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ABSTRACT: The main challenging areas in VLSI are

performance, cost, and power dissipation. Due to

switching i.e. the power consumed testing, due to short

circuit current flow and charging of load area,

reliability and power.. These applications require low

power dissipation VLSI circuits. The power dissipation

during test mode is 200% more than in normal mode.

Hence it is important aspect to  optimize power during

testing.  Power optimization is one of the main

challenges. Test Pattern generation has long been

carried out by using conventional Linear Feedback

Shift Registers (LFSR). LFSR’s are a series of flip-flop’s

connected in series with feedback taps defined by the

generator polynomial. 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. Reduced correlation between the

successive vectors of the applied stimulus into the circuit

under test can result in much higher power consumption

by the device than the budgeted

power. A new low power pattern generation technique is

implemented using a modified conventional Linear

Feedback Shift Register.

I. INTRODUCTION

Very-large-scale integration (VLSI) is the process
of creating integrated circuits by combining thousands of
transistor-based circuits into a single chip. VLSI began in
the 1970s when complex semiconductor and
communication technologies were being developed. The
microprocessor is a VLSI device. The term is no longer as
common as it once was, as chips have increased in
complexity into the hundreds of millions of transistors.
Built-In Self-Test (BIST)[1] techniques can effectively
reduce the difficulty and complexity of VLSI testing, by
introducing on-chip test hardware into the circuit- under-
test (CUT). The main challenging areas in VLSI are
performance, cost, power dissipation is due to switching
i.e. the power consumed testing, due to short circuit
current flow and charging of load area, reliability and
power. The demand for portable computing devices and
communications system are increasing rapidly. The
applications require low power dissipation VLSI  circuits.
The power dissipation during test mode is 200% more
than in normal mode. Hence the important aspect to
optimize power during testing In conventional BIST
architectures,   the   linear 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
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pseudorandom patterns generated by the LFSR lead to
significantly high switching activities in the CUT [2],
which can cause excessive power dissipation. They can
alsodamage the circuit and   reduce product yield and
lifetime [3], [4]. In addition, the LFSR usually needs to
generate very long pseudorandom sequences in order to
achieve the target fault coverage in nanometer technology.

1.1 BIST Architecture
A typical BIST architecture consists of

 TPG - Test Pattern Generator
 TRA – Test Response Analyzer
 Control Unit

As shown in figure below.

Test Pattern
Generation (TPG)

CircuitryUnder Test

repetition of random number will reduce. The initial
value loading to the LFSR is known as seed value.

1.1.1 Test Response Analyzer (TSA):
TRA will check the output of  MISR & verify

with the input of LFSR & give the result as error or not.

1.1.2 BIST Control Unit
Control unit is used to control all the operations.

Mainly control unit will do configuration of CUT in test
mode/Normal mode, feed seed value to LFSR, Control
MISR & TRA. It will generate interrupt if an error
occurs. You can clear interrupt by interrupt_clear_i
signal.

1.1.3 Circuit under Test (CUT)
CUT is the circuit or chip in which we are going

to apply BIST for testing  stuck at zero  or stuck at one
error.

Need for Using BIST Technique:

BIS
T

Control
Unit

CU
T

Test Response
Analysis (TRA)

Today’s highly integrated multi-layer boards with
fine-pitch ICs are virtually impossible to be accessed
physically for testing. Traditional board test methods
which include functional test, only accesses the board's
primary I/Os, providing limited
coverage and poor diagnostics for board-network

Figure 1.1: Test Pattern Generator
It generates test pattern for CUT. It will be

dedicated circuit or a microprocessor. Pattern
generated may be pseudo random numbers or
deterministic sequence. Here we are using a Linear
Feedback Shift Register for generating random
number. The Architecture for LFSR is as shown below.

Figure 1.2: Architecture of LFSR
Tapping can be taken as we wish but as per

taping change the LFSR output generate will change
& as we change in no of flip-flop the probability of

fault. In circuit testing, another traditional test method
works by physically accessing each wire on the board via
costly "bed of nails" probes and testers. To identify
reliable testing methods which will reduce the cost
of test equipment, a research to verify each VLSI
testing problems has been conducted. The major
problems detected so far are as follows:

 Test Generation Problems

 Gate to I/O pin ratio.

Test Generation Problems

The large number of gates in VLSI circuits has
pushed computer automatic-test-generation times to weeks
or months of computation. The numbers of test patterns
are becoming too large to be handled by   an
external tester and this has resulted in high
computation costs and   has outstripped reasonable
available time for production testing.
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Gate to I/O Ratio Problems:

As ICs grow in gate counts, it is no longer true
that most gate nodes are directly accessible by one of the
pins on the package. This makes testing of internal nodes
more difficult as they could neither no longer be easily
controlled by signal from an input pin (controllability) nor
easily observed at an output pin (observe ability). Pin
counts go at a much slower rate than gate counts, which
worsens the controllability and observe ability of internal
gate nodes.

Step2: Both halves are idle First half sent to the output
and second half’s output is sent by the injection circuit, the

generating test vector is Ti1.

Step3: Second half is active First half is in idle mode

and gives out as previous, the generating test vector is Ti2.

Step4: Both halves are in idle mode, First half is given by
injection circuit and Second half is same as previous, the

generating test vector is Ti3.

After completing step 4 again goes to step1
i+1

Implementation of low transition test pattern
for generating test vector T . The first level of

The basic idea behind low power BIST is to
reduce the PI activities. The paper proposes a new
transition test pattern generation technique which
generates three intermediate test patterns between each
two consecutive random patterns generated by a
conventional LFSR. The proposed test pattern generation
method does not decrease the random nature of the test
patterns. The technique reduces the PI’s activities and
eventually switching activities in the circuit under test.

Let us assume that Ti and Ti+1 are two
consecutive test patterns generated by a pseudorandom
pattern generator (e.g. a conventional LFSR). The new
low transition LFSR (LTLFSR) generates three

intermediate patterns (Ti1, Ti2 and Ti3) between Ti and

Ti+1 .

The total number of signal transition occurs
between these five vectors are equivalent to the number of
transition occurs between the two vectors. Hence the
power  consumption is reduced. Additional circuit is used
for few logic gates in order to generate three intermediate
vectors. The area overhead of the additional components
to the LFSR is negligible compared to the large circuit

sizes. The three intermediate vectors (Ti1 , Ti2 andTi3) are
achieved by modifying conventional flip-flops outputs and
low power outputs [16].

Implementing algorithm for LT-LFSR

The proposed approach consists of two half
circuits. The algorithm steps says the functions of both
half circuits is

Step1: First half is active and second half is idle and gives
out is previous, the generating test vector is Ti.

hierarchy from top to down includes logic circuit
design for propagation either the present or next state
of flip-flop to  second level of hierarchy. Second level
of hierarchy is implementing Multiplexed (MUX) function
i.e. selecting two states to propagate to output which
provides more power reduction compared to having only
one of the RI injection and Bipartite LFSR techniques in a
LFSR due to high randomness of the inserted patterns.

II. PROPOSED  LOW POWER LINEAR
FEEDBACK SHIFT REGISTERS (LFSR’S)

2.1 Idea behind Low Power Test Pattern
Generation One way to improve the correlation between
the bits of the successive vectors is to avoid frequent
transitioning of the logic levels of the primary inputs. The
new approach entails inserting 3 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 circuit under
test.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 4.1. The first level of hierarchy from the top down
includes logic circuit design for propagating either
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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

LFSR and disabling (not clocking) 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

thselecting between the two states (present or next) to and the first flip-flop. The output of the 8 Flip-flop
be propagated to the outputs as low power output.
Minimal at best consisting of few logic gates.

is 1 and the output of the first flip-flop is 0. The
th

In the simulation environment, the outputs exclusive-or of the 8 -flip-flop (logic 1 in this case)

of the flip-flops are loaded with the seed vector. The
feedback taps are selected pertinent to the

8

and the first flip-flop(logic 0 in this case) is input (1
EXOR 0  =  1 into the first D flip-flop. The new
pattern in the first four bits of the LFSR is 1010.

characteristic polynomial x + x + 1. Only 2 inputs Note that the shaded register is clocked along with
pins, namely test enable and clock are required to
activate the generation of the pattern as well as

the first 4 bits of the LFSR. So the input of the
th

simulation of the design circuit. It is also noteworthy shaded flip-flop is the output of the 4 flip-flop

here that the intermediate vectors in addition to
aiding in reducing the number of transitions can also

which in this case is 0. Also note that prior to the
first clock, the input of the shaded register was the

empirically assist in detecting faults just as good as
th

seed value of the 4
th

flip-flop at the output of the 4
the conventional LFSR patterns. Description of the
technique to produce low power pattern for BIST The
following is a description of a low power test pattern
generation technique as depicted in the 9-bit LFSR based
schematic in Figure 4.1. Verilog based test bench as
shown in Appendix B 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.

Fig 2.1 LP-LFSR
The first step is to generate T1, the first

vector by enabling (clocking) the first 4-bits of the

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

th
4 output is stored in 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.

Fig 2.2 Proposed algorithm for low power LFSR
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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

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

last four bits of the LFSR is also disabled. nd rd
101 for the 2 , 3

th
and 4 flip-flop respectively. The

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-

next values are 0101. The first four outputs from the
injection circuit are 1111. The last 4 outputs are the

rd
flop) with the current value (the output of the D-flip- same as Tb which are 0101 resulting in the 3 and

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 however both values bit by bit are
the same then

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 th

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

the final low power outputs. The output of the 8
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

th

4 flip-flops to the right. The clock to the first 4 bits exclusive or of the output of the 8 flip-flop and the

plus the shaded flip-flop is disabled. The clock to the
first flip-flop is 0. Therefore the input to the first

last 4 bits is enabled. Propagate the outputs of the flip-flop will be a 0. The inputs to the 2
nd
rd
, 3

th
, 4 and

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

th

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
0101 0101.

III. SYNTHESIS & SIMULATION RESULTS

(generating Ta). Therefore the input of the 5 flip- Schematic diagram:

flop is a 0. The outputs of the last 4 flip-flops are
rd

0101 resulting in Tb = 1010 0101. The 3
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- th

flops) of the flip-flops. The feedback from the 8
flip-flop is 1 (please see generating Tb). Therefore the
logical feed forward value of R is 1. The Figure 3.1: Schematic Diagram
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RTL Schematic:

Figure 3.2 RTL Schematic

Technology Schematic:

Figure 3.3: Technology Schematic

Wave Forms: Final Good:

Figure 3.4: Without fault detection
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Figure 3.5: With fault detection

Power Reports:

Figure 3.6: Normal LFSR Power Reports

Low Power LFSR Report:

Figure 3.7: Conventional Low power LFSR Power
Reports

IV. CONCLUSION

The proposed 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 TPG’s 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
schemes. For a test-per- clock scheme, the MSIC-TPG
applies SIC sequences to the CUT with the SRAM-like
grid. For a test per scan 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 is scalable to scan length, and has
negligible impact on the test overhead.
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