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ABSTRACT-This paper proposes a novel test pattern 

generator (TPG) for built in self-test. Our method 

generates multiple single input change (MSIC) vectors 

in a pattern, i.e., each vector applied to a scan chain is 

an SIC vector. A reconfigurable Johnson counter and a 

scalable SIC counter are developed to generate a class 

of minimum transition sequences. The proposed TPG is 

Flexible to both test-per-clock and the test-per-scan 

Schemes.A theory is also developed to represent and 

analyze the sequences.Analysis results show that the 

produced MSIC sequences.Analysis results show that 

the produced MSIC sequences have the favorable 

features of uniform distribution and low input 

transition dencity. The performance of the designed 

TPGs and the circuits under test with 45 nm are 

evaluated.Simulation results with ISCAS benchmarks 

demonstrate that MSIC can save test power and impose 

no more than 7.5% overhead for a scan test design.IT 

also achieves the target fault coverage without 

increasing the test achieves the target fault coverage 

without increasing the test length. 

Index Terms-Built-in-self-test (BIST), low power, 

single-input charge (SIC),test pattern generator (TPG). 

I.INTRODUCTION 

BUILT-IN SELF-TEST (BIST) techniques 

can effectively reduce the difficulty and complexity 

of VLSI testing, by introducing on-chip test hardware 

into the circuit-under-test (CUT). In conventional 

BIST architectures,the liner feedback shift register 

(LFSR) is commonly used in the test pattern 

generators (TPGs) and output response analyzers.A 

major drawback of these architectures is that the 

pseudorandom patterns generated by the LFSR lead 

to significantly high switching activities in the CUT, 

which can cause excessive power dissipation. They 

can also damage the circuit and reduce product yield 

and lifetime. In addition, the LFSR usually needs to 

generate very long pseudorandom sequences in order 

to achieve the target fault coverage sequences in 

order to achieve the target fault covrege in nanometer 

technology. 

 The rest of this paper is organized as 

follows. In Section II, the proposed MSIC-TPG 

scheme is presented. The principle of the new MSIC 

sequences is described in Section III.in Section IV, 

the performance analysis is described. In Section V, 

an experimental result has shown.Conclusions are 

given in Section VI. 

II. PROPOSED MSIC-TPG SCHEME 

This paper proposes a novel test pattern 

generator (TPG) for built-in self-test. Our method 

generates multiple single input change (MSIC) vector 

in a pattern, i.e., each vector applied to a scan chain is 

an SIC vector. A reconfigurable Johnson counter and 

a scalable SIC counter are developed to generate a 

class of minimum transition sequences. The proposed 

TPG is flexible to both the test-per-clock and test-

per-scan schemes. A theory is also developed  to 

represent and analyze the sequences have the 

favorable features of uniform distribution and low 

input transition density. 

This section develops a TPG scheme that 

can convert an SIC vector to unique low transition 

vectors for multiple scan chains. First, the SIC vector 

is decompressed to its multiple Code words. 

Meanwhile, the generated code words will bit-XOR 

with a same seed vector in turn. Hence, a test pattern 

with similar test vectors will be applied to all scan 

chains. The proposed MSIC-TPG consists of an SIC 

generator, an XOR gate network, and a clock and 

control block. 
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A.RECONFIGURABLE JOHNSON COUNTER 

Designed for a short scan length, we develop 

a reconfigurable Johnson counter to generate an SIC 

sequence in time domain. As shown in Fig, it can 

operate in 3 modes. 

Initialization: When RJ_Mode is set to 1 and inits set 

to logic 0,the reconfigurable Johnson counter will be 

initialized to all zero states by clocking CLK2 more 

than 1 times. 

Circular Shift Register Mode: When RJ_Mode and 

init are set to logic 1, each stage of the Johnson 

counter will output a Johnson code word by clocking 

CLK2 more than 1 times. 

Normal mode: When RJ_Mode is set to logic 0,the 

reconfigurable Johnson counter will generate 2l 

unique SIC vectors by clocking CLK2 2l times. 

 

 Fig.1 Reconfigurable Johnson counter  

B. SCALABLE SIC COUNTER 

When the maximal scan chain length 1 is 

much larger than the scan chain number M, we 

develop an SIC counter named the ñscalable SIC 

counterò. As shown in below Fig, it contains  

A k-bit adder clocked by the raising SE signal, a k-bit 

subtractor clocked by test clock CLK2, and k-

multiplexers.The value of k is the integer of log 2 (l ī 

M).  The adder is clocked by the falling SE signal, 

and generates a new count that is the number of 1s 

(0s) to fill into the shift register. 

It can operate in three modes. 

1) If SE=0 the count from the adder is stored to the k-

bit subtractor. During SE=1, the contents of the k-bit 

subtractor will be decreased from the stored count to 

all zero gradually. 

2) If SE=1, and the contents of the k-bit subtractor 

are not all zeros, M-Johnson will be kept at logic 

1(0). 

3) Otherwise, it will be kept at logic 0(1).Thus , the 

needed 1s(0s) will be shifted into the M-bit shift 

register by clocking CLK2 1 times, and unique 

Johnson code wordôs will be applied into different 

scan chains. 

 

   Fig 2.Scalable SIC Counter 

       D. MSIC TPG FOR TEST PER CLOCK 

The MSIC TPG for test-per-clock schemes 

is illustrated in below Fig. The CUTôs X1ī Xmnare 

arranged as an n x m SRAM-like grid structure. Each 

grid has a two-input XOR gate whose inputs are 

tapped from a seed output and an output of the 

Johnson counter. The outputs of the XOR gates are 

applied to the CUTôs PIs.A seed generator is an m-

stage conventional LFSR, and operates at low 

frequency CLK1. The test procedure is as follows 

1)The seed generator generates a new seed by 

clocking CLK1 one time. 

2) The Johnson counter generates a new vector by 

clocking CLK2 one time. 

3) Repeat 2 until 2l Johnson vectors are generated. 

4) Repeat 1-3 until the expected fault coverage or test 

length is achieved. 
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Fig 3.MSIC-TPG for test-per-clock 

C. MSIC-TPG FOR TEST-PER - SCAN  SCHEMES 

 

The MSIC-TPG for test-per-scan schemes is 

illustrated in below Figure. The stage of the SIC 

generator is the same as the maximum scan length, 

and the width of a seedgenerator is not smaller than 

the scan chain number. The input of XOR gates come 

from the seed generator and the SIC counter, and 

their outputs are applied to M scan chains, 

respectively. 

 

Fig 4.MSIC-TPG for test-per-scan 

The output of the seed generator and XOR gates are 

applied to the CUTôs PIs, respectively. The test 

procedure is as follows. 

1) The seed circuit generates a new seed by 

CLK1 one time. 

2) RJ_Mode is set to ñ0ò. The reconfigurable 

Johnson counter will operate in the Johnson 

vector by clocking CLK2 one time. 

3) After a new Johnson vector is generated, 

RJ_Mode and Init are set to 1. The 

reconfigurable Johnson counter operates as a 

circular shift register, and generates l code 

words by clocking CLK2 l times. Then, a 

capture operation is inserted. 

4) Repeat 2-3 until 2l Johnson vector are 

generated. 

5) Repeat 1-4 until the expected fault coverage 

or test length is achieved. 

III. PRINCIPLE OF MSIC SEQUENCEES 

The main objective of the proposed 

algorithm is to reduce the switching activity. In 

order to reduce the hardware overhead, the linear 

relations are selected with consecutive vectors or 

within a pattern, which can generate a sequence 

with a sequential decompressor, facilitating 

hardware implementation. Another requirement 

is that the MSIC sequence should not contain 

any repeated test patterns, because repeated 

pattern should prolong the test time and reduce 

test efficiency. Finally, uniformly distributed 

patterns are desired to reduce the test length 

(number of patterns required to achieve a target 

fault coverage). This section aims to extract a 

class of test sequences that meets these 

requirements. 

IV. PERFORMANCE ANALYSIS 

To analyze the performance of the proposed 

MSIC- TPG, experiments on ISCASô85 

benchmarks and standard full-scan designs of 

ISCASô89 benchmarks are conducted. The 

performance simulations are carried out with the 

synopsis Design Analyzer and prime power. 

Fault simulations are carried out with synopsis 

Tetramax. Syntheses are carried out with 

Nangate library based on 45-nm typical 

technology. The test frequency is 100 MHz, and 

power supply voltage is 1.1 v. The test 

application method is test-per-clock for 

ISCASô85 benchmarks and test-per-scan for 

ISCASô89 benchmarks. The number of scan 

chains is 10 for s13207 and s15850, and 20 for 

s38417, s35932 and s38584 
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V. EXPERIMENTAL RESULTS  

TEST PER CLOCK JOHNSON 

 

Fig 5. Test per clock  

TEST PER CLOCK JOHNSON BASED 

 

Fig 6.Test per clock Johnson based RTL 

Schematic 

 

Fig 7. Implementation of  test per clock Johnson 

based 

TEST PER SCAN JOHNSON 

 

Fig 8. Test per scan johnson 

TEST PER SCAN JOHNSON BASED 

 

Fig 9.test per scan Johnson based RTL 

Schematic 

 

Fig 10.implementation of test per scan Johnson 

based 

TEST PER CLOCK SIC 

 

Fig 11.test per clock SIC 

TEST PER CLOCK SIC BASED 

 

Fig 12.test per clock sic based RTL Schematic 
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Fig 13.implementation test per clock SIC based  

TEST PER SCAN SIC   

 

Fig 14.test per scan SIC 

TEST PER SCAN SIC BASED 

 

Fig 15.test per scan SIC based RTL Schematic 

 

 

 Fig 16.implementation of test per scan SIC 

based 

VI. CONCLUSION 

This paper has proposed a low-power test 

pattern generation method that could be easily 

implemented by hardware. It also developed a 

theory to express a sequence generated by linear 

sequential architectures, and extracted a class of 

SIC sequences named MSIC. Analysis results 

showed that an MSIC sequence had the favorable 

features of uniform distribution, low input 

transition density, and low dependency 

relationship between the test length and the 

TPGôs initial states. Combined with the proposed 

reconfigurable Johnson counter or scalable SIC 

counter, the MSIC_TPG can be easily 

implemented, and is flexible to test-per-clock 

schemes and test-per-scan scheme. For a test-

per-clock scheme, the MSIC-TPG converts an 

SIC vector to low transition vectors for all scan 

chains. Experimental results and analysis results 

demonstrate that the MSIC-TPG scalable to scan 

length, and has negligible impact on test 

overhead. 
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