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� �

��� ��, �� ��	
� �
�� ��� ��� ��� 7,000 Å ��� ���(Photo-Resist: PR)� ���� ��

 !" �#�$%. �&' ()*+, in-situ XPS *+-. */0� 12345� 26 7 �� 839:" ;<�$-=,

��>?, 1), ��	
 @A, B@&'� C!8� DE" FG�$%. H�C! F�(130oC, 10 sccm, 100 WI 180J)

�K PR */L?M 4,500 Å/min" NOPQ%. �� ��	
� 12345R PR" �3&S TU: 5(. VW&X�Y

Z,[�Q-N �� �\]� ��� ��, ^_�� �3`" :a&X� b�� Jc�$%. d�K, �� ��	
�

�e(ashing),!" ()*+2. fghi�� ���� ��j k �� ��	
� [
�� 2lm  !C!-. ���

�� n� op�� 12345" XPS q@jm ��. ���$%. �� ! k rs ��F?(RMS)M 2.93 Å� rtj

��" uR�$v, 5�, 3w[ 83M x�  !� My�$%.

Abstract − Removal of photo-resist(PR) with the thickness of about 7,000 Å on Si wafer was carried out by dry cleaning with

using remote oxygen and hydrogen plasmas. During the removal process, the changes of surface and gas composition were

monitored by real-time mass spectroscopy and in-situ XPS. Effect of process parameters such as surface temperature, flow rate,

plasma power and exposure time has been investigated. The results showed that decomposition rate of PR was accelerated upto
4,500 Å/min by the minimum process condition(130oC, 10 sccm, 100 W and 180 sec). Oxygen plasma effectively oxidized the

PR into gaseous volatile compounds. However, oxygen radicals caused the growth of oxide layer. Therefore, two step process is

proposed. Oxygen plasma ashing upto thin PR layer remained is followed by a subsequent cleaning with hydrogen plasma. The

two step process removed carbon contaminants below the XPS detection limit, and substantially flat surface with mean surface

roughness of 2.93 Å.
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1. � �

���� ���� 	 
��� 
�� �� ��� ��� ����

�� ��� �� 0.5µm �� !� "#$%. ��& '() *+,

-. /01 234 56789 �:�� 
�78 ;� 2)/<+ 7

8 =�� '>9 ?@A� B0� CD /E FGA� 
H�� �8

789 IJKL MN O6/+ P� Q��%[1]. �8789 IJ	

R-L ��� B0� ES	 .T- U.V A�- WX Y� R-�

� FGA� Z4-�� 
H��)� �[P%. �878L .T\]

� ���� ;^/� _5�8� �*� ��`a b� c\/Ea+

P%. _5�8L �8Z4) dEV e fgK h ��K� i;	 j

� kl�am ��& '() +,-. /01 �n o
lp� O6

/+P%[2]. qK� r	 rs, rt�u %>�� v��� wp+ x

y-z {0�1 7|o
u }�~� ; P�� \]��O� B0�

� �t� ; P� )�K� a�+ P%. �	, ex-situ �8��� 7

8� �� = �� I ��4 ��� 9| FGA� �#� )�K�

�%[3]. �0, �5�8L ��78� ���� �@ �X9 .T- �

�A� B04 ����� _5�8�� 
H�� E[� small geometry

`a ?� �tA� 
H� ; P� kl4 �7~�� ��1 �O �

� Y� in-situ� �^/�� 789 fgK� �X~� ; P%[4]. _

5�8� �&� �5�8L %�	 � 4 ¡¢� £¤/E �+ P

�� DC ¥¦§¨[5], ECR ¥¦§¨[6]u �\�@ £¤/<�V +

©� �ªa� z	 B0 WX o
� z| �� «H� ¥¦§¨� .
†To whom correspondence should be addressed.
E-mail: yckimy@hanyang.ac.kr
382



��� ����� 	
 Photo-Resist ��
 In-situ �� �� 383
T- ¬K� a­ ��® �&¯ B0� °��� FGA� ��~±

²³K �&� ´.~± �8�� «�u �\�+ P%[7, 8]. �	, B

0WX� +[�@ ¥¦§¨ «��O� µ8H�u �a�01 A�

- w� ¶'.�[� � [9]4 xy·.K �&u �¸�@ �� =

xy- Jz� ¶'. �[� £¤� �^/+ P%[10]. ¥¦§¨ �

8¹�, �¸� e�+ ºµ	 ��KL ���&9 ®�, ��� ¡¢,

78��4 �»9 �tA �K ¼ bL U;� 9|  �� ½� ;

P��� �878� 8¾�D 
E�+ ¿À�Á� ÂÃ�� µL Ä

i EÅ+ U;9 ÆÇ-, :È-z  �L É
 Ê´Ë �|/+ Pa

Ì%. �Í78(lithography)� Î;-z ÏÍ
(photo-resist: PR)KÐL

��+Ð(�1 ÑÒ- Ó� s.��� µ�Ôam 78 I y./E

?@��A� °���� �� �5�8 = _5�8� Õ^|1 �^

�+ P%. Ö¦1, × £¤�1� «H� rf s', ;' ¥¦§¨u �

\�@ ��� B09 PR� Z4-�� 
H�� �Ø� ;^��%.

¥¦§¨� 9	 �8 Z4� *� ÏÍ
9 ÙÚ�1 ÛEÜ ÏÍ


9 ÙÚu {8Ý��Þ 78U;  �� ßà���� 78 I ²³

K �&� ´x/� �X®� �~á in-line â>Ðã� ä| �8 X

¢u å{��%. �8� ÎJ	 ¶' 78U;u -\�@ ��� B

0� °��� PR9 A�, .T- B0¬K� in-situ XPS̄  AFM��

{8�@ ÏÍ
 ��KÐ9 
H Zæ U.u ¾z��%.

2. �� � �	

2-1. ����

�Ø� c\ç B0L P-type(100)9 è8 ��� )a� Ñ�é� 5-

10Ω-cmz ��� ê�ëu c\��%. ��� ê�ë� Novalok resin

4 Diazide KÐ[12]�� �ìE� ÏÍ
 (photoresist, PR)u 3,000 rpm

¹�9 �í îï�� 7,000 Å ÙÚu ¡K ~ð+ îï = _5�8

48L Hña Ìò%. ~ó9 ��� 1 cm2 ��� ôõ�� ¥¦§¨

�8L +�7(base pressure: 3ö10−7 torr) ÷ø�1 �^/<%. B0

� °��� PR� s.~Ô� ù| s'�&9 �>� �ú�@ ��

ûü� �a~ð%. 13.56 MHz9 ýþ;u a­ «H� ¥¦§¨� �

y 5 cm quartz ß� îµ� ÏÉ ~ó��O� ¥¦§¨  !� ;


�� �ú���� ¥¦§¨ ��� U.~Ô� 
HZ4u ßà��

%. B0��� PR
H9 ¶' ��z 130oC� +8��%. s' ¥¦

§¨ v� = s.ÿ ¡K4 ?@ ��A9 v� h B09 �8.u

ù| ;' ¥¦§¨ v�~ ��u U.~Ô01 �Ø���� ´&-

z ��L Table 1� Vn�%.

2-2. ��

ÐãL �� I �� Y� *+�7(base pressure : 1ö10−10torr) x

y9 Ðã ÷ø� ���� ~��� c\���� Fig. 1� �5.�

�%. PR �8� ù| -\ç s'¯ ;'�&u �´ ��� � �8

÷ø � �&® U.u in-line�� ¾z�� ù| ~ó ù 1.5 cm ùñ

� â>Ðã�(Mass spectroscopy, Balzers QMS 200) input line� £è

��%. ¥¦§¨� 9| ��.ç �&®9  �4 PR� ²³K Aâ

z COx(x=0, 1, 2), HyO(y=1, 2)̄  CHz(z=1, 2, 3, 4)� ´x� �9 £¹

-z U.48� {8��%.

ÛEÜ PR9 ÙÚ{8(Nanospec. Samsung Electronics)4 �~á â

>Ðã�� 78 I �8X¢¯ ¶- 78 U;u å{��%. �	, �

8�� z	 .T-, A�- B0¬K� ¾z�� ù| �7 ���@

in-situ XPS(x-ray photoelectron spectroscopy: OMICRON-UHV, VG) Ð

ã�� �8 = B09 .T- �KU.u ßà���� ��� Ö�

KÐ U.� ex-situ AES(Auger electron spectroscopy: PHI-MATLAB)

u ä| Ðã��%.

¥¦§¨� 9	 A�- B0WX  �L AFM(atomic force microscopy:

Omicron-Vacuum AFM)�� B0 ¡X� {8��%.

3. 
� � �


3-1. ��	
 ��
� ��

¥¦§¨ 78 U; U.� Ö� s' ¥¦§¨ -\�� 
Hç PR

ÙÚu {8��%. ��~á� 9| ÛEÜ ÙÚ� ��¹�(ashing

rate: Å/min)� xs��+ 78U; U.� Ö� ��¹�u ÑÒ��

%. ��¹��  �� �ñ� 78U;�� B0��, �>, ¥¦§¨

�ü4 ��~á� �8��+ {8	 ��¹�u Fig. 2� Vn�<%.

Fig. 2(a)� ��~á4 ¥¦§¨ �ü� 100*¯ 100 W� +8	 X¢

�1 B0��¯ �>� Ö� �� ¹�u {8��+ Fig. 2(b)� �>

� 10 sccm4 130oC� +8	 X¢�1 ¥¦§¨ ��~á4 �üU

.u ÑÒ	 è4�%.

PRL �� .ÈA�1 �� ÑÒ- ���� B0��� )k 	Ï

	 ��� 
�am �L ��(250oC)�1 y./� �X� P+ y.

ç +Ð(� ��� B04 ���@ ��� À���(SiC)u ¡K��

� �Ð|K Aâ9 «z� � ; P%[12]. B0 ��u 2)~
� Ö

¦ ��¹�) 2)�� y�� ���V Fig. 2(a)9 100-150oC ��

¤á�1 2) y�� %' 8&/� j� 
z%. �� �XL � �

�¤á�1 PR
H9 �K. �ªa) U./<� �o�¦� Q��

)��� � %� )�KL X�ç ���1 PR B09 ¤�) U.u

µ�ð� �o�¦+ c�ç%. Ö¦1, PR9 AK� U�a Ì� �ù

Fig. 1. Schematic of the integrated UHV system including cleaning and
surface analysis chambers.

Table 1. Parameters of plasma cleaning condition

Gases 
Parameters

Oxygen Hydrogen

Flow rate(SCCM) 5-20 5-20
Surface temperature(oC) 30-200 30-200
Exposure time(sec) 00-300 00-700
Plasma power(W) 50-300 50-300
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384 � ���������
�1 
H� ÎJ	 )k �L B0 ��� 130oC� Q8��+ %�

U;  �� {8� � +8ç ��� c\��%. �>9  �[Fig.

2(a)]L ¥¦§¨ X¢�1 �K ��®9 2)u ���am, × �Ø

�1 -\ç 78U; I )k Ñ 	Ï�u a��� ¥¦§¨ sheath

u µ�Ôa Ì� �ù�1� �Ù 1,500 Å/min 8�9 ��¹�u V

n�%. 50 W� 2)~� ¥¦§¨ �üL 150 Ẁ a �¡-�� 2

)�%) 200 WO� ��¹�) %~ Ï'	%. ��	 «zL �ü�

2)�01 ¥¦§¨  !� �EaD /E ��®� 5 cm quartz ß

� ��� �� ©�) 2)�01 ß �49 O ��� µ�Ô+ PR

B0�1 ��
% ß �� 9	 �ªa W� «z�� 
@�%.

Ö¦1, 78U;� 9	 ��¹�9  ��� PR� �8��� Î

J	 ¶' 78��L �»�� 130oC, �ü 100 W, �> 10 sccm e

�+ ��~á� 180*9 ���� PR� ��� B0�1 
H� ;

P� j�� åXç%.

3-2. �� ��� �� �� 
�

PR� 7,000 Å ÙÚ� �í îï ç ��� B0� s'¯ ;')�

� 66 10 sccm9 �>�� �#�@ ¶' 78���� ¥¦§¨u

�´~ð%. Fig. 3L ¥¦§¨� 9	 B0��� µE  � ³!��

�&u in-line â>Ðã�� {8	 è4�%. Fig. 3(a)� s'u �#

� yi â>Ðã�� 9| "�ç â> 164 32 amu9 ´¡-z s'

�#$%�� O+¯ O2
+��. KÐm� "�/<+ Fig. 3(b)� ¶' 7

8 ��z 130oC�1 100 Wu -\� �9 è4� â> 12, 16, 17,

18, 28, 32̄  44 amu� 66 C+, O+, OH+, H2O
+, CO+, O2

+4  CO2
+�

|&�� «'� '' s.A� "�/<%. �	, Fig. 3(c)̄  (d)� ;

' �&u �# � yi¯ �  ́~ð� �9 â>Ðã è4u Vn��,

â> 13, 14, 15, 16, 174 18 amu� CH+, CH2
+, CH3

+, CH4
+, OH+4 H2O

+

� |&�� «'u Vn(%. Fig. 3�1 
�� ¥¦§¨ -\ ´, =

9 ���1 å{� ; P� è4� PR� s' ¥¦§¨� 9| ³!

�� ²³K �&� COx, HyO(x=0, 1, 2, y=1, 2) KÐ9 Iá �X®�

� B0�1 )3/� ;' ¥¦§¨� 9| CHx, HyO(x=1, 2, 3, 4,

y=1, 2)� Ð|/E�%+ c�ç%.

Fig. 2. Change of ashing rate with respect to plasma parameters; (a) flow
rate and surface temperature at 100 sec., 100 W, (b) exposure time
and plasma power at 10 sccm, 130oC.

Fig. 3. Mass spectroscopy spectra obtained at different conditions such
as (a) simple oxygen flowing, (b) oxygen plasma treatment with
minimum condition, (c) simple hydrogen flowing, (d) hydrogen
plasma treatment.
���� �40� �3� 2002� 6�
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.

'.;' ¡¢9 PRL ¥¦§¨� 9| @�ç 669 [O*]̄  [H*]

¦+,� 9| 5 (1)4 (2)̄  -L Ð|���� )3/E ²³K Aâ

� ´x/� ¿.�Á� a­%.

-[CHON]n -+ [O*]/CO2+H2O+NO2 (1)

-[CHON]n -+[H*]/CH4+H2O+NH2 (2)

s' ¥¦§¨9 �8X¢u å{�� ù| ��~á� Ö� �&®

U.u £¹-�� {8��%. Fig. 4� s' 10 sccm, ûü 150 mtorr

�1 100 W9 �ü�� �´�@ PR� �8� � ���� �XU.

u {8	 è4�%. *� 180* 0�L s'u �#�+ ¥¦§¨u

ON(1)�0 COx(x=0, 1, 2)9 Iá �X®z C+, CO+, CO2
+KÐ4 HyO

(y=1, 2)9 OH+, H2O
+9 Gá-z 2)u Vn(%. ¥¦§¨ �´�

�^/01 �X®L Ï'�� ~1�+ �´ = 180*) a� al�

1 µ8	 f2u �a��%. ¥¦§¨u OFF(2)�0 *� �#4 -

L X¢� "É)+ %~ ON(3)��� � �á9 2)u Vn�am

�jL ¥¦§¨ �´�� z	 �&9 �- �K. 48�� baseline

�� áý� ; P%. â>Ðã f29 2)� B0�1 )3/E 3�

/� j�� ¶' 78���� 180*9 ��~á� ÎJ�%+ 
@

�%. Ö¦1, £¹ â>Ðã48�1 µ8f2u �a�� al� �

��0 ��� B09 PR� 
H /<%+ »4� ; P%. Baseline�

��	 X¢� PR� 
Hç ��� B04 s' ¦+,� ���@ s

.ÿ ¡K� ��� ; P��� PR� Ê´ 
H/a ÌL �´ = 60

* al`a s' ¥¦§¨u -\�+ e =, ;' ¥¦§¨u -\�

� j� Z4-µ j�� »4ç%.

Fig. 5� 60* 0� s' ¥¦§¨ �8 = B0� ?°� ; P� �

�.ÈA� 
H�+ B09 �8.u ù| ;' ¥¦§¨u -\� �

!Kç �X ��A� ;' ¦+,4 ���@ â> 13, 14, 15, 16 amu

(CH+, CH2
+, CH3

+, CH4
+ )¯ 17, 18 amu(OH+, H2O

+)9 "� U.u Vn

(%. s' ¥¦§¨¯ ÑÒ�@ ��~á� 300*) a� al�1

baseline� �ì+P%. ;'� s.��� É­ ;'. ���� CHx

u ¡K�� �o�� c�ç%.

��� B0� °��� (£ s.ÿL 600oC �X9 B0��) Î

J[13]��� × £¤�1 -\ç �L ���1� â>Ðã� 9| SiO

V SiO2KÐL "�/a Ìò�� ;' ¥¦§¨� s.ÿ� 
H�a

� 5��%. PR�8L s' ¥¦§¨ -\m�� )��V �>9 ?

° ��Ap9 
H¯ ��� B09 �8.u ù| ;' ¥¦§¨u

-\�@ �6$-�6 �5� 9| Ê´Ë 
H� ; P� j�� åX

ç%.

3-3. ����� �� ��, ��� ��  !

��~á� Ö� £¹ â>Ðã 48� � 47� ¤Ð�@ B09

.T- ¬K� ßà��%. PR� ¥¦§¨ v� ´[Fig. 4(a)], ��~á

60*[Fig. 4(b)]̄  ��~á 300*[Fig. 4(c)] 0� s' ¥¦§¨ v�	

X¢9 B0� 3,000 eV9 Ar+ ���ªa� �ë�8 �01 B0 �

�� �	 �K� ex-situ AES depth profile� {8��%. Fig. 6(a)�

��� B0 ù� PR� 7,000 Å îï	 X¢� B0 �K I '' K

Ð9 PR 9� ¡Kç X¢�+ 9Ð9 �ë�8� 9| s.ÿ4 :�

���9 70� Vn;%. 709 �KL ��� B0� ;< Å��

@=a� (£s.ÿ� ¡Kç X¢�1 ÏÍ
u îï��>� 
@

?%. â>Ðã�1 @A	 �XAâ� ��ç 60* 0� s' ¥¦§

¨ v�	 B0L Fig. 6(b)̄  -� '' KÐ� @AË Ï'ç X¢�

am �>9 ��A� CÉ P>� Vn�+ ?@��A 99 ÙÚ)

�B 600-1,000 Å8�� åXç%. e�V, s' ¥¦§¨u �C ~á

��~� yi[Fig. 6(c)] 70� �> °��D C� AES ��"� 	7

(100 Å) �� �ù`a ��� B0�1 Ê´Ë 
H /� �0, s.ÿ

L MN Kk|1 3,000 Å 8�� 2)Ý� ¾z��%. ��	 è4�

PR� 
H/01 709 ���4 s' ¦+,� ���@ s./�

�X�� �s.ÿ4 -L Z4u VnE ; P��� F=� %~ �

8 |} �� O���%[14]. Ö¦1, s' ¥¦§¨ �8~ �>9 '

'KÐ� CÉ P� X¢�1 ;' ¥¦§¨u -\�@ ?@ ��A

� Ê´Ë 
H �� � � 
�	%. B0� °��� PR KÐ� s

', ;' ¥¦§¨¯ �� = in-situ XPS {8�� �� I �� Y�

�7 ���@ � B09 .T- �KU.u {8��%. Fig. 7L ¥¦

§¨ v� ´4 =9 B0 C1s KÐ4 O1s KÐ� Vn( j�� .T

- X¢U.u ÑÒ	 è4�%.

PRL GÈA��� �LÐH(I4.5 eV)9 J�� "�/<%. Ö¦1,

Fig. 7L Gaussian Ý;� [15]� 9| aromatic -H, aliphatic -C, -H

¯ carboxylic -O9 X¢� Ö� �ªa F�� 66 284.5 eV, 285 eV

¯ 286.24 eV9 èÈ�ªa� |&�� C1su �Ð.���� 1,2,3�

� B~��%. �	 O1s� carboxylic C-Ō  single bonded oxygen O- ,

-H X¢� 66 532.33 eV̄  533.97 eV� a, b� B���%.

�� ��K .ÈA� ¡Kç PR9L in-situ XPS Ðã�� C1s J�

0-Ðæ� �?�� xs aromatic, aliphatic4 carboxylic ''9 �K

Ñ) 66 42%, 37%̄  23%�<�� 4>& ¤�5[12]4 �c	 �

� a­%.

s' ¥¦§¨u 60* v�	[Fig. 7(b)] B0L ´&-z J�) @

AË Ï'���� ¬Ë, aromatic carbon, aliphatic carbon� X&Ë Û

Ep<�V carboxylic ''� ?°��%. s' ¥¦§¨u 300* v

C C C

C

O

O

Fig. 4. Mass spectroscopy signals over time of oxygen plasma treatment. The
selected masses are measured by equipped with a tube. Fig. 5. Mass spectroscopy signals over time of hydrogen plasma treatment
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386 � ���������
�	[Fig. 7(c)] B0L ��>9 ''KÐ� °�Ý� ¾z��%. �0,

s' ¥¦§¨u 60* 0� v�	 = ;' ¥¦§¨u -\$� �

[Fig. 7(d)] '' KÐL "�	� ��� Ê´Ë 
H /EL� in-situ

XPS è4� ¾z��%.

B0� °��� O1s KÐL PR (&9 carboxylic oxygen KÐ� s

' ¥¦§¨ v�� 9| �Ë[ 2)�� y�� 
z%. PR9 
H

� � s' ¦+,� 9	 s. ��� ��	 è4 ?°	 ��.È

A9 � B0 �	 s./<� �o�%. ¬Ë, 300* 0� s' ¥¦

§¨� ��ç B0L s.ÿ ¡K�� �L J� r�u Vn�<%.

e�V, 60* 0� v�	 = ;' ¥¦§¨u -\$� � O1s ´&-

z J�r�) µ8�� B09 ¡¢) single bonded oxygen�� �8

. /<>� ¾z��%.

s' ¥¦§¨ v� = ;' ¥¦§¨� 9| �8. ~� B09 ¡

X� AFM {8è4 ¾z� ; P<�� {8 è4u Fig. 8� Vn�<

%. Fig. 8(a)� PR� 3,000 rpm9 ¹�� �í îï�@ PR� 7,000 Å9

ÙÚu a­ B0�� RMS(root mean square)�� 2.4 Å9 M'	 X¢

u 
�am 60* 0�9 s' ¥¦§¨u v� = B0L ?@ ��A

KÐ�� B0 ��) 536 Å�� X&Ë 2)	 ¡X� Vn(%. s'

¦+,4 PR9 ��� Ê´Ë �^/a ÌL X¢[Fig. 7(b), Fig. 4(b)]N

� ¾z� ; P<�� ?@ ��A� 300* 0� s' ¥¦§¨¯ �

� 	 = B0 ��� 5.87 Å9 �� Vn(%. Fig. 8(c)9 ¡XL B0

9 .T- KÐ4 ÑÒ�@ ���9 s.ÿ ¡K� 9	 SiO KÐ��

å{ç%. ��	 s.ÿ ¡K9 O��� �a�� ù| Ù 47 ¥¦

§¨ v�	 B0 ¡X� Fig. 8(d)� RMS�� 2.93 Å ��� A�- B

0WX4 .T- U. Y� �8	 X¢� PR� 
H � ; P<%. �

�� B09 PR �5�8� s' ¥¦§¨ v� = ;' ¥¦§¨ v�

9 Ù 47 � �� XPS "�	7 ��� Ê´Ë 
H��%.

4. 
 �

¥¦§¨ 78U;9  �� �c�� ù�@ B0��, ¥¦§¨ �

ü, ��~á4 �>� U.~� � ÛEÜ PR ÙÚu {8�@ ��
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Fig. 7.In-situ x-ray photoelectron C1s and O1s signals; (a) untreated PR, (b)
oxygen plasma treatment for 60 sec., (c) oxygen plasma treat-
ment for 300 sec, (d) hydrogen plasma treatment after oxygen
plasma.

Fig. 6. AES depth profiles of photoresist surface before and after plasma
treatment; (a) photoresist on surface, (b) treated by oxygen plasma
for 60 sec, (c) treated by oxygen plasma for 300 sec.
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Fig. 8. AFM images of the surface after plasma treatment; (a) PR spin
coated with thickness 7,000 Å, (b) oxygen plasma treated for 60 sec.,
(d) oxygen plasma treatment for 300 sec, (d) hydrogen plasma
treated for 300 sec.
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