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[.³VF�;öB .³VF" ~¦~ jj 2��~ J;R� kÊv� �Â>º ãÖö �F 2¢®î �;öB B

�~º ·�Nö ~� *~»'b� .³VF[~ **& çß>Ú 2�� kÊv� r¢Ò Ï�öB ¦�� B
. �f ?

f 2¢®î �;>¯öB V�>º *~»'ö ~� ¦�f .³�' ê 67ï B��;� "ö��î
. *~»'ö ~

� jj 2��Ú~ kÊv~ ¦�*çf *~»'~ "º �ê� {�B 67ï B��;öB RF; �
 î�����2

; 2¢®î 67ï B�Ë~¢ ÒÏ~º ©" 2¢®î B� � VÚ�W �.öB Ö²ö >²Wª� �FB VÚ¢ Î&

~� ÒÏ~º ãÖö ¦�6² Î"¢ ¾æî
. 6� jj 2�� ç¦~ .³VFï ç¦ö .�ï� 
Ò~Özïj ~

�îÊ�(hard mask)� ÒÏ~º ãÖê kÊv ¦� OæÎ"& ®î
. 

Abstract − In multilevel metallization process, when tungsten plugs have been exposed by misalignment between metal lines

and via plugs, tungsten plug could be easily corroded in alkali solution due to positive charging into metal layers from ions

generated by plasma. In this study, we have found that photoresist ashing process among several plasma processes was a main

cause of positive charging. Here are results for reducing or eliminating tungsten corrosion: Choosing microwave-type plasma

asher showed the better results than RF-type for reducing corrosion opportunity of tungsten. Oxygen in plasma ambient was

highly ionized which leaded positively charging of metal lines during plasma photoresist ashing process. However, gas species

containing hydrogen atoms, i.e. H2, H2O and N2/H2 mixture, showed the reducing effect of positive charging by capturing or

neutralizing activity of hydrogen atom in oxygen ion rich environment. And also the effect of dielectric hard mask deposited

over metal layer on the reduction of positive charging could be confirmed.

Key words: Tungsten Corrosion, Alkali Solution, Via, Positive Charging, Multilevel Metallization, Plasma Ashing Process,

Tungsten Plug

1. B �

>êÚ ²¶ 7öB �ç ²¶º �;B �' *öB 
·� VËj

<º ²�~ ÞÂæÊV
j B� �Ö~V *� 
[.³VF�;j

º�~� ®
[1, 2]. *Ò >êÚ ²¶~ .³VFÒò� V. 5 wÏ

��& �B~² ê¯ 7� 
î�(damascene) �;Ïb� "� ÒÏ

>º �Ò(Cu)[3, 4]f *Òræ &Ë 6Ò ÒÏ>Ú æ� ®º r��

ª�.(Al-0.5 w%Cu)" 2�� Òò� kÊvj 
 > ®
. ²¶ &

ê& Ã&~� :¶� �(design rule)� ·jöö V¢ VF~ Â�ê

~ Ã&� ²¶WË 5 >N~ ç�� ¦ª� 
[.³VF;W�;ö

'Ëj A� ®
. ß®, �7�;öB ~[.³VF *ö VF[*~

�Öj *� jjf 2��~ ;R~ ;{W {�& *nb� &v>î


. �"öº ��� ̂ B¢ �Ö~�¶ OPC(optical proximity correction)

j ÒÏ~� .³VF;�¢ �7�;~ ßWö �ºÚ æ;�Êº �

;j j�~� ®
[5]. ��¾ �f ?f �Köê ®�~� ²¶ »²

& &³zNö V¢ .³VF~ F�� �[ §jöb� ç~ .³V

F
" jj f *~ ;R �Fê& ¦�~� Fig. 1(a)f ?� NZ


� Ú1¾º *çj b� > ìº 
;� >î
.

�-² .³VF" jj f� Ú1¾º *ç� B�~�, .³VFï

�' �;j �
j r .³ VF� 6�¢ � jj f Ú~ kÊv�

�ÂB ç�öB �'º~b 6º �Ò^ �j B�~V *� ^; �

;j �~º�, �r Ûç'b� j"(amine)ê�~ pH& 8-12 ;ê�

Ï�� ÒÏB
. ��¾ ¢N~ �;j �� ê ß; ²¶Ú~ 2��
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kÊv� ¦�>Ú ìÚê *çj Fig. 1(b)öBf ?� BÒ� >& ®

î
. �r .³[*~ �£b� ²¶~ ·ÿ� ®&Ë~� *Ú'�

²¶ >Nj &~�Êº ^B¢ ¢bÊ² B
.

��� kÊv~ ¦� *çö &� ��
� ­­ ��¶ö ~~� >

¯>î
[6, 7]. �
~ ��Ö"öB 2¢®î �; ê7 �WB ·�N

ö ~� *~»'b� **& çßB kÊv� pH& jv' ¸f ^;

Ï�öB ¾Ò~º ";öB ¦�� B
º ©� C&r
. 6� *~»

'ö ~� ¦�*çj Oæ~º ­&æ O»
j B�~&º� .³ï

�' ê ^; *ö »'B �Nj OÂ~º O», pH¢ 2.2�~� Ôº

Ú *~& »'B kÊv ��j �^ï ;Wb� ¦�j Oæ~º O»,

6� 67ï B��; � J�j �Ï~� .³ï �' ê 67ïj B

��b�� *~»'ö ~� ¦�j Oæ~º O» �j 
 > ®
.

� ¢^öBº *~»'ö ~� jj 2��Ú~ kÊv~ ¦�*ç

öB *~ »'~ "º �ê� {�B 67ï B��;öB 67ïB

�Ë~~ ;� 5 «~ö V� Î"f "º �; VÚ� Ö² 2¢®î

ÒÏ � �� &æ «~~ VÚ
j Î&� r~ Î"f jj 2��

ç¦~ .³VFï ç¦ö .�ï� 
Ò~ Özïj ~�îÊ�(hard

mask)� ÒÏ� r~ 'Ë �j jv ªC~&
.

2. 
 þ


þö ÒÏB �Þf 
r" ?f ��� B�>î
. ÖF MOS Þ

ÂæÊV¢ ;W� 
r, ÞÂæÊV~ �^¢ *�~º .³VFïb

� 300 ÅTi/600 ÅTiN/5,000 ÅAl/100 ÅTi/600 ÅTiN ��¢ <º ï *

ö DUV(deep ultra violet) Ê�¢¢ ÒÏ~� ~¦.³VFj ;W~

�, ~¦.³VF" ç¦.³VFj �Ö~V *~� jj fj ;W~

� z�VçÃO»j ÒÏ~� kÊvj ÃO~&
. � �ê jj fö

kÊv 2��¢ ;W~V *~� CMP(chemical-mechanical polishing)

�;j 'Ï~&
. � *ö ç¦.³VF[b� 300 ÅTi/600 ÅTiN/

6,000 ÅAl/100 ÅTi/600 ÅTiN ��~ .³VFïj ;W� ê �7�;

" .³�'�;j >¯~&
. �r ÒÏ� �'Ëjº �&ê 2¢®

î .³�'Ëj&
. � ê 67ï B�¢ *� Ë~� RF2¢®î >

wVf î�����2 2¢®î >wV¢ Ïêö V¢ ÒÏ~&b�

Ö²¢ " >wVÚ� î², H2Of H2/N2 b�VÚ �j Î&VÚ�


þ ��ö V¢ ';ï ÒÏ~&
. Fig. 2º çV~ 67ïB�Ë~

~ ��¢ *Û~² ê�� �â�
. �Ò� �«'b� �'º~b

6º ZV�Ò^ �j B�~V *~� pH& 11� ACT935TM(Ashland

Ò) Ï�j ÒÏ~&
. 

.³VF 5 jj kÊv 2��~ ç�¢ &V~º� ®ÚB JEOL

Ò~ SEM(scanning electron microscope)� JWS7500ETMj �Ï~&

�, 2�� kÊvj �
 ^&~² &V~V *�B FIB(focused ion

Fig. 1. (a) Schematic diagram of misaligned via plug in multilayer met-
allization; (b) tilted in-line SEM of an unpluged via; (c) cross-
section SEM of an unpluged via[6], showing no tungsten in the
via.

Fig. 2. Schematic diagrams of plasma photoresist ashing apparatus: (a)
RF(Radio Frequency)-type and (b) microwave-type.
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beam)b� &V� æ6j ¶� 
r PhilipsÒ~ SEM� XL30FEGTM

j �Ï~� kÊv~ ¦�·çj ªC~&
. "� &V� æ6f Fig.

3" ?f rÊÞ NZ��, � NZ~ VF � 5 ^�º '' 0.4µm,

250.9µmb� 2�� ~�" .³VF ��'~ jN� 200 : 1;ê� 


Ö � NZj �Ï~� ç¦.³VF� jj fj *¦ 6�æ pf æ

�j 7�b� &V~&
. 6� ~¦ .³VFf MOS ÞÂæÊVf

�Ö>æ pf ¯, Æ ®º ��(floating pattern)¢ �Ï~&
.

3. Ö" 5 �V

.³ï~ ¦�f �� &æ� J«� > ®º�, Ï*¶ç(charging

damage)" Ö¦B *çj ��~º �º **(potential)f pH~ &ê

¢ ¾æÚº Poubaix ê�ö V� �C� '.~
. �©f Fig. 4(a)ö

B ��ê r��ª" Ï
~ pHö V� ç�ê¢ ªC~� ÖW ¦�,

®ÏW Özb �^ï ;W, r¢ÒW ¦� �Ò� .³ r��ª ¶Ú

� J &æ ç�& ��B
. ¯, Ú¶ ª~~ **¢ &î r r��ª

.³f pH& Ôf ;ÖöB, �Ò� pH& ¸f ;r¢ÒW Ï�öB

¦�� B�~º ©j " > ®
. 6� kÊv~ ç�ê� Fig. 4(b)ö

Bº ¢;� æ6~ **'�öB Özï ;W" ¦�B�~ v &æ '

�� ��>º�, 4�
 pH& Ôf '�öBº kÊvj �^~º Öz

ïj ;W~� ¸f '�öBº ¦�j B��Êº ©j r > ®
[8].

.³ï �' �;f .³ï �', 67ï B� �Ò� .³W �Ò^

6º �' J"b �j B�~V *� ^;�;b� ^ªz~� ¾2

> ®
. *öB Þ/� Poubaix ê�öB " r, kÊv� pH& ¸f

Ï�öB £² Ï�>V *�Bº **& Ã&�¢ ~º� �&ê 2

¢®î �'Ëj� AMATÒ~ C-5200DPSTMf LamÒ~ TCP9600TM

öB~ .³ï �' �;�¾ 2¢®î 67ï B��;öB ·�Nö

~� **~ çßb� .³ ¦�j ¢V�Êº ��� F > ®
.

Fig. 4(a)¢ �� r��ª� ãÖö pH& 11� ^;Ï�öB **ö ç

&ì� ¦�*ç� ¢Ú¾æ pº ��ªj r > ®
. ��¾ kÊv

~ ãÖº ç&'b� ¸f **öB~ ¦�� ¢ÚÆ > ®º ���

B
. � 
þÖ"ö ~~� Fig. 5öBf ?� .³�' ê 67ïj

B�~æ p� ACT935TM Ï�öB ^;�;j ê¯� Ö" ÚÊ .³

�'Ë~ 5 ��öBê kÊv ¦�*ç� B�~æ p~
. �©b�

�j Fig. 1(b)f ?� **çßö ~� ¦�f .³ï �'�;�ê�


 67ï B��;öB ·�N� .³ïö »'>Ú ^;�; � k

Êv~ ¦�� B�~º ©j r > ®
. �r ^;Ï�öB ¢Ú¾º

Fig. 3. Test pattern for studying tungsten corrosion in this experiment.

Fig. 4. Pourbaix diagrams for (a) aluminum and (b) tungsten[8].

Fig. 5. Tilted in-line SEM shows (a) an intact tungsten plug when skipped
plasma ashing process before solvent strip and (b) an unfillled
via after plasma ashing and subsequent solvent strip.
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kÊv~ ¦� >w *çf 
r" ?f �b� �C� > ®
.

W(s)+4OH− � WO2(s)+2H2O (1)

WO2(s)+OH− �WO3H(s)+e− (2)

�VB � (2)~ WO3Hº ¸f r¢ÒW Ï�ö /Ï~² �º Wî

j <� ®
[9].

��¾ �f ?f .³ï �' ê 67ï B� � "� B�~º .

³ï~ *~»'ö ~� kÊv ¦�f .³VF� jj f~ 2��

kÊvj �æ á� Î� æ�ö ¾æ¾º ©� jî� ß;� NZö

Bò B�~&
. ¯ kÊv 2��& 2¢®îö �ÂF r ç¦ .³

VFï~ ��'� j" 
¢ �
. NZ~ �V& ¦�*çö �~º

'Ëj Fig. 6j Û~� r > ®
. Fig. 6(a)~ ãÖº kÊv~ ¦�

;ê& �£~æò Fig. 6(c)öBº j*® ¦�>Úê ©j " > ®
.

�
 v NZ~ N�º jj f 2��f �ÖB ç¦ .³VFï~ ^

�& B� 
��, Fig. 6(a)~ Ö"º .³VF~ ^�& 25.0µm��

Fig. 6(b)º 250.9µm� �
 ^Ú �* 2�� kÊv~ ** çßö

'Ëj * > ®º *~»'ï~ N�ö V�~V r^�
. V¢B k

Êv~ ¦�f * j¾ .³VF[~ �'" �Vöê &7� �&W

j �ªj r > ®î
.

3-1. 67ï B�Ë~ �� 5 ;�ö V� 'Ë

67ï B�Ë~öB &Ë 7º� © 7~ ~¾º 2¢®î¢ ¢bÊ

º O���, �º «¶~ >f 2¢®î ç�~ ®�¢Wb� �� *

¶ 6º �N� >êÚ ²¶ßWö 'Ëj "º G�öB � N�& ®

V r^�
. ¯, 67ïj B�~V *� O2 2¢®î¢ ÒÏ~º�,

2.45 GHz~ î�����2¢ ÒÏ~º 67ï B�Ë~& RF(13.56 MHz)

¢ ÒÏ~º 2¢®î �
 �WzB ¢:¢� O*, O2
*jô� �W~

� O+, O2
+�~ �N;�~ Ö²º '² �W�Î
. r^ö î���

��2 2¢®î¢ ÒÏ~º 67ï B�Ë~º ¢:¢~ jN� ¸j

67ï B�³ê& ¸�, Ôf �N³ê r^ö Ö²�Nö ~� Ï*

¶ç G�öB n;� �j ��
[10, 11].


þö ÒÏB 67ï B�Ë~ 7 RF;� DSQTM(decoupled source

quartz)öB 600 W source power/600 mT pressure/600 sccm O2~ ��

b� 67ïj B�� Ö", B� � Ö²�N� .³ïö »'>Ú *

*¢ Ã&�Úb�� ACT935 Ï�ö ^;� kÊv� � (1)" ?f

>wj �ö £² Ï�>º Ö"¢ áj > ®î
. ��¾ î����

�2; Ë~� ASPTM(advanced strip & passivation)öBº DSQTMf

ÿ¢~² �;æ> J;~� 67ï B��;j >¯� ê ACT935¾

Ò� Ö"öBº jj f Ú~ kÊv� Ï�>æ p~
. �� Ö"�

" r î�����2¢ ÒÏ~º 2¢®î Ë~öBº �N ³ê�


º 7Wö¶ 6º ª¶~ ³ê& ç&'b� � ©b� ºG� > ®
.

��¾ GasonicÒöB B·� PEP3510TMöB *f ÿ¢� ��b�

ê¯� Ö", 2.45 GHz¢ ÒÏ~º î�����2; 2¢®î Ë~ª

öê ®�~� 2¢®î �;� *~»'ö ~� kÊv ¦�� B�

~&
. ��� Ö"� " r 2¢®î B�öÒ& ÿ¢~z¢ê 67

ï B�Ë~~ �� 5 WËö V¢ 
�² 'Ëj Aj > ®
º ©

j {�� > ®î
.

3-2. 67ï B�Ë~öB~ VÚ�Wö V� 'Ë

RF; DSQTM >wVöB ÒÏ>º VÚº Ö²f H2O�
. �" .

³ïj �'~º �;f �' ê 67ïj B�� r H2O¢ ÒÏ~�

�^ïj ;W� ê Ö² 2¢®î¢ ÒÏ~� 67ï B��;j >

¯~� ®
. � 
þöBº RF power 1,000 W/pressure 600 mT� �

;�Ê� çV VÚ
~ ��ö V� 2��~ ¦�*çf 
r" ?

~
. Ö² 2¢®î� ¾Ò� ��öBº ¦�� B�~&æò, H2O

2¢®î 5 Ö²ö H2O¢ Î&� 2¢®î 67ï B��;��öB

º ¦�*ç� ¾æ¾æ p~
. V¢B H2O¢ Î&~� RF; 2¢®

î 67ï B�Ë~öB~ kÊv ¦�� ÛBNj r > ®î
.

î�����2; 2¢®î 67ï B�Ë~� PEP3510TMöB 
þ

ö ÒÏB VÚº Ö², î² �Ò� N2/H2 b�VÚ&
. � 
þöB

º VÚ~ �Wj :Þ�B microwave power 1,100 W/pressure 1,500 mT

�;��öB 2¢®î ¾Ò�*f 45.� ~&
. � ��b� .³ï

�'ê jj f 2�� kÊv� ��¾ ®º �Þj Ë~ÚöB 2¢

®î ¾Ò~�B ¦�~ ·çj ÚÚ�~
. 3-1öB Þ/� :f ?�

Ö²¢ �ëb� ÒÏ~� 2¢®î ¾Ò~&j ãÖöº î����

�2; 2¢®î 67ï B�Ë~ªöê ®�~�, Ö²�N~ .³V

Fö *~& »'>Ú B�~º 2�� kÊv~ ¦�� B�~&
.

��¾ 2,500 sccm O2/25 sccm N2¢ b�� Ö" Ö²¢ �ëb� Ò

Ï®j r�
 z× �~² 2�� kÊv~ ¦�� B�~&
. î²

~ Î&ïj 55-125 sccm~ º*öB �.� Ö" î²~ Î&ïö V

� � æz& ìî
. �� Ö"º î²& ¢>'b� 2¢®î O*j

/ê�Êº VÚ� 2¢®î O*� VÚ~ ª�>wj /ê�b��

"� �'³ê¢ Ã&�Êº ��j ~º &Êªj �J� r[12, 13],

Î&B î²& Ö²~ ª�>wj /ê�Ê�B �ò¢ Ö²�N~ ³

êê ¸�V r^ö .³VFö *~»'ïê Ã&>º ©b� ÒòB


. ��¾ Ö²ö N2/H2 b�VÚ¢ Î&� Ö"öB ¦�·ç� 
ª

j r > ®î
. 2,500 sccm O2ö 1,200 sccm H2/N2¢ Î&� Ö" 2

�� ¦�*çf B�~æ p~
. ��� Ö"º DSQTM >wVöB

Ö²ö H2O¢ Î&®j r ¾æÂ *ç" FÒ� ©b� >² ¢:¢

� 2¢®îÚö �Ò~� >² ¢:¢� Ö²�N" >w~� �N ³

ê¢ 6²�Úb�� >wV Úö Ö² �N� 6²Nj r > ®
. V

Fig. 6. Effects of the size of metal line on the degree of tungsten corrosion
according to (a) top surface area of 0.4×25.0µm2 and (b) 0.4×
250.9µm2.
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¢B î�����2;�¾ RF; 2¢®î Ë~öB 67ï B�� Ö

² �ë ÒÏ�
 >²& ��B VÚ¢ Î&~� ¦�B�j ÛB�

> ®rj r > ®î
.


B Ö²�N~ B�;ê& kÊv ¦�ö �~ºæ ;ê¢ ;ï'

b� rj �V *~� OES(optical emission spectroscopy)¢ Û~� 2

¢®î ÚöB~ Ö² �N 2Ë~ �~ ^Vf kÊv~ ¦� ç�¢

jv~&
. � 
þöBº OES Ëj� SophieÒ~ Digisem350-3TMj

�Ï~&
. 400-800 nm 2Ë~ º*öB Ö² 2¢®îf &NB 2

Ëf 436.5, 532.9, 615.8, 645.6 �Ò� 777.5 nm� 
U &æ�
. �


2Ë 7ö 436.5 nmº Ö²�Nö ~� B� 2Ë�¾ ¾^æ 4Bº Ö

²ö¶ö ~� ©�
[14]. Fig. 7öB Ö²ï~ Ã&ö V¢ 436.5 nm

~ Ö²�N~ ·� Ã&~º ©j Fig. 7öB " > ®b�, kÊv~

¦�ê Ö²~ Ã&ö V¢ � ;ê& ��æº ©j Fig. 8j Û~�

r > ®î
. ��� Ö"� " r kÊv ¦�f Ö² 2¢®î¢ Û

� 67ï B��;öB "� Ö²�Nö ~� *~»'b� ê³ Ï

�¾Ò�;öB ¢Ú¾² Nj {�� > ®î
.

3-3. .�ï~ ÷*Î"ö ~� 'Ë

2¢®î �;� ·�N� .³VFïö »'>º ©f NZ~ ��

' ö jî¢ jj f 2��~ ~¦[ö ÚÊ bî~ ï� ®ºæ&

7º� º²& B
. ̄  jj f 2�� ~�� Si substratef �Ö>�

·�N~ *~º 7æÎ"ö ~~� »'>æ p� ²
>Ú ªÖ


[15]. ��¾ 2�� ~¦~ .³VFï� 
Ò~ Substrateö �Ö>Ú

®æ pb�, 2¢®îö �Â>îj r ~¦.³[" 2��ö ·�N

~ *~& »'>Ú kÊv~ **¢ Ã&�ÊV r^ö �' ê ^;

� pH& ¸f r¢Ò >Ï� ³öB ¦�� ê¯>² �
.

�7Ë~~ �ê¢ ��~V *� �;O»b� 
[.³VF�;ö

Bº .³VFï *ö >ÒOæïb� FVê Òò, TiN" ?f .³Ò

ò 6º 
Ò~ Özï" îzï � ZV.�ïj ÒÏ~� �^NV

�j &Ë~² �;O»� �B~² ê«>Úæ� ®º�, �r ;WB

ZV.�ï~ ãÖº ~�îÊ�(hard mask)�ê �ÏB
. � 
þö

B z�VçÃO»b� vþ& 1,500 Å� 
Ò~Özïj ÒÏ� ãÖ

ö Fig. 9f ?� .³VFï �'ê 67ï B� � Ö² 2¢®î B

��;j >wV~ ;�ö ç&ì� r¢Ò >Ï�öB~ kÊv ¦�

� B�~æ p~
. *êÚ& jò bîöBº *~¢ �ÿ�Êæ á

~V r^ö .³VFï *ö ®º ~�îÊ�� ÒÏB 
Ò~ Öz

ï� 2¢®î� B�B Ö²�N~ *~¢ ÷*~º ��j ~� ~

Fig. 7. O+ emission intensity profiles according to the concentration of
oxygen in Ar/O2 plasma ambient.

Fig. 8. Effects of oxygen concentration in plasma for photoresist ashing
on the degree of tungsten corrosion: (a) no oxygen, (b) 33.3 vol%
and (c) 50.0 vol% O2 in Ar/O 2 mixture. These Figures show that
the increase of oxygen concentration enhances tungsten corrosion.

Fig. 9. Intact tungsten plug after solvent strip when adapting silicon oxide
film of 1,500 Å thick on metal line to hard mask.
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