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Abstract— Very Large Scale Integration (VLSI) has made a
dramatic impact on the growth of integrated circuit
technology. It has not only reduced the size and the cost but
also increased the complexity of the circuits. The positive
improvements have resulted in significant performance/cost
advantages in VLSI systems. There are, however, potential
problems which may retard the effective use and growth of
future VLSI technology. Among these is the problem of
circuit testing, which becomes increasingly difficult as the
scale of integration grows. Because of the high device
counts and limited input/output access that characterize
VLSI circuits, conventional testing approaches are often
ineffective and insufficient for VVLSI circuits.
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. INTRODUCTION

Logic built-in self-test (L-BIST) is a design for testability
(DFT) technique in which a portion of a circuit on a chip,
board, or system is used to test the digital logic circuit itself.
With logic BIST ,circuits that generate test patterns and
analyze the output responses of the functional circuitry are
embedded in the chip or elsewhere on the same board where
the chip resides. As the complexity of circuits continues to
increase, high fault coverage of several types of fault models
becomes more difficult to achieve with traditional testing
paradigms. Integrated circuits are presently tested using a
number of structured design for testability (DFT)
techniques. In this paper we use the BIST for multiplier
technique. And its part LFSR, CUT(multiplier), MISR. In
the test mode, a set of test patterns are applied to the circuit
and responses are collected. The test responses are then
compared with fault-free responses to determine if the CUT
(multiplier) works properly.

Il. PREVIOUS WORK

LFSR is a shift register whose input bit is a linear function
of its previous state. The most commonly used linear
function of single bits is XOR. Thus, an LFSR is most often
a shift register whose input bit is driven by the exclusive-or
(XOR) of some bits of the overall shift register value.
Pseudorandom number sequence generator [8] is generated
in HDL according to the following circuit based on the
concept of shift register as shown in Figure 1.The output of
TPG is used for input test vectors for Circuit under
test(CUT). The outputs of the CUT are combined by MISR
circuits to make a signature of the circuit. The signature of a
fault free circuit is called as Golden Signature which is then
stored in the BIST controller circuit. This golden signature
is compared with the signature of the CUT.
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Fig. 1: Conventional BIST Architecture
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I1l. PROPOSED WORK

In the previous works the test vector generators are based on
normal polynomials so the test patterns may repetitive so the
test coverage limits. Some fault may not be recognized .but
in our proposed work we design the primitive polynomial
based on Galois field . For example 4 bit pattern generator
should generates 24 — 1=(15) test vectors . But there may
be possible that 2 or more test vectors generated may be
same .because test vector generated randomly. Hence
effective no of test vectors are less. if our test vectors are
less then our test coverage range shrinks. But in our
proposed work our primitive polynomial based pattern
generator generates non-repetitive test vectors. ie. If we use
4 bit PRPG it will generates 15 different test patterns. that
means test patterns not repeats. so it will cover a large range
of faults .
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Fig. 2: Proposed LBIST Architecture for Multiplier for High
Test Coverage

IV. GALOIS FILED BASED PRPG

A primitive polynomial is a polynomial that generates all
elements of an extension field from a base field. Primitive
polynomials are also irreducible polynomials. For any prime
or prime power ¢ and any positive integer n, there exists a
primitive polynomial of degree n over GF(q).
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aq(n)zw 0100 0110
Primitive polynomials over GF (q). 1010 0011
Where aq(n) is the totient function. A polynomial of degree 0101 1101
n over the finite field GF (2) (i.e., with coefficients either 0 0010 1010
or 1) is primitive if it has polynomial order 2n-1. 0001 0101
Putting g=2 in equation (i) the numbers of primitive 1000 1110
polynomials over GF(2) are 0100 0111
a2 (n) = @ (q"-1) ...(ii) 1010 1111
n 0101 1011
giving 1, 1, 2, 2, 6, 6, 18, 16, 48, ... for n=1,2.. The 0010 1001
following table lists the primitive polynomials (mod 2) of 0001 1000
orders 1 through 5. 1000 0100
Primitive polynomials 0100 0010

1+x V(a). Simulation Waveform of primitive polynomial based

1+x+x2 PRPG for HIGH test Coverage:

1T+x+x3, 1+x2+x3

1+x+x4 , 1+x3+x4
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A primitive polynomial of degree n over Galois
field GF(2), p(x), as a polynomial that divides 1+XT, but not
1+Xi for any integer i < T, where T = 2n -1.A primitive
polynomial is irreducible. Because T = 15 = 14 -1.The
characteristic Polynomial, f(x) = 1+x+x*, used to construct
Figure 3(b) is a primitive polynomial; thus the modular
LFSR is a maximum-length LFSR.

Let R(X) = F(X) 1 =X n F(X?) then R(X) and
F(X) are reciprocal and a reciprocal polynomial of primitive
polynomial is also primitive. Hence polynomialsl+x+x* ,
1+x3+x* are primitive.

The characteristic polynomials f(x) used to
construct both LFSR are 1+x?+x* and 1+x+x* (primitive
polynomial) respectively.

D
L >4

Fig. 3(a): 4-bit standard LFSR

Fig. 3(b): 4-bit modular LFSR

V. IMPLEMENTATION AND RESULT COMPARISON

VHDL implementation of logic BIST ( built in self-test)
Architecture for combinational  circuit for high test
coverage in visi chips using EDA tool Xilinx’s 8.2i, and
simulation is done on Modelsim 6.3F.

The test sequences generated by each LFSR, when
its initial contents, SO, are set to {0001}.
PN Sequence for fig.3(a) | PN sequence for fig.3(b)

0001 0001

1000 1100

V(b). Waveform Analysis of LFSR

S.NO SIGNAL SIGNAL SIGNAL
T NAME TYPE LENGTH
1 CIKIfsr input clk
2 Q output 4 bit

The waveform of LFSR shows that for every clk
input the LFSR generates 4 bit output which is non-
repetitive sequence in random order.

VI. CONCLUSION

An implementation of BIST logic using VHDL. Primitive
polynomial based LFSR is used as a pseudorandom
sequence generator which gives maximum length sequence.
Signature analysis is used to make verification of the circuit.
Signature mismatch with the reference signature means that
the circuit is faulty. However there is a small probability that
the signature of a bad circuit will be the same as a good
circuit. When longer sequence is used signature analysis
gives high fault coverage.
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