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Abstract— Present days, the demand for portable computing 

devices and communication systems are increasing rapidly. 

These applications require low power dissipation VLSI 

circuits. For such circuits power optimization can be 

achieved by using the new fault coverage Test Pattern 

Generator (TPG) along with a Linear Feedback Shift 

Register (LFSR). In order to reduce the testing cost of the 

chip there are many test parameters that should be 

improved. These test parameters include: The test power, 

Test Length (test application time), Test Fault Coverage, 

Test Hardware Area Overhead. To overcome the issues with 

external testing Built-in-Self-Test (BIST) is used for testing 

of the VLSI circuits. BIST performs self testing and reduces 

the dependence on any external testing equipment. The 

proposed approach is implemented using a modified 

conventional LFSR in which transitions are reduced by 

increasing the correlation between the successive bits. The 

circuit is tested in the presence of fault and without fault. 
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Test Pattern Generation, BIST 

I. INTRODUCTION 

The main challenging areas in VLSI are: Performance, Cost 

and Power Dissipation. The major challenging problem for 

today’s System-On-Chips (SOCs) is power dissipation 

during the process of designing and testing. The power 

dissipation in CMOS Technology is either static or dynamic. 

 Static power dissipation is due to the leakage 

currents and contribution to the total power dissipation is 

very small. During switching, the power is consumed due to 

short circuit current flow. The power dissipation during test 

mode is 200% more than in normal mode. Hence, it is an 

important aspect to optimize power during testing. 

 Test Pattern generation has been carried out here 

by using conventional Linear Feedback Shift Registers 

(LFSR’s). This conventional LFSR generates equally 

probable random patterns and highly correlated neighboring 

bits in the scan chain, reducing the number of transitions 

and, thus, the average power. Test vector inhibiting 

techniques filter out some non-detecting subsequences of a 

pseudo-random test set generated by an LFSR. The 

architectures apply the minimum number of test vectors 

required to attain the desired fault coverage and therefore 

reduce power. Many low power strategies have been 

proposed for full scan and scan-based BIST architecture. 

The architecture proposed in modifies the scan path 

structure such that Circuit under Test (CUT) inputs remains 

unchanged during a shift operation. A test pattern generator 

for scan based BIST reduce the number of transitions that 

occur at scan inputs during scan shift operation. The only 

input required to generate a random sequence is an external 

clock where each clock pulse can produce a unique pattern 

at the output of the flip-flops. 

This random sequence at the output of the flip-

flops can be used as a test pattern. The number of inputs 

required by the circuit under test must match with the 

number of flip-flop outputs of the LFSR. This test pattern is 

run on the circuit under test for desired fault coverage. 

The power consumed by the chip under test is a 

measure of the switching activity of the logic inside the chip 

which depends largely on the randomness of the applied 

input stimulus. A new low power pattern generation 

technique is implemented using a modified conventional 

Linear Feedback Shift Register. 

II. BIST ARCHITECTURE 

BIST is a Design-for-Testability (DFT) technique which 

makes the electrical testing of a chip easier, faster, more 

efficient and less costly. A typical BIST architecture 

consists of: Test Pattern Generator, Test Response Analyzer 

and BIST Control Unit.  

 
Fig. 1: BIST Architecture 

Figure 1 shows the major elements of the BIST architecture.  

A. Test Pattern Generation (TPG):  

TPG generates test pattern for the CUT. Pattern generated 

may be pseudo random numbers or deterministic sequence. 

A Linear Feedback Shift Register is used here for generating 

random numbers. Figure 2 gives the architecture for an 

LFSR.  

 
Fig. 2: Architecture of LFSR 

LFSR’s shift property is easily integratable in the 

scan design environment. They are capable of generating 

exhaustive and/or random vectors. Their error detection and 

error correction properties make them a prime candidate for 

signature analysis applications.  

Tapping can be considered in any direction but as 

per taping change the LFSR output so generated will change 
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& and this change in the number of flip-flops gives the 

probability of repetition of random number that will reduce. 

The initial value that is loaded in to the LFSR is known as 

seed value. 

B. Test Response Analyzer (TRA):  

TRA will check the output of Circuit under Test (CUT) & 

verifies with the input of LFSR in accordance with the 

Control Unit. Finally it analyzes the responses and gives out 

the result as error or not.  

C. BIST Control Unit:  

The main usage of BIST here is to reduce the complexity, 

decrease the cost and then to reduce the dependence on 

external (pattern programmed) test equipment. BIST reduces 

the cost in two different ways: By reducing test cycle 

duration and, By reducing the complexity of the test / probe 

setup by reducing the number of I/O signals that must be 

driven or examined under test control.  

BIST Control unit is used here control all the 

operations that undergo throughout the process. Mainly it 

works on configuration of CUT in test mode/Normal mode, 

feed and seed the value to LFSR, control the MISR & TRA. 

It will generate interrupt if an error occurs. The interrupt is 

cleared by cleared by interrupt_clear_i signal. 

BIST control unit controls the test execution; it 

manages the TPG, TRA and reconfigures the CUT and the 

multiplexer. It is activated by the normal or test signal. 

During BIST mode, it selects input from the pattern 

generator to CUT while during functional mode, it selects 

primary inputs. 

D. Circuit Under Test (CUT): 

CUT is the circuit or chip in which we are going to apply 

BIST for testing errors. It is the portion of the circuit tested 

in BIST mode. It can be sequential, combinational or a 

memory. Their Primary Input (PI) and Primary Output (PO) 

delimit it. Here we are using c17 benchmark circuit as our 

CUT.  

III. C17 BENCHMARK CIRCUIT 

The combinational design C17 has five inputs and two 

outputs as illustrated in Figure 3. The test vector detects the 

most/all number of faults in the given C17 benchmark 

circuit. As shown in the Figure 3, C17 has two primary 

outputs, so it is first partitioned into two sub-circuits for 

each output. Tracing back from each primary output, the 

reconvergent fan-out’s are identified with respect to outputs. 

Then by decomposing each fan-out into sub-circuits with 

inputs “0” and “1”, then the computation is done for the 

conditional output and input probabilities of each fan-out.  

 
Fig. 3: C17 Benchmark Circuit 

IV. LOW POWER PATTERN GENERATION 

This approach entails inserting three intermediate vectors 

between every two successive 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 CUT. 

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 

4. 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 

minimal at best consisting of few logic gates. 

 
Fig. 4: 9-bit LFSR Schematic 

The following is a description of a low power test 

pattern generation technique as depicted in the 9-bit LFSR 

based schematic in Figure 4. VERILOG based test bench is 

used in assigning the initial output states (0100 1011) of the 

9-bit LFSR. The feedback taps are designed for maximal 

length LFSR generating all zeros and all one’s as well.  
The first step is to generate T1, the first vector by 

enabling the first 4-bits of the LFSR and disabling the last 4 

bits. This Shifts the first 4 bits to the right by one bit. The 

feedback bits of the LFSR are the outputs of the 8th and the 

first flip-flop. The output of the 8
th 

flip-flop is 1 and the 

output of the first flip-flop is 0. The XOR of the 8
th

-flip-flop 

(logic 1 in this case) and the first flip-flop (logic 0 in this 

case) is input (1 XOR 0 = 1 into the first D flip-flop. The 

new pattern in the first four bits of the LFSR is 1010. Note 

that the shaded register is clocked along with the first 4 bits 

of the LFSR. So the input of the shaded flip-flop is the 

output of the 4
th 

flip-flop which in this case is 0. Also note 

that prior to the first clock, the input of the shaded register 

was the seed value of the 4
th 

flip-flop at the output of the 4
th 

flip-flop which in this case is 0. So after the first clock this 

value of 0 will now appear at the output of the shaded flip-

flop. In other words the value of the 4
th 

output is stored in 
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this shaded register and is used in the next few steps. The 

first 4 shifted bits of the LFSR and the last 4 un-shifted bits 

(i.e. the seed value) are propagated as T1 (1010 1011) to the 

final outputs. Next few steps involve generating the 3 

intermediate patterns from T1. These patterns are defined as 

Ta, Tb and Tc shown in below flow (Figure 5). 

 
Fig. 5: Proposed Algorithm for Low Power LFSR 

Ta is generated by maintaining (disabling the clock 

to the first 4 bits) the first four bits of the LFSR outputs (as 

is from T1) as the final first four low power outputs 1010. 

Note that the clock to the last four bits of the LFSR is also 

disabled. 

The last four bits however are the outputs from the 

injector circuits. The injector circuit compares the next value 

(the input of the D-flip-flop) with the current value (the 

output of the D-flip-flop). According to T1, the outputs 

(current values) of the last 4 bits of the LFSR are 1011. The 

next values are the values at the inputs of the D-flip-flops 

which in this case are 0101. Compare the current values 

(1011) bit by bit with the next values (0101). If the values 

bit by bit are not the same then use the random generator 

feedback R (in this case is logic 1) as the bit value as shown 

in the schematic above. If both values bit by bit are the same 

then propagate that bit value to output as opposed to the R 

bit. This bit by bit comparison gives us the last four bits of 

Ta to be 1111. Therefore Ta = 1010 1111. Next step is to 

generate Tb. Shift the last 4 flip-flops to the right one bit but 

do not shift the first 4 flip-flops to the right. The clock to the 

first 4 bits plus the shaded flip-flop is disabled. The clock to 

the last 4 bits is enabled. Propagate the outputs of the flip-

flops of the entire LFSR as opposed to the outputs of the 

injection circuit to the outputs (low power). The injection 

circuits are disabled. As in Ta, maintain the first four LFSR 

outputs (1010) as the low power outputs. Again from Ta, the 

inputs of the last four D flip-flops from the previous step 

(generating Ta) are 0101. Also note that the output of the 

shaded register is 0 from the previous step (generating Ta). 

Therefore the input of the 5
th 

flip-flop is a 0. The outputs of 

the last 4 flip-flops are 0101 resulting in Tb = 1010 0101. 

The 3
rd 

intermediate vector Tc is generated via disabling the 

clock to the entire LFSR. Propagate the first 4 outputs from 

the injection circuit as the first 4 low power outputs and 

maintain the last 4 low power outputs the same as Tb. 

Generating injection circuit outputs for Tc is conceptually 

the same as explained above in generating Ta. Current 

values (the outputs of the flip-flops) of the first four flip-

flops are compared with the next values (the inputs of the 

flip-flops) of the flip-flops. The feedback from the 8
th 

flip-

flop is 1 (please see generating Tb). Therefore the logical 

feed forward value of R is 1. The feedback value from the 

first flip-flop is also 1 as per the current values above. The 

exclusive or of two ones is a 0. Therefore the input to the 

first flip-flop is a 0 which is also the next state of the first 

flip-flop. Hence the next values are 0 for the first flip-flop 

and 101 for the 2
nd

, 3
rd 

and 4
th 

flip-flop respectively. The 

next values are 0101. The first four outputs from the 

injection circuit are 1111. The last 4 outputs are the same as 

Tb which are 0101 resulting in the 3
rd 

and final intermediate 

vector Tc = 1111 0101. Generating T2 is quite similar to 

generating T1. As in Tc the outputs of the last four LFSR 

flops are 0101. The outputs of the first 4 flip-flops of the 

LFSR are the current values which are 1010. Therefore the 

seed vector for generating T2 is 1010 0101. Shift the first 

four bits of the LFSR plus the shaded flip-flop. Do not clock 

the last four flip-flops. Propagate the outputs of the entire 

LFSR to the final low power outputs. The output of the 8
th 

flip-flop from the previous step (generating Tc) is a 1 and the 

output of the first flip-flop from the previous step 

(generating Tc) is also a 1. The exclusive or of the output of 

the 8
th 

flip-flop and the first flip-flop is 0. Therefore the 

input to the first flip-flop will be a 0. The inputs to the 2
nd

, 

3
rd 

, 4
th 

and the shaded flip-flops are 1010. These are also the 

current values from the previous step (generating Tc). 

Shifting the first four flip-flops of the LFSR to the right by 

one bit results in 0101 as the outputs of the first four flip-

flops. Therefore T2 generated is 01010101. 

V. SIMULATION RESULTS 

Xilinx tool was used for design, simulation and power 

calculation. VERILOG test benches were used in order to 

calculate the efficient hardware utilization along with low 

power consumption. Fault coverage is also checked in this 

regard. Finally these results were compared and to reach the 

conclusion. 

 
Fig. 6: Schematic Diagram 
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Fig. 7: Waveforms 

 
Fig. 8: Device Utilization Summary 

VI. CONCLUSION & FUTURE SCOPE 

The proposed approach shows the concept of reducing the 

transitions in the test pattern generation. The transition is 

reduced by increasing the correlation between the successive 

bits. The simulated results shows that how the patterns are 

generated for the applied seed vector. This finally presents 

the implementation with regard to VERILOG language. 

Synthesizing and implementation (i.e. Translate, Map and 

Place and Route) of the code is carried out on Xilinx - 

Project Navigator. The power reports shows that the 

proposed low power LFSR consumes less power during 

testing by taking the benchmark circuit C17. From the 

Device Utilization summary report it is clear that the aim for 

efficient hardware utilization has been achieved. In future 

there is a chance to reduce the power somewhat more by 

doing modifications in the proposed architecture. 
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