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ABSTRACT: Modern Integrated Circuits consist of more transistor count in single chip. Testing of such chip is
challenging and consumes more power than functionality of the circuits. Power consumption of any VLSI circuit
indicates the lifetime of the device. Therefore reducing the power consumption of VLSI design is crucial topic. The test
patterns are generated by Standard LFSR, which has high switching activity within the circuit there by more power
consumption. By using technology called Low power LFSR, switching activity can be reduced by inserting the three
intermediate vectors between two successive test patterns.
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I. INTRODUCTION

Very Large Scale Integration (VLSI) Design flow mainly consists of specification, implementation, and manufacturing
as its three main steps as shown in Figure 1 [1]. Functionality of the VVLSI circuit is described by specifications and it is
done with the help of Hardware Description Languages at various levels of abstraction. Implementation can be either
full custom or semicustom. The final step of the VLSI design flow is manufacturing and is the dominant technology for
VLSI circuits. Testing of the design plays an important role in the VLSI design flow and it consumes more power
compared to the normal or function mode. In Complementary Metal Oxide Semiconductor (CMOS) circuits, power
dissipation is proportional to the switching activity. Reducing the number of transitions in the circuit, reduces the
power dissipation [2]. Low power LFSR which generates pseudo random test patterns increases the correlation between
the patterns by reducing the switching activities.

Specification

\ Verification

Implementation

! > Testing

Manufacturing

Figure 1: VLSI design flow [1]

Testing of the system is done to avoid the defective component in the system rather than replacing the component later
[3]. Once circuit is designed, it is important to test the circuit for their proper function and usability. Cost of the testing
is one of the important factor in testing and it is depending on the testing time and circuit complexity. Good Test
Pattern Generator (TPG) consumes large time and higher test data. Components within the Integrated Circuits (IC) are
increased for the need of the user, so testing of the component requires powerful testing methods to check the proper
function and usability of the components.

Main factors in the VLSI design are cost, reliability, performance, area and power. Power dissipation is one of the main
problem during testing of the VLSI circuits. This power dissipation causes problems in today’s communication systems
and portable computing devices. Static and dynamic power dissipation has major issues for the power consumption
during test. Leakage current is contributed from static power dissipation and the total leakage current for power
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dissipation is very small during testing mode of VLSI circuits. Dynamic power dissipation of any VLSI circuit is more
compare to static power and it is due to the switching activity within the test patterns. Reduction of the dynamic power
in the circuit will reduce the total test power. During testing, if the switching activity between the patterns decreases,
correlation will increase and hence low power dissipation.

During 1990°s Design For Testability (DFT) played an important role in the design of VLSI circuits [5]. In olden days
DFT technique played a role in timing of test application, coverage of faults and quality of test and length of test
patterns. But today’s Automatic Test Pattern Generator (ATPG) produces less number of test patterns that should cover
most of the scenarios of the test. Power dissipations in the testing mode is greater than the normal mode [6]. There are
four main reasons for test power dissipations [7] to overcome these new clock system is designed. Two types of testing
[9] external testing and internal testing, external testing uses Automatic Test Equipment (ATE) which includes input
pattern generator, testing circuit and decision circuit.

Il. TEST PATTERN GENERATION

By avoiding the frequent transition between the primary inputs correlation can be improved hence minimum dynamic
power consumption. Standard LFSR will produces test patterns with the high switching activity. Low power LFSR is a
new technique of test pattern generation to reduce the switching power by inserting three intermediates between the
two consecutive successive test vectors. The total number of transition between the five vectors in Low power LFSR is
equal to the transition of two vectors in Standard LFSR approach.

1. STANDARD LFSR TEST PATTERN GENERATION

Standard LFSR is one of the pseudorandom test pattern generation. Standard LFSR consists of a series connection of
flip-flops with multiplexer. The feedback is taken from certain flip-flop output taps which are XOR-ed together.
Standard LFSR will produce 27-1 test patterns, where n is the total number of bit. Logic design of 8 bit Standard LFSR
is shown in Figure 2. The feedback taps are selected based on the polynomial equation, the design has taps at first and
last flip-flop the design equation is as given in equation 1.

P(x)=1+x* + X8 )
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Figure 2: 8 bit Standard LFSR test pattern generation

IV.LOW POWER LFSR TEST PATTERN GENERATION

Modified Low power LFSR is designed by inserting two logic levels. The first hierarchy consists of the basic logic
block such as AND and OR gates. The second hierarchy consists of multiplexer, the multiplexer output is considered as
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the output of the Low power LFSR. The design of Low power LFSR has serially connected flip-flops with AND gate,
OR gate and multiplexer [1]. The output of last flip-flop is given to the input to the first flip-flop as feedback. Design
equation is given in equation 1.The logic design of 8 bit Low power LFSR is shown in Figure 3.
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Figure 3: 8 bit Low power LFSR test pattern generation
TECHNIQUES TO PRODUCE LOW POWER LFSR

Avoiding the frequent transition of logic level of primary inputs can increase the correlation and hence low power
consumption [3]. 01001011 is considered as the seed vector of flip-flops with 9 bit LFSR. The new technique involves
inserting three intermediate A", A” and A® between A' and A™! vectors which increases the correlation between
vectors and reduces the switching activity. Generation of A' involves enabling the first four flip-flops and disabling the
last four flip-flops. Shift the first four bit to one right (i.e 010). The feedback is taken from the output of XOR gate, the
inputs for XOR gate is the output of last (i.e 1) and first (i.e 0) flip-flop, EXOR of 1 and 0 is 1, which is fed at the input
of first flip-flop. The new first four bit is 1010. By disabling the last four bit the output is same as the last four bit seed
vector (i.e 1011). 10101011 is the A' pattern generated. Intermediate patterns A" Aand A® are inserted between the
consecutive vector A' and A™.

Generation of the A" includes the disabling of first four flip-flops so the output of the first four bit as it is from A’ i.e
1010. The last four bits are also disabled so the output is 1011, the value at the input is 0101. Compare the current
output value 1011 with the previous input value 0101 bit by bit. If the values of bit is 1 it is matching then propagate
the value to output, if not then propagate the feedback R which is the previous output of last flip-flop (logic 1 in this
case). The last four bit of A" is 1111. The first intermediate A" generated is 10101111. The next step is generation of
second intermediate A”. By disabling the first four bits the output of first four bit is similar as A™ i.e 1010. Shifting
operation is performed for the last four bit. Shift the last four bits by one bit right (i.e 101), the output of fifth flip-flop
is 0 which is given to the first bit of last four bits, so 0101 is the last four bit output. The second intermediate A"
propagated is 10100101. By disabling the entire clock third intermediate A® is generated. To get the first four bits of
A® compare the input of flip-flop 1010 with the output of flip-flop 0101 bit by bit. If the bits are matching then
propagate it as first four output, else put the feedback R value (1 in this case). To get the first bit of first four bits, XOR
operation has to performed between output of eighth and first flip-flop (1 in this case). The first four bit of third
intermediate is 1111. The last four bit of A® is same as A”. So 11110101 is the third intermediate A® generated at the
output of flip-flops.
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Generation of A" is similar as A', the seed vector for generating A" is 10100101 which is generated by the output of
the current and output of last four bit of A®. Shift the first four bit of flip-flops to one bit right i.e 101, the output of fist
bit of first four bit of flip-flops is obtained by doing the EXOR operation to the previous eighth bit to first bit output,
which is 0 in this case. The first four bit of A™" is 0101. The last four bit is 0101 which is same as A®, so A™
propagated is 01010101.

V. SIMULATION AND RESULTS

The design consists of 36 bit LFSR which has 36 stages of flip-flops with the output taps from the first and last flip-
flop. LFSR is initially fed with the test vector. Unique test patterns are generated using Standard LFSR and Low power
LFSR using external clock, each clock pulse generate unique test patterns using Verilog [12]. The test pattern generated
using Standard LFSR and Low power LFSR is shown in Figure 4 and 5 respectively. Equation 2 indicates the
polynomial equation for 36 bit test pattern generation.

p(x)=1+xt+x3® ¥
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Figure 4: Test pattern generated from 36 bit Standard LFSR

Initially fed test vector generates unique patterns using external clock. The output waveform of 36 bit Standard LFSR
will generate 2*% — 1 unique test patterns.
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Figure 5: Test pattern generated from 36 bit Low power LFSR

The power consumption of Standard LFSR and Low power LFSR is calculated using Verilog language using Industrial
Standard Cadence RTL Compiler with 180nm technology library. The power report of the design is given in Tablel.
Design has more dynamic power consumption compare to leakage power consumption, it is essential to reduce the
dynamic power consumption. Standard LFSR has more total power consumption and these can be reduced by using
new technique called Low power LFSR.
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Tablel: Power report of test patterns

Test pattern

Number of cells

Leakage power
consumption

Dynamic power
consumption

Total power
consumption (nW)

(nW) (nW)
Standard LFSR 73 2548.386 70702.773 73251.159
Low power LFSR 131 2165.531 44991.533 47157.065

VI.CONCLUSION

The test patterns are generated using Standard LFSR and Low power LFSR with the help of Cadence NC launch
Simulator. The total power consumption of Standard LFSR is 73.25 uW and it consists of 73 cells, which is obtained
from Cadence RTL Compiler with 180nm technology library. The total power consumption of Low power LFSR is
47.15 uW and it has 131 cell. The power consumption of Low power LFSR is less compared to Standard LFSR even
though it has more number of cells.
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