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Abstract

In this paper, we shav a methodto locatea sin-
glestuck-atfaultof arandan accessnemay (RAM).
From the fail-bitmaps of the RAM, we obtaintheir
Walsh spectrum. For single stuck-atfault, we show
that the fault can be identified andlocatedby using
only theO-thand1l-stcoeficients of thespectrumWe
alsoshaw acircuit to compue thesecoeficients. The
computationtimeis O(2™), wheren is thenumker of
bitsin theaddresof theRAM. Thecomputationtime
is muchshorte thanonethatuselogic minimizaion
methal.

1 Intr oduction

Randomaccessnemoies (RAMSs) areextensiely
usedin various electrornic systems.RAMs areused
not only in storage-nits for compuer systems but
alsoin logic devices suchas FPGAs. Many RAMs
areintegratedinto onechip SoC(Systermon Chip),so
enharing the testmethal for RAMs is very impor
tant.

Fail-bitmapscontainimportantinformationfor lo-
cating the faults. Fail-bitmaps are two-dimersional
arrays shawving the locatiors of the faulty cells of a
RAM. Eachmaphasthesamesizeasthe RAM uncer
test. Themaphas‘0’s for the cellswhoseresposes
arethe sameasthe expectedvalues,and‘1’s other
wise.

The patterrs in fail-bitmagps depend on the loca-
tionsandtypesof faultsin RAMs. We usethis prop-
erty to diagroseRAMSs. A straightfoward methal is
to storethefail-bitmays for eachfault. However, such
methal is inefficient. We considera fail-bitmgp asa
logic function, andrepiesentt by a sum-d-products
expression(SOP).Differentfaultscorrespadsto dif-
ferert SOPs.Unfortunately the compuationtime for
convertingfail-bitmapinto an SOPis sometims very
long. So,we haveto useanalternatve method

In this paper we shov a diagnais method of
RAMs using the Walsh spectrum From the fail-
bitmaps of theRAM, we obtaintheir Walshspectrun.
For a singlestuck-atfault, we shav thatthe fault can
be identifiedandlocatedby usingonly the 0-th and
1-st coeficients of the spectrum We also shaw a
metha to compue thesecoeficients. The compu-
tationtime of the proppsedmethodis shorterthanthe
methal usinganSOPmMinimizer. Therestof thepaper
is organizedasfollows: Section2 showvsthestructure
anda testmetha of RAMs. Section3 suneys the
Walshtransfam andWalshspectrun, andpropsesa
diagrosismethal usingthe 0-th and 1-st coeficients
of the Walsh spectrum. Section4 shaws a circuit to
compute the 0-th and 1-st coeficients of the Walsh
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Figure2.1: Structureof memoy.

spectrum Section5 shavs an experimental result,
andSection6 conclulesthe paper

2 Structure and Testof RAMs

In this section,we shav the structureof RAMs,
theirfaultmodel,andtheirtestpatterrs.

2.1 Structureof RAMs andtheir fault model

Figure2.1shovsa RAM, which hasatwo dimen
sional structureof memoy cells. A RAM consist-
ing of single big arrayis slow and dissipatesnuch
power, so RAMs are typically built using a hierar
chical structure. Cells are groypedto form a sub-
block,sub-blaksaregroyedto form ablock, blocks
aregroupedto form aRAM. A sub-blak consistsof
horizantal word-lines andverticd bit-lines, andeach
memory cellis locatedatanintersectim of two lines.

In this paper, we considetthefaultmocel in Table
2.1, andusea memay mockl in Figure 2.2 for the
RAM shawn in Figure 2.1. This memoy hasfour
blocks; a block hastwo sub-Hocks; a row decoder
selectsawordin the block a sub-lbock hasfour bit-
lines; a Y-switch selectsone out of four bit lines; a
senseamplifier(SA) is connectd to a Y-switch; and
a block-sub-block selectionmultiplexer selectsone
from four blocks, or eight sub-lbocks. We considr
eight typesof single stuck-atfaults shavn in Table
2.1.

2.2 TestMethod for RAM

We apply test patternsto RAMs to detectfaults.
Various classe®f testpatternsfor RAMs areknown:
N, N3 and N?2[3]. Eachdendesthe lengthof the
test,whereN = 2" is thesizeof aRAM, andn is the
numter of bits in the addess. Testingtime for N is
theshortestandfor N2 is thelongest.Normally, test
patternswith thelength NV areusedto testlarge-scale



Table2.1: Typeof faultsandfault mocel.

Address

Step M Step M1 Step M2
Type of faults Faultmodel
Cell SA-0(L)onacell. ow ORIW | IROW .
Row Decode SA-0(1)onainputof Row decoder 0 N 3N 5N Time
Bit Line SA-0(1)onabit-line

SenseAmplifier | SA-0(1)on anoutputof senseamplifier.

1/0 SA-0(1)on1/O dataline.

Block-Sub-block| SA-0(1)on aselectioninput for

SelectionMUX | block-sub-block selectionmultiplexer.
Y-Switch SA-0(1)onaselectioninput of Y-switch.
AddresslLine SA-0(1)onanaddresdine.
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Figure2.2: Memory mockl.

RAMs. The march patternis the typical testpattern
with thelength N. Various marchpatterrs exists. In

this pape, we usethe shortestmarchpattern,called
MATS+. Whenwe testa RAM using MATS+, we
write values readvaluesandtestcellsasfollows:

1. Step MO: Write 0 (OW: Zero Write) to all the
cells.

2. Step M1: Readvaluesfrom cells from the ad-
dress0 to NV in the ascendig order Whenthe
outpu is equalto theexpectedralue,we produce
Owhichshavsthatthevalueof theoutput is con-
sistentto the expectedvalue.Whentheoutput is
different from the expectel value,thenwe pro-
ducel whichshavsthevalue is incorrect. After
readirg a valuefrom the cell, we write 1 to the
cell. We will dothisto all thecells.

3. Step M2: We reada value from eachcell in
the descenihg order In this case the expected
value of the cell is one. After readinga value
from thecell, we write 0 to thecells. We will do
thisto all thecells.

We obtainfail-bitmap 1in StepM1, andfail-bitmap
2in StepM2. With theséfail-bitmapswe canidentify

Figure2.3: Testpattern MATS+

andlocateall typesof singlestuck-atfaultsshavn in
Table2.1.

Example 2.1 Figure 2.4(8—(d) show examples of
fail-bitmaps for the RAMshownin Figure 2.2

e Figure2.4(g showghefail-bitmapsfor theRAM
whele onecell hasa stud-at O fault in the sub-
blodk Sub_2 in BlockOR. In this case weread
expectedvalueO fromthefaulty cell in StepM1.
Thus,thefail-bitmap1 hasall 0's, while thefail-
bitmap2 hasonel.

e Figure 2.4(b and(c) showfail-bitmaps1 and 2
for the RAM wheee the input z; of the row de-
coderin BlockOL hasa studk-at O fault. In this
case we canonly accesonehalf of thecellsin
Sub.0 and Sub_1 of BlockOL. For example we
readtheexpectedralue0 fromthecell in thead-
dressO in StepM1, and thenwrite oneto the
samecell. Whenwereadthevaluefromthe ad-
dressl, the stud-at O fault malesthe row de-
coderto readthe valuefromthe cell in the ad-
dress0 again. At thistime thecell hasthevalue
1. Thevaluel that indicatesthis incorsistency
is writtenin fail-bitmap1. It appeasthatall the
cellswiththeoddnumberf addressesre faulty.
Whentheaddressareaccesseth descendig or-
derin StepM2, it appearsthatall thecellsin the
evennumter of addressesre faulty.

e Figure 2.4(d) showsthefail-bitmap for theRAM
wheie the bit-line 1 has a studk-at 0 fault in
Sub_2 of Block1R. In this case fail-bitmap 1
hasall 0’s. |

By analying the fault mockl and the memoy
model,we have thefollowings:

1. A single fault often makes the multiple 1's in
fail-bitmas.

2. Differert faultsproducedifferentfail-bitmays.

3. In mary casesfail-bitmapsl and2 aredifferert.

4. By usingfail-bitmags, we canidentify andlocate
thefaultof theRAM.

Fromthesewe have

Theorem 2.1 Giventhememorymocel in Figure 2.2
andthefaultmodelshownin Table2.1, a singlestud-
at fault can be identified and locatedusingtwo fail-
bitmapsprodwcedby MATS+.
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Figure2.4 Exampes of fail-bitmags

3 Fault DiagnosisusingWalsh Spectrum

In Section2, we shaved that different faults pro-
ducedifferent fail-bitmays. In this section,we pro-
posea methodto idertify andlocatea singlestuck-at
faultby usingthe WalshspectrumIn Subsectior8.1,
we suney theWalshtransfom. In Subsectior8.2 we
shav a property of fail-bitmaps for a single stuck-at
fault. In Subsectia 3.3 we proposea fault diagrosis
metha for RAMSs by usingthe Walshspectrum.

3.1 Walsh transform and Walsh spectrum(7,
12, 14

Let W(n) bethe Walshtransfam matrix defined
by

where@) denoteghe Kronecler product. The matrix
W(1) is calledthe basicWalshtransfam matrix. In
asymbdic representationwe have

Wi =[1 1-2z ].

In this representation;z; = 0 denota thefirst row of
the matrix, while z; = 1 denoteghe secondrow of
thematrix.

Definition 3.1 For a function f given by the
truth-vecte F, the Walsh spectrum W; =

[wo, ..., wan_1]tis
Wf = 27"W(n)F.

The Walsh transfom matrix is self-inverseup to
the corstant2™. Therebre, the inverse Walshtrans-



formis definedby

n

=X, Wy, Xw:®[ 1
i=1

1— 2z |

Example 3.1 Consider the functin f(z1,z2) =
71 V z2. Thetruth vectoris F = [1,0,1,1]%. The
Walshspectrums

Wf = 27nW(TL)F

ri 1 1 1
a1 -1 1 -1
= 2 1 1 -1 -1

L1 -1 -1 1

[ 3
1
_ —2
= 2 e
[ 1

Xw = [1, 1-— 2.771, 1-— 2.’172, (1 — 27‘1)(1 - 2T2)]
In theaboverepresentatio, by assigningz, = 0 and
x1 = 0, wehavethefirstrow of thematrix:[1, 1, 1, 1].
Byassigninge, = 0 andz; = 1, wehavethesecond
row of thematrix:[1, —1,1, —1].
By assigningze = 1 andz; = 0, we havethe third
row of thematrix:[1,1, —1, —1].
By assigningz, = 1 andxz; = 1, we havethe last
row of thematrix:[1, —1, —1, 1].

f isrepresentedy

f = Xwa

= —[17 1—2x1,1 — 29, (1 — 2:51)(1 — 2:r2)]

3
1 1
A 1
1

- 2[3 4 (1—201) — (1—22) + (1 — 221)(1 — 229)]
1

The last expressionin the above exanple is the
Walsh expression We can obtainthe Walsh spec-
trum W ; from the Walshtransfomationof the truth
vecta Ff On the other hand we have the original
logic function f from the inverseWalshtransforna-
tion of the Walshspectrum.

3.2 Properties of fail-bitmaps for a single
stuck-at fault

As showvn in Section2, a singlestuck-atfault can
beidentifiedandlocatedby the nunberof 1's andor
thelocationof 1's in thefail-bitmaps.

To identify andlocatethe faultsof RAMs, we use
fail-bitmagps. Most method diagroseRAMSs by clas-
sifying the fail patternsor shapef fail-bitmgps[1Q
15, 16, 9]. Sincefail-bitmapsaretoo large to store,
most methals compessthe fail-bitmap data. Voll-
rathet al. compresedthemusinggraghical metha
with simple hardvare,andthey compresseda 64M-
bit fail-bitmapinto 2k-hit allowing classificatiorof 13
fail pattern[b]. Isenoetal. compessedhemby us-
ing hardvare-conpressor[f Chenetal. proposeda
“strippeddown”’ comgessor[], which overmmethe
lossof data. |t compessedy strippirg row dataand
colunm dataof the fail-bitmap, and perfaming OR

operatia to eachsggment. Their diagrosingsystem
deconpresseghe compesseddata, and can hardle
thedecanpressedail-bitmaps with X's, whereX de-
notesO or 1[2]. The compessionratio is the width
of a fail-vecta divided by two, e.g.,whenthe word
width is 32,thecompessiorratiois 16.

In this paper we conside autonatic diagrosisfor
singlestuck-atfaultsby usingfail-bitmays. The sim-
plestmethods counting theweight of the map func-
tion, thenumberof 1'sin thefail-bitmays. For exam
ple, whena single stuck-atfault occus in a cell, the
weightof eitherfail-bitmap 1 or 2 becomesl. How-
ever, this methoddoesnot distinguishdifferentfaults
thatproducefail-bitmags with the sameweights. Let
themap function 1(2) representhefail-bitmap 1(2).
The mapfunctions for a single stuck-atfault canbe
represeted by a producttermor a constahfunction
For example mapfunctionsfor Figure2.4@)-(d)are
represeted by producttermsor constantsasshavn
in Table3.1. Wherethe mapfunction 1 is shavn in
theuppe part,andthemapfunction2is shavnin the
lower part. Considerthe examge in Figure 2.4(b).
Theinput z; of therow decodehasastuck-atO fault,
andmapfundion 1 is expressedy the productterm
ZsT7x1. Mapfunctiors correspondig to otherfaults
are also representedby product termsor constants,
as shavn in Table 3.1 The product term and the
weightof the mapfundion 1(2) areshovn in theup-
per(lover) row. For examge, whenthe input =, of
the row decaler hasa stuck-a 0 fault, the weight of
the mapfunction 1(2) is 32, andthe producttermis
ZTsT7x1(TsT7T1). Notethatstuck-atfaultsin the in-
puts of block-subblock selectionMUX are missing
in Table 3.1, but they appearin Table2.1. This is
becausdaultsin the addresslines producethe same
errorasthefaultsin theinputsof theblock.

As shavn in Table 3.1, weights of the mapfunc-
tion 1 and2 aredistinctfor differentfaults. Thus,we
canlocatethefaulty unit. In this particdar exampe,
differentfaults produce different mapfunctionswith
distinct weights. However in a different RAM, dif-
ferentfaultsmay producefail-bitmags with the same
weights. In this case,we can locate the faults by
checkimg literals of the prodict. In this way, we can
identify andlocatethefaults. By inspectingall possi-
ble singlestuck-atfaults,we have the next theoren.

Theorem 3.1 With thefault modelin Table2.1,eac
map function for single studk-at fault of the RAM
shownin Figure 2.2 canberepresentedy a corstant
or aproductterm. We canidentifyandlocatethefault
by usingtheseexpressions.

3.3 Diagnosis of Single Stuck-at Fault by
Walsh Spectrum

In this section,we shav a methodto diagrosea
single stuck-atfault usingthe Walsh spectri. We
alsoshaw thatonly theO-thand1-stcoeficients of the
spectrumare necessaryo locateand identify single
stuck-atfault.

Example 3.2 Table 3.2 showsfive map functians,
T3ToT1, T3T2, T3To, x3T1, and zz. Table 3.3
showstheir WalshspectrumW (Z3Zax1), W(x322),
W(Igfg), W(?[??,i‘l), andW(xg). |



Table3.1 Relationof stuck-atfaultsandmapfunctions.

Type SA-0 SA-1
of faults Map function Weight Map function weight
Cell 0 0 TRT7TELEL4TITOT 1
TRL7TELHL4TIT2L] 1 0 0
Row Decoder TRT7T1 32 TRT7T1 32
TRL7L1 32 TIXLTX1 32
Bit Line 0 0 TIT7TEL5L4 8
TRL7TEL5T4 8 0 0
Sense 0 TT7Tq 32
Amplifier TL7Te 32 0 0
/O 0 0 1 256
1 256 0 0
Y-Switch TIX7TaT4 16 TX7TET4 16
T]TL7TeT4 16 TRT7TeT4 16
Address Ty 128 T4 128
Line T4 128 Ty 128
Table3.2: Exampleof mapfunctions. Table3.3: Exampe of Walshspectrum
Tr3 T2 IT1 fgfgml 3T Q’?gi‘g Igi’l T3 S AY% W AY% A%% W
0 0 0] 0 0 0 0 0 (Z3T271) (w372) (¥3T2) (23T1) (3)
0 0 1 1 0 0 0 0 S¢ 1 2 2 2 4
01 0 0 0 0 0 O s1 -1 0 0 2 0
1 0 0 0 0 1 1 1 89 1 -2 2 0 0
0 1 1 0 0 0 0 O S3 1 —2 —2 -2 4
1 0 1 0 0 1 0 1 S12 —1 0 0 0 0
1 1 0 0 1 0 1 1 S13 -1 0 0 -2 0
1 1 1 0 1 0 0 1 S93 1 2 —2 0 0
5123 -1 0 0 0 0

Definition 3.2 Letj-th compmentof the Walshspec-
trum be w;. Let the binary representationof j be
(kn,kpn—1,...,k1), andlet R C {1,2,...,n} be
a setof integer [ sudh that k;, = 1. In this case
sr = wWj. 54 showsthe 0-th coefficient s; shows
the 1-st coefficient s;; showsthe 2-nd coefficient
ands;;, showsthe 3-rd coefficient

In Table3.3, s4 repesentghe weightfor the map
fundion. s;(i = 1,...,n) representghe correldion
betweenf andz;. s;; (¢,5 = 1,...,n, i # j) rep-
resentshe corrdation betweenf andz; @ x;. Sijk
(¢,7,k =1,...,n, i # j # k) representsthe corre-
lationbetweenf andz; @ z; © xy.

Example3.3 1. Construct the original logical

function from the Walsh spectrumW (Z 3z 1)
shownin Table 3.3:
2731 — (1 —221) + (1 — 2x2) + (1 — 223) —
(1 — 2&"2)(1 — 2&"1) — (1 — 2$3)(1 — 2771) + (1 —
21‘3)(1 - 21‘2) - (1 - 25(‘3)(1 - 21‘2)(1 — 2T1)} =
T1 — X1T2 — T1T3 + T1T223.

2. Constructthe original logical functian fromthe
Walsh spectrumWw (zs3z2) shownin Table3.3:
273[2—2(1—222)+2(1—223) —2(1—223)(1—
2(1‘2)] = X2x3 . |

Lemma 3.1 The absdute value of a coeficient of
the Walsh spectrumfor the n-variable logic func-
tion f(z1, 2, ...,7p)= T1T2 Ty ¢ IS either 2t or
0. Non-zeo coeficientscorrespondo the entriesfor
Tp—t41 = Tp—t =+ =Tp = 0.

(Prooj The Walsh function
for w12 - -w, is Aj_; (1 — 22;). The Walsh func-

tionfor zy1z2- - -y —1%y, IS /\;.:11(1 —2z;). Thus,the
Walshfunction for z1z2- - -2,—1 is \j_, (1 — 22;) +
AT (1= 225) = 22, \JZ} (1 — 225). In thisway,
we canshaw thattheWalshfundion for z x5 - -2, _¢
iS 202, T - - Tty /\;f”;f(l — 2x;). This expres-
sionshaws thatthe absolutevaluesof the coeficients

forz, =z, 1=---=x, 411 = 0 areeither2? or
0. (Q.E.D)

Example 3.4 Considerthe Walsh spectrumfor the
logic functionzozs. Inthiscasen = 3 andt = 1
in Lemma3.1.We seethattheonly coeficientscorre-
spondhg to 2:; = 0 take nonze values,and abso-
lute valuesof themare 2. We canverify this fromthe
columnof W (z3x2) in Table3.3.

Considerthe Walsh spectrumfor the logic func-
tion z3. Inthiscasen = 3 andt = 2 in Lemma
3.1. We seethat only coeficients correspomling to



x1 = x9 = 0 take non-zeo values,andthe absolute
valuesof themare 22 = 4. We canverify thisfromthe
columnof W (z3) in Table3.3. 1

Lemma 3.2 [7, pp.89-%]. Leta bea prodict term.
Let 8 be the productterm in which someliterals in
« are permutaed andor negated. Let W, and Wg
betheWalsh specta for the functiors representedy
theproducttermsa and 3, respectivelyThenW g is
obtaned by permutingcoeficientsand/a charging
thesignof coeficientsof W ,.

Definition 3.3 Let |f| denotethe weightof fundion
f, i.e, the numler of binary vectos d sud that

f(a@) =1.
Example3.5 n =3, |zox3| =2, |21 Vza Vas| =T.
Lemma 3.3 LetWW, betheWalshspectrunof a func-

tion f. Lets; bethel-stordercoeficientof W, then
S; = ‘f| — 204, WhEBvi = |£l?zf‘

(Prod) s; is thecoeficientfor (1 — 2z;) in theWalsh
expressiornrepresentig afunction f. Thus, we have
si o= |f-(U=2w)| =|f] - 2[f - i
|f] = 2v;.

(Q.E.D.)

Lemma 3.4 Considerthe Walsh spectrunof a prod-
ucttermp = Z1Zo -« Tp_¢, whered < t < n. If
s; = 0, thenp hasnoliteral of z;, if s; > 0, thenp
hasa literal z;, andif s; < 0, thenp hasa literal z;,
whee Z; representsa literal «; or its complemat.

(Prod) For f = #1245 -- 4,4, Wherei > n —t, we
have

[ = 2|z f|

= |i51:i'2"'rfn—t| _2|£1i2"'§7n7t§71"

S; =

= |@B1Zg - Ty T| + T2 By
—2|.f1.i’2 s .fl’nftfi‘
= 0.
For f = &1@o--- 24, wherei < n —t,if z; = &;
then,we have
si = |fl—2lzif]

|B189 - - Tp—t| — 2|T1Z2 - - - Tp—i]

= —|.2A71.CIA?2 .- -(i‘nft‘ =2t <.
If z; = z; then,we have
si = |fl—2lzif]
= ‘i‘li‘2"'£n7t|70:2t>0.

(Q.E.D.)

By Theoem3.1andLemma3.4,we have.

Theorem 3.2 By usingthe 0-th and 1-st coeficients
(s¢; 81,82, - ., S,), wecanidentifyandlocatea sin-
gle studk-at fault of the RAM shownin Figure 2.2 us-
ing thefault modelin Table2.1.

In the fault diagrosis using the Walsh spec-
trum, we only use the 0-th and 1-st coeficients
(8¢;51,52,...,8,). Thenumberof the 0-th and 1-
stcoeficients are1l andn, respectiely. Sincewe use
two map functions, we need2n + 2 coeficients to
diagnsethefault.

We constructa fault dictionay representedy the
Walsh spectrum Differert fail-bitmags correspnd
to different faults. Theaem 3.1 shaws that the val-
uesof all nonzerocoeficients of theWalshspectrun
arethe same. For examge, if a bit-line hasa stuck-
at 0 fault, then coeficients s4, s4, s5, s¢, s7, and
sg take values8, and otherstake value 0. In such
case,we write the coeficiert as (sg; s1, s2,.- -, Ss)
= (8;0,0,0,8,8,8,8,8), or 8(1;0,0,0,1,1,1,1,1)
asshavnin Table3.4.

Example 3.6 Considerthree functionszzzs, 322,

andzzT; shownin Table3.2and3.4. x5, is derived
fromtheprodwct z3z2 whetetheliteral z- is negated.
x3Z7 is derivedfromthe produd 23z, whele thelit-

eral z andz, arereplaced

1. Non-zeo coeficientsof W (z3x2) are sy, sz, s3,
s93. Sinces, < 0 ands3 < 0, we canseethat
theproducthastwo literals z, andzs.

2. Non-zeo coeficientsof W (z3z2) are sy, s2, s3,
s23. Sincesy > 0 andsz < 0, we canseethat
theproducthastwo literals z, andzs.

3. Non-zeo coeficientsof W (z 3z, ) are sy, s1, s3,
s13. Sinces; > 0 andsz < 0, weseethat the
producthastwolliterals z; andzs. |

Thus, we have thefollowing diagnais methai.

Algorithm 3.1 (Geneagtion a DiagnosisProgram)

1. Generatethe Fault Dictionary
Derive fail-bitmaps from the RAM modelby in-
spection. Then, compte the Walsh spectrum,
and corstruct the fault dictionary, as shownin
Table3.4. Notethat only the 0-thand 1-stcoefi-
cientsare necessary

2. Construct a Multi-T erminal Multi-v alued De-
cisionTree

(a) Decidethe cordition of branching in each
nock by the absolutevaluesof the coef-

ficient, |si7j|(§7i = ¢,1,...,n,5 = 1,2),
whee s; ; denotesthe coeficient s; of
specta j.

(b) According to the faults in the fault dic-
tionary, constructthe tree and enter the
type of faults in the terminal nodes. In
this case the numter of terminal nodes
is 14, and the numberof edges of each
nonterminal nodes is larger than three
Thus thetreeobtainel by thismethal is an
MTMDT (multi-terminalmulti-valued deci-
siontree).

3. Generatea Diagnasing Program
Reducehe MTMDT, andgenemtethebrancing
programfromthereducedMTMDT.



Table3.4: Examgpe of faultdictionary by usingWalsh

spectrum
Type SA0 SA-L

of faults Spectrunl Spectrunt

Spectrun? Spectrun?
Cell 1(0; 0,0, 0,0,0,0,0,0) T(1;1,1,1,1,1,1,1,1)
1(1;1,1,1,1,1,1,1,1) 1(0;0,0,0,0,0,0,0,0)
Row 32(1;1,0,0,0,0,0, 1, 1) 32(1;1,0,0,0,0,0,1, 1)
Decodet 32(1;1,0,0,0,0,0,1,1) 32(1;1,0,0,0,0,0,1,1)
Row 32(1;0,1,0,0,0,0,1,1) 32(1;0,1,0,0,0,0,1, 1)
Decode? 32(1;0,1,0,0,0,0,1,1) 32(1;0,1,0,0,0,0,1,1)
Row 32(1;0,0,1,0,0,0,1,1) 32(1;0,0,1,0,0,0,1, 1)
DecodeP 32(1;0,0,1,0,0,0,1,1) 32(1;0,0,1,0,0,0,1,1)
Bit Line 1(0;0,0,0,0,0,0,0,0) 8(1;0,0,0,1,1,1,1,1)
8(1;0,0,0,1,1,1,1,1) 1(0;0,0,0,0,0,0,0,0)
Sense 1(0;0,0,0,0,0,0, 0,0) 32(1;0,0,0,0,0,1,1,1)
Amplifier 32(1;0,0,0,0,0,1,1,1) 1(0;0,0,0,0,0,0,0,0)
/0 1(0; 0,0, 0,0,0,0,0,0) 256(1; 0, 0,0,0,0,0,0, 0)
256(1;0,0,0,0,0,0,0,0) 1(0;o0,0,0,0,0,0,0,0)
Y-Switcht 16(1;0,0,0,1,0,1,1,1) 16(1;0,0,0,1,0,1,1,1)
16(1;0,0,0,1,0,1,1,1) 16(1;0,0,0,1,0,1,1,1)
Y-Switch? 16(1;0,0,0,0,1,1,1,1) 16(1;0,0,0,0,1,1,1,1)
16(1;0,0,0,0,1,1,1,1) 16(1;0,0,0,0,1,1,1,1)
Address 128(1;1,0,0,0,0,0,0,0) 128(1;1,0,0,0,0,0,0,0)
Linel 128(1;1,0,0,0,0,0,0,0) 0,0,0,0,0,0)
Address 128(1;0,1,0,0,0,0,0,0) 0,0,0,0,0,0)
Line? 128(1;0,1,0,0,0,0,0,0) 0,0,0,0,0,0)
Address 128(1;0,0,0,0,0,0,0, 1) 128(1;0,0,0,0,0,0,0, 1)
Line® 128(1;0,0,0,0,0,0,0,1) 128(1;0,0,0,0,0,0,0,1)

Algorithm 3.2 (Diagnosisof Fauits of a RAM)

1. Obtain map functiors 1 and 2 by applyirg
MATS+to theRAM.

2. Computethe 0-th and 1-st coeficients of the
Walshspectruml and?2.

3. By usingabsolutevaluesof coeficierts, run the
diagnosingprogram,andidentifythetypeof the
fault.

4. Locatethefault by chedking the signsof the co-
efiicients.

Example 3.7 Figure 3.1 showsthe MTMDT for the
RAM shownin Figure 2.2. In this example by using
onlytheO-thcoeficientss 4 ; ands_ », wecanidentify
all typesof faults. However, in geneal, we alsoneed
the 1-stcoeficientsto identifyfaults.

4 Circuit to Compute Walsh Specrum

In this section we present circuit to compue the
0-thand1-stcoeficientsof the Walshspectrum

The 0-th coeficient s, is equa to the nunber of
1'sin the mapfunction f. The 1-stcoeficient s; is
computedfrom |f| and|f - x;| by usingLemma 3.3.
We cancompue the coeficients of the Walsh spec-
trum by a circuit shavn in Figure4.1. We usen + 1
registersto compue andstorethe 0-th and1-stcoef-
ficients. First, setall theregistersto zero. Next, com-
pute the fail-bitmap function f. For every addess,
compute the EXOR of the valuein the memoryand
the expectedvalueto make f. If f = 1 thenincre-
ment Reg_¢. Also, make AND with z; and f and
increment Reg_i if f -z, = 1. Finally, comptethe
valueof s; from Reg_¢ and Reg_i by usingLemma
3.1.

Multiple Fault

Otherwise

Bit Line SA-1
Y-Switch SA-0/1

| Sense Amplifier SA-1 |

I Row Decoder SA-0/1 I

5\ Address Line SA-0/1 |

Figure 3.1: A multi-termiral multi-valued decision
treefor diagrosisprogam.

Otherwise

Test pattern
generator Memory
Address Address
Dout Din
R/W R/W
Dout
Expected Value [
| D
7.
Xn X2 X1
Reg_n Reg_2 Reg_1 Reg_¢

Figure4.1: Circuit for computing Walshspectrum

Do this computationfor spectral and2. Since
Reg_0 shaws the value of | f| and Reg i shaws the
valueof | f z;|, we cancompte thevalueof s; from
thevalues of Reg_0 andReg 4. Thevaluesof Reg 0
and Reg_i canbe obtaina by just afterapplyirg the
MATS+ patterns. Note that the length of MATS+
is O(2™). Also, the calculationof s; canbe dore in
O(n) steps Also thediagrosisby usings 4 ands; can
bedonein O(n) steps.Thus,thediagnasisof aRAM
with singlestuck-atfault canbe dore in O(2") step,
whereis n is thenunberof bitsin theaddress.



5 Experimental Results

To evaluatethe perfamane, we apgied proposed
methal to a 1 M x4-bit SRAM. We developeda fault
simulatorfor a RAM, andmeasurd thetime neead
diagrosevarious singlestuck-atfault.

We usedESPRESSQMV to minimize the SOPs
of mapfunctiors. We useda computer utilizing Pen-
tiumlll(1.13GHz),34MByte RAM, andWindowsXP.
Minimization time for the SOP of the map fundion
for single stuckat fault of a cell, an addessline,
andl/O, were28[msec], 21[sec], and23[sec], respec-
tively. For somecases,ESPRESSOMV took too
long time to be practical. We also desigred a cir-
cuit to compue the 0-th and 1-st coeficierts of the
Walshspectrun by usingXilinx SpartankXC2S2®-
5fg456. The simulationresult shows that it works
with the clock of 1019MHz. From this result, we
can seethat the circuit requires compuation time
271 %1/(101.9x10%)[sec] for ary types of faults.
We canevaluatethe O-th and 1-st coeficierts of the
Walshspectrumin 213[usec] for 1M x4-bits SRAM.
Thus, by using proposedcircuit, we can diaghose
faultsmuchfasterthanusingalogic minimizer.

6 Conclusions

In this paper we considerech methal to identify
andlocatea single stuck-stthe fault of a RAM from
the fail-bitmags generatedy MATS+. We consider
fail-bitmaps aslogic fundions. Different faults pro-
ducedifferert map fundions. We also shaved that
themapfunction for singlestuck-a fault canberep-
resentedy a producttermor a constant.In the fault
dictionary, logical expressionsarethe straightbrward
methal to representhemapfunctions. To corvertthe
truth tableof the mapfunction into the procuct term,
anSOPminimizeris necessaryEspeciallywhenthe
RAM hasmultiple-fauts, SOPsfor themapfunctions
tendto beverycomgex. In suchcasesthelogic min-
imizationmaytake excessve compuationtime. Such
apropety is uncesirablefor the memay testerin the
productionline. To overcomethis prodem, we pro-
posethe new diagrosismetha by usingonly the0-th
and1-stcoeficientsof theWalshspectrunof thefail-
bitmags. We alsopresentedh simplecircuit to com-
putethem. The computationtimeis O(2™), wheren
is the nunber of bitsin theaddess. It is muchfaster
thanthemetha usingalogic minimizer.
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