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A Study on Data-based Wafer Slope Adjustment Strategies

for Yield Improvement in Customized Wafer Manufacturing”

Jun Hyeok Gil

School of Industrial Management, Korea University of Technology and Education

-Jang Won Bae

m Abstract m

With advancements in technology, the importance of customized wafer manufacturing has been increasing, particularly as
the demand for precise manufacturing requirements, such as wafer slope, continues to expand. However, relying solely on
simple statistical analysis or empirical approaches has limitations in effectively improving the yield of customized production.
Therefore, manufacturers must adopt a data-based approach to respond effectively to these evolving requirements. This study
explores the key factors influencing wafer slope adjustment for yield improvement by effectively responding to wafer slope
requirements through a predictive model based on manufacturing process data. To achieve this, multiple linear regression and
deep learning models were developed to control the manufacturing process for precise wafer slope implementation, and their
performance was comparatively analyzed. The experimental results indicate that the key factors influencing wafer slope and
their effects vary depending on wafer slope requirements and product type. Additionally, it was found that effective data collec-
tion and utilization, along with selecting an appropriate model, are essential for accurately representing product-specific
requirements. Through this study, various considerations regarding data utilization for demand-driven quality management were
examined, and the findings are expected to contribute to the development of strategies for improving the vield of related manu-
facturing processes.

Keywords : Wafer Slope, Yield, Customized Wafer, Multiple Linear Regression, Deep Learning
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<Figure 1> The Entire Process of Wafer Slope Adjustment
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(Table 1) Detailed Information on Product(wafer) Types

. Wafer slope requirements
Product | Data | Thickness | The number of UCLm) LCL(m)
T i PCDs used . Hm
ype | size | (um) 5w (Upper Control Limit) (Lower Control Limit)
A 3,086 4.2 6 0, 03, 1.6, 2, 2.3, 25 0, 0.7, -3.3, -39, -46, -5
B 2,516 33 9 0,03, 07, 1, 1.3, 1.6, 0, 0.7, -1.3, -2, -2,
C 487 27 2, 2.3, 25 -3.3, -39, -4.6, -5
D 2,656 2.3 7 0,04, 07 14, 18 21, 25 0, -0.7, -14, -2.9, -36, -43, -5

<Table 1> & AT 1&g AF(o]H)
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RS syt w3k g o)l BEs 7|nke Ahn and Jung[10] JF=A] glo]= o] 1HE <
2 dols TTV EAES A8t = %3, o] vlale] HERsE= CMP(Chemical Mechanical
gt g5 FAESIh ol A A Sy Planarization) 54914 MRR(Meterial Removal
A T3S TS TTVE lum o8tz wEo Rate)S o537 fl3l MAalgd 7HES AH3kS
ZH, & SUle 4 82 248 FFA7IE o of FAHOZ AIAG AlA dlolEollA FEg ThF
7] of 8k At g A EAES 72 XGBoost RES A
Lee et al.[15] Algtolo] Sjo]H o] =& & st MRR< | 5-ak3it} B3 RuleCOSI ¢t
S8 EelolElaten) FElZF TTV A4l MAE & AHsle] CMP 3404 & MRRS @48
FEFE ATtk ol el Heo]E Alol] A sl T3t Wy 2L &SI o] AdE
2 AR AAST] BAS ABAoIE i sl CMP 34eIA ¥& MRRE #7317 918 4
gk FelolEe] & WS st TTVE 4183 Ao ¥4 z24& AASIAT
o AFS B3| o]EX o2 oS TTVS AA 23 <Table 2>l A3 A9 545 A3 A8
7 AAFS Bolskglon], ol AFE TTV Y 97 TTVS Blel thks 34 44k 9% a9
{Table 2> Comparison and Analysis of Previous Studies
Author Purpose Method Data
- Substrate temperatures
B . . | = Perform single-side lapping - The rotation speed ratio of the
Lee et al sAélang; d;;r(fgesisrllng factors in experiments. wafer pressing head and
[14] B Imgrove Wafe?pﬂainess - Adjust and control key process| substrate
D factors - The pressure distribution of the
head
- Conducted experiments to - Wire tension
Kim et al. |- Investigate initial wire deflection| analyze thickness variation. - Wire speed
[3] effects on thickness variation |- Parameter control to evaluate |- Ingot feeding speed
effects - Initial wire deflection condition
B - Develop wafer shape simulation| - Wafer speed
Kim |7 e, ke s - Wi o
[4] iltin f) b ng using| _ Analyze tilting angle effects on |- Feed rate
€ angie TTV - Stock removal
B . - Grinding Wheel
. - Propose TTV control theory and Develop mathematical model for| _ Wheel rotation speed
Liu et al . L TTV control. .
method in wafer back grinding . .. - Chuck table rotation speed
[18] - Simulate TTV variations under . .
process . . - Final feeding speed
different process conditions. | Coolant
- Slurry
Lee et al. |- Analyze the effect of platen shape| lielmulated 1the rel}zlitlonshlp " : Iéiippmgﬂplaten
[15] on TTV generation tween platen shape, metert urry ow rate
removal rate, and TTV - Rotational speed
- Pressure
Ahn and Jung |- Develop predictive MRR model - SVR(Su'pport Vector - Semiconductor CMP process
Regression), XGBoost,
[10] for CMP process RuleCOSI dataset
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HHTRE el 71E A7Ee Aol 7R, Regression and Deep Learning
C}E=EAMES =]
Aot i WM E vl Az} 3.2 ctEAEs|7 22 (Multiple Linear
Regression Model)
3.1 WA 24 Z2MA
<Figure 4>& a3 3|7 Edo tfst A& =
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{Table 3) Description of Variables

Variable Type Variables Name Unit Description
Min_thickness_first mm The minimum point-by-point thickness of each PCD in the first
Min_thickness_second or second process
Max_thickness_first mm The maximum point-by—point thickness of each PCD in the first
Max_thickness_second or second process
Avg_thickness_first m The average point-by-point thickness of each PCD in the first or
Avg_thickness_second second process
Min_PCD_deviation_first o Minimum value of point-by-point thickness for each PCD in the
Min_PCD_deviation_second first or second process minus point-by-point thickness of PCD 302
Indenendent Max_PCD_deviation_first mm Maximum value of point-by-point thickness for each PCD in the
Valfable Max_PCD_deviation_second first or second process minus point-by-point thickness of PCD 302
Avg_PCD_deviation_first mm Average value of point-by—point thickness for each PCD in the first
Avg_PCD_deviation_second or second process minus point-by-point thickness of PCD 302
undulation first The maximum deviation in wafer thickness
undulation second mm (Max_thickness_first - Min_thickenss_first)
- (Max_thickness_second - Min_thickness_second)
slope_first mm The slope of the wafer in the first or second process calculated
slope_second using <formula 1>
. The amount of the slope change
slope_difference mm (slope_second - slope_first)
Dependent The parameter values used in the slope adjustment equipment before

Variable Tilt | performing the second process to meet the wafer slope requirements
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@ i Regression

Residual No{mality Test Model
@ Residual Homoscedasticity Test

<Figure 4 Detail Process for Multiple Linear Regression
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(Table 4 VIF Values and Autocorrelation Results

Product Variables VIF AUtO.
Type correlation

undulation_first 3.04
Min_PCD_deviation_first | 2.63
Max_PCD_deviation_first | 1.32

undulation_second 4.63
Min_PCD_deviation_second | 3.7
Max_PCD_deviation_second | 1.04

Min_PCD_deviation_first | 3.19
Max_PCD_deviation_first | 1.08
B undulation_second 3.36 1.98
Min_PCD_deviation_second | 2.12
Max_PCD_deviation_second | 1.51

undulation_first 5.97
Min_PCD_deviation_first | 4.66
Max_PCD_deviation_first | 1.2

undulation_second 3.63
Min_PCD_deviation_second | 1.96
Max_PCD_deviation_second | 1.16

undulation_first 3.44
Min_PCD_deviation_first | 3.02
Max_PCD_deviation_first | 1.22
D 198
undulation_second 4.3

Min_PCD_deviation_second | 2.71

Max_PCD_deviation_second | 1.27

AIC= —2In(L)+ 2k 2)
L Maximum Likelihood
In(Z): Natural logarithm of the maximum like—
lihood
k: The number of model parameters, repre-

senting model complexity
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(Table 5y Stepwise Variable Selection Process

Product

Variables AIC
Type

Min_PCD_deviation_first
A Max_PCD_deviation_first
Min_PCD_deviation_second
B l\/ﬁanCD,deVi.ati.on,fi.rst A48
Max_PCD_deviation_first
Min_PCD_deviation_first
C Max_PCD_deviation_first
Min_PCD_deviation_second
Min_PCD_deviation_first
Max_PCD_deviation_first

10325.33

1661.19

<Table 6> A& @3] LAl <3
FaWS Tiee 24 A58 el Aol AE
A9 Min_PCD_deviation_firste] #F3} Al
(Standardized Coefficient, B)& -0.8477=2 LtElL}
FTEHF] TP 2 QS A E BTEYE BoE
t}. £3] Min_PCD_deviation_first® EE #|3%]
A 278t AT 7 =2 Ao 2 YET oe

Fousl b 2 9P VA Fa wide v

et} 7402 AlE Co 4 Max_PCD_de-
viation_first9] W] %3} AlS(Coefficient, B)2] &
dizke] MY 2 AL B 5 9

=
gk A7e a8A &

AL B & 9k v
A% A, B, DY A¢ v iFF3 A 1238 A5
o] Azt A7} /M 2 HEE 2Us AL 2 £
otk o] AE ColA Max_PCD_deviation_first
gtel W27l gol n 8 A4 gho] AAW F
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(Table 6> Result of Multiple Linear Regression Model

.. Standardized .
Product Variables Coefficient Coefficient | t-statistic R? Adjugted RMSE
Type (B) ®) R
Min_PCD_deviation_first -6592.8964" -0.8477 -313.3535
Max_PCD_deviation_first -6579.1525" -0.2643 -94.5248
A - . - 09841 | 0.9841 2.801
Min_PCD_deviation_second 517.4946 0.0295 15.0941
Intercept 16.0786 - 0.3298
Min_PCD_deviation_first -5131.4821" -0.9911 -882.0181
B Max_PCD_deviation_first -4064.1644" -0.0065 -2.1759 09847 | 0.9847 2.880
Intercept =7.9491 - -0.0042
Min_PCD_deviation_first -6629.2189" -0.939% -129.2946
Max_PCD_deviation_first -6767.3025" -0.0998 -9.148
C - — 09591 | 0.9587 2.958
Min_PCD_deviation_second 661.9260 0.0604 6.2432
Intercept 20.3745 - 0.1665
Min_PCD_deviation_first -6935.3322" -0.8953 -512.3882
D Max_PCD_deviation_first -6719.5096" -0.1945 -62.4407 09815 | 0.9815 2915
Intercept 145186 - 0.1191

“p-value < 0.05.
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2} RMSE(Root Mean Square Error)= BE A&
T AR & ANE UeWlon, 484712 7t
AL delgdE 7l AE Ce 7V 24 &2 2
5 YEFATE o= AFE doly ol upel 2E
o] gl Afol7} AT AS e Eg
1% Bel Do} dlolg 4= 7Hz} 2,4487) 9} 2,55470
H S8k g ARS-E = PCD 72k 97leF 7712
ZPO] 7} Aok A4 F1tko] B2 Al¥ B Al¥ DR
t} R°¢k RMSE ZHelA o] & 232 vepich
ol flo|HE B TAA R YERd F g 1)
olElE FHske Zo] Tasitha #ud = gl

3.3 &yl 2E(Deep Learning Model)
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TH5L. ol - AelxE Hed
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(Table 7> Result of Deep Learning Model

Product | Train Test RMSE R? Ad]usted

Type Loss Loss R?
A 85134 | 74749 | 2734 | 09858 | 09858

B 10.167 | 85611 | 2926 | 09850 | 0.9849
C 9398 | 74676 | 2733 | 09626 | 0.9624
D 88339 | 85611 | 2926 | 09817 | 09817
<Table 7>& AEE Pelyd mdle] A7E vhehd

o} RE AFEAA R} Adjusted R*9] #o]= A9
e Ao=R H—E}b]— UEﬂo] Ankx o 7 2 sk 9)
S 39lst 4= th. 23y Train Loss9t Test
Loss?] #Fol& A5 A3 ATz 325 oo
Zpol7} gl 7Fs/do] e Rl = STk AlFE
C+& Train Loss$} Test Loss«] 2fo)7} 19312 71
amn, ol& <5 dlojEdl #A3 HAUS TS
Uebdit), vbd) A3E DE Losse 2ko]7) 0.2728%
71 2ol A% Ths Aol Yo HIZAE Ho|Ho
ME QAN s FASIL J5S HofErh
et /b B2 diolHE 7= Al A Train
Loss®t Test Loss€] #ro]7} 103852 “Jujd o=
ke o 48l R*gto] 73 Al vhEbstT) ik,
7P AL HolHE 7HA= AlF CE Loss®] #tol7t
714 A, RPgkol 743 &)l 343 7hsAd o) 7}

B =val = 5 oAtk o= dlolE 9] o] FEEHA]
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<Figure 6> SHAP(SHapley Additive exPlanations) Beeswarm Plot Results for Each Product
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= SelH 71&7] Apol7t AAA HERZ T4 7t 7]
7] A3eE-S YeRl = slope_difference o] 57}
st o2 ae 4 glrk vHA slope ¥ devia-
tion ¥ HFEL gho] HolA5E dojH 9 7/

HA7E ZopA A Y F/T} FolA 7] S0 # 9

7187 28L& Y8 =& Tilt go] F8E Ao

<Table 8> t5 ¥ 3|7 2} Jed =l
oA T8 W Y £E AFERE ek 1
oty thsAg g7 RdL 5 AFE VFoE,
Held 222 SHAP 24 2357|502 ¢#9&8
Z=Esdrh 7 2dS Blwdt A Tilt gtoll g
S VA= F8 UFEEAA A Al 7MY 5AES

tion_firste] % WA FASAL BHEAY
89 mael A% S()el EEE AFE 7,

= ltell ()] 3
% oy

el

?_:']_
F WA, 2o 540 nhe} EEHE Fa

e

{Table 8> Comparison of Key Variable Influence
Rankings between Multi Linear
Regression and Deep Learning Models

by Product
Multl Deep
Linear Learning
Product . R i
Variabl egression
Type anapies Model Model
Rank Rank
slope_first - 1
slope_difference -
Min_PCD_deviation_first| 1
Avg PCD_devia—- B 4
A tion_second
|Avg_PCD_deviation_first] - 5
Max_PCD_devia- 9 6
tion_first
Min_PCD_devia— 3 8
tion_second
slope_difference - 1
slope_first - 2
Min_PCD_deviation_first| 1 3
B IAvg_PCD_deviation_first] - 4
Avg PCD_devia- B 5
tion_second
Max_PCD_devia-
tion_first 2 15
slope_difference - 1
slope_first -
Min_PCD_deviation_first| 1
Avg PCD_devia—- B 4
c tion_second
|Avg_PCD_deviation_first] - 5
Min_PCD_devia—- 3 7
tion_second
Max_PCD_devia- 9 9
tion_first
slope_difference - 1
slope_first - 2
Min_PCD_deviation_first| 1 3
D IAvg_PCD_deviation_first] - 4
Avg PCD_devia- B 5
tion_second
Max_PCD_devia- 9 3
tion_first
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{Table 9 Performance comparison of Multiple Linear Regression and Deep Learning models across products
Bold* values indicate the best performance for each metric(RMSE, R? Adjusted R?)

Product Multiple Linear Regression Model Deep Learning Model
Type RMSE R’ Adjusted R’ RMSE R’ Adjusted R’

A 2.801 0.9841 0.9841 2.734 0.9858" 0.9858"

B 2.880" 0.9847 0.9847 2.926 0.9850" 0.9849"

C 2.958 0.9591 0.9587 2733 0.9626" 0.9624"

D 2.915° 0.9815 0.9815 2.926 0.9817" 0.9817"
ok ol zol7t ATk s+ o] o] A5 AF A Ce thsAE3]7 223 H|asto]
A e EAR Qe AHEE A S W T Held 2doA o v RMSE 42 71538k o,
slope_first, slope_difference™ Weld X do|A] AFE B, DolAE 287 RIS 0T = Qo)
1~2912 =2 J9FE S B Eg Min_PCD_ olelgt A= AR AlFolA Ao MYPA &
deviation_first®] 4% EE AFolA ] 3¢ + ol ¥ Rtdd e A S vEhiH, 54 AlFolA=
e dsAgs]d B 159, gy 2Ee 3¢ Hejd Edun ey Bdlo] o] A
A& FrFEA o]y gk Alol= AFA, vHFEA Aes HERATH
B W 7t Aadgel Ug T mele] 1z Z7V 0% dolg 47 714 AL AE Col B
EA4ol 9% Zloz gter RMSE7} A3 35]4] Rdolxs 7P #9kon

Al WA & Max_PCD_deviation_first® A% Heid BdoA s 7 w2 s 8208 & 9ok
2 frakel e AolE Rk v 2d ol WY mdo] thaMy 3]y ) va) AlF
oA+ Max_PCD_deviation_first®] &3} Al o] tloJe]e]  HAFARE 9 AR g5
of Agigke] AFE AclA 03477, 71 HaL, 71 H T AtE TFeA S UEhdth o5 F3 dHolHe
Z AE D, C, B £o& YERh Hed 2do 719k 5AE agfste] RdS Mg 248k 4l

SHAP &4 27} Max_PCD_deviation_firste] 3 o] =83 a4ds Yepit #dd 4 Qo
e 90 AE A 69), A DolA 89, AF
ColM 991, A1 BA 1591, F md mF Ba% 4 AlY Az uF
ENZ Wee 9L Bt ol Aake

T Edo] ME Tt A Wdldx B ek, Al 2 AT AF Ao A 1T F UUE F4
Fd Wre Ay S v s B S sk AR A Al 7R a9k 4 gitk 3l WAR
HoFh AE EAo upe} TG &S = T2 291

T3 <Table >+ U483 7 2d7 g4 Eo] t2ve dolth tgsAy s Bl HEH
Rl A5 HlaE Q.okst Flolth teMds]d B o2 AMEE W4 232 A A9 C, AlE B D7
g3 Hey =2 % RMSES 4% 7H 2e gk 747} B9 Yehgol} A% A, Cs A1E B, D
R’s} Adjusted R*9] 7% 7H¢ =2 3k #< 24 Tl M 29k AJol7t EAEkuh BE8h Al
2 FAIEA T £ v)23d A3} Min_PCD_deviation_firstE =&

R*$} Adjusted R*9] ¢ geld mdo] ZE A AFolM 71 e JFYE Hol: MER, BE
FoA 7Y =& AES etk ol 9YY AFNM FEOR s F2 Q9o &3t
o] FEHEHUFY SYHS ko] vy AE & = AL IS o, 78 Al e AREE
Ao e F &S HolFrh Ee RMSE B AFolatAl vERd RS RISkt Eet g
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