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Abstract—The authors propose a new accurate yield prediction N¢p, Number of cross line failures in a MU.
method for system-LSI embedded memories to improve the NR Number of built-in row redundancy sets.

productivity of chips. Their new method is based on the failure-re- Nen,
lated yield prediction method in which failure bits in memory are RM

Number of variations of RM.

tested to see whether they are repairable or not by using built-in Nwr Number of yvord line fa_llures Ll MU'
redundancies. The important concept of the new method is called PF Pass (repairable) or fail (not repairable).
“repairable matrix” (RM). In RM, rm;; = 1 means thati row RM Repairable matrix.

redundancy sets andj column redundancy sets are needed for rm(1)pq Matrix element of the first original RM.

repair, where rm;; is an element of the matrix. Here, RM can
indicate all the candidate combinations of the number of row
and column redundancy sets for repair. The new yield prediction

rm(2)i—p)(j—q) Matrix element of the second original RM.
rm(comb);; Matrix element of combined RM made from

method using RM solves two problems, “asymmetric repair” two original RMs.
and “link set.” These have a significant effect on accurate yield rm;; Matrix element of RM.
prediction but have not yet been approached by conventional ¢ Bit width of one column redundancy set.

analytical methods. The calculation of yield by the new method is
demonstrated in two kinds of advanced memory devices that have

Bit width of one row redundancy set.

different design rules, failure situations, and redundancy designs. X Number of row rgdundancy s_ets f(_)r repair.
The calculated results are consistent with the actual yield. on X MU Number of MUs in an analysis unit along the
average, the difference in accuracy between the new method and X axis.
conventional analytical methods is about 5%. Y Number of column redundancy sets for repair.
Index Terms—Embedded memory, failure, redundancy, semi- Yay Yield of an analysis unit.
conductor manufacturing, yield prediction. Yinemory Yield of the memory part in a chip.
YMU Number of MUs in an analysis unit along the
NOMENCLATURE Y axis.
DX Deviation of “pointer bit” towardX direction.
DY Deviation of “pointer bit” towardY direction. |. INTRODUCTION
Ef Existence probability of a failure situation. N THE system-LS| with embedded memories business,
Efey Existence probability of a failure situation in | 3 short delivery time is required. In addition, the volume
MUzy. of production is much smaller than that of general-purpose
Erm Existence probability of RM. memory chips industry. Therefore, improving productivity,
Ermlkzy] Existence probability ofkzy)th RMin Nry by such means as suitable plans for production and inventory
variations of RM. adjustment, is essential to make a profit. Accurate yield predic-
fdist Existence probability function of failure size. tion is crucial. Inaccurate yield prediction results in a shortage
fsize Existence probability function of failure dis- or surplus of lot inputs. For example, an inaccuracy of 10% can
tribution. result in a ten-lot discrepancy.
rx Size of a failure alonX axis. In this paper, we focus on the yield prediction method for the
FY Size of a failure along’ axis. memory part of system-LSI, because some multimedia appli-
MU Minimum unit. cations require larger embedded memories than 4 Mb. There is
MU, MU determined by andy which are theX  continual room for improvement in yield prediction techniques,
andY coordinates of MU in an analysis unit, athough the yield of the memory part strongly affects the yield
respectively. of system-LSlI chips [1].
Nav Number of analysis units in a chip. The mainstream of analytical yield prediction methods has
Nait Number of bit failures in a MU. been the “failure-related” yield prediction method which judges
Npr Number of bit line failures in a MU. whether failure bits or defects that cause failure bits in memory
NC Number of built-in column redundancy sets. can be repaired by built-in row and column redundancies. So
far, many researchers have suggested prediction methods for
Manuscript received March 31, 2003; revised May 13, 2003. “failure situations” in memory chips of the future [2]-[9]. For
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Repair unit of Analysis Unit WC = 8bits
a Column redundancy set > <€
(Width of a Column redundancy set (WC) : 8 bits) minlnin
SR
Lowest Row repair boundary MU, 4 built-in
address \A Minimum Column
i Repair unit of Unit (MU) Redundancy sets
0 a Row redundancy set NC =4
; (Width of a Row (NC=4)
‘1) ‘ redundancy set (WR) : 2 bits)
1
0 N A Bit Failure repaired by ;
" “2” Row redundan t X
1 bit-Q €y sets
s or “1” Column[®edundancy set .
Y 'WR = 2bits
2 built-in Row redundancy sets
. . . (NR=2)
Fig. 1. Example of “asymmetric repair.” Number of row and column
redundancy sets for repair are different. Repairable area of
left-hand Column redundancy
and space model [7]. Failure situations are determined by thr lower Row redundancy

factors. These are the kind of failures, the size of the failures,

and the number of failures. In the failure-related yield predigig.2. Example of “link set.” Repairable area of row and column redundancies
tion method, it is possible to make use of the results of thess different.

studies on failure situations [2]-[9]. Therefore, the failure-re-

lated yield prediction method is superior because a high degigg, and column redundancies are partially overlapping but not
of accuracy for yield prediction can be expected. equal. A link set often occurs in large-scale memory chips [16].
HOWeVer, the conventional analytical methods that have beﬂ]qg 2, the repairab'e areas of row redundancies are two min-
described so far cannot treat “asymmetric repair” and “link setmum units (MU) along theY axis and the repairable areas of
These two cases often occur in embedded memories in syst@@lumn redundancies are two MUs along fexis. It is sig-
LSls. nificant for accurate yield prediction because a failure situation
Fig. 1 shows the asymmetric repair where the number of rawone MU could affect the repair probability of the neighboring
redundancy sets and the number of column redundancy setyitg. However, there are no conventional analytical methods that
repair a failure are different. Asymmetric repair is not negligiblgake link set into account, and this results in an incorrect yield
in system-LSI embedded memories in which the bit width gfrediction as described in Section V. Conventional methods are
one column redundancy set is larger than that of the row reduimited because the repairable areas of row and column redun-
dancy set because the repair unit of a column redundancy @gtcies are equal [10]-[15].
is an input/output (1/O) line in most cases, normally a multiple A Monte Carlo technique is a strong candidate to overcome
of four bits. In Fig. 1, the width of a row redundancy set is twehese two problems. However, it is difficult to verify the relation
bits and we assume that a row redundancy set can repair “@f'cause and effect. On the other hand, the results of analytical
pairs of the lowest row address but cannot repair “10” pairs. Theethods such as the failure-related method can be easily verified
3 x 3 bit failure can be repaired by either “2” row redundanciy monitoring the process of the calculation. Therefore, if there
sets or “1” column redundancy set. The number of redundangse strong alternative methods, we believe that the Monte Carlo
sets is determined by the relative location of the failure to thechnique is not the best solution.
“repair boundary” shown in Fig. 1. It is obvious that the larger The purpose of this work is to present an accurate analyt-
the difference between the width of a row redundancy set ajdl yield prediction method based on the failure-related method
that of column redundancy set becomes, the more likely asyand to make it possible to treat both asymmetric repair and link
metric repair occurs. Asymmetric repair can occur in bit anskt. In Section Il of this paper, we analyze the basic failure-re-
cross line (CL) failures; the former failure can be repaired bigted method. In Section Ill, we propose a new method of yield
row or column redundancies and the latter failure is repairggediction using the repairable matrix (RM). In Section IV, the
by row and column redundancies. However, some conventiopabcess of calculation is described in detail. In Section V, the
methods do not even treat bit and CL failures [10]-[12], angew method is verified by a comparison between the actual yield
others that do treat these failures assume that the number ofgied the calculated results; the results calculated by conventional
dundancy sets required to repair a failure is equal in both casgsthods are also shown.
as reported by Stappet al. [13]. In the case of the failure in
Fig. 1, the conventional methods assume that the failure is re- || A naLYsIS OF THE BASIC FAILURE-RELATED YIELD
paired by either “1” row redundancy set or “1” column redun- PREDICTION METHOD
dancy set, or by either “2” row redundancy sets or “2” column ) ) _ o
redundancy sets. Ignorance of asymmetric repair results in fiy- Basic Failure-Related Yield Prediction Method
correct yield predictions as demonstrated in Section V. The basic failure-related yield prediction method is

Fig. 2 shows the second case, link set, where a set of redun-
dancies can cross region boundaries and the repairable areas of Yimemory = (YAU)N AU Q)
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Repair unit of Repai it of Repair unit of Repair unit of

a Column redundancy set a ;lpoavlvrrl:(lilul? dancy set a Column redundancy set a Row redundancy set

(WC': 8 bits) (WR : 2bit) (WC : 8 bits) (WR: 2 bits) repair boundary
@ (b)

[ 1 117 %

g8 : - )

Repaired by “1” Row or Repaired by “2” Row or
“1” Column redundancy sets “1” Column redundancy sets
© S @
Fig. 3. Example of a failure situation composed of three bit failures. There ¢ )
five different ways of repair.
whereYoemory is the yield of the memory part of a chip,y is Repaired by “1” Row or Repaired by “2” Row or

the yield of an analysis unit, anmd, iy is the number of analysis “2” Column redundancy sets “2” Column redundancy sets
unit in a chip; these abbreviations are shown in the Appendix.

An analysis unit is the minimum rectangular area containing ttgy. 4. Example of a X 2-bit failure. There are four different ways of repair
repairable areas of both row and column redundancies as sh@@gerding to the failure’s location.

in Fig. 2.
Yau can be shown as follows: in plural MUs, all five candidates must be memorized because
] some of these five candidates may not be used according to the
AMUY MU failure situation in the neighboring MU. Without a method in
Yau = Z H H Efey  (2) which plural candidates can be treated simply, it is obvious that

all repairable failure situations z=1 y=1

the calculation of (2) becomes complicated.

whereXMU and YMU are the number of MUs along thé Fig. 4 shows another example of the ways of repairing a
axis andY axis, respectively (in Fig. 2X MU = Y MU = 2) failure situation composed of one2-bit failure. In Fig. 4, itis

Ef,, isthe exiétence probability of a failure situation in MJLJ notable that the bit failure can be repaired in four different ways,
andz andy are the coordinates of MU in the analysis unit. Including the two asymmetric repairs shown in Fig. 4(b) and

Equation (2) is an extension of conventional failure-relate@): @ccording to its relative location to the repair boundary of
yield prediction methods [13], [15] and link set is taken into adh® rédundancies in memory. In this case, itis required to judge
count. In (2), if a given failure situation is repairable, then th\e_/hether this failure situation is repairable or not at least four
product of B f,, is added to¥,y. To judge whether it is re- times. In the case of a failure situation composed of plural fail-
pairable or not, the number of redundancy sets needed for {¥€S. the number of combinations of redundancy sets becomes
pair and the number of built-in redundancy sets must be colgraer. Moreover, taking link set into consideration, the number
pared. If the former is less than or equal to the latter, the analy8fgcombinations becomes much larger.
unit is repairable. Therefore, the key point in calculating (2) is ThUS it seems to be tough work to tackle (2) squarely. There-

counting the number of redundancy sets for repair under an €, we need a calculation method in which the two conditions
bitrary failure situation. described below are met.

1) The several candidates for repair, as mentioned in Fig. 3,
d should be described in a simple way.

. 2) The number of combinations for calculation should be
However, there are two problems that make the calculati@f,5jier.

of (2) complicated. These are explained by the two examples
shown in Figs. 3 and 4.

Fig. 3 shows an example of a failure situation composed of
two 2 x 2-bit failures and one k 1-bit failure in a MU. To re-
pair this failure situation, there are eight candidate combinationsT© find a way of meeting the first condition described in the
as follows: (4,0)/ (3,2)/ (3,1) / (2,3)/ (2,1) / (1,3) / (1,2) / (0,4)!ast section, a new concept called repairable matrix (RM) is sug-
where é’ 7) means row redundancy sets arjd:o'umn redun- geSted in Section II-A. In Section ”'B, we propose a new y|e|d
dancy sets are needed for repair. If the number of built-in row rgtediction equation by RM. This equation implies two steps for
dundancy sets\ R) is two and that of column redundancy set§alculation to meet the second condition described in the last
(NC) is four as shown in Fig. 2, the number of candidates b&ection.
comes five, as follows: (2,3)/(2,1) / (1,3) / (1,2) / (0,4), because
the candidates in which the number of row redundancy sets &x- New Concept—RM
ceeds the number of built-in row redundancy sets are excludedWe propose a new criterion, the RM. RM shows the combi-
To deal with link set in which one redundancy repair failure bitsations of the number of row redundancy sets and the number

B. Point at Issue of Failure-Related Yield Prediction Metho

I1l. NEW YIELD PREDICTION METHOD BY REPAIRABLE
MATRIX
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Number of Repair unit of Repair unit of
Column redundancy sets a Column redundancy set a Row redundancy set
0123 4 j i (WC : 8 bits) (WR : 2bits)
00001])0 (@ (b)
B Number of LT
RM=1001 1011 pow redundancy sets
01010)2 )

Fig. 5. RM corresponding to the failure situation shown in Fig. 3. Five ways
of repair can be expressed by the five “1"s in RM.

© T @

of column redundancy sets for repair. Fig. 5 shows the RM cor
responding to the failures shown in Fig. 3 which has five can- =10
didates for repair. The minimum number of rows and columns
in the matrix is zero and the maximum number of rows anc L1
columns isNR andNC, respectively, wher&lR is the number

of built-in row redundancy sets aiNCis that of column redun- Fig. 6. Example of different failure situations categorized in the same RM.
dancy sets. Fig. 5 shows a case wHeRis two andNCis four RM helps to reduce the number of combinations required for calculation.

as shown in Fig. 2. Hererin,;; = 1" indicates that the failures

can be repaired byi* row redundancy sets ang.” Columnre- (Egy;). The second step follows after the first step ends. The
dundancy sets, wheren;;, is the matrix element. All five can- second step is to judge whethe¥F' = 1 or = 0 when each MU
didates described in Fig. 3 can be successfully expressed in Rb& some RMs.

as shown in Fig. 5, and the first condition shown in the former We define all repairable failure situations by the number of
section is satisfied. It is also obvious that an asymmetric repéailures and the size of failures. First, for the number of failures,

can be treated successfully. we decide all repairable failure situations as follows:
Nru, the number of variations of RM, can be calculated as
follows: Nwr + Ne < NR
Npr + Nc. < NC } (6)
Ny = 2WVEAD(NCHD) _q (3) Ngit + NwL + NpL +2 X No, L NR+ NC

whereNg;:, Nwi,, Ng1, and N¢r, are the number of Bit, WL,

Here “2" means the number of cases at RM (0 or 11" means / 3 i
BL, and CL failures in the MU, respectively. WhéWR = 2

the exception when all elements are “0.” In the cas& éf = 2

andNC = 4, as shown in Fig. 2NVgy becomes 32 767. andNC = 4, the number of combinations &fg;;, Nwr, VBL,
and N¢y, is 90. Second, for the size of failures, we limit the
B. New Yield Prediction Method by Repairable Matrix maximum size of four kinds of failure as follows:
Equation (2) can be rewritten by a new yield prediction max(NR WR, NC WC) :Bit failure
method with RM NR WR : WL failure 7
N N N NCWwWC : BL failure
Yio = 2“: 2“: z“: min(NR WR, NC WC) :CL failure
ku=1ki2=1  kxuvymv=1 where WR and WC are the bit width of a row redun-

A{Erum [k11] Erm [k12] -+ Erm [kxmuymu] PFY (4)  dancy set and a column redundancy set, respectively, and
max(NRWR, NOWC) and min(NRWR, NC WC)

- ) '~ are the larger and the smaller numbers 8f R WR) and
Era is the existence probability of RM, arftks [k, means  (y o w), respectively. By changing the number of failures

the existence probability of(, )th RM in Ny variations of o the size of failures according to (6) and (7), respectively, all
RM. Also, PF stands for pass (repairable) or fail (not rEpa'rabl%pairable failure situations can be obtained. WheR = 2,

wherek,, is a variable whose value changes from INgy,

and the value oPF becomes as follows: NC =4, WR = 2,andWC = 8 as in Fig. 2, the number of
PF =1 (repairable) all repairable failure situations is about 6 billion.
PF =0 (not repairable) } . ) The key point of (4) is to categorize all 6 billion repairable

failure situations in an MU intdVgy; variations of RM. Fig. 6

Equation (4) means that when a failure situation in )Jdan shows examples of three different bit failures that are catego-
be repaired by combinations of row and column redundancy setd into one RM. In (2), these failures are treated separately.
shown by ., )th RM, the product ofEgy; [k.,] Of all MU is  Another key point is to treat each MU independently at first,
added toYay, if PF = 1. then judge whether repairable or not by putting all the MUs in

Equation (4) implies two steps for calculation. The first stepn analysis unit together. If the analysis unit is treated altogether
is converting “all repairable failure situations” in an MU intofrom the beginning, the number of combinations for calculation
Ngrw Vvariations of RM and finding their existence probabilitypecomes 47 billion times larger than the proposed method. As
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START START
Step 1
Stepl-1] Sending a failure

situation to memory.

P

all repairable failure
situations ended?

Step1l-2| Converting into RM.

|

Step1-3] Calculation of E,,

Step 2

Step1-4

Shifted on all cross-
section area?

repeated the
(XMU YMU)th
power of Ny, times?

no

Step1-5|  Qhifting failures in

cross-section area.

END

END

Fig. 7. Outline of calculation oY,y . Steps 1 and 2 are repeated.
Fig. 8. Outline of Step 1. Failure situation is converted into RM.

a result, (4) reduces the number of combinations required *

' Repair unit of Repair unit of
calculation. a Column redundancy set  a Row redundancy set
(WC=38) (WR =2)
V. CALCULATION METHOD OF Yy ® DY=2
a

To calculateYay in (4), two steps are needed as described X Pointer bit
the previous section. This section describes the method of cal —
lating these two steps in detail. As shown in Fig. 7, the first ste e
is repeated under all repairable failure situations indicated DX=1") 4 2x2-Bit failure
(6) and (7), and the second step is repeatedXid( YMU)th // FX=FY=2
power of Ngy times. Cross-sectional area (16 bits)

In the last part of this section, we discuss how to apply th ®) N p N
calculation method to other redundancy schemes such as fl 01000 01roo0o0
ible redundancy or block redundancy. 10000 00000

00000) L1000 0

A. Step 1—Conversion Into Repairable Matrix Egy = (T16)Ef Egy = (7/16)Ef

The main process of Step 1 is to convert a failure situatic (00100) (00100)
into RM. Fig. 8 shows an outline of Step 1 and Fig. 9 shows ¢ 10000 00000
example of the process of Step 1. L0000 O0) 1000 0)

In Step 1-1, the failure situation is sent to memory. In Fig. ¢ Egy = (1/16)Ef Egy = (1/16)Ef
there is one 2« 2-bit failure. We call the upper left corner of
the failure the “pointer bit.” Fig.9. Example of Step 1. & 2-bit failure is converted into four RMs.

From Steps 1-2 to 1-5, the conversion of failures into RM

and a shift of failures are repeated. The failures are shifted j

the tional " of th i unit of dund ol wm Of the upper left RM shown in Fig. 9 can be expressed
€ cross-sectional area ot the repairunit of a row redundan (7/16)E f, the existence probability of a failure situation, as
set and that of a column redundancy set. In Fig. 9, the cro i

X . . ; lows:
sectional area is composed of 16 bits because the width of a row

redundancy set is 2 and that of a column redundancy setis 8.\ = (7/16)E f

Therefore, Steps 1-2-1-5 are repeated 16 times. The2zbit _ . o . .
failure can take four variations of RM in 16 locations as shown N (7/1.6){fdlst(NB‘t N 1) feize(2 2._B1t)}
in Fig. 9(b), and thery, the existence probability of RM, is -fdist(Nwr, = 0)fdist(Npr, = 0)fdist(Ner, = 0)
shown in the lower right corner of each RM. For example, the (8)
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START
| 0 + 4 =4 Column 1+2=3 Column
Step 2-1 A redundancy sets redundancy sets
Y Setting an RM for each are needed are needed
MU.
>| Analysis Unit I t
MU MU
Step 2-2| Selecting a “1” for each u \ 12
MU. 01 000jfo@®ooo 2+0=2Row
] 00000100000 ({E) redundancy sets
Step 2-3| Counting the number of @ 0000J)10000 are needed
redundancy sets for
repair. MU, MU,
000 o0@)foo0000 0+1=1Row
Step 2-4 - 00000 00 @ 0 o0 | redundancy sets
are needed
Less than or equal to yes Repairable X 00010 01000
the number of built —in 1
redundancy sets? Y
Step 2-6
OExample of repairable combination
The pr Od‘f“ of Egy, of (the number of redundancies for repair is less than
Step 2-5 1o each RM is added to Y, or equal to the built-in number of redundancies;
All the combinations Rows : 2, Columns : 4)
of “1” finished?
Fig. 11. Example of Step 2. If the number of redundancy sets for repair is less
than or equal to that of built-in redundancy sets, the analysis unit is repairable.
Not Repairable
» END

corner bit of the cross-sectional area, alid? andW C' are the
Fig.10. Outline of Step 2, which judges whether the analysis unit is repairadé width of a row redundancy set and a column redundancy set,
or not. respectively, as shown in Fig. 9.

The RM for a failure situation composed of two failures can
wherefdist(Ng;; = 1) is the probability of a failure distribu- D& calculated by making a combined RM from two RMs. Equa-
tion where there is one bit failure in the MU, and so on. Her&0n (4) shows how to obtain a combined RM from two RMs
fsize(2 x 2—Bit) is the probability that the bit failure’s size is P
2 ><_2. These values dﬂis‘§ andfsize can be obta_ine_zd on the rm(comb)i; =1 if 3 3 (rm(1)pgrm(2)i—p)j—q)) =1
basis of the results of previous works on the prediction methods p=04=0
of failure situations [2]-[9]. if !

. . . . = 1 2 i i) =
In general, the RM of a single failure is determined by thgm(comb) =0 =0 qzo(rm( Jpa TU2) -9 -0)) =0
following: (15)
whererm(comb),; is the element of the combined RM, and

rmxo=1 if X <NR rm(1),q andrm(2);_pj—q) are the elements of the two orig-
[ rmoy =1 ifY ; NC } (9) inal RMs. For a failure situation composed of more than three
[WL failure] RMyo=1 if X < NR (10) failures, the combined RM can be calculated by repeating (15).
[
[

J

Bit failure]

. . Step 1 is repeated under all repairable failure situations, and
BL failure]  RMpy =1 if Y < NC 1) they are categorized iNg\ variations of RM, and thé&g,; of
CL failure] RMxy =1 if X < NRandY < NC (12) each RMis calculated by adding up the existence probability of

failures that have the same RM.
where X andY in these equations are the number of row re-

dundancy sets and column redundancy sets for repair, resg@c-Step 2—Judgment of Pass or Fail
tively. If X or Y does not meet the conditional equations that : . . .
Step 2 judges whether the analysis unit is repairable or not.

are shown on the right side of each equation, the failure beco 5 10 shows an outline of Step 2 and Fig. 11 shows an examole
unrepairable because the number of redundancy sets for regﬁr’he process of Step 2 P 9 P

exceeds the number of t_)un.t-m redundancy sets. HErandY In Step 2-1, an RM is set for each MU. In Fig. 11, four RMs
are calculated by following: i
are set in four MUs.

In Step 2-2, a“1” in each MU is selected. As was described in
X =Int{(DX + FX)/WR} +1 (13)  the third section, the number of “1”s in an RM means the number
Y =Int{(DY + FY)/WC} +1 (14) of candidates for repair. Therefore, the product of the number of
“1"s of all the RMs in an analysis unit indicates the number of
wherelnt(a/b) is the quotient of ¢/b), FX and F'Y are the candidates for repair. In Fig. 11, the number of candidates is 16
size of the failure alon axis andY axis, respectivelyDX (=2 x 2 x 2 x 2) because each RM has two “1"s. The circles
and DY are the deviation of the pointer bit from the upper lefin Fig. 11 show an example of a set of selected “1” s.
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In Steps 2-3 and 2-4, it is judged whether the set of select
“1"s is repairable or not by comparing the number of redur

a
_ in d o
dancy sets for repair and that of built-in redundancy sets. T
l Bit failure
|

number of row redundancy sets for repair is calculated by addi WL failure

the row coordinates of the “1”s in RM along thé axis, and
that of the column redundancy sets is calculated by adding 1
column coordinates of the “1’s in RM along th€ axis. In
Fig. 11, the candidates shown by circles are repairable beca
the number of redundancy sets for repair is less than or equa
the number of built-in redundancy sets.

If repairable, as shown in Step 2-6, the productrify; of

each RM is added t&y.
On the other hand, if there are no sets of “1”s in which th BL failure CL failure
1

number of redundancy sets for repair is less than or equal to [JEmbedded memory A
number of built-in redundancy sets, the analysis unit beconr M Embedded memory B
unrepairable.

Step 2 is repeated by changing the combination of RMs. T
number of combinations becomes tk&\(U YMU)th power of
Nrum.

The number of failures
(arbitrary units)

| IR (1] i W

2 3 4 5 6 7 8
Size (bits)

C. Application to Other Redundancy Schemes
. . . o . Fig. 12. Size distribution of failures in embedded memory A and B.
Application of the new yield prediction method to flexible re-

dundancy [17]-[20] is possible by setting the proper parameter< WC =
of redundancy design. However, the application to block redu W€ = 8'?1‘\5‘ Embedded memory A Sbits|  Embedded memory B

dancy [21] seems difficult. In the case of flexible redundanc Y
NN

<
NC=
2sets

N
schemes in which all the redundancies can replace any failu Q‘
without any regulation of a block division, there is no need t
divide a chip into plural MUs such as Fig. 2. Therefore, the ce
culation itself can be conducted properly by our method witho
“Step 2" described in this chapter. X

On the other hand, in the case of block redundancy schen th —WR = 1bit
in which a block with defective bits is replaced by a spare bloc NR=2sets
our method cannot deal with it. However, we consider that tl WR = dbits—
yield calculation in the case of spare block is simpler thanin ti \\] Repairable area of Row redundancies
case of normal spare row and column redundancy schemes,
cause only the number of failures should be taken into accot Repairable area of Column redundancies
for the calculation in the block redundancy. Other failure infor-
mation such as the kinds of failures or the size of failures doeg. 13. Redundancy design of embedded memory A and B.
not affect the calculated result. The calculation technique of this
case has already been established [11].

NC=l1set

NR=8sets—

area of row redundancies is the whole chip and that of column

redundancies is half a chip.
V. VERIFICATION OF ACCURACY

In this section, we compare the actual yield and calculatéy Embedded Memory A
yield in two kinds of system-LSI embedded memory devices, Fig. 14 shows a comparison between the actual yield of em-
embedded memory A and embedded memory B whose desigrdded memory A and three yield prediction methods, the new
rules are different. The size of the failure distributions afethod and two conventional methods. In Fig. 14, the two con-
embedded memory A and embedded memory B are showemtional methods do not consider asymmetric repair and as-
in Fig. 12. Fig. 12 shows the average data from 24 wafers sfime that the number of row redundancy sets and that of column
embedded memory A and that from 21 wafers of embeddestiundancy sets for repairing a bit or a CL failure are equal.
memory B, taken from fail bit map (FBM) data. Fig. 13 show# conventional method 1 the number of row redundancy sets
the redundancy design of embedded memory A and B. Tfar repair is equalized to that of column redundancy sets and
redundancy design of embedded memory ANd®X = 2, vice versan conventional method 2. For example, the 2 bit
WR = 1, NC = 1, WC = 8 and the repairable area offailure shown in Fig. 1 is repaired by one row or one column
row redundancies is two blocks along thieaxis and that of redundancy set in conventional method 1 and repaired by two
column redundancies is four blocks along tKeaxis. In the Row or two Column redundancy sets in conventional method 2.
same way, the redundancy design of embedded memoryTBese assumptions are taken into account when RMs are gen-
isNR = 8§ WR = 4, NC = 2, WC = 8 and repairable erated. The Z 2 bit failure shown in Fig. 1 must be converted
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Fig. 14. Comparison of calculated yield with actual yield of embeddelig. 16. Comparison of calculated yield with actual yield of embedded

memory A. Interval of graduations is 5%.

20

@ The new method
Q Conventional method 1
/\ Conventional method 2
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Difference of yield
=

_20 1 1
Actual yield

memory B. Interval of graduations is 20%.

and CL failures that cause asymmetric repair increases. On the
other hand, the difference between the actual yield and yield by

new method is small regardless of the value of the actual yield.

On average, the difference in accuracy between the new method
and conventional method 1 is about 3% and that of conventional

method 2 is about 8%.

It is often the case with system-LSI embedded memory that
the width of one column redundancy set is much larger than that
of one row redundancy. Therefore, to repair a bit or a CL failure,
the number of column redundancy sets for repair is somewhat
smaller than that of row redundancy sets. As a result, the yield of
conventional method 1 is higher and conventional method 2 is
lower than the actual yield. In general, the larger the difference
of W R, the width of a row redundancy set, aldC, the width
of a column redundancy set, becomes, the larger the inaccuracy
of conventional methods becomes.

Compared with embedded memory B, the effect of asym-
metric repair in embedded memory A was larger. The reason
is thatWW R in embedded memory A is smaller than that of em-
bedded memory B, whilé/'C in both embedded memories is
equal. The difference betwedir R and W C becomes larger

Fig. 15. Difference between calculated yield and actual yield of embeddgy embedded memory A and that results in a larger effect for

memory A.

asymmetric repair. On the other hand, the effect of link set is
not large in embedded memory A, because the number of fail-

to “rms; = 1;” however, in conventional method 1 it is con-ures is so small that the repair probability is not affected by the
verted to %mq; = 1" and in conventional method 2 it is con-difference in the repairable area.

verted to ‘rmsys = 1.” The yields of these conventional methods

are calculated by the same method as described earlier. FigB14Embedded Memory B

shows that the new method is more accurate than the convenFig. 16 shows a comparison between the actual yield of em-

tional methods.

bedded memory B and three yield prediction methods, the new

Fig. 15 shows the difference between the actual yield and threethod and two conventional methods. The two conventional

calculated yield. The difference between the actual yield angethods do not consider link set. In conventional method 3, itis
the yield of the two conventional methods becomes larger as #esumed that the repairable area of row redundancies is equal to
actual yield becomes lower. The reason is that the number ofthiat of column redundancies (repairable area is half a chip) and
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lots per 1000 wafers can be reduced. Thus, the new yield predic-
tion method can be utilized not only to optimize the redundancy
design but also to improve the productivity of chips in such ways
as suitable plans for mass production and inventory adjustment.

@ The new method
QO Conventional method 3
A\ Conventional method 4

@) @)
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Difference of yield

_20 1 1 1 1
Actual yield

(1]
(2]
(3]
[4]

(5]

Fig. 17. Difference between calculated yield and actual yield of embedded![®]

memory B.

(71

vice versain conventional method 4 redundancies (repairable

area is a chip).

Fig. 16 shows that the new method is more accurate than th¢s)
conventional methods. Fig. 17 shows the difference between the
actual yield and calculated yield. On average, the difference in
accuracy between the new method and conventional method B

is about 4% and that of conventional method 4 is about 7%.

In embedded memory B, the repairable area of row redundan-
cies is larger than that of column redundancies. In other word$10]
conventional method 3 assumes that the number of row redun-
dancy setsin a chip is larger than the actual number, and convefy;
tional method 4 assumes that the number of column redundancy
sets in a chip is smaller than the actual number. As a result, tHé?l
yield of conventional method 3 is too optimistic and conven-

tional method 4 is too pessimistic.

(13]

The effect of the link set is large and that of asymmetric re-
pair is negligible in embedded memory B, contrary to embedded
memory A. In this embedded memory B, the main mode of fataf14]
failures was a large number of small failures in a chip. There-
fore, the possible repair of such failures is strongly affected by
the difference in repairable area. On the other hand, the effect ¢fs]

asymmetric repair is small because the difference betWééh

andWC' in embedded memory B is smaller and the effect of[le]

asymmetric repair becomes small.

VI. CONCLUSION

(17]

The new yield prediction method using the RM successfuII)PS]
predicted more accurate yields for system-LSI embedded mem-
ories with various kinds of design rule, failure situation, and re-
dundancy design. In our method, we take both asymmetric ré}g]
pair and link set into consideration. On average, the difference
in accuracy between the new method and conventional methods

is about 5% in advanced embedded SRAMs in system-LSls. A

20]

a result, the shortage or surplus of lot inputs that amounts to two
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