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Abstract

The effect of defects within a single cell of a static random access nemory (SRAM) is
examned. Al najor types of faults, including bridging, transistor stuck-open and stuck-on,
are examned. Asignificant fraction of all faults cause high IDIX) values to be observed.
Faults leading to inter-cell coupling are identified.

1 Introduction

With the increase of cell density, not only does the probability of nenery failures increase,
but the nature of the failure nedes becones nore conpl ex and subtle [1 , 2. Mny RAMtest

al gorithns based on di flerent faul t nodel s have been proposed. Activeness of test al gorithns
depends on the accuracy of the fault nodel, whichis used to represent the physical failures
[2 3. Avidely used fault nedel for RAMdevi ces was proposed by Nair et. al [4 ]. Inthis
nedel , defects inthe address decoder and the Read/ Wi te 1 ogi ¢ are mapped onto functional 1y

equi val ent faul ts in the nenory array. The advantage of this nedel is that all the faul ts can
be consi dered to be stuck-at-0/1 in the nenory array, with the additionof of state transition
faul ts and data retentionfaults. Test al gorithns for SRAM, based on physical spot defects,



vhi ch are nodel ed as local disturbances in the layout of an SRAMcell and translated to
defects in the corresponding transistor diagram have been proposed.

In this paper, ve examne fault nodels for the SRAMcell at the transistor level. W
consider both functional and [IIX)noni toring. Al major transistor faults are considered

assumng hard shorts for the bridging faul ts.

2 Faults in Register Storage El ements

Recent studies have shown that the traditional stuck-at fault nodel is insufficient for nodel -
ing faults instorage el enents. Reference [2 shovs that a significant fraction of faul ts cannot
be nodel ed as i nput fout put stuck-at-0/1 for el enentary register storage el enents. Consider
for exanple, the transmssion-gate latchin Fgure 1. Sone faults cause the cell to exhibit
data-feed-t hrough behavior, i.e. the input data D oD is propagated to the output. Other
faults cause the cell to exhibit clock-feed-through, i.e CLK d K is propagated to the
output. These effects are discussed in [5] shows in detail. Besides the feed-through behav-
iors, sone faults cause logic non-retention problens, always (NR) or conditionally ((N\R).
Thi s neans that cell works properlyinthe transparent phase, but not in the latching phase.
Indetermnate faults are regarded to be paranetric because they can be detected only by
noni toring the quiescent supply current (I11X). Table 2 surmerizes the faul ty behavior of
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K gure 1: The transmssion gate latch



Table 1: Behavior of the transmssion-gate latch

Behavior % of testable faul ts
stuck-at 45%
Feed-through 18%
NR/CNR 9%
(dmplex behavior 2%
Tl t-free with del ay 10%
Paramtric 16%

3 Ixtailed Examnation of the SRAM(Ce1 1

The static cells used innenery chi ps al so use feedback to retain the l atchedsignal . Hovever
a newlogical valueis forcedin using a higher strength signal on the bit orb:it, rather than

gating it in using a clock signal .

The common (M» SRAMcel ]l is shown in K gure 2. Two pMb transistors are used
as pull-up loads for the bit and b 7 ¥ines. The pull-down transistors of the cross-coupled
inverters are chosen to be two or three tines wder than the pass transistor in order to
avol d charge sharing during read operation. The two pull-up transistors of the inverters have
mni s ze to retain charge lost due to leakage current [6 |. Athough this cell is astorage
elenent, the observations givenin[3] for the fault anal ysis of the el enentary storage el enants
cannot be applied for SRAMcells. This is because the SRAVi s a symmetric structure with
conpl i nent ary bi di rectional inputs/outputs and the cell is onlyindirectlyobservable via the
read circuitry. Here we consider all possible transistors stuck-on, stuck-open and bridging
faults. Behavior of the cell under stuck-on/open faults is givenin table 2. The results
presented depend on the transistor sizing and the read circuitry. ‘I’ corresponds to ITIX)
testable and ‘1’ corresponds to indetermnate behavi or, whi ch depends on the signal strength.
Possible inter-cell coupling is indicated using the cx notation. For exanple ‘cb’ corresponds
coupling invol ving the hit line. Inthe table, ‘b6’ and ‘W correspond to hit, b ¢, fand vord

lines. The cell is said to be stuck-at, when the cell provides the sane 1ogic val ue when read.
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F gure 2: The SRAVIcel |

Table 2: Behavior of the SRAMcel I under Stuck- on/open faul ts

Transistor St uck-on St uck- open
hit* | bit" hit* | bit
1 — — Nl H L SA1
2 faul t-free faul t-free
3 H L SA1 1 L H SA0
4 faul t-free faul t-free
5 L H SA0 1 H L SA1
6 — — N cb L H SA0

(bnsider stuck-open fault in transistor 1. This fault isolates node X fromthe bit line.
The write operation is not affected because of the signal received from b :. ¢ Diring the
read operation, the bit lineis pulled-up, while thé 7 flunctions properly. This suggest that
observing this fault depends on the read circuitry of the sense anplifier. If the design is
such that the circuit responds to the variations inbit line faster than that of thé i, then
this fault appears as stuck-at-1. 'The sense apnhifier nay cause hi gh [T1X)when both bit
and b ¢ dignal are 1. Simlarlystuck-openfault intransistor 6 can be nodel ed as stuck-at- 0.
Stuck-on fault in transistor 1 comnects the bit line with node X. The behavior of the fault
is dependent on the logic value of node X and the relative strengths of the signals and is
thus terned i ndetermnate. This fault can cause coupling between this cell and other cells
through the bit line (cb). The sane is true for the stuck-onfault in transistor 6. Stuck-open
faults intransistors 2 and 4 cannot affect the functional behavior of the cell. Stuck-onfaul ts
intransistors 3 and 5, not onl y change the functional behavior, but cause increase in [1T1X)

due to the path betveen V' ;5 and V; vhen the fault is activated.



The behavior of the cell under all possible shorts is also examned. Results in Table
2 showthat noest faults change the functional behavior with increase in [TIX)during the
write cycle. Sone shorts causing the cell to be stuck-at nay be dependent on the transistor
di nensions. Shorts invol ving pover nodes V' 45 and V53 Wtheach X and Y nodes can enhance

the IIIX)drawn by the cell.

Table 3: Behavior of the SRAMcell under possible intra-cell defects

1st. node ‘ 2nd. node | hit* | bit Effect
Vs vord H H RD I | word unaccessable
hit L H SAQ 1 Bit line low
bit H L SA1 1 bit line low
Vaa vord — — || No/1L I | word always accessed
hit H | L | SA1 |1 Bit line high
bit L | H SAO | I bit line high
vord bit H L SA1 1 chw
bit L H SA0 I cbw
hit bit — — R 1 cbb
X Via H L SA1
Vs L H SA0
Y L L R 1
vord H H RD I W
bit — — Nl ch
Y Via L H SAQ
Vs H L SA1
vord H H RD I W
bit — — N ch

4 (oncl usions

In this paper, ve present a detailed examnation of the SRAMcell. 'The resul ts showthat

a large fraction of faults cause increase in [TIX) which suggests that current testing can
be very effective for SRAM [7 ]. Sone faults nay not be detected without using 111X

noni toring. ‘The cost of testing can be reduced by designing the nenory array for high
current testability. The results presented here can be extracted by considering defects that
affect nultiple cells. Using inductive fault analysis, or using industrial data fromactual



faul ty chips, probabilities can be assigned to different failure nodes. This can be used for

optimzation of test strategies.
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