLUPRINFhF

FLIFLFAFLPFLPAP
LT kT T T h T e

YiTrig
Y2 Ya YB YBYiBYi2Y1aYiB YiBeysn

Figure 4.3 EWHMSAI-Checkerboard Pattern 1
for INPUT and OUTPUT array
cross point faults.

7



X1 X,.. X5

YiY,.. Y6

Zl Z2'"Z8

0111 1111
1011 1111
1101 1111
1110 1111
1111 0111
1111 1011
1111 1101
1111 1110

1000 0000 00600 0000
0100 0000 0000 0000
0000 1000 0000 0000
0000 0100 0000 0000
0000 0000 1000 0000
0000 0000 0100 0000
0000 0000 0000 1000
0000 0000 0000 0100

0101 0101
1010 1010
0101 0101
1010 1010
0101 0101
1010 1010
0101 0101
1010 1010

1000 0000
0100 0000
1010 0000
1001 0000
1000 1000
1000 0100
1000 0010
1000 0001

0010 0000 0000 0000
0001 0000 0000 0000
0000 0010 0000 0000
0000 0001 0000 0000
0000 0000 0010 0000
0000 0000 0001 0000
0000 0000 0000 0010
0000 0000 0000 0001

0101 0101
1010 1010
0101 olo01
1010 1010
0101 0101
1010 1010
0101 0101
1010 1010

Table 4.8: Test 1c¢ (Crosspoint ShortDetection in the I/P Array)




4.10.2 Crosspoint Open Detection in the I/P Array

The test vectors and the responses on the Y and Z lines for crosspoint open fault

detection in the I/P array are given below.
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X1 X,.. X, Y1Y5..Yi6 ] Z129...08
Y, Line

1111 1111 | 0000 0000 0000 0000 1111 1111
0011 1111 { 0000 0000 0000 0000 1111 1111
0101 1111 { 0000 0000 0000 0000 1111 1111
0110 1111 | 0000 0000 0000 0000 1111 1111
0111 0111 | 0000 0000 0000 0000 1111 1111
0111 1011 { ©000 0000 0000 0000 1111 1111
0111 1101 | 0000 0000 0000 0000 1111 1111
0111 1110 | 0000 0000 0000 0000 1111 1111
Y, Line

0011 1111 | 0000 0000 0000 0000 1111 1111
1111 1111 | 0000 0000 0000 0000 1111 1111
1001 1111 | 0000 0000 0000 0000 1111 1111
1010 1111 | 0000 0000 0000 0000 1111 1111
1011 0111 | 0000 0000 ©000 0000 1111 1111
1011 1011 | 0000 0000 0000 0000 1111 1111
1011 1101 | 0000 0000 0000 G000 1111 1111
1011 1110 Q0000 0000 0000 0000 1111 1111
Ys Line

0000 0000 | 0000 0000 0000 0000 1111 1111
1100 0000 | 0000 00060 0000 0000 1111 1111
1010 0000 | 0000 0000 0000 0000 1111 1111
1001 0000 | 0000 0000 0000 0000 1111 1111
1000 1000 | 0000 0000 0000 0000 1111 1111
1000 0100 | 0000 0000 0000 0000 1111 1111
1000 0010 | 0000 0000 0000 0000 1111 1111
1000 0001 | 0000 0000 0000 0000 1111 1111

Table 4.9: Test 1d (Crosspoint Open Detectionin the I/P Array)
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Test 1d contd. (Crosspoint Open Detection in the I/P Array)

D CP. CY. I Y1Y5..Yi6 | L129...23

Y, Line

1100 0000 | 0000 G000 0000 0000 1111 1111
0000 0000 | 0000 0000 0000 0000 1111 1111
0110 0000 | 0000 0000 0000 0000 1111 1111
0101 0000 { 0000 0000 0000 0000 1111 1111
0100 1000 | 0000 0000 0000 0000 1111 1111
0100 0100 | 0000 0000 0000 0000 1111 1111
0100 0010 | 0000 0000 0000 0000 1111 1111
0100 0001 | 0000 0000 0000 0000 1111 1111
Yis Line

1000 0010 | 0000 0000 0000 0000 1111 1111
0100 0010 { 0000 0000 0000 0000 1111 1111
0010 0010 | 0000 0000 0000 0000 1111 1111
0001 0010 | 0000 0000 0000 0000 1111 1111
0000 1010 { 0000 0000 0000 0000 1111 1111
0000 0110 { 0000 0000 0000 0000 11111111
0000 0000 | 0000 0000 0000 0000 11111111
0000 0011 { 0000 0000 0000 06000 1111 1111
Y.¢ Line

1000 0001 | 0000 0000 0000 0000 1111 1111
0100 0001 | 0000 0000 0000 0000 1111 1111
0010 0001 | 0000 00060 0000 0000 1111 1111
0001 0001 | 0000 0000 0000 0000 1111 1111
0000 1001 { 0000 0000 0000 0000 1111 1111
0000 0101 | 0000 0000 0000 0000 1111 1111
0000 0011 | 0000 0000 0000 0000 1111 1111
0000 0000 | 0000 0000 0000 0000 1111 1111

Note that the Y Lines have many common tests. As shown in the case of ¥}

Line test all the Y Lines with their output -shown as 0 are being checked for a
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crosspoint open. Each test vector usually checks for two crosspoint open faults and
the vectors 0000 0000 and 1111 1111 check for eight faults each. Since there are
8 % 8 = 256 nodes programmed in the EWHMSAI pattern 1 the total tests required
for crosspoint open fault detection are (256/2) — 2% 7 = 114.

The above test vectors are applied again after programming the second EWHMSAI-
Checkerboard pattern of Test 2, figure 4.14.

4.10.3 Crosspoint Short Fault Detection in the O/P Array

The crosspoint fault detection test in the O/P array is much quicker. This is
because the O/P matrix is programmed with regular checkerboard which allows
simultaneous testing of half (4) Z Lines. To test for crosspoint shorts between a Y
Line and Z Lines the Y Line is made 1. All other Y Lines remain 0. A crosspoint
short between this Y Line and any Z Line will then make the normally 1 output of
that Z Line go 0.

The test vectors for the O/P Array crosspoint short are the same as the I/P

Array crosspoint short. These are repeated below.

76



Y1 Y3 YS Y7 YB vYiivi3vis

Y17 viR

ve|va|YBiYBEiBjr12 ﬂﬁs Ir 15[y 20
x4
X2
X3
X3
X5
XE
X7
. T
Qi —
&1
a2 —
=
63 ?_,
a3
Q4
a3
o q
na
D3
D2
all
L . 24
2
Ll\liitrtlll z3
: A 2
WOUFRF NN EI NS Z5
i\lllllll\!\lt | ZE
,'\Dll‘lil‘lll. z7
l!!llilil!li!! ZB
Ti7k 1D
YiBYER

Figure 4.4 EWHMSAI-Checkerboard Pattern 2

for checking INPUT and OUTRUT
array crosspoint faults.

77



O/P Array crosspoint fault test vectors

XX, X

s 7
Y. Y6

Z1Z5... 24

0111 1111
1011 1111
1101 1111
1110 1111
1111 0111
1111 1011
1111 1101
1111 1110

1000 0000 0000 0000
0100 0000 0000 0000
0000 1000 0000 0000
0000 0100 0000 0000
0000 0000 1000 0000
0000 0000 0100 0000
0000 0000 0000 1000
0000 0000 0000 0100

0101 0101
1010 1010
0101 o101
1010 1010
0101 o101
1010 1010
0101 0101
1010 1010

1000 0000
0100 0000
1010 0000
1001 0000
1000 1000
1000 0100
1000 0010
1000 0001

0010 0000 0000 0000
0001 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000

0101 o101
1010 1010
0101 0101
1010 1010
0101 0101
1010 1010
0101 0101
1010 1010

Note that the first eight vectors have been used in I/P array s-a-1 test too. Each

of the 16 test vectors above checks for crosspoint shorts in the Y Line which is at
1.

The above test vectors are applied again after programming the second EWHMSAI-
Checkerboard pattern of Test 2.

4.10.4 Crosspoint Open Fault Detection in the O/P Array

Again the checkerboard symmetry of the O/P array allows a quicker testing of the
crosspoint open faults. The sixteen tests for the O/P array crosspoint short faults
tested for the crosspoint shorts on the Y Lines which were 1 and not connected as

input to the O/P Lines. They also tested for crosspoint opens on the Y Lines which

were 1 and connected as input terms to the O/P Lines. This was possible because
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of single activation in the Y array.

4.11 Test 5 (Crosspoint Fault Detection in the D
Array)

This section discusses the scheme to detect crosspoint faults in the D Array. The
testing scheme is similar to the one used for I/P and O/P arrays. The test vector
is inverted through the I/P array. It is then applied to the D Array which has
been programmed with the Y;...Y; columns of the EWHMSAI Pattern of the Test

1. Figure 4.15 and 4.16 show the PLA cell programming and the circuit realization.

The output of the flipflops (Q Lines) are feed to the Y;7Y5o Lines with a checker-
board pattern. The output from this matrix is fed to the O/P array where after
an inversion it is available on the Z Lines. This implementation is very similar to
the EWHMSAI-Checkerboard pattern with the minor variation of having inverter
stages at the I/P and O/P and a clock cycle delay through the D flipflops. This

test would check for the following.
1. Crosspoint open and short faults in the D array.
2. Crosspoint open and short faults in the Qy...Q7 — Y17Y2q array.

4.11.1 Crosspoint Short Fault Detection in the D Array

The test vectors for this test are analogous to those for the I/P array crosspoint

short detection and are given below.
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X]XQ....XS ._Yly’g...}fls .D4.D3....D1 Q] Q1-~'Q4Q4 },17},18---},20 Z]Zg...Zg
01111111 | 1001 0101 0101 0101 1000 1001 0101 0000 1111
1011 1111 | 0110 0101 0101 0101 0100 0110 0101 0000 1111
1000 0000 | 0110 1010 1010 1010 0001 0101 1001 0000 1111
0100 0000 | 1001 0101 0101 0101 0001 0101 0110 0000 1111

Table 4.10: Test 5a (Crosspoint Short Fault Detection in the D Array)

4.11.2 Crosspoint Open Fault Detection in D Array

The test vectors for crosspoint open faults in the D Array are given below. Note

their similarity with the I/P array crosspoint open.

4.11.3 Crosspoint Short Fault Detection in Y77...Y50-X Array

The test for detection of crosspoint open for the D array results in all D inputs to
be normally 0. This would check for any crosspoints in the ¥;7...Y5q Array. Note
that only four tests out of the 32 would have been sufficient.

4.11.4 Crosspoint Open Fault Detection in the Yj7...Yy Ar-
ray

The crosspoint short faults check for the D array resulted in singly activated D
array. This would also check for crosspoint open faults in the ¥77...Y3 Array. The
checkerboard pattern allows testing with only two vectors.

All these test vectors are applied again to the complimentary pattern of figure

4.15 which is shown in figure 4.17.
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X1 X5 g | Y1Y,...Y16 | DyDs...D, j Q101...04Q4 I Yi:¥1s...Y50 | Z159... 03
D4 Line

11111111 § 1010 1010 1010 1010 0000 0101 0101 0101 1010
0011 1111 { 0101 1010 1010 1010 0000 0101 0101 0101 1010
0101 1111 } 0110 0110 1010 1010 0000 0101 0101 0101 1010
0110 1111 { 0110 1001 1010 1010 0000 0101 0101 0101 1010
0111 0111 { 0110 1010 0110 1010 0000 0101 0101 0101 1010
0111 1011 | 0110 1010 1001 1010 0000 0101 0101 0101 1010
0111 1101 { 0110 1010 1010 0110 0000 0101 0101 0101 1010
0111 1110 | 0110 1010 1010 1001 0000 0101 0101 0101 1010
D3 Line

0011 1111 { 0101 1010 1010 1010 0000 0101 0101 0101 1010
1111 1111 | 1010 1010 1010 1010 0000 0101 0101 0101 1010
1001 1111 { 1001 0110 1010 1010 0000 0101 0101 0101 1010
1010 1111 | 1001 1001 1010 1010 0000 0101 0101 0101 1010
1011 0111 { 1001 1010 0110 1010 0000 0101 0101 0101 1010
1011 1011 | 1001 1010 1001 1010 0000 0101 0101 0101 1010
1011 1101 { 1001 1010 1010 0110 0000 0101 0101 0101 1010
1011 1110 | 1001 1010 1010 1001 0000 0101 0101 0101 1010
.Dz Line

0000 0000 | 0101 0101 0101 0101 0000 0101 0101 0101 1010
1100 6000 | 1010 0101 0101 0101 0000 0101 0101 0101 1010
1010 0000 | 1001 1001 0101 0101 0000 0101 0101 0101 1010
1001 0000 { 1001 0110 0101 0101 0000 0101 0101 0101 1010
1000 1000 { 1001 0101 1001 0101 0000 0101 0101 0101 1010
1000 0100 | 1001 0101 0110 0101 0000 0101 0101 0101 1010
1000 0010 { 1001 0101 0101 1001 0000 0101 0101 0101 1010
1000 0001 | 1001 0101 0101 0101 0000 0101 0101 0101 1010
D, Line

1100 0000 | 1010 0101 0101 0101 0000 0101 0101 0101 1010
0000 0000 | 0101 0101 0101 0101 0000 0101 0101 0101 1010
0110 0000 | 0110 1001 0101 0101 0000 0101 0101 0101 1010
0101 0000 | 0110 0110 0101 0101 0000 0101 0101 0101 1010
0100 1000 } 0110 0101 1001 0101 0000 0101 0101 0101 1010
0100 0100 { 0110 0101 0110 0101 0000 0101 0101 0101 1010
0100 0010 | 0110 0101 0101 1001 0000 0101 0101 0101 1010
0100 0001 | 0110 0101 0101 0110 0000 0101 0101 0101 1010

Table 4.11: Test 5b (Cros§'§>oint Open Fault Detection in D Array)
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X1X5.. Xs | YirYas. Yoo | DaDs...D1 | 010;...0:05 YiYs. Ve 7172224
0111 1111 1000 0101 0110 0110 0101 0101 0101 0101 ; 0000 0000
1011 1111 0100 1010 1001 1001 1010 1010 1010 1010 |} 0000 0000
1000 0000 0010 0101 01100110 | 0101 0101 0101 0101 | 0000 OOOO
0100 0000 0001 1010 1001 1001 1010 1010 1010 1010 | 0000 0000

Table 4.12: Test 5¢ (Crosspoint Short Fault Detection in the Y37...Y20 — X Array)

4.12 Test 6 (Crosspoint Faults in the Q Array)

This test would check for the following.

1. Crosspoint open and short faults in the Q array.

2. Crosspoint open and short faults in the X — Y;5...Yy, array.

3. Crosspoint open and short faults in the D;...D4-Y;7Y5, array.

The X —Y77...Yo0 array is programmed as a subset of the EWHBMSAIP. The D;...Dy-

Y1;Y50 array is programmed as a checkerboard pattern while a new type of pattern

is programmed in the Q Array. Figures 4.18 and 4.19 show the PLA cell pattern

and the resulting circuit implementation.

4.12.1

Array

Crosspoint Short Fault Detection in the Yi;...Y50 — X

The ¥17...Y20 — X Array is programmed with a subset of the EWHMSAIP used for
the Test 1. This will allow a testing of all crosspoint short and open faults with the

tests given below.
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4.12.2 Crosspoint Open Fault Detection in the Yi;..Y50 — X
Array

This test proceeds similar to the crosspoint open fault check for the I/P Array. The
test vectors are given below.

All these test are repeated again with the complimentary pattern of figure 4.18
programmed. This complimentary pattern is showed in figure 4.20. The repeated

tests may be called tests 6a and 6b respectively.

4.13 Conclusion

The previous sections showed how all the faults in the PLA Cell could be tested

from the external pins. The approach allowed different circuit implementations to
be programmed in the PLA resulting in a combined 100% controlability and 100%
observability. The table below summarizes all the tests.

The above discussion shows the design of a highly optimal test pattern for PLA

fault check. These EWHMSALI patterns allow all but input line bridge fault detec-
tion in the combinational section of the PLA. The feedback circuit is checked by
programming other patterns. The total test patterns for the model PLA were 7.
The total number of test vectors used were 2 + 2% (192) = 470 for the total of 2960
nodes, and 56 X,Y,Z,D and Q lines.

For PLAs that are of different size that is with smaller or larger input, output

and feedback sizes similar patterns and tests can be derived.
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XX X ] Yi:Yi6... Y5 ] D4D3...D1J Q:01...Q40Q4 Y1Y,..Yi6 | G124...08 ]
Yis Line

1111 1111 0000 1111 1010 1010 0000 0000 0000 | 1111 1111
0011 1111 0000 1111 1010 1010 0000 0000 0000 | 1111 1111
0101 1111 0000 1111 1010 1010 0000 0000 0000 | 1111 1111
0110 1111 0000 1111 1010 1010 0o00 0000 0000 { 1111 1111
0111 0111 0000 1111 1010 1010 0000 0000 0000 | 1111 1111
0111 1011 0000 1111 1010 1010 0000 0000 0000 | 1111 1111
0111 1101 0000 1111 1010 1010 0000 0000 0000 | 1111 1111
0111 1110 0000 1111 1010 1010 0000 0000 0000 | 1111 1111
Yis Line

0011 1111 0000 1111 1010 1010 0000 0000 0000 | 1111 1111
1111 1111 0000 1111 1010 1010 0000 0000 0000 | 1111 1111
1001 1111 0000 1111 1010 1010 0000 0000 0000 | 1111 1111
1010 1111 0000 1111 1010 1010 0000 0000 0000 | 1111 1111
1011 0111 0000 1111 1010 1010 0000 0000 0000 | 11171 1111
1011 1011 0000 1111 1010 1010 0000 0000 0000 | 11171 1111
1011 1101 0000 1111 1010 1010 0000 0000 0000 | 1111 1111
1011 1110 0000 1111 1010 1010 0000 0000 0000 | 1111 1111
Y1e Line

0000 0000 0000 1111 1010 1010 0000 0000 0000 | 1111 1111
1100 0000 0000 1111 1010 1010 0000 0000 0000 | 1111 1111
1010 0000 0000 1111 1010 1010 0000 0000 0000 | 1111 1111
1001 0000 0000 1111 1010 1010 0000 0000 0000 | 1111 1111
1000 1000 0000 1111 1010 1010 0000 0000 0000 | 1111 1111
1000 0100 0000 1111 1010 1010 0000 0000 0000 | 1111 1111
1000 0010 0000 1111 1010 1010 0000 0000 0000 | 1111 1111
1000 0001 0000 1111 1010 1010 0000 0000 0000 | 1111 1111
Y50 Line

1100 0000 0000 1111 1010 1010 0000 0000 0000 | 1111 1111
0000 0000 0000 1111 1010 1010 0000 0000 0000 { 1111 1111
0110 0000 0000 1111 1010 1010 ¢000 0000 0000 | 1111 1111
0101 0000 0000 1111 1010 1010 0000 0000 0000 | 1111 1111
0100 1000 0000 1111 1010 1010 0000 0000 0000 j 1111 1111
0100 0100 0000 1111 1010 1010 0000 0000 0000 | 1111 1111
0100 0010 0000 1111 1010 1010 0000 0000 0000 | 1111 1111
0100 0001 0000 1111 1010 1010 0000 0000 0000 | 1111 1111

Table 4.13: Test 5d (Crosspoint é%en Fault Detection in the Yi7...Yoq — X Array)
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PLA Section || s-a-0 | s-a-1 | Bridge | Crosspoint Short | Crosspoint Open
X Lines 1la 1b 3 N/A N/A
Y Lines 1b la 1b N/A N/A
Z Lines la 1b 1b N/A N/A
D Lines da 4a 4a N/A N/A
Q Lines 4b4c | 4a 4c N/A N/A
I/P Matrix || N/JA | N/JA | N/A lc,2a 1d,2b
O/P Matrix || N/A | N/JA | N/A lc,2a 1d,2b
F/B Matrix | N/JA | N/JA | N/A 5a,6a 5b,6b

Table 4.14: Summary of Test Sequences
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Appendix A
Test Equipment for NJIT PLD

The equipment used for testing the NJIT PLD is the Logic Master System from
INTEGRATED MEASUREMENT SYSTEMS. It consists of the following three units:

1. IMS 1000 Mainframe System (with 16 input and 16 output channels).
2. VS 1000 Verification Station.

3. A Terminal which may be connected through a mainframe like VAX or APOLLO
or a dumb terminal (VI100 or higher).

The IMS 1000 mainframe is the heart of the test system. It has various interfaces
for connecting as a GPIB compatible equipment, or for connecting to a mainframe
(VAX or APOLLO), or to a IBM PC or compatible through a RS232 port and
a Screen Link Program. A dumb VT100 (or higher) terminal may be connected
instead. The host computer or the terminal is used to control the IMS 1000. The
host computer can command the IMS 1000 in two ways:

1. By use of Screen Interface in which different screens (Configuration, Resource
Allocation, Operating Conditions and Pattern Control) are used to execute
the test experiments.

2. Command Language Interface permits the testing to proceed as directed by
a written program. There are about 50 Logic Master commands. The com-
mands may be used as parameters of the standard I/O commands in any
programming language.
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The IMS 1000 mainframe connects to different modules through POD Assem-
blies to the V51000 Verification Station. The IMS 1000 can have different modules
such as Pattern Generation, Data Acquisition and Programmable Power Supply be
connected. The device to be tested is wired on the VS 1000 Verification station.
The IMS 1000 transmits test vectors and acquires data from the D.U.T. through
the POD assemblies. The setup for this thesis used an IBM compatible PC running
a VT100 emulation software.

Figures A.1 to A.4 show the different screens as used in testing of a dual CMOS
flip-flop CD4013. The configuration screen (Figure A.1) appears at power on and is
a summary of the system set up. It displays the different modules available and the
width (channels or signal lines) and memory depth (signal sample storage capacity)
for each channel.

The resource assignment (Figure A.2) screen is used next to assign data output
channels to the device under test (Force channels), power to the D.U.T. {(Power
channel), timing and clock signals (Timing channels) and data input channels. The
data input channels could be simply acquire or compare. This resource assignment
is then used to wire the device under test.

The third screen (Figure A.3) to be used is the Operating Conditions screen
which allows the tunning of various parameters such as display radix (binary, dec-
imal or hex), active high or low setup, logic low and high voltage threshold setup,
signal formats (RZ, R1, NRZ, NR1, RI etc.), voltage threshold for input data sam-
ples and sampling time with respect to the system clock. It also allows adding short
circuit current limits to the power supply and its disabled state definition.

The Pattern Control Screen (Figure A.4) allows entering of the test vectors the
expected data and instructions such as if error goto test n etc. As shown in the
figure A.4 after running the test three errors were found in the response as indicated
under the error column. Note that the @, is stuck-at-1.

A further description about the Logic Master System is given in the Logic Master
Series System Reference Manual and the Operator’s Manual.



HHNHE P A R AR HA R UL P SR P H P H AR H AR AH AR PP HHHH AR H AU N H B PP HUHHH AR B H AL B R R B by 23

#Hlemtrguretrionm Integrated Messw ement Systens Loyre Maste - ML g
i
#C3m1 Module  WidthDepith Fonctacn 1.0 Larc Fods
Hommm e e e —— ik
i3 ISREN & s Farce WFZ TTL TTL
S ST e/ & Urisss1gred
N STh s/ & Unascigned
L ST &7 & thieesignen
+ 05 ST 16/ &t / Compare (Expect?
v & AT i=/ 8l N Compere {(Aoguire) INF TTL TTL
# o7 ST &/ B Unassignecd
il g O &/ 8t Urnsssigred
E STH 14s Bt Uneessiaoned
10 OO0 1&/7 & Unacssaigned
# i1 ST &/ 8 Uras=signed
# 12 A0 e/ Gt Unassigned
3
#f Cptionz: R&-232
H
# ConTirgurstion Summzvryv: STH ACC
Hommmmm e e
# Mz, Dbepth (biteschemnel s it et
# Mivi, Cloct Pericd Sins Sone
Figure A.1 IMS Test System 1000 Configuaration Screen.
+HEHEFER R H SR H A SR R B — e e e e e e e e
HResowurce Adssignmens,
H
fhamz: Datz-Out  Type: Compere Chamnels Assignec: 4 Fods: &4
B
+ S5lct Ch Neae Fanm Unweed Resouwrcecs
3
#imek +  « A7 03 3 Fovrce
H o hRE D1- = Compeare &F
# & RE Dz iz fcguare
h A =T v iz
it Timane 1FT
Fower

F
i
i
v
]
1

Figure A.2 IMS Test System 1000 Resource Assignment Screen.
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