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Abstract—On the base of reversible sequential circuits, this paper 

studies the Built-in self-test vector generation method, analyzes 

the method of LFSRs that generate pseudo-random sequences. 

Using reversible D Flip-Flops, we build a LFSR pseudo-random 

sequences generator to realize Built-in Self Test for reversible 

circuits. It can achieve the maximum length pseudo-random 

sequence. 
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I. INTRODUCTION 

With the development of science and technology, many 
testable design methods have been widely studied and applied 
to improve the quality of IC testing and reduce cost. Built-in 
self-test (BIST) is a primary self-test methodology and is 
widely used for testing VLSI circuits. This method configures 
circuits for testing itself, with the advantage of low test 
complexity, short test time, high fault coverage rate and so on. 
It will be a very important direction for future research. It 
includes test-pattern generators and output response analyzer. 
To test-pattern generators, Linear Feedback Shift Registers 
(LFSRs) becomes the mainstream, mainly due to its simple 
structure and high sequence coverage rate[1]. 

Reversible logic is of major interest in low power CMOS 
design and quantum computing [2-3]. Reference [4] presents 
primary reversible sequential elements such as D latch, JK 
latch and D Flip_Flop, etc. LFSR is an important sequential 
circuit for Design for Test. 

LFSRs are widely used in DFT and BIST. For compressing 
the amount of test data, pseudo random binary test sequences 
are generated by LFSRs. With minimum length feedback 
polynomial LFSR can faster generation of binary sequences 
than based on linear congruential equations. Output data of 
LFSRs is compressed by a polynomial division process[5]. 
Undoubtedly, LFSR is known to be an extremely simple and 
fast way of generating a pseudo-random sequence. 

II. LFSR  

Figure 1 and Figure 2 show a typical internal and external 
XOR LFSR, respectively [6]. n denotes the length of the LFSR. 

0 n 
 are the binary coefficients. The characteristic 

polynomial of these LFSR is, 
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FIGURE I. A TYPICAL INTERNAL XOR LFSR. 
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FIGURE II. A TYPICAL EXTERNAL XOR LFSR. 

If i  is binary 1, it implies that a branch exists. In contrast 

if i  is binary 0, implies that no branch exists. In this case, 
input and output directly connect and corresponding XOR gate 
is removed. 

A seed is the initial state of LFSRs which are run in 
autonomous mode to generate a set of test vector. Different 
initial seed will produce different test vectors. Input bits of 
LFSR are solutions of linear function for its previous state. It 
cycles through all possible states so that to generate random 
sequence. The period of the sequence is 2

n
-1, where n is the 

number of shift registers in the LFSR.  

III. RELATION OF LFSR SEQUENCE AND FEEDBACK 

POLYNOMIAL 

LFSR by irreducible primitive polynomial can generate 
maximum length sequence[7-9]. The relation of Feedback 
polynomial and generation sequence is not complex. After t 
clocks, output state of Di is denoted as si(t) , and other outputs 
are denoted as sn-1(0), sn-1(1),…,sn-1(j). The sequence generated 
is denoted as 
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In equation 2, the x is time shift. For a internal XOR LFSR, 
when φn is one, output satisfy 
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It is brought into equation 2, we can have next equation. 





























1

0

1
11

1

0

1

1

1

])1()([

)(
n

i

in
i

n
in

n

n

i

n
i

n

x

xsxinsx

xG



 

      (4) 

IV. DESIGN-FOR-TEST OF REVERSIBLE SEQUENTIAL 

CIRCUITS 

D latch and D Flip_Flop are important elements for 
reversible sequential circuits. To realize reversible sequential 
circuits with testability, we presented primary reversible 
sequential elements, D Flip_Flop, in reference [10]. 
Considering reversible structure, we attempt to find a way to 
simplify garbage outputs functions. In response to this point, 
we present our own solutions in Figure 3. Compared with 
reference [4], cost of its realization is cut by one forth. A 
reversible D Flip_Flop is caused by this in Figure 3. 

 Qn+1=  Qn·CLK D·CLK Qn 

CLK              

Qn·CLK D            D 

CLK 

Qn 

Qn+1=  Qn·CLK D·CLK Qn 0 

 
FIGURE III. OUR REVERSIBLE D LATCH. 

A m-order can generate the longest sequence which is 2m-
1 long. It is called M- sequence. According to the mode of 
primitive polynomial, LFSR circuit can generate the longest 
sequences, and also its structure is simple and its hardware 
cost is low. It is only made of m-bits shift registers and a series 
of XOR gates. LFSR states vector is defined as: 
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To external-XOR LFSR, its state vectors are defined as 
follow: 
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On the basis of this idea, we are able to set up a reversible 
LFSR circuit to generate pseudo-random variables with the 
reversible D flip-flop in reference [10]. For example four bits 
LFSR, its primitive polynomial is φ(x)=x

4
+x+1. We exploit its 

LFSR pseudo-random sequences generator as show in figure 4. 
Table 1 lists a set of outputted pseudo-random sequences, 
when initial vector is 0001. We get 2

4
-1 different kinds of 

vectors (a total of fifteen). 

TABLE I .TABLE OF TEST PATTERNS FOR FOUR BITS LFSR. 

Q0 Q1 Q2 Q3 

1 0 0 0 

0 1 0 0 

0 0 1 0 

1 0 0 1 

1 1 0 0 

0 1 1 0 

1 0 1 1 

0 1 0 1 

1 0 1 0 

1 1 0 1 

1 1 1 0 

1 1 1 1 

0 1 1 1 

0 0 1 1 

0 0 0 1 

1 0 0 0 

 

 
FIGURE IV. REVERSIBLE CIRCUIT FOR FOUR BITS LFSR. 

V. EXPERIMENTAL RESULTS 

We have implemented our method in spice. Table 2 lists 
the number of generated pseudo-random sequences for 
reversible LFSR and general LFSR circuits with different 
length. For each scheme, two things are shown, the number of 
vector generated and size of the LFSR. As can be seen, for 
reversible LFSR, the ideal results are obtained. 

TABLE II .PSEUDO-RANDOM TESTING RESULTS. 

LFSR length the number of pseudo-random vectors 

Reversible LFSR General LFSR 

4 15 15 

5 15 15 

36 850 850 

41 1200 1200 

41 2550 2550 

VI. CONCLUSIONS  

In order to realize Design for Test in reversible circuits, we 
gave out the structure of reversible LFSR. It achieves the 
maximum length pseudo-random sequence. 
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