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ABSTRACT 

A Low Transition LFSR(LT-LFSR) designed by modifying Linear Feedback Shift Register is proposed to 

produce low power test vectors which are given to Circuit under Test (CUT) to reduce the power consumption 

by CUT. This technique of generating low power test patterns is performed by increasing the co-relativity 

between the consecutive vectors by reducing the number of bit flips between successive test patterns. The 

proposed architecture increases the correlation among the vectors generated by LT-LFSR with negligible 

impact on test length. Verilog HDL is used as HDL language.  The results were analysed using Xilinx for 

simulation and synthesis. The experimental result shows overall reduction in the total power consumption of the 

BIST circuitry. 
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I. INTRODUCTION 

 

The technique of designing additional hardware and software feature into integrated circuits is known as Built in 

self test (BIST). The fast-rising costs of ATE testing and the growing complexity of circuits are main drivers for 

the widespread development of BIST technique. Such complex devices require mixed signal testers that possess 

special digital and analog testing. The Logical Built-in Self Test (BIST)  is designed for testing random logic, 

typically employs a Pseudo Random Pattern Generator(PRPG) to generate input patterns that are applied to the 

device’s internal scan chain,  and  Multiple Input Signature Register(MISR) is used for obtaining the response of 

the device to these test input patterns. An undesirable MISR output indicates that defect is present in the device. 

With the rising costs of external electrical testing and increasing intricacy of devices BIST is becoming an 

alternative solution. Better BIST techniques are developed and this approach will find the greater use in a wide 

variety of circumstances.   BIST will someday be the chosen mode of testing and the proponents are positive 

instead of being merely an alternating to external ATE testing as it is today.   

 In system testing of the Circuit under Test (CUT) BIST can provide high speed, low cost equipment. The 

quality component of testing is crucial.  The high power   consumption during testing for BIST based structures 

is very vulnerable. The random nature of patterns generated by an LFSR significantly reduces the correlation not 

only among the patterns but also among adjacent bits within each pattern hence the power dissipation is more in 

test mode. The rest of the paper is structured as follows, in section II, Prior work applicable to minimizing the 

power is discussed, it mostly concentrates to lower the power consumption. In section III, Basic BIST 
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architecture, an analysis of power dissipation for testing is presented and ISCAS Benchmark Circuit C6288 is 

discussed briefly, which is the circuit under test (CUT) to verify the potency of the proposed method. In section 

IV proposed method which is a low power test pattern generator is discussed in detailed. In Section V, the 

implementations details are discussed. Section VI outlines the conclusion. 

 

II. PRIOR WORK 

 

Various techniques are available to reduce the switching activities of test vectors; with the help of these methods 

the power in test mode can be reduced.  By using linear feedback shift register (LFSR) combination with SIC 

generators, Bo YE Tian-wang Li proposed LSA-TPG a Novel BIST Scheme for Low Power Testing[1]. Patrick 

Girard proposed a modified clock scheme in which only half of the D flip-flops works, therefore only half of the 

test vectors are switched [7]. S.K. Gupta proposed a BIST TPG for low switching activity was in which there is 

d-times clock frequency between slow LFSR and normal LFSR and thus the test pattern generated by original 

LFSR is rearranged to reduce the switch frequency. LT-TPG is proposed to reduce consumption of power by 

circuit during test [6]. Compared to traditional linear feedback shift register (LFSR) the above said techniques 

can reduce the average power. By using single input change pattern generators a desirable low power can be 

achieved. The combination of LFSR and scan shift register is used to generate random single input change 

sequences a proposed method which is [9 &10]. In [11 &12], In between two adjustment vectors generated by 

LFSR it is proposed that (2m-1) single input change test vectors can be inserted, m is length of LFSR. In [5], it 

is proposed that 2m single input changing data inputs is inserted in between two neighboring seeds, power 

consumptions is reduced by using the above methods, still the switching activities will be large when clock 

frequency is high .This paper proposed a new technique with negligible clock frequency with compared to 

existing method switching activity. 

 

III. BACKGROUND WORK 

 

Power consumption in CMOS circuits is classified into static and dynamic. Static power dissipation is due to 

leakage current or other current drawn continuously from the power supply. Dynamic dissipation is due to short 

circuit current which is due to the transistors remaining in on state for small period of time and the charging and 

discharging of load capacitance during output switching. The most supreme source of power consumption in the 

present CMOS technology is dynamic power; this may also vary for upcoming improvements of high scaled 

CMOS circuits. The generalized expression for the switching power dissipation of a CMOS VLSI circuits can 

be calculated from the given equation [1].  

                    P = αT Cload V
2
dd fclk                                  (1) 

αT is given by the switching activity. Cload is represented by the total load capacitance. vdd is given as supply 

voltage and  fdd is represented as operating frequency. The dynamic power consumed is directly proportional to 

the switching activity factor of the gate αT. By controlling the switching activity factor of the gate and the load 

capacitance the power dissipation during testing can be reduced. 

  A. Basic BIST Architecture  
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BIST architecture is mainly used for testing in VLSI circuit design. The primary goal of BIST is to reduce the 

power dissipation without degrading the overall system performance and fault coverage [3].To reduce the costs 

of external circuit testing BIST has now become an alternative solution. As more as better BIST techniques are 

developed. The BIST approach promises to find greater use in a wide variety of circumstances  

If a fault is found, a part of the circuit (having the fault) is replaced with a corresponding redundant circuit part 

(by re-adjusting connections). Testing a circuit each and every time before they startup, is called Built-In-Self-

Test. Off-line testing and BIST is basically same as using ATE where the test pattern generator and the test 

response analyzer are on-chip circuitry instead of equipments. By replacing circuitry by equipments, so the 

compressed implementations of test pattern generator and response analyzer are to be designed. The basic 

architecture of BIST is shown in Figure 1.  

B  Design of c6288 circuit 

We used c6288 as a Circuit under Test (CUT). c6288 is 16*16 bit multiplier with binary and BCD arithmetic, 

logic and shift operations. It has 32 inputs; 32 outputs; 2406 gates form 240 full and half adder cells arranged in a 

15x16 matrix. The c6288 benchmark, whose multiplication function was previously known and represents a 

much larger gate-level circuit that also has a concise functional description. Figure 2 shows 2406 gates form 240 

full and half adder cells arranged in a 15x16 matrix.  

 

Fig. 1.Bist Architecture 

 

 

Fig. 2. ISCAS’85 Circuit C6288 
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The 15 top-row half adders lack the C_i input; each has two inverters at locations V. The single half adder in the 

bottom row lacks the B input, thereby acquiring two inverters at locations 

 

Fig. 3. ISCAS-85 C6288 16x16 Multiplier Full Adder Module 

C.  Standard Ex-OR LFSR 

The most widely used test pattern generator because of its small circuit area and excellent random characteristics 

is the low power LFSR. The standard LFSR consists of n-D flip-flops and a selected number of exclusive-OR 

(XOR) gates where XOR gates are placed on the external feedback path, it is also referred to as an external-XOR 

LFSR. 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. So we are using a primitive polynomial based external XOR 

LFSR to generate the test patterns or test sequences for n =50. 

D. Generating Test Vectors using LT  LFSR 

For low-power BIST we combine two techniques of pattern generation Random Injection (RI) method and 

Bipartite LFSR. The new low transition LFSR (LT-LFSR) generates three intermediate patterns  (T
i1

,T
i2 

and T
i3

) 

between T
i
 and T

i+1
 .To create LT- LFSR we embed these two techniques into a bit-sliced LFSR architecture  

Compared to having only one of the R-Injection and Bipartite LFSR techniques in a LFSR this provides more 

power reduction. This may seem to prolong test session by a factor of 4. However, In terms of fault detection. 

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

generated by a LFSR In fact, in Section VI we show that the overall power consumption of LT-LFSR is quite 

less when compared to conventional LFSR. 

An LFSR is divided into two halves by applying two complementary (non overlapping) enable signals. When 

one half is idle mode the other half is working. A flip-flop with enable is included in the LFSR. The Fig. 4 

shows the architecture of the Bipartite LFSR. It is used to generate intermediate pattern Ti1, en1 and en2 are two 

non overlapping enable signals. 

When the first enable inputs are en1en2 10, the first half of LFSR is working, whereas, in the second enable 

inputs are en1en2 01, the second half works. In the Biparatite LFSR architecture, the shaded flip-flop is added to 

store the n-2th bit of LFSR when en1en2 10 and send its value into the next flip-flop when the second half 

becomes active en1en2 01 .The flip-flop does not change the characteristic function of LFSR. The LFSR’s 

operation is effectively split into two halves, and the interface between the two flip flops is shaded. 
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LT-LFSR reduces the transitions between consecutive patterns that can be used for test-per-clock architecture. 

The generated patterns can be used for test-per-scan architecture to feed scan chains with a lower number of 

transitions. The LT-LFSR is shown in Figure. 4 

Even though the basic idea of Bipartite LFSR is not new, the architecture of LT-LFSR is much more efficient in 

terms of randomness of patterns and power. 

 

Fig. 4. LT-LFSR  

In [13], the authors used two n-bit random pattern generators and n (2x1) multiplexers, but we only add one flip-

flop to an n-bit LFSR. The area overhead of Bipartite LFSR is much lower than LPATPG. They reduce the CUT 

and clock tree power consumption when an n-bit LFSR is divided into two n=2-bit. It reduces the randomness 

property of the LFSR due to dividing it into two smaller LFSR and it also requires generating and distributing two 

non overlapping clocks (with half frequency), which in turn increases the area overhead of Bipartite LFSR is 

much lower than LPATPG is the main drawback.. In [14], an n-bit LFSR is divided into two n/2-bit LFSRs, 

which together reduce the CUT and clock tree power consumption.  

The technique is that it reduces the randomness property of the LFSR due to dividing it into two smaller LFSR 

and it also requires generating and distributing two non overlapping clocks (with half frequency), which in turn 

increases the area overhead. The Bipartite LFSR keeps  the randomness property of the n-bit LFSR intact and it 

also reduces the  power consumption of Bipartite LFSR compared to LFSR because, in each period of the clock, 

half of the LFSR is in idle mode.   

 

Fig. 5. RI Circuit  
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IV. RESULTS 

The comparison results explained in table I give the synthesis report of Power consumed by ISCAS’85 

benchmark circuit c6288. Standard LFSR and LT-LFSR are used in top module to extract various parameters. 

The Power consumption during testing i.e total power, Dynamic power and Static power are given in W. 

Table 5.1 Synthesis of LT LFSR 

 

CUT 

 

C6288 

 

TPG 

LFSR LT - LFSR 

 

Total power(W) 

5.660 3.553 

 

Dynamic Power(W) 

4.870 3.077 

 

Static Power(W) 0.790 0.476 

V  CONCLUSION 

 

A LT-LFSR is a low power test pattern generator which has been designed and implemented using XILINX 

tool. This method adequately and effectively reduces the switching correlations between the test pattern. It 

greatly reduces the power consumption during testing mode with minimum number of switching correlations 

and gives better power reduction compared to the existing method. Hence the proposed effective low power Test 

Pattern Generator consumes less power and also reduces the dynamic power consumed by CUT than compared 

to standard LFSR. 
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