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Abstract: Problem statement: In Built-In Self-Test (BIST), test patterns arengeated and applied to
the Circuit-Under-Test (CUT) by on-chip hardwarejnimmizing hardware overhead is a major
concern of BIST implementation. In pseudorandom TBIl&chitectures, the test patterns are
generated in random nature by linear feedback shifisters. This normally requires more number
of test patterns for testing the architectures Wwhieed long test timeApproach: This study
presents a novel test pattern generation technipleed Low-Transition Generalized Linear
Feedback Shift Register (LT-GLFSR) with bipartitealf fixed) and bit insertion (either 0 or 1)
techniques. Intermediate patterns (by bipartite laibdeither O or 1) insertion technique) inserted
between consecutive test patterns generated by Bu#HSch is enabled by a non overlapping clock
scheme. This process is performed by finite stasehime generate sequence of control signals.
Low-Transition Generalized Linear Feedback ShifgReers (LT-GLFSR), are used in a circuit
under test to reduce the average and peak powergdmansitions. LT-GLFSR patterns high degree
of randomness and correlation between consecutittenms. LT-GLFSR does not depend on circuit
under test and hence it is used for both BIST arahsbased BIST architectureResults and
Conclusion: Simulation results prove that this technique hakic&on in power consumption and
high fault coverage with minimum number of testtpats. The results also show that it reduces the
peak and average power consumption during tedSI6AS’'89 bench mark circuits.

Key words: As Linear Feedback Shift Registers (LFSRs), Cirtlriler-Test (CUT), Design-For-
Testability (DFT), Automatic Test Equipment (ATBuilt-In Self-Test (BIST)

INTRODUCTION scalable and expensive equipment. This aspect isipac
the cost/time constraint because the ATE will be
Importance of testing in Integrated Circuit is to utilized less by the current design. In additionSB
improve the quality in chip functionality that is can provide high speed, in system testing of threuii
applicable for both commercially and privately Under-Test (CUT) (Pradhamt al., 2005). This is
produced products. The impact of testing affecessir crucial to the quality component of testing. Chigie
of manufacturing as well as those involved in desig and Pradhan (2003) discussed that stored patt&in,BI
Given this range of design involvement, how to gorequires high hardware overhead due to memory
about best achieving a high level of confidencdGn devices is in need to store pre computed test rpatte
operation is a major concern. The desire to addilgh  pseudorandom BIST, where test patterns are gederate
quality level must be tempered with the cost amteti by pseudorandom pattern generators such as Linear
involved in this process. These two designFeedback Shift Registers (LFSRs) and Cellular
considerations are at constant odds. It is with lyoials ~ Automata (CA), required very little hardware oveatie
in mind (effectiveness and cost/time) that BuikSalf ~ However, achieving high fault coverage for CUTsttha
Test (BIST) has become a major design considerationontain many Random Pattern Resistant Faults (RPRFs
in Design-For-Testability (DFT) methods. BIST is only with (pseudo) random patterns generated by an
beneficial in many ways. First, it can reducelLFSR or CA often requires unacceptably long test
dependency on external Automatic Test Equipmentequences thereby resulting in prohibitively loegtt
(ATE) because it is large, vendor specific logionn  time. In general, the dissipation of power of atasysin
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test mode is higher than in normal mode operation. Pradhan and Liu (2005) have discussed an effective
Power increases during testing (Chatterjee, 1997pattern generator should generate patterns with hig
because of high switching activity, parallel tegtiof = degree of randomness and should have efficient area
nodes, power Due to additional load (DFT) and desge implementation. GLFSR provide a better random
of correlation(Chen and Hsiao, 2003) among patterndistribution of the patterns and potentially lesser
This extra power consumption due to switchingdependencies at the output. EGLFSR is an enhanced
transitions (average or peak) can cause problekes li GLFSR, using more XOR gate in a test pattern
instantaneous power surge that leads to damage gEnerator which achieves a better performance.

circuits (CUT), formation of hot spots and diffitglin Nouraniet al. (2008) deals with a low power test
verification. Solutions that are commonly applienl t pattern generation for BIST applications. It exfoi
relieve the extravagant power problem during testow Transition LFSR which is a combination of
include reducing frequency and test schedulingrtica  conventional LFSR and insertion of intermediate
hot spots. The former disrupts at-speed test pbplog  patterns (bipartite and random Insertion Technique)
and the latter may significantly increase the tifiee  petween sequences of patterns generated by LF$R tha
aim of BIST is to detect faulty components in at8§8  can pe implemented by modified clock scheme.

by_ means of the test logic that is incorporatedhia _ Sakthivel and Kumar (2012), A low transition
chip. It has many advantaggs such as at'Speed_ges“generalized linear feed back shift regiter basext te
and reduced need of expensive external Automast Tesqyern generator for BIST architecture. LT-GLFSR
Equipment (ATE). In BIST, a Linear Feedback Shift ;- ite) consists of GLFSR with bipartite tecuné.It
Register (LF.SR) generaies Ps_eud_orando_m test pRMtery “cajled as insertion of two intermediate patterns
are primary inputs for a combinational circuit @as . e two consecutive patterns generated by GLFSR
chain inputs for a sequential circuit (Girastthl., 2001) 4 has more transition in between each bits ofptttern

h‘f"S given. On_ the observation side, a Multiple tnpu enerated and (Sakthivel and Kumar, 2011) an adface
Signature Register (MISR) compact test set respnns%ts of test patterns generated t;y LT-GLFSR is

received from primary outputs or scan chain outputs . . . o
(Zorian, 1993).p In, ngT-Eased structures are \F/’eryswapped by using multiplexer is called as bit swagp

vulnerable to high-power consumption during teste T onv transition generalized linear feedback shiffister.In
main reason is that the random nature of pattern[tl:]IS method, genere_lted patterns has greater degreg
generated by an LFSR significantly reduces therandomness and high corelation between consecutive
correlation not only among the patterns but alsoregn patterns but it has slightly high transitions irgsence

adjacent bits within each pattern; hence the powe?'c patterns generated. Generally, power consumption
dissipation is more in test mode. ' Is with respect to number of transition between

cosecutive patterns, if transition is more, power
Prior work: Pradhanet al. (1999) presented a consumption is more in test pattern generator and
GLFSR, a combination of LFSR and cellular arrays,CUT. By increasing the enable signals to activate t
that can be defined over a higher order Galoigdfiel GLFSR, to reduce the number of transitions. In
GF (2), 8>1. GLFSR'’s yield a new structure when proposed method, LT-GLFSR can activated by four
the feedback polynomial is primitive and wheé®»{)  non-overlaping enable signals. This enable sign#b i
it is termed as MLFSR. activate test pattern generator partly and remgiimin
Cornoet al. (2000) proposed a cellular automataidle when period of test pattern generation.
algorithm for test pattern generation in combiragio
logic circuits. This maximizes the possible fault Proposed work: This study presents a new test pattern
coverage and minimizes length of the test vectogenerator for low-power BIST (LT-GLFSR), which can
sequences. Also it requires minimum hardware. be employed for combinational and sequential (scan-
A low power/energy BIST architecture based onbased) architectures. The proposed design is cadpos
modified clock scheme test pattern generator wa®f GLFSR and intermediate patterns insertion teqpinai
discussed (Girardt al., 2001), it has been proposed (Bipartite and bit insertion technique) that can be
that an n bit LFSR is divided into two n/2 bit leéhg implemented by modified clock scheme codes
LFSRs. The fault coverage and test time are thesesn generated by Finite State Machine (FSM). FSM
those achieved in conventional BIST scheme. generates sequence of codes (enlen2sellsel2) ardeich
Wang and Gupta (2002) presented a dual speegiven by 1011, 0010, 0111, 000l1. Enable signals
LFSR for BIST test pattern generation. The architec  (enlen2) are used to enable part of the GLFSR and
comprises of a slow speed LFSR and a normal speegtlector signals (sellsel2) are used to selecereith
LFSR for test pattern generation. Slow speed LFSR iGLFSR output or bit insertion circuit output.
clocked by dual clocked flip-flop, this increasd®et Intermediate patterns are in terms of GLFSR ougymat
area overhead than normal speed LFSR. bit insertion technique output. The proposed tempimai
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increases the correlation in two dimensions: (1 th feedback polynomial is a primitive polynomial of
vertical dimension between consecutive test patterndegree m over GF{R The polynomial from (Wen-

(Hamming Distance) and (2) the horizontal dimensionRong and Shu-Zong, 2009) is described as in Eq. 2:
between adjacent bits of a pattern sent to a slaim.c

Reducing the switching activity in turn results in 40 #t P

reducing the average and peak power consumptiofP®)=&+B" )X+ )(x+B" ) (2)
(Pradhanet al., 2005). The GLFSR (Pradhan and ) o

Gupta, 1991) structure is modified into it autoroaly ~ Where, B is the primitive element of GF T2) and
inserts three intermediate patterns between igirmi ~ Construct Primitive Polynomial of degree m over
pairs genearated. The intermediate patterns ar@F(2) using (equation.2) coefficientsy, ®@;.., Op.; as
carefully chosen using bipartite and bit insertionpowers off, the primitive element of GF{X). Let s =
techniques (Nourargt al., 2008) and impose minimal 3,m = 4, (GF(3,4)) The primitive polynomial GE{pand
time to achieve desired fault coverage. Insertidn oGF(Z) are denoted bf ando respectively in Eq. 3:
Intermediate pattern is achieved based on non

overlapping clock scheme (Gira@ al., 2001). The  @(x) = (x +B) (x + ) (x +B*) (x +B°D) (3)
Galois Field (GF) of GLFSR (3, 4) (Wen-Rong and
Shu-Zong, 2009) is divided into two parts, it ibled

by non overlapping clock schemes. The randomness of
the patterns generated by LT-GLFSR has been shown

Expanding the polynomial as in Eq. 4:

to be better than LFSR and GLFSR. The favorable‘D(X):(X4+Bl755x3+32348‘ 2+B’583 (4)
features of LT-GLFSR in terms of performance, fault
coverage and power consumption are verified udieg t Solving the roots: of primitive polynomial p(x):
ISCAS benchmarks circuits.
p(x)=x*+x+1 (5)
MATERIALSAND METHODS
GLFSR frame work: The structure of GLFSR is Is the primitive polynomial of GF{p in GF(29),

illustrated in Fig. 1. The Circuit Under Test (CUE) B'" becomes an element which corresponds to a primitive
assumed to havioutputs which form the inputs to that element of GF@®, o. Substituting the corresponding
GLFSR to be used as the signature analyzer (Pradhamlues, the feedback polynomial is as in Eq. 6:

and Chatterjee, 1999; Matsushireqal., 1997). The

inputs and outputs are considedetit binary numbers, ®(x)=x*+a+ax+ & (6)
interpreted as elements over GF’)(Phe GLFSR,
designed over GF {P has all its elements belonging to The element, o® ando® are represented as X X

GF_(?). Multipliers, adders and storage elements areand X respectively in the polynomial form. The four
designed using conventional binary elements. TheStorage element of the GLFSR are represented, &s D

feedback polynomial is represented in Eq. 1 as: a X +ax+a, D, = a X+ ax +aand Q = a; X°
+a,0X +a& respectively. At each cycle, the values that
D) =X"+ D, X"+ D X+ D (1) are to be fed back into the storage elements aengi

by polynomials:
The GLFSR has m stages,, ;...Dy,; each stage

hasé storage cells. Each shifésbits from one stage to (auxz + Xt ag)cbo

the_next. The feedback from the, B stage consis-ts of (aﬂxz +a,x+ ag)d>1+ a %+ axa

d bits and is sent to all the stages. The coeffisianf ) 2

the polynomial®; are over GF (3 and define the (@)X +3ox+ P+ X+ 3%
feedback connections. a3(311X2+ o X+ 39)¢3+ ak+ ax g

The GLFSR when used to generate patterns for
circuit under test of n inputs can have m stagashe \ith the above explanations the generalize GLFSR in
element belonging to GF{Rwhere (m x3) is equal to  Fig. 1 is applied for GLFSR (3,4) defined over G¥(2
n. A non zero seed is loaded into the GLFSR and iand its structure is given in Fig. 2.
clocked automatically to generate the test patteims Table 1 shows the first 15 states of the GLFSR)3,
this study GLFSR with 8>1) and (m>1) are used, with the initial seed “1111, 1111, 1111” and theRSR
where all possible? test patterns are generated. The(1, 12), which is a 12 stages LFSR as a comparison.
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Fig. 2: Structure of GLFSR (3, 4)

Table 1: First 15 states of the GLFSR and LFSR

GLFSR (3,4) LFSR (n =12)
1111, 1111,1111 1111,1111, 1111
1101, 1110, 0010 0111, 1111, 1111
1011, 1001, 1101 0011, 1111, 1111
0111, 0100, 1111 0001, 1111, 1111
1100, 1111, 0100 1000, 1111, 1111
1111, 1011, 0100 0100, 0111, 1111
1111, 1101, 1100 0010, 0011, 1111
1111, 1101, 0001 1001, 0001, 1111
1001, 1110, 1100 0100, 1000, 1111
1111, 0001, 0111 1010, 0100, 0111
1101, 1111, 1111 0101, 0010, 0 011
1101, 1010, 0010 1010, 1001, 0001
1011, 1001, 0101 0101, 0100, 1000
0111, 0100, 1110 1010, 1010, 0100
0100, 1110, 0010 0101, 0101, 0010
1010, 1011, 1101 1010,1010,1001

Bipartite (Half-Fixed) and Bit Insertion Technique
(Intermediate Patterns Insertion Technique): The

implementation of a GLFSR is to improve in somecomplementary (non-overlapping) enable signals (Enl
design features, such as power, during test. Howeveand En2). First part of GLFSR is including flip4ii®
such a modification may change the order of paitem  are Q,D;,D,, D4, D, Dy, Dy and Do Second part is P
insert new pattern that affect the overall randesBne D, Dg and O, In other words, one of the two parté of

Insertion of Intermediate patterns betweéand T

of

Bipartite (half fixed) technique: The maximum
number of transitions will be n when' @and T are
complements of each other. One strategy, usednan@

et al., 1999) to reduce number of transitions to maximum
of n/2, is to insert a patterd‘Thalf of which is identical

to T and T This Bipartite (half-fixed) strategy is
shown symbolically in Fig. 3a.

Bit Insertion Technique (0 or 1): Bit Insertion
Technique (either 0 or 1) is called randomly insert
value in positions:

g = GG =Y (7)
Do ift 2t

where, t;#t", Briefly:

Bit insertion technique symbolically represented a
shown in Fig. 3b. The cells (indicated b and show
those bit positions wheré # t*. We insert a random

bit (shown as | in ) if the corresponding bits in' &nd
T*'are not equal (0 and 1) is shown in equation.6eNot
that, inserted bits are uniformly distributed owbe
length of the test vector.

Implementation of LT-GLFSR (with Bipartite and
Bit Insertion Technique) Technique: Implementation
of proposed method, the GLFSR combine with bipartit
and bit insertion technique for low-power BIST.idt
called LT-GLFSR. The proposed method generates
three intermediate patterns(TT? and T°) between
two consecutive random patterns §hd T') generated
by GLFSR which is enabled by non overlapping clock
schemes.LT-GLFSR provides more power reduction
compared to LT-GLFSR (bipartite), conventional GRS
and LFSR techniques. An intermediate pattern ieddry
this technique has high randomness with low tremsit
can do as good as patterns generated by GLFSRis te
of fault detection and High fault coverage.

In bipartite technique, each half of Ts filled with
half of T and T is shown in Eq. 7:

Til_ i f I-rtl (25l 8
=ttt (8)

In previous study, GLFSR with bipartite technique,
GLFSR is divided into two parts by applying two

GLFSR is working, when other part is in idle mode.

GLFSR by bipartite and bit insertion technique GLFSR including flip-flops with two different enabl

(Nouraniet al., 2008).

signals is shown in Fig. 4a.
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Fig. 3b: (a) Patterns insertion based on bipastitategy (b) Patterns insertion based on Bit ifmedtrateg

Table 2: Test Patterns for first 20 states

En2 are to activate GLFSR with bipartite techniqse

Test LT-GLFSR LT-GLFSR bipartite  ghon i Fig. 4d and Sel2 and Sel2 are to activate
pattern LFSR bipartite and bit insertions . . . . .

1 111111111111 111111111111 111111111111 GLF.SR W'th bit Insertion techmqge as shown in Mg.

2 011111111111 011100100110 111111111110 DY Dit insertion circuit as shown in Fig. 4c. Semee of

3 001111111111 101111011100 111111111100 enable signals generated by finite state machmgigen

4 100111111111 111101100000 111111111000 as 1011,0010,0111 and 0001.Enl and En2 are enable a
5 001001111111 101110011000 111111110000 part_of GLFSR. Sell and _Sel2 are selector S|gnﬁls o]
6 000100111111 101001111000 111111100001  Multiplexers and Hence, its select output of either
7 000010011111 000110111101 111111000011 GLFSR or Bit insertion circuit with respect to elwmband

8 100001001111 111011111010 111111000111  Selector signals. The first part of GLFSR is wogkand

9 110000100111 000010111100 111110000111 second part is idle, When EnlEn2SellSel2 =1011. The
10 011000010011 110011111000 111110001111 second part works and first part is in idle, when
11 001100001001 010010111000 111100001111 Enl1En2SellSel2 = 0111. Idle mode part has to peovid
12 000110000100 000101100000 111100011110 output as present state (stored value). Outputest t
13 000011000010 001011000000 111000011110 pattern generator is in terms of part of GLFSR outp

14 000001100001 110110000101 111000111100 idle mode and remaining part is output of bit itiser

15 000000110000 001111000111 110000111100  circuit, when En1En2SellSel2 = 0001 and 0010.Perpos
16 000000011000 101000011011 110000111001 of additional Flip-Flops (shaded flip-flops (D)) ear

17 000000001100 000101111011 100000111001  gz4ded to the LT- GLFSR architecture is to store the
18 100000000110 001011100011 100001110010 A" (n-1)" and (n-2§' bits of GLFSR. Initially, to store

19 110000000011 110111000011 000011110010 b« (n-1¥" and (n-2Y bits of GLFSR , when En1En2 = 10
20 111000000001 011011011011 000011100100 . 4 'cany (n-3) bit value into the XOR gate of D2 and
21 011100000000 010110100110 000111100100

D8 flip-flop and (n-1Y' bit value into the XOR gate of
D2 and D11 flip-flop, when second part becomes

In proposed method, GLFSR with bipartite and bitactive, that is En1En2 = 01.Finally, to store tfebit

insertion technique has four different enable digyiwas

of GLFSR, when EnlEn2 = 01 and send its value into

shown in Fig. 4b. It has four non overlapping eaabl the XOR gate of D0O,D7 and D10 flip-flop when the

signals are Enl, En2, Sell and Sel2.Generally, dfntl

first part becomes active En1En2 = 10.
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Fig. 4: (a) Architecture of LT- GLFSR with BipasifTechnique) (b) Architecture of LT- GLFSR with Bitite and
Bit insertion Technique (c) An BI Circuit (d) Binsertions in LT-GLFSR Bipartite Technique (e) Bit
Insertions in LT-GLFSR Bipartite Technique (f) Timgi diagram of Enable signals

Generally, the output of LT-GLFSR is based onto the Modified clock scheme LFSR (Giratchl., 2001).
enable and selector signals. Note carefully thatrtew  They were used two n/2 length LFSRs with two défer
(shaded (D)) flip-flop does not change the charastie  non-overlapping clock signals which increases ttea a
function of GLFSR. The GLFSR’s operation is effeely ~ overhead. Insertion of Intermediate patterfis T2 and
split into two parts and it is enabled by the fdifferent  T° between two consecutive patterns generated by
enable signals as shown in Fig. 4f. This methainislar ~ GLFSR (3, 4) is Tand T™.
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One part of the LT-GLFSR flip-flops are clocked

in each cycle, but in conventional LFSR and GLFSRyeneration

flip-flops are clocked at the same time in eactcklo
cycle, thus its power consumption is much highanth

LT-GLFSR. The power consumed by LFSR, GLFSR,(Bipartite)

LT-GLFSR (bipartite and LT-GLFSR (bipartite and bit
insertion) with ISCAS bench mark circuits are tated
as shown in Table 3 and 4.

The following steps are involved to insert thep ;-

intermediate patterns in between two consecutittenpa.

Step 1. enen = 10, selseb = 11(1011).

The first part ([9, Dy, Ds, Dy, Dg, D7, Dg and D)
of GLFSR is active and the second Part [}, Dg and
D,y is in idle mode. Selecting sséhb = 11, both parts
of GLFSR are sent to the outputs;(®© O,). In this
condition first part ([3,Dy,D3,D4,De D7Dy and Do) of
GLFSR are send to the outputsy(@,0s;,04,06,04,04

and Qo) as next state and no bit change in second pafBipartite) and LT-GLFSR

Table 3: Transition fault detected in S298

Pattern Number of Pattern Power

test pattern reduction (%) (mW)
LFSR 53 -- 45.56
GLFSR 17 32.09 25.98
LT-GLFSR 22.67

12 21.23
LT-GLFSR
(Bipartite and 8 15.09 18.23
Bit insertion)
Table 4: Transition fault detected in S526

Number of Pattern Power
generation test Pattern reduction (%) (mW)
LFSR 567 -- 58.9
GLFSR 234 41.26 39.7
LT-GLFSR 34.74
(Bipartite) 197 31.6
LT-GLFSR
(Bipartite and 102 17.98 20.12
Bit insertion)

RESULTS

The test patterns generated by LFSR, LT-GLFSR
(Bipartite and Bit

(D,Ds,Ds and D) of GLFSR are send to the outputs Insertion) as shown in Table 2 are used for venmiyi

(02,05,05 and Qy) as its present state (Stored value). In

this case, Tis generated.
Step 1 to generate ™.

Step 2: enen, = 00, selseb = 10(0010).

the ISCAS85 benchmark circuits S298 and S526.
Simulation and synthesis are done in Xilinx 13 and
power analysis is done using Power analyzer.

The results in Table 3 and 4, are the test pattern
for fault coverage and the reduction in the numder
test patterns. Power analysis is carried out whif t

The both parts of GLFSR are in idle mode. Themaximum, minimum and typical input test vectors
first Part of GLFSR is sent to the outputs for stuck-at faults and transition faults of secfisin

(00,01,05,04,06,07,0o and Q) as its present state
(stored value) but the bit insertion circuit inseatbit (0
or 1) to the outputs (05,0 and Q). T is generated.

Step 3: enen, = 01, selseb = 11(0111).

The first part of GLFSR is in idle mode. The
second part of GLFSR is active. In this conditimstf
part (Dy,D1,D3,D4,D6,D7,D9 and D) of GLFSR is send
to the outputs (§0,0504,0,0,0, and Qg as
present state and second partBDs and DO;) of
GLFSR is send to the outputsyOs,0s and Q) as its
next state Fis generated.

Step 4: enen, = 00, selseb = 01(0001).

Circuits (CUT).

Programming of the design is done in VHDL and
simulation of the design is carried out using MODEL
SIM 6.5. Table 2 shows the first 20 states of the L
GLFSR (3, 4) with the initial seed “1111, 1111, 111
and which are 20 stages of LFSR and LT-GLFSR
(bipartite) for comparison.

Figure 5a shows the distribution of the number of
transitions in each Bit of the pattern generateithqus
GLFSR and LT-GLFSR (bipartite) for 50 patterns.
Transitions in each bit of the patterns generatéd L
GLFSR (bipartite) is varies in between 14-19
transitions. It has comparatively less number of
transitions with patterns generated by GLFSR. Kgur
5b shows the distribution of the number of transisi in
each bit of the pattern generated using LFSR and LT
GLFSR (bipartite and bit insertion) and also It who

Both Parts of GLFSR are in idle mode. The seconchumber of transitions in patterns generated by gseg

part of GLFSR is send to the Outputs, (05, O8 and
0y,) as its Present state. Bit insertion circuit ihgebit
(0 or 1) into the outputs O;, Oz, Oy, O, O, Oy and
O,0). T® is generated.

Step 5: The process continues by going through

method is very less when compared with LFSR,
GLFSR and LT-GLFSR (bipartite).Hence, test patterns
generated by LT-GLFSR (bipartite and bit insertion)
has very less transitions (varies from 7-14) and
consumes very low power compare with other methods.
This test patterns reduces switching transitionsest
pattern generator as well as circuit under test.
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Fig. 5: (a) Distribution of the number of transitin each Bit of the pattern generated using GLBSR LT-
GLFSR(bipartite) for 50 patterns (b) Distributiofi the number of transitions in each Bit of the eatt
generated using LFSR and LT-GLFSR (bipartite andnisiertion) for 50 patterns (c) LT-GLFSR (Bipagtit
and Bit Insertion) Test pattern generator
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DISCUSSION

Test patterns are generated by LFSR, LT-GLFSR

(bipartite) and LT-GLFSR (bipartite and bit insert)

and the analysis of randomness or closeness arheng t

bit patterns are done. From the analysis the tEstnns

generated by LT-GLFSR (bipartite and bit insertibey  Girard, P., L.

significantly greater degree of randomness, resylin

improved fault coverage when compared to standard
LFSR and GLFSR. GLFSR is modified by means of

clocking such that during a clock pulse one pair iglle
mode and other part in active mode. This modificats

Corno, F., M. Rebaudengo, M.S. Reorda, G. Squillero

and M. Violante, 2000. Low power BIST via non-
linear hybrid cellular automata. Proceedings of the
18th IEEE VLSI Test Symposium, Apr. 30-May 4,
IEEE Xplore Press, Montreal, Que., pp: 29-34.
DOI: 10.1109/VTEST.2000.843823

Guiller, C. Landrault, S.
Pravossoudovitch and H.J. Wunderlich, 2001. A
modified clock scheme for a low power BIST test
pattern generator. Proceedings of the 19th IEEE
VLSI Test Symposium, Apr. 29-May 3, IEEE
Xplore Press, Marina Del Rey, CA., pp: 306-311.

known as LT-GLFSR which reduces transitions in test  DOI: 10.1109/VTS.2001.923454

pattern generation and increases the correlatiomele®  Matsushima, T.K., T. Matsushima and S. Hirasawa,

and within the patterns by inserting intermediatqrns. 1997. A new architecture of signature analyzers for

From the discussed three methods, the LT GLFSR has multiple-output circuits. Proceedings of the IEEE

less number of test patterns required for high tfaul International Conference on Computational

coverage with high degree of closeness, randonarebs Cybernetics Simulation, Oct. 12-15, IEEE Xplore

low power consumption for the CUT. Press, Orlando, FL., pp: 3900-3905. DOI:
10.1109/ICSMC.1997.633280

Nourani, M., M. Tehranipoor and N. Ahmed, 2008.
Low-transition test pattern generation for BIST-
An effective low-power pseudorandom test pattern  based applications. IEEE Trans. Comput., 57: 303-

generator, LT-GLFSR (bipartite and bit insertios) i 315. DOI: 10.1109/TC.2007.70794

proposed in this study. Power consumption of LT-pradhan, D.K and C. Liu, 2005. EBIST: A novel test

GLFSR is reduced due to the Bipartite and bit itser generator with built-in fault detection capability.

technique. Only half of the LT-GLFSR flip-flops are IEEE Trans. Comput. Aided Design Integrated

clocked in each cycle. LT-GLFSR'’s provide for gegat Circ. Syst. 24 1457-1466. DOI:

randomness than standard LFSR and GLFSR, which 10.1109/TCAD’.2005.850815

Paavltestfhoer Fé%?rnt'?t'ht%?re;ﬁfé;ng?t Zttltjgrkrigt ?E%I"Ivlﬁg Pradhan, D.K and M. Chatterjee, 1999. GLFSR-A new

AUTLS wi ! P - LIS test pattern generator for Built-in-Self-Test. IEEE

significance for the faults detection for ISCAScdiits . . .
Trans. Comput.-Aided Design Integrated Circ.

with a minimum number of input test patterns. The
o L : - Syst., 18: 238-247. DOI: 10.1109/43.743744
switching activity in the CUT and scan chains, thei pradhan, D.K and SK. Gupta, 1991. A new framework

power consumption are reduced by increasing th S . .
correlation between patterns and also within each fOr designing and analyzing BIST techniques and

CONCLUSION

pattern. This is achieved with almost no increaste st
length to hit the target fault coverage.
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