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Correlation Analysis on Semiconductor Process Variables Using
CCA(Canonical Correlation Analysis) : Focusing on the
Relationship between the Voltage Variables and Fail Bit Counts
through the Wafer Process

Seung Min Kim - Jun-Geol Baek
School of Industrial Management Engineering, Korea University

Semiconductor manufacturing industry is a high density integration industry because it generates a vest number
of data that takes about 300~400 processes that is supervised by numerous production parameters. It is asked of
engineers to understand the correlation between different stages of the manufacturing process which is crucial in
reducing production costs. With complex manufacturing processes, and defect processing time being the main
cause. In the past, it was possible to grasp the corelation among manufacturing process stages through the
engineer’s domain knowledge. However, It is impossible to understand the corelation among manufacturing
processes nowadays due to high density integration in current semiconductor manufacturing. in this paper we
propose a canonical correlation analysis (CCA) using both wafer test voltage variables and fail bit counts
variables. using the method we suggested, we can increase the semiconductor yield which is the result of the
package test.
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HHE A xﬂ 2 A7 300~40041 7N T FAHOE T
Y, A= FY(Input)Z &3 (Ouput)E A ©J 3t FAB
(Wafer Fabrication) &7, €l o] 3 (Wafer Test) ZAF 34, =¥
(Assembly) 378, & % AHFinal Test) 34 GA = 4%74M &
o7 FEE 4= 9lth(Uzsoy et al., 1992). <Figure 1> HHE A
Az 38 ‘)rEMT?} FAB 34> Iif’ﬂfﬂ =39l @El:’ o=
ghE AP E 7159 9 3(Ingot) & o o] 3 (Wafer) & A4
sk 9 €l (Pattern) A ¥4, 4 7L(Etching) T TY AR F
AL &3 dol¥ FHel| o T/ S AA st ol
3 o] =4 7§ €] H(Chip) B =5 § 7ot dlo¥ A
A AL o3 A9 e &t

stof o7t 718 B dE &
SA o] th(Hsu et al., 2007). =Y ¥
AR BYsta He A4, £z
o =24, g3y FH0RE %

FAstste 4 ol tH(Kim et al., 2014). u}x]
2E ZAL 28 ZAS B AL A
o o 7F5E S oA A Akt Aol A
&= thA o] ThH(Kim et al., 2014).
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Figure 2. Semiconductor yield
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4] PLS(Partial Least Square) |74, PCA(Principal Component
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ol Ut stAITF AW 7 FHY A7) HT FoH
WS 9] Fa#AT 22 W AHE 7hsslth PCAE A3
o] A& MFEY WE s Fole Aol Ao gle HF
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A+ (Projection)sh= W& o vt shAIRF WS 749
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d% z Y Y

W', Cov(X, Y)W, =X\, W' Var(X) W, (12)
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4% grEA AYEHA de ‘:'*H ng~ UrE}lH
o €329 #4 A E 4 AFHFOT AEA
Abel 2ot} T WA 2 Pillai’s traced A A,/ (1+ ;)
iR AEAF o8] A E = EAkY vl golt), wehA
HEY T Pillai trace V= AEFRFFEZA AT
? A B4 v &S ofushs FAFo|th Al HA Hotell-

-Lawley trace 2o A, & AW E = £4H-& AW HA %‘{—

N
i“lﬂi;‘é
Ha

1"5:‘} 2 Ui 23 2t} Hotelling-Lawley trace 7, 2t
3 e AnE s EA4RY A EA] Ge Bt EH%J
[e)

=

o & omsts SA%eld, BAReR Ao B4

R(Roy's greatest root)S 7hE Aol & A WA AE 4w T
TEA AAYE F e B4 vl &S et A A
o AA WO RE FoFF(p-value)d Fo BES W13
o ARE & Yot Fo &0l AAE o] FEET 2 4
$ AR L 7173 5 QlTh(Lee, 2002). £ Ao A= A
F Hit () 2ol & Mg & el e €329 o8 A}
of A4S AN g

Table 1. Significant test statistic

W||kS Lambda Az :,:]‘_‘I;TAL
Pillai A i
illal’s trace ;= EESY

Hotelling-Lawley trace

Roy’s greatest root

3. 43

3149 dlolg

B AT Age 3y vEA 7]g 9] Ay dAel A EAY
= A5 dolHE AHESA T dol3 AA A3 o=
B A ¢ W 297(HF_1~24, CF_1~5)¢} glo)3 7 Aol A
AP At Fd W 1370(HV_1~10, CV_1~3)Z 7HA 1 %

o A B W 410141 AA +7boﬂ/q JEH 7}E(Probe

ol

& 44 ARl 4ol 705 2
F43 4490 & d7E 99 WsE

- Jun-Geol Baek

BFAH F2 148 TS5 AFTH AY HSsE FAE A
o AL U AFE 4R £ AN Ha HeT
35U Rl 13709 AE 3R St AR EHAT FE A
T EA 9 BN A FRAEE 7k FAMEH A 13 E A
B FFE AN LGEOE 2 3RS /HAE o2
B 43 e A ST beA A 18 E A3 oA A 2
AE 4D TR A5E GRG0 YolA = EAE BT
<Figure 3> A A Fot AHA T 2 zoln, A 3
AT AT F5E Go7tiA Ay Aolrh A Bade
BAEE BT B Ao E dRAol AY E A 1A A
T Fue AgRAT B Ao Mg 2k e 8
AE s Aol Mg 23N F4E ol gst] AFE A
AEFATH <Figure 4> Al 14 F 43 49 A Wg9) &
FARTF A5 AE L FE Yepd 2P0 2 A, < 0.825
o) 4TS o1 gtk A& Rt AuA S Sl 7}
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Figure 3. Correlation of canonical correlation functions
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Figure 4. Canonical variate of first canonical correlation function



Correlation Analysis on Semiconductor Process Variables Using CCA(Canonical Correlation Analysis)

2 A7 512 34 19 AHRAE gefste Aol
Z so1y AA A BFA-T] YFS nA= At
FEE sk Aotk AE FBATE Bt F AT
e BA BAEE & 7] W ol BF AA S vA & %
&2 gotaly] YA e A ABASFE Sls) ok srhLe
2002). <Table 2>+ Slo| 3 ZHALe] Al EFAHF Heot
o3 AR M Mhe] AEMFA ot AE 4 £

Table 2. Canonical coefficients

Ho] A3z e AEHYA 5o dstel 4nw, 2 us
5o 24 Ar7} 0g B ole), 2t We) A} e
A7t N2 27 o] BESE AEAGASE 45 of
Sh(Lee, 2002). <Table 3>& £Z818 AZ WHAFZ e
Y& Zoly xZstd AZUYASE A2AEAS 4
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<Table 4>= ¥
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Table 3. Standardized canonical coefficients

o] A HBAE HEbd 22A 2

DC voltage variable

Canonical coefficient

DC voltage variable Canonical coefficient

First CCF Second CCF Third CCF First CCF Second CCF Third CCF
HV_1 3.862220 23.725271  -176.1019206 HV_1 0.534 3.279 -24.342
HV_2 3.5345228 -18.626461 68.8126594 HV_2 12.080 -6.367 23,512
HV_3 -3.5301373 -6.403897 2.9403665 HV_3 -0.474 -0.859 0.394
HV_4 -4.2767865 -1.829754 -1.624945 HV_4 -0.387 -0.166 -0.147
HV_5 -9.9610514 -8.06303  -18.4906575 HV_5 -0.215 -0.174 -0.400
HV_6 -0.260741 0.670621 -0.1165229 HV_6 0.049 0.126 -0.022
HV_7 49500092  -124.173452 107.7539 HV_7 0.866 -21.727 18.854
HV_8 -0.9243469 -1.665309  -63.9567095 HV_8 -0.395 -0.712 -27.345
HV_9 -7.0356879 112.948638  118.6534829 HV_9 -1.140 18.316 19.241
HV_10 -3.6504063 20.85367  -27.8886183 HV_10 -1.392 7.949 -0.632
Ccv_1 -6.2055626 -3.834513 -5.0854194 Cv_1 -0.245 -0.151 -0.201
Cv_2 4.7513816 1.994459 0.7302153 CV_2 0.442 0.186 0.068
Cv_3 10.8226894 5.506297 -1.1275807 Cv_3 0.392 0.189 -0.039
Fail bit count Canonical coefficient Fail bit count Canonical coefficient
First CCF Second CCF Third CCF First CCF Second CCF Third CCF

HF 1 1.29E-05 1.07E-05 1.60E-04 HF 1 0.004 0.003 0.050
HF 2 -8.83E-03 1.54E-02 -5.39E-03 HF 2 -0.161 0.282 -0.098
HF_3 2.90E-04 -9.83E-03 -3.29E-03 HF_3 0.002 -0.063 -0.021
HF 4 7.53E-05 -1.86E-03 -1.12E-04 HF_4 0.007 -0.184 -0.071
HF 5 -1.27E-03 8.52E-03 1.83E-02 HF 5 -0.024 0.160 0.344
HF_6 1.83E-03 4.09E-05 -2.07E-03 HF_6 0.008 0.000 -0.008
HF_7 1.92E-08 1.22E-07 3.26E-07 HF_7 0.024 0.154 0.412
HF_8 -9.55E-08 -2.06E-07 -2.66E-07 HF_8 -0.123 -0.265 0.342
HF_9 1.99E-07 -71.32E-07 2.38E-07 HF_9 0.257 -0.944 0.307
HF_10 -2.97E-07 7.59E-07 6.41E-07 HF_10 -0.386 0.987 0.833
HF_11 2.17E-07 1.68E-07 -1.20E-06 HF_11 0.286 0.222 -1.590
HF_12 7.58E-07 -1.69E-06 5.32E-06 HF_12 1.000 -2.230 7.020
HF_13 -1.00E-06 1.56E-06 -7.69E-06 HF_13 -1.320 2.060 -10.200
HF_14 3.29E-07 2.25E-07 3.50E-06 HF_14 0.446 0.306 4.750
HF_15 -5.99E-07 1.19E-07 1.28E-06 HF_15 -0.814 0.162 1.750
HF_16 5.33E-07 -4.81E-07 -2.50E-06 HF_16 0.728 -0.657 -3.420
HF_17 -3.98E-07 6.27E-07 1.75E-06 HF_17 -0.555 0.874 2.440
HF_18 1.52E-06 3.62E-08 -4.86E-06 HF_18 2.140 0.051 -6.870
HF_19 -1.36E-06 -6.76E-07 3.51E-06 HF_19 -1.940 -0.097 5.000
HF_20 9.66E-07 -8.57E-07 1.36E-06 HF_20 1.420 -1.260 1.990
HF 21 6.34E-07 2.73E-06 8.78E-06 HF_21 0.930 4.000 12.900
HF_22 -1.57E-06 -1.81E-06 -1.01E-05 HF_22 -2.310 -2.660 -14.800
HF_23 7.13E-07 -1.06E-06 -5.35E-06 HF_23 1.070 -1.600 -8.050
HF_24 -7.46E-07 1.12E-06 5.31E-06 HF_24 -1.120 1.680 7.990
CF_1 3.24E-04 -6.47E-03 2.67E-03 CF_1 0.032 -0.641 0.265
CF.2 3.33E-04 -5.64E-03 3.52E-03 CF_2 0.002 -0.031 0.020
CF_3 -2.4TE-04 -7.78E-03 -5.57E-03 CF_3 -0.005 -1.430 -0.102
CF_ 4 -3.66E-07 -4.37E-08 1.66E-07 CF 4 -1.750 -0.209 -0.794
CF.5 5.58E-07 1.03E-07 -1.45E-07 CF 5 2.700 0.497 -0.703




584

oy
of¥
2

AABAE JeEpAT d& 9 <Table 4>o]A Z3t W
HV 2= B34 34 W< HF_18/20/23/CF 59} <] 4##

7FA 3L HF_13/19/22124/CF_49} 9] #BAE Ztetha
A ot

o~
T

o)
L

Table 4. Correlation between variables

First Canonical Corrlation

Variable DC Voltage Fail bit count
] HV 2 HF 18/20/23, CF. 5
Correlation = = =
HV_9/10 HF_13/19/22/24, CF_4
Second Canonical Corrlation
Variable DC Voltage Fail bit count
) HV_1/9/10 | HF_13/21/24
Correlation
HV_2/7 HF 12/20/22/23
Third Canonical Corrlation
Variable DC Voltage Fail bit count
) HV_2/7/9 HF_12/14/15/17/19/20/21/24
Correlation
HV_1/8 HF_11/13/16/18/22/23
srobg AadAed ta S A8S T3 AR f
TE gotaty] ffste] AE ARAT70A S

okeith A% ABAST} 0214 E BEFH] a4
oA AN G018 A4 BAF 5 2329 3T A 5
AE o gate] HAR AH(H,: p=0 vs. H:p~0) 5
o A2 WA

Table 5. Wilk’s Lambda test result

Wilk’s
F dfl df2 p
Lambda
First CCF 0.1450935 245.636208 377 527713.37 0.00E+00

Second CCF  0.4713375 102.3735225 336 490950.89 0.00E+00

Third CCF 0.6754719  59.519525 297  453740.39 0.00E+00
<Table 5>+ EF AT W A W A LA
of gk oA A4 Aol A A3 3749 AF el
g BE A dRATY 9 §E(P-value)o] 0.001 ©]3H4]
& YepdT o= 19 4-F(Significant level)] 0.010] 2} &
o, o FEo] o FEHT A ForE AFIA
(H)& 7148t |tk 5, RE AF 38AFE 0 0] ok
1S Ao ABAFTE 00 o B EFAR FAA F
29 7 W dojy gAY At M s Aol
EATS ¢ T U B AT AHE B3 £ AFNA &
A0 7 dte ol A T8 AR E AT AT
o2 A AR A7E A o o3l <Figure
5>9} <Figure 6>5 A3 & Zo|t}. <Figure 5>$} <Figure 6>2]
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9tk <Figure 5> o] &3ked HV_ 113} HV_130] 7}
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3V 373
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Figure 5. Second dimension canonical space of DC volatage
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Sensitivity = TPTFN (15)
Specificity = TNZNFP (16)
- TP : True Positive (%< %3 0 2 %)
- FN : False Negative (B3-S FEOZ o =)
TN : True Negative (OJ% S FEOR 9 F)
FP : False Positive (¥ 2< EH 02 o %)
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Table 6. Geometric mean by predictive model

Predictive Model Geometric Mean

ANN 0.3137
k-NN 0.0991
SVM 0.4555
3.6 438 43
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Table 7. The average of test result

Input Variables
Fail Bit Count D.C. Voltage
Sensitivity 0.8003 0.7833
Specificity 0.2629 0.2436
Geometric Mean 0.4587 0.4368
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