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ABSTRACT

Functional broadside tests are two-pattern scaedb#ssts that avoid over testing by ensuring thatreuit
traverses only reachable states during the furaitiolock cycles of a test. These consist of theuingectors and the
respective responses. They check for perfect dparatf a verified design by testing the internalipcimodes. the
Functional tests cover a very high percentage adeteal faults in logic circuits and their generatisrthe main topic of
this paper. These functional vectors are generfated the Test pattern generation scheme especiallyg LFSR due to
internal architecture of LFSR Scheme repeated mattare generated using the proposed scheme tspatterns are
avoided and circuits are efficiently verified witlitoany power losses. Any vectors applied are unoedsto be functional
fault coverage vectors applied during manufactutesd. If the patterns of the input test vectoultssa fault simulation,
then circuit test is going to fail. This paper slsotlve on chip test Generation for a bench marluttitsing simple fixed

hardware design with small number of parameteesedtin the design for the generation of no ofgrat.
KEYWORDS: Power Efficient Test Pattern Generation Scheme
INTRODUCTION

Over testing due to the application of two-patteras-based tests was described in [1]-[3]. Oveintgss related
to the detection of delay faults under non-funaioaperation conditions. One of the reasons fosgheon-functional
operation conditions is the following. When we asbitrary state as a scan-in state, and a two+pattst can take the
circuit through state-transitions that cannot ocduring functional process. As a result, slow pathat cannot be
sensitized during functional operation may causedincuit to fail [1]. In addition, current demantteat are higher than
those possible during functional operation may eawdtage drops that will slow the circuit and aaitso fail [2], [3]. In

both cases, the circuit will operate correctly dgrfunctional operation.

Functional broadside tests [4] ensure that the-Btatate is a state that the circuit can entemndufunctional
operation. As broadside tests [5], they operatecttauit in functional mode for two clock cyclestaf an initial state is

scanned in. This results in the relevance of apatbern test.

Since the scan-in state is a reachable state, hewnto-pattern test takes the circuit throughoatestransitions
that are guaranteed to be possible during fundtioparation. The Delay faults that are detectedhieytest can also affect
functional operation, and the current difficulty dot exceed those possible during functional opmraf his alleviates the
type of over testing described in [1]-[3]. In adlulit, the power dissipation during fast functionlalck cycles of functional

broadside tests does not exceed that possiblegiunirctional operation.

www.iaset.us edit@iaset.us
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Test generation procedures for functional and psdudctional scan-based tests were described inapt]
[6]-[13]. The procedures generate test sets offfimnapplication from an peripheral tester. Funutibscan-based tests use
only reachable states as scan-in states. Theseld?fenctional scan-based tests use functional caing to avoid

unreachable states that are captured by the coristra

This work considers the on-chip (or built-in) geat@n of functional broadside tests. On-chip teshegation
diminish the test data volume and facilitates atesptest application. We know On-chip test genematiethods for delay
faults, such as the ones described in [14] and, [d6]not impose any constraints on the states asestan-in states.
Experimental results indicate that an arbitrarytestased as a scan-in state is unlikely to be ahedde state [4].
The on-chip test generation method from [16] agppeeudo-functional scan-based tests. Such testsoaradequate for
avoiding unreachable states as scan-in statesofifohip test generation process explained in tlugkvguarantees that

only reachable states will be used.

It should be noted that the delay fault coveragdeaable using functional broadside tests is, inegal, lower
than that achievable using arbitrary broadsidestastin [14], [15] or pseudo-functional broadsiegtd as in [16]. This is
due to the fact that functional broadside testscauareachable scan-instates, these are tolergttleebmethods described
in [14]-[16]. However, the tests that are needadafthieving this higher fault coverage are alsosathat can cause over

testing. More power will be dissipate than possthieing functional operation.

Only functional broadside tests are considerediimwork. Under the anticipated on-chip test get@nanethod,

the same circuit is used for generating reachabtesduring test application.

This alleviates the need to compute reachabless@tdunctional constraints by an offline processima [4],
[6]-[13] and [16]. The underlying observation isated to one of the methods used in [4] for offliest generation, and is

the following.

If a primary input sequence A is applied in funoab mode starting from a reachable state, all thtes were
traversed under a are reachable states. Somesef shetes can be used as the initial state fagpkcation of a functional
broadside test. By generating a on-chip and letkiés the circuit through a varied set of reachatdées, the on-chip test
generation progression is able to achieve higlsttian fault coverage using functional broadsideselt should be noted
that, for the detection of a set of faults F, astr|&| different reachable states are requireds timber is typically only a
small fraction of the number of all the reachaltéges of the circuit. so, the prime input sequehames not need to take
the circuit through all its reachable states, boltydhrough a adequately large number relativeFjp ih order to be

effective for the detection of target faults.

The hardware used in this paper for generatingpttimary input sequence A consists of a linear-feetb
shift-register (LFSR) as a random source [17], @ina@ small number of gates (atmost six gates agdetkfor every one of
the benchmark circuits considered). The gates medltering the random sequence in order to awaises where the
sequence takes the circuit into the same or simidlachable st [18]. In addition, the on-chip tesheyation hardware
consists of a single gate that is used for deténgiwhich tests based on will be applied to thewir The end result is a

simple and fixed hardware structure, which is conited to a given circuit only through the followipgrameters.
*  The number of LFSR bits.
» The span of the primary input sequence.
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e The explicit gates used for modifying the LFSR sawe into the sequence.

» The gate used for selecting the functional broaddts that will be applied to the circuit basad o

» Seeds for the LFSR in array to generate severnalgpyi input sequences and several subsets of tests.
The on-chip test generation hardware is basedenrik described in [19]. It differs from it in tfa@lowing ways.

BLOCK DIAGRAM OF LFSR RESEEDING SCHEME

ELOCE DMAGRAM FOR LFSRRESEEDING SCHERKE
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Figure 1: SIMPLE BIST Circuitry
Linear feedback shift register (LSFR) is a shiflister whose input bit is a linear function ofpt®vious state and
The only linear function of single bits is XOR, #hit is a shiftregister whose input bit is driven the exclusive-or
(XOR)of some bits of the overall shift register walflops. The primary value of the LFSR is called seed, and the
operation of the register is known, the stream alfies produced by the register is completely detesthbyts current

(or previous) state.

The seed is used to generate a test pattern amd cihveesponding test cube. The LFSR length, ratis
leastsmax+20 where smax is the maximum number edifspd bitsin any test cube. The r-bit LFSR idialized with a
starting-bit seed. This initial seed is used toegate the first testcube by running the LFSR fazlock cycles (where mis

the scan length) to fill the scan chains.
BROADSIDE TESTS IN PARTIAL-SCAN CIRCUITS

In a full-scan circuit, a broadside test startssbgnning in a state denoted by two primary inpetoars, denoted
by and are then applied in functional mode. Thealfstate observed at the end of the test is scanued he test can be
partitioned into two patterns, given to one funetibclock cycle, and applied in a consecutive fiomztl clock cycle.
The application of is done under a slow clock towalsignal transitions in the circuit to stay. Tégplication of is finished
under a fast clock in order to capture delayeddaitmansitions. Faults are found by observing thenary output vector
obtained in response to and when the final staszasned out. In a full scan circuit, the scantatesis a fully-precise
state. After scanning in all the state variablethefcircuit are assigned known values. However vidues of all the state
variables are observed during the scan-out operatithe end of the test. For representing we densi circuit with two
primary inputs and five state variables, which demoted by assume that and are scanned, and thamascanned.

A possible scan-in state is 000xx, where x standa unspecified value. Now In a broadside testHis circuit, may be
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a partially-specified state as well. For an examplgpose that we obtain 1x01x. Let obtain twoegpattest000xx 00,

1x01x 11. And with partially- specified patternsjs doubted to be possible to activate certairtsailn addition, faults

whose effects are propagated by the second patiesnwill not be detected by the scan-out operatibthe end of the

test. Hence, it is essential to consider broadsdes with more than two primary input vectors. Phienary input vectors

are then driven to functional mode. The state eftdst, where is the next-state obtained when rthgept-state is and the
primary input vector is There is one time unit whauch that is applied under a fast clock in otdecapture delayed
signal-transitions. Application of for such thatdisne under a slow clock to allow signal-transisiém the circuit to settle.

Under the slow clock the circuit operates as a fae circuit.

PESUDORANDOM TEST GENERATION
The three primary goals were:

» to develop a battery of statistical tests to detest randomness in binary sequences constructed wshdom

number generators and pseudorandom number gerseuditired in cryptographic applications,
* to produce documentation and implementation ofgéhiests using a software, and

» to provide guidance in the use and applicationhebé tests. Pseudorandom- generate patterns &ms se be
random but are in fact deterministic (repeatablé)ear Feedback Shift Register (LFSR) Weighted geeu
random test generation Adaptive pseudo-randongtewration

Algorithmic Test Generation
List initial inputs controlling position where aufth should be detected.

Finding initial input conditions to activate a fa@aind to sensitize the primary outputs such thatféiult can be

observed.
Linear Feedback Shift Registers (LFSRs)

Proficient design for Test Pattern Generators &pDuResponse Analyzers (also used in CRC) FFsaligsv
XOR gates better than counter

 Fewer gates

» Higher clock frequency

» Two types of LFSRs External, Internal Feedback
» Higher clock frequency

The periodic sequence generated by an LFSR mudtista non-zero state, The maximum length of arSRF
sequence is 2n -1 does not generate all Os pdiets stuck in that state)The characteristic patyiab of an LFSR
generating maximum-length sequence is a primitiolgromial A maximum-length sequence is pseudo-ramdaumber
of 1s =number of Os + 1 same number of runs of@mnssre 0s and 1s 1/2 of the runs have lengthlofithe runs have

length 2 (as long as fractions result in integrahbers of runs).
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Figure 1.5: LFSR 12bit Circuit

OUTPUT OF LFSR

u LFSR(u)
0 101 011 100 100
1 010 101 110 010
2 001 010 111 001
3 100 101 011 100
4 010 010 101 110
5 001 001 010 111
6 100 100 101 011
7 110 010 010 101
8 111 001 001 010
9 011 100 100 101
10 101 110 010 010
11 010 111 001 010
12 001 011 100 101
13 100 101 110 010
14 010 010 111 001
15 101 001 011 100

SEQUENTIAL BENCHMARK CIRCUIT s27
* Logic Gates are taken at initial input groupind2n4=16).
e S27 circuit have three scan circuits (f/f ,s) ahdr its scan inputs are 273=8.
S _a 0 fault generates at logic gate (a3).
» Scan-in-state input are s0, s1, s2 and these anaad out denoted as s.

* LFSR register values initially at “1010". Circuibesidered above, let 000xx 00, 1x01x01,0x1xx 000100,
10111 10. We note that is unspecified in the twcscemnned state variables. This interprets thabeansed as a
scan-in state instead of and the first two pattefrthe test can be neglected. The resulting testidvbe Ox1x 01.
In the scan-in state of this test, we can spebénalue of arbitrarily. Let it is specified todnd suppose that this
causes the value of in to be specified to 0. Tlseltave obtain 011xx 01, 11000 00, 10111 10. Thelfthree
states observed are Ox1xx, 11x00 and 10111. Witle mpecified values under, more faults may be tkdec
Usually, to obtain a shorter test from a given tddength, we consider we search for the highies wnit such

that has unspecified values on all the un scanme@ $s selected such that it is unspecified onuhescanned
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state variables. All the tests will be of lengttoteonsidering For a full-scan circuit,. This is daghe fact that all

the states are fully-specified.

Figure 2.1: s27Sequential Circuit
e S27 bench mark circuit is a standard sequentialiitir
e Here we are used s27 bench mark circuit for asting circuit.
» Driving test vectors as input to the s27 bench nsaduential circuit.
* 10,11, 12, 13 are the input of this circuit.

OUTPUT OF S27 BENCHMARK

U Lfsr(U) | Value O/P of S27
0 101 01110010Dp 1001 X
1 01010111001p 1110 X
2 00101011100 0010 X
3 10010101110Dp 1101 1
4 01001010111p 1001 1
5 001001010110 0001 1
6 10010010101p 1100 0
7 110010010100 1001 0
8 11100100101p 1000 0
9 01110010010 1101 0
10 101110010010 1100 0
11 010111001000 1100 0
12 101011100100 1001 0
13 010101110010 1110 0
14 001010111000 0010 0
15 100101011100 1101 1
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RESULT ANALYIS

Block Diagram

RTL Schematic
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CONCLUSIONS

Delay problems are more concern in present Semiedad industries. To test for such delay-causinfeas,
scan-based transition fault testing techniquesbaiag implemented, reduced test pattern schemérgemented and
hence test data volume is reduced and circuiteféeetively tested and facilitates at-speed teptiagtion.
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