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Average Flow Model with Elastic Deformation for CMP
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Abstract - We present a three-dimensional average flow model considering elastic deformation of pad
asperities for chemical mechanical planarization. To consider the contact deformation of pad asperities in the
calculation of the flow factor, three-dimensional contact analysis of a semi-infinite solid based on the use of
influence functions is conducted from computer generated three dimensional roughness data. The average
Reynolds equation and the boundary condition of both force and momentum balance are used to investigate
the effect of pad roughness and external pressure conditions on film thickness and wafer position angle.

Keywords: CMP, Flow factor, Elastic deformation

1L.ME

z}st® 7]A] dvH(Chemical mechanical polishing,
CMP)E % % 57 a9 Heksto] de AHE
¥o] $rh1,2,3). CMP ¥3% 2 Fig. 19 B9 wjo} 7
o] slejo} o] QtFel shejo] BE o F&EHA A
= dolHr} slAdts F84 HE Y& AAAEA
71EHA Hla =] £ ol £3ElE FFELe
ZH o]Fo] At &F, YolH 9} gzt AueF
o] 7tg = &8l gl 353 w7 AgE o] o]
¥ & Jeg A7) FA ot AF7HA o] & CMP
TAL olaldl] 9 e BRdEo HHH $o
™ Nanz®} Camillettif4]¥ ©]2 g CMP E2 5o tf
8 Hold n&& LRSI & 81t =g} 9oy
7te]l A& %} (contact mechanics)o] 2AT FLE
o] ¥R H7IE 815671, €elgdd A 598
(hydrodynamics) @43 &8 o]l &4 ZA% &£3d
FEGlurry flow) EdEo] Bu HU%E dd¢o
[8,9,10]. A Tichy B[111& 2 & S83 53 §9

331

83 2dg 23T ANZL ZDE A= 3
.
288 75 299 &84+ Runnels Eyman[8]
o] A Gatol] SAZ A A-RA-mH ] HE A
2Ho)A P FFo FAHE FUh o] 2L
ot AR A= E KA selel ¢ A
v 18 AH 5ol o3& olHe] 31F5S AX gt
£ 7H st dvtd A& d9aich {9 FA9
lojs e AL g FHE HIF L wEHA]7] 7]
A vHE ALE o AT 2 Jeng Tsai[12]
2 Haff’s grain theory& o]-&% &8lg] F5& 34
gtod 8g B FA7L = AAr] F£E e
AL gyt w2 cMmpd i AR 229
A EFEE o] &8 AME5HE F o] gt

Patir &} Cheng[13,14]2 5 Al (flow factor)2} 3
d48Ee gog g A4 AFHE IILE F 9
= HHd 45 2 Y(average flow model)S M3t 1L
CMP ol &3 B2 A7E(9,10,12]0] o1 {574
£ o] &8t gk} Ty a27te] A3 §54



o AR Add e 79 gdEY e 318X
ool ol &34 AA 9 B Aol7t YEhte FAl
ol At

mebd & AFoqXE = dolHzty E7] A
Zof &t @AM YFS nejdled FH FF REE
CMP o & &3t} g}, o] & 93 H=2] 3349 A
7] dolel & XXz JPA7| 0 I g9
(influence function)< o] &3 33-g AR ol g
BESA FEANN S T8t H= E7]9 e

FAE Abstt getdE 2HYO2A R8T,
= L ojve A FH&E, 2gjn = AF
719 22 CMP et ElEol e CMP 9] 45 H
7He MR o2 #3353t ol AT AFE o
o gdRg g 18 FEATE AT EFE
gy 2de H4gozAy 7]E CMP FAHY A
Eoold & 3L Aoz 7jdEy a3t
AP = 27]9 4 HdANE && =80 €
Aoz Algdt

Down Force

Polish Pad

Fig. 1. Schematic of CMP process.

2. €88 5 =g

Fig. 25 CMP 584 & A% =9 gols9
ZHA o 34L& =AIF Ao th Fig. 2(a)ell 2.1 B}
Zol 43UH HIAE =AU 2 dolH Y RS
R,, =9t dols A FHAHTY AYE R, 2
FAck dutd=e] HHFOZRE RUF o

Palish Pad

(a) Cylindrical coordinate for CMP

z z

Rolling Angle{a) Pitching Angle( £)
N N

\Pollsh Pad/

(b) Geometry of wafer state during CMP
Fig. 2. Schematic of CMP system.
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Table 1 CMP parameters used in the simulation.

Parameters Values

Applied pressure, W 10-40 KPa

Radius of wafer, R, 50 mm

Wafer angular speed, w,, 60 rpm

Pad angular speed, w, 60 rpm

Distance between wafer and pad 150 mm

centers, R
Slurry viscosity, u 0.005 Pa s
Pad roughness, 10-20 um
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Fig. 3. Model for flow factor simulation.
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