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Abstract: The basic idea of this project is to implement a low transition LFSR that generates test patterns with improved 

correlation between the adjacent bits. The improved correlation between the adjacent bits of test patterns reduces the 

switching activity in the circuit. The reduced switching activity results in low power dissipation. In the past, the major 

concerns of the VLSI designer were area, performance, cost and reliability; power consideration was mostly of only 

secondary importance. In recent years, however, this has begun to change and, increasingly, power is being given 

comparable weight to area and speed considerations. Several factors have contributed to this trend. Perhaps the primary 

driving factor has been the remarkable success and growth of the class of personal computing devices (portable desktops, 

audio- and video-based multimedia products) and wireless communications systems (personal digital assistants and 

personal communicators) which demand high-speed computation and complex functionality with low power consumption. 
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INTRODUCTION 

The main challenging areas in VLSI are performance, cost, testing, area, reliability and power. The demand for portable 

computing devices and communications system are increasing rapidly. These applications require low power dissipation for VLSI 

circuits. The power dissipation during the test mode is 200% more than in normal mode. Hence it is important aspect to optimize 

power during testing. Power optimization is one of the main challenges. There are various factors that affect the cost of chip like 

packaging, application, testing etc. In VLSI, according to thumb rule 50% of the total integrated circuits cost is due to testing.  

BUILT-IN SELF-TEST 

A built-in self-test (BIST) or built-in test (BIT) is a mechanism that permits a machine to test itself. Engineers design BISTs 

to meet requirements such as: 

 

• high reliability 

• lower repair cycle times 

BIST is commonplace in weapons, avionics, medical devices, automotive electronics, complex machinery of all types, 

unattended machinery of all types, and integrated circuits. 

 

BIST ARCHITECTURE 

It is very important to choose the proper LFSR architecture for achieving the appropriate fault coverage. Every 

architecture consumes different power even for same polynomial. Another problem associated with choosing LFSR is LFSR 

design issue, which includes LFSR partitioning, in this the LFSR are differentiated on the basis of hardware cost and testing time 

cost. 

A typical BIST architecture consists of a test pattern generator (TPG), usually implemented as a linear feedback shift register 

(LFSR), a test response analyzer (TRA), implemented as a multiple input shift register (MISR), and a BIST control unit (BCU), 

all implemented on the chip (Figure1). This approach allows applying at-speed tests and eliminates the need for an external tester. 

The BIST architecture components are given below. 

 
Figure 1.1 BIST Architecture 
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BIST PATTERN GENERATION 

        There are various methods and approaches have been used to generate test patterns during BIST.  

This can be described in brief below:  

• Linear Feedback Shift Register is used to generate pseudo-random test patterns.  This normally requires a sequence of 

one million or more tests pattern in order to achieve high fault coverage. One of the advantages of LFSR is it uses very 

little hardware and thus is currently the preferred BIST pattern generation method.  In this project, LFSR is being chosen 

as the test pattern generation method. 

• A binary counter can generate an exhaustive but not randomized test sequences. The Drawback of binary counters as the 

pattern generator is, it requires more hardware than typical LFSR pattern generator.  

• Modified counters also have been successfully as test-pattern generators. However, they also require long test sequences.  

• This method stores a good test pattern set from an ATPG program in a ROM on the chip.  However, drawback of this 

approach is relatively expensive in chip area.  

• In this method, each pattern generator cell has a few logic    gates, a flip-flop, and connections only to neighboring gates. 

The cell is replicated to produce the cellular automaton.  

LINEAR FEEDBACK SHIFT REGISTER 

 

             

  A linear feedback shift register (LFSR) is a shift register whose input bit is a linear function of its previous state. The 

only linear function of single bits is XOR, thus it is a shift register whose input bit is driven by the exclusive-or (XOR) of some 

bits of the overall shift register value .The initial value of the LFSR is called the seed, and because the operation of the register is 

deterministic, the stream of values produced by the register is completely determined by its current (or previous) state. Likewise, 

because the register has a finite number of possible states, it must eventually enter a repeating cycle. However, an LFSR with a 

well-chosen feedback function can produce a sequence of bits which appears random and which has a very long cycle. 

             

  Applications of LFSRs include generating pseudo-random numbers, pseudo-noise sequences, fast digital counters, and 

whitening sequences. Both hardware and software implementations of LFSRs are common. 

 

 

                                           
                                                   Figure 1.2 4-Bit LFSR, Tap Sequence;  

 

MAXIMAL LENGTH TAP SEQUENCES 

LFSR's can have multiple maximal length tap sequences. A maximal length tap sequence also describes the exponents in 

what is known as a primitive polynomial mod 2. For example, a tap sequence of 4, 1 describes the primitive polynomial x^4 + 

x^1 + 1. Finding a primitive polynomial mod 2 of degree n (the largest exponent in the polynomial) will yield a maximal length 

tap sequence for an LFSR that is n bits long. 

There is no quick way to determine if a tap sequence is maximal length. However, there are some ways to tell if one is 

not maximal length: 

• Maximal length tap sequences always have an even number of taps. 

• The tap values in a maximal length tap sequence are all relatively prime. A tap sequence like 12, 9, 6, 3 will not be 

maximal length because the tap values are all divisible by 3. 

     Discovering one maximal length tap sequence leads automatically to another. If a maximal length tap sequence is 

described by [n, A, B, C], another maximal length tap sequence will be described by [n, n-C, n-B, n-A]. Thus, if [32, 3, 2, 1] is a 

maximal length tap sequence, [32, 31, 30, 29] will also be a maximal length tap sequence. An interesting behaviour of two such 

tap sequences is that the output bit streams are mirror images in time. 

LOW TRANSITION LFSR 

This paper presents a new test pattern generator for low power BIST and scan-based BIST architectures. The proposed 

technique increases the correlation in two dimensions, i.e. vertical dimension between test patterns (Hamming Distance) and 

horizontal dimension within each pattern (adjacent bits in one pattern) as well. 

Here, we propose a random pattern generator that combines two methods of test pattern generation called R-Injection 

(RI) and Bipartite LFSR. Briefly, the RI method inserts a new intermediate pattern between two consecutive test patterns by 

positioning a random-bit (R) in the corresponding bit of the intermediate pattern when there is a transition between corresponding 

bits of pattern pairs. The Bipartite LFSR generates an intermediate pattern using one half of each of the two consecutive random 

patterns. The main advantage of our proposed technique is that it can be used for both combinational and sequential circuits and 

the randomness quality of patterns does not deteriorate. 
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RANDOMNESS IN BIPARTITE LFSR 

 

 The implementation of a LFSR can be changed to improve some design features such as power during test. However, 

such modification may change the order of patterns or insert new patterns that affect the overall randomness. For example, 

suppose that TiandTi+1 are two consecutive patterns generated by an n-bit LFSR. The maximum number of transitions will be n 

when Ti and Ti+1 are complement of each other. One strategy used to reduce number of transitions to maximum of n/2 is to insert a 

pattern Ti1 half of which is identical Tito and Ti+1 as show in figures 1.3 and 1.4 

 
Figure 1.3 Pattern insertion based on bipartite strategy 

 
Figure 1.4 Pattern insertion based on Random Injection strategy 

 

 The Bipartite strategy guarantees the transition change to be limited to n/2 between two consecutive patterns. 

  

RANDOMNESS IN RI-LFSR 

 To preserve the randomness of patterns, instead of Bipartite strategy we randomly inject a value in bit positions where T j
i 

≠ Ti+1
j. Briefly 

 

Ti1
j=Ti

j if  Tj
i = Ti+1

j 

Ti1
j=R   if   Tj

i ≠ Ti+1
j 

 

Figure 3 shows this symbolically. The shaded cells show those bit positions where Tj
i ≠ Ti+1

j .We insert a random bit (shown as R 

in Ti1) if the corresponding bits in TiandTi+1 are different. Note that since such bits are uniformly distributed and also we replace 

them with another random value the overall randomness remains unchanged, i.e. Hmax=n. The circuitry for RI is shown in figures 

1.5 and 1.6.  

 

 
Figure 1.5 Example of RI (Random Injection) 

 
Figure 1.6 RI circuit 
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IMPLEMENTING LT-LFSR ARCHITECTURE 

  

We combine our two proposed techniques of pattern generation (RI and Bipartite LFSR) for low-power BIST. The new 

low transition LFSR (LT-LFSR) generates three intermediate patterns (Ti1, Ti2 and Ti3) between Ti and Ti+1. We embed these two 

techniques into a bit-sliced LFSR architecture to create LTLFSR which provides more power reduction compared to having only 

one of the R-Injection and Bipartite LFSR techniques in a LFSR. This may seem to prolong test session by a factor of 4. 

However, due to high randomness of the inserted patterns many of the intermediate patterns can do as good as patterns generated 

by a LFSR in terms of fault detection. 

 
Figure 1.7 Low transition LFSR 

                Figure 1.7 shows LT-LFSR with RI and Bipartite LFSR included. The LFSR used in LT-LFSR is an external-XOR 

LFSR. As shown, injector circuit taps the present state (Ti pattern) and the next state (Ti+1 pattern) of LFSR.Signalsen1 and 

en2select half of the LFSR to generate random patterns .Multiplexers select either the injection bit or the exact bit in LFSR. One 

very small finite state machine (FSM) controls the pattern generation process as follows: 

Step 1: en1en2=10, sel1sel2=11. The first half of LFSR is active and the second half is in idle mode. Selectingsel1sel2=11, both 

halves of LFSR are sent to the outputs (O1 to On). In this case, Ti is generated. 

Step 2: en1en2=00, sel1sel2=10. Both halves of LFSR are in idle mode. The first half of LFSR is sent to the outputs (O1 to On/2), 

but the RI injector circuit outputs are sent to the outputs (On/2+1 to On). Ti1 is generated. 

Step 3: en1en2=01, sel1sel2=11. The second half of LFSR works and the first half of LFSR are in idle mode. Both halves are 

transferred to the outputs (O1 to On) and T i2 is generated. 

Step 4: en1en2=00, sel1sel2=01. Both halves of LFSR are in idle mode. From the first half the injector outputs are sent to the 

outputs of LT-LFSR (O1 to On/2) and the second half sends the exact bits in LFSR to the outputs(On/2 +1 to On) to generate Ti3. 

Step 5:  The process continues by going through Step 1 to generate Ti+1. 

 

 
Figure 1.8 Low power LFSR Algorithm 

 

LOW POWER TEST PATTERN GENERATION  

One way to improve the correlation between the bits of the successive vectors is to avoid frequent transitioning of the 

logic levels of the primary inputs. The new approach entails inserting 3 intermediate vectors between every two successive 
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vectors. The total number of signal transitions between these 5 vectors is equal to the total number of signal transitions between 

the 2 successive vectors generated using the conventional approach. This reduction of signal transition activity in the primary 

inputs reduces the switching activity inside the design under test and therefore results in reduced power Consumption by the 

device under test. The additional circuitry used to accomplish the generation of the 3 intermediate vectors is minimal at best 

consisting of few logic gates.   

The number of LFSR outputs required is driven by the number of test inputs required for circuit under test. The 

technique of inserting 3 intermediate vectors is achieved by modifying the conventional LFSR circuit with two additional levels 

of logic between the conventional flip-flop outputs and the low power outputs as shown in Figure 6.1. The first level of hierarchy 

from the top down includes logic circuit design for propagating either the present or the next state of the flip-flops to the second 

level of hierarchy. The second level of hierarchy is a multiplexer function that provides for selecting between the two states 

(present or next) to be propagated to the outputs as low power output.  

 The outputs of the flip-flops are loaded with the seed vector. The feedback taps are selected pertinent to the characteristic 

polynomial x
n 

+ x + 1. Only 2 inputs pins, namely test enable and clock are required to activate the generation of the pattern as 

well as simulation of the design circuit. It is also noteworthy here that the intermediate vectors in addition to aiding in reducing 

the number of transitions can also empirically assist in detecting faults just as good as the conventional LFSR patterns.  

 

RESULTS 

The power consumption of LFSR and LT-LFSR themselves used in the benchmarks. The power consumption of the RI of LT-

LFSR, including its FSM and LFSR. Depending on the size, the power consumption of LT-LFSR is less than the same size of 

LFSR. 

 

CONCLUSION 

It is observed that the total power consumed in low transition LFSR and the power consumed in conventional LFSR is 54% less 

than the power consumption by conventional LFSR. It is concluded that low power LFSR is very useful for BIST implementation 

in which the CUT may be Combinational, sequential and memory circuits. Using low power LFSR technique we can further 

decrease the power in BIST implementation. 
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