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. �

�Öö¶¢ ��~º mercapto z�bf ê.� *O³ê¢ Ã&�Êº Î&B� rJ^ ®º�, � 7 4&æ~
mercapto z�bj F;~� ³ê¢ æz�B&� Hull cell test, Haring-Blum cell test, cathodic polarization,
EQCM(Electrochemical Quartz Crystal Microbalance)�j �Ï~� ê.ßW 5 throwing power¢ rj�~
.
Cathode polarization 5 EQCMj Û� �Ò *Oïj rj� Ö" 4&æ~ mercapto z�b 7 3-mercapto-1-
propanesulfonic acid& activator�B &Ë '�~&b�, � ³ê& 20 ppmöB throwing power¢ Ã&�Ê�, ³ê
5 �W "*{� Jç Cl−ò ��>îj r�
 cathodic scan� 100 mV ò¢ shift>Ú ÃO³ê¢ Ã&�Új r
> ®î
. 

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 only Cl− in cathodic
scan.
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1. B  �

�" >êÚÖëf ²¶~ &Ïïz¢ º�~V *� ÷'²
�~ VF�� 6²~� VF^�º Ã&~º º^ö ®
. .
³B®~ WËj Ëç�Ê� ¦&&~¢ ¸�V *~� .³~
��¾Ò VFj º~� ®º� ²æ.³~ 1N ê. 6º �
Ò~ Ö>� Wîj �Ï~V *� �Òê.� ô� ¯~� æ
� ®
. ß® �Òê. ëêöB 6Ò ÒÏ>� ®º ÖW �
Òê.»7öB ·ë� *�~� Fæf &Ò& Ï�~� ®B

b~ 'Ë� jv' 'f �F� �Öÿ *Vê.� ô� ÒÏ
>Úæ� ®
. V�~ AlVF~ electromigration" ¸f &�
r^ö Alj &Ú� VFÒò� ÆJ�º ©� Cu�
.1~3) *
Vê.f �B� �;, n;W. &&, 
f �;�*, Ôf ÃO
Nê, �Bê~ ;ï, Ôf j&�8j B�~� ULSI�;ö
'�� ÃO»�¢ � > ®
. ß® �Òº *V&�� 
Ö
'�, &Ï� &Z~� *Vê.� ¾ ��Úê
. 
��� W�'� *Vê.ö jº� æ>
f seed layer~
��, *~2;, Î&B 'Ë�� ®
. � 7 Î&B~ 'Ëö
&� ÚÚ��, .Vö �Ö�Ò ê.�ö FV �ª¶f "²
�Nj Î&~º�, � ��f �Ò~ *O vþ¢ Ëç�Ê�,
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j#� êK®º �Ò¢ áV *��
. ÷'²�öBº ÖF
'b� void~ �Wj ïº� jº� ��j ~�, 
 super-
fillingj &Ë& �
.4~6)

ê.Ï�7~ Î&Böº *O>wj /ê�Êº activatorf
ÛB�Êº suppressor& ®º�, &�'� activator�º �Öö
¶¢ ��~º mercapto functional group~ >ÏW FVÖ��,
�¦'b� �
� �O>º ¦ª~ *~¢ Ã&�B *Oj /
ê�Î
. �Þ suppressoröº ��¢ *�ö �ö, ß® "²
�N� �Ò~º &Ú� *~¢ ÛB~º ïj ;W�Êº �
�j ~º carrierf, Ôf ³ê� ê.�ö Î&>Ú {Ö�¾
'ÿö ~� bî*�� òÂB ��" ÎBÒö z Î"'b
� *~¢ ÛB�Êº leveller& ®
. 
� ��öBº �Öö¶¢ ��~º mercapto z�b~ Î&
B& r�~ ª�ßW" �Ò *Oïö �~º 'Ëj Hull
cell test, Haring-Blum cell, cathodic polarization curvef
EQCM(Electrochemical Quartz Crystal Microbalance)j �Ï
~� *Vz�'b� ªC� �~
. 

2. 
þ O» 5 Ë~ 

2.1. Hull cell test
Hull cell ê.� 7 267 ml �& Hull cellj ÒÏ~� 
þ
~&�, r�b�º 7��Ò¢, ·�b�º �� ��B �ÿ
j ÒÏ~&
. r�f ê.* 10%� �C�Î "Öö 30. ÿ
n etching � ê Ã~>� >^¢ �ö ê.j ~&�, ·�f
��~ Özïj B�~V *�, 
 
þ� �Â ê �î, îæ,
>^¢ �ö 
þ~&
. V&*�f SCE(Saturated Calomel
Electrode, �z¢�� *�)j ÒÏ~&
.
*~º 1 A(2 A/dm2)¢ �&� "î�, ê.�*f 300.�î
. 
*�îf �Ö�Ò Ï�(CuSO4Á5H2O)ö *êê¢ ±² ~
V *� �Ö(H2SO4)j Î&~&b�, Î&B~ Î"¢ Ëç�
ÊV *� ²ï~ HClj Î&�V
.
*~ Ï�ö 4&æ~ mercapto z�bj 10, 20, 50, 100 ppm
b� ³ê¢ æz�B&�B 
þ~&
.

r~ Fig. 1(a)º � ��öB ÒÏ� 267 ml~ Hull cell
�~ Î�ê�
.

2.2. EQCM 5 B~*~*{»
� ��ö ÒÏB EQCMf Fig. 1(b)f ?� Bê²�,

frequency counter, power supply� �W>îb�, �¢ EG &
GÒ Princeton Applied Research potentiostat/galvanostat 273
" �Ö~� data¢ GPIBj Û� PC� 
�* G;~&
. 6
� >;êÿ¶º(Seiko EG & G model QA-AM9-PT) 9 MHz,
AT-cutB >;êÿ¶¢ working electrode� ÒÏ~&�, fre-
quency counterº �& 20 KHz~ æz�ræ G; &Ë~&
. 

Reference electrodeº SCE(Saturated Calomel Electrode)¢
ÒÏ~&�, counter electrodeº Pt mesh¢ ÒÏ~&
. ·ë*
�" V&*�~ �Òº ¢;~² Fæ�B IR dropö ~� æ
z¢ �²z~&
.
Î&Bº Hull cell �þöBf îR&æ� 4&æ~ mercapto
z�bj 10, 20, 50, 100 ppmb� ³ê¢ æz�B &�B r
�ö *O>º �Ò~ ·j ÚÚ�~
. 
·ë*�f 10%~ �CB HClÏ�ö >.ÿn etching� ê
î�N>� ^;~&
.
�&** º*º OCV¢ V&b� 0 V~-0.55 V(vs. SCE)ræ

"î�, 10 mV/sec~ scan rate� v>� ìº ç�� çNöB

�~&
. 

2.3. r� ª� �þ 
r� ª� �þf *~ EQCM 
þöBf ?f ê. Ï�"
*�j ÒÏ~&b�, �æ �&** º*º �ê*~&ê¢ ¾
æÚº º*� -0.9 Vræ 20 mV/sec� "Ò~&
. � r "~
~�¢ � ©f *�~ *~& �ç 7?j¢ �
º ©�
.
�ö~�, ·ë*�" V&~ *�~ *~ö V¢ .V B*{
� :: > ®b�, V~�' *~ö V¢ æ~º 1N *~ª
�ö 'Ëj �� > ®V r^�
.

2.4. Haring-Blum cell
Haring-Blum 
þ�º v r�" ~¾~ ·�~ �Ò¢ ''
�Ò~� � *Oïj �� throwing power¢ �~º ©��,
� ��öB ÒÏB 
þ�º 
r~ Fig. 1(c)öB �º :f
?
.

Fig. 1. Experimental Apparatus. ((a) Hull cell (b) EQCM (c) Haring
Blum cell)
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Throwing power¢ r > ®º �� O» 7 Haring-Blum
cellj �Ï~� throwing power¢ �~&
. 
r~ Fresh�j
�Ï~� TP(%)¢ �~&
.7)

TP(%) =

K :·�b�¦V v r�b�~ *~ Vªj, ¯ �Ò~ j
~ �>

M :v r�~ .³ CÂï~ j, ¯ A/B
(·�" &rÚ �� A)

r�~ �Vº 10 cmÜ6 cm~ 7��Ò¢ ÒÏ~&b�, ·
�b�º Hull cell" îR&æ� �� ��B �ÿj �Ï~&

. ê.�*f 300 sec, �&*~º 1 A� ~&
.

3. Ö" 5 �V

3.1. Hull cell~ ê. Ö"
4&æ~ mercapto z�bj 10, 20, 50, 100 ppm~ ³ê� æ
z�B &�B Hull cell �þj � Ö", Table 1(a)öBf ?
f ê.ç�¢ ¾æÚî
.

Table 1(b)º DIN ¦^¢� «�~º �Þ~ ê.ç�¢ ¾

æÚº £;B V^�
. �ÞöB 7�¦ª� 9b� 9j>
�, 9f *~&êº*öB 7�Î"¢ ¾æÞ
. 

Table 1(a)öB �º :f ?�, Jç Cl−ò� Î&B Ï�ö
Bº *~&ê& 2 A/dm2ö �ç~ �*~&êöBº ö(burnt)
" Z7�(dull)~ '�� �Ò~�, � �~~ &*~&êöB
7�Wj �&
. ~æò, mercapto z�b� Î&>îj rö
º Jç Cl−ò� Î&B Ï�öB �
 9f *~&ê º*ö
B 7�'�� 9Úæ�, ö�¾ Z7�'�� ·jöj " >
®î
. ß® 2-mercaptobenzothiazolef 3-mercapto-1-propane-
sulfonic acid¢ 20 ppm~ ³ê� Î&~&j r &Ë 9f *
~&ê º*öB ±f 7�Wj ¾æÚî
. 
~æò, � �ç~ ³ê¢ Î&~&j röº burnt¦ª� Ã
&~º ©b� �j, 20 ppm� &Ë '.� ³ê� ÒòB
.

3.2. EQCMf CV¢ �Ï� �Ò*Oï æz
CV¢ Û� Î&B& *~ö �~º 'Ëj Fig. 2öB,

EQCMj Û� Î&B& �Ò *Oïö �~º 'Ëj Fig. 3
öB ��"� ®
. Jç Cl−òj Î&� Ï�öBº -0.5 Vr
æº ê
� *~~ æz& ì
& -0.5 V �çöB /Ï� ~
ö*~& vªb�� £ 70µg~ îïÃ&¢ ��
& backward
scan� -0.35 VöB¦Vº Öz*~ö ~� *~& 6²Nj "

K M–( )* 100
K M 2–+( )

--------------------------------

Table 1. Electroplated surface appearance of CuSO4 electroplating solution with various additive and its concentration by Hull cell test
((a) Result of Hull cell test, (b) DIN Symbol)

2-Mercapto benzothiazole 2-Mercapto benzimidazole 3-Mercapto-1-propanesulfonic acid 3-Mercapto propionic acid

Only Cl=

10 ppm

20 ppm

50 ppm

100 ppm

(a)

Burnt Semi-bright Bright Dull

Pitted Cracked None Streaked
(b)
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Fig. 2. Cyclic voltammogram of CuSO4 electroplating solution with various additive and its concentration. 

Fig. 3. Mass change-voltage characteristics of CuSO4 electroplating solution with various additive and its concentration. 
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> ®î
. 2-mercaptobenzothiazole¢ Î&� Ï�öBº 100
ppm �~öBº J®J *~& 6²~� �Ò*Oï� Cl−òj
Î&~&j r�
 *Ú
îb�, 100 ppm �ç� >îj r
*O³ê~ Ã&¢ �� ©b� �j diffusionö ~� &Ë �
'Ëj Aº
� ÒòB
.

2-mercaptobenzimidazole¢ Î&� Ï�öBº **& ¸jö
ö V¢ J®J *~& 6²~� activator~ Î"�
º leve-
ller~ ßWj �&
. 3-Mercapto-1-propanesulfonic acid¢ Î
&� Ï�öBº 10 ppm �~öBº *~& *Ú �Ò *Oï
� 6²Nj " > ®îb¾, � �ç~ ³êöBº *&� *
Oï Ã&¢ &^z
. 3-mercaptopropionic acid¢ Î&� Ï�
öBº 2-mercaptobenzothiazole, 2-mercaptobenzimidazole ~

ãË" jÝ~² J®J *~ÛB~ ��j ~º ©b� ¾æ
Ò
.
V¢B, 4&æ~ mercaptoÎ&B7 activator�B &Ë FK�

mercapto z�bf 3-mercapto-1-propanesulfonic acid�¢º ©
j r > ®b�, Î&B Ú �Öö¶& ��>Ú ®
� �B
Îv �¦'� *~~ Ã&¢ &^Jº ©� jî¢º ©j r
> ®
.
�VB .�Î �j¢ � ©f ê.~ *O³ê¢ ¸�º

activator� ·Ï~º mercapto z�b Î&B~ ';³êº*º
20~50 ppm �¢º ©��, Hull cellöB rj� Î&B~ 7�
Î"f �Ò *Oï Ã&fº �ç ¢~~º ©f jî¢º ©
�
.

3.3. r� ª� �þ Ö" 
�Òê.Ï�~ *Vz�' ßWj �Ò~V *~� r� ª

��Fj �� Ö" Fig. 4f ?� ¾æÒ
. Jç Cl−ò Î&
B Ï�öBº -0.5 V "¾öB �Ò�N� .³b� ~ö>º
©j " > ®b�, 2-mercaptobenzothiazole& Î&B Ï�öB
º 10 ppm� {�� *~ÛB~ Î"¢ ��
& Î&B~ ³
ê& Ã&�>� *~& Ã&�j " > ®º�, 100 ppm~
�³êöBê Cl−òj Î&� Ï��
 ª�&�� ¢j r >
®
.

2-mercaptobenzimidazolef 3-mercaptopropionic acidj Î&
� ãÖ¢ ÚÚ��, *~ 2-mercaptobenzothiazole¢ Î&~&
j rf FÒ� ª��Fj �&b�, 3-mercapto-1-propane-
sulfonic acid~ ãÖº �~ EQCM" CV~ 
þÖ"f ¢~
~º 20 ppm �ç~ ³êöB Cl−òj Î&®j r�
 100
smV �B ~ö*~& v�º ©j &V� > ®�, {�� ª
�&�� 6²�j " > ®î
. -0.7 VöB 2.0 A/dm2~ �ê
*~&ê¢ ¾æÚî�, £ -0.55 VöBº Cu+2& Cu� ~öN
j r > ®î
.

3.4. Throwing power 5 Current efficiency
*�>w A + ne�Af &NB *~&êº Butler-Volmer �
ö V¢ êÖF > ®
. "*{� ·f ãÖ, Butler-Volmer
�� 
r~ F;O;�b� �*F > ®
.

�VB, if i0 :*~&êf v~*~&ê, T :Nê, F :N�
�� ç>, η :"*{, n :�ÿ*¶>¢ '' ¾æÞ
. "*{
ηf ∆Φ - ∆Φc (∆Φf ∆Φcº ï;ç�öB *�" Ï�Ò�~

i
i0– nFη
RT

------------------=

Fig. 4. Current-voltage characteristics of CuSO4 electroplating solution with various additive and its concentration. 
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**N)�
.
* �ö V¢B kineticsf &ê®º v~*~&ê(i0)f *~
�ÿ&�(Rct)¢ �~� Table 2f Table 3ö �W"*{ö &�
*~~ 'Ëj jv� �~
.

Table 4º 4&æ~ mercapto z�bj ''~ ³ê� Ï�ö
Î&~&j r, throwing power~ æz¢ ��"� ®
. �¢
*OWj ¾æÚº throwing powerº 2-Mercaptobenzimi-
dazole 50 ppmöB 87.3%~ ¸f �¢*OWb� &Ë �² ¾

æÒ
. ¯, 2-Mercaptobenzimidazole� 
� Î&B�
 *~
¢ ÛB�Êº ËK� 
� Î&B�
 z �Ú¾
º ©j r
> ®
. 
�Ò�N~ ³ê, *~ &ê, Î&B~ ³êf ?f ê.ö �
~º æ>
� � ��öB 
þ>î
. 

Table 5öB �º ©" ?� *~ÎNf N��� »�ö ¾
'Ï>Ú, Î&B~ ³êö V¢ �² *~ÎN� æ~æ p~
æò, �Ò�N~ source& >º �Ö�ÒÏ�~ ³êö V¢
�² ²ÖF �¢ .ç� > ®
. 
�ç~ Ö"�¦V, activator�B &Ë '�� mercapto z�
bf 3-Mercapto-1-propanesulfonic acid�� �ö ';� ³ê
º 20 ppmb� Ö�j Ú^
.

4. Ö  �

� ��öBº mercapto z�b� *Vê.ö �~º 'Ëj
*Vz�'b� ªC�b��, Ëê >êÚ VFÏ *V�Òê
.ö ��º Î&B~ F� 5 ';³ê¢ rj�º � Ï'j
vî
. 

Hull cell �þ 5 Haring Blum cellj Û� ' mercapto
z�b~ 7�W 5 �¢ *OWj ¾æÚº throwing powerº
2-Mercaptobenzothiazole~ 50 ppmöB 87.3%~ ¸f �¢*O
Wj ¾æÚîº�, �º activator~ ���
º ê.� *Úö
*~& ��² ª�~² ~º leveller~ ßW� z ;� ©b�
¾æÒ
. ��� 7�Î"& *O³êf ÚÆ� &ê& ®ºæ
EQCM" CV�Fj Û� rj�~º�, 4&æ~ Î&B 7
activator�B Ö>� 3-Mercapto-1-propanesulfonic acidò� 7
�Î"f *O³ê¢ Ã&�Êº Ö"¢ ¾æÞ ©b� �j,
7�W" *O³êº �ç ¢~~º ©òf jî¢º ©j r
> ®î
.

Activator�B &Ë '�� mercapto z�bf 3-Mercapto-1-
propanesulfonic acid�� �ö ';� ³êº 20 ppmb� Ö�
j Ú^
.
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Table 2. Exchange current density of CuSO4 electroplating solution
with various additive and its concentration

                          ³ê Additive Concentration(ppm)

«~ 10 ppm 20 ppm 50 ppm 100 ppm
2-Mercaptobenzothiazole 0.08

(mA/cm2)
0.1 0.64 0.71

2-Mercaptobenzimidazole 0.055 0.325 0.375 0.52
3-Mercapto-1-
propanesulfonic acid

0.725 0.875 0.895 0.905

3-Mercaptopropionic acid 0.283 0.375 0.605 0.675

Table 3. Charge-transfer resistance of CuSO4 electroplating solu-
tion with various additive and its concentration

                            ³ê Additive Concentration(ppm)

«~ 10 ppm 20 ppm 50 ppm 100 ppm
2-Mercaptobenzothiazole 0.8(Ω) 0.64 0.1 0.09
2-Mercaptobenzimidazole 1.11 0.2 0.17 0.12
3-Mercapto-1-
propanesulfonic acid

0.09 0.07 0.07 0.07

3-Mercaptopropionic acid 0.23 0.17 0.1 0.09

Table 4. Throwing power of CuSO4 electroplating solution with
various additive and its concentration

                            ³ê Additive Concentration(ppm)

«~ 10 ppm 20 ppm 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

53.2% 46% 40% 35.6%

3-Mercaptopropionic acid 46.7% 40% 46.7% 53.3%

Table 5. Current efficiency of CuSO4 electroplating solution with
various additive and its concentration 

                           ³ê Additive Concentration(ppm)

«~ 10 ppm 20 ppm 50 ppm 100 ppm
2-Mercaptobenzothiazole 98% 97% 98% 97%
2-Mercaptobenzimidazole 99% 99% 99% 99%
3-Mercapto-1-
propanesulfonic acid

99% 99% 99% 99%

3-Mercaptopropionic acid 99% 90% 94% 95%


