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. �

7*Vz�' ·� Öz»b� 
�î 
Ò~ (porous silicon, PS)j B�� r *�îö r�NW ê��WB~ �
«~� Pentadecafluorooctanoic acid (PDFO)¢ Î&~� B�� PS~ 7B7(photoluminescence, PL)~ æz¢ �
Ò~&
. ÒÏ� ��¢º j&�� 0.4~0.8ΩÁcm� n-; �Ö; 
Ò~ (100) �îb�, ¢;** 4V¢ 600. ÿ
n �Ú"Ú 
�W 
Ò~j B�~&
. � r ¾æÂ PL~ æzº Î&� ê��WB~ ³ê& 1 mMöB 50 mM
� Ã&�ö V¢B PL~ 7�2Ë� 600 nmöB 550 nm� �2Ë �ÿ�j ��"îb�, PL~ ^Vº 6²�j
��"î
. FT-IRj ÒÏ~� ö�B 
�W 
Ò~ *ö PDFO& �Ò�j r > ®î� Goniometer¢ ÒÏ� b
OÞ 'ê G;j Û�B �WB ��� ²>Wªj r > ®î
. ��¦V ê��WB~ ²>W ¦ª� �zêz®²
ÒÒ ¦ª� ��ö *Ú'b� *ò®
� Fº~&
. 

Abstract : Effects of an anionic surfactant pentadecafluorooctanoic acid on the photoluminescence of porous silicon
was investigated, which was prepared by photoelectrochemical etching at 4V of single crystalline n-type silicon (100)
with the specific resistivity of 0.4°~0.8ΩÁcm. Photoluminescence shifted to shorter wavelength and its intensity
decreased when the concentration of the surfactant increased. FT-IR and contact angle data supported the presence
of the surfactant lying on the surface of porous silicon.
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1. B  �


�î 
Ò~ (porous silicon : PS)~ bÒ', 7�' Wî
~ ß�Wj �Ï� î�Ú VFj BB~�¶ ôf &�" �
�& ê¯>� ®
.1-4) � 7öBê bB��~ wÏW� BV
>�B ôf ��
� �B® ��Úæ� ®b� ��� ��

f 
�î 
Ò~ ��ö z�', bÒ' �Oj Û� z�b
j ¿~� � r ¾æ¾º 7B7 (photoluminescence : PL)~
2Ëæzf ^Væz¢ �Ï~� bB�� �Ï~Jº ��

�
. � 7öBê �� &æ ª¶
j 
�î 
Ò~ ��ö
¦O�Êº VF� bB��~ wÏj *� 7º� VF7 �
&æ¢� � > ®Æ
. ~æò 
�î 
Ò~~ ��z�«�
PL~ æzö �~º 'Ëj bB� Ë�* �Ï~V *�Bº

�î 
Ò~~ �V 7öB Özö &� n*W ^B& «{
® �Ö>Ú¢ � ©�� z®Ú 7B7 z
î¾ 6� �Ö
>Ú¢� "B�
.
��z�«� PS~ PLö �~º 'Ëf �OB ª¶
~ 3

�¶ ¾(dipole moment)� PL~ ^Væzf �&>Ú ®
�
rJ^ ®
.5) ¢>'b� ê² ÒÒö ~� �¾ PL̂ V~
50%& *Ú
� � �ç~ PL~ 6²(quenching)º ª¶
~
3�¶ ¾� �>� ôf 6²¢ ��
.6-7) �º depletion
region width~ æzf ��öB~ ÒÖ�³ê (recombination
rate)~ æzö V�>º ©�
. PL~ 6²f z®Ú PL~ �
&2Ë 6� �2Ëb�~ �ÿj ��º� �©ê 3�¶ ¾
� �>� � �2Ë �ÿj ��
.
�zêz®²(perfluorinated carbon : PFC)º ��¶Fö.æ
& ·�, >®ÏW ��B çæz& 
·~� z�'b� j�W
�� F*ç>& ·� ��ËK� ·
º �~ bÒz�' ßW
b� �~� �" ��~ &�Ò& >� ®º� ß®¾ >², Ö
², î² � VÚö &� Ï�ê& �� Zn�~ *�CÂ >w
� *� >w z�î¾ö 'Ëj "Ú >²B�j ÛB�
º
Ò
� rJ^ � ��ê� "� > j ÿn ���N 
�î

Ò~~ 7B7 *çö PFC& ÚÆ� 'Ëj "ºæ rj�
V *~� � ��¢ >¯~&
.8-12)

� ¢^öBº 
�î 
Ò~ B�� PFCê r�NW ê�
�WB~ � «~� pentadecafluorooctanoic acid (PDFO)¢
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ÒÏ~&º� 7*Vz�' ö�� *�îö PDFO¢ Î&~�
B�� �Þf Î&� PDFO~ ·ö V¢ PL̂ Vf PL2Ë�
æz�j ��"î
. 6� PDFO~ Ö; &� K+f Na+� ~
~B z�b~ ãÖöBê ;êº ·æò PDFOf FÒ� Î"
¢ ��"î
. �º �OB ê��WB~ �>W ;*~ ¦ª
� *¶¾ fj 6.(trap)~º� 'Ëj 2b�� 
�î 
Ò
~~ jB7W ÒÖ� ³ê¢ æz�B PL~ ^Vf 2Ëö '
Ëj "º ©b� ��ê
.

2. 
  þ


�î 
Ò~ �Þf 7*Vz�' ·� ¾Ò»ö ~�B >
¯~&b� VersaStat (EG & G Co.)¢ ÒÏ~� ¢;*{ 4V
¢ 600. ÿn ~J"Ú ö�~&
.12) ÒÏB 
Ò~ ��¢
º n-type (phosphorus doped) <100>VËb� j&�� 0.4~
0.8ΩÁcm �îb� 7öb�º UV-lamp (365 nm)¢ ÒÏ~�
fj �/~&
. ç&*�b�º Pt¢ ÒÏ~&� V&*�b
�º SCE¢ "
Òf �þ ÒÏ~&
. *�îf HF(49%)f
EtOH¢ ¦bj� 1 :1� Dfê ê��WB PDFO¢ 1 mMö
B 50 mM� Î&~� ÒÏ~&
. Î� �£f AldrichÒ~ �
�/ �£j ÒÏ~&
. PDFO 5 � Na+, K+ ; "f Öj
öêR Ï�ö �� "VÏ�b� ';~� Ï
¢ ÆJ�Þ ê
ÒÖ;~� ê� ���B ÒÏ~&
. ö� ê �Þ~ ��f
N2 VÚ¢ ÒÏ~� ���V
. PLßWf Spectrofluoro-
photometer (RF-5301 PC, Shimdzu Co.)¢ ÒÏ~� &V~&
� �� ·ÏV {�" 7/' G;j *�Bº FT-IR
Spectrophotometer (8051 Shimadzu Co.)f Goniometer (NRL
C.A.)¢ ÒÏ~&
.

3. Ö  "

HFf öêR~ b� *�î Ï�ö ê��WB PDFO¢ Î
&~� 4VöB 600. ÿn ö�~� ò� 
�î 
Ò~~ PL
ßW� Figure 1ö ��^ ®
. *�î Ï�ö PDFO¢ Î&
~æ p� ¢;** 4V¢ 600 . ÿn ~J"Ú B�� �Þ
~ 7�2Ë� 600 nmö *~~º� >� PDFO¢ *�îö
Î&~� 
�î 
Ò~j B�� ãÖöº Î&� ·� ôj
>� PL~ 7�2Ë� �2Ë �ÿ�j ��"î� PDFO 50
mM¢ Î&� ãÖöº 7�2Ë� 550 nmræ �2Ë �ÿ~
&
. PL~ ^V 6� PDFO& ô� Î&F>� 6²~�
PDFO 50 mMj Î&� ãÖ ^V& PDFO¢ Î&~æ p~j
ãÖ�
 95%;ê 6²~&� 100 mMj Î&®j ãÖ PLj
*& G;� > ìî
. *�î Ï�ö ê��WB¢ Î&� ã
Ö �WB 
�î 
Ò~f ��ö �OB �>W ;*~ ¦ª
� *¶¾ fj 6.~º� 'Ëj "Ú ÒÖ� ³ê¢ 6²�
Ê² >æ� PL̂ V& ·jæº ©b� ��ê
.5) Figure 2º
PDFO~ H+&� K+¾ Na+� ~~� ãÖ� Î&� ê��W
B~ ·� ôjöö V¢ PDFO ãÖf îR&æ� 7�2Ë�
�2Ë �ÿ�j �&� PL~ ^Vê 6²�j ��"î
. ~
æò Î&� ·� 50 mM� ãÖ K+� ~~B PPDFO
(potasium pentadecafluorooctanoate)º 30 nm, Na+� ~~B
SPDFO (sodium pentadecafluorooctanoate)~ ãÖöº 20 nm
� �2Ë �ÿ ;ê& 
�² ¾æ¾ �ª &Ë� ·�N Î
"& ®
º ©j r > ®î
. PL ^V~ ãÖöê Na+�

~~B ãÖö &Ë ·f 6²¢ ��"î
. 6 
�î 
Ò~
~ 7*Vz�' B� � *�î Ï�ö ê��WB¢ Î&~
æ p� B·� �Þj ê��WB (PDFO 25 mM)Ï�ö �"

Figure 1. Photoluminescence (a) and its changes (b) in intensity
(triangle) and maximum wavelength (rectangle) of porous silicon
prepared in hydrogen fluoride/ ethanol electrolyte solutions of
different PDFO concentration (mM) (A: none, B: 2, C: 5, D: 10, E:
25, F: 50).

Figure 2. Changes in intensity (a) and maximum wavelength (b) of
photoluminescence of porous silicon prepared in different
surfactant concentrations of PDFO, PPDFO and SPOFO.
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ãÖ �" �*� ^Úî>� PL~ ^Vº 6²~� 12�*
êöº PL� &V>æ p~
. ê��WB Ï�ö �" ãÖ
PL~ 7�2Ë� £* Ë2Ë �ÿ~&� PL~ ^Vê 6²�
j ��"î
 (Figure 3). ê��WB& ìº bö �:j r
º ��� ²ïb� æ~�B PL� Ò¢r
.

Figure 4º *�î Ï�ö ê��WB PDFO 25 mMj Î&
~� 
�î 
Ò~j B�� ê �V 7ö O~� �*ö V
¢ æz~º PLj &V� ©�
. B�� çê PLf 570 nmö
7�j z ©b� &V>îæò �V 7ö 4�* O~� êö
º PL~ ^V& Ã&~&� �&2Ëf 600 nm� PDFO¢ Î
&~æ p~j ãÖf ?² ¾æÒ
. PL̂ V~ Ã&º �WB

� ³ö �Ò~� ®~ *�î~ 6²f �&� ®�, PL7
�2Ë~ Ë2Ë �ÿf ê��WB& 
�î 
Ò~ ��öB
PLö �~º 'Ë� �Ò JÂ �* æ³>æ p� ®n�j
��&
. PDFO& 
�î 
Ò~ ��ö ®j*~² ��®�
�V7~ Ö²ª¶& ®j*~² ��®º PDFO[j Û"~�
¾ �V 7ö �Â>Ú®º Si-Hf >w~º ©b� ��ê
. 

�î 
Ò~ ��~ ê��WB �ÒFZ¢ ª7z�'b
� rj�V *� ê��WB� ¾Ò� 
�î 
Ò~ �òö
&� FT-IR 
þj >¯~&
. Figure 5º *�î Ï�ö ê
��WB¢ Î&~� B�� �Þö &� IR ��V�
. ;~

æº pæò PDFO& ìº Ï�öB B�� �Þ~ IR ��V
öº ìº 1750 cm-1¦"ö �ê� > ®j ò¢ � C=O&
��� 900 cm-1" 2100 cm-1 ¦"ö Si-Hö &� b�& &
V>º ©b� �j ê��WB& 
�î 
Ò~ �� Si-H*
¢ ��®º ©b� ��ê
. 1100 cm-1 ¦"ö 
�W 
Ò~
~ *;'� b�� Si-O-Si& ��� 1720 cm-1 ¦"ö -CF3

ö &� b�& &V>º ©b� �j 
�î 
Ò~ ��ö
ê��WB& �Ò�j r > ®
.
7*Vz�' ·� ¾Ò»ö ~� B�B 
�î 
Ò~ �
�f ö�Vö H& ¿Ú ®º ²>W ��b� rJ^ ®
.
ö� ê bOÞj 
�î 
Ò~ �� *ö RJ¹� ;æB
bOÞ~ 7/'j Goniometer� G;� 8f 91o� ¾æÒ

. ê��WB PDFO~ ê²ÒÒ¦ª� ²>W�æ� 
�î 

Ò~ ��" 7~� *~¢ �� ®º �>W ¦ª� �V 7
ö �ÂF ©b� �'®æò *�îö ê��WB¢ Î&~�
B�� �Þ~ 7/' G;8� 100o ;ê� �² ¾z
. �º
�V 7ö �ÂB ¦ª� *~¢ �� ®º �>W ¦ª�¢V
�
º ²>W ¦ª� ê²ÒÒ ¦ª� �V 7ö �ÂB ¦ª
� z ô
º ©j ~��
. ö� � ê��WB¢ Î&~æ
p� 
�î 
Ò~ B� ê ê��WB Ï� (PDFO 25 mM)
ö 10ª* �" ãÖ 7/'~ G; 8 6� 117o� 91o�


�² ¾z
. -CF3� >>® jòê ��~ 7/'� 119o¢º

©j �J~�8) �º 
�î 
Ò~ ��ö ê��WB PDFO
& �Ò~º ©j rJ* öò jî¢ ê��WB~ z���
� " r *~¢ � �>W ¦ª�
º ²>W ¦ª� ç&'
b� Næ~º jN� ôV r^ö ê��WB~ ê²ÒÒ¦ª
� 
�î 
Ò~ ��ö *ò®º ;�� �Ò~� &¦ª~

�î 
Ò~ ��� -CF2-, -CF3� ��®
� FºB
.

4. Ö  �


�î 
Ò~~ 7�' Wî æz¢ �Ï~� 
�î 
Ò
~j bB� wÏ~V *�Bº 
�î 
Ò~ ��ö �Ò~
º bîö V¢B 2Ë~ æzf ^V~ æz¢ &V~º ©f

Ö 7º� ¢ 7ö �&æ�
. �® 
þöBº 
�î 
Ò
~j *V z�'b� B�� r *�îö ê��WB~ � «
~� PDFO¢ Î&~�B Î&� ·� Ã&�ö V¢ PL~ 7
�2Ë� 20 nmöB 50 nm;ê �2Ë �ÿ�j &V � >
®î� PL̂ Vê 6²~º ©j &V � > ®î
. 7�2Ë

Figure 3. Photoluminescence of porous silicon as a function of
dipping time in PDFO solution of 25 mM.

Figure 4. Photoluminescence of porous silicon prepared in hydrogen
fluoride/ ethanol electrolyte solution containing 25 mM of PDFO as
a function of exposure time in air.

Figure 5. FT-IR spectrum of porous silicon prepared in PDFO
solution.
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~ �2Ë �ÿf K+" Na+� ~~� ãÖöê &V � >
®îb� 
�î 
Ò~ B� ê ê��WB Ï�ö �� ãÖ
öº PL̂ V~ 6²òj &V � > ®î
. FT-IR�� 
�W

Ò~ ��ö ê��WB& �Ò�j W�'b� &V � >
®î�, Goniometer~ contact angle 
þb� 
�W 
Ò~
��ö �Ò~º ê��WB& *ò®º ;�� �Ò�j r >
®î
.

6Ò~ &

� ��º 2000j "�VF¦~ ö¶K ��BBÒë~ ¢~
b� >¯>îÛî
.
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