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Abstract: This paper presents a novel low-transition linear feedback shift register (LFSR) that is based on some
new observations about the output sequence of a conventional LFSR. The proposed design, called bit-swapping
LFSR (BS-LFSR), is composed of an LFSR and a 2 times 1 multiplexer. When used to generate test patterns
for scan-based built-in self-tests, it reduces the number of transitions that occur at the scan-chain input during
scan shift operation by 50% when compared to those patterns produced by a conventional LFSR. Hence, it
reduces the overall switching activity in the circuit under test during test applications. The BS-LFSR is
combined with a scan-chain-ordering algorithm that orders the cells in a way that reduces the average and peak
power (scan and capture) in the test cycle or while scanning out a response to a signature analyzer. These
techniques have a substantial effect on average- and peak-power reductions with negligible effect on fault
coverage or test application time.

Keywords: LFSR, Scan chain, Bit swapping, ,scan chain ordering, BS-LFSR

Introduction:

The main drawback of the existing algorithms is that they aim only to reduce the average-power
consumption while loading a new test vector, and they ignore the power consumption that results while
scanning out the captured response or during the test cycle. Furthermore, some of these techniques may result
in lower fault coverage and higher test application time. In our existing Architecture it has more switching
activity, which makes the CUT to work with more switching transitions. Since the input transitions are more
this will leads to more switching transition inside the chip which will lead to more power consumption.

Propsed Approach for BS-LFSR:

The proposed BS-LFSR for test-per-scan BISTs is based upon some new observations concerning the
number of transitions produced at the output of an LFSR.

Lemma 1: Each cell in a maximal-length n-stage LFSR (internal or external) will produce a number of
transitions equal to 2n—1 after going through a sequence of 2n clock cycles.

Lemma 2: Consider a maximal-length n-stage internal or external LFSR (n > 2). We choose one of the cells
and swap its value with its adjacent cell if the current value of a third cell in the LFSR is O (or 1) and leave the
cells un swapped if the third cell has a value of 1 (or 0). T this arrangement for an external LFSR (the same is
valid for an internal LFSR). In this arrangement, the output of the two cells will have its transition count
reduced by T saved = 2(n—2) transitions. Since the two cells originally produce 2 x 2n—1 transitions, then the
resulting percentage saving is T saved% = 25%.

Lemma 3: For an external n-bit maximal-length LFSR that implements the prime polynomial xn + x + 1 as
shown in Fig. 7.1, if the first two cells (c1 and c2) have been chosen for swapping and cell n as a selection line,
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then 02 (the output of MUX2) will produce a total transition savings of 2n—2 compared to the number of
transitions produced by each LFSR cell, while 0l has no savings (i.e., the savings in transitions is concentrated
in one multiplexer output, which means that 02 will save 50% of the original transitions produced by each
LFSR cell).

In this scan-chain-ordering algorithm, some cells of the ordered scan chain using the algorithm will be
reordered again in order to reduce the peak power which may result during the test cycle. This phase mainly
depends on an important property of the BS-LFSR. This property states that, if two cells are connected with
each other, then the probability that they have the same value at any clock cycle is 0.75. (In a conventional
LFSR where the transition probability is 0.5, two adjacent cells will have the same value in 50% of the clocks
and different values in 50% of the clocks; for a BS-LFSR that reduces the number of transition of an LFSR by
50%, the transition probability is 0.25, and hence, two adjacent cells will have the same value in 75% of the
clock cycles.)

The steps in this algorithm are as follows:
1) Simulate the CUT for the test patterns generated by the BS-LFSR.
2) ldentify the group of vectors and responses that violate the peak power.

3) In these vectors, identify the cells that mostly change their values in the test cycle and cause the peak-
power violation.

4) For each cell found in step 3 identify the cells that play the key role in the value of this cell in the test
cycle.

5) If it is found that, when two cells have a similar value in the applied test vector, the concerned cell will
most probably have no transition in the test cycle, then connect these cells together. If it is found that,
when two cells have a different value, the cell under consideration will most probably have no
transitions in the test cycle, then connect these cells together through an inverter,

It is important to note that this phase of ordering is done when necessary only, as stated in step 2 of the
algorithm description that the group of test vectors that violates the peak power-should be identified first.
Hence, if no vector violates the peak power, then this phase will not be done. In the worst case, this phase is
performed in few subsets of the cells. This is because, if this phase of ordering is done in all cells of the scan
chain, then it will destroy the effect of algorithm found and will substantially increase the computation time.

RESULTS AND DISCUSSION

A low-transition TPG that is based on some observations about transition counts at the output
sequence of LFSRs has been presented. The proposed TPG is used to generate test vectors for test-per scan
BISTs in order to reduce the switching activity while scanning test vectors into the scan chain. Furthermore, a
novel algorithm for scan-chain ordering has been presented. When the BS-LFSR is used together with the
proposed scan-chain-ordering algorithm, the average and peak power is substantially reduced. The effect of the
proposed design in the fault coverage, test-application time, and hardware area overhead is negligible.

References

1. Y Zorian, "A distributed BIST control scheme for complex VLSI devices", Proc. 11th IEEE VTS, pp.
4-9, 1993-Apr.

2. A. Hertwig, H. J. Wunderlich, "Low power serial built-in self-test”, Proc. IEEE Eur. Test Workshop,
pp. 49-53, 1998-May.

IJCRT1705354 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 745


http://www.ijcrt.org/

www.ijcrt.org © 2018 IJCRT | Volume 6, Issue 1 January 2018 | ISSN: 2320-2882

3.

10.

11.

12.

P. H. Bardell, W. H. McAnney, J. Savir, Built-in Test for VLSI: Pseudorandom Techniques, New
York:Wiley, 1997.

P. Girard, "Survey of low-power testing of VLSI circuits”, IEEE Des. Test Comput., vol. 19, no. 3,
pp. 80-90, May/Jun. 2002.

K. M. Butler, J. Saxena, T. Fryars, G. Hetherington, A. Jain, J. Lewis, "Minimizing power
consumption in scan testing: Pattern generation and DFT techniques", Proc. Int. Test Conf., pp.
355-364, 2004.

J. Saxena, K. Butler, L. Whetsel, "An analysis of power reduction techniques in scan testing”, Proc.
Int. Test Conf., pp. 670-677, 2001.

V. Dabhholkar, S. Chakravarty, I. Pomeranz, S. M. Reddy, "Techniques for minimizing power
dissipation in scan and combinational circuits during test applications”, IEEE Trans. Comput.-
Aided Design Integr. Circuits Syst., vol. 17, no. 12, pp. 1325-1333, Dec. 1998.

Y. Bonhomme, P. Girard, L. Guiller, C. Landrault, S. Pravossoudovitch, V. Virazel, "Design of
routing-constrained low power scan chains"”, Proc. Des. Autom. Test Eur. Conf. Exhib., pp. 62-67,
2004-Feb.

W. Tseng, "Scan chain ordering technique for switching activity reduction during scan test", Proc.
Inst. Elect. Eng.Comput. Digit. Tech., vol. 152, no. 5, pp. 609-617, Sep. 2005.

C. Giri, B. Kumar, S. Chattopadhyay, "Scan flip-flop ordering with delay and power minimization
during testing", Proc. Annu. IEEE INDICON, pp. 467-471, 2005-Dec.

Y. Bonhomme, P. Girard, C. Laundrault, S. Pravossoudovitch, "Power driven chaining of flip-flops
in scan architectures”, Proc. Int. Test Conf., pp. 796-803, 2002-Oct.

M. Bellos, D. Bakalis, D. Nikolos, "Scan cell ordering for low power BIST", Proc. IEEE Comput.
Soc. Annu. Symp. VLSI, pp. 281-284, 2004-Feb.

IJCRT1705354 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 746


http://www.ijcrt.org/

