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. �

*�*O»j �Ï� ç6(damascene) �Ò VF Ï*� .Î� Î"ö &� ��~&
. .Î�¢ Î&� ê.�"
Î&~æ pf ê.�j B�~� F �� 0.37µm, 0.18µm� F; Þ2~¢ Ï*� ê field emission scanning
electron microscope(FE-SEM)� Þ2~ ��j &V~&
. .Î�� Janus Green B¢ ÒÏ~&b�, ÛBB�B
polyethylene glycol(PEG), /êB�B 3-mercapto-1-propansulfonic acid¢ ÒÏ~&
. .Î�¢ Î&~æ pf ãÖ
0.37µm(«Çj 2.7 : 1) Þ2~¢ �� ì� Ï*� > ®îb¾ 0.18µm(«Çj 5.25 : 1) Þ2~öBº ��(void)�
;W>î
. .Î�¢ Î&� ãÖöº 0.18µm Þ2~¢ �� ì� Ï*� > ®î
. .Î�¢ Î&~æ pf ãÖ
Þ2~ ÎBÒöB~ *O³ê¢ Ïª~² ÛB~æ á~� ��² *O>Ú �^� Þ2~ Ï*� ��j ;W� >�,
.Î�¢ Î&� ãÖº Þ2~ ç¦ÎBÒöB~ *O³ê¢ ÛB~� �¢� *Oj Fê~� �^� Þ2~¢ ��
ì� jÞ > ®î
.

Abstract : The effects of leveler on the copper trench filling were investigated during damascene plating process.
To investigate the trench filling effect with the addition of a leveler, a cross-section images of the electroplated
trenches with the width of 0.37µm and 0.18µm were observed by field emission scanning electron microscope
(FE-SEM). Polyethylene glycol(PEG), 3-mercapto-1-propanesulfonic acid and Janus Green B were used as a carrier,
an accelerator and a leveler. 0.37µm trenches were superfilled without voids, but there was voids formation in
0.18µm trenches when the leveler was not added into the electrolyte. On the other hand, 0.18µm trenches were
superfilled without voids with the addition of the leveler due to the reduction growth rate of copper at protrusions
and edges, which yield smooth final deposit surface. The leverer effect becomes more significant as the width of
trenches becomes smaller when trenches are filled. 

Key words : electroplating, leveler, damascene, void, superfilling

1. B �

�"ræ >êÚ ²�öB VF Òò�� r��ª� 6Ò Ò
Ï>îb¾ ²¶& 66 �WËÁ�÷'z Nö V¢ VF~ &
�� Ã&>�B RC delay time� ^Úæ�, Ôf electro-
migration &�W r^ö B®~ �ÖW� ÎÚæº ^B& B
�~&
1,2). ��� ^B¢ �Ö~V *� r��ª�
 j&
�� Ôf �Ò& î�Ú VFÒò� Bn>î
3-5). 
�Òº r��ª"º �Ò copper halide~ vapor pressure&

ÔjB �� �'� Ú[V r^ö V�ö ÒÏ~º r��ª
VF �;j �&� 'Ï� >& ì
. V¢B �Òº r��ª
"º 
�² .� bîj ö~º VF ��� �'� 
r �
Ò¢ Ï*~� chemical mechanical polishing(CMP)¢ ê¯~
º ç6(damascene) �;�¢º î�Ú O»j ê«~² >î

6). ç6 �Ò VF Ï*ö ®ÚB *�*O»f .�ïö ;
WB VF��� �«Çj~ �^ Þ2~(trench)¢ ��(void)
ì� jÞ > ®�, &Z� �;jf �� *O³ê¢ <º Ë
6b� �� &Ë �B® ��>� ®
7-10). �^� Þ2~¢
�� ì� Ï*~V *�Bº Þ2~ 7�öB~ *O³êº �
�� ,��¾ =�öB~ *O³êº ¶J¢ �
. Þ2~ �
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� §jæ� «Çj& 
î>� Þ2~ *~ö V� *O³ê
N�º z× z 
^¢ �
. Þ2~ *~ö V� *O³ê N
�º *~&ê, *~2;, N}[ vþ � �;��~ �'zf
z®Ú Î&B~ ��� 7º~
. Î&Bº "� /êB
(accelerator), ÛBB(carrier), .Î�(leveler)� �W>º�, *�
*O� Þ2~ ' ¦*ö F�'b� �O~� Þ2~ 7�öB
~ *O³ê¢ Ã&�Ê�, ,�" =�öB~ *O³êº 6²
�B �^� Þ2~¢ �� ì� Ï*� > ®ê� ûº
10-14). 
ÛBBº Ö²¢ �F� �Ò^� 1000~8000 molecular

weight(MW)~ polyethylen glycol(PEG)� "� ÒÏ>�, Î&
ïf 200~2000 ppm;ê� jv' ôf ·� Î&B
. PEG~
ª¶ �¢[� r� ��ö �O~� Cu2+~ ���ÿj *��
¾ *~¢ v~� > ®º ��~ �'j 6²�Ê² >º�,
Ï�Úö Cl- �N� �Ò~æ pj rº �~ �O>æ á�

14-17). ê.Ï� ³ö jv' ¸f ³ê� Î&>V r^ö r
�" ê.Ï� ê�öB~ ³ê& bî�ÿ(mass transfer)�¾
{Ö(diffusion)ö �² 'Ëj Aæ p�, ª¶& �V r^ö
�^� Þ2~ Ú¦� 
Ú&V& ÚJò Þ2~ �¦ö "�
�OB
14). 
/êBº FVÖ >ÏW "j �F� mercapto functional

group~ FVb�B �Û 1~25 ppm;ê~ �ïj Î&�
. �
FVbf *�*O� r� ��ö �O>Ú *~v~(charge
transfer reaction)j /ê~² B
. ^7Æ z�b 7~ �
(sulfur) ö²º Cu2+ �N� ~ö>w ~º ÿn /
 ��j
�B �Ò *O ³ê¢ Ã&�Î
17). ^7Æ z�bf ÖWÏ
� ÚöB 
Ö ®n;~V r^ö �Ö�Ò ê.Ï� ÚöB
·f �V� ª�>�, �r �Z �ö²¢ �F� ·f �V~
¦Öb
� �^� Þ2~ Ú¦� 
Ú& Þ2~ :�ö �O
>Ú �Ò *O ³ê¢ Ã&�Î
4,14,18).
.Î��º î²(nitrogen)¢ �F� �Ò^¢ ÒÏ~º� Î
&ïf 10~100 ppm;ê�
. � FVbf r� ��ö �O~
� *~ ÎNj Ôºº�, Î&>º ·� 'V r^ö bî�ÿ
�¾ {Ö~ 'Ëj Aj òÂ¦¾ z. ¦ªö ÷7 �O~�
�Ò~ WËj ÛB�Î
. 
.Î�º ��¶ö V¢ F�'b� Î&~º� .Î�¢ Î
&~º �Fº �² v &æ� " > ®
. Ñ�º Þ2~ ç
¦ ÎBÒöB~ *O ³ê¢ ÛB�B �� ì� Þ2~¢ Ï
*~V *�B Î&�
11). Þ2~ ç¦ ÎBÒ& 
� ¦ªö
j� ç&'b� *O ³ê& ��V r^ö Þ2~ 7�öB
~ *O ³ê& ,�öB~ *O ³ê �
 Ïª® ��
�
�ê Þ2~ Ú¦& j*® jòæV *ö «�& ï&B ��
j ;W~² B
. V¢B �� ì� Þ2~¢ Ï*~V *�B
º Þ2~ ç¦ ÎBÒöB~ *O ³ê¢ Ïª® BÚ�¢ �

. .Î�º Þ2~ ç¦ ÎBÒö �O~� *O ³ê¢ ÛB
~æ�� �� ì� Þ2~¢ Ï*� > ®ê� ûº
. ~�º
º*(bump) ;Wj ÛB~V *�B Î&�
19-21). Î&Bº Þ
2~ö F�'b� �O~� *~ö V� *O ³ê¢ BÚ~
º� /êBº Þ2~ 7�ö ÷7'b� �O>V r^ö Þ
2~ 7�öB~ *O ³ê& 
� ¦ª�
 ��
. �¦'b
� ��² WË� �Ò r^ö *O� �¾� Þ2~ ¦ª�
*� Å² >�, ��� *çj º*(bump)¢� �
. º*º
CMP �;ö Ë�¢ &^JV r^ö ;Wj ÛB~º ©� :
²ç~æ� .Î�¢ Î&~� .Î�& òÂ¦ö ÷7'b�
�O~² �b�� º*;W� ÛB>ê� �
. �¾" .Î�
º "� v &æ �F r^ö Î&�
� rJ^ ®æò

Gautam Bonerjee, Jon Reid, Robert L. Jackson �f .Î�
º �æ º* ;Wj ÛB~V *� Î&~º ©�� Þ2~
Ï*ö &�~º ©f /êBf ÛBB¢� ��~&
19-21). ¯
.Î�& Þ2~ Ï*öº 'Ëj �~æ p� º* ;Wöò
'Ëj ��
� ��~&
. 
��¾ Þ2~& �^� î>� Þ2~ Ú¦& j*® jò
æV *ö «�& ï&B ��j ;W� &ËW� 
æ�, *O
ï~ òÂ¦& ò¾B ��j ;W� &ËW 6� 
ê
. V¢
B �� ì� Þ2~¢ Ï*~V *�Bº Þ2~ ç¦ ÎBÒ
öB~ *O ³ê¢ �² ÛB�Ê� �¢� *Oïj Fê�
¢ ~º� ��� Î"¢ áV *�Bº .Î� Î&& jº~

� �'~� Þ2~ Ï*ö ®ÚB .Î�~ jºWj �V
� ��¶ ~&
. V¢B � ��öBº .Î�¢ Î&� ê.
�" Î&~æ pf ê.�j B�~� .Î� FZö V� Þ
2~ Ï* ·çj ÚÚ�~�, �� ;W ö�j �V� �~
.

2. 
 þ

*��f CuSO4, H2SO4, HCl� �W~&�, Î&B� PEG,
3-mercapto-1-propansulfonic acid, Janus Green B¢ Î&~&
b�, Î&B ��j æz�Ê�B *~-** G;
þ 5
EQCM 
þj ~&
. 6� .Î�~ FZö V¢ �^� Þ
2~ ��ö �Ò¢ Ï*~� Ï*·çj ÚÚ�~
. 

2.1. *~-** �F 5 EQCM  
þ 
EQCMj 
þj Û~� r�ö *OB �Òïj ÚÚ�~�,
*~-**�F(I-E curve)j Û~� r�ª�**¢ ÚÚ�~
. 

EQCMf Bê²�, frequency counter, power supply� �W
>îb�, �¢ EG � GÒ~ Princeton Applied Research
Potentiostat/Galvanostat 273" �Ö~� data¢ GPIB¢ Û�
PC� 
�* G;~&
. 6� >;êÿ¶º(Seiko EG � G
model QA-AM9-PT) 9 MHz, AT-cutB >;êÿ¶¢ ·ë*�
(walking electrode)b� ÒÏ~&
. 
V&*�(reference electrode)f Saturated Calomel Electrode

(SCE)¢ ÒÏ~&�, &*�(counter electrode)f Pt mesh¢ Ò
Ï~&
. ·ë*�" V&*�~ �Òº ¢;~² Fæ�B IR
dropö ~� æz¢ �²z~&
. ·ë*�f 10% HClÏ�ö
10. ÿn ^¿� ê Ã~>� ^;~&
.

EQCM~ ãÖ open circuit voltage(OCV)¢ V&b� 0 V
~-0.55 V(vs. SCE)~ **¢ �&~&b�, �r "Ò³êº
10 mV/sec� ~&
. *~-** �Fj áV *~� OCV¢ V
&b� 0 V~-9 V(vs. SCE)~ **¢ �&~&
. �r "Ò³
ê 20 mV/sec� ~&
. Î� 
þf v> ìº ç�� çNö
B 
�~&
. 

2.2. Þ2~ Ï* 
þ
�Ò*Oj *� V6b� 
Ò~ ��¢ *ö SiO2 .�ï
j ;W~�, {Ö Oæïb� 450 Å~ TaNj PVD O»b�
ÃO~�, N}[b� 1000 Å~ ionized metal plasma(IMP)
Cu¢ ÃO� �Þj ÒÏ~&
. *�*O Ëjº Fig. 1ö ¾
æÞ ©" ?� r�" ·�� ç~� *~~�, ê.��
fountain O�b� v>>º ���
. &jB �Þj r�ö Ë
«~� ·�f �j �F� �Ò¢ ÒÏ~&
. v>³êº Î
� 
þöB ¢;~² Fæ~&b�, *�*O� ê.�~ Nê
º 25oC¢ Fæ�V
. *Oö �B �Þ ��~ FVbj B
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�~V *� j^Êb� ^¿� ê �Þj ��¢ fzö Ë«
~� �Ò¢ *O~&
. �Þ ��~ Özïj B�~�, Ï�
� �Þö �¢~² <ê� ~V *� £ 10.(zero current
induction time) ÿn Ï�ö �" ê *~&ê¢ &~&
. *
~2;f ç~*~(direct current)¢ ÒÏ~&b�, *~&ê 3
A/dm2 öB *O~&
.
.Î� FZö V� Þ2~ Ï*·çj ÚÚ��¶ .Î�¢
Î&� ê.�" Î&~æ pf ê.�j B�~� 0.37µm(«
Çj 2.7 :1), 0.18µm(«Çj 5.25 :1)~ F; Þ2~& ;WB
�Þö �Ò¢ *O~&
. 
*O� �Â ê Ã~>� �Þ ��ö Îj ®º *��j
aÚÚ� î² &Ê� ���Î ê field emission scanning
electron microscope(FE-SEM)j �Ï~� Þ2~ ��j &V
~&
. 
.Î� FZö V� �Ò ;ï~ ��V¢ ÚÚ��¶ .Î
�¢ Î&� ê.�" Î&~æ pf ê.�j B�~� Þ2
~& NZ >æ pf �Þö 3ª ÿn �Ò¢ *O~&
. *
O ê atomic force microscopy(AFM)¢ �Ï~� �Ò;ï~
V�V¢ G;~&
.

3. Ö" 5 �V

*~-** �Fj Û� r�ª�** æz¢ ÚÚ�~
(Fig.
2). *~-**�Ff 
B Öz/~ö >w� ¢Ú¾º r�ª�
**¢ G;�b��, ê.Ï�öB /êB� ·Ï~ºæ ÛB
B� ·Ï~ºæ 6�� > ®
. r�ª�**º *�~ Òî,
*��~ ï� ç�, Nê, *~&ê, ê.Ï�� «~ �ö V
¢ �¢æº� r�ª�**& Ôj >� *~ v~ >w� Ï
�~�, r�ª�**& ¸j>� *~ v~ >w� Ú[
º
©j ¾æÞ
22). V¢B r�ª�**~ æz¢ Û� Î&B~
��j .ç� > ®
. PEGº r�ª�**¢ 170 mV ;ê
Ã&�B ÛBB�B~ ßWj ¾ ¾æÚî�, 3-mercapto-1-
propansulfonic acidº r�ª�**¢ 30 mV;ê 6²�B /
êB ßWj ¾æÚî
. PEGf 3-mercapto-1-propansulfonic
acid¢ �þ Î&� ãÖ Î&B¢ Iæ pf ãÖö j� r�
ª�**& Ã&~&æò PEGòj Î&� ãÖ�
º r�ª
�**& 6²~&
. �Vö Janus Green B¢ ��~� Î&
� ãÖ PEGf 3-mercapto-1-propansulfonic acidòj ��~
� Î&� ãÖ �
 r�ª�**& £ 30 mV Ã&~º� �
º Janus Green B& �Ò*Oj 
² ÛB�ÊV r^�
. 
Î&B ��j æz�Ê�B EQCMj Û� �Ò*Oï æz
¢ ÚÚ�~
(Fig. 3). EQCM 
þf >;êÿ¶~ *� ��

ö �O�¾ îOö ~� îï~ æz& ¢Ú¾� Bê"2>
º �F"2>�¦V ½Ú¾² >º�, � æz¢ G;~� *
���öB~ îïæzö &� ;�¢ áº ©�
23,24). ¯ *
�ö �Ò& *O>� "2>& *Ú
�, "2>~ æzïf �
(1)j �Ï~� *OB �Òïb� ~Ö~² B
. Î&Bö V
� *Oï æz¢ ÚÚ*b�� Î&B ��j 6�� > ®
.

(1)

Q :*~ï,  Cf :>;êÿ¶~ "6ê, 
M :ê.>º bî~ ª¶ï, n :*~ >, F : Faraday ç>

∆
CfM

nF
---------- Q∆–=

Fig. 1. Schematic drawing of Cu electroplating equipment.

Fig. 2. Effect of additives in copper electroplating solution on the
steady-state I-E characteristics.

Fig. 3. Effect of additives in copper electroplating solution on the
EQCM characteristics. 
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PEGº �Ò *Oïj �² 6² �V�, 3-mercapto-1-
propansulfonic acidº �Ò*Oïj Ã&�Êº /êB ßWj
¾æÚî
. PEGf 3-mercapto-1-propansulfonic acid¢ �þ
Î&� ãÖ PEGòj Î&� ãÖ�
º *Oï� Ã&~&æ
ò Î&B¢ Iæ pf ãÖ�
º 6²~&
. �Vö Janus
Green B¢ Î&~� PEGf 3-mercapto-1-propansulfonic acid
òj Î&� ãÖ �
 �Ò *Oï� 6²~&
. �f ?f
Ö"º *~-** �F
þ Ö"f ¢~~º ©b�, *~ v
&æ *Vz�' 
þ Ö"�¦V PEGf Janus Green Bº �
Ò *Oj ÛB�Ê�, 3-mercapto-1-propansulfonic acidº �
Ò *Oj /ê�Î
º ©j {� � > ®î
. �f ?� *
~-** �F" EQCMj Û~� ê.>º ÿn~ Î&B~ �
�j .ç� > ®
.
.Î� FZö V� Þ2~ Ï* ·çj ÚÚ��¶ Î&B
��j æz�Ê�B 0.37µm, 0.18µm� �^ NZB Þ2~
¢ Ï*~&
. .Î�¢ Î&~æ pf ãÖ 0.37µm(«Çj

2.7 :1)~ Þ2~º �� ì� jÞ > ®îæò(Fig. 4(a)),
0.18µm(«Çj 5.5 :1)~ Þ2~º «�¦ªö ·f ��� ;
W>î
(Fig. 4(b)). >� .Î�¢ Î&� ãÖöº 0.18µm
Þ2~öBê ��¾ ��� &V>æ p~
(Fig. 4(c)). �f
?f Ö"� .Î�º � Þ2~ �
º �^� Þ2~ Ï*ö
7º� 'Ëj ��
� 6�B
. 
Þ2~¢ ���¾ �(seam) ì� Ï*~V *�Bº Þ2~
7�öB~ *O ³ê& ,�öB~ *O ³ê�
 Ïª® �
� .Ï* *O� ¢Ú¾¢ �
. ��¾ Þ2~& �^� î>
� �� ;W &ËWf .Ï* *O öò jî¢ *Oï~ �
�V¾ Þ2~ ç¦ ÎBÒöB~ *O ³êöê �² 'Ëj
Aº
. ¯ Þ2~ 7�öB~ *O ³ê& ,�öB~ *O ³
ê �
 Ïª® ��
� �ê ��² *O>� Þ2~ ·ã�
öB WË� òÂ¦& ò¾B ��j ;W~�¾ Þ2~ «�
öB~ *O ³ê¢ Ïª® ÛB�Êæ á~� Þ2~ Ú¦&
j*® jòæV *ö «�& ï&B ��� ;WF > ®
. 
V¢B .Î� FZö V� �Ò *Oï~ ��V¢ ÚÚ�
~
. .Î�¢ Î&~æ pf ãÖ RMS ��V& 610 Å�î
b¾(Fig 5(a)), .Î�¢ Î&~� RMS ��V& 79.2 Å(Fig
5(b))� 6²~&
. .Î�¢ Î&~æ pb� ÎBÒ¾ òÂ¦
~ *O ³ê¢ Ïª® ÛB~æ á~V r^ö ��² *OB

. Þ2~& �^�î >� *Oï~ ��V¾ Þ2~ ç¦ Î
BÒöB~ *O ³êö �² 'Ëj AV r^ö 0.18µm~
Þ2~öB &VB ��f ��² *OB *Oï" Þ2~ ç
¦ ÎBÒöB~ *O ³ê¢ Ïª® ÛB~æ á®V r^ö
;W>î
� 6�B
. >� .Î�¢ Î&~� �¢~² *O
>� Þ2~ ç¦ ÎBÒöB~ �Ò *Oj Ïª® ÛB�B
Þ2~ Ú¦& j*® jòæV *ö «�& ï®º *çj b
~� 0.18µm~ �^� Þ2~¢ �� ì� jÞ > ®î
. 

Fig. 4. FE-SEM cross-section views of electroplated Cu trench with
leveler and with out leveler.

Fig. 5. Effect of leveler in copper electroplating solution on AFM
images of electroplated copper films. 
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.Î�¢ Î&� ãÖ .Ï* *O>îºæ {�~V *~�
*O �*j 30., 60., 90.� æz�Ê�B *O>º ";j
ÚÚ�~
. Fig. 6ö ¾æÂ ©" ?� Þ2~ ,�" =�~
�Ò *O ³êº ¶Ò� 7�öB~ *O ³ê& ��V r^
ö ���¾ �j ;W�Êæ p� Þ2~¢ Ï*� > ®î
.
6� �Ò ;ï� �¢~² *O>Ú Þ2~ Ú¦& j*® j
òæV *ö «�& ï&B ��� ;W>º ©ê b� > ®
î
.
Þ2~& �^�î>� Þ2~ 7�öB~ *O ³ê& Þ2
~ ,�öB~ *O ³ê �
 Ïª~² ��
� �ê ��²
*O>� Þ2~ ·ã�öB WË� òÂ¦& ò¾ ��j ;
W� &ËW� 
æ�, Þ2~ ÎBÒöB~ *O ³ê& ��
� Þ2~ Ú¦& j*® jòæV *ö «�& ï&B ��j
;W� &ËW� 
î ©�
. V¢B Þ2~& �^� î>�
ÎBÒ¾ òÂ¦öB~ *Oj ÛB~� �¢� *Oj Fê~
º .Î�~ ��� z×z 7º� î ©�¢� 6�B
.

4. Ö  �

.Î� FZö V� �Ò;ï~ �^�� 5 Þ2~ Ï*·
ç~ æz¢ ÚÚ�~
.
.Î�¢ Î&~æ pb� Þ2~ ç¦ ÎBÒöB~ *O ³
ê¢ Ïª® ÛB~æ á~� ��² *O>Ú �^� Þ2~
Ï*� ��� ;W>î
. >� .Î�¢ Î&~� Þ2~ «
�öB~ �Ò *Oj Ïª® ÛB~� �¢� *Oj Fê~
� �^� Þ2~ê ���¾ � ì� Ï* � > ®î
. 
Ëê ²¶& �WËÁ�÷'z >�B Þ2~ �f 66 z
*Ú
 ©�
. Þ2~& �^� î>� �� ì� Ï*~V *
�B Ïª� .Ï* *O" z®Ú �¢� *Oï� º�>V
r^ö .Î�~ ��� z×z 7º� î ©�¢� 6�B
. 
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