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Abstract

Wet etching, removing solid material via chemical reaction in liquid environment
together with the agitation from fluid flow, is an important process in semiconductor
manufacturing. As the critical dimensions of semiconductor devices are down to nano
sizes, micro and nano channels occur on the substrate during the manufacturing processes.
It is usually required to clean the bottom of the channels prior to further processes, and
wet etching is one of the promising tools for cleaning. It is proposed in this study to
enhance the etching performance using electroosmosis as it might provide larger and
more uniform shear stress at wall in comparing with that through the relative motion of
the wafer and the polishing pad (Couette-type). This study reviews and theoretically
analyzes the Couette-type and sweeping Couette-type driving mechanisms used in
traditional wet etching, comparing them with the theory of electroosmotic mechanisms to
investigate whether electroosmotic-driven wet etching has advantages.

The velocity field, the concentration field of the etchant and the material removal
rate (MRR), were obtained analytically by solving the continuity, the Navier-Stokes
equation with electrical force term, and the mass transfer equation, under the assumptions
of 2D electroosmosis flow and uniform electroosmosis velocity. The degree of
nonuniformity in polishing rate (MRRNU) and the analytical results were further

calculated/validated through detailed numerical calculation via the aid of COMSOL

iv
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software (etching simulation are all 3D with substituting analytical solution of

electroosmosis velocity). For the purely Couette-type driving case, the present study for

MRR agrees with the experiment in literatures of copper etching (with discrepancies

10.1% and 10.3% for analysis and calculation). For the comparison of the Couette-type

and electroosmotic driving mechanisms, the former is 10.8% better for MRR and 6.2%

better for MRRNU than the latter when the applied electric field for electroosmosis is

1000 V/m. For the comparison of the 10000 VV/m and 1000 V/m electric field condition,

the former is 8.3% better for MRR and 15.8% better for MRRNU. The MRR driven by

electroosmosis at an electric field of 10,000 V/m is slightly less than that driven by

traditional Couette flow, but the etching uniformity (with a lower MRRNU) is

significantly improved. To simultaneously enhance the MRR and MRRNU of the

electroosmotic driving mechanism, a flow field-effect transistor (FlowFET) can be

combined with the electroosmotic driving mechanism to increase the application potential

of electroosmotic wet etching.

Keywords: Wet etching, Process, Couette flow, electroosmosis, Material Removal Rate

(MRR), Degree of Non-Uniformity of Material Removal (MRRNU)
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R AR LE LS HRSEE AR o oa TR BiEE S R

Maiet.al. [16]#£:EF %2 > ;X AT A& F T >4 »THF > @ H A4 2300
Fi* BT HHFEEFSY > THE L EKF-CMP & 3t o F k8% 7 14]* EKF-
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CMP i i42k > MRR #& = 25.03% ~ 2323 R ™ %% 139% o d Q' 3 7 &> & %

T %A %) 2. 5 S AP RO B Suk R RF o
Stynes £2 Stynes [17] 5L ) $H7n 43> A28 2 347> Z B EfR o d 32 F 187
g BRI AR R R T R RS TR D PR RS A
Al 2 5 B R B ORfR 44 P Ay R 2 3Rl A F 2 R RE R T

OEARfENHILT B AN A iR ERR AR Y igxm\%gu%a%;i
FAprz PR A f o ata KRR AR

Xinget. al. [18]:£:E8F % B A7 1 ¥ ~ F kP 2 JFicihiicz f R 2 (TH
(Chapter 1) » ¥ %53 Liuet al. [19]2 F % % % CMP L& (/g & » T¥ £iF %

b 2 AT TRl O HO PR AR > T E ;ﬁ‘}u‘ B REHERY

1.3

k!
oy
ko
*

RA AT o d SR - HAE RS S A R T A R
T ES ST AT ALY o kA RN 2 E (P A AT ¢ 42 Al

g FE ;Hi;] CEF B EER o S AEERGIFERETI N FEL

WEFLEF AR A - SFFBEFMRR) G- AFERABLLS LR 4
H =% # * “nm/minute” ; B = 5 5 F A F #2353 B (MRRNU) » % - & F]=x %8k >
I HER A% 21593 B MRRNU AR M % £ 355 B AR o F R 2] F 142
£ PS5BS TAe % MRR %2 ¢ MRRNU % i< » i &%) 5 7702

=

GRS T ALY H AT F e E L S R T e 5
{

FRAGES -7 50 bt REE 2 THEEHIFUS T & L f PR
i % ¥ # MRR 2 MRRNU & {733 587 s fie > $HRS 2 R0 % 2 1WA §
2w E2 B PUFRE AT E MRR 24082 MRRNU © ® 130 R48 %] f* 2 4

B2 % Ao — ST & 2N BT R 2 e B 8T B R 2 Rt 0
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A BRI 2 BBy AT 0 2 SR RBHARG A AR e
17975 FRBHBN G FEETE LR LR AT RPEER R A Fo D
MRR 2 #c# £ 7 7% > £ & fiHE 088 Comsol 2 # 24 » %3 MRR & R 4p 4 & 2
MRRNU » m/$f 24 1 % 2 g o

oA Y FRD T R S T R XA AT R T

PAYRFT A E T AT RN RO e RIFIT S EE
BEES AT R A2 S &0 RO HY 24 TS FEIES B

AAERI R IBING - FH R G LFTE R (Debyelength) s B i & A~ % 5 AL
AE RPN R BATE RMR G TE(eR 14 7 2 #Hck (Diffuse layer)
BERIHLAATE R)od 32 R ¥ &2 F B d& Hunter[20]- $ 2 & &

5200 nm 2 > = A F F ARBTEAEZERAN TG R F Al TR

1R < YT R a2 MRR A -

U
E
Electrolyte e
solution
v
Diffuse layer
Charged surface
(nonconducting)

B 1-4 T3in#E kA7 LW B P 2 4k (Diffuse layer) ™ 5 46 2& & (Debye length) » 4
4% p Probstein (Chapter 6) [14]

hedaf o d 0@ G v R F ROVRAA L WER GG FI AR R R
Bz P PRt E L IR T BHSRE I HEREFRE ST T ETHE

PG A F R E Y TR R LTS R
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% 2HAH
AL mFFTR Y B E A F2 T 7 E{opa-2rd s> 42
5* (Navier-Stokes equation) ¢ 7 2 @ i 2 $0m 4= A25° > " i § L ZIEE &
HHFEE RENERT  RASE MRR 2 2472 » 43538 7345 o
g ORA Y P IRF IS Aoty b2 il FR R B b
SRR TE SR LN S LR R REDE T EE S AR RN

F3 0 kAE & * COMSOL Multiphysics #2472 2 i 734 & -

2.1 ¥ A3

Ty R 2 BREe 4 4] (Couette-type driving mechanism)4e= 2% % Sk 15 41
(electroosmotic driving mechanism)z_ #3872 HAT T > @ K3t 2 B ,f%f;wﬁrl}%? 2-
1957 G- A S F o g 20 E 11w s Fidae o £ (X
Y, ) s BRI EEenzb g SRR 2 (L], K AR e & 0§k
T2 BAULL W2 He 1§ 1% 438 B O=—OKGER 1-1 %77 & ) & £ (Wafer
carrier)she gk~ P - S Y o g Gk B ou(t) o 6 (TR -1 s
AT Y Pk AL G )P 0 SFA 6 BPeeR A B pitd RATT 5
T A A R (UL +V]) o

BB ET P A EP R FRF FE TR E=H): ARE R HI
B B2 e PR E=0)5 FAYZAH ox=0 2 x=L i
roy=0 2 y=W L E B RS ER B g g p ik oz=H L B R o
7=0 L FANAH LG x=0® x=L 3 rc (5T R) > y=0 %2 y=W 3
HOEE

EEFAYEFT o220 % € -2 w340 s A g AcR] 2-2 7o o 1

* COMSOL fif 7@z B pF > € 4 g it > @ @ * gt i
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-
-
-
-

Bl 2-1 232z FngdrEAltim x# > LR LIy e T RZ Wz 93
BaHe 272 (XY, )RMHs AERE 2 2 2k

10

t>0

t>0
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B 2-2 F yz 25 bR B2 gl ()avg % o AR g S L3 RIE7 448
2 E 4 B0 AU EEA R R ¥ 0 o d A T B PR EEA)

16 % FARR DA AR R 2 R R

3
™
B
e
F_\-
&
:\E_P'
B
&

X
B3
i
F_\-
b
By

22 ¥ B HImRt T IRF 2 BHA 5
AL R R R T UREEE R PR A B2 Sl A2 R 241 ¢
SRR s BRI AR 2R AR (X, Y, 2) ) F s

&=z (4> 425%) (continuity equation)
V-u=0, (2-1)
ey 273 5087 4251 )(Navier-Stokes equation)

du,
Pt "t

(2-2)

(-2)F %82 FLARPLIE e d o BP FF U ZERTH S T 1

O=—0K2 &:& B3 o n FE LB W LA 4 5 (body force) ~ B 4 3E frdkiF 4

>

Jg o
YRU 0% o=F - PERIF? 52 2FEM > 58 A A (scaling

analysis) » ¥ #-(2-2)58 & 7 14 ~ @ EB-A TR o 1R R AL 277 7 [21] 0 CMP 2

3 F TR 05 5 30rpm(T ~ wradls) » g3 [22]3 & 0 A @A f [F Y

mEERESTAYEFAEZ ¢ Ak (L~10°m=1um, W~H ~10"m=100nm)

\\\?{r

BB 2 BHE M AR L AE(u=10"Pa-s, p~1000 kg/m?).#+ it & S

fé,u

%‘t
_j

R r (2-2) 78 T 1 R AL ](2-3) 7
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% 2-1 {7 % B A {7(scaling analysis)# 74 * /2. S8 i@ -

Qs I's Us ~ Vs L W-~H o P

7 rad/s 0.15m 0.15zm/s 10%m 10’m  10%Pas 1000 kg/m3

0=-Vp+ VU, (2-3)

bt BRBM LTS L FEFRCRPH N FERBRT L0k 0 2 AP
CE R R SRR TR R A RR T T L% - KA AT

AL LR T 2 RS E A

ov ow

a—y+520, (2-4)
o°u  ou
0=u(—+—
ﬂ%w &Q

) (2-5)
2 2
oy- oz

e UvwWiiEkudXy)detds g a2BiEET u=u(y,z) vav(y,

)~ 2 w=w(y,z) f2-5) B RhiEiE i

12
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u(y,0)=0, u(y,H)=U
u(0,2)=0, u(W,z)=0 '

v(y,0)=0, v(y,H)=V
v(0,2) =0, v(W,z)=0 '

i% i 4 31 % B % (Separation of variables) » ¥ 217 RHF U B VAo T

2 0(1-(-D") . nz . oz
u(y,z) = sinh(—z)sin(—Yy),
g;nyzsinh(\r;(/TH) w W

o V(A-CD")  nz . onz
v(y,2) = sinh(—z)sin(—Y),
”1n7zsinh(\n/\7H) w w

=k

B2-9 A 24N TFREEERLSATW

» 2V (1-(-D"
wy,2)= Calal)

= nﬂsinh(c\;z H)

BT RS ST RNEZAY R AFSY LR 2T k4 [23]

e =i =3 D i )
ﬂWsmh(—H)
£y (=1 =3 PN ) i)
ﬂWsmh(—H)
13

nz Nz
[1-cosh(— z)]cos(— ),
[ (W )] (W y)

(2-6)

(27

(2-8)

(2-9)

(2-10)

(2-11)

(2-12)
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Y P2 PR (B X P2 TR ()RR ELR VU RS

BB EAL G 2 MRR > F]pb A u]#(2-11)82 (2-12) % y = o BT 3o 5 R

1w = 2U p(l—(-D)")?
sz,avgzv—vfo T (Y)dy =2, i (nﬂ)) ! (2-13)
n:1Wn7zsinh(WH)

1w “ NV ul- (-1
Tay,av :_J 7, (y)dyzz ) )
oW S Wnrsinh(77 H) (-14)

#(2-13)22 (2-14) ik o B AP 4e » T RIF L FL Y G

iﬂl’i’_;r;fs [@a}
2 2
22U u(1-(-D")? =2V u(l—(-D)")?
oo = ||| 3 2HACY | |5 2= CI)) .15
"“L\Wnzsinh(——H) "L Wnzsinh(——H)
W W

¢ Nolan £ Cadien[12]z.# 3 ¥ 17 4= > 4F A+ 2. MRR £ k&

~ =

RS

S @ ko Gk B o R AR S M R diET 2

MRR — k i 0 p1-(0")" | | i 2V p(1-(=1)")°

n=1 Wn;rsinh(c\;[

- (2-16)
H) L Wnzsinh(—> H)
W

(2-16)T 5 dF A48 * 6% 1 & (HOp) ¥~ Zpdeif 2 T 2 TI5MRR H % %

. WpRMH B RN e F 335 o
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23 E T B S 412 Bk AT

AEEEITERY 0 LR AP TR % F o & [f] & & (Wafer Carrier){o#= i<
(Platen) 7 ie & iF 5@ ds > & K+ ¢ 4of] 2-3 “757 SEPFA (v dp A B 0 4o(2-30)
PR & RS X ot iE VR TEALAR AR S - 4(2-3D) ¢ S 4 L 0k Ko (Y ALAR
s~ 40(2-30) ¢ FEE ¢ - RSB A B 2 40(2-3d) ¢ AT R (VLR R B

RYFEE T Faf g kR s (22587 chu F 5 % dkded Bt - vk 0 (2-5)

YA
Wafer
cumer \
O >
an, X
vy
—_—

\ ‘l'ollshmg

helt

(d)

Bl 2-3 CMP % %8 itz v fE5sd o7 2, B > &4-p Zhao, D.& Lu, X.[24]

p{du° +d_u} = uV°u. (2-17)

15
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ST - ko B R - % 6l u(t)=U_cos(Qt)i - > B KR

u(y,z,t)=u(y,z,t)i+v(y,z,t)j = » #2-17)i* A £330 4& 7 5

2 2
U, wsin(t)+ X = 7Y, OY
ot oy: oz
) , (2-18)
ov oV 0V
— =VI=Z+=7]
ot oy® oz
GHER RS
u(o,z,t)=uw,z,t)=0
u(y,0,t)=0, u(y,H,t)=U, (2-19)
u(y,z,0)=0
v(0,z,t)=v(W,z,t)=0
v(y,0,t)=0, v(y,H,t)=V.. (2-20)

v(y,z,0)=0

I s B R B j2(2-18) M2 % - N~ F £(2-19) S auE R iR o B M T I X

ez EAE U

16
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Uy, 2= 3 Au O (1:2)
A (t)=—(A+A)e ™" +A +A, cos(wt)+ A, sin(awt)
A= NSNS

_4Uc[l_(_l)] )" o’ Agm[1— (=1)" ] (2-21)
A= A {nHZ [w?+umvfyﬂ mz? HZ(])]}

_ 4o nm(1 (1)) m
A T DA (D)

nr., Mz,

j'nm :(W) +(?)

FI* B BB B2 f2(2-18)58 2 % = 38 ~ e £(2-20) e iR > KT (F

y ez g RS RV

vy, zt)=Y Y e {‘"“V (D" (-1)" 1) ~1)}

n=1 m=1 (2_22)
. Nrxr .
sSiIn(—Vv)SsIn(——-=z2z
wsin( )sin(" )
PR AEFz 3w BRI W
o — Wi 4mV y nH
wiy,z,t)=> > e ( D" (=1)" —1) (™" —1) 3
n=1 m=1 mW
: (2-23)
nxz
cos(— y)[cos(— z) -1
S s(W )-1]
d (2 21) '\"—’ 1\]—: 'J/jé?m quﬁ%:& A\_El
ou o mrz . Nx
= p—| 0 = )™ gin(X2 yy . _
&= ”az|z=0 ﬂ;;ﬂm() o sinGY) (2-24)
17
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B2 HETRYSEEF AL - L RETH

oy = % [ [} . dyat

_HM ZZ{Al la? (e —1)+ AT +2 A sm(a)T) B (1 cos(wl))}  (2-25)

n=1 m=1 nm

><m(l—(—l)”)

2 d(222)}\m1§)§\/-}\” 3| *\i'ii%" A\,—%

-3 R -E - ) e

K20 ERYBEFFIBHFA L RETHE

Ty g = % [ [}, dyet

ﬂzze—z g _AmY S —1)(T+T(e T} )

n=1 m=1 nm

x— (1-(-1)"
nH( -D%)
L (2218 (2-25) » T RE AL EEG b 2 Tt 4

e ZZ{’A;+ % (e 1)+ AT + 22singaT) + 22 (1- cos(aT )}

nm

T (1— )My

(2-28)

4{“22 At g AV D ST+ )

n=1l m=1 nm

xma—(—l)”)}Z}%

18
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d Nolan & Cadien[12]+ ¥ & 4% = @42 8™ MRR & & %] k25 §

A R

yam,
=

3 J‘_T: L ff&g(k’

hmaIﬂfzzf“&@%ﬂD+m4%amﬂﬂ%acm@m}
(- (DY
(2-29)

-%”ZE:%“ 4my (1)((1)—1)(r+z—(e““m”T ~1)}

n=1 m=1

xma—(—l)”)}Z}%

nm

(2-29)7 T S 4 A * EF & (HoO02)4 » fi 3¢ 27 2 CMP 2 MRR #% %

TR BEOYHGE R MR BErd > BN e RRFHEN o

IR NIRRT P YRR R

“ 5

T % i (electroosmosis) = — H B 4 TH R F 3 T AT DI WMFET ET
electrolyte)/nd 2. L % > o **7R P F TR F AR T HR5 A FH o ER R ER
R B > B R PIAE S % i & (electroosmotic velocity) o ¥4t~ A T 44 (4
mEERE) B LAV ERERT T Y 24 TR AR e R (3 %)
o T ERATHRE(ER)FIRFREAL ZTHEII(HT) e
FRACH 2-4 Tm bl ARG AR fRETFDOTLRTYE A -F LR
FR R Ak Rl ~ B AT 2P 27 "I ) HE A e (@
“Particle surface”) &} iT F o e FIR G2 T f2F° 0 Tim € sl g i~
B9 AR Beo- SEEGREGY RGY kol a 2)f R e AR R 7
g0 L FR BT A B EOF AT K (Sternlayer) T H ¥ FE R 5
L B¢ “Sternplane”F T B R AR M 6 Fom o X A EFE MR 6 IE

et Bo DR RBHRIRTY LR ARG BRI A § R et
19
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i# § (Brownian Motion)»c fsibr=x # 5% > f T A LA T T~ A TG (X AWM
BRAEG PECLER > T X BREMA G ] T ERR2IE A
PRIy Al o P RGBT P ER R P T LR BARAH F HATE

(diffuse layer) - € 3 & fr¥f4ck & # 5 = E4 (Electric Double Layer, #§ % EDL) °

-

PR A G T 0 HATETY g2 42— T =(potential, ¢ )4 F o R AP o
FIT A FRA B0 DA el 24 ¢ 2T BT L AUA G AMEEG
T(RT ) RgRECE Y TR A T oo oW 2-4 977 0 PR ATRT Y B4EH
WP G AT =5 R FHR G AT 5 g LK I SERNE 5 doo RIS
B PR LR oo A BARIRECE T L S des A B E KRS AR
i (zetapotential » 12 2 5.8 &7 ) 5 A 2 THEH Y L& Do TR
PRMMIAT R Hs o RpECE PR T A ST d (%1 Jet g
o B 2-4 ¢ hlp o Q;w #2 % 46°& & (Debye length) » 24L& R p > T
RAPN TR AMA G T o S e FURAER R R A T AR DA A

TEEE AR 24 ¢ TENEEAES 20 2w (TE B 2-4 ¥ “Distance”

REAR T L 2 e )6de— R EL(RETH) R F P ew TORTRETY B
ThEw I BE  THEHFRTMY v P BE o Al g HLEERARE S 5 )

FIR 54 sl m R RFIRE SF 0 2 s KRS s T o (B 24 ¢
“Surface of shear™) o “{ ¥ 22 F 48 & BEAperd e » BG4 T @ @i 0 3
WAk e FE - T P REAFLZRFERE E P Veo £ 1) 0 A TR A

WPl B FHunter [20] - 2 2 &9 A& 5-200nm 2 fF 5 7R W RE R G

GAB T2 AATE R N BIER T 0 T AR € R einiE 2305 100nm % ahz
FoORGRET o ERY RRIARFAL RN R T A R S e
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=1

|rml.

Particle surface
/ Stern plane
//— Surface of shear

0
0
& 9
0
®

(0]
®
®

S
“i \—_Diffuse layer

®
O

Stern layer

b
S
5
3 4
0
ao

0 —>

1) Ao Distance

B 2-4 @k LB 45 Probstein[14]

Probstein[14] - ﬁ&;: ATBMAME HEKE P TSR TS T FHER

A

d’u

— (2-30)

P )RR it et AR XS T ENEEAG P e s 2P 5
WEMER G D e S % 220 LAER 24 0T 2w oo TR U
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X% s B OE Gz endlic o uh T IRT ek 0 Bx 5 b F X 2w 005 4o eh5

FRH(FE) o DRTOMBTFGA - PRSI LR

Lo =—E——5 (2-31)

B O(X,2) 58T = HP AR 44T o) 2T ER T a(2)
D(X,2) =p(X)+¢(2), (2-32)

& (2:31)2 (2-32)7 W 57 1k Hos 2 RS
Y-S (2-39)

R R

. 09 ou (2-34)

O PRERENCEOEES S E T T

E (4-2)

g X
u="2" 2/ (2-35)
Y7,

B2 —>000¢ =0(5FR2-4) T REHFIE LT FER (Veor 5 — ¥ )

ecE,
—_ _ 2-36
p (2-36)

eo

22
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5-200

I

bew it A B R T UG E R AR H 2 R 4 Hunter[20]- 2 H 58 &
m 2 [ dedtf? g e 3l ¢ RGBS (Wt B)WETER AR C RIRER T2 B R
FATI N Veol P HiE 5 - FH AT Liﬁ"?@éﬁéh; IR R R 0 Al
T E Rz 1? f}i 'Y #g:oj@ﬁ,” #%'E;( ﬁ}_;\ [25] b F\ ]j;;}j% ;(4-,,, yFﬁ- /%E(C)/ﬁ
g
u-vc= DVZC (2-37)
o= iR EPNHAICF AL 0 & U =Veol (2-37)7 1
c o*c o
272 2-38
R P (2-38)
Z—( 0)=J, £ (x,H)=0,
‘ c (2-39)
(L!Z)ZO;
i & (massflux) » &~ #73 g

C(07 Z) = Cb’
#

PIAAL e FA e kap e R
T (non-homogeneous) > & & & * 3 picdn o B 2 18 (7 F i3

'g BE R (B RIA]) 0 Co IR » U g %‘rz}&@i
T % % % ¥ % (transformation method) #4- 7 3F cnif R oE 2 A LA =%
,_l:‘

Flif R EiE L 2k S
2 F 4 F) 8 i o(X, 2)iE (7 4%

23
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(2-40)
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Uoy 3 _0oy oy

—= , 2-41
Dox H ox* oz 2 1p)
5@—"”(x,0)=o, %—W(X,HFO,
: ‘ ] 5 (2-42)
0.2)=c —Jz+—z2, (L 2)=0.
v(0,2)=6,~Jz+ 7% “E(L2)
TE G FpcS BB B REER S c(X2) -
c(x,2) =w(x Z)+JZ—LZZ
HEVES 2H
U
oX JD
X,z)=AeP +B,———X
w(x,2)=A °"UH
= Jx . mzx
+Ze2'3 [A, cosh(y,,x)+ B, sinh(y,,x)] cos(? 2)
m=1
JD? Ui JH
h=gzgt”  B=G-—7 A (2-43)

2 H 2 m H 2 m
A= D E) )T =3 ) (D)7 1))

_(2UD cosh(y,,L) + ysinh(y, L))

Bm - U ATI
(Esinh(ym L)+ y cosh(y, L))
,/(%)2+4,1m M,
me AT

(2-43)% 5 = AHEE T RS2 B YRR o T HE Y EER 2 kB R T X M2

BE TR, TT B REEG 2 A6 TR

24
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1 pL
Cavg |z:0 = EJ-O C|z:0dx

D
uL

U
(€ —1)+8, -2 |

=% 2UH

U

yv yv
620 sinh(y, L) - (€2° cosh(yL) 1)

A, Dy s (2-44)
e Ly[1- (E)Z]

LL U
e?P (cosh(yL)————sinh(yL))-1
+B 2Dy

m

Lym—(;éyf]

(2-44)7r 5 = M F 4R G 2 A% AT 5k R H-o @ ¥ 1245 Shin &2 Economou 2

Fis] v

MRR =c, K, M (2-45)

avg ' f rcps
HP ML #Fay A2 B3 FE (molar mass) ~ps 5 T2 BR Cre i B
#§ Comsol # &|[6]% Lee et. al.2. § &[3]'- fam Rz e % hdks s P2 RS
FARERsE B2 W T e k, % i& ¥ #ic(forward constant)[5] > % i# & & #c[18] kR et

Mk R 2R o d (2-45) T KT BIRERE E 2T 2 MRRo & H g 20 2

R EH A S e § % o
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¥z PR
d SR 2 EITF| L A4 T RS F FRbH- 55 e ®
e D d B BT IER R P RS EREE R A
@ ~F7 % 1% COMSOL Multiphysics software 7 -~ % #rd & {7 4~ JLHCA| & &2

B K fF o

3.1 Comsol #§ 4

COMSOL Multiphysics % - F *3~ % ;# £ % #c # (Finite Element Method) > & 33

# COMSOL Inc.#7#2% - COMSOL # 4~ &#_r2 Matlab toolbox 7 42k » 2_ {5 iz
¢ = Femlab ¥ *+ 1998 # 4 # 5 B4 » ¥t 32a "4t & 5 COMSOL
Multiphysicsc COMSOL & #* 3 "SI~ %2 » KjgHp @8 v & 5 2 sifir= 4858 (1
s > AR G A THRfEZ B EEFFT AR EL$70d 22 COMSOL = - %
FHR o A 2 P HT B(S 2 B AgL F Fp 2 ARA R H A
w (Graphical User Interface, fj £ GUI)Z & & JAVA %3Fm = o m COMSOL i
Bt S EZHEAA@EERC RIS AN F RBE RS

TN IS TIERE E R

3.2 $ IS ot i

o] 2-1 97 0 AR PP G - R G AR o AP EEERR

.

FHEAEZEWLE Lum~ FW)E 0lum~ 3 5(H)0lum> ZHH ¥ - BkEe &
PR aiE - A2 52 R R A Y - RTERm TR Y kg g 7

o 4eBl 3-1 977 0 A B 2-1 cinig £ R 31 e 4ot B v B4Rk (X,
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X=x-L, Y=y, Z=-1 (3-1)
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2H,0, —» 2H,0+0, (3-2)

4Cu+0O, - 2Cu,0 (3-3)

FIC AT L F 217 54 0 dd Xinget al.[18] 0 ¥ AR P 2 AT
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By kER 2. F A BRI T d 2T (3-4)8 B 5 d i (iteration) B 3N 18 [26]
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BEHRAER K L o RGBTl E N (4rE 3-4) 0 B AT RiT4rs
o2 F o AE R R ES L j=0.1769 mol/(m®-s) » 7 W (2-39)58 2 B B ik i 4
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% 31 RAEFFEATEY 2 Sk

5 i
 (angular velocity) 80 rpm
T (temperature) 340 K

Oxidizer H,0,

Polishing material
Slurry flow rate
Oxidizer bulk concentration
Mass flux of polishing surface
L (length)

W (width)

H (Height)
Permittivity of H,O,
Diffusivity of O,
Viscosity of slurry
Molar mass of copper

Density of copper

k; (forward constant)

r (ratio of oxidization and polishing)

Zeta potential of Cu,O

4> copper substrate
150 ml/min
3
426 mol/m
0.1769 mol/m2~s
10°m
107 m
107 m
8.85x 10" 12x85 F/m
4.65 x 107° m?/s
4
1.01x10 Pa-s
65 g/mol
3
9000 kg/m

426x10" m/s
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3.41 #Rivix(Creeping flow)
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pV-u=0 (3-8)
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p%u_v J-pl+K]+F (3-9)
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3.4.2 ﬁ?ﬁ'?@ 7% (Transport of Diluted Species)
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i AR EFORF RO R B (T EL LR Fiek’s law)

%+V -J.+u-Vc =R, (3-10)

J;=-D,V¢, (3-11)
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X v.3 +u-Ve, =R, (3-12)

J; =-D)V¢, —zu, ;FCVV. (3-13)

BV LN 0 BRI R U, N 0 BB ER CF AR
FHV D 4o T H2 T o bt R (3-11) 22 (3-13) 5% » T B T AT HE ¥ dvf -
(3-13) % 1 RH B 2 I B E > FP h COMSOL 3% % ¢ 2 BiL A H i

N2 A oo

3.4.3 & iz (Electric Currents)

A ® ook

PEHREBRETGAEFRY T OE R E AT HAE D RN TR

o

BFE N TR BRE AN 2 BT E

V-3=Q, (3-14)

J =0E+@+J (3-15)
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(3-16)
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13)5%) » 225 IET H A 2

3.4.4 %3258 i@ % (Deformed geometry)
AT R G ARk FIRt AR g R R 0 A Y DA B
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Laplace, Winslow, Hyperelastic and Yeoh = /413 » & < $ # Laplace 3]5% » H #7i¢

i T

o’x o’y o%z
8X2+8Y2+622=0 (3-17)
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3.5 i# R i (Boundary Condition)
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-n-(J; +uci):‘J0,j' (3-24)

-n-(J; +uc,) =0. (3-25)
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n-J=0, (3-30)
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Table III. Frequencies of the polisher’s rotating shaft.

Sliding Platen Rotational Corresponding
Velocity (m/s) Speed (RPM) Frequency (Hz)
1.0 42 0.7
1.4 59 1.0
1.6 67 1.1
1.8 76 1.3
2.0 84 1.4
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