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"7Ë "Ò 7�*�ãj �Ï� 7 ê2� ßW ��

æö>Áf&RÁ�ß�†
ÁJº~Á�¢�

�~&�v ;�Û���¦, î��� �ÆïÊ �� bV

Ö 402-751 �Â7�� Î� Ï*ÿ 253

(2001j 10ú 22¢ Ar. 2002j 7ú 25¢ >;� Ar)

7 ê2�¢ V¢ *2~º �~ ßWj G;~V *� "7Ë "Ò 7�*�ã(Near-field scanning optical microscope,
NSOM)b� 7 ê2�~ ��ö ;WB ö:JÎÞ 2 evanescent wave)~ ª�¢ G;~&
. ÒÏB NSOMf photon
scanning tunneling microscopeO�b� � ��~ Ï'ö '�~ê� ç7 B·� ©�
. 7ö 2Ë 1550 nmöB �¢ Î
� 
7 Î� j6; 7 ê2�ö &� ê2� ��ö ;WB ö:JÎÞ 2~ ª�¢ G;~&b�, 3Nö z*2O»(Beam
Propagation Method)b� êÖB >~ �C Ö"f jv~� B·B NSOM~ FÏWj {�~&
. 6� 
7 Î� j6;
7 ê2�~ ö:JÎÞ 2 ª�¢ G;~� *2>º v Î� *~ *S *çj ç7'b� {�� > ®î
.
"BÚ : NSOM, Photonic device, Waveguide, evanescent field.

I. B �

7¶ ²¶~ BBö ®ÚB 7 ê2�(optical waveguide)~

*2 ßWj ;{® ��~� .G~º ©f 
Ö 7º~
.

��¾ V� O�b�º 7 ê2�~ *2 ßWj ç7 G;

�
º ©� ®&Ë~æ�, æ.ræº "� >~ �C' O

»ö ~�� z
. ��¾ ÚÆ� >~ �C' O»�¢ê ¦

ª'� "Ò¢ ��~æ� �¢ Û� ²¶~ *2 ßWj ;

{® .G�
º ©f £æ p
. z×� 
B B·B ²¶~

;ç� �.~ Jêf jã® ¢~�
º ©f V&~V ÚJ

Öæ�, JêB ;çj &;~º >~ �C' O»~ .G Ö

"º 
B²¶~ ßW" ¢~� > ìj ©�
. V¢B �


�Ç~� �^� ��¢ &æº 7¶ ²¶~ �� 5 BB�

º�>� ®º *
öB, 
B B·B ²¶~ ßWj ;ï'

b� ;&~² G;� > ®º O»� .
® º�>� ®
.

�", "7Ë "Ò 7�*�ã(Near-field Scanning Optical

Microscope: �~NSOM �¢ �.)j �Ï~� 7¶ ²¶~

*2 ßWj ç7 G;~º ��& Bn �ê>îb�.[1-4] �

O»f 7¶ ²¶~ ��ö �² V�� ©b� V&>� ®
.

NSOMf 7ö 2Ëö j~� 
Ö ·f �ã~ 7RF ö�

(optical fiber probe)b� �ò ��ö "7� '�j "Ò�

b��, �ò �� "Oö �Ò~º ö:JÎÞ 2(evanescent

wave)~ ª�¢ ç7 G;� > ®b�, ÿ�ö �*'� 7

�*�ã� <º ². �ê¢ �Ú>º ¸f ª�Ëj áj

> ®
.[5-6] ��� ßWj �Ï~� 7¶ ²¶~ 7 ê2�

��ö ;W>º ö:JÎÞ 2~ ª�¢ ç7 G;~� 7

ê2�~ Î� ª�(mode profile)f *2 ßWj Ö;� >

®² B
. 6�, NSOMj �Ï� G; ";öB �ò ��

;çê ÿ�ö G;� > ®bæ� B· �;öB B�� >

®º ²¶~ ;ç Ö� �ê r > ®² B
.[7]

æ.ræ~ &N ��º B7²¶~ B7 ßWj G;~º

ãÖ[8-10]f 7 ê2�~ ��ö ;W>º ö:JÎÞ 2¢ G

;~� *2 ßWj �V~º ãÖ[1-4]� ¾*Ú" > ®
. �

�� ��
f PMT(photomultiplier tube)¢ ¦ÂV� ÒÏ�

> ®º 633 nmöB 830 nm~ 2Ë '�ö &¦ª ÷7>î

b�, 7Û�Ï 7ö 2Ëö ��~º 1550 nm2Ë '�ö &

� ��º >êÚ ê2� ��¢ B�~�º �~ ìº ;Þ�


.[1-4] V¢B, � ��öBº NSOMj �Ï� 7Û�Ï 
Ò

� ê2� ²¶~ *2 ßWö &�j <�, �ö '��

NSOM G;Ë~¢ B·~&b�, 2Ë 1550 nm '�öB 
Ò

� 7 ê2� ²¶~ ö:JÎÞ 2 ª�¢ G;~� 3D-FD

BPM(3 Dimensional finite difference beam propagation

method) Ö"f jv~� �~
. ��� ��º 
î'b�

ô� ÒÏ>� ®º 7 Û�Ï 7¶ ²¶ö &� ��ö £²

wÏF > ®j ©b� V&B
.

2ËöBº ö:JÎÞ 2f &NB G; öÒ¢ *Û® 


��, 3ËöBº 7¶ ²¶ G;Ï NSOMG;Ë~& <ºÚ

¢ � ��" � ��öB B· ÒÏB NSOM~ �W 5 ß

ûj J«~&
. 4ËöBº NSOMG;Ë~¢ �Ï~� �¢

Î�(single mode) 5 
7 Î�(multimode) 7 ê2�~ *

2 ßWj �Ò~� >~ �C Ö"f jv~&
.

II. G; öÒ

7¶ ²¶º �� «~~ 7 ê2� 
� �W>�, ���

7 ê2�~ *2 ßWf 7 ê2�~ ��, bW 5 «Ò7

~ 2Ë �ö ~~� Ö;B
. *2 ßW ¯, *2 ¶
 5

Î� ª� �j ��~V *� æ.ræº "� >~ �C'†E-mail: sglee@inha.ac.kr
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O»ö ~�~�¾, ê2� ÂK�öB~ near-field patternj

&V� z
. ��¾ ê2�~ zÚ(core) 5 �¾O(cladding)

ãê�ö ;W>º ö:JÎÞ 2~ ª�¢ G;� > ®
�,

ê2�~ *2 ßWj 2k� > ®j ©�
.

Ú¦ *>Ò& ¢Ú¾� ®º F*Ú ãê�(zÚ-�¾O ã

ê�)b�¦V >ç�Ò zöB~ *VË ê� |E|f ö:JÎ

Þ 2~ ^V Iº

(1)

(2)

" ?� �*B
.[4] �VB Eof I0º 7 ê2� Ú¦öB ê

2�~ zÚf �¾O~ ãê�b� «Ò~º �~ *VË ê

� 5 �~ ^V��, λoº ê�öB ê¯7~ 2Ë, ntº �

¾O~ �.���, neffº Î�~ FÎ �.��
.[4] V¢B

7ö 2Ë, zÚf �¾O~ �.� j& æ~æ pº ãÖ,

ê2� ��ö ;W>º ö:JÎÞ 2~ ^Vº ãê�b�

¦V~ >ç �Òöò ~�~² >�, ãê�b�¦V fÚî

>� æ> �>'b� 6� >Ú /Ï® ²�B
. � (2)öB

dº ãê�öB~ ö:JÎÞ 2~ ^V I0f jv�B e−1 V

6� >º �Ò�B 6� ^�(decay length)¢� ~�

(3)

� 
� � > ®
.

NSOMö�j Ú¦*>Ò& ¢Ú¾� ®º F*Ú ãê�ö

"7�Ê�, ãê�ö ;WB ö:JÎÞ 2º ö�ö ~~�

Ö¦>Ú ¢¦& ê¯2� æ~>æ� ö�ö �ÖB 7RF

¾ 
� >�ö ~� G;� &Ë~² B
. ��� öÒ~ NSOM

j PSTM(Photon scanning tunneling microscope)�¢� �


. NSOM ö�j Û� ¦Â>º �~ ^V& �ò ��ö

;WB ö:JÎÞ 2~ ^Vö jf�
�, ê2�~ zÚf

�¾O~ ãê�ö ;WB ö:JÎÞ 2~ ^V ª�¢ ç7

G;� > ®b�, �¢ Û� ê2�~ *2 ßWj 2k�

> ®² B
. b� ö�ö ~� ö:JÎÞ 2~ ª�& v¦

F > ®bæ�, ê&~²º � (1)f >;>Ú¢ ~æò,

NSOM ö�� ãê�ö j" "7~æ pb�, ö�� 
Ö ·


� &;~� � ��öBº ��� Î"¢ �J~æ p~
. 

III.  G;Ï NSOM Ë~~ �W

¢>'� NSOM Ë~f �Ò, 7¶ ²¶ G;j *�

NSOMG;Ë~º 
r" ?f ßWj &^¢ �
. Ñ� 7

ê2�~ Î� ª�¾ *2 ßWf î��� �*~ æz�æ

� ¸f �* ª�Ë� º�>æº pæò, jv' 9f '�

j G; _f "Ò� > ®Ú¢ �
. ~�, 7¶ ²¶~ ;

çf >W _f >Â nm �ç~ � �N¢ &ææ�, ö�

�^¢ *� ;&� ¸� BÚ ";� jº� B
. q�, �

¦ 7ö~ ÂK7j 7¶ ²¶ö «K�B¢ ~æ�, G; "

;öB ;Rç�& ;&~² Fæ>Ú¢ �
. ��æ� �ò

¢ "Ò~º O� &� ö�j "Ò~º O�� 'Ï>Ú¢

� ©�
. ]�, Ú¦*>Ò& ¢Ú¾º 7 ê2� ��~ ö

:JÎÞ 2¢ G;�¢ ~æ� PSTMO�b� ÿ·�¢ �


. V¢B ê2�ö &� «Ò 7ö �ö êê~ �«j j

º� ~æ pº
. �b� 7Û�Ï 7¶ ²¶~ ãÖ, 7ö

2Ë� 1550 nm� jv' ^V r^ö �Û~ PMT¢ ¦Â

V� ÒÏ� > ì² B
. ��æ�, 1550 nm&�~ ¦ÂV

WËj �J� r «Ò 7ö~ ÂK� ¢>'� 
� G; O

�ö j� ç&'b� ¸j¢ò �
.

� ��öB ÒÏB 7 ²¶ G;Ï NSOM Ë~º çF�

º� ��j ò��Êê� Jê >î
. �â 1ö 
þ Ë~

~ BÛê¢ �&
. 7öb�¦V ÂKB �f Þ7�.V¢

Û"� ê Þ7Fæ 7RFö �ÖB lens fiber¢ �Ï~�

�ò� ÒÏB j6; 7 ê2�ö Ö��
. 7 ê2�~ *

2 ßWj G;~º ©� Ï'�æ� �j ê2� G�b�¦

V ê2� Ú� Ö�(butt coupling)�ÊV *� 7 ê2�¢ 5»

;& Ö�Ë~(precision 5 axis coupling system) *ö ËO

~� ê2� ÂK�j '�F �z¢� &V~�B ;&~²

;R~&
. ��� �ò �; Ë~º 
Ö �Ç� �Wj &

æ� G;";öB ;Rç�& Fæ>Ú¢ ~æ�, NSOM ö

�� 3Nö OËb� "Ò>º O�j j�~&b�, �r ö�

j "Ò~V *~� ��Vö ~~� BÚ>º PZT translator

¢ �Ï~&
. ÒÏB ö�f G�ö Al-Cr� ÃOB tapered

optical fiber(Nanonic; Al/Cr-100)�� � �ãf 100 nm�
.

¢>'b� ¸f ª�Ëj áV *� NSOM ö�f �ã�

>� nm �æò � ��öBº ¸f ª�Ë� º�>æ pb

�, 1550 nm~ "'�F .�&¢ 7öb� ÒÏ~V r^ö

� �ã~ ö�j ÒÏ~� ¦Â�̂ ~ V̂¢ ª̧b�� PMT

¢ ÒÏ~æ á~º &� IR ¦ÂV(Newport; 818-IR)¢ ÒÏ�

> ®ê� ~&
. G; ";öB ê2�ö «Ò~º �~ Þ

7ç�º TM� ãÖ� �;~&
.

�ò ��" ö� Ò�~ �ÒBÚöº >; êÿ¶¢ �Ï

� shear force feedback O»[11-13]� 'Ï>î
. � ��ö

B ÒÏB �ò~ �Nº 2 µm Ú�� ¢>'� NSOMG;

E E0 exp 2πz
λ0

---------
neff

nt
-------- 

 
2

1––
 
 
 

=

I z( ) Io
z
d
---– 

 exp=

d
λo

4π neff
2

nt
2

1–⁄
--------------------------------------=

�â 1. NSOM G;Ë~~ BÛê(x»: ê2 OË, y»: ê2�
Ç OË, z»: ê2� ¸� OË).
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�òö j� � ®�³j &ê
. V¢B ö� ¶çj ïV

*� ¸�BÚö &� 
·� O»
j �þ~� 'Ï� >

®ê� >; êÿ¶�¦V áf �^¢ :� >_ª~º ²�

¢ �W~æ p�, ö�j ¢; ¸��¦V �òö "7�Ê

�B G;B shear forceö &� ;�¢ ��V� jv~�B

BÚ~º O�j j�~&
. b� �� �� "Ò�*� ^

Úæº �6f ®æò, �
 ;v� �ÒBÚ¢ � > ®²

B
.

Shear force¢ �Ï~º ö�~ ¸� BÚöB �ò ��"

ö� Ò�~ *Ïj .&'b� G;~º ©f 
Ö ÚJÚ

¢�
. � 
þöBº *Ïö &� .&' V&j áV *�

ö�� �ò ��" 7/� rræ ö�j �ò ��ö "7

�Ê�B >; êÿ¶�¦V áf �^& Úá² 6²~º æ

¢ �Ò~&
. �-² G;B 8" 
B ¸� BÚ";öB

G;B >; êÿ¶ �^¢ ç& jv~� *Ò �ò ��"

ö� Ò�~ *Ï� âî� æ¢ *7'b� Fº~&
. b

� ��� Fº";~ ;{Wf 7RF ö�" >;êÿ¶~

¦O ç�, ¦O æ6" 7RF ö�ræ~ ^�, �ò ��

ç� �ö 'Ëj Aj > ®æò, *Ïö V� shear force~

æz ãËb� ��Ú " r 5 nm �ç~ JN& B�>æ

pº ©b� 6�B
. ��� V&j Û� "Ò"; ÿn �

ò ��" ö� Ò�~ *Ïf 25 nm� Fæ~&
.

� ��ö ÒÏB �òº �-º(sol-gel) O»b� B·B j

6; 
Ò� 7 ê2���, V6f �.�� 1.444(@1550)�

Ï[ C'��, ê2�~ zÚº Zr� Î&B 
Ò��B *

Ò¾ 
2�(Metricon 2010)� G;� �.�f 1.5007(@1550)�

î
. �â 2º 
7 Î� ê2�~ ;çj "Ò*¶ *�ã

" NSOM b� '' G;� Ö"�
. "Ò*¶ *�ãb�

G;B Ö"� �â 2(a)�¦V ê2�~ �f £ 5µm��

V6b�¦V~ ¸�º 2.0µm ªj r > ®î
. �â 2(b)

º NSOM~ 7RF ö�j �ò ��" £ 25 nm�Ò� F

æ~�B ê2�¢ Ç,« OËb� "Ò~� áf 2Nö shear

force image��, ��B ·f �âf ê2�~ �� ��¢

¾æÞ
. v &æ G; Ö"¢ jv~� �ò ��" ö�

Ò�~ �ÒBÚ& '.® ��Úöj {�� > ®î
.

IV.  G; Ö" 5 �V

b&, NSOM Ë~� G;� �^& ö:JÎÞ 2¢ G;

� ©� æ~ �¦¢ 6ê~V *~�, �¢ Î� ê2�~

zÚ-�¾O ãê�" ö� Ò�~ �Ò(z)ö V� G; �^

~ æz¢ �Ò~&
. ò¢ ö:JÎÞ 2¢ G;� ©�¢

�, �Ò& Ã&�ö V¢ G; �^º æ> �>'b� 6²

~º ãËj �¢ ©��, ê¯2¢ G;� ©�¢�, �Ò æ

zö &~� G; �^º �~ æz~æ pj ©�
.

�â 3f ê2� ãê�b�¦V ö�j 6N fÚæ² ~

�B, ö�ö �ÖB 7RF¢ Û� G;� �~ ^V æz¢

&> ..b� ��� ©�
. �j ê2� «K�~ zÚ�

«Ò�Êº "; 7ö ¢¦~ �� zÚ ��~ '�b� *

2F > ®
. ��æ� ��� �j N�~V *� «K�

"Oö &ÒB¢ J~~&b�, �� «Ò� *~�¦V £ 20

mm ÎÚê æ6öB G;j �ê~&
. �~ G;f ê2�

~ 7� »j æ¾º � 6(6 B)" � 6j 7�b� ê2

�â 2. ê2� ¸�& 2 µm� j6; 7 ê2�~ (a) "Ò*¶
*�ã 'ç" (b) 2Nö shear force image(10µmÜ
10µm).

�â 3. �ò ��" ö� Ò�~ �Ò Ã&ö V� G;B 7
�^ �V æz.
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�~ Ç OËb� ²Ö ' � 6(6 Af C)O Îv ^ 6ö

B ��Úr
. �~ ^Vº ê2� 7�6öB &Ë �² G

;>î� ²Ö~ v 6f ��
 ·f 8b� G;>î
. ^

ãÖ Îv ö�" �ò ��*~ �Ò& 60 nm �Ú� º*

öBº G; �^& æ> �>'b� 6�~º ãËj �&b

� � �*~ G;8j � (2)ö �F �Ê(curve fitting)~�

�� 6� �Òê B� ¢~>º ãËj �&
. �âöB G

;8f *ö 6F ;�� �Jê çF
f ^ ãÖ~ ï� 6

��Ò 112.7 nmö ��~º 6� �Fj ~��
. � (3)b

�¦V �� ��'� 6��Ò 114.1 nmf 
þ'b� Ö;

B 6� �Òº �~ ¢~�j r > ®
.[1] V¢B B·B

NSOM G;Ë~º ê2�~ zÚ-�¾O ãê�ö ª�~º

ö:JÎÞ 2¢ B&� G;� > ®rj r > ®
. 
ò,

�ò ��" ö� Ò�~ �Ò& 60 nm �ç� ãÖöº ¦

ÂB �^& z �ç æz~æ prj " > ®
. ��� *

çf ö:JÎÞ 2~ ^V& j" £�^B ÒÏB ¦ÂV�

º z �ç �j ¦Â� > ì² B r^�
. V¢B ö�"

�ò��~ �Òº ¢;� 8 �~� "7>Ú¢ �j r >

®
.


rb� �� 7 ê2�¢ V¢ *2~º ";öB �~

¶
 5 Î� ª�¢ rj�V *� �� ê2�ö «Ò~º

æ6b�¦V 10 mmöB 22 mmræ 2 mm *Ï~ ' *~

öB ö�j �¢ Î� ê2�~ Ç OËb� "Ò~� ' *

~öB~ ö:JÎÞ 2~ ª�¢ G;~&
.

�â 4(a)f (b)º «Ò7� TM Þ7¢ r, ' *~öB

G;� ö:JÎÞ 2~ ª�f ' 6öB Ç OËb� "Ò

~� áf ê2�~ �� ���
. �r 7 ê2�~ ¸�º

1.7µmb�B 2Ë 1550 nmö &~� �¢Î�� JêB ©

�
. �Þ, �â 4(c)º ÿ¢ ��ö &� *2";öB ¶


� ì
� &;� 3D-FD BPM~ êÖ Ö"�
. G; Ö"

º >~ �CÖ"f îR&æ� ê2�~ zÚ '� ÚöBº

â'�> ª�¢ ¾æÚ� ®b�, ê2�~ · ãê�¦V f

Úî>� æ> �>'b� 6�~º �ÿj ��� ®
. 6

�, ê2� G� ãêöB ^V ª�~ ®�³6� ®rj {

�� > ®
. 
ò, �â 4(a)~ ' Ö"ö &� �FöB Ç

r Wª
� ¢¦ ¾æ¾º�, �ò ��~ �^� J" 6º

;ç~ Ö�öB B�~º Ö¦" ¸� BÚ~ ®{
Wö ~

� ©b� �'B
. �Þ, �â 4(a)~ Ö"º 7 ê2� »

j V¢ B� 
� 6ö &� ö:JÎÞ 2~ �V¢ G;B

©�æ�, ��¦V 7 ê2�~ *2 ¶
j Ö;� > ®²

B
. *2 ¶
f ''~ �Fö &~� �~ ^V¢ 'ª�

Ö"¢ jv~� Ö;�¢ ~æò, G;B æ6öB~ Î� ª

�& ?f Î·j &ææ� �B® ��6~ 8 òj jv~�

*2 ¶
j êÖ~&b�, � Ö"º £ 1.3 dB/cm �î
.

�â 5º ê2� ¸�& 2.03µm� 
7 Î�� JêB 7

ê2�~ G; Ö"�
. �âöB (a)f (b)º ê2� »j

V¢ G;B ö:JÎÞ 2~ 2Nö ª�f ê2� ;çj ¾

æÚº 2Nö shear force image¢ ¾æÞ
. � Ö"º «K

�b�¦V £ 10 mm ;ê ÎÚê æ6b�¦V 100µm �

*ö �ö G;B ©�æ�, «K7� ê2 Î�
� Îv *

�â 4. (a) «Ò7~ Þ7ç�& TMÎ�¢ r 7 ê2�¢ Ç
OËb�~ "Ò~� G;� ö:JÎÞ 2~ ^V ª�
f (b) ' 6ö &� Ç OË shear force image (c)
ÿ¢ ��ö &� 3D-FD BPMb� êÖ� ö:JÎÞ
2~ ^V ª�.
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~B �ê~ Ö"ö ���
. �â 4~ Ö"f �Ò, ö:J

ÎÞ 2~ �� ª�& ê2� »j V¢ æz~º ©b� "

> ®
. �¢ Û� G;B ê2�º �¢ Î�& jî¢ 


7 Î� ê2�ªj r > ®�, *�� Î� �Cj Û�B

ê ��� ��¢ <º j6; 
Ò� ê2�º 2B~ *2

Î�& �Ò~º 
7 Î� 7 ê2�ªj {�� > ®î
.

ê¯7~ ª�& ê2� »j V¢ æz~º 
þ' Ö"º

z*2O»ö ~� *Ö �̄ j Û� *�® J«F > ®
. �

â 5öB (c)f (d)º ê2� »j V¢ *2~º ê¯7~

ª�¢ z*2O»b� êÖ� Ö"�
. (c)º ê2� «K�

~ zÚ 7�ö «K7� ;{® «KB ãÖ~ Ö"�B, ê

2� »ö V� ê¯7~ �� ª�& æ~æò, »ö &�

²Ö &�'� ª�¢ Fæ�
. ~æò, (d)öB¾" «K7

� ê2� zÚ 7�b�¦V £ 1µm;ê ½ÚÂ æ6b�

«Ò~º ãÖº ê2� »j V¢ ê¯~º ê¯7~ ª�&

G; Ö"¾", ê2� »j V¢Bê æ~æò, �~ æz&

"V'b� ², ÖGö �Òº *çj .G� > ®
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Ë shear force image(�â 5öB zÚ�� ��B '�).
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Characterization of optical waveguides with near-field scanning optical microscope
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The propagation characteristic of an optical waveguide was investigated by measuring with a near-field scanning optical
microscope (NSOM) the evanescent field formed at the neighbor of its core-cladding interface. For this purpose, the NSOM
system was developed specially as a form of Photon scanning tunneling microscope. The evanescent-field distributions of several
channel waveguides were measured at the wavelength of 1550 nm, and the usefulness of the system was verified by comparing
experimental results with simulation results. In particular, the interference phenomena of the guided modes during their
propagation along a multimode channel waveguide could be observed directly from the measured evanescent-field distribution.
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