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Abstract— Very Large Scale Integration (VLSI) has made an
extraordinary effect on the development of integragéd circuit
technology. It has not only decreased the dimensicand the
price but also improved the complexness of the ciuits. There
are, however, prospective issues WhICh may slow dowthe
efficient use an lopment
Among these i issue of
progressively c
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l. INTRODUCTION

BIST (Built-In Self-Test) for random logic is
becoming an eye-catching substitute in IC testatigpough
logic BIST is a recent subject which is under resie@ver
more than 3 decades. This paper provides the use of
deterministic logic BIST structure upon state-of-tirt
industrial ~ circuits. Nevertheless, new innovations
throughout deep-submicron IC process engineeringedis
as core-based IC design and design engineeringswidly
lead to more popular using logical BIST due to fhet
outer assessment is actually becoming a lot mdfieudi
as well as high-priced. Logic built-in self-test I89)
depend on the fundamental design for test methggolo

For any testing methodology, the following factors
should be considered- high and easily verifiableltfa

coverage, minimum test pattern generation, minimum
performance degradation, at-speed testing, shatinge
time, and reasonable hardware overhead [1]. Logit-B
Self-Test (BIST) provides a feaS|bIe solution te #ibove
reduces off-chip
eck causethby
eliminateach of

. odern Sysivfa-
Chip (SoC) design, many cores are integrated irdimgle
chip. Some of them are embedded, and cannot besete
directly from the outside of the chip. Such SoCigies
make the test of these embedded cores a greatishell
[2]. BIST is one of the most popular test solutidagest
the embedded cores. Since more and more transisters
integrated on a single IC, the amount of test wscto test
such large ICs is increasing. This requires largenories
in external test equipment. In addition, a sigaific
increase is predicted.

Originally, the predominant compelling purpose
for the adopting of BIST was the need to execuifeid
examining. Just lately, there have been develogdegires
for BIST as it may lower the price of manufacturitegt
together with strengthen the standard of the pdsictest
by providing at-speed testing ability. In BIST,
pseudorandom styles tend to be generated on chip; t
actual replies tend to be compacted about chipyedsas
the handle impulses tend to be pushed simply bgnachip
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controller. The amount of examination files exchedhg
with the tester is consequently considerably lodera
addition, the scan cells are configured into adamgmber
of relatively short scan chains, thus reducing time
required to apply a single test pattern. The lovmoey and
performance requirements on the tester allow tlgeiof
very low cost testers for manufacturing test ofigies with
logic BIST.

1. METHODOLOGY

Linear Feedback Shift Register

LFSR is an n-bit shift register which pseudo-
randomly scrolls between 2n-1 values, but doeseity v
quickly because there is minimal combinational dogi
involve [1]. The all zeros case is not p033|bleh||s type of
LFSR, but th ability of i

50% except that. T
pseudorando e sense
"0" is approxi 50%, b
Like a binary r, all"2 1

a “random” o that i

gates and shi i

binary sequen R

correctly choo he Hee

from an n -bit shift register we can produce a PRBS
length 2 — 1, a maximal-length sequence that includes all
possible patterns (or vectors) of n bits, excluding all-
zeros pattern. In an LFSR, the bits contained lecsed
positions in the shift register are combined in emort of
function and the result is fed back into the registinput
bit. Fig.1 shows a 3bit LFSR.

tap?

—((Ctap”
0 1 2
—D Q D Q D Q

QUTRUT

LSEBIT WS BIT

CLAOCK,

Figurel: 3 bit maximal-length LFSR

The feedback is done so as to make the system more
stable and free from errors. Specific taps arertdik@m the

tapping points and then by using the XOR operation
them they are feedback into the registers.

Sgnature Analysis

Signature Analysis is a compression technique
based on the concept of cyclic redundancy checkig
The good and faulty circuits produce different sitymes.
Test Patterns for BIST can be generated at-speednby
LFSR with only a clock input. The outputs of thecait-
under-test must be compared to the known good nsgpo
In general, collecting each output response andbaffing
it from the circuit under test for comparison isoto
inefficient to be practical. The general solutios to

compress the entire output stream into a singlaasige
value.

e additions are the
are eauntdf we

we use m < n ispwe do
not need the extra XOR gates in the last n — mtipasi of
the SISR. SISR reduce the amount of hardware redjud
compress a multiple bit stream. LFSR and/or SISBui

is implemented using a memory already existing éireuit

to be tested. If we apply a binary input sequenceRSR,
the shift register will perform data compaction (or
compression) on the input sequence. At the endepirtput
sequence the shift-register contentg, @, and Q, will
form a pattern that we call a signature. If the uinp
sequence and the serial-input signature regisi&R)Sare
long enough, it is unlikely (though possible) thato
different input sequences will produce the sameaige.

If the input sequence comes from logic that we wvtistest,

a fault in the logic will cause the input sequetehange.
This causes the signature to change from a knovad go
value and we shall then know that the circuit unést is
bad. This technique, called signature analysis, was
developed by Hewlett-Packard to test equipmenthia t
field in the late 1970s. The simplest form of ttéshnique
is based on a single input LFSR.
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Figure2: 3 bit Single-input signature registeiS{S)

Every LFSR has a characteristic polynomial that
describes its behavior. Degree of polynomial isegivoy
the number of shift registers.

Description of MARCH Y algorithm

March Y algorithm: § (WO0); 1 (RO, W1, R1);| (R1, WO,

RO); T (RO)

The basic not

The FSM should have a START state and be
activated by an external signal RUN_BIST.
The design should have an input signal
BIST_COMP feedback from the SRAM such
that when BIST_COMP=1 means there is a
fault, 0 no fault. If BIST-COMP=1, the
simulation should be terminated and the FSM
goes to END state. The address lines should
read the failing address.

Output pins Read_En to be activated during
the Read operation, and Write_En to be
activated during the write operation.

A Compare state follows each Read
operation, during which NO Read or Write
operations are activated

An output signal called Error is activated
when the FSM goes to END state
corresponding to failure.

The machine should produce the address and
data output signals to feed the array.

You should provide a test fixture file to run
the machine.

¢  Use 500MHZ clock.

Design Methodol ogy

RUN_BIST | :  Addressiines
:

BIST_ COMP | —»| =

= SEAM
i Datalines

| Rewd En
| Wrte En

— Emor

Figure3: BIST machine Specifications

The BIST March Y algorithm is implemented using a
Finite State Machine. The state diagram used tmydehe
BIST is shown below:

BIST_COMP=1
es

Addr=Addr+1

Addr=Addr-1

Compare with 0
1011

Read 0
1010

STOP
1

Addr=Addr+1

Figure4: FSM based implementation of the MARCH SBlalgorithm

The finite state machine of the BIST March Y altfumi
has 16 states, hence the state are representgusits.

The controller starts the BIST algorithm if the
RUN_BIST signal is asserted, and otherwise it staythe
idle state. If the RUN_BIST=1, then initially writ
operation is performed on all the words sequesmtiaid
then a read-0 is performed and compared with Qhéf
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result is correct then we write-1 on the same délthe
comparison is incorrect then the machine goes tORST
state. Again, a read-1 operation is performed enséme
cell and compared with-1. If the comparison redslt
correct, it increases the address and if the cosgrarns
incorrect, the machine goes to STOP state.

Similar to the above process, initially read
operation takes place; this read is followed bypmsarison
operation. And then write-0 is performed and ag&iad
and comparing with 0 takes place.

In the end, read 0 operation is performed and
compared with 0. In all the above comparisondhef tesult
s incorrect then the machine goes to idle stateratke the
machine goes to the corresponding state.

The state transitions are shown in the above
figure. After each comparison the machine goesitttee
write state or to the STOP state if the FSM gersrain
error. The FSM is easily designed using case and if
statements in the VHDL. In each state the corrediogn
Read enable (RE) and Write enable (WE) signals are
asserted.

If the
always assert
also asserted.

The VHDL Impl ati

The is
VHDL, with the top module as BIST and then BIST
controller and SRAM modules are the sub modulethén
top BIST module.

Clock

‘ BIST ‘

| Data—

RUN_BIST- >

®  8-bit 32 word

BIST Controller — SRAM module

RE—p»

> FINISH

» Error

Figure5: Module hierarchy in the VHDL implementatiof BIST March
Y algorithm

Since this is simulation, error in SRAM will not jzgar as
unless intentionally introduced, we will have onRAS/
module which has random bit sequences at someteegis

which will work as an error in SRAM. Since in the
simulation using Modelsim, the error cannot beddtrced
during simulation hence a separate SRAM module is
designed which has an error. According to this tibe
module is modified to invoke the SRAM file with errand
without error.

Faulty Circuits

VoD Expected is zero
A — Stuck at
0 fault zero 0
B 5
1 / sum bit
Cin
]
Cout
carry bit

' ‘r%m
Set

Data input 1 ‘ 1

s Stuck at fault zero
Data ——D a——a
Clock ck  o——@Q

Clear/Reset

Figure7: D Flip-Flop

Stuck at fault 0
clock

input
1 = Clock e ——]
circuit

=

Figure8: Counter
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Random
Inputs access Outputs
memory
(RAM)
Figure9: RAM

1. SIMULATION RESULTS

Following figures shows the synthesis result:

=
SRk s A= O IMEE AL T A
lLMM»“.“""" fyws
test_sequence(7:0) bist_end
e . ——— bist_en coupling_fault |-——
Mo tiow acatabi clk stuck_at_fault_one m
reset stuck at fault_zero ——
*C Paceam = Do e 2 70 o ey
B - B plemented using
— :\i :-: T:;:iji-_q' s VHDL language and tested on various faulty circutisen
S D S | SR ) . . .
e S design has been synthesised on Xilinx and fault desen
created and simulated on Modelsim. Special testorg
N — embedded memory MARCH-Y algorithm has been tested
TR AR T B A TS B AR for coupling fault, stuck at on fault, stuck at@éaults.
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