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Abstract
In this paper, we show a methodto locatea sin-

glestuck-atfaultof arandom accessmemory (RAM).
From the fail-bitmapsof the RAM, we obtain their
Walshspectrum.For singlestuck-atfault, we show
that the fault canbe identifiedandlocatedby using
only the0-thand1-stcoefficientsof thespectrum.We
alsoshow acircuit to compute thesecoefficients.The
computationtime is

���	��

�
, where� is thenumberof

bits in theaddressof theRAM. Thecomputationtime
is muchshorter thanonethatuselogic minimization
method.

1 Intr oduction
Randomaccessmemories(RAMs) areextensively

usedin various electronic systems.RAMs areused
not only in storage-units for computer systems,but
also in logic devicessuchasFPGAs. Many RAMs
areintegratedinto onechipSoC(SystemonChip),so
enhancing the testmethod for RAMs is very impor-
tant.

Fail-bitmapscontainimportantinformationfor lo-
cating the faults. Fail-bitmaps are two-dimensional
arrays showing the locations of the faulty cells of a
RAM. EachmaphasthesamesizeastheRAM under
test. Themaphas‘0’s for thecellswhoseresponses
arethe sameas the expectedvalues,and‘1’s other-
wise.

The patterns in fail-bitmaps depend on the loca-
tionsandtypesof faultsin RAMs. We usethis prop-
erty to diagnoseRAMs. A straightforwardmethod is
to storethefail-bitmapsfor eachfault. However, such
method is inefficient. We considera fail-bitmap asa
logic function, andrepresentit by a sum-of-products
expression(SOP).Differentfaultscorrespondsto dif-
ferent SOPs.Unfortunately, thecomputationtime for
convertingfail-bitmapinto anSOPis sometimesvery
long. So,we haveto useanalternativemethod.

In this paper, we show a diagnosis method of
RAMs using the Walsh spectrum. From the fail-
bitmapsof theRAM, weobtaintheirWalshspectrum.
For a singlestuck-atfault,we show that thefault can
be identifiedandlocatedby usingonly the 0-th and
1-st coefficients of the spectrum. We also show a
method to compute thesecoefficients. The compu-
tationtimeof theproposedmethodis shorterthanthe
methodusinganSOPminimizer. Therestof thepaper
is organizedasfollows: Section2 shows thestructure
anda test method of RAMs. Section3 surveys the
Walshtransform andWalshspectrum, andproposesa
diagnosismethod usingthe0-th and1-stcoefficients
of the Walshspectrum.Section4 shows a circuit to
compute the 0-th and1-st coefficients of the Walsh
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Figure2.1: Structureof memory.

spectrum. Section5 shows an experimental result,
andSection6 concludesthepaper.

2 Structureand Testof RAMs
In this section,we show the structureof RAMs,

their faultmodel,andtheir testpatterns.

2.1 Structur eof RAMs and their fault model
Figure2.1showsa RAM, whichhasa two dimen-

sional structureof memory cells. A RAM consist-
ing of single big array is slow and dissipatesmuch
power, so RAMs are typically built using a hierar-
chical structure. Cells are grouped to form a sub-
block,sub-blocksaregroupedto form ablock, blocks
aregroupedto form a RAM. A sub-block consistsof
horizontalword-lines andvertical bit-lines, andeach
memory cell is locatedatanintersection of two lines.

In this paper, we considerthefault model in Table
2.1, andusea memory model in Figure2.2 for the
RAM shown in Figure 2.1. This memory hasfour
blocks; a block hastwo sub-blocks; a row decoder
selectsa word in theblock; a sub-block hasfour bit-
lines; a Y-switch selectsoneout of four bit lines; a
senseamplifier(SA) is connected to a Y-switch;and
a block � sub-block selectionmultiplexer selectsone
from four blocks, or eight sub-blocks. We consider
eight typesof single stuck-atfaults shown in Table
2.1.

2.2 TestMethod for RAM
We apply test patternsto RAMs to detectfaults.

Various classesof testpatternsfor RAMs areknown:�
,
� �"! #

, and
�%$

[3]. Eachdenotesthe lengthof the
test,where

�'& � 

is thesizeof aRAM, and� is the

number of bits in the address. Testingtime for
�

is
theshortest,andfor

�($
is thelongest.Normally, test

patternswith thelength
�

areusedto testlarge-scale



Table2.1: Typeof faultsandfaultmodel.

Typeof faults Faultmodel
Cell SA-0(1)on a cell.
Row Decoder SA-0(1)on a input of Row decoder.
Bit Line SA-0(1)on a bit-line
SenseAmplifier SA-0(1)on anoutputof senseamplifier.
I/O SA-0(1)on I/O dataline.
Block) Sub-block SA-0(1)on a selectioninput for
SelectionMUX block) sub-blockselectionmultiplexer.
Y-Switch SA-0(1)on a selectioninput of Y-switch.
AddressLine SA-0(1)on anaddressline.
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Figure2.2: Memory model.

RAMs. Themarch patternis the typical testpattern
with thelength

�
. Various marchpatterns exists. In

this paper, we usethe shortestmarchpattern,called
MATS+. Whenwe test a RAM usingMATS+, we
write values,readvalues,andtestcellsasfollows:

1. Step M0: Write 0 (0W: Zero Write) to all the
cells.

2. Step M1: Readvaluesfrom cells from the ad-
dress0 to

�
in the ascending order. Whenthe

output is equalto theexpectedvalue,weproduce
0whichshowsthatthevalueof theoutput is con-
sistentto theexpectedvalue.Whentheoutput is
different from the expected value,thenwe pro-
duce1 whichshows thevalue is incorrect.After
reading a valuefrom the cell, we write 1 to the
cell. We will do this to all thecells.

3. Step M2: We read a value from eachcell in
thedescending order. In this case,theexpected
valueof the cell is one. After readinga value
from thecell, we write 0 to thecells.We will do
this to all thecells.

Weobtainfail-bitmap 1 in StepM1, andfail-bitma p
2 in StepM2. With thesefail-bitmaps,wecanidentify

Address

Time0 N 3N 5N

Step M0 Step M1 Step M2

0W 0R1W 1R0W

Figure2.3: Testpattern: MATS+

andlocateall typesof singlestuck-atfaultsshown in
Table2.1.

Example 2.1 Figure 2.4(a)–(d) show examplesof
fail-bitmaps for theRAMshownin Figure2.2.

* Figure2.4(a) showsthefail-bitmapsfor theRAM
where onecell hasa stuck-at 0 fault in thesub-
block Sub 2 in Block0R. In this case, we read
expectedvalue0 fromthefaultycell in StepM1.
Thus,thefail-bitmap1 hasall 0’s,while thefail-
bitmap2 hasone1.* Figure 2.4(b) and(c) showfail-bitmaps1 and2
for the RAM where the input + � of the row de-
coderin Block0L hasa stuck-at 0 fault. In this
case, wecanonly accessonehalf of thecells in
Sub 0 andSub 1 of Block0L. For example, we
readtheexpectedvalue0 fromthecell in thead-
dress0 in StepM1, and then write one to the
samecell. Whenwereadthevaluefromthead-
dress1, the stuck-at 0 fault makes the row de-
coderto readthe valuefrom the cell in the ad-
dress0 again. At this time, thecell hasthevalue
1. Thevalue1 that indicatesthis inconsistency
is written in fail-bitmap1. It appears thatall the
cellswith theoddnumberofaddressesarefaulty.
Whentheaddressareaccessedin descending or-
der in StepM2, it appears thatall thecellsin the
evennumber of addressesare faulty.* Figure2.4(d) showsthefail-bitmap for theRAM
where the bit-line 1 has a stuck-at 0 fault in
Sub 2 of Block1R. In this case, fail-bitmap 1
hasall 0’s.

By analyzing the fault model and the memory
model,we havethefollowings:

1. A single fault often makes the multiple 1’s in
fail-bitmaps.

2. Different faultsproducedifferentfail-bitmaps.
3. In many cases,fail-bitmaps1 and2 aredifferent.
4. By usingfail-bitmaps,wecanidentifyandlocate

thefaultof theRAM.

Fromthese,wehave

Theorem2.1 Giventhememorymodel in Figure2.2
andthefault modelshownin Table2.1, a singlestuck-
at fault canbe identified and locatedusingtwo fail-
bitmapsproducedby MATS+.
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Figure2.4: Examplesof fail-bitmaps

3 Fault DiagnosisusingWalshSpectrum
In Section2, we showed that different faultspro-

ducedifferent fail-bitmaps. In this section,we pro-
posea methodto identify andlocatea singlestuck-at
faultby usingtheWalshspectrum. In Subsection3.1,
wesurvey theWalshtransform. In Subsection3.2, we
show a property of fail-bitmaps for a singlestuck-at
fault. In Subsection 3.3, we proposea fault diagnosis
method for RAMs by usingtheWalshspectrum.

3.1 Walsh transform and Walshspectrum[7,
12, 14]

Let , � � � be theWalshtransform matrix defined
by

, � � � &


-�. � ,

�0/1��2 , �3/1� &
/ /
/ 45/ 2

where denotestheKronecker product. Thematrix, �3/1� is calledthebasicWalshtransform matrix. In
a symbolic representation,wehave

, �3/1� & / /647� + - 8
In this representation,+ - &:9 denotes thefirst row of
the matrix, while + - & / denotesthe secondrow of
thematrix.

Definition 3.1 For a function ; given by the
truth-vector < , the Walsh spectrum ,>= &? @BA 2 8C8D8 2 @ $FE�GH��I�J is

, = & � G 
 , � � � < 8
The Walsh transform matrix is self-inverseup to

the constant
� 


. Therefore, the inverseWalshtrans-



form is definedby

; &:KML ,N= 2 KOLP& 

-�. �

/ /647� + - 8

Example3.1 Consider the function ; � + � 2 + $ � &Q+ �SR + $ . The truth vector is < & ? /T2 9 2U/T2F/ I J . The
WalshspectrumisVXWZY ��[]\ V_^�`ba	c

Y ��[�d
� � � ��feg� �feg�� �heg�feg��feg�heg� �

�i ��
Y ��[�d

� �eg�� j
K L & ? /T2F/k4 � + � 2F/647� + $ 2F�3/647� + � �0�3/l47� + $ � I
In theaboverepresentation, byassigning+ $ &m9 and+ � &n9 , wehavethefirst rowof thematrix:

? /T2F/T2U/T2F/ I .
Byassigning+ $ &m9 and + � & / , wehavethesecond
row of thematrix:

? /T2C4o/T2F/T2C4o/ I .
By assigning+ $ & / and + � &p9 , wehavethe third
row of thematrix:

? /T2F/T2F45/T2C4o/ I .
By assigning+ $ & / and + � & / , we havethe last
row of thematrix:

? /T2C4o/T2C4o/U2U/ I .; is representedbyq Y rSs]V W
Y �tvu �D�w�Hex�zy|{}�~��e5�zy d � ^ �He��zy|{ a�^ �ve��Dy d a��

� �eg��
Y �t u ��� ^ ��e��Dy { a e ^ ��e��Dy d a � ^ �vex�zy { a�^ �vex�zy d a��

The last expressionin the above example is the
Walsh expression. We can obtain the Walsh spec-
trum ,�= from theWalshtransformationof thetruth
vector < . On the other hand, we have the original
logic function ; from the inverseWalshtransforma-
tion of theWalshspectrum.

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

As shown in Section2, a singlestuck-atfault can
beidentifiedandlocatedby thenumberof 1’s and/or
thelocationof 1’s in thefail-bitmaps.

To identify andlocatethefaultsof RAMs, we use
fail-bitmaps. Most methods diagnoseRAMs by clas-
sifying the fail patternsor shapesof fail-bitmaps[10,
15, 16, 9]. Sincefail-bitmapsaretoo large to store,
most methods compressthe fail-bitmap data. Voll-
rath et al. compressedthemusinggraphical method
with simplehardware,andthey compresseda 64M-
bit fail-bitmapinto2k-bit allowingclassificationof 13
fail pattern[15]. Isenoet al. compressedthemby us-
ing hardware-compressor[9]. Chenet al. proposeda
“stripped-down” compressor[1], which overcomethe
lossof data.It compressesby stripping row dataand
column dataof the fail-bitmap, andperforming OR

operation to eachsegment. Their diagnosingsystem
decompressesthe compresseddata,and can handle
thedecompressedfail-bitmaps with X’s,whereX de-
notes0 or 1[2]. The compressionratio is the width
of a fail-vector divided by two, e.g.,whenthe word
width is 32,thecompressionratio is 16.

In this paper, we consider automatic diagnosisfor
singlestuck-atfaultsby usingfail-bitmaps. Thesim-
plestmethodis counting theweight of the map func-
tion, thenumberof 1’s in thefail-bitmaps. For exam-
ple, whena singlestuck-atfault occurs in a cell, the
weightof eitherfail-bitmap1 or 2 becomes1. How-
ever, this methoddoesnot distinguishdifferentfaults
thatproducefail-bitmaps with thesameweights. Let
themap function 1(2) representthefail-bitmap1(2).
The mapfunctions for a singlestuck-atfault canbe
representedby a producttermor a constant function.
For example, mapfunctionsfor Figure2.4(a)-(d)are
represented by product termsor constants,asshown
in Table3.1. Wherethe mapfunction 1 is shown in
theupper part,andthemapfunction2 is shown in the
lower part. Considerthe example in Figure 2.4(b).
Theinput + � of therow decoderhasastuck-at0 fault,
andmapfunction 1 is expressedby theproduct termQ+�� Q+��D+ � . Map functions corresponding to otherfaults
are also representedby product termsor constants,
as shown in Table 3.1. The product term and the
weightof themapfunction 1(2) areshown in theup-
per(lower) row. For example, whenthe input + � of
the row decoderhasa stuck-at 0 fault, the weightof
the mapfunction 1(2) is 32, andthe product term isQ+ � Q+ � + � ( Q+ � Q+ � Q+ � ). Note that stuck-atfaultsin the in-
putsof block� sub-block selectionMUX aremissing
in Table 3.1, but they appearin Table 2.1. This is
becausefaultsin the address lines producethe same
errorasthefaultsin theinputsof theblock.

As shown in Table3.1, weights of the mapfunc-
tion 1 and2 aredistinctfor differentfaults.Thus,we
canlocatethe faulty unit. In this particular example,
different faultsproducedifferent mapfunctionswith
distinct weights. However in a different RAM, dif-
ferentfaultsmayproducefail-bitmaps with thesame
weights. In this case,we can locate the faults by
checking literalsof theproduct. In this way, we can
identify andlocatethefaults.By inspectingall possi-
blesinglestuck-atfaults,we havethenext theorem.

Theorem3.1 With thefault modelin Table2.1,each
map function for single stuck-at fault of the RAM
shownin Figure2.2canberepresentedbya constant
or a productterm.Wecanidentifyandlocatethefault
byusingtheseexpressions.

3.3 Diagnosis of Single Stuck-at Fault by
Walsh Spectrum

In this section,we show a methodto diagnosea
singlestuck-atfault using the Walsh spectrum. We
alsoshow thatonly the0-thand1-stcoefficientsof the
spectrumarenecessaryto locateandidentify single
stuck-atfault.

Example 3.2 Table 3.2 shows five map functions,Q+�� Q+ $ + � , +��z+ $ , +b� Q+ $ , +b� Q+ � , and +
� . Table 3.3
showstheir Walshspectrum, � Q+ � Q+ $ + � � , , � + � + $ � ,, � +b� Q+ $ � , , � +�� Q+ � � , and , � +�� � .



Table3.1: Relationof stuck-atfaultsandmapfunctions.
Type SA-0 SA-1

of faults Map function Weight Map function weight
Cell

9 9 Q+ � + � Q+��z+ # Q+��D+b�"+ $ Q+ � /Q+ � + � Q+��"+ # Q+��z+��"+ $ Q+ � / 9 9
Row Decoder

Q+ � + � Q+ � � � Q+ � + � Q+ � � �Q+ � + � + � � � Q+ � + � + � � �
Bit Line

9 9 + � + � Q+��"+ # Q+�� �+ � + � Q+��z+ # Q+�� � 9 9
Sense

9 9 Q+ � + � Q+�� � �
Amplifier

Q+ � + � Q+�� � � 9 9
I/O

9 9 / �1�1�
1

���1� 9 9
Y-Switch

Q+ � + � Q+��z+�� /"� Q+ � + � Q+��D+b� /}�Q+ � + � Q+�� Q+�� /"� Q+ � + � Q+�� Q+�� /}�
Address +�� /"� � +�� /}� �

Line
Q+
� /"� � Q+�� /}� �

Table3.2: Exampleof mapfunctions.
+ � + $ + � Q+ � Q+ $ + � + � + $ + � Q+ $ + � Q+ � + �9 9 9 9 9 9 9 99 9 / / 9 9 9 99 / 9 9 9 9 9 9/ 9 9 9 9 / / /9 / / 9 9 9 9 9/ 9 / 9 9 / 9 // / 9 9 / 9 / // / / 9 / 9 9 /

Definition 3.2 Let j-th componentof theWalshspec-
trum be ��� . Let the binary representationof � be��� 
 2C� 
 GH� 2 8D8C8 2C� � � , and let ����� /T23��2 8C8D8 2 ��� be
a set of integer � such that

� � & /
. In this case,¡z¢ & � � . ¡z£ showsthe 0-th coefficient, ¡ - shows

the 1-st coefficient, ¡ - � showsthe 2-nd coefficient,
and ¡ - ��¤ showsthe 3-rd coefficient.

In Table3.3, ¡ £ representstheweightfor themap
function. ¡ - ��¥ & /T2 8C8D8 2 � � representsthecorrelation
between; and + - . ¡ - � �¦¥z2 � & /T2 8D8D8 2 � 2§¥©¨& � � rep-
resentsthe correlation between; and + -gª + � . ¡ - ��¤
(
¥z2 � 2C� & /T2 8D8D8 2 � 2«¥M¨& � ¨& �|� representsthecorre-

lationbetween; and+ - ª +�� ª +�¤ .
Example3.3 1. Construct the original logical

function from the Walsh spectrum, � Q+¬� Q+ $ + � �
shownin Table3.3:� G � ? /l4­�3/B4®� + � �¬¯°�0/B4±� + $ �¬¯°�3/B4 � +
� �H4�3/v4²� + $ �3�0/¬4²� + � ��4 �3/v4²� +
� �0�3/v4²� + � �]¯7�0/¬4� + � �0�3/
4³� + $ ��4©�3/
4³� + � �0�3/
4³� + $ �3�3/�4�� + � � I &+ � 4 + � + $ 4 + � +b� ¯ + � + $ +b� .

2. Constructtheoriginal logical function from the
Walshspectrum, � +��D+ $ � shownin Table3.3:� G � ? �v4��|�3/�4x� + $ �D¯x�b�0/�4�� +�� �D4x�b�3/�4x� +
� �0�3/�4� + $ � I & + $ + � .

Table3.3: Example of Walshspectrum.´ , , , , ,� Q+ � Q+ $ + � �m� + � + $ �m� + � Q+ $ �±� + � Q+ � �±� + � �¡z£ / � � � µ
¡ � 4o/ 9 9 � 9
¡ $ / 46� � 9 9
¡ � / 46� 46� 46� 4kµ
¡ �¶$ 4o/ 9 9 9 9
¡ � � 4o/ 9 9 4k� 9
¡ $ � / � 4k� 9 9
¡ �¶$ � 4o/ 9 9 9 9

Lemma 3.1 The absolute value of a coefficient of
the Walsh spectrumfor the � -variable logic func-
tion ; � + � 2 + $ 2 8C8D8 2 + 
 � & + � + $ �D�C� + 
 G J is either

� J or9
. Non-zero coefficientscorrespondto theentriesfor+ 
 G J¦· � & + 
 G J & �C�D� & + 
 &m9 .

(Proof) The Walsh function
for + � + $ �D�C� + 
 is


� . � �3/54:� + � � . The Walsh func-

tion for + � + $ �D�C� + 
 GH� Q+ 
 is

 GH�� . � �3/«4M� + � � . Thus,the

Walshfunction for + � + $ �C�D� + 
 GH� is

� . � �0/g4%� + � �v¯
 GH�� . � �3/B4®� + � � & � Q+ 
 
 GH�� . � �3/B4 � + � � . In this way,

wecanshow thattheWalshfunction for + � + $ �D�C� + 
 G J
is
� J Q+ 
 Q+ 
 Gv� �C�D� Q+ 
 G J¦· � 
 G J� . � �0/l4 � +H� � . This expres-

sionshows thattheabsolutevaluesof thecoefficients
for + 
 & + 
 Gv� & �C�D� & + 
 G J¦· � &:9 areeither

� J or
0. (Q.E.D.)

Example 3.4 Considerthe Walsh spectrumfor the
logic function + $ +b� . In this case, � & � and ¸ & /
in Lemma3.1.Weseethat theonlycoefficientscorre-
sponding to + � &¹9 take non-zero values,andabso-
lute valuesof themare 2. We canverify this fromthe
columnof , � +��z+ $ � in Table3.3.

Considerthe Walsh spectrumfor the logic func-
tion +
� . In this case, � & � and ¸ & � in Lemma
3.1. We seethat only coefficientscorresponding to



+ � & + $ &º9 take non-zero values,andtheabsolute
valuesof themare

� $�& µ
. Wecanverify this fromthe

columnof , � +�� � in Table3.3.

Lemma 3.2 [7, pp.89–97]. Let » bea product term.
Let ¼ be the product term in which someliterals in» are permutatedand/or negated. Let ,¾½ and ,>¿
betheWalshspectra for thefunctions representedby
theproductterms » and ¼ , respectively. Then ,À¿ is
obtained by permutingcoefficientsand/or changing
thesignof coefficientsof ,Á½ .
Definition 3.3 Let Â�;�Â denotethe weightof function; , i.e., the number of binary vectors ÃÄ such that; � ÃÄ � & / .
Example3.5 � & � , Â + $ +���Â & � , Â + �HR + $kR +b�]Â &ºÅ .
Lemma 3.3 Let ÆÇ½ betheWalshspectrumof a func-
tion ; . Let ¡ - bethe1-stordercoefficientof Æ ½ , then¡ - & ÂÈ;
Â 47�TÉ - , where

É - & Â + - ;
Â .
(Proof) ¡ - is thecoefficient for

�3/«4Ê� + - � in theWalsh
expressionrepresenting a function ; . Thus,we have

¡ - & ÂÈ;�� �3/l47� + - � Â & Â�;�Â 47� ÂÈ;³�}+ - Â& ÂÈ;
Â 47�TÉ - 8
(Q.E.D.)

Lemma 3.4 ConsidertheWalshspectrumof a prod-
uct term Ë &ÍÌ+ � Ì+ $ �D�C� Ì+ 
 G J 2 @�Î|Ï3Ð�Ï 9ÒÑ ¸ Ñ � . If¡ - &Ò9 , then Ë hasno literal of + - , if ¡ -ÔÓ 9 , then Ë
hasa literal

Q+ - , andif ¡ -�Õ 9 , thenË hasa literal + - ,
where

Ì+H� representsa literal +�� or its complement.

(Proof) For ; &ÖÌ+ � Ì+ $ �C�D� Ì+ 
 G J , where
¥ Ó � 4 ¸ , we

have
¡ - & ÂÈ;
Â 47� Â + - ;
Â& Â Ì+ � Ì+ $ �D�C� Ì+ 
 G J Â 47� Â Ì+ � Ì+ $ �C�D� Ì+ 
 G J Ì+ - Â& Â Ì+ � Ì+ $ �D�C� Ì+ 
 G J Q+ - Â ¯ Â Ì+ � Ì+ $ �D�C� Ì+ 
 G J + - Â4k� Â Ì+ � Ì+ $ �D�C� Ì+ 
 G J Q+ - Â& 9 8
For ; &ÖÌ+ � Ì+ $ �C�D� Ì+ J , where

¥ Ñ � 4 ¸ , if + - &NÌ+ -
then,we have
¡ - & ÂÈ;
Â 47� Â + - ;
Â& Â Ì+ � Ì+ $ �D�C� Ì+ 
 G J Â 47� Â Ì+ � Ì+ $ �C�D� Ì+ 
 G J Â& 4 Â Ì+ � Ì+ $ �D�C� Ì+ 
 G J Â & 4k� J Õ 9 8

If
Q+ - &XÌ+ - then,wehave
¡ - & ÂÈ;
Â 47� Â + - ;�Â& Â Ì+ � Ì+ $ �D�C� Ì+ 
 G J Â 4 9M& � J Ó 9 8

(Q.E.D.)
By Theorem3.1andLemma3.4,we have.

Theorem3.2 By usingthe 0-th and1-st coefficients� ¡"£�×z¡ � 2 ¡ $ 2 8D8C8 2 ¡ 
 � , wecanidentifyandlocatea sin-
gle stuck-at fault of theRAMshownin Figure 2.2us-
ing thefault modelin Table2.1.

In the fault diagnosis using the Walsh spec-
trum, we only use the 0-th and 1-st coefficients� ¡z£�×"¡ � 2 ¡ $ 2 8C8D8 2 ¡ 
 � . The number of the 0-th and1-
st coefficients are1 and� , respectively. Sincewe use
two map functions, we need

� � ¯:� coefficients to
diagnosethefault.

We constructa fault dictionary representedby the
Walsh spectrum. Different fail-bitmaps correspond
to different faults. Theorem 3.1 shows that the val-
uesof all non-zerocoefficientsof theWalshspectrum
arethe same.For example, if a bit-line hasa stuck-
at 0 fault, then coefficients ¡T£ , ¡ � , ¡ # , ¡ � , ¡ � , and¡ � take values8, and otherstake value 0. In such
case,we write the coefficient as

� ¡F£b×z¡ � 2 ¡ $ 2 8C8D8 2 ¡ � �& � � × 9 2 9 2 9 2 � 2 � 2 � 2 � 2 � � , or � �3/ × 9 2 9 2 9 2F/T2F/T2U/U2U/T2F/1�
asshown in Table3.4.

Example 3.6 Considerthree functions +v�D+ $ , +�� Q+ $ ,
and+ � Q+ � shownin Table3.2and3.4. + � Q+ $ is derived
fromtheproduct +��D+ $ wheretheliteral + $ is negated.+b� Q+ � is derivedfromtheproduct +H� Q+ $ where the lit-
eral + $ and + � are replaced.

1. Non-zero coefficientsof , � +v�z+ $ � are ¡z£ , ¡ $ , ¡ � ,¡ $ � . Since¡ $ Õ 9 and ¡ � Õ 9 , we canseethat
theproducthastwo literals + $ and +
� .

2. Non-zero coefficientsof , � +v� Q+ $ � are ¡z£ , ¡ $ , ¡ � ,¡ $ � . Since¡ $ Ó 9 and ¡ � Õ 9 , we canseethat
theproducthastwo literals

Q+ $ and + � .
3. Non-zero coefficientsof , � + � Q+ � � are ¡ £ , ¡ � , ¡ � ,¡ � � . Since ¡ � Ó 9 and ¡ � Õ 9 , we seethat the

producthastwo literals
Q+ � and + � .

Thus,we havethefollowing diagnosismethod.

Algorithm 3.1 (Generation a DiagnosisProgram)

1. Generatethe Fault Dictionary
Derive fail-bitmaps from theRAM modelby in-
spection. Then, compute the Walsh spectrum,
and construct the fault dictionary, as shownin
Table3.4.Notethatonly the0-thand1-stcoeffi-
cientsarenecessary.

2. Construct a Multi-T erminal Multi-v aluedDe-
cision Tree

(a) Decidethecondition of branching in each
node by the absolutevaluesof the coef-
ficient, Â ¡ -~Ø � Â ��¥ &ÚÙ 2U/U2 8D8C8 2 � 2 � & /T20�b� ,
where ¡ -~Ø � denotesthe coefficient ¡ - of
spectra � .

(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 number of terminal nodes
is 14, and the numberof edges of each
non-terminal nodes is larger than three.
Thus,thetreeobtained bythismethod is an
MTMDT(multi-terminalmulti-valueddeci-
siontree).

3. Generatea Diagnosing Program
ReducetheMTMDT, andgeneratethebranching
programfromthereducedMTMDT.



Table3.4:Example of faultdictionarybyusingWalsh
spectrum.

Type SA-0 SA-1
of faults Spectrum1 Spectrum1

Spectrum2 Spectrum2
Cell ÛÝÜ Þ"ß�Þzà�ÞzàÈÞzà�ÞzàÈÞzà�Þ"àÈÞzà�ÞÝá ÛÝÜÈÛ�ßÝÛwàwÛwà�ÛwàwÛwàÝÛwàwÛwàÝÛwàwÛ�áÛÝÜÈÛÝß�ÛwàÝÛwàwÛwàÝÛwàwÛwàÝÛÝàwÛwàÝÛ�á ÛÝÜ Þ}ß�ÞzàÈÞzà�ÞzàÈÞzà�ÞzàÈÞzà�ÞzàÈÞÝá
Row âÝã"ÜÈÛÝß�Ûwà�ÞzàÈÞzà�ÞzàÈÞzà�ÞzàwÛwàÝÛ�á âÝã}ÜÈÛÝßÝÛÝà¦Þ"à�ÞzàÈÞzà�ÞzàÈÞzàÝÛÝà~Û�á

DecoderÛ âÝã"ÜÈÛ�ßÝÛwà�ÞzàÈÞzà�ÞzàÈÞzà�ÞzàwÛwà�Û�á âÝã"ÜÈÛÝß�ÛwàÈÞzà�ÞzàÈÞzà�ÞzàÈÞ"àÝÛwàwÛ�á
Row âÝã"ÜÈÛÝß�ÞzàÝÛwàÈÞzà�ÞzàÈÞzà�ÞzàwÛwàÝÛ�á âÝã}ÜÈÛÝß�Þ"à~ÛÝà�ÞzàÈÞzà�ÞzàÈÞzàÝÛÝà~Û�á

Decoderã âÝã"ÜÈÛ�ß�Þzà�ÛwàÈÞzà�ÞzàÈÞzà�ÞzàwÛwà�Û�á âÝã"ÜÈÛÝß�ÞzàwÛwà�ÞzàÈÞzà�ÞzàÈÞ"àÝÛwàwÛ�á
Row âÝã"ÜÈÛÝß�Þzà�ÞzàwÛwà�ÞzàÈÞzà�ÞzàwÛwàÝÛ�á âÝã}ÜÈÛÝß�Þ"à¦Þ"àÝÛwàÈÞzà�ÞzàÈÞzàÝÛÝà~Û�á

Decoderâ âÝã"ÜÈÛ�ß�Þzà�ÞzàwÛwà�ÞzàÈÞzà�ÞzàwÛwà�Û�á âÝã"ÜÈÛÝß�ÞzàÈÞzàÝÛwàÈÞzà�ÞzàÈÞ"àÝÛwàwÛ�á
Bit Line ÛÝÜ Þ"ß�Þzà�ÞzàÈÞzà�ÞzàÈÞzà�ÞzàÈÞzà�ÞÝá ä"ÜÈÛÝß�ÞzàÈÞzà�ÞzàwÛwàÝÛwàwÛÝàÝÛwàwÛ�áä"ÜÈÛÝß�Þzà�ÞzàÈÞzàÝÛwàwÛwàÝÛÝàwÛwàÝÛ�á ÛÝÜ Þ}ß�ÞzàÈÞzà�ÞzàÈÞzà�ÞzàÈÞzà�ÞzàÈÞÝá
Sense ÛÝÜ Þ"ß�Þzà�ÞzàÈÞzà�ÞzàÈÞzà�Þ"àÈÞzà�ÞÝá âÝã"ÜÈÛÝß�ÞzàÈÞzà�ÞzàÈÞzà�ÞzàwÛwàÝÛwàwÛ�á

Amplifier âÝã"ÜÈÛÝß�Þzà�ÞzàÈÞzà�ÞzàÈÞzàÝÛwàwÛwàÝÛ�á ÛÝÜ Þ"ß�ÞzàÈÞzà�ÞzàÈÞzà�ÞzàÈÞ"à�ÞzàÈÞÝá
I/O ÛÝÜ Þ"ß�Þzà�ÞzàÈÞzà�ÞzàÈÞzà�ÞzàÈÞzà�ÞÝá ãÝå�æ"ÜÈÛÝß�Þ"àÈÞzà�ÞzàÈÞzà�ÞzàÈÞzà�ÞzàÈÞÝáãÝåÝæ"ÜÈÛÝß�Þzà�ÞzàÈÞzà�ÞzàÈÞzà�ÞzàÈÞzà�ÞÝá ÛÝÜ Þ"ß�ÞzàÈÞzà�ÞzàÈÞzà�ÞzàÈÞ"à�ÞzàÈÞÝá

Y-SwitchÛ Û�æ"ÜÈÛ�ß�Þzà�ÞzàÈÞzàÝÛwàÈÞzàÝÛwàwÛwà�Û�á Û�æ"ÜÈÛÝß�ÞzàÈÞzà�ÞzàwÛwà�ÞzàwÛÝàÝÛwàwÛ�áÛ�æ"ÜÈÛ�ß�Þzà�ÞzàÈÞzàÝÛwàÈÞzàÝÛwàwÛwà�Û�á Û�æ"ÜÈÛÝß�ÞzàÈÞzà�ÞzàwÛwà�ÞzàwÛÝàÝÛwàwÛ�á
Y-Switchã Û�æ"ÜÈÛ�ß�Þzà�ÞzàÈÞzà�ÞzàwÛwàÝÛwàwÛwà�Û�á Û�æ"ÜÈÛÝß�ÞzàÈÞzà�ÞzàÈÞzàÝÛwàwÛÝàÝÛwàwÛ�áÛ�æ"ÜÈÛ�ß�Þzà�ÞzàÈÞzà�ÞzàwÛwàÝÛwàwÛwà�Û�á Û�æ"ÜÈÛÝß�ÞzàÈÞzà�ÞzàÈÞzàÝÛwàwÛÝàÝÛwàwÛ�á

Address Û�ãÝä"ÜÈÛÝßÝÛwà�ÞzàÈÞzà�ÞzàÈÞzà�ÞzàÈÞzà�ÞÝá Û�ãÝä"ÜÈÛÝß�ÛwàÈÞzà�ÞzàÈÞ"à�ÞzàÈÞzà�ÞzàÈÞÝá
Line Û Û�ãÝä"ÜÈÛÝßÝÛwà�ÞzàÈÞzà�ÞzàÈÞzà�ÞzàÈÞzà�ÞÝá Û�ãÝä"ÜÈÛÝß�ÛwàÈÞzà�Þ"à¦Þ"à�ÞzàÈÞzà�ÞzàÈÞÝá

Address Û�ãÝä"ÜÈÛÝß�ÞzàÝÛwàÈÞzà�ÞzàÈÞzà�ÞzàÈÞzà�ÞÝá Û�ãÝä"ÜÈÛÝß�ÞzàwÛwà�ÞzàÈÞ"à�ÞzàÈÞzà�ÞzàÈÞÝá
Lineã Û�ãÝä"ÜÈÛÝß�ÞzàÝÛwàÈÞzà�ÞzàÈÞzà�ÞzàÈÞzà�ÞÝá Û�ãÝä"ÜÈÛÝß�ÞzàwÛwà�Þ"à¦Þ"à�ÞzàÈÞzà�ÞzàÈÞÝá
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.
Address Û�ãÝä"ÜÈÛÝß�Þzà�ÞzàÈÞzà�ÞzàÈÞzà�ÞzàÈÞzàÝÛ�á Û�ãÝä"ÜÈÛÝß�ÞzàÈÞzà�ÞzàÈÞ"à�ÞzàÈÞzà�ÞzàwÛ�á
Lineä Û�ãÝä"ÜÈÛÝß�Þzà�ÞzàÈÞzà�ÞzàÈÞzà�ÞzàÈÞzàÝÛ�á Û�ãÝä"ÜÈÛÝß�ÞzàÈÞzà�Þ"à¦Þ"à�ÞzàÈÞzà�ÞzàwÛ�á

Algorit hm 3.2 (Diagnosisof Faults of a RAM)

1. Obtain map functions 1 and 2 by applying
MATS+to theRAM.

2. Computethe 0-th and 1-st coefficients of the
Walshspectrum1 and2.

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

4. Locatethe fault by checking thesignsof theco-
efficients.

Example3.7 Figure 3.1 showsthe MTMDT for the
RAMshownin Figure 2.2. In this example, by using
onlythe0-thcoefficients¡T£ Ø � and ¡D£ Ø $ , wecanidentify
all typesof faults. However, in general, wealsoneed
the1-stcoefficientsto identifyfaults.

4 Cir cuit to ComputeWalshSpectrum
In this section,we presenta circuit to compute the

0-thand1-stcoefficientsof theWalshspectrum.
The 0-th coefficient ¡U£ is equal to the number of

1’s in the mapfunction ; . The 1-st coefficient ¡ - is
computedfrom Â�;�Â and Â�;M�D+ - Â by usingLemma 3.3.
We cancompute the coefficients of the Walshspec-
trum by a circuit shown in Figure4.1. We use� ¯­/
registersto compute andstorethe0-th and1-stcoef-
ficients.First,setall theregistersto zero.Next, com-
pute the fail-bitmap function ; . For every address,
compute the EXOR of the valuein the memoryand
the expectedvalueto make ; . If ; & / thenincre-
ment � Ï3ç Ù . Also, make AND with + - and ; and
increment � Ï0ç ¥ if ;²�C+ - & / . Finally, compute the
valueof ¡ - from � Ï0ç Ù and � Ï3ç ¥ by usingLemma
3.1.
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Figure 3.1: A multi-terminal multi-valueddecision
treefor diagnosisprogram.
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Figure4.1: Circuit for computingWalshspectrum

Do this computation for spectra1 and 2. Since� Ï3ç 9 shows the value of ÂÈ;�Â and � Ï0ç ¥ shows the
valueof ÂÈ;o+ - Â , we cancomputethevalueof ¡ - from
thevalues of � Ï3ç 9 and � Ï0ç ¥ . Thevaluesof � Ï0ç 9
and � Ï0ç ¥ canbeobtained by just afterapplying the
MATS̄ patterns. Note that the length of MATS̄
is
�³�	� 
 �

. Also, the calculationof ¡ - canbe done in��� � � steps.Also thediagnosisby using ¡U£ and ¡ - can
bedonein

�³� � � steps.Thus,thediagnosisof aRAM
with singlestuck-atfault canbedone in

�³��� 
 �
step,

whereis � is thenumberof bits in theaddress.



5 Experimental Results
To evaluatetheperformance,we applied proposed

method to a
/�XZY
µ

-bit SRAM. We developeda fault
simulatorfor a RAM, andmeasured the time needed
diagnosevarioussinglestuck-atfault.

We usedESPRESSOMV to minimize the SOPs
of mapfunctions. We useda computerutilizing Pen-
tiumIII(1.13GHz),384MByteRAM, andWindowsXP.
Minimization time for the SOPof the mapfunction
for single stuck-at fault of a cell, an address line,
andI/O, were

� � ? [ ¡ Ï]\ I , �b/ ? ¡ Ï]\ I , and
� � ? ¡ Ï]\ I , respec-

tively. For somecases,ESPRESSOMV took too
long time to be practical. We also designed a cir-
cuit to compute the 0-th and1-st coefficients of the
Walshspectrum by usingXilinx SpartanII-XC2S200-
5fg456. The simulationresult shows that it works
with the clock of 101.9MHz. From this result, we
can see that the circuit requires computation time� 
 · ��Yk/�^ �3/ 9 / 8 _ Y§/ 9�` � [sec] for any types of faults.
We canevaluatethe 0-th and1-st coefficients of the
Walshspectrumin

�b/ � ? a ¡ Ïb\ I for
/�XcY
µ

-bits SRAM.
Thus, by using proposedcircuit, we can diagnose
faultsmuchfasterthanusinga logic minimizer.

6 Conclusions
In this paper, we considereda method to identify

andlocatea singlestuck-stthe fault of a RAM from
the fail-bitmaps generatedby MATS+. We consider
fail-bitmaps aslogic functions. Different faultspro-
ducedifferent map functions. We also showed that
themapfunction for singlestuck-at fault canberep-
resentedby a product termor a constant.In thefault
dictionary, logicalexpressionsarethestraightforward
method to represent themapfunctions.To convertthe
truth tableof themapfunction into theproduct term,
anSOPminimizeris necessary. Especially, whenthe
RAM hasmultiple-faults, SOPsfor themapfunctions
tendto beverycomplex. In suchcases,thelogic min-
imizationmaytakeexcessivecomputationtime. Such
a property is undesirablefor thememory testerin the
production line. To overcomethis problem, we pro-
posethenew diagnosismethod by usingonly the0-th
and1-stcoefficientsof theWalshspectrumof thefail-
bitmaps. We alsopresenteda simplecircuit to com-
putethem. Thecomputationtime is

���	� 
 �
, where�

is thenumberof bits in theaddress.It is muchfaster
thanthemethod usinga logic minimizer.
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