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Abstract : Theoretical calculations for the secondary current distributions for the electrode with
a projection part in electroplating were performed. Two kinds of electrodes were considered.
One is a electrode with the overall conducting surfaces(Case 1) and the other is an electrode
in which only a projection part has a conducting surface(Case 2). The effects of applied potential,
the ratio of ion exchange current to conductivity, & and the aspect ratio on the current distri-
bution were examined. The increase of applied current or the value of & decreased the uni-
formity of current distribution. The small value of aspect ratio resulted the more uniform
current distribution and Case 2 showed the better uniformity than Case 2. When this model
was applied into an electrode with various projection parts, the local current distribution along
the electrode surface were obtained successfully. In this case, the decrease of & also increase
the uniformity of current distribution as seen previously.
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Fig. 1. Schematic view of domains for the calculation of
current distribution.
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Fig. 2. A dimensionless current distribution along the
eletrode surface.
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Fig. 7. Normailzed current distributions with various
values of applied potentials in Case 2.

wAE) Fiel AREEE ordh
52 LI AFolA e R FEA S 5
=

Case 20l T3t AREEZE o7 Q7S gholl thaled]
yepd A7} Fig. 70l UeRY Atk o] 79 Azt 0d
w7} 4% ol FE mAEREo| Azt 5Y wirt
QEZ olgf =] Fiolr} o]de] Ay} v KR
TN} ARGE AFREY F5EE RE A
& Q1o Case 1374] zfo]HS 17} 9] Bho] 5
Lol mR= YG3ge] tha Arhe Holrth gk E&5-9
olF] mAfg] FEe] gk FE(Fig 3 Il YERIA
AeT) ol 2HE HA F e AL BA AE B
EFE A, AR £ EAYAIETRE 7]
Azm7t Gox)= Jrke] 799 oR BEAjg|iie
AFAErE dulH oz A7) e 71AE] tiste] o
S HAFEE AUA g 52 5 doke A
olt}. o] AHE t Egslo] EAQYRIL] Hifw=Fol o
slo] Al7loll W = B Wil ek A o
3 AlFo|t}, Case 29 745 F2H S -1
2 78895 v ode] g3kl W AFEEES Fig 8
YeRATE o] Case 19] 359} vRPIAZ E3ke] &
VEE ARREES #5ErF HolRs B 4 oy
Case 19] 7-9-(Fig. 5 )Rt g3toll thefe] & owlgt
& & 4 vk Case 13} Case 2 499 AFEE o
53t H3lE & F J&=F A7PALIC} aspect ratio kS
Ul IASIL 7e WEAZl A3t Fig 99l UEr
U Qith o7 B o) ARTE g 2]
AFAE el v)e) wiEg2 Yehlth Case 29] 735
7} Case 120t E4F5=7t 100] A= olde &
om oE B0 oF 50% ©let] B-eE YAdsH
Case 19] E7$ 2 04, Case 29 7% 18t} Fe
o=z Agsjofof stk 2 & 5 AUtk T 2559
[e)

K4

n

7F ASAATE AEARQ] 7A = e Ale 2

18 T T T T

¥

ized Current D

J, Nor

0.6 N 1 N 1 L Il " i
3

S, Distance

Fig. 8. Normailzed current distributions with various
values of £ in Case 2.

T T T
1000 | —
_ Case 1
=
£ 100 f/ -
E / ———
£ F----- frmmmeaas —_ Case 2
/ —~ ]
§ ayd :
: ’
/ ]
0L Ii,/ . =2 E
j ' $,=-1
f ] "
! ]
]
1 ' :
1

Fig. 9. The comparison of nonuniformities between Case
1 and Case 2 for various values of &,

o] 453 Eus ol

ZIA= ERLlel et Fele) st 94950
e W AFELEE A5 91 AlkS slo] Byt
olgt 2o A ASE emp A2l A ol glole]
TelEEe] o BHEA Y gt oAz miile
EFTM Gl Zole F glon] B Ade A%
ERRNE BAF] 913 o84 mYR Y §8d
4 Tk Fig 102 20a 5% 7289 og 28]
AFREE A B A7) glo] HolSE #5

[e]

i

\

s
T
o
il
e

o >

g9e 2+ A
B 7S] P BPEs FRE 2adgo

)
i

AR Beske ARoE AL B BT
ARl AY 5 maels] B4, /4%l B, 27t



=4 73483 A], A 129, A 43, 2009

25 T T T T T T T T

4, =1
z .| FFET"H
w20 4
E Electrode Shape
a
i
2 1s) 3
=
o
@ A
N - I, N
= 10t B . N e
E
E
-]
2z E
= o5} )
05
0.1
— 001
0.0 1 1 1 L 1 Il 1 L
0 4 ] 12 16 20 24 28 32 36

S, Distance

Fig. 10. The changes of normalized current density distribu-
tions for the random-shaped electrode with various values of &.

A sl 21 5
71840 5ol A2 2
2 A1 glo] A2 Al B
244l 919 =FuA SO} A7)
£ 0g 2 olel B8P A0y ¥ 5
oz Aol HE v 2] B wakE gord
Whie) a4 TeIe w9, a0l FERYE

3l 33} AFEEL =

= Sug Aol

AFelMe 7 1A=
Zq:ﬂ"ﬂ«] T8 =g 34
[l o B ] s = A B B
(Case )¢} EE5-9I%F H=AIQ] 9(Case 2) T 7?%1
7390 tiste] A7PHS, o]2udt AFUE} o9
A==l "l EZE aspect ratio2] 3
AuEskt. o A3 Qv 914 é rol 71
AREEE Essh 4sieS & 5+ 3

REo] HApMz olE RIT F ‘2)\9113} Aspect
rat107]' Zold g AFERE/ Hr}; #531=™ Case 2
o] 97} Case 19] 73§-Hr}h %%557} ol g o
T AR 50%8E0] E-te=E AYEH Case 19] 7
Egrel 04, Case 29] 739 1= GilolH o]FofX

IHd E=25E
2ol o
]_

]1’]—1— gxt
o]iﬂ = :{;Oﬂ

3}
)
AeA A3 7

:1ru J]-ﬂl_&

o 4o 4

& 5 Utk 1A FHS FBR9A7H CFR
FoE o|F7 AHS |Z o] ARLEE T 2

323
3 A AFREES FA) ARG F UeE & 5
9151 o] Aol ol s AR Egle] Had

=

=
M2l 2
2 A7 20065P3% Ferist Skl FAT
Aol ojsf s A7l =R FA A

dHl A A7 elAl AAR=EY

10.

11.

12.

13.

. R, Moutton,

I
rot

k]

. M. Datta, 'Microfabrication by Electrochemical Metal

Removal' IBM J. Res. & Devel,, 42, 655 (1988).

. D. Landolt, 'Electrodeposition Sciences and Technology in

the Last Quater of the Twenties Century', J. Electrochemical
Society, 149, S9 (2002).

. M. Narashimhan, 'Inline Process Control of Advanced

Thin Films' www.kla-tencor.com/magazine, 1 (2004).

"Three-dimensional PCB Electroplating
Simulation Tools", Presented at IPC Printed Circuits
EXPO, www. ipcprintedcircuitsexpo.org, S10-2-1 (2001).

. T. Park, T. Tugbawa, and D. Boning, 'Pattern Dependent

Modeling of Electroplated Copper Profiles' International
Interconnect Technology Conference(IITC), 274, San
Francisco, CA, June (2001).

. T. Park, Ph. D. Thesis, "Characterization and Modeling of

Pattern Dependencies in Copper Interconnects for Integrated
Circuits", MIT, June (2002).

. G A. Prentice and C. W. Tobias, 'A Survey of Numerical

Methods and Solutions for Current Distribution Problems'
J. Electrochemical Society. 129, 72 (1982).

. J. Newman," Electrochemical Systems", John & Wileys,

New York (1991).

. C. T.J. Low, E. P. L. Roberts and F. C. Walsh, 'Numerical

Simulation of the Current, Potential and Concentration
Distributions along the Cathode of Rotating Cylinder Hull
Cell', Electrochimica Acta , 52, 3831 (2007).

I. O. Dukovic, 'Computation of Current Distribution in
Electrodeposition, a Review' IBM J. Res. & Devel,, 34,
693 (1990).

J. Deconinck, "Current Distributions and Electrode Shape
Changes in Electrochemical Systems", Springer-Verlag,
London (1992).

J. Lee and J.B. Talbot, "Simulation of Electrochemical
Processes" WIT Transactions on Eng. Sci., 48, WIT
Press, Boston (2005).

FlexPde Professional, www.PdeSolutions.com .



