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Abstract

This paper describes a dynamic thermal model for a representative dual axis rotational Chemical-
Mechanical Polishing (CMP) tool. The model is one-dimensional but configured in the two-dimensional space
and consists of three sub-models (pad, wafer and slurry fluid), with the first and the second that are time-
dependent heat conduction-convection models with linear stationary (wafer) and nonlinear moving (pad)
boundary conditions, and the last one that is a heat transport-convection model (slurry fluid). The modeling
approach is validated by comparing the simulation results with available experimental data.
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Fig. 1 Plan view of a dual axis rotational CMP tool
under consideration
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Fig. 2 Schematic figure of thermal CMP model under
consideration

21 @M Do B2 FI} O

B dpoA #33= cMP T3 9 F3
2 24y e % F714QA MAEL g5
(L&Y e dolle] gt (leading edge)ol»
ALE]o] dlo]r e} e Alo]R2 fYHT).
(2 &8 e aFAE v&L uj$ 2r] g
2 HMoia e ofe] ¢S FATI,
(D ETIAA FEd £ FAH AL 2
A o o] mle] didel A Aefsic)
WA= &7, azla g9 doly Aol
oA dojvtes EuBolA = E 9ol gt
&ejge 98 dedoz FHgslo syl
GIYEHE 492 dolv g sizd n2A ¥
sol fddct.
6) solsl} Sz=ol X FEHE d&4L A
ArE EY4std AdEe A4 4833y @
AL BA%e EXoz ALEHY. olm FEWg
e AF BEY 259 FUz 7YY,

—&m}lﬂlﬁ
HE S

22 WE9 niE gNE =Y
Jlo g nPE #AE JFLR x £E
AR A7 (Fig. 2 #F2) sz A9 Al
dolg g 2 B33 A= dojHe) TS
R, E EAGL. oy o 4Hg ¥de vgy
2 Az} njEgR Aoz B3 Al § 9l
(p) an(x’t)
chP al
AN T (xn B =9
fieldol3 5 o & 242t
< HEdE p = A= FAE FAYH. =D
g,tn T M= FYHE dde Yehliy o
& A3 Zo] EA™ F gk
£,(x0)= h (T, (x,0) =T, (x,0)} @
x{H(x=vt)~H(x+R, -v1)}

1
=B:gp(x9t) (l)

2%%  (temperature
o dxol ngd

o714 h, & €9l 58 wE diF 444
Al 4 (convective heat transfer coefficient) & e
T,"i selge T s Had 2=FeE E
A pg()E dANAtele AQEFE, 5 & A=
o] FAE FAIR

23 QolHe) Bl MY DY

Ao s ddldez Aol Yolry &
TE 17| Hs dHo] doly Bgd nF
Hol dve &% #AFA 8 =YshH (Figs. 1
2 AF) dorde fr dHdg 242 o
Zol EAE .

OT(x) 1
o Ol (%0 1 { (3)
"G gy , 8,(x,1)

AN 1) £ A9 2EZE Yo
p, S e 77 golde Pret nde, e
iy % g nt A7 deldy Fre 49%
2 Yehin, ojnf 9%

gAEN=h T AED-T (£} )
2 Yeid 5 9o

24202 RS9 BT YME 2y

oldoll At ufel gol CMP FHAoAl ¢oly
T Hud st Hdg dEoz EaAH olg
sdlglo ¥H dvile of7R gatd 24854
£ 4o dolniet B HEW Alolz FUHTh
ojuf &gl §-qol AL F=2 9ol EEL Ho&
A AU FE£E o3 AlH ARHQ dvizg
g doy)e 9L ok LA Yok

2 dFodA g CMP TAHY GAY dl oA
£3Ye A $5L st 09 ®, & =9 9
ol Alo]Z UAF FFOE {FUHE FA=E 2
4 B o) Fa) 2=9 IRAQ Azt W
& I 2Rz i) Fudes 77 wE
of EA3A. B folme) nAF o} e &F
HAZA = BEA] 23 140] Hol Qrkm A
ghot, mgk gAY ddd Zdgg A% dAAE
(control volume)2 9ojzo] TAF o] gjon ZH3F
dag Z38-% (fully developed laminar flow) 2.2 7}
ARt (Fig. 3 &), ol /M3 &g
frEo g dAd 29 03y 2L v 93A
A AAzPHoE BHY & Yul

et ZLE0 2,7, 60 )
==k, (T(£D)+T, (&)
T{ (5’1)(&3.. = T/R (6)



620 pe

Wafer

Slurry flow ou-t_r Slurry flow in
Pisiauanid ERRA

<, ¢/ - Pad

o 7|4 m/% @9 dolgd FAlo AFFEHF o
9 Fig. 3 3} #& 2AAME 49 g (positive
value) € et 8, e /A9 B 6

€ Yy ¢ & & E]«l 27l Y28 4
ehdich

3. ol 21t 2 HFE Aol
3.1 2EF 4 2ot

A (1)- (6) & ol &3t ¥ HE, dojy %

<98 #%59Y 2=Fd U & F4LH
(quasi-steady state) &2 b3 Z2o] ZAE
ek
1 ]
T, =— f gandr+Tn D
p{C‘ -1 =1,
T(f,t)l ¥ BD) [T (t)l Rt
®
—t///f'Twp(a,t)! e_z"""da]
o714
¢=p,w ol
hf 9
Vr= mfc(f) ©)
T, (x0)=T,(x,0)+T,(x,1) (10)
ojr}.
32 & FEE Ao Ay
CMP FH A FH=o} Holy Aol BE2E £
gele 5382 F HT Aol ZE2F f52E
AL A g A ol E"’J ZETHE Y
R E FA39Y Q2 Nusselt = ¢ols 2 o)
= ®Z¥HolA dojue dF EHEE Y
g Fad 942 o&d 4 Ao AHE FA
g 23 FAd HgF, FAAAEFS HHEE
AA Hgol disl) FFE Nusselt v v33

of 2AMew EEY & Ak

Table 1 Parameter values used in the computer

Par. Val. Unit Par. Val. Unit
R, |0.152 m R, | 0951 m
b, | 1270 mm b, | 0730 | mm
R, |0203 m vo | 0951 | mss
pe | 1177 | kg/m’ o | 1100 | kg/m’
pe | 2330 | kgm’ o | 1040 | kg/m®
& 11005 | JkgoC | ¢ | 1130 | Jkeg°C
¢ | M2 | JkgeC | < | 4010 | ykgoC
k, 0026 Wm°C | k | 0.02 | Wm°C
k, 148 | W/m°C | Kk | 0.608 | W/m°C
Pr, 5 - Pr, 10 -
v | 157 | 10%mis |y | 1se | 519
a m’/s
P, | 2311 w d, | 0.492 m
q | 417 mL/s To | 235 °C
T, | 235 °C Tp | 235 °C
B |0001| °c/w | B, | 0001 | °C/W
he | 75 | Wimc | h | 2025 mvzwc
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Fig. 4 Coordinate system attached to the wafer center
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(a) 3-D plot of temperature variation on the wafer,
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