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Estimation of Defect Clustering Parameter Using Markov
Chain Monte Carlo
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Negative binomial yield model for semiconductor manufacturing consists of two parameters which are the average number
of defects per die and the clustering parameter. Estimating the clustering parameter is quite complex because the parameter has
not clear closed form. In this paper, a Bayesian approach using Markov Chain Monte Carlo is proposed to estimate the cluster-
ing parameter. To find an appropriate estimation method for the clustering parameter, two typical estimators, the method of
moments estimator and the maximum likelihood estimator, and the proposed Bayesian estimator are compared with respect to
the mean absolute deviation between the real yield and the estimated yield. Experimental results show that both the proposed
Bayesian estimator and the maximum likelihood estimator have excellent performance and the choice of method depends on
the purpose of use.
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<& 3> Comparison results of various estimation methods with fabricated wafers
s 2 Wafer 1 Wafer 3 Average(6 wafers)
g
40 X 40120 X 20{10 X 10| 8 X 8 |40 X 40{20 X 20{10 X 10| 8 X 8 |40 X 40{20 X 20{10 X 10| 8 X 8
% thol9] siriwafer 1536 | 384 96 58 | 1536 | 384 96 58 [1536.00| 384.00 | 96.00 | 58.00
f]] FE thol Jlgrwater 1421 | 283 40 18 1487 | 336 66 34 [1377.00| 266.17 | 39.33 | 18.33
¥ | DO(defects/wafer) 17 | 117 | 17 | 117 49 49 49 49 | 166.67 | 166.67 | 166.67 | 166.67
A(em™2) 0.045 | 0.181 | 0720 | 1.190 | 0.045 | 0.181 | 0.720 | 1.190 .| 0.045 | 0.181 | 0.720 | 1.190
fixed a 0.700 | 0.700 | 0.700 | 0.700 | 0.700 | 0.700 | 0.700 | 0.700 | 0.700 | 0.700 | 0.700 | 0.700
.| Cunningham a negative| 41.658 | 1.324 | 1332 |negative|negative| 0.784 | 0.822 |negative| 13.152 | 1.885 | 1.409
;} MLE a 100.00 | 54.180 | 1.275 | 1.145 | 100.00 | 100.00 | 0.671 | 0.650 | 100.00 | 44.170 | 1.880 | 1.137
;1 MLE A 0.076 | 0305 | 1219 | 2.017 | 0.032 | 0.128 | 0.510 | 0.845 | 0.109 | 0434 | 1.736 | 2.874
= | MCMC a(mean) 0.695 | 2281 | 1.611 | 1397 | 0272 | 1.052 | 1.077 | 0961 | 1.000 | 2.041 | 1.626 | 1.408
A | MCMC A(mean) 0.080 | 0310 | 1.206 | 2.004 | 0.034 | 0.133 | 0.503 | 0.824 | 0.112 | 0438 | 1.727 | 2.852
A MCMC a(mode) 0.703 | 2253 | 1366 | 1215 | 0.261 | 1.013 | 0.662 | 0.685 | 1.013 | 2.000 | 1378 | 1.145
MCMC A(mode) 0.078 | 0309 | 1.177 | 1.956 | 0.033 | 0.133 | 0.468 | 0.748 | 0.112 | 0433 | 1.691 | 2.771
AA & 0.925 | 0.737 | 0.417 | 0310 | 0.968 | 0.875 | 0.688 | 0.586 | 0.896 | 0.693 | 0.410 | 0316
Poisson 22 0.927 | 0.737 | 0296 | 0.133 | 0.969 | 0.880 | 0.600 | 0.430 | 0.900 | 0.675 | 0.295 | 0.175
Murphy 5.2 0.927 | 0743 | 0334 | 0.185 | 0.969 | 0.881 | 0.613 | 0.456 | 0.901 | 0.686 | 0329 | 0.212
i NB 2% fixed a 0930 | 0777 | 0.494 | 0387 | 0.969 | 0.889 | 0.682 | 0.575 | 0.908 | 0.741 | 0.480 | 0.383
2 | NB E@Cunningham a 0.738 | 0.421 | 0293 - - 0.675 | 0.559 0.607 | 0.401 | 0.292
*:r NB Zd MLE q, A 0927 | 0738 | 0.425 | 0312 | 0.969 | 0.880 | 0.684 | 0.582 | 0.900 | 0.696 | 0.412 | 0.315
= | NB =d MeMC a, MLE A | 0.930 | 0.751 | 0.404 | 0.287 | 0.970 | 0.887 | 0.658 | 0.545 | 0.904 | 0.701 | 0.399 | 0.294
NB 2@ MCMC o, A(mean) | 0.927 | 0.748 | 0.406 | 0289 | 0.968 | 0.882 | 0.662 | 0.552 | 0.901 | 0.698 | 0.40t | 0.297
NB E& MCMC a, Mmode) | 0929 | 0.749 | 0.428 | 0.312 | 0.969 | 0.883 | 0.702 | 0.603 | 0.902 | 0.701 | 0.422 | 0.326
Poisson =& 0.002 | 0.000 | 0.121 | 0.177 | 0.001 | 0.005 | 0.087 | 0.157 | 0.003 | 0.022 | 0.115 | 0.141
Murphy E.& 0.002 | 0.006 | 0.083 | 0.126 | 0.001 | 0.006 | 0.074 | 0.130 | 0.004 | 0.014 | 0.081 | 0.104
NB 29 fixed a 0.005 | 0.040 | 0.077 | 0.077 | 0.001 | 0.014 | 0.006 | 0.012 | 0.012 | 0.048 | 0.072 | 0.071
1‘[:1 NB X2 Cunningham a - 0.001 | 0.005 | 0.018 - - 0.013 | 0.027 - 0.005 | 0.014 | 0.027
D | NB E€ MLE q, A 0.002 | 0.001 | 0.008 | 0.002 | 0.001 | 0.005 | 0.003 | 0.004 | 0.003 | 0.004 | 0.007 | 0.015
NB @ MCMC a, MLE A | 0.005 | 0.014 | 0.013 | 0.023 | 0.002 | 0.012 | 0.029 | 0.041 | 0.008 | 0.010 | 0.016 | 0.030
NB E@ MCMC q, Mmean) | 0.002 | 0.011 | 0.010 | 0.022 | 0.000 | 0.007 | 0.026 | 0.035 | 0.005 | 0.007 | 0.015 | 0.027
NB E¥ MCMC a, Mmode) | 0.004 | 0.012 | 0.011 | 0.001 | 0.001 | 0.008 | 0.014 | 0.017 | 0.005 | 0.008 | 0.012 | 0.017
FEE E&3 At o 2 2o Oist FHAZE AFEHE MME, MLE, AFFHTS o] 83 wlo] x|l AAFH S
(mean)¥ AHFF W Zh(mode) S EF AlNdEte] FERHS o] &g Ho|X ¢t WS BT HAHEE 4749
SR =g Azt 3] 7t =& FrEE AE3 ST
t)5}] mean absolute deviation(MAD)E AH&-3153 T}
53 A8 41t A A AL 6719 dolHE YR 4F 74 4
Aol tiste] BT AAEH o, A3 F Waferl, Wafer3,
oY &R dd e Sy g 4% 223 67) waferd] Hrol i A4S <E 3> A}

g 98} Possion =&, Murphy &€, 28|31 NB &
g dESrE&S Alletdt 3 FHAHY 9
7

stol 4ol (e =0.7),

Aot o714 MCMCE ¢] &3t &3 srE e 37t
A 7%, MCMC a(mean) and MLE X, MCMC o({mean) and
MCMC X(mean), MCMC «(mode) and MCMC A(mode), =
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<# 4> Comparison results of various estimation methods with fabricating wafers
st = Average(6 wafers) standard deviation(6 wafers) Average
40 X 40|20 X 20{10 X 10} 8 X 8 |40 X 40(20 X 20{10 X 10| 8 X 8 |average| std
F thol9) M /wafer 1536.000 | 384.000 | 96.000 | 58.000
g | FF tele Aiwafer | 1377.000 | 266.167 | 39333 | 18333
o] | DO(defects/wafer) 166.667 | 166.667 | 166.667 | 166.667
H A(em™2) 0.045 0.181 0.720 1.190
A 0.109 | 0434 1736 | 2874
3} |fixed a 0700 | 0700 | 0700 | 0.700 0.700
3 Cunninghama - 13.152 1.885 1.409 5.482
B |MLE o 100.000 | 44.170 | 1.880 1.137 36.797
;Zg MCMC a(mean) 1.000 | 2.041 1.626 1.408 1.519
2 |MCMC a(mode) 1013 | 2.000 1.378 1.145 1.384
AA g 0.896 0.693 0.410 0316 0.579
Poisson =& 0.900 | 0.675 0.295 0.175 0.511
Murphy 2@ 0.901 0686 | 0329 | 0212 0532
o |NB 2d fixed o 0.908 | 0.741 0480 | 0383 0.628
i NB =4 Cunningham o 0.680 0.378 0.291 0.450
€& |NB 29 MLE q, A 0900 | 0676 | 0379 | 0315 0.567
NB B2 MCMC afmean), A | 0906 | 0.703 0390 | 0291 0.573
NB 2@ MCMC afmode), A | 0.906 | 0.703 0.404 | 0315 0.582
Poisson &g 0.003 0.022 | 0115 | 0.141 0.003 0.028 | 0.057 | 0035 | 0070 | 0.031
Murphy =< 0.004 | 0014 | 0081 0.104 | 0004 | 0015 | 0042 | 0028 | 0.051 0.022
M | NB 2 fixed a 0012 | 0048 | 0072 | 0.071 0012 | 0032 | 0033 | 0042 | 0.051 0.030
A |NB =¥ Cunningham a - 0.019 | 0.041 0.032 - 0.022 | 0012 | 0020 | 0030 | 0018
D INB =9 MLE a, A 0.003 0.021 0.041 0.022 | 0.003 0.026 | 0012 | 0.023 0022 | 0016
NB 23 MCMC a(mean), A | 0.009 | 0.011 0.031 0.031 0.010 | 0004 | 0011 0.020 | 0.021 0.011
NB =3 MCMC a(mode), A | 0009 | 0.011 0019 | 0022 | 0010 | 0005 | 0017 | 0.023 0.016 | 0014
wro] NB &R 24315t A AR ZTRAHA 9SS o 5 stk

MAD#H el MLEZ 343 stetue]& o]-&§ NB
of ZHstL glom, ALeFul gt
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DE Ak wolx¢t
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o] &3 wloj x|t WL

4 A wht A3t
AHFRE BT e A
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%
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203

Tt =& H
A7t A BB Ete] FHAo|A £o o g b
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olgste® A
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A4 $58 452 Holn

e X e
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o FFgo
TF MAD% Z7bstm 9om o= A 1A o
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MLE:E Autdog 713 22 A%S Ro|a glout
Fosfor & Aol sled, 1A MLE o] FAA ¢
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o] FAAE 40 x40 20x20 AAANA 1008 =S
7N 9tk MLES $X38 o2 A o Ao 34X
E 10022 A AL AtshE, HAA FAXE 100
oy 2 @& 7K Slal AE olgA HA &

10 x 103} 8 x § AR} A=
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<# 5> Comparison of various estimation methods 2 A¥%o] 5% Ao E vEt.

o = L Bayesian Bayesian ] —"F@—ﬂj gen| e AGEE Folof 3_}11 “{}—91 5o 4
- (AIEZR) | (AZE[BIZH kol thal 747 Ad(robustness) S 7FA oF @} wEhm]E <
g 34 1 3 2 AA8E FA437] A B =EdAE 67H wafer<]
9% A4 3 2 1 MADY} 3t EEHAE ALt A4 SHoA =
dZ A4 3 1 2 ALEH TS o] &3 HolX| 3t EFHXAHH JJrE‘rulEi 4
27} 7V REErd BHOH(HTE 0.011), theo] AHEH
ol 3T AR AFAE HEY RIALEFFIE W HgE o] &3 HolAIg F 421(%‘? 0.014), 18] 3 MLE

T kst 10080 2 oM HWAE 2] WEelth  (HE 0.016) £oE A%l $5% Ao Yepdth
FA21Y & Hxe ¥ § ¥ES T deles AF7A Y ARE vgOoZ NB FE£EES Y3 &

[e]

2488 7hsdel AdeE Fes)or Frh Ao wa seuE FWe #92 Asd <¥ 5>9
AFAAE ol B waferd] 24 FlolHZEEH 2} 27lyelEE o] 43 welnE A& MLEY} 7}

drbt A& A g E FAsertel R BAE I 4 S, wolXek W E Hnd S8 A5E vt

Fapach. 2y FULHY JelEE A A & Na Ytk MMEE &9 JEHEE EE5 HEA

T FHE ofn] Aitd wafere] ARG HrlY FHo] g Hgo] o e Aoz AdHh v o3

ottt ofm] Add waferiz om] AAFE]l SHHY  Holl gojMe wlol AL FAR ] 7]E] el ulst

ong setulg FAo] obf¥ omzh g7l et F o ¢HAHoW 43 A5E KT ddn #dd

2o 522 o AAH wafers T3] FEAHF 1=

et HE FASL olE mlHd BAE waferol] ¥

dto] drit A&eA F&8& 3T 5 lertelnt o

HE FHo] AFF BHE st 59 A8 224 6, W B

28 s B2ah

4 o

@ 6719 wafers A4ttt 7|E ATS o) &F NEA F&5 WS Fol
@ AAE 6749 waferd] A DHelulE & FA 3T o]Fo] Ao} o]E A= 4 6}71 AslME g
FAS dev|ee FEFE Atk o) 4ol AfAo|t}, B =R E WEA wafer Aol
@ AMEL 670 waferE Adste AN waferd] 2 A F2H JHnEHE FAHT 3l MCMCE ©] &
s ASIHEAToRTH AFr B2 critical 3 wol At FAME ALY et HE =E3te W
aca® o143} A £F AFT £ Ak B = WS AFA ANSHGT BT, J1& 2 Ha
ToAME A #8 A 1FHFEE o 4*48 2 E3lo] HleA L= A3 2AWE T2sh
AT Z 3Tt *}%Emﬂ utz} MLESH WojR|t FA 3 o]
®wafer T AR} oln Z“ré%& »‘Jra‘rUlEﬁ B S5 A4S RPgoy B =E9 HolHREE RE B
o g3t MEL waferd] F&& 53t =l é}*‘ﬂ HlLTHE e FAWL EA8HA] 4%
® Aﬁfw wafer®] 2 Al4& 7} Oﬂ% éir% Hlw g7 ZeaHY dbuge 439 B4 o £ &S

okl ol AAEE wafere 7€ YT I & 9% 7|2 dHolH 5 O¥E EA AL 7}%3}‘:}
S AXBZ 7|2 E waferst AL FEl9) wafer MLEU MCMC7F 28 230 s 4% nja$-9E 7
mape 7HAA Ak o]E W] A AR A gormz g SHd wet ﬂl%i}%’—‘id—}@(Analytlc
wafere 713 U3 wafer mapS 2=tk 7F4 Hierarchy Process : AHP)9F 22 E]-7]Z SIAEA A S A}

goh. 43l fg A W2 A uhd L MdgsteE AL 17
61— /‘ 1:].

o|g]dt ZRMAE Z[X1 BEAI AFAE <X 459 2% A3z A7) EE9} critical aread X3S
Lottt A8ZAFAE A7) dHolHE ol &3 v = dEug FAH #¢ dAFE 1yt vk & =&
Aeds vl olde A tid vdE2A veyt.  AMe FE2HY g FAogke FAA JFE
ARG o8 Wolx|et e 2HY AvH 7] Yt Ao RH AAS 2E53= A4S dws
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thgo] ASH TS o] &3k Hjo|Xt FAX(HT 2.1% EFT AFEEE 717 dEny FA FHo] len

A
hs}
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