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Research on copper gap-filling in micro
electroplating process with N’ N-diethylthiourea
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Abstract: In order to investigate the copper gap-filling in micro electroplating process with additive
(N’ N-diethylthiourea) , the electrochemical behaviors of electrolyte were analysed by SEM, CVS and
XRD, and the electrode dynamic parameters were studied by the Tafei equation. The results show that
when N’N-diethylthiourea is used in micro electroplating copper process,an activation polarization is
generated to improve the activation energy, the metal ion discharge rate is lowered from
2.221 4 mA/cm?® to about 0. 076 mA/cm?. Therefore, the overpotential is increased, and the crystal
nucleus molding speed on the electrode is accelerated; so that the crystal growth speed is decreased
from 2. 57 pm/min to about 0. 17 ym /min,and the leveling ability is increased about 50%. Experi-

ments show that the side effect is lowered effectively, which makes the copper ions get a good filling
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ability for micro-trenches. Furthermore, some micro trenches in the silicon wafer with the width of 10

pm and aspect ratio of 4 : 1 are filled by metal copper in micro electroplating process with N’ N-dieth-

ylthiourea, the electroplating layer have no voids or seams.

Key words: micro-electroplating process; N’ N-diethylthiourea; activation polarization; electrochemi-

cal behavior; gap-filling
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Fig.1 Linear-sweep voltammetric curves
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Fig. 2 Cyclic voltammetric curves of electrodes
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Tab. 2 Dynamics parameters of the cathode

. L 24 HL I B R (D [ A% 55 7% 25 TR B CREERA
H B R BB ) )
A/cm? (1-) (pm/min) (Q/cm)
ikl 6.463 366 0.002 214 0.807 6 2.57 2.48
B 3. 657 543 0.000 076 0.891 1 0.17 2.52

FH AL H I A Ab il 4L A B B E IR (TafeD) J5
B
p—a+tblg I . (D
A TG PR AL I 3 8 3 H A7 2 S PR R AR
HLA 5 i L P 258 s T AR E R Wi sa A S5 H
WA L 2 THIR A 7 4 R S B A D ) R B 0
& 5B R R
AT LAAS B f AR B Y 3l ) 2 28 n 3k 2
Ne MWEHATLLE YA NYN-Z & He i Ik 7
TNFVAEFE BT o o 3 A 5L A A /0N B 3 48 FL O %%
JE T A WS R0 B HC A A H A R RE AR T A
8 HL 38 2B I R W SO AE AT R AT H AR
AT E AL O i B A, N B R 5 RO 1) 1 Ak
AEAT %, 1% AL R R =5, B R AN & iR AT RN T R

AN LR R A 4 B R AN . LSS R A B R
TARTT I IR B P i AR B 2
3.2 MNIABREEBAHERAERARNN-ZZE

i AR s 0 5 34 £ B 4 B 3R & h B2 Ml

F RGP L s W 3 ik (CVS) B 5% B Al
G v T AR OR /N T MR S I R R 4 e DURR Y 5
M, 5 v H T C 28k K i N e 2 i R
WU T A T B R A L T R R R AL A A AR
1k 4 i e e A b 38 B UL BRI I Rl AR 3 0 A 2
JIF 7R G B LA R £ o BB T A P AR )
A DL 1 W A B 1 RUZ R B R T T
BERT 5 AT

LP(%)=1—A,/A)X100% , (2)

K LPCY0) -1 5, A, Oy v W P e 5% )



1704 e KE TR 516 4
BT T AR AL b R A e 0 e ) BE RS I B

Hh T AR

TEIE 2w F AR 20 19 07 36 A i i b )
R T AR R B AR P INA NTN-— &
LGRS TR i FC T AR/ . AR A 502D
AT LATHSE L 2 N N-Z 2 JE R R i 700 A7 78
I 453 Ja i S - 114 7 i BE RGN 29 5006, B 43 e 4
TE PSS A P 5 2o o P A e A BB S 23 I R BE S
3.3 NARMAEEREEMRAXRAEAR

N’N-Z Z BB IR 7 33 & )8 7 15 16 e

A

Bl 3 &R XRD 4 76 A R e NPN-—224
LT JUR S T 00 A7 A W B I 4 o R AR L
HISER A5 R W L PR AL B HE (11D Tyl
(200 77 1) 45 i 95 J8E LU R B =7 0l J2 B 335 1R A
PECBSENAT Bl 80 D1 i MR 2 45 D 1
gk, B 4 A NTN-Z 2 B IR s fm ) A7
TE I 5 15 2 T & R TE B, I R R L

40001
I A:200 mg/L
3500 <111> B:100 mg/L
3000F C:50 mg/L
—~ 2500}
=
& 2000}
= 1500} A 200>
1000}
500
VT ST S N
200(°)
B3 EATRIMR EE N7 N-Z 2 3 R s o 550 s 4 o 1A

19 XRD Hi £k
Fig. 3 XRD patterns of Cu crystal with different in-

tensities of N’ N-diethylthiourea
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Fig.4 SEM images of Cu film
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Fig.5 SEM image of gap-filling with additive at dif-

ferent time
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