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Abstract

The effect of organic additives, 1-(3-sulfoproyl)-2-vinylpyridineium hydroxide (SVH) and thiourea (TU),
on the precision copper electrodeposition was investigated with optical, electrochemical and x-ray diffraction
techniques. It was found that SVH played a role as an accelerator and TU as an inhibitor during the elec-
troreduction of cupric ions in acidic Cu electroplating solution. Through electrochemical measurements, TU
showed more strong interaction with cupric ions than SVH and dominated overall Cu electroplating process
when both additives were present in the solution. In the case of three dimensional Cu electrodeposition on
the 20 um-patterned Ni substrates, SVH controlled the upright growth of Cu electrodeposits and so determined
its flatness, while TU prohibited the lateral spreading of Cu in the course of pulse-reverse pulse current
adaptation. With microscopic observation, we obtained the optimum organic additives composition, that is,
100 ppm SVH and 200 ppm TU during the current pulsation.
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Fig. 1. Potentiodynamic polarization curve at Ni substrate
at 20mV/s in the solution containing 0.26M
CuSQO,, 2.0M H,SO, 100 ppm SVH, and 200
ppm TU and the surface SEM micrographs and
chemical composition of Cu deposits prepared
potentiostatically at each potential for 5 min.

7b E9€ Cu =59 el Ni A& AT F
A9 FAF £2F 20mVisR St 2 FH9] &
= FAL AuE™, 0.04V, 020V 2 035V

oA HF E27F #FFEY. o5 7+t Cu
underpotential deposition(Cu UPD) X= Cu'/Cu
o] A71sket4 gk, F71-7HA-Cu 2FshetE©l
2L 9 A7jskeE sk, cut/cwde] #7318
d Hke-S Yehle= Aoz 4EA gt 4
9 FgelMe] Cu =7 dAe #AFsr] 8 A
LS o] &3te] 5u7F I HAE Ak &
T3 39 g = F 399 38y =4S SEM/
EDXE ©]&3to] #2435} th Open circuit potential
~=0.10 V 9l dFsls <9 99 >oA= vl

] T3 YAE Ni "5 dde] 4A
£ 4 Qe o)le Nigl d3<4(5.15
131(4.70 eV)E.T} mobr] AA] %7]
slel2 kel whgo] WA stE AHETE & M9
FollA Cu HFHEGo] Uojub= Zo=Z Aeke
o <9 99 >olA #&EE= A9 22> A/
g f71E F7HAHA TU 2 SVHSF Cu?'/Cu’
ol o] A7|s}ety &4 ] #slgES JAgH
% o] ZA|7} Cu UPD & % Ni 15 ®dd] &
o2, HFO2HE F] o] 2079 HAH
g REgo] FHsHA o]FofX ARE B F ST
T2 o]9] A7ststy U2 2vkA o] A}
Ag AL 3 A=, <19 99 1>
Sz dAQl Cut'+e — Cu” o] WA=
Aoz 4 olFd 93] Cu &7 &£=7 2
A <H9 99 Iv>E Cu &F W3 3

L Tt ok



ol 9]/sh=EHFEE] 43 (2010) 1-6 3
40.0m o
0.00 (c)
35.0m (a),—
& -0.054 = y e
= -
E S _ @ P
3]
= o 30.0m~
,.;‘-0.10- 5& ""(‘e}‘/:/’OOoooooo
c < 1
S g (b)
S o154 | (a) Additives free w 25.0m
s 1 0 |- (b) SVH 100ppm + TU Oppm o _
fi
o () SVH 100ppm + TU 100ppm S :3 e e+ TU 0 ppm
-0.20 1 — — (d) SVH 100ppm + TU 200ppm 20.0m (c) SVH 100 ppm + TU 100 ppm
— (e) SVH 100ppm + TU 300ppm —a— (d) SVH 100 ppm + TU 200 ppm
* WVH 1 +
025 . . . . . . . . . i —_— 15.0m — (e)S H OD ppm TU 300 ppm .
-1.0 -0.8 -08 -4 -02 0.0 0.2 5 0 S0 100 150 200 250 300 350 400

E vs. Ag/AgCl (V)

Fig. 2. Potentiodynamic polarization curves at Ni substrate
at 20 mV/s in the solution containing 0.26M
CuSO,, 2.0M H,SO, and (a) 0 ppm SVH + 0 ppm
TU, (b) 100 ppm SVH + 0 ppm TU, (c) 100 ppm
SVH + 100 ppm TU, (d) 100 ppm SVH + 200
ppm TU, and (e) 100 ppm SVH + 300 ppm TU.
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Fig. 4. SEM micrographs of copper deposits obtained from an electrolyte containing 0.26M CuSQO,, 2.0M H,SO, and
(@) 0 ppm SVH + 0 ppm TU, (b) 100 ppm SVH + 0 ppm TU, (c) 100 ppm SVH + 100 ppm TU, (d) 100 ppm
SVH + 200 ppm TU, and (e) 100 ppm SVH + 300 ppm TU; Magnification: x5,000 (inset: x2,000).
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Fig. 5. XRD patterns for the Cu deposits obtained at

constant potential of -0.25V on the Ni substrate
in the Cu plating solution containing the different
organic additives combination: (a) additives free,
(b) 100 ppm SVH +0 ppm TU, (c) 100 ppm
SVH + 100 ppm TU, (d) 100 ppm SVH + 200
ppm TU, and (e) 100 ppm SVH + 300 ppm TU;
Electroplating time: 40 min.
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Fig. 6. Surface and cross-sectional SEM micrographs of Cu deposits on the Ni mesh substrate after the pulsation in
the Cu plating solution containing different organic additives combination: (a) 100 ppm SVH + 10 ppm TU, (b)
100 ppm SVH + 50 ppm TU, (c) 100 ppm SVH + 100 ppm TU, (d) 100 ppm SVH + 200 ppm TU, and (e)
100 ppm SVH + 300 ppm TU; Pulse wave: -52 mA (1ms)/+14 mA (4 ms); Electroplating time: 5 min.
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