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Abstract

In testing sequential circuits, internal faults in the storage elements (SEs) are somatinas
nodeled as stuck-at faults in the conbinational circuits surrounding the SE The detection

of somm trarsistor-level faults that canmot be mdeled as stuck-at are comsidered. These
feed-through faults, case the cell to becom either dat a-feed-through, which makes the cell
corhinational , or clock- feed-through, camsing the clock signal or its conplenart to appear

at the ottput. Under suchfaults, the cell does not function as a marory elerart. Here it is
shown that suchfaul ts may or maynot be detected dependi ng on del ays i nvol ved. Condi ti ors

under whi ch race- ahead occurs are 1dentified.

*This work was s uppor ted by a SDIO/T ST funded project moni tored by ONR.



1 Introduction

Esting of sequential circuits has long been known to be a very difficult problem Ulike
the conhi national logic, a test sequence is required to detect afault ina sequential circut.
The test sequence has to include an imitialization sequence and a propagation sequence.

A comon approach is to convert the problemof testing synchronows sequential circuits
into the sinpler problemof testing comhimational circuit. This is acconplished by wsing
testable design approaches like LSSD which provide direct access to inputs and outputs of
cohinational Mocks [1, 2, 3. If ore can assus that most faults within a SE can be
mdeled as stuck-at-0/1 faults on the inputs or outputs, then these faults do not need to be
explicitly comsidered. This is becaise suchfaults are equival ent to the stuck-at faults inthe

corhi national 1ogi ¢ surrounding the Sk.

(orsidering Sks as primtives for the purpose of fault simnlation and test generation for
sequential circuits can significantl y reduce conptational complexity This paper considers
the problemof detecting faults in the AMOS synchronows Sk that cannot be model ed as
stuckeat-0/1. Suchfalts, termd feed-throughfaits, camse a SEto becom either dat a- feed-
through or clock- feed-through and case the cell to lose the sequential behavior [4 ]. These
faults generally occur dve to some internal bridging faults and are independent of trarsistor
sizing,. A an exanple consider the Dlatchin Figure 1. Brideing faults betveen modes D
and D1 cases the cell to becorm dat a-feed-through, i.e. () = D. Bidging faults betveen
nodes CLK oo O L Kand I case the cell to be ¢l ock-feed-through, i.e. Q =CLK oo CLK.
These faul ts can lead to timng probl em becaise of coupling betveen conhi national bl ocks
normal 1y separated by Sks. The formal definition for these tvo behaviors is given bel ow

Definition 1: let Bt 4,....,4} be the set of all possible input conhinations for an el-
emartary synchronowss SEwth inpt D and a control signal C'L K. Hret i 1s a 2tuple

corresponding to (D, C' L K) and n=d. Tet R(s, ¢ ;) be the respomse of the cell to the input



vector ¢ ; applied to the cell when the cell is at state s . Afauty SEcell is said to have a
Jeed-through fadt if it becoms either dat a-feed-through or ¢l ock-feed-through.

(i) Afauty SEcell is said to be dat a-feed-t hrough vhen i ts behavior becomns corhi nati onal

swchthat R(s , ) =f(y) for eacht ;€ T, vhere yis the data part of £ .

(i1) Afadty synchronous SEcell is said to be cl ock-feed-throughif R(s , t ) =CLK or CLK
where (K is the control sigral.

In a master-slawe or a tvo-phase clocking circuit, the ¢l ock- f eed-t hrough fault may case
the succeeding Sks to al vays latcha 1 or a 0. This wll case the ¢l ock-feed-through taults
to appear as stuck-at faults. Hre ve wll showthat in som cases dat a-f eed-t hrough faul ts
canmot be detected becaise they can be masked by corbinational propagation delays. If
the timng al lovs, the dat a- f eed-t hrough faults can result in race- ahead, cawsing SEto reach
the next state one clock period too early. The followng section examnes the probl emof

detecting dat a- feed-t hrough faul ts in detail.

2 Kked-through Faults in Sequential Qrcuits

Alatchis inthe t ransparent phase vhenthe clockis high The falling edee of the clock serves
as the sanpling edge vhen the latchlocks inthe input valve. and the latch enters the [ at ch
phase. 1t is comonto wse a pair of latches such that they are triggered by non- overl appi ng
clock phases ¢1 and ¢2. This avoids the problemof race-ahead vhen feedback is present,

because at any time only one of the tvo latches can be in the transparent phase.

When ore of the two latches ina pair is dat a-feed-through, 1t is possible for a tramsition
to race-ahead in one clock period through tvo corhinational Hocks (figre 2a). If the
circuts inwl ves feedhack (figure 2b), then the presence of a dat a-feed-through faut nay

caise tramsitions normally corresponding to tvo successive clock periods to occur wthin a

single clockperiod. This can gi ve rise to race-ahead as defined bel ow



Igftian 2: A race- ahead occurs vhen a SE goes fromstate s ; to s;12 1n ore clock
period, vhereas normally a tramsition froms ; 1o s;11 shoudoccur, follovedbya s i1 10 840

tramsitionin the next clock period.

It can be shom that a race-head nay not occur in som cases and thus a dat a-feed-
through fault may not be detected. let ws comsider the diagramin figure 2a comsisting of
tvo pipelined conhinational Hocks. Tor the mormal circuit the propagation of a tramsition

(newlogical values) can be described by the foll ow ng sequence:

L 61| : atrasitionlatchedin L 11.

2. ¢2| : corresponding transition (CI) latchedin L 12.
3. ¢1| : (Tlatchedin L 21 (after passing through C'1).
4 ¢2]: CTlatchedin L2,

5. ¢1] : (Tlatchedin L 31 (after passing through C'2).
6. ¢2| : C(Tlatchedin I 32

Where | indicates the falling edge.

The tvo phases corstitute one clock period. ' specity the requiremarts for correct

operation, let s adapt the followng notation:
d., do =propagation delays through C'1 and C' 2, respectivel y.
drcg =clock-to-output delay through a single latch

dipg =data-to-otput delay through a single latch (in transparent phase or vhen data-
feed through fault is present).

ts =latch set-up time wth respect to the falling edee.
lyr , e g =dration betveenfalling edge of ¢1 and 92, and ¢2 and @1 respectively.

Ja &+ 9ra =the gap betveen ¢l | and ¢2 T, and betveen ¢2 | and ¢1 T respectively.



The mjor requiremarts for correct operation are,

tag > mar(gaq, do )+1s

toa = maz(ga, do )+da+1

and simlarl y

taa Zmaz(ga. fo )+damaz +4

Nowlet ws corsider the case vhenlatch L 21 has data-feed through fault, vhen ¢2 signal
is active, there exists a cothinational path L12— C'1— L 21 — L22. The fol lowng sequence
is possible:
1. ¢1 | =atramsitionlatchedin L 11.
2. ¢2 | =(Tlatchedin L 22, provided the inequality (4) belowis satisfied:
3. ¢l |: (Tlatchedin L 31.
4. ¢2 | : (Tlatchedin L 32.

This betveen tvo successive falling edges of ¢2 (i.e. withina single clock period) both

C'1and C2 are traversed. Ths can occur only if:

tag Z2maz(ge, do ) +dmp +da+dm +1

vhere d 4 1s the delay through a semsitized path.

In soma situation, the conditionininequality (4) may not be satisfied and the folloving

sequence ray ocCUr.

1. ¢1 | : atramsitionlatchedin L 11.
2. 92| : (T'does not arrive at L2 intire bt is latchedin L 12.
3. ¢l | : has no effect on L 21.

4. ¢2 | : (Tarrives at L 22 andis latched.



5. ¢l | : (Tlatchedin L 31
6. 92| : (Tlatchedin L 32

The above sequence wll occur if:

TZC&CQ —I'dcl—l'dlm) —I'ts

Where T' is the clockperiod (4 g +tpa ), andif (4) does mot hold. Inthis case the operation
is normal and race-ahead is not observed. Thi s suggest that insore cases hi gher propagation

del ays can mask dat a- f eed-t hrough faul ts.

Sl ar conditiors can be obtained if the second latch, for exanple L 22 has a dat a- f eed-

through fault. Race-ahead can also occur in circuits wth feedback [4 ].

3 (bncel usion

Sore defects in storage el emants can caise feed-through faul ts vhi ch need to be considered
vhen high fault coverage is required The clock-feed-through fauts wll gererally appear
as stuck-at-0/1 faults. We have shom here that dat a-feed-t hrough faults can case race-

ahead i n synchronous sequential circuits. Insom cases, the dat a- f eed-t hrough faults may be

masked. The conditions for these have been presented.
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Hgure 1: The transmssion gate latch
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Hagure 3: The tvo clock phases



