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º £

>êÚ ��¢~ �� æzö V� &Ú^;B~ ^;ÎNj G;~V *~� ESCA(Electron Spectroscopy for Chemical

Analysis)¢ �Ï~� ��¢~ ��j ªC~&
. ³ê& 1,000 ppm� 4B(Fe, Cu, Ni, Zn)~ �& Ï�j J"bî� ÒÏ

~&�, &Ú^;B� APG C8-12f APG C14¢ ÒÏ~&
. ESCA ªCÖ" Si, C, O peak& ¦Â>îb�, ' J"bîö

&�B APG C14& APG C8-12�
 Ö>� ^;ê¢ ¾æî
.

Abstract − To measure the cleaning efficiency of alternative cleaning solvents by surface variation of semi-conductive wafer, the

experiments were carried out surface analysis of wafer by ESCA(Electron Spectroscopy for Chemical Analysis). Five 1,000 ppm

standard solutions(Fe, Cu, Zn, Ni) were used as contaminant materials, and APG C8-12 and C14 were used as alternative clean-

ing solvents. To result the analysis of ESCA, Si, C and O were detected to major peak and for each contaminant material, APG

C14 was shown better cleaning efficiency than APG C8-12.
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1. B �

1.1.1-TCE(1,1,1-Trichloroethane)f CFC-113(1,1,2-Trichlorotrifluoroe-

thane)f z�', bÒ'b� n;~V r^ö ÒÏ~º ãÖ, ßê� n

;B& �~ jº ì�, .³ bîö &� ¦�W� ìb�, �ª¶ b

îj ¦¦â �Êæ pj ^; ·ë� 
Ö *Þ~� Öë *>öB 7

º*~² ÒÏ>Ú zb¾[1] �" J�[ 2Z bî� rJ^, 1992j

ÒÞÒR ~;B(B;6)öB 1996. 1. 1¦V �Ö 5 ÒÏj *� .æ

Æ� >Úz
. ��¾ ÖÒ¾¢~ ãÖ, 1994j B 6N &«� 
Z²

~öB BBêç�b� ª~>Ú 2005jræ ÒÏj F. A~b¾[2],

1.1.1-TCE¾ CFC-113 ÒÏï~ &¦ªj >«ö ~�~� ®�, ��

öBº J�[ 2Zbî~ ÒÏj ÛB~� �B~V *~� B;B �

VJ"Oæ»(Clean Air Acts, CCA)" ~ã�^Ó(EPA)~ �Bö V¢

>Â~º� ÚJæ� ôf 
;�
. �" ��� ^B¢ �Ö~V *

� �Kb� ôf «~~ &Ú^;B[>ê, &>ê, j>ê(ÏBê)] 5

Ë~¢ BB~� 6
~� ®b¾, V�~ 1.1.1-TCE 5 CFC-113ö &

~º ^;Kj <¾ &Ú^;Bº BB>æ á� ç��
. 6� 1.1.1-

TCE 5 CFC-113j ^;B� ÒÏ~º ëÚ~ �Ö�; 5 &ç B®

~ «~& 
·~V r^ö &Ú^;B¢ ' ª¢ö 'Ï~º� ôf

^B6� B�~� ®
.

*¶ª7z�ªC»(ESCA)f 20j*ræò �ê z�ª¢�
º b

Ò��¾ .³Òò"�~ ��ö ô� �Ï>îb¾ �" ESCAº �

Ú��" ê�~ �Wö²¾ z�Ö� ç�¢ C&Úº *¶ ª7»~

~¾� .³, /
, >êÚ²¶Òò, ^¢�Ê, ;ï, �ª¶bï �~

��ö 6Ò �Ï>�B î�Ú ��ª¢� '7A� ®
. *¶ª7z

�ªC»f >²f ��j B�� "VN�ö ®º Î� ö²¢ {�

~º ±f O»��, � O»j �Ï~� ö²~ Özç�~ Ö;" z

�«~ Ö�;�, ª¶~ *¶ ��ö &� ©j r > ®b�, ;ïªC,

>çª�ªC, .�bî~ ªC, FVz�b ªC �öê FÏ~
[3].

��¢ ��ö �Ò~º J"bîf &Ú� FVJ"b, .³J"b,

¶�Özï, z�' Özï 5 «¶ �" ?� 
·~V r^ö >êÚ

B��;ö ®ÚB ^;�;~ 30-40%¢ ��¢ ^;j ~� ®
. F

VJ"bf "� ª¶; J"b�B >êÚ²¶ B��;öB �Æ.

æÊÞ º~b� &Ë � J"ö��, �WgÊ, >æ, J¢, º~Ï


�ê "J"ö� F > ®
[4]. .³J"bf �;Ëj, Ó;
Ú �V

5 '« Òò �b�¦V J"F > ®b¾ .³®Bb J"~ &¦ª

f '« z�Ï�" B� �;ö ~� ©��, .³ J"b 7öB Fe,
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 E-mail: rowkho@inha.ac.kr
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Cu, Ni, Zn, Cr �~ 7.³� 
Ò~ ²¶ö 
Ö F�~
[5].

�f ?f >êÚ ��¢¢ ^;~º O»öº Û�^;" ��^;

� ®
. Û�^;f ^;�
j �ë'b� ÒÏ~º ãÖº �b�,

�
j '.® ��~� Ï'ö �² ÒÏ~�¢ Î"'b� ®Bbj

B�� > ®
[6]. ��^;f ¢>'b� ÒÏ>º Û�^; �F~

�6j �j~� '« ª*V�¦V~ J".O" &N �;j æË~

�, ê³ �;"~ ¢&B �³Wj <� bÒ'Áz�' O�, Ò*Þ

-J*O� 5 ÃB» �b� J"bîj B��
[7].

� ��~ Ï'f >êÚ ��¢ö 
Ö F�� 'Ëj �~º Fe, Cu,

Ni, Zn~ �& Ï� J"bîö &� &Ú ̂ ;B(APG C8-12 5 APG C14)

~ ^;ê¢ G;~V *�B X-7*¶ª7»(ESCA)j �Ï~� ��

¢ ��öB~ J"bî æz 5 ;�, J"bî~ B�ÎN æz¢ {

�~V *��
.

2. Òò 5 O»

2-1. �£ 5 VV

&Ú ^;B� APG C8-12, APG C14º ��Ö�*z(")öB B��

©j ÒÏ~&
. b^;b� ��¢º BÞ&�v >êÚ����²ö

B B·� ©j ÒÏ~&b� Table 1öB ��¢~ ßWj ¾æî
.


þö ÒÏ� J"bî� Fe �N �&Ï�(1,000 ppm)f Junsei Chemical

Co., LtdöB �«~&b�, Ni, Cu 5 Zn �&Ï�(1,000 ppm)f Kanto

Chemical Co., INC.öB �«~� ÒÏ~&
. 6� D.I waterº 2N Ã

~� Ã~>¢ 6{ ²*(Division of Millipore, Waters)f �" jV

(FH-0.5 µm)¢ �Ï~� 6{�"� êö ÒÏ~&
.

� 
þö ÒÏ� *¶ª7V(ESCA)º EA 200(Specs Co., ë¢)�

�, � VV~ ¦ªË~º (1) 7ö, (2) �òÇ² 6º ÏV, (3) ªêV,

(4) ¦ÂV, (5) �^ æ~V, (6) V�V� >Ú ®
.

2-2. ^;O»

(1) ̂ ;Vö j^Êj '�® I� � ³ö ��¢¢ If Ê ̂ ;�
.

(2) D.I wateröB 
� �}� ^¿�
.

(3) HF(®Ö) 50% Ï�, H2O(b)j 20 : 1� b�~� ^;�
.

(4) D.I wateröB 
� �}� ^¿�
.

(5) 
� âÚÚ O2 gas¢ ®ÚB º~bj B��
.

(6) J"bîj z+�
.

2-3. J"bî z+O»

(1) ¢;� ³ê~ J"bîj 250 ml j�
ö &� Iº
.

(2) j^Êb� b^;b~ ��ö ¶ç� &æ pê� �}� �º
.

(3) � b^;bj �&� �}� ç� Fæ�
.

(4) b^;bj J"bîö 10.ÿn �"ê ¦
.

(5) ESCA Ë~³ö b^;bj 3�* &ï ê�ç�� Fæ�
. 

2-4. 
þO»

j�
(250 ml)¢ ^;ÏV� ~� ÒÏ~V *ö j^Êb� �}�

^¿� ê ��VöB ���Î ê j�
¢ �N�ö �;�Î
. �

' ^;j *� ' ^;B¢ 250 ml Iî
. ^;B~ Nêº 25 oC�

~&b�, Table 2ö 
þæ>
� ¾æ¾ ®
. b^;b� ��¢¢

1 cm2 �V� ¶�� 2.2~ O»b� ^¿j � ê 2.3öB B�� O

»ö V¢ J"bîj z+~&
. z+� B b^;b~ ��ö 
�

J"bî� aæ pê� �}� �*öB £ 1�* ;ê ¶����V


. ¾ ��B b^;bf ÒÏ*{ 10 kV, *~ 10 mA, ê� 10−9 mbar

5 X-F source& î�J¾� 
þ��öB *¶ª7V(ESCA)ö ~�

ªC~&
.

3. Ö" 5 �V

*¶ª7»öB V�~º ©f B7>º *¶~ Úÿö.æ��, Ê

¿Þ"f B7B ö.æö &~� B7B *¶~ >& ¾æ¾² B
.

J" bî� z+>æ pf .V ç�~ ��¢¢ ESCA¢ Û� {�

��� Si, C, O peak& {�� B
. ��� Wª
f ��¢¢ �W

~º "Wª
��, J"bî~ ³ê& 
Ö ÔV r^ö Si, C, O �

~ peakö &�B ÷7'� º*¢ 3Ú ^&� ¦ªj {�� �j¢

�
. 6� ��¢~ ^;>Úê ;ê¢ {�~V *�Bº ��¢ �

�öB ¾æ¾º Si, C, O peak~ ¸, Ô� 5 Î·ö V¢ J"B ;

� 5 ^;B ;ê¢ {�� > ®
. Fig. 1f J"bî� z+>æ p

f .V ç�~ ��¢¢ ESCA¢ ÒÏ~� G;� ©�
. G;Ö"

*Ú'� ��¢ ��f �V7~ bæ 5 �bî
ö ~�B £* J

">Ú ®î
. ��¢º �/, �&~º 7ö £² J">V r^ö �

&çö "~¢ jº� ~�, ��¢ B�";öB FVÏ
 ÒÏ� Ï


& ÃB� êöê ��¢ ��ö º~~º ãË� ®V r^ö FV

Ï
º ç�® Ôf ³ê >&b� ÒÏ� º�B
. .V ç�~ ��

¢ ��öB Ar� ¦Â>º ãÖ& ®º� �©f ê³ �;öB ÃO

>º ãÖ ;ïö ¦OB ãÖ��, .V ç�~ ��¢ ��j ESCA

Table 1. Wafer properties 

Properties Substrate

Dopant Boron(B)
Resistance(Ω) 1−30
Thickness(µm) 505−545
Silicon wafer Type-p
Diameter(mm) 100

Table 2. Experimental conditions 

Cleaning agent APG C8-12, APG C14

Part Wafer
Contaminant Fe, Cu, Ni, Zn 1,000 ppm Standard solution
Amount of contaminant 20±2mg
Cleaning methods Dipping
Cleaning temp(oC) 25
Cleaning time(sec) 5
Concentration of cleaning solution(%) 0.1%

Fig. 1. Wafer of initial state.
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� ªC~z¢ê £*~ Ar peak& ¦ÂNj " > ®
. Fig. 2º Si,

C, O~ peak¢ {�~V *�B �& bîj &æ� Si, C 5 Oö &

�B ESCA¢ G;� ©b�, Si~ binding energy(eV)º 2p=99.3, Cº

1s=284.5, Oº 1s=531.0j '' ¾æîb�, Fig. 1" jv� �� Si,

C 5 O~ peak¢ {�� > ®
. Fig. 3f ³ê 1,000 ppm� Fe �&

Ï�b� J"�Î ��¢(a, b)f APG C8-12(c) 5 C14(d) ^;B� ^

;� ê ��¢ ��çö ¾æ¾º Si peak¢ ��"� ®
. Fig. 1~

.V ç�~ ��¢f jv� r, .V ç�~ ��¢ ���
 O~ b

�& z Ô² ¦Â>º ©f ��¢ ��j J"bî� z+~&V r

^ö �Vf 7/� > ®º ¦ª� *Ú
îV r^�
. 6� Cº .

V ç� ��¢�
 APG C8-12 5 C14 ^;B� ^;� ��¢ ��ö

B peak& z �² ¾æ¾º ©j " > ®º� �©f ^;B ³ö C

�Fï� ôV r^��, C peak& ßö^ ��º ©f ��¢ ¶Úf

^;Bö ��>Ú ®º C Ò�~ ç^·Ïö ~� ©b� ÒòB
.

��¢¢ �W~� ®º "Wª� Si�V r^ö � 
þöBº Si peak

¢ " &çb� ~� ªC~&
. Si~ peak;�¢ ''~ ��¢ö &

~� {�� �~j r, .V ç� 5 ^;B~ «~ö V¢ 'V 
�

peak~ ;�¢ " > ®îb�, Fe �&bî� J"�Î ��¢ ��ö

Bº Si peak& ¦Â>æ p~º� �º J"bî� ��¢ ��ö z

+Nb�B X-F� R">æ á®V r^�
. 6� J"bî� J"�

Î ��¢ ��öB Si peak& �^~² ¾æ¾² >º ãÖº J"b

î� z+>º ·ö 
² N�& ®V r^�
. Si peak¢ �� APG

C8-12(c)�
 APG C14(d)̂ ;B� ^;B ��¢~ Si peak& z Â]

~� peak~ ¸�& z ¸² ¦Â>î
. �º ESCA ªC� X-F~ R

"N� z Ö>� ©b� ��¢ ��ö J"B J"bî~ B�N�

z Ö>~
º ©j ¾æÞ
. Fig. 4º 3" ÿ¢� O»b� 1,000 ppm

Cu �&Ï�b� J"�Î ��¢, APG C8-12(c) 5 C14(d) ^;B� ^

;� ��¢ ��j ESCA� ªC� Ö"�
. Cu �& Ï�b� z+

� ��¢ ��� �~² Özï� ;W>Ú O, C, Si peak& 
Ö ·

² ¦Â>î
. APG C8-12(c) 5 C14(d) ^;B� ^;� ê Si peak& z

Â]� ¦Â>îb�, Si peakö &�B v ^;B Ò�~ ^;N~ Â

]� N�º ìî
. Fig. 5º Ni �&Ï�ö &�B �öBf ÿ¢�


þj � Ö"�
. *Ú'b� Fe �& Ï�öBf jÝ� Ö"¢ ¾

æîb�, O, C, Si peak~ ;�º Fig. 1~ .V ç�~ ��¢ peak �

Fig. 2. Si, C, O standard peak by ESCA at initial state.

Fig. 3. Contaminated(a, b) and cleanliness(c, d) wafer[Fe standard solution 1,000 ppm, 0.1%APG C8-12(c), 0.1%APG C14(d)].
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 ·² ¦Â>îb�, Ni �&Ï�b� J"�Î ©" APG C8-12b�

^;B ©f Si : 2sf Si : 2p¢ �ê~V ¾
V r^ö 
Ö ·² ¦Â

>î�, Si : 2s�
 Si : 2p peak& ¦z �² ¦Â>î
. APG C14� ^

;� ��¢öBº Si : 2sf Si : 2p~ peak¢ ;{® {�� > ®
. Si

peak¢ {�®j r �& Ï�b� J"B ��¢f APG C8-12b� ^

;� ��¢º � N�& ìrj " > ®î�, �©f ^; *Áê Ö

zNö V¢ ö.æ OÂ� ìîV r^�
. Fig. 6f Zn �&Ï�ö

&~� 
þ� Ö"¢ ¾æÞ ©�
. Zn �& Ï�b� J"B ��¢

��j *Ú'b� �~j r peakº Cu �&Ï�ö J"B ��¢ �

�¾" ôf Özï� ;W>îrj " > ®b�, .Vç�~ ��¢

fº �Ò Al : 2sf Al : 2p& ¦Â>î
. �& Ï�b� J"B ��

¢ ��öBº Si~ peak~ {�� ÚJ�b�, APG ^;B C8-12f

Fig. 4. Contaminated(a, b) and cleanliness wafer(c, d)[Cu standard solution 1,000 ppm, 0.1%APG C8-12(c), 0.1%APG C14(d)].

Fig. 5. Contaminated(a, b) and cleanliness wafer(c, d)[Ni standard solution 1,000 ppm, 0.1%APG C8-12(c), 0.1%APG C14(d)].
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C14b� ^;� êöº Si~ peak {�� &Ë~&b� ^; ;êö ®

ÚBº � N�& ìî
. Fig. 7f Fe, Cu, Ni, Zn �&Ï�b� J"

�Î ��¢¢ APG C14 ^;B� ^;� ê ESCA¢ �Ï~� ��¢

��j ªC~&j r ¦Â>º C peak¢ jv� ©b� peak~ ®n

;� ;�f ��¢ ��j J"�Î J"bî 5 ^;B~ «~ö V

¢ peak~ ¸, Ô�ö 
² N�& ®
. ''~ ãÖö &�B ¦ÂB

C peak& v B� ¦Â>º ©j " > ®º� �º �& Ï�b� J

"B C~ peaköB �
 ^;B C~ peaköB z ô� " > ®îb�,

�©f ^;Bö ��>Ú ®º C~ Wª" ^;ê ��æº ��¢ �

�~ C peak& B� ßö^ ��æV r^�
. ESCA¢ Û� ��¢

¢ ªC®j r ��¢º 
Ö ­f Özïj WË�Ê� � ¶� Öz

ïf WË~�B ­­ ®Bb" ?f ZVJ"b
j � Ú¦ö ��

�Ò > ®Ú ¶� Özï� j*® B�>æ pj ãÖú .³ ®Bb

~ J"ö� B
[8-9]. 6� �� .³W >Ï�j �Ï~� APG C8-12

Fig. 6. Contaminated(a, b) and cleanliness(c, d) wafer[Zn standard solution 1,000 ppm, 0.1%APG C8-12(c), 0.1%APG C14(d)].

Fig. 7. C peak of cleanliness wafer(Fe, Cu, Ni, Zn standard solution 1,000 ppm, 0.1%APG C14).
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" C14 ^;B~ ^;ê¢ ¦Ò~� C peakf Si peak¢ {�~º� ^

;B~ º~W ^Bf ß; ^;�;j 7º~² �J�¢ �
.

4. Ö �

� ��öBº >êÚ ��¢& J"bîö J">V * .Vç� �

�" J"bîö J" 5 ^;B� ^;� ê ��ö ¾æ¾º æz¢

G;~� ªC~&
. ��¢¢ ³ê& 1,000 ppm� Fe, Cu, Ni, Zn �

&Ï�b� '' J"�Ê�, &Ú ^;B� APG C8-12 5 C14� ^;

� ê ESCA� ��j G;~&
. ESCA ªCÖ" O peakº ''~

J"bî� ��¢ ��j J"�Vj r& J"�ÊV * .Vç�~

��¢ ��öB�
 ·² ¾æÒb� �º �V 7~ Ö²f 7/�

> ®º ¦ª� *Ú
îV r^�
. Si peakº J"bî� J"�V

j r X-F~ R"& ÚJò ¦Â� ¾ >æ p~b�, &Ú ^;B�

APG C8-12 5 C14� ^;j �êö �� G;öBº ¦Â� ¾>Ú

APG C8-12 5 C14& Ö>� ^;Kj <� ®
º ©j r > ®î
.

6� ^;ê C peak& v B� ßö^ ��º ©f ^;Bö ��>Ú

>B>æ p� Îj ®º C~ Wª" ��¢¢ �W~� ®º C Wª

Ò�~ ç^·Ïö ~� ©��, ^; ";öB FV Ï
 ÒÏ~º ã

Ö Ï
& ÃB� êöê ��¢ ��ö º~~º ãË� ®V r^ö

�
 Ï
¢ j*® B�~º ©� 
Ö 7º~
. 6� ��¢º 
Ö

­f Özïj WË�Ê�, � ¶� Özïf WË~�B ZVJ"b


" ?f 
>~ ®Bb
j � Ú¦ö ���Ò > ®Ú ¶�Özï�

j*® B�>æ pj ãÖ .³ ®Bb~ J"ö� >Vê �
. � 


þöB {�� ©" ?� 
Ò~ ²¶ö 
Ö F�� 'Ëj �~º 4

B~ �& Ï� J"bîö &�B ESCAö ~� ��¢ ��ªCö

V� ^;Kj ªC� Ö", ê²~ >& z ôf APG C14& APG C8-12

�
 Ö>� ^;Kj ¾æî
.

6 Ò

� ��º �~&�vf ��Ö�*z(")~ ��jæöö ~~� >

¯>îb� �ö 6Ò¢ �ãî
.
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