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Abstract—This paper presents a compression-friendly 
low power test scheme in EDT environment. The 
proposed approach exploits scan slices reusing to 
reduce the switching activity during shifting for test 
scheme based on linear decompressor. To avoid the 
impact on encoding efficiency from resulting control 
data, a counter is utilized to generate control signals. 
Experimental results obtained for some larger 
ISCAS’89 and ITC’99 benchmark circuits illustrate 
that the proposed test application scheme can 
improve significantly the encoding efficiency of linear 
decompressor.    
 
Index Terms—Test compression, low power, linear 
decompression, embedded deterministic test   

I. INTRODUCTION 

Today’s very large scale integrated (VLSI) circuits are 
immensely complex in many ways. VLSI testing is 
becoming increasingly difficult. Power consumption 
during structural scan-based testing are much higher than 
that during normal operation since it attempts to activate 
as many nodes as possible by the use of the fewest test 
patterns. This is manifested by higher junction 
temperature and increased peak power which can result 

in overheating or IR drop. This can ultimately cause a 
device malfunction and thus yield loss, chip reliability 
degradation, shorter product lifetime, or device 
permanent damage [1].   

In recent years, numerous methods aimed at reducing 
test power have been proposed. These Solutions for 
deterministic test or BIST applications include 
partitioning and modifications of scan chains [2-4], test 
pattern reordering [5], scan transition blocking [6], gating 
of scan flip-flops [8], low power test pattern generators 
[9], test scheduling [10], as well as power-aware ATPG 
or post-ATPG X-bits filling [12, 13] keeping the power 
dissipation below a safe threshold.  

Test data compression techniques which can reduce 
test cost effectively have been also researched 
extensively. These techniques include nonlinear code-
based [14], broadcast-based [15], scan forest 
architecture-based [16, 17] and linear decompression-
based [18] schemes. The linear decompression-based 
scheme is widely used in industry designs because of its 
high compression ratio.  

Recently, compression compatible X-filling schemes 
with the aim of reducing shift or capture power in EDT 
environment were proposed in [19, 20]. The techniques 
in [21-23] utilize the available encoding capacity to 
decrease switching activity during scan loading while 
ensuring the high quality of the test. 

The proposed approach in this paper aims to reduce 
the switching activity during shifting for compression 
scheme based on linear decompressor and 
simultaneously improve its encoding efficiency. Scan 
slices reusing can effectively reduce the number of 
transitions during scan operation. The needed control 
data is generated by a counter which reduces the 
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encoding requirements of control signals. As a result, the 
scheme provides high test compression ratio when 
keeping low switching activity.  

II. BACKGROUND AND MOTIVATION 

In test cubes generated by ATPG with dynamic 
compaction, the ratio of specified bits is only between 
5% and 1% at the beginning of the ATPG process. After 
generating small amounts of test patterns the fill rate may 
fell below 1% [18]. In conventionally BIST or 
deterministic test environment, the X bits (also called as 
don’t care bits) are filled with random values. This may 
lead to excessive switching activity during scan shift or 
capture and then result in yield loss or performance 
degradation, etc.  

Test application scheme based on scan slice 
overlapping [7] significantly reduces the switching 
activity. Scan slice is defined as the set of values shifted 
into all the scan chains in a scan cycle. Scan slice 
overlapping is defined as the set of values shifted into all 
the scan chains in a scan cycle. Two consecutive scan 
slices are called to be overlapping if each pair of 
corresponding bits in them is compatible (that is, 1 and 1, 
0 and 0, or an X bit at least). See the example in Fig. 1(a). 
The test cube consists of 16 scan slices. Each slice 
contains 6 bits. The first and second slice are {X0X01X} 
and {XXXXXX}. All pairs of corresponding bits in them 
are compatible. If the second, fourth and fifth bits in the 
second slice are assigned to 0, 0 and 1 respectively, they 
will be {X0X01X} and overlapping. Similarly, the third 
slice also is overlapping with the first and second slice. 

The slices from the fourth to eighth slices can be 
overlapping while the slices from the ninth to sixteenth 
slices can also be overlapping. Consecutive overlapping 
scan slices are defined as an overlapping block. Plenty of 
X-bits can make consecutive scan slices in a test pattern 
have a high overlapping probability. For consecutive 
overlapping scan slices only the first slice needs to be 
generated by linear decompressor, while other slices can 
be obtained by reusing. Consequently, a bit of control 
signal is necessary for each slice to indicate whether this 
slice is reused. Scan slice overlapping may reduce the 
number of specified bits encoded by linear decompressor. 
However, the increased control data usually have greater 
(negative) impact on encoding efficiency of linear 
decompressor. The paper [11] expands the work in [7] 
and improves test data compression by using scan cell 
reordering. But subsequent routing brings detrimental 
impact on area and timing. From a new perspective, this 
paper aims to improve the compression ratio at the 
negligible cost and meanwhile keep the advantage of low 
power test application scheme.  

The proposed approach has some similarity to the low 
power scheme based on fixed-length block encoding in 
[24]. Both approaches use the compatibility of test bits in 
consecutive scan cells for improving test compression 
and reducing test power. However, they are significantly 
different. The proposed scheme reduces shift-in power 
based on compatible scan slice and introduces a new 
technique for improving test compression. The solution 
in [24] is based on scan block compatibility in each scan 
chain for shift and capture power reduction. A scan block 
is defined as fixed-length consecutive scan cells in the 
same scan chain. 

III. COMPRESSION-FRIENDLY LOW POWER 

TEST APPLICATION SCHEME 

1. Proposed Test Architecture 
 
The scan-based hardware implementing for the 

proposed scheme is shown in Fig. 2. Compressed test 
stimulus and compacted test response are stored in ATE. 
Compressed test patterns and control information are 
delivered via input channels to the decompressor. The 
decompressor consists of ring generator and phase shifter. 
The decompressor feeds the scan chains and the counter 

X XX 1 0XXX 1 0 XX 0X XX

X 0 X 0 X0 X 0 X 1 1XXX 1 X

X 0XX XXX 0 X XXXXX XX

X 1X 1 00 X 0 1 0 0XX0 XX

X 0X 0 X1 X 1 X XXXXX XX

X 0X 0 0XXX 0 X 0X 0X XX

1 1 1 1 00 1 1 0 1 11 1 1 1 1

- - - - 0X - - 1 - -- - - - -

- - - - 10 - - 0 - -- - - - -

- - - - X0 - - 0 - -- - - - -

- - - - 00 - - 1 - -- - - - -

- - - - X1 - - 0 - -- - - - -

- - - - 0X - - 0 - -- - - - -

1 1 1 1 00 1 1 0 1 11 1 1 1 1
(a) (b)

 

             (a)                       (b) 

Fig. 1. An example of scan slices overlapping. 
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simultaneously. Compared to the STUMPS structure, one 
2-to-1 MUX is placed at the input of each scan chain. 
The counter is utilized to generate the 0 or 1 control data 
which control the MUX to select data from the 
decompressor or previous slice. When the first slice of an 
overlapping block is loaded, control signal should be set 
to 1 by counter so that test data from the decompressor is 
shifted into the scan chains. Next, control signal should 
be set to 0 so that the last value loaded into the scan 
chains is repeatedly loaded and scan slice reusing is 
implemented (the data from the decompressor is ignored).  

Suppose d is the number of overlapping slices that the 
current overlapping block contains. When the first slice of 
an overlapping block is loaded, the counter is also replaced 
by d-1. Next, the counter state, which represents a binary 
number, decreases by 1 at a clock pulse until states of all 
the flip-flops in the counter are 0. The counter entering all 
0’s state implies that next overlapping block needs to be 
loaded. The counter state is all 0’s, the counter outputs a 1. 
Otherwise, it outputs a 0. 

 
2. The Test Compression Flow of the Proposed Test 
Scheme 
 

The number of flip-flops in counter determines the 

maximum size of an overlapping block. If the counter 
contains k flip-flops, in the scheme the size of an 
overlapping block N satisfies: 

 
 1≤N≤2k                   (1) 

 
Let Ti (i=1, 2, …) denote destination overlapping 

blocks. Initialize Ti =Φ (i=1, 2, …). Given a test pattern 
V and the maximum value of counter N, the overlapping 
block partition flow proceeds then as follows:  

1) Determine all the scan slices corresponding to the V 
according to scan chains structure. 

2) Initialize i=1. Add the first slice to the ith 
overlapping block Ti. 

3) Select a new slice s in order of scan-loading. Judge 
whether s is compatible with Ti. If compatible go to step 
(4), else go to step (5). 

4) If N i (size of Ti ) <N, add s to Ti and update the 
slices in Ti. Otherwise, go to step (5). 

5) i=i+1. Add s to Ti. 
6) Repeat step (3) until all the slices are assigned in a 

overlapping block.  
7) Output obtained overlapping block Ti(i=1, 2, …, m) 

and their size N i(i=1, 2, …, m). 
When updating the slices in Ti we use specified bits 

combination to take the place of these slices. For 
example, Ti contains 3 slices {1XX1X0}, {XXXXXX} 
and {X00100}. When updating the slices in Ti, specified 
bits combination {100100} will be used to take the place 
of the 3 slices. 

When compressing a test pattern, firstly one should 
divide the pattern into overlapping blocks with the above 
partition algorithm. The next compression flow of the 
proposed test scheme proceeds as follows. Initially, the 
counter is in all 0’s state. The counter outputs a 1. In this 
case, control signals of all MUXs are 1’s and the first 
slice should be encoded via decompressor. Meanwhile, 
the counter enter pre-loading mode and the size of 
current overlapping block minus 1, i.e. N1-1 (binary 
number) should be also encoded by decompressor. Next, 
the counter enters subtract count mode, state binary 
number subtracted 1 in each clock cycle. Before reaching 
all 0’s state the counter outputs a 0, and the slices are 
generated by reusing the first slice and need not to be 
encoded by decompressor. Now data from decompressor 
is ignored by both scan chains and counter. When the 

 

Fig. 2. The test structure of the proposed scheme. 
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counter reaches all 0’s state, the second overlapping 
block is encoded just as the first one. The process is 
repeated until all the overlapping blocks are encoded.  

 
3. Determination of the Number of Flip-Flops in the 
Counter 

 
The number of flip-flops in the counter depends on the 

size of the bulk of overlapping blocks. If specified ratio 
in test set is very high, the overlapping possibility of scan 
slices is little and in most cases potential overlapping 
blocks is in small size. The counter with few flip-flops 
should be selected.  

Take the test cube in Fig. 1(a) for example. Not 
considering the restraint of counter, there are 3 
overlapping blocks. If the counter with 3 flip-flops is 
used, encoding the control signal of each block needs 3-
bit data, i.e. 010, 100, and 111 respectively. There are 9 
bits which need to be generated by decompressor in total. 
Compared with storing directly, 7 bits is reduced. If the 
counter with 4 flip-flops is used, encoding the control 
signal of each block needs 4-bit data, i.e. 0010, 0100, and 
0111 respectively. 12-bit control signal needs to be 
generated by decompressor in total. The specified bits in 
scan sices needing to be generated by decompressor are 
shown in Fig. 1(b). However, if the counter with 2 flip-
flops is adopted, blocks larger than 4 must be partitioned 
further as shown in Fig. 3. There are 10 bits which need 
to be generated by decompressor in total. Furthermore, 
the specified bits needing to be generated by 
decompressor will increase as shown in Fig. 3(b). In the 
example, it is most reasonable to select a counter with 3 

flip-flops. 

IV. EXPERIMENTAL RESULTS 

To verify the efficiency of the proposed test scheme, 
experiments are performed on several big ISCAS’89 and 
ITC’99 benchmark circuits. The targeted fault model is 
stuck-at fault.  

The profiles for circuits and test set are summarized in 
Table 1. Columns 2-6 list the number of (total) gate, 
inputs count, the number of scan cells, the number of test 
patterns, as well as the ratio of X-bits in the test cubes, 
respectively. 

Table 2 shows the simulation results on test 
compression and comparison for test scheme introduced 
in [7] and the proposed compression-friendly low power 
test scheme. It deserves noting that the results listed in 
column 2 are obtained by using our test set and test 
scheme introduced in [7]. Column 2 presents the 
configuration of scan chain. Column 3 gives the number 
of specified bits which need to be encoded by 
decompressor in test scheme [7]. Columns 4, 6 and 8 list 
the number of specified bits which need to be encoded by 
decompressor in proposed compression-friendly low 
power test scheme with 2-bit, 3-bit and 4-bit counter, 
respectively. Columns 5, 7 and 9 also designate the 
specified bits reduction of the proposed schemes 
compared to [7].  

As shown in the Table 2, Comparing with the results 
of compression-aware low power test scheme in [7], 
specified bits which need to be encoded by decompressor 
for the proposed scheme with 2-bit, 3-bit and 4-bit 
counter are cut down by 15.79, 20.18 and 15.68 
percentage points on average, respectively. The proposed 
test approach reduces significantly the encoding 
requirement of test patterns. Subsequently it can improve 

XXX 1 0XXX 1 0 XX 0X XX

X0X 0 X0 X 0 X 1 1XXX 1 X

X0X X XXX 0 X XXXXX XX

X1X 1 00 X 0 1 0 0XX0 XX

X0X 0 X1 X 1 X XXXXX XX

X0X 0 0XXX 0 X 0X 0X XX

1 1 1 0 00 1 1 0 1 11 1 1 0 1

- - - 1 0X - - 1 - -- - - 0 -

- - - 0 X0 - - 0 - -- - - 1 -

- - - X X0 - - 0 - -- - - X -

- - - 1 00 - - 1 - -- - - 0 -

- - - 0 X1 - - 0 - -- - - X -

- - - 0 0X - - 0 - -- - - 0 -

1 1 1 0 00 1 1 0 1 11 1 1 0 1
(a) (b)

 

              (a)                      (b) 

Fig. 3. An example of the proposed scan slices reusing. 
 

Table 1. Circuit and test cubes profile for benchmark circuits 

Circuit Gate Inputs FF #Test Specified  
Ratio (%) 

S13207 7951 700 638 336 4.47 
S35932 16065 1763 1728 73 5.48 
S38417 22179 1664 1636 1128 3.90 
S38584 19253 1464 1426 865 4.16 

B17 30777 1452 1415 1788 4.26 
B22 29162 767 735 2199 3.59 
Ave. -- -- -- -- 4.31 
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encoding efficiency for test compression scheme based 
on linear decompressor significantly. At the same time, 
the proposed approach follows the scan slice reusing 
technique and thus keeps the advantage of low test power. 

Table 3 presents the experiment results for test power 
reduction. The second and third columns list the original 
shift power of the random X-fill scheme, including 
average and peak shift power. The weighted transition 
metric (WTM) is utilized to evaluate shift power in the 
experiments. The following six columns 4, 6 and 8 give 
the shift power reduction of proposed compression-
friendly low power test scheme with 2-bit, 3-bit and 4-bit 
counter compared to the random X-fill scheme, 
respectively. As can be seen, the power reduction 
percentage increases with increasing size of counter. To 
illustrate the power reduction capability of the proposed 
scheme the last parts provide a comparison to two shift 
power reduction schemes [7, 24]. It is noteworthy that 
that the scheme in [7] gives only the average power. The 
proposed technique can achieve approximate power 
reduction with the scheme in [7]. When compared with 
the scheme in [24] the proposed technique with k=2 and 
k=3 yields greater power reduction for all benchmark 
circuits except for B22. 

The additional hardware overhead consists of a 
counter with k T flip-flops and a 2-to-1 MUX per scan 
chain. Besides, this method requires one tester channel 
for the first multiplexer in the counter. The whole area 
overhead can be negligible in relation to the circuit size. 
The overhead won’t introduce any negative impact on 
circuit design.  

V. CONCLUSIONS 

The aggressive shrinking of characteristic size and 
rapid increase of the integrated degree in the electronics 
industry will bring forward higher requirement VLSI test 
procedures. By using the counter to generate control 
signals, the proposed technique provides greater 
flexibility in test compression based on linear 
decompressor. Meanwhile, it follows the scan slice 
reusing technique and thus keeps the advantage of low 
test power. It does not have detrimental effects on an 
additional area and potential performance overhead. 
Experimental results on several larger benchmark circuits 
demonstrate the efficiency of the proposed technique. 
Meanwhile, the proposed approach can be combined 
with other approaches, such as scan cell reordering, to 

Table 2. Simulation results on test data  

Scan slice  
overlapping[7] 

Proposed scheme  
with k=2 

Proposed scheme  
with k=3 

Proposed scheme  
with k=4 Circuit Scan 

architecture 
Specified bits Specified bits Red.% Specified bits Red.% Specified bits Red.% 

S13207 30×22 15465 12770 17.43  11436 26.05  11055 28.52  
S35932 30×58 7644 6285 17.78  6363 16.76  6851 10.37  
S38417 30×55 108506 90798 16.32  91254 15.90  97829 9.84  
S38584 30×48 88837 73255 17.54  67525 23.99  69454 21.82  

B17 30×48 172751 149943 13.20  139427 19.29  152176 11.91  
B22 30×25 90531 79233 12.48 73240 19.10 80011 11.62 

Average -- -- -- 15.79 -- 20.18 -- 15.68 

 
Table 3. Simulation results on test power 

Original power Proposed scheme 
with k=2 

Proposed scheme 
with k=3 

Proposed scheme 
with k=4 

Scan slice  
overlapping[7] 

Low-power  
compression[24] Circuit 

Average Peak  Ave. 
Red.% 

Peak 
Red.% 

Ave. 
Red.% 

Peak 
Red.% 

Ave. 
Red.% 

Peak 
Red.% 

Ave. 
Red.% 

Ave. 
Red.% 

Peak 
Red.% 

S13207 4126.22 4648 75.04 53.38 87.14 63.25 89.64 70.51 90.42 50.62 34.84 
S35932 25473.21 27406 53.27 44.91 71.65 40.43 73.95 44.34 53.23 N/A N/A 
S38417 23016.44 25038 68.05 50.34 75.49 52.17 78.52 54.39 70.13 70.86 44.68 
S38584 17650.10 19199 74.51 67.16 84.73 73.89 88.47 72.49 79.92 48.08 33.68 

B17 17482.83 19211 73.22 63.52 85.98 71.19 87.83 70.93 N/A 85.93 69.79 
B22 4761.69 5476 66.95 48.19 79.62 55.50 83.55 62.10 N/A 84.83 62.86 

Average -- -- 68.50 54.58 80.77 59.41 83.66 62.46 73.43 68.06 49.17 
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reach higher efficiency.  
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