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Abstract— This paper deals with the vital role of primitive
polynomials for designing PN sequence generators. The standard
LFSR (linear feedback shift register) used for pattern generation
may give repetitive patterns. Which are in certain cases is not
efficient for complete test coverage. The LFSR based on primitive
polynomial generates maximum-length PRPG.
Index Terms—1. LFSR (linear feedback shift register). 2.
PRPG (Pseudo feedback shift register).3 Primitive polynomial 4.
Galois field.

I. INTRODUCTION
An LFSR is a shift registers that, when clocked, advances the
signal through the register from one bit to the next
most-significant bit (figure1). Some of the outputs are
combined in exclusive-OR configuration to form a feedback
mechanism. A linear feedback shift register can be formed by
performing exclusive-OR on the outputs of two or more of the
flip-flops together and feeding those outputs back into the
input of one of the flip-flops as shown in Figure 2.

Fig. 2 Linear Feedback Shift Register
II. PROCEDURE FOR PAPER SUBMISSION
A. Pseudo Random Pattern Generator (PRPG)
Linear feedback shift registers make extremely good
pseudorandom pattern generators. When the outputs of the
flip-flops are loaded with a seed value (anything except all 0s,
which would cause the LFSR to produce all 0 patterns) and
when the LFSR is clocked, it will generate a pseudorandom
pattern of 1s and 0s. The only signal necessary to generate the
test patterns is the clock.
B. Standard LFSR
An standard LFSR is shown in figure 3. It consists of n D
flip-flops and a selected number of exclusive-OR (XOR)
gates. Because XOR gates are placed on the external feedback
path, the standard LFSR is also referred to as an
external-XOR LFSR.

Fig. 1. 3-Bit Shift Register
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Fig. 3 N Stage (External –Xor) Standard LFSR
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C. Modular LFSR
The modular LFSR runs faster than its corresponding
standard LFSR, because each stage introduces at most one
XOR-gate delay. An n stage modular LFSR is shown in figure
4. It is also referred to as modular or internal-LFSR.
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Fig. 5 (b) 4-Bit Modular LFSR
The test sequences generated by each LFSR, when its initial
contents, S0, are set to {0001}.
PN Sequence for fig.5(a)
0001
1000
0100
1010
0101
0010
0001
1000
0100
1010
0101
0010
0001
1000
0100

The internal structure of the n-stage LFSR in each figure can
be described by specifying a characteristic polynomial of
degree n, f(x), in which the symbol hi is either 1 or 0,
depending on the existence or absence. Let Si represent the
contents of the n-stage LFSR after ith shifts of the initial
contents S0, of the LFSR, and let Si(x) be the polynomial
representation of Si.
Then, Si(x) is a polynomial of degree n−1, where:
Si(x) = Si0 + Si1x + Si2x2 + Si3x3 + Si4 x4 + ……… + Sin-2xn-2
+ Sin-1xn-1.
of the feedback path, where

PN sequence for fig.5
(b)
0001
1100
0110
0011
1101
1010
0101
1110
0111
1111
1011
1001
1000
0100
0010

III. PRIMITIVE POLYNOMIAL
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 q and any positive integer n, there exists a
primitive polynomial of degree n over GF(q).
There are
aq (n) = Ф(qn -1)
n
……… (i)

If T is the smallest positive integer such that f(x) divides
1+xT, then the integer T is called the period of the LFSR. If T
= 2n −1, then the n-stage LFSR generating the

Primitive polynomials over GF (q).
Where aq(n) is the totient function. A polynomial of degree n
over the finite field GF (2) (i.e., with coefficients either 0 or 1)
is primitive if it has polynomial order 2n-1. For example,
1+x+x2has order 3 since
Putting
q=2 in equation (i) the numbers of primitive
polynomials over GF(2) are
a2 (n) = Ф (qn -1) ......(ii)
n
giving 1, 1, 2, 2, 6, 6, 18, 16, 48, ... for n= 1,2.... The following
table lists the primitive polynomials (mod 2) of orders 1
through 5.

maximum-length sequence is called a maximum-length
LFSR. Consider the four-stage standard and modular LFSR
shown in Figure 5(a) and figure 5(b), below. The
characteristic polynomials f(x) used to construct both LFSR
are 1+x2+x4 and 1+x+x4, respectively.
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n
1
2
3
4
5

Q

Primitive polynomials
1+x
1+x+x2
1+x+x3 , 1+x2+x3
1+x+x4 ,1+x3+x4
1+x2+x5 , 1+x+x2+x3 +x5, 1+x3+x5, 1+x+x4+x3 +x5,
1+x2+x3+x4 +x5
1+x+x2+x4 +x5,

Fig. 5 (a) 4-Bit Standard LFSR
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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+x4, used to construct Figure 5(b) is a
primitive polynomial; thus the modular LFSR is a
maximum-length LFSR.
Let R(X) = F(X) -1 = X n F(X-1) then R(X) and F(X) are
reciprocal and a reciprocal polynomial of primitive
polynomial is also primitive. Hence polynomials1+x+x4
,1+x3+x4 are primitive.

power
0
0
x
1
x
2
x
3
x
4
x
5
x
6
x

A finite field is a field with a finite field order (i.e., number of
elements), also called a Galois field. The order of a finite field
is always a prime or a power of a prime . For each prime
power, there exists exactly one (with the usual caveat that
"exactly one" means "exactly one up to an isomorphism")
finite field GF (pn). GF(p) is called the prime field of order p,
and is the field of residue classes modulo p, where the p
elements are denoted 0, 1, ...,(p-1). a=b in GF(p) means the
same as a=b(mod p). However, that 2x2=0(mod4)in the ring
of residues modulo 4, so 2 has no reciprocal, and the ring of
residues modulo 4 is distinct from the finite field with four
elements. Finite fields are therefore denoted GF(pn), instead
of GF(k), where k= pn. The finite field GF(2) consists of
elements 0 and 1 which satisfy the following addition and
multiplication tables.

0
0
1
0
0
0

vector
(000)
(001)
(010)
(100)
(011)
(110)
(111)
(101)

regular
0
1
2
4
3
6
7
5

The set of polynomials in the second column is closed under
addition and multiplication modulox3+x+1, and these
operations on the set satisfy the axioms of finite field. This
particular finite field is said to be an extension field of degree
3 of GF(2), written GF(23), and the field GF(2) is called the
base field of GF(23). If an irreducible polynomial generates
all elements in this way, it is called a primitive polynomial.
For any prime or prime power q and any positive integer n,
there exists a primitive irreducible polynomial of degree n
over GF(q). For any element c nof GF(q), cq=c, and for any
nonzero element d of GF(q),d(q-1)=1. There is a smallest
positive integer n satisfying the sum condition e+e+e+….( n
times )=0 for some element e in GF(q). This number is called
the field characteristic of the finite field GF(q). The field
characteristic is a prime number for every finite field, and it is
true that (x+y)p = xp + yp a finite field with characteristic p.

IV. GALOIS FIELD

+
0
1
X
0
1

polynomial
0
1
x
2
x
x+1
2
X +1
2
x + x +1
x 2 +1

VI. CONCLUSION
Primitive polynomial and Galois field gives idea about the
designing the LFSRs with maximum length pattern. The more
the random pattern the more the fault coverage is possible for
testing the VLSI chips. Hence it is useful to implement a
PRPG (pseudo random pattern generator) based on primitive
polynomials for efficient and exhaustive-pseudo random
testing. Thus improves the performance of PRPG.
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