Journal of the Korean Electrochemical Society
Vol. 4, No. 4, 2001, 160-165

A7) =Tl v]x|= MercaptodbghE-2] A71318H4 EA

E37 -

olf-8-*

LT

oA B -

o€} 3]

Axehshal shekgaterl, IRl ek F<-3- 8t
el | a7l e B A AlE
(2001 82 17! FH4: 200K 92 2R A

The Electrochemical Characteristics of Mercapto Compounds
on the Copper Electroplating

Sang Ki Sofy Yoo Yong Lee*, Byung Won Cho**, Jae Bong Lee* and Tae Hee Lee

Department of Chemical Engineering, Yonsei University, Seoul 120-749, Korea
*Department of Metallurgy & Materials Engineering, Kookmin University, Seoul 136-702, Korea
**Nano Eco Research Center, KIST, P.O.Box 131, Sungbuk, Seoul, 136-650, Korea
(Received August 17, 2001 : Accepted September 27, 2001)

=

=2
=

FAAAE FFEE mercaptodlFEL EFA AFEEE ZIMTE VAR g8l ded, o] F 1R
mercapto3}HES AAEe] = F W3lA A7 Hull cell test, Haring-Blum cell test, cathodic polarization,
EQCM(Electrochemical Quartz Crystal Microbaladsey |83t =354 9 throwing poweE &olR AT}
Cathode polarizatiord EQCME 53+ 72| #2ahs dold A} 471X 2] mercaptod & % 3-mercapto-1-
propanesulfonic acitt activatoEA] 71 235t om, 1 %7} 20 ppnellAl throwing poweE Z7HA7131, %

g g4 gEge] oA et £HERL wjEr} cathodic scall 100 mV ¥HF shiftdo] SAEEE SIS &
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Abstract : The eletrochemical charateristics of mercapto compound additives on the copper electroplating for semi
conductor metalization were investigated. Mercapto compounds including sulfur atom is known that they activate dep-
osition rate in eletroplating. Four different types of mercapto compounds were chosen with different concentration
and both the characteristics of plating and throwing power were investigated by electrochemical experiments such
as Hull cell test, Haring-Blum cell, cathodic polarization, EQCM(Electrochemical Quartz Crystal Microbalance). 3-
Mercapto-1-propanesulfonic acid among 4 different mercapto compounds was regarded as the most proper activator
with the results of the mass change of Cu metal deposited on eletrode by cathodic polarization and EQCM. The
overpotential was more shifted to 100 mV in the concentration of 20 ppm than the solution with~dnlycathodic

scan.
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2.1. Hull cell test
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Fig. 1. Experimental Apparatus. ((a) Hull cell (b) EQCM (c) Haring
Blum cell)
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Table 1. Electroplated surface appearance of CuSlectroplating solution with various additive and its concentration by Hull cell test

((a) Result of Hull cell test, (b) DIN Symbol)

F3 1 0.6 0.1 (Addm’)

54
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2-Mercapto benzothiazole

2-Mercapto benzimidazole

3-Mercapto-1-propanesulfonic acid 3-Mercapto propionic acid

Only CF i

10 ppm

20 ppm

.........

50 ppm |

s

100 ppm

(@

e T

Burnt Semi-bright Bright Dull
Pitted Cracked None Streaked
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Fig. 2. Cyclic voltammogram of CuSQ electroplating solution with various additive and its concentration.
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Fig. 3. Mass change-voltage characteristics of Cug@lectroplating solution with various additive and its concentration.
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Fig. 4. Current-voltage characteristics of CuSQelectroplating solution with various additive and its concentration.
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Table 2. Exchame current density of CuSQ; electraplating solution
with various additive and its concentration

= Additive Concentration(ppm)
R 10ppm 20ppm 50ppm 100 ppm
2-Mercaptobenzothiazole  0.08 0.1 0.64 0.71
(mAJcn?)
2-Mercaptobenzimidazole  0.055 0.325 0.375 0.52
3-Mercapto-1- 0.725 0.875 0.895 0.905

propanesulfonic acid
3-Mercaptopropionic acid 0.283 0.375 0.605 0.675

Table 3. Charge-transfer resistance of CuSQelectroplating solu-
tion with various additive and its concentration

= Additive Concentration(ppm)
R 10ppm 20ppm 50 ppm 100 ppm
2-Mercaptobenzothiazole  0®) 0.64 0.1 0.09
2-Mercaptobenzimidazole 1.11 0.2 0.17 0.12

3-Mercapto-1-
propanesulfonic acid
3-Mercaptopropionic acid  0.23 0.17 0.1 0.09

0.09 0.07 0.07 0.07

Table 4. Throwing power of CuSQ electroplating solution with
various additive and its concentration

=r Additive Concentration(ppm)
W 10 ppm 20ppm 50 ppm 100 ppm

2-Mercaptobenzothiazole  46.6% 30.7%  40.3%  49.1%
2-Mercaptobenzimidazole 53.4% 11.6% 87.3% 65.5%

3-Mercapto-1-
propanesulfonic acid
3-Mercaptopropionic acid  46.7% 40% 46.7% 53.3%

53.2%  46% 40% 35.6%

Table 5. Current efficiency of CuSQ electroplating solution with
various additive and its concentration
e Additive Concentration(ppm)

W 10ppm 20ppm 50 ppm 100 ppm
2-Mercaptobenzothiazole 98% 97% 98% 97%
2-Mercaptobenzimidazole  99% 99% 99% 99%
3-Mercapto-1-
propanesulfonic acid
3-Mercaptopropionic acid 99% 90% 94% 95%

99% 99% 99% 99%
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