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Abstract— In this proposed method we are test the re
combinational circuit. Here this combinational circuit having 36-
bit input and 7-bit output. ISCAS-85 C432 27-channkinterrupt

controller is a combinational benchmark circuit. This paper
described an on-chip test generation method for fustional
broadside tests. The hardware was based on the apgition of
primary input sequences initial from a known reachédle state,
thus using the circuit to produce additional reachale states.
Random primary input sequences were changed to awubi
repeated synchronization and thus yield varied setsf reachable
states. The hardware structure was simple and fixedand it was
tailored to a given circuit only through the following parameters:
the length of the LFSR used for producing a random pmary

input sequence; the length of the primary input segence; the
specific gates used for modifying the random primar input

sequence; the particular gate used for selecting pfied tests; and
the seeds for the LFSR. With the proposed on-chip $&
generation method, the circuit is used for generateeachable
states for the duration of test application. This Beviates the want
to compute reachable states offline.

Index Terms—-Built-in test generation, functional broadside
tests, ROM,, reachable states, transition faults, est pattern
generator,ISCAS-85 C432 benchmark circuit.

I. INTRODUCTION

BIST is a design-for-testability technique thatqgala the
testing functions physically with the circuit undest (CUT),
as illustrated in Figure 1. The basic BIST architez requires
the addition of three hardware blocks to a digiteduit: a test
pattern generator, a response analyzer, and a cioattoller.
The test pattern generator generates the testrmatter the
CUT. Example of pattern generators are a ROM wiitinesl
patterns, counter and a linear feedback shift tegid FSR).
A typical reply analyzer is a comparator with stbresponses
or an LFSR used as a signature analyzer. It a cois@and
analyzes the test responses to conclude exacth€3sTa A
test control block is necessary to activate thedad analyze
the responses. However, in general,
functions can be executed through a test controiteuit.

As shown in Figure 1, the wires from primary inp(ie3s)
to MUX and wires from circuit output to primary @uits
(POs) cannot be tested by BIST. In regular opeanatiee CUT
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receive its inputs from other modules and perforthe
function for which it was designed. During test rapd test
pattern generator circuit applies a sequence bfpeserns to
the CUT and the test response are evaluated bytmutou
response compactor. In the most common type of Bt&dt
responses are compacted in output response comp@cto
form (fault) signatures. The response signaturescampare
with reference golden signatures generated or gtonechip,
and the error signal indicates whether chip is goofhulty.

Four primary parameters must be considered in dpirej
a BIST methodology for embedded systems; thesesoond
with the design parameters for on-line testing mémphes
discussed.

Fault coverage: This is the fraction of faults merest that
can be exposed by the test patterns produced hgrpat
generator and detected by output response monitor.
presence of input bit stream errors there is a ahahat the
computed signature matches the golden signature, tiae
circuit is reported as fault free. This undesirapteperty is
called masking or aliasing.

Test set size: This is the number of test pattprosluced
by the test generator, and is closely linked tdtfeoverage:
generally, large test sets imply high fault coverag

Hardware overhead: The extra hardware requiredBISiT
is considered to be overhead. In most embeddedregshigh
hardware overhead is not acceptable.

Performance overhead: This refers to the impadBI&T
hardware on normal circuit performance such awaist-case
(critical) path delays. Overhead of this type imstimes more
important than hardware overhead.

some tesecdelat
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Il. BLOCK DIAGRAM OF BIST can also result in performance loss. Alternativebpme
determinism can be introduced into the generatest te
sequence, for example, by inserting specific “setedts that

' rmnesinn Test are known to detect hard faults.

g Test Controlley . A typical BIST architecture using LFSR is showrFiigure

e 1 RoM 2. Since the output patterns of the LFSR are tihiftesl and
; : D Reference repeated, they become correlated; this reduces the

Signature effectiveness of the fault detection. Thereforehage shifter

: L] (a network of XOR gates) is often used to de-catecthe

Hard ware M L Output Compatifor output patterns of the LFSR. The response of thd @J

patiern generator[™—'| U CUT |raf Response -r’ ompara0r usually compacted by a multiple input shift regigISR) to

X Compactor] a small signature, which is compared with a knoaultffree

: signature to determine whether the CUT is faulty.
PO Good/Faulty .
Siguature ’ Pseudo-Random Pattern Generation

A string of 0's and 1's is called a pseudo-randamaty

Figure 1 Block diagram of BIST sequence when the bits appear to be random i¢aé dense,
but they are in some way repeatable. The lineatbfaek shift
register (LFSR) pattern generator is most commaisisd for
pseudo-random pattern generation. In general, réngiires
more patterns than deterministic ATPG, but less thze

exhaustive test. In contrast with other methodugeerandom
pattern BIST might require a long test time andessitate
evaluation of fault coverage by fault simulatiorhi§ pattern
type, however, has the potential for lower hardwarel

performance overheads and less design effort thamtior

methods. In pseudorandom test patterns, each Isit dma
approximately equal probability of being a 0 or aThe

guantity of patterns applied is typically of theder of 103 to
107 and is related to the circuit's testability ahe fault

coverage required.

Linear feedback shift register reseeding is an ¢tarof a
BIST technique that is based on controlling the RFSate.
LFSR reseeding might be static that is LFSR staeerating
patterns while loading seeds, or dynamic, so ass,tdest
generation and seed loading can proceed simultahedthe
length of the seed can be any equal to the sizbeol.FSR
(full reseeding) or less than the LFSR (partiakssing). In
[5], a dynamic reseeding technique that allows iglart
reseeding is proposed to encode test vectors. Afsitear
LHlations is solved to obtain the seeds, and tsbrs are
ordered to facilitate the solution of this setiaEhr equations.

BIST can be used for non-concurrent, on-line tgstihthe
logic and memory parts of a system [2]. It can ilgade
configured for event-triggered testing, in whiclseathe BIST
control can be tied to the system reset so théingesccurs
during system start-up or shut down. BIST can abeo
designed for periodic testing with low fault latgncThis
requires incorporating a testing process into théT Ghat
guarantees the detection of all target faults withfixed time.

On-line BIST is usually implemented with the twioads of
complete fault coverage and low fault latency. Hertbe test
generation (TG) and response monitor (RM) are geiyer
designed to guarantee coverage of specific faultats
minimum hardware overhead, and reasonable set Bimse
goals are met by different techniques in differpaits of the
system.

TG and RM are often implemented by easy, counker-li
circuits, especially linear-feedback shift registdLFSRS).
The LFSR is simply a shift register formed fromnstard flip-
flops, with the outputs of selected flip-flops bgifed back to
the shift register’s inputs. When used as a TG, B8R is set

states, whose choice and order depend on the de
parameters of the LFSR, define the test pattemthis mode
of operation, an LFSR is seen as a source of (pdeaddom
tests that are, in principle, applicable to anyitfand circuit
types. An LFSR can also serve as an RM by cour(ima
special sense) the responses produced by the Agsts-SR
RM's final contents after applying a sequence ot te

responses forms a fault signature, which can bepeosd to a Iy Iy

known or generated good signature, to observe fgu#t is

present. Ensuring that the fault coverage is sefiity high DFF #—+|D FF |-4—=|D IT
and the number of tests is sufficiently low are tmain - - -

problems through random BIST method. Two general X X X Y]
approaches have been proposed to preserve the cost Figure 2 Standard LFSR circuit

advantages of LFSRs while making the generated test
sequence much shorter. Test points can be inserttd CUT
to improve controllability and observability; howey they
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COMBINATIONAL BENCHMARK CIRCUIT C432 Comparison of Test Generation Strategies

Several Industry standard benchmark circuits sush a Implementing a BIST strategy, the main issues argt f
ISCAS-85, ISCAS-89, etc can be used to test latestgn, coverage, hardware overhead, test time overheaddasign
test and manufacturing approaches and technologieBort. These four issues have very complicatedtiahship.
Following is a brief explanation of one of the ISE&5 Table 1 summarizes the characteristics of the strategies
circuits used for the purpose of testing the new fmwer mentioned earlier based on the four issues.
pattern generation system described above.

C432 is a 27-channel interrupt controller. The inpu
channels are grouped into three 9-bit buses (Wehsah A, B

TABLE 1 COMPARISON OF DIFFERENT TEST STRATEGIES

and C), wherever the bit pOSitiOﬂ within each baetednines Test Generation Fanit | Hardware | Test Time | Design
the interrupt request priority. A forth 9-bit inp@talled E) Methodology Coverage | Overhead | Overhead | Effort
enables and disables interrupt requests insideeipective bit Stored Pattern High High Short | Large
positions. Figure below shows the ¢432 circuit.urég show Exhaustive High Low Long | Small
below the |OgiC of the underlying modules. Pseudo-exhaustive High High Medium | Large
Pseudo-random Low Low Long Small
E 1 A E i) i % PA Weighted Pseudo-random | Medium | Medium Long Medium

A A M1 X1ﬂ

BIST Response Compression/Compaction Techniques

During BIST, large amount of data in CUT responaes
applied to Response Monitor (RM). For example, i& w

; ? FBia 7 FB consider a circuit of 200 out i
1 o n puts and if we wangéemerate 5
B 18 112 million random patterns, then the CUT response kb \Rll
be 1 billion bits. This is not manageable in pre&tiSo it is
necessary to compact this enormous amount of tircui
3 responses to a manageable size that can be stortbe chip.
1 The response analyzer compresses a very longdsgonmse
9 g - FC into a single word. Such a word is called a sigratdThe
G ] o signature is then compared with the pre-stored eyold
9 a1~ M3 . - .
signature obtained from the fault-free responsdagushe
7 same compression mechanism. If the signature nattfe
’—»i* golden copy, the CUT is regard fault-free. Otheewig is
I I— faulty. There are different response analysis ndshsuch as
PLPBPA ones count, transition count, syndrome count, dagdasure
5lE { analysis.
T4 I I Chan_,a_chan
518 M5
Sl lIl. RESULTANALYIS
Figure 3 C432 Combinational Circuits Block diagram

™ ISE Schematic Viewer (P.40xd) - [TOP_RIST (RTL2]]
Fie ER Vew Windw Lok Hep

» Logic Gates are in use at Primary input combaraiin

(2°36).

Statistics: 36 inputs, 7 outputs, 160 gates, larsstations

Function: c432 is a 27-channel interrupt controll€he 2 TOP_B|ST
enter channels are group into three 9-bit busesngmee them . 4 A

A, B and C), where the bit arrangement within edals R —See0
determines the interrupt request priority. A foftbit input x
(called E) enables and disables interrupt requegtsn the
particular bit positions. The figure above congiselpresents
the circuit. The figure above shown contains theduhes ] |
labeled M1, M2, M3, M4, and M5, which contain the A Y
underlying logic. TOP BIST

109 15T (ATLZ)

Besign Objects of Top Leved Black Properties: (Na Selectian)
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IV. CONCLUSION [16] Y.-C. Lin, F. Lu, and K.-T. Cheng, “Pseudofunctibmesting,” IEEE

. Trans. Comput.-Aided Design Integr. Circuits Sypp, 1535-1546,
The propose method implemented to test one of the 5qps. P g 9 yep

combinational circuit by using Built in self tesirauit. The [17] M. Abramovici, M. A. Breuer, and A. D. Friedman,dital Systems
presence of de|ay_inducing defects is Causing a‘mr@ Testing and Testable Design. Piscataway, NJ: IEE€8sP1995.

: : : [18] I. Pomeranz and S. M. Reddy, “Primary input vecttwrsavoid in
concern in the semiconductor industry today. To teed for random test sequences for synchronous sequentialitsi” IEEE

such delay-inducing defects, scan-based trandfiolh testing Trans. Comput.-Aided Design Integr. Circuits Sysp., 193-197, 2008.
techniques are being implemented. To Full scanRiragess [19] I. Pomeranz, “Built-in generation of functional hdside tests,”
will Generated and then Fault coverage for Broaedmi;ting presented at the Design Autom. Test Euro. Confen@le, France,
. . . . . 2011.

0 0,
is  80%, functlon_al . broaOdSIde . testing is  40% ar[QO] P. H. Bardell, W. H. McAnney, and J. Savir, Built-Test for VLSI.
pseudorandom testing is 80%. Maximum length ofrigsull New York: Wiley, 1987.
scan circuit is 402. Scanning percentage is 97%tiAgetime [21] B. Konemann, “LFSR-coded test patterns for scargdses in Proc.
for partial scan process is reduces Maximum tedéngth is Euro. Test Conf., 1991, pp. 237-242.

reduced at 284.Here we were test the ISCAS-85 C432
27benchmark interrupt controller by using BIST uaitc
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