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Optimization of Cu CMP Process Parameter using DOE Method
Min-Ho Choi, Nam-Hoon Kim’, Sang-Yong Kim™ and Eui-Goo Chang

Chung-Ang Univ., Chosun Univ.", DongbuAnam Semiconductor”

Abstract

Chemical mechanical polishing (CMP) has been widely accepted for the global planarization of
multi—layer structures in semiconductor manufacturing. However, it still has various problems to the

CMP equipment, in particular, among the CMP components, process variables are very important

parameters in determining the removal rate and non—uniformity. Using a design of experiment (DOE)

approach, this study was performed investigating the interaction between the various parameters such
as turntable and head speed, down force and back pressure during CMP. Using statistical analysis

techniques, a better understanding of the interaction behavior between the various parameters and the

effect on removal rate, no—uniformity and ETC (edge to center) is achieved.

Key Words : CMP (chemical mechanical polishing), DOE (design of experiment), turntable and head

speed, back pressure, removal rate, non—uniformity
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FAUSE FRHASE. a0 AAHY AALH
FUE A A 4 AARS H o]
89 Fgendeld CMP 34 A9 WS

Atz B,

R4 1. DOEE 13 CMP 33 ¥+,

Order Down Back Head |TurnTable
Force Pressure speed speed
3 300 138 50 100
1 300 98 50 75
6 392 98 75 75
2 392 98 50 100
8 392 138 75 100
4 392 138 50 75
7 300 138 75 75
5 300 98 75 100
2.4 ¥
2.1 AgA9Y

CMP &4 713 CMP ¥4d 4%& F&= &
QEL A 449 dder vE F Ed,
CMP #u] &4 CMP &2xA 24 post—CMP
cleaning &4, 7831, CMP metrology 522 i}
E F Atk P uiEAE CMP F8E o9 4
Ne doo] 2F zeso] AHsE HSY Ao
58 drlg, B2 HFYE, 90 Fo g4
Ao T, A9y A Fo= odUdH 54&
CMP 3%3& B39 ¥4& & k. 23y, 713
33 EAHQA Husl ZHAAM dAntgd #Y
T5 AgdAYe =82 d4stn Zdzte 34
Ao wet HHstd CMP 349 218 =&
wBorh AvkEd vFdzed L A RS
2 483 F8 FAVSE HAs AIAIGH
% L83y AW w|dE (Tables of Orthogonal
Arrays)E AHEE 429 28F0E wiXERo
o, olo] th§ W-&L& Table 19 YERIATH

2.2 289 ¥y

=g dvt AAEL CMP 34 29 T
A4 CMP 34 ¥4 F78 4 & F AvkAD
oz e oz Aodgion, =¥ HFYEE
dolsulel uet S0 FIEE YguE 7F

¢ YolHule] HFY=(Within  Wafer Non
Uniformity ; WIWNU%)E JeEhfig, doide S
A BaRYG =t HFE el ol o3 F
FE PoH, dolv FA d TE WAE H
T4oE Ui ke BEEE FHoste] A4tsisoh
ETC (edge to center)& dol9 Az 4
Tl A8 FAS M A AdgHd &= 3}
7t AB717) wEol, dols $xd O dulge
ol gke vrebd Rolth ETC#L dols FT49
9 XQE ol 7% A8 10 ¥9E g& W gho
E Ui A 53 A% A= Nano
Metrics M8000X$%} Rudolph Ellipsometer FE VII
system& AF&3EHT 2E A 29 polishingd
G&P POLI-380 CMP polisher& A48l 3=
fod o] Agd AlEH CMP 33 A2 F
E CMP polisher, main control panel, carrier
head 283, HE HolE RESZ YA

® 2. DOEE % 49 A+

Order |Removal Rate|No—Uniformity ETC
3 12869 11.8 1418
1 9453 10.3 294
6 9108 16.6 2122
2 11288 18.4 2820
8 10992 17.6 2402
4 9239 16.2 1961
7 8185 13.8 1638
5 9539 11.8 1394

3. 23 & 1@

CMP FARoA Aoisior 8 Mg 2 34
FAEY 3o wetA o7 7Rz £/E 47
At whebA, ol Wgst 2zt HHEA 1
Hol z=¥rd JHlolA Ao CMP ¥ HA
7534 |tk dultg oz 7 AE duldA e 9
oy F=3te] Adl &= € JF o] #Ys
A RAHI B3 FYstA &7t FFHA o
ol AWL FF3A dvidch CMP 33 WA
U&E d9dt=d A5 Q85T Preston A2
(5] <sl®, dupge =9 Ad&E= (Turn
Table speed®} Head speed H])9} sj=29] <4+
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(Down Force$} Back Pressure)dl| v@dldls A&
& £ Atk 2 2o A48 CMP FHE H)
B3 =725 A= rotary Wlolng,
g3 ﬂ Atole] FdiEQd &=t Avkgg F9§
1;} , rotary tg-}do )\L\;Ha]o] Aes=Eow o]3H
°4|°]§1-4 TAI pgArE] Atolo] Adi&ze] A
7 2T B Ao ol3F dolne F4
3 spgAtE] Atole] AdlEEe] Ao 3 fo)w
o] Yol we dvigel Aoje} dAutga FI=
of tisiAd A& mokth mElx, o8 A4A BA
Bt d& FAH WF9 "3““’ 7} A gs)
BZHE &8 FohUAT & 19 43 A
oz 49 & ¥ 1 38 $X& Az, Z
HEE bl 38 gsjA Lo} woith
@-‘%E E 24 dEPATE 2% 1 4709
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€9 n5ZR =RE Ve Ao, 2YgEE B
g, AR oz 7zt 3 WEEo] FHHAL o,
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rotary g2lolmnz, dolv e FAu slgatg] A}
o] Al &=t th27)q, e A =z 4
ohge] zpolrt et ez AlgdEnh a9 1
£ 29, doidge e ¥4 dHaEY ud o
Zgol o3 ETCY kol dnigdEo]l 300 psi
Y o 2o} 392 psi ¥ nH HAeHdog ETCt &
A BAEHEAG E, HolE&xe = x99 F
7hetd, Ao w ETC 7rgT aEy, =
£x7F 75 rpm ¥ ®, EHolE £x9 W=
ETCE A<atolzh gtk O 2% wgdd=e] of
g azolt}y HFY Ex dAngdo]l 224+E
Z78 9. ETC 2828 89, ETCY Hl@ds
& FF Wi 1T zgdA du ¢¥
F7MetE, B2 %S R AL S F g ®
3, duid oz dulgtgo] F48 uFY=T} F
7Fete] dolve Y= AsES ¢ 5+ Aok
o] aYEY b, EA& B9, duiggo &
Zhgell wet dnlg, BlFYES} ETCE A¥Ho
2 Foete A%E Jehlddd &, doigdgol
®2FE HsE dovde ¥y o] F
2350 drlgol FUMEAYn Alz"Ec. ag
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Interaction Plot - Data means for ETC
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a9 3. 33 WSE AblY dv AAEY 33

Interaction Plot - Data means for Romoval rate
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Process Parameter
o
(Ds_v?gfr‘ce) 300 (psi)
o
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¢ 5 U
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H 7Yz ETCE ¥¢ & Itk
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g IS 5 AT
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