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Abstract: Present complexity of System on Chip (SoC) design is increasing rapidly in the number of 
test patterns, huge switching activity and its transition time. This large test data volume is becoming 
one of the major problems in association with huge switching activity and its corresponding response 
time. This paper considers the problem of huge test pattern and its switching activity in scan based 
design. This proposed algorithm is based on reducing test pattern and its huge switching activity on 
scan shift in operation. This is achieved by equally segmenting the scan based test patterns and 
identifying test data transition inside the segment. Each scan test pattern is considered by its transition 
and segmented into equal necessary blocks. This reduces test pattern and overall switching activity of 
the flip-flop in the design. Theoretical analysis and experimental results on ISCAS89 shows that the 
proposed method reduces test pattern by 37% and total switching activity by 75% when compared to 
the traditional approaches. 
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INTRODUCTION 
 

Today’s System on Chip (SoC) complexity continues to grow in size, increasing data volume and cost of 
the manufactured chip testing in the semiconductor industry. This huge integrated complexity challenges the 
scan based testing of sequential circuits with flip-flops used in scan based design becoming one of the major 
power consuming devices. Shift operation for loading and observing the test data leads to excessive transition in 
the corresponding flip-flop. This excessive transition in primary input increases the power consumption and 
reduces correlation between consecutive test pattern including the unnecessary switching activities of circuit 
signals. 

Power dissipation achieved in the test mode operation is much higher than normal mode of design operation 
(Wunderlich, 1997). In normal mode operation very small design portion of the flip-flops will change the value 
during each and every clock pulse. But in test mode operation huge number of flip-flops will change the value. 
Due to this huge change in flip-flops it produces more switching activity. This increases the problem of huge 
heat dissipation and more transition time. 

Two main sources of power dissipation are considered in CMOS circuits design. They are Dynamic power 
dissipation and (PD) and Static power dissipation (PS). The total power consumption said to be the addition of 
the above two power consumption. This is given as P = PD + PS (Soudris, 2002) 

The dynamic power dissipation is one of the main dominating power dissipation in present CMOS 
technologies. It is achieved due to the switching of transistors in the design. This is composed of both switching 
power and short circuit current. Switching power is dissipated by the charging and discharging of the load 
capacitance at the output of the CMOS. Charging and discharging of the capacitance results on logic transition. 
Thus huge charging and discharging will result on huge logic transition in the design. Short circuit current is 
achieved by both pMOS and nMOS network which are partially ON. Static power dissipation is achieved due to 
sub-threshold conduction through OFF transistors, tunneling current through gate oxide and leakage through 
reverse-biased diodes. 

Test data compression can be classified into four different categories depending upon how test patterns are 
handled in compression method. If compression occurs on fixed number of test pattern and produces fixed 
number of compressed output, then it belongs to fixed to fixed category. Similarly, if compression occurs on 
variable test pattern and produces variable number of compressed output, then it belongs to variable to variable 
category. Other combination techniques such as fixed to variable test pattern and variable to fixed test pattern 
are also possible. 
 
Related Works: 

The problem of reducing test patterns and its power consumption for SoC has been attended from several 
different angles in recent literatures. Many techniques for reducing power consumption during scan testing have 
been summarized (Patrick, 2002; Tauba, 2006). Test patterns reduced through scan chain concealment discussed 
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in (Bayraktaroglu, 2001), uses XOR network in scan based design. A customized counter proposed in (Liang, 
2001), suggests the use of two dimensional test pattern compressions. In the LFSR reseeding base test 
compression (Kim, 2006) method, the don’t care bits in test pattern are filled with necessary pseudo-random 
code. It increases reasonable encoding efficiency of LFSR reseeding. 

Dual speed LFSR is used to reduce power dissipation (Wang, 1997; Rosinger, 2003). This deals with slow 
speed LFSR, normal speed LFSR and masking techniques. This also depends on the test pattern’s transition 
density. Mutually exclusive scan segment method (Paul, 2004) deals with reducing average power and peak 
power during capture cycles by assigning unspecified values to zeros. Overlapping slice set techniques used in 
(Li, 2005) produces no transition in the overlapping block. This scheme is used to reduce the number of 
specified bits and the number of transitions at the same time. But all the above said existing method needs extra 
hardware like slow and normal speed LFSR and also increases design complexity.  

In this paper, fixed to fixed compression category is proposed. This also shows that the Test application 
time is proportional to the length of the test vector set. This is also proportional to the switching activity of the 
scan chain flip flops, resulting in increase in the test time. 

 
Proposed Work: 

In this section, the impact of huge test patterns and its switching activity is considered for scan based 
design. For any CMOS design, power consumption can be observed by above said methods. For scan based 
design, the dynamic power consumption is the major consideration. This power consumption during test 
depends on the number of transitions that occurs in the scan chain of the design. This also depends on the 
number of circuit elements that switches during the scan in and scan out operations.   

This proposed method is based on two main stages. Initial stage considers the impact of compression 
techniques with help of transition of test patterns. Next stage considers the switching activity on compressed test 
patters. 

Initial stage which consists of testing the designs for low power switching activity depends on the number 
of transitions that occurs in the scan chain of the design. Due to unspecified and specified values of the test 
pattern, it is necessary to identify its corresponding transition. It can be identified into two types namely 
transition and non-transition test patterns. In transition pattern the test pattern is combination of ‘0’ and ‘1’ only. 
Thus there is a possibility of switching. In non-transition the test patterns is the combination of ‘0’ with ‘X’ or 
‘1’ with ‘X’ or ‘X’ with ‘X’. Thus no switching activity is performed.   

Following example illustrates the selection procedure of the proposed low power switching scheme. Given 
test patterns T1 contain 16 test vectors with the combination of ‘0’, ‘1’ and ‘X’. T1 = 0010111XXXX1000X. 
For example T1 contains the segment size as 4. Thus 4 segments with each 4 test vectors were separated as 
shown in this discussion. As per the proposed scheme the final given test pattern is grouped as 1 transition 
partition (T-P) and 3 non-transitions partition (NT-P). Unspecified values were considered for low power test 
vectors, by assigning the A-fill method (Anshuman, 2002). After identifying the transition and non-transition 
partition for a given test pattern, the next phase is to calculate the switching activity of test patterns. 
 

T1=   
 
 
 

T1= 
 
 
Next stage consisting of Scan chain length (L) and scan test pattern (TP) are considered for transition 

activity. Scan test pattern is applied to each and every flip-flop. If the scan test pattern is applied to any flip-flop, 
it will activate one after another in the flip-flop like TPi=TPi,1 TPi,2 TPi,3 ….TPi,L. It shows that TPi,2 is scanned 
after TPi,1 only. Thus scan test pattern depends upon the previous flip-flop. Weighted Transition Metric (WTM) 
is the difference between sizes of the scan chain to position of transition (Sankarlingam, 2000) for launch on 
shift operation only. Launch on capture is out of scope in this paper. Power dissipation is applied to any two 
vectors by counting the number of weighted transitions.  

This is denoted as by the following shift in operation equation. WTM = ∑ ((L-j). (TPi,j XOR TPi,j+1)). 
Where TPi,j is the present scan test pattern and TPi,j+1 is the next scan pattern in the design. If more number of 
scan test pattern is applied, then WTM is also considered for Peak scan in power (WTMP) and Average scan in 
power (WTMA). Peak scan in power is calculated by the maximum value of WTM in ‘n’ number of scan test 
pattern. Average scan in power is calculated by summing all test pattern with the average of ‘n’ test pattern. 
Following example illustrates the calculation procedure of WTM. Let the given test pattern set T contains 5 bit 
in one test pattern. Test vector (T) = 01101. Its corresponding weighted transition metric WTM value is 7.  

0 0 1 0     1 1 1 X     X X X 1    0 0 0 X 
  (P1)         (P2)         (P3)          (P4)

 0 0 1 0   1 1 1 1       1 1 1 1      0 0 0 0 
  (T-P)    (NT-P)     (NT-P)     (NT-P)
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This proposed algorithm is considered for finding segment size vector, filling unspecified bit with adjacent 
fill technique and finding transition and non-transition test patterns. Length of the scan test pattern (n) is divided 
with necessary segment values (s). If ‘n’ is divisible by ‘s’ the segment vector (svector) is considered for 
transition. If ‘n’ is not divisible by proper value, then consider for adding non-transition value (X). This fulfills 
the segment technique in proper format. Once svector is identified, then fill the remaining unspecified test 
pattern with adjacent fill (Anshuman, 2002). This will minimize more scan transition in the test patterns. Finally 
compressed test pattern was considered for transition and non-transition test patterns during shift in operation 
activity. For low power switching activity this compressed test pattern is applied for WTM for finding 
minimized power dissipation during flip-flop shift in operation activity.  

 
Algorithm segmentation-transition (testvector, m, n, s, tvector, wtm). 

Input: 
m-Number of test pattern lines 
n-Length of each pattern (or) number of bits for each line 
testvector-Contains ‘m’ number of lines 
s -Number of segments  

Output: 
Tvector-contains ‘m’ number of vectors each vector have ‘s’ no of segments 
Wtm-contains weighted transition metric value 
initialize i=o; 
for each line in testvector 
 

1. Find segment size: 
if n%s = 0 then 

split the line in the exactly ‘s’ number of segment. Each consists of exactly n/s number of bits. Store the 
segment into svector[i]  
else  

split the line into ‘s’ number of segment. Find remaining bits as r = n%s. Set the size for the first (s-1) 
number of segment as ((n/s) + 1) number of bits. For the last segment append (s-r) number of ‘X’ and make its 
size as ((n/s) + 1). Store the segment into svector[i] 
endif 
2. Filling unspecified bit with adjacent fill technique. 
3. Finding transition and non-transition test patters.  
4. Calculate WTM for scan shift operation 
 
Experimental Results: 

This section describes the experiment performed to asses the efficiency of achieving low power switching 
activity technique based on segmentation method. The proposed method is implemented using C language and 
tested with full scan version of the ISCAS89 benchmark circuits. Test patterns used in these experiments were 
obtained by using Mintest dynamic compaction algorithm (Hamzaoglu, 1998). All the provided test patterns 
target 100% fault coverage. 

Each test pattern was compressed corresponding to scan segment and its transition activity. Scan segment is 
divided equally to achieve higher compression ratio. Depending up on the occurrence of transition in segment, 
the test patterns are considered for compression. Figure 1 presents the experimental results of S5378 benchmark 
with scan segment and transition vector reduction. This shows that number of transition vector reduction 
depends on huge number of segmentation. This will increase the compression ration of test patterns. Table 1 
shows the experimental results for the several ISCAS benchmark which are divided into different segment size. 
The number of specified segments and the number of transition test patterns are compared with original test 
patterns. The last four columns represent the transition vector reduction with its corresponding segment size (S).  
Depending upon the segmentation value the test pattern is reduced significantly. 

Figure 2 shows the experimental results for segment size equal to 8. Existing method of Dual LFSR 
(Rosinger, 2003) is compared with proposed algorithm. Results show that the rate of reduction in the number of 
transition is given in percentage. It can be seen that the proposed algorithm achieves much compression ratio 
and introduces lesser transition than previous methods. Table 2 shows the proposed method of ISCAS89 
benchmark has an increase in 7% to 12% when compared with Dual LFSR (Rosinger, 2003) method. 

By assigning the segment value as 4 the total transition power is reduced to 75% compared with normal 
transition power. Depending upon the segment value the scan power is reduced significantly. Average power 
and peak power of scan based power consumption is reduced up to 90%. In table 3 experimental result for total 
and average power consumption using different values of segment size (S) are shown. 
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Fig. 1: Experimental results of transition vector reduction for various segment levels. 
             

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Results for proposed compression and Dual LFSR (Rosinger, 2003). 
 
Table 1: Results of the proposed scheme on Transition vector reduction. 

ISCAS89 Mintest  S=2 S=3 S=4 S=5 S=6 
s5378 23754 1 49 64 97 159 
s9234 39273 4 9 53 66 92 
s15850 76986 3 82 139 193 245 

 
Table 2: Result Comparisons of Dual LFSR (Rosinger, 2003) with proposed method (%). 

 ISCAS89       Dual-LFSR (Rosinger, 2003)  Proposed  
S5378 25 32 
S9234 24 18 
S15850 25 37 

 
Table 3: Results of the proposed scheme on power consumption (%). 
  ISCAS89               S=2              S=3              S=4 

 Total  Peak Ave. Total  Peak  Ave. Total  Peak  Ave. 
S5378 51 72.8 72.3 70.5 90 88.8 75.2 93.3 91 
S9234 51 75 74.8 67 89 88.3 76.6 94 92 
S15850 53 77.2 74.8 70 89.8 88.7 77.2 94.2 92.2 
S38417 52 93 92 69 91 91 75 94 92.6 

 
Conclusion: 

The present challenge of reducing test power is one of the most important tasks in SoC design. It is very 
particularly identified in the field of scan cell test patterns. This paper proposes a new algorithm of segmentation 
technique with transition activity and produces low switching activity in scan based design. This proposed 
algorithm segments each test pattern equally. Thus each segment consists of transition and non-transition test 
patterns. Compression is considered on non-transition test pattern segment. Finally compressed test pattern is 
considered for low power switching activity. Experimental results for the ISCAS89 benchmark circuits show 
that 37% of test pattern is reduced and one third of the dynamic power is also reduced significantly. 
Considerably low power switching transition and low data transition are achieved.  

 

0
20
40
60
80

100
120
140
160
180

S=2 S=3 S=4 S=5 S=6

N
u

m
b

er
 o

f t
es

t p
at

te
rn

Number of segmentation

Transition vector reduction

S5378



Aust. J. Basic & Appl. Sci., 5(9): 2147-2151, 2011 

2151 
 

REFERENCES 
 

Anshuman Chandra, Krishnedu chakrabarty, 2002. Low power scan testing and test data compression for 
system on chip, IEEE Transaction on CAD of IC and systems. 

Bayraktaroglu, I. and A. Orailoglu, 2001. Test Volume and Application Time Reduction Through Scan 
Chain Concealment, Proc., of  DAC, pp: 151-155. 

Hamzaoglu, L. and Patel, J.H., 1998. Test set compaction algorithms for combinational circuits, Proc of 
CAD. pp: 283-289. 

Kim, H.-S. and S. Kang, 2006. Increasing Encoding Efficiency of LFSR Reseeding-Based Test 
Compression, IEEE Trans. Computer-Aided Design of Integrated Circuits and Systems. 

Li, J., Y. Han and X. Li, 2005. Deterministic and Low Power BIST Based on Scan Slice Overlapping, IEEE 
Int. Symposium on Circuits and Systems, Kobe, pp: 5670-5673. 

Liang, H.-G., et al., 2001. Two dimensional test data compression for scan-based deterministic BIST, Proc. 
ITC., pp: 894-902. 

Patrick Girard, 2002. Survey of low power testing of VLSI circuits, IEEE Design and Test of computers. 
Paul Rosinger, M. Bashir Al-Hashimi and Nicola nicolici, 2004. Scan architecture with mutually exclusive 

scan segment activation for shift and capture power reduction, IEEE transaction on CAD of IC and systems. 
Rosinger, P.M., B.M. Al-Hashimi and N. Nicolici, 2003. Dual Multiple-Polynomial LFSR for Low-Power 

Mixed-Mode BIST, IEE Proc. Computers and Digital Techniques, pp: 209-217.  
Sankaralingam, R., R.R. Oruganti and N.A. Touba, 2000. Static compaction techniques to control scan 

vector power dissipation, Proc. IEEE VLSI Test Symposium, pp: 35-40. 
Soudris, D., C. Piguet and C. Goutis, 2002. Designing CMOS Circuits for Low Power, Kluwer Academic 

Publishers. 
Tauba, N.A., 2006. Survey of Test Vector Compression Techniques, IEEE transaction Design and Test of 

Computers. 
Wang, S. and S.K. Gupta, 1997. DS-LFSR: A new BIST TPG for low heat dissipation, Proc Int Test 

Conference. pp: 848-857. 
Wunderlich, H.J. and Y. Zorian, 1997. Built-In Self Test (BIST) Synthesis of Self-Testable Systems, 

Kluwer Academic Publisher. 
 


