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Abstract

In a bit of electronic systems that was practiced in safety critical application circuit testing has to be done
periodically. For these systems, power dissipation due to BIST [built in self-test] represents a substantial portion
of overall power dissipation. The power dissipation during the test mode is 200% more than in a normal manner.
This report recommends a low power Linear Feedback Shift Register (LFSR) for Test Pattern Generation (TPG)
technique of sinking power debauchery during testing. The correlations between the sequential patterns are higher
during normal mode than during testing. The proposed approach utilizes the concept of bringing down the
transitions in the test pattern generated by conventional LFSR [3] thereby reducing the force.

Keywords: LFSR, Optimization, Low Power, Test Pattern Generation, BIST

1 Introduction

Nowadays, many courses include on-chip structures that facilitate self-testing known BIST. The power
debauchery during the test mode 200% more than in normal manner. Hence, it is a significant aspect to optimize
the power during testing. In that respect are main two sources of power dissipation in digital circuits; these are
static and dynamic power dissipation. Static power dissipation is mainly due to leaking current, and its donation
to the total power dissipation is minuscule. Dynamic power dissipation is due to switching [1], i.e. the power used

up due to short circuit current flow and charging of load capacitances is given by the equation:

P=0.5/ , E(SW)C_ fe, (1)

Where Vdd is the supply voltage, E (SW) is the mean number of output transitions per 1/fclk. Is the clock
frequency and CL are the physical capacitance at the turnout of the gate? Dynamic power dissipation contributed
to the total power dissipation. From the above equation Eql, the active power depends on three parameters:
Supply voltage, Clock frequency, switching activity. To reduce the dynamic power dissipation by using first two

parameters only at the expense of circuit performance.
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Nevertheless, power reduction using the switching action does not degrade the operation of the tour. Since
the power dissipation in CMOS circuits is directly proportional to the switching activity, hence, the excessive
switching activity may be responsible for the monetary value, dependability, operation verification and
technology related problems. For testing complex circuits, a hierarchical approach is applied. The vantage of the
hierarchal approach is that, every block was tested on an individual basis. That is the test input given for each
cube, and yield of each blockage is noted and verified. DFT (design for testability) [2] is a technique practiced in
the chip design process to enhance the power to generate the test vectors, to achieve the measured quality level
and to bring down the price of testing. We practice the conventional DFT approaches such as scan and BIST. In

this paper, a modified LFSR [3] is proposed which reduces the number of passages in the test forms.

2 Prior Work

Linear Feedback Shift Register is a route consisting of flip-flops associated in series with each other. The output
of one flip-flop is connected to the input of the next flip-flop and so on. The feedback polynomial that was
likewise known as the characteristic polynomial is used to find the feedback taps which in turn defines the
duration of the random pattern generation. An example below in Fig 2 is used to demonstrate a correlation
between the LFSR, its characteristic polynomial and matrix theory. In the circumference, the feedback taps are

shown to be from the output of the 4th and first register.

tapl tapd

D¢ Dq Dq D q »
L'I.'I_']

e [
CLOCK

Fig 2 Conventional LFSR

These taps are analytical of the generator polynomial. Using the matrix theory the companion matrix
required for connecting the present to the next state is described. The actual sequence of the LFSR represents the
amount of charge accepted by the short circuit current per transition. The static power dissipation due to leakage
current. The transistor source and drain dissemination in a MOS device from freeloading diodes with bulk
regions. Reverse bias current in these diodes dissipates power. These three agents for power dissipation was often

mentioned to as dynamic power, short-circuit power and leakage current power respectively. It has been shown
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[2] that during normal operation of well designed CMOS circuits the switching activity power accounts for over

90% of total power dissipation.

Therefore, power optimization techniques at different layers of abstraction target minimal switching
operation control. In Eq (1), the power dissipation can be shortened if we cut down the supply voltage or clock
frequency. Only this will degrade the operation of the organization. C is the function of process technology and
therefore not under the command of the architect. Thus, the power dissipation is directly proportional to the
switching action. The grounds for increased power in test mode are:

1) To test the large circles, they are partitioned to make unnecessary the test time, but the parallel testing results in
excessive energy and power waste.

2) Due to lack of at speed equipment availability, the time lag is introduced in the circuit during testing. This
postponement will cause the power dissipation[4].

3) Due to lack of correlation between the successive patterns, there survives a massive represented as BT, BT2,
BT3, where B is the seed vector. The determinant of the T matrix is called the characteristic polynomial, and the
generator polynomial is the opposite of the characteristic polynomial. The increased power consumption of the
device in the developed test environment. Therefore, can in most cases surpass the maximum power utilization
specification of the IC resulting in un-repairable device failures begin with a pattern engender using a

conventional LFSR causing important loss of return.

Earlier Techniques for scaling down the power dissipation during testing are:

» RSIC (random single input change) test generation, which is applied to get a low power test pattern. In
this method, energy consumption is reduced, merely at the additional price is between 19% and 13%.

» Another technique is proposed in [3] that is Low transition LFSR for BIST applications. This technique
cuts down the average and peak power of circuit during testing.

» In [4], a Fault model& ATPG algorithm is taken first, and then test patterns are generated to achieve the
desired fault coverage.

» F.corno et al. Offered a Low power test pattern generation for the sequential circuit in [5]. In this paper,
redundancy is brought out during testing. This technique will cut the power consumption without

affecting the fault coverage.

3 Proposed Work
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It is imperative to take the proper LFSR [3] architecture consumes different power even for the same
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polynomial. Another Problem associated with choosing LFSR is the LFSR design issue, which includes LFSR
partitioning, in this the LFSR are differentiated on the basis of hardware cost and testing time cost. A typical
BIST architecture consists of a test pattern generator (TPG). Usually carried out as a linear feedback shift register
(LFSR), a test response analyzer (TRA), implemented as a multiple input shift register (MISR), and a BIST
control unit (BCU).

ﬂ LFoR | Test
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SUIIIRE Test (C
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t I
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Fig 3 BIST Architecture

The components of BIST architecture was given below.

1. Test pattern generator (TPG): it generates test patterns for CUT. It is an LFSR or ATPG.

2. The circuit under test (CUT): it is the circuit to be quizzed. It can be either combinational, sequential or
memory.

3. Multiple input signature register (MISR): it was considered for signature analysis, which is a technique for data
compression.

4. Test response analysis (TRA): it evaluates the value of primary output with the expected output.

5. BIST control unit (BCU): it controls the test execution and manages all the components of a BIST circuit.

Moreover, it was activated by Ago/no turn signal.
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In this report, a low power LFSR is proposed for BIST applications
The purpose of Advanced LFSR:

We suggest a random shape generator that mix two methods of test pattern generation called R-Injection
(RI) and Bipartite LFSR. Briefly, the RI method introduce a new intermediate pattern between two consecutive
test patterns. By placing a random bit (R) in the corresponding bit of the intermediate pattern when there is a
transition between equivalent bits of pattern pairs. The Bipartite LFSR produces an intermediate pattern using

one-half of each of the two consecutive random patterns.

The primary advantage of our proposed technique is that it can exist for both combinational and
sequential circuits, and the randomness quality of the models does not degenerate. Thither are many suggested
methods of random pattern generators that only reduce the transitions either within the shapes or between the
patterns by an n-bit LFSR. The maximum number of changes will be n when Ti and Ti+1 are the complements of
each other. One strategy used to shorten the number of changes to a maximum of n/2 is to insert a pattern the half
of which is identical to Ti and Ti+1. The Bipartite strategy guarantees the development change to incomplete
ton/2 between two consecutive practices. To preserve the randomness of patterns, instead of the Bipartite strategy,
we randomly inject a value in bit positions where the # tji+1, We insert a random bit R if the corresponding bits in
Ti and Ti+1 are different. Notice that since such men are uniformly administered and also we replace them with
another random value the overall randomness remains unchanged, i.e. H =n. Unluckily, the maximum bit
transition can be no longer undertaken, although the anticipated number of transitions (mean value in the normal

distribution) will be n/ 2.

Algorithm for Low Power LFSR:

LFSR is a shift register that consists of a series of flip-flops and is practiced to create test prototype for
BIST externally. The preliminary value of LFSR is called seed value. It plays a significant issue in power
utilization [6]. The output that authority of the input is called ‘tap’. LFSR was correspond to by a polynomial
known as characteristic polynomial, which is applied to determine appropriate feedback taps. A standard clock
signal was given to the flip flops that enable the propagation of bytes from the input to the production of flip-
flops. The connection between the oddments can be attained by adding further number of test vectors which
decrease the switching activity so that the power consumption is cut. In the suggested attack, three intermediate
vectors are generated by every two successive vectors say T1, T2. The entire number of signal transitions occurs
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between these five vectors is equal to the number of signal transitions between T1 and T2. Fig 3.1 shows

proposed an algorithm for Low Power LFSR.

Hence, the power consumption is cut. Additional circuitry is involved to generate three intermediate
vectors. The EDA tool was utilized in which conventional, and low power LFSR was coded in Verilog hardware
description language Xilinx 10.1. The outputs of 36-bit LFSR were used as inputs to C432 ICSAS-85, a

benchmark interrupt controller. In this ¢432 is used as CUT.

Start

(S— |

At positive edge of the

edge of the

clock signal or negative
reset signal

k.

First half of LFSR is active & second is idle and

gives output

35 previous

Generating TL

Both halves are idle. First half sent to output

Generating second half’s output is sent by injector circuit

MNext wector Generating Ta

First half of LFSR is idle & second is active and
Eives output as previous

Generating Th

Both halves are idle. First half given by injector

circuit and second half is same as previous

Generating Tc

Fig 3.1 Proposed Algorithms for LPLFSR

4 Conclusions

It was noted that the total power consumed in modified LFSR was 46% less than the regular LFSR.
Moreover, dynamic power is lessened by 44.6% [7]. It was closed that low power LFSR is very a lot useful for
power optimization of BIST. The solutions obtained from Xilinx 10.1 will be implemented on xc3s200-4pq208.
VCD file was generated after post-simulation. X power is employed to estimate the energy use. Take the seed

value to the 36-bit LFSR is (010010100101101011010010100101101011).

Comparison of Results of results of conventional and low power LFSR was shown in Table4.1
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Type / Power Adwvanced LFSR Mormal LFSR
Vecint(wv) 1.2 1.2
Dynamic 0.26 1.27
Quiescent 31.65 33.29
Veco25(W) 25 25
Dynamic 52.33 176.54
Quiescent 5.00 5.00

Total Power{mW) 89.24 216.20

Table 4.1Comparison of X or LFSR —LP LFSR

Future Work:

Power dissipation in BIST can also be tested pattern reordering with the aim of cutting down the quantity of
energy dissipated during circuit testing. By reordering test patterns, one can get the test. Sequences for which

power dissipation minimized.
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