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研究成果の概要（和文）：本研究では、ナノサイズの円偏光を生成するプローブ（ナノ円偏光プローブ）の開発
を行った。ナノ領域において光の位相を制御し、電界強度を増幅させる構造としてV溝型アパーチャー構造を提
案し、電磁界シミュレーションによる解析によって、電場強度が増強された直径10 nmの円偏光を生成できるこ
とを明らかにた。そして、近接場光学顕微鏡で使用可能なV溝型アパーチャー構造を組み込んだプローブの設計
を行い、Au被覆したSiN製プローブとV型溝アパーチャーアンテナ構造を組み合わせたナノ円偏光プローブの作製
に成功した。

研究成果の概要（英文）：Nano circular polarized light probes that produce circularly polarized light
 with nano-size were developed. Electro-magnetic simulation revealed that the nano-sized circularly 
polarized can be generated using V-shaped aperture structure that can control the phase of light and
 enhance the electric field in nano-scale. Finally, we succeeded to fabricated a nano circular 
polarized light probe combining Au-coated SiN tip with the V-shaped aperture structure.

研究分野：磁気工学

キーワード： 近接場光　円偏光

  ２版



ſ� ŀ� ȴȥȨȰfȵȥȨȰȥȨfȼȥȨȰfȴȷȥȨȰȢåǻȣ�

ȨȦƯƹȌğłímǍŪ 
� âmƌȋ|~ùëĭZkƗÓlâ�ƕī
z�i`mǗȘp}ƗÓmƨŅƷĿmǲȔ
lÐśxklǷřěâqƝy�gYmǷř
ěâmĽq~nfâmƌȋinȎÙksƗ
ÓmƨŅƷĿhk�gubfYmǷřěâ
nåȡŲÎ�Ƒbzěą(¨µ�°»åȡ)
lnf`mȖěŁĿnãīâmȖělƆr
gŠźymĜŁqǰY�gǷĻfYmŎǮ
�ïƟxbǡƐŒǖzōƟmƯƹqƦ�l
Ǖ��gl�gÖnof10nm ÍÀmƺȍë
øǎ�ĦƛxbǯŸėǷřěâģȜŊȊz
��¨�»¡»��µ¬»�ª��¹��
¥½mÊfȆİ� ǀĠ�ïƟxbƝÓǡ
ƐŒǖf¨µ�°»åȡ�ïƟxbǱȠĨ
ĿâȒƸĐǳkjhk�gY�}mƯƹnf
âmĐœȏƢ�ǱnbâñŉŒǖilmǝ
Ɠp}yÉŇuzuzȃǛlkegs�g
¾ťfèÜâ�ƟlbǡƐŒǖhk�èÆ
ǒŎo|pƱƇèÆǒŎkjmƐĥnf�
µ·ƗǮzƱŎÓmƗŎƯƹzōƟlƟl
}�grbȃǛkŒǖhk�qf`�}l
õngfŬǷhnƱŎƯƹmëȄlolg
ǹ¦�µ�½÷ŶzƖƱƇ÷Ŷiċo��
Ǳƭ£·�âl|�ƱøÿǴz�¥»ƌm
ƝŐ(T. Sato et al., Nature Photonics 6 (2012) 
662, T.A. Ostler, Nature Comm. 3 (2012) 666)
ilebfY�uhmĸǫ�ǜz|mkĦ
θmĚĈqkZ�f¥�Ƶ¸©·hmǱȠ
Ǽk�¥»mŝÔqƛĦĊ�ķpgrbg
Ym|mkƙƊp}ħŨlŏÞhr�|m
lf� ȚĘmèÜâŒǖmȌƤnf� 
���mƱŎÓfȆİfúĬÓfŭƂëĠf
ƝÓëĠkjĽƿĒmŰŢlflgmƗŎ
ƯƹmǡƐcthksŤƂǎŎmòêlf
kq�YiqŮņhr�g 
� ǷřěȚĘhmèÜâmïƟlflgnf
Y�uhlâ¦��¢½¨¹½§�ïƟx
bǷřěƱƇâģȜŊȊȢȸȺcȻȹȺȸȣ
lolgĦƛZ�gl�gYmŒǖnf1995
Ļl Betzig }l|egíxgĦƛZ�b(E. 
Betzig et al., APL 61 (1992) 142)g`mŇf
őhnâ¦��¢½¨¹½§lèÜâĝǩ
Ƌ�ȀƟz�Yil|~f120 nm ƷĿmƺ
ȍëǟǎ�ŭz�ȠëǟǎmƱƇâģÞ�
ň�YilŐôxb(ĆƠƄ¾ŋfƮƁȐļ
Ê,ŦůōƟƱƇģÏǧ 23 (1999) 1960)gx
pxkq}fȆİǘǜmâ¦��¢½¨¹
½§hnf`mƺȍëǟǎq¨¹½§áƼ
lǤtbȌĂmƨŅm 100 nm ƷĿlñȏ
Z�gxumYiifÿī°½�hmƐĥ
qđȕhk�ilmǐČƥkĎțqkebg 
`�}mĎț�ǟƈz�bxmŒǖixg
ȌĂ�ŕbklşÅėƔȌĂ¨¹½§qŮ
ņZ�gl�gƔȌĂ¨¹½§�ÕebÜ
âlȎǾxbǡƐlflgnfY�uhlf
µ¬»şÅz¨µ�°»�»��ĉǶmȖ
ěëĶmǟŵkjlïƟZ�gl�g 
� Y�uhlőhnfŬǷf10 nm mƺȍ
ëǟǎ�ŭz�ƱƇâģ�¯½�»��Ƨ

ƥixbşÅėƔȌĂ¨¹½§�Ɵlbȸ
ȺcȻȹȺȸmƯƹȌƤ�Ǖlf10 nm ¸©
·mȠƺȍëǟǎiß�bÜâƘŎ�Âƻ
xbÜâ�¯½�ǡƐlŐôxgl� (M. 
Aoyaghi, T. Ishibashi et al., IEEE Trans. 
Ma062gn. 48 (2012) 3670)gZ}lfY�}
mǆŶnőhqǕebȖƱƢ�­³¸½�
´»mǆŶiy|s¾ǐxb (Y. Cai, T. 
Ishibashi et al., J. Magnetics, 18 (2013) 317)g
xpxkq}f�­³¸½�´»l|�¨
¹½§áƼËǷmȖěëĶ�ǟŵxbǆŶf
ǻĸmťƋhnşÅėƔȌĂ¨¹½§áƼ
lèÜâmȖěëĶ�ŃŐz�Yiqđȕ
hk�Yiqŧ}plkebg 
� ¾ťf� ���mèÜâ�Ħƛz�ť
ƋixgfŬǷlsfpmĚĈqkZ�g
l�gÃĲ}nfȖƱƢ�­³¸½�´»
l|~fȆǔǏlŊǄkùġžǽ�Ǥt�
YihƨŅ 10 nm mȚĘlèÜâ�ƝŐă
ǎhk�Yi�Ƴxgl�(K. Nakagawa et 
al., JAP, 109 (2011) 07B735)gubfZhang
}nfȇ� º�²½m¨µ�°»mÐś
�ïƟxbÜâmñŉqăǎhk�Yi�
Ƴxgl� (S. Zhang et al., PRL, 107 (2011) 
096801)gÍ¿mżǢmǆŶfşÅėƔȌĂ
¨¹½§�ƟlběąhyƘƅkÜâñŉ
Œǖ�ǅvą�|�Yil|egf� Ț
ĘhmèÜâƝŐŒǖqȌƤăǎhk�i
îţxbgşÅėƔȌĂ¨¹½§�©½�
lxbèÜâ¨¹½§qĦƛhr�ofǯ
ŸėǷřěȜŊȊm¨¹½§ixgƟl�
Yiqhr�bxf10 nm mƺȍëǟǎ�
ŕebèÆǒŎzƱƇèÆǒŎlȎz��
¯½�»�qăǎik�g 
 
ȩȦƯƹmƧƥ 
� ůƯƹhnfǷĻƍƧ�Ȓxgl�Ƿř
ěâ�ïƟxb� ȚĘlot�¦���
��lèÜâmƝŐiǡƐŒǖ�ǅvą�
|bfY�uhlklŤxl� ¦���
��ŒǖmȌƤ�Ƨƥiz�g� ���
mèÜâ�ƝŐz�¨¹½§Ȣ� èÜâ
¨¹½§ȣ�ȖƱƢ�­³¸½�´»mǆ
Ŷ�ęlǤǡxfŊǄõĳŒǖ�ȞÕz�
Yil|egĦƛz�g`xgf10 nm m
ƺȍëǟǎ�ŭz�èÜâǡƐŒǖ�ȌƤ
z�gZ}lfǱƭ£·�¸½�½imǅ
vą�|l|~f�¥»ñŉkj� Ƶf
¥�Ƶ��½·hmèÜâiƗǮmƩÇÔ
ƟlȎz�ęƲĦθl|�� èÜâ¨¹
½§mĦǥĦθ�Ǖmg 
 
ȪȦƯƹmťƋ 
� ůƯƹhnfu^f) ƃàmȖƱƢ­³
¸½�´»�Ɵlb� ȚĘlèÜâ�Ɲ
Őz�bxm� èÜâ¨¹½§mȌƤ�
Ǖebg� èÜâ¨¹½§nfşÅėƔ
ȌĂ¨¹½§�©½�ixgfèÜâƝŐ
mbxmƘƅkžǽ�ǅvą�|�Yil
|~f¨¹½§áƼl� ���mèÜâ



�ƝŐx|miz�ymhk�g`mbx
lfu^fŊĭk�»��žǽzĐœŹĠ
kjfâmÑƩ�ñŉz�žǽm°�·�
ŚŻxf) ƃàȖƱƢ�­³¸½�´»l
|�èÜâƝŐmbxmŬȀkžǽ�żǢ
xbgíĻĿl¯°¶ħȅmĞrkǡƾƟ
º½���½�´»�ĬãxfŭȏǛǃƋ
�87=	�©½�ixb 6VT=VS�=?S>PWOA=P-=�

�)I m AHKPV�M<L;?LU-A�TVK?SL �Ɵlg
Ǖebg�
� ůƯƹhnf� ���mèÜâ�ƝŐ
z�bxmŊǄžǽixgfâmÑƩmñ
ŉlõngfȖěmĜŁ÷ŶqŮņhr�
E ėƒ�£½�±½�»��žǽ�żǢx
bgæÓƥlnfȆǔǏ¿lŃŐxb E ė
ƒ�£½�±½�»��žǽlflgfȖ
ƱƢ�­³¸½�´»�ƟlgfèÜâĿ
o|pȖěëĶmǩŸ�Ǖlf� ���
mèÜâ�ƝŐz�bxmŬȀkžǽ�ƈ
ĥxbg`xgfĦȑlȆǔǏlȒű��
»¤½®Ȣȵȶȳȣ�Ɵlg E ėƒ�£½
�±½�»��žǽ�ÔǚxbgZ}lf
ǷřěâģȜŊȊ�ƟlbƐĥl|~fE
ėƒ�£½�±½�»��žǽǷÝmȖƱ
ƢëĶmƐĥ�Ǖebg�
� ǷřěâģȜŊȊlÕƟăǎk� èÜ
â¨¹½§�Ħƛz�bxlnfȲȵȸƟ
¨¹½§lƟl}�gl�|mkèȈėk
�lnďǞȈkjmƻÓƥkžǽ�Ɵl�
ŌǛqk�g`YhfůƯƹhŚŻz� E
ėƒ�£½�±½�»��žǽièȈo|
pďǞȈmžǽ�ǅvą�|b¨¹½§l
flgfȖƱƢ�­³¸½�´»�Ǖlf
ŬȀkžǽ�żǢxbg`xgf�­³¸
½�´»hň}�bǆŶ�ęlfĦȑlè
Üâ¨¹½§mÔǚ�Ǖebg¨¹½§l
nfȆ�Ǔƫxb BP> ǚmym�Ɵlfȵ
ȶȳ�Ɵlgõĳ�Ǖebg�
�
ȫȦƯƹŐŶ�
�
	� èÜâ�ƝŐz�bxm E ėƒ�
£½�±½�»��žǽmŚŻ�
� ůƯƹhŚŻxbf� ���mèÜâ
�ƝŐz�bxm E ėƒ�£½�±½�»
��žǽmÖ�ē 
 lƳzgYmÖhnf
ȠZ 9q )+�UTmȆ�U4?�1��

�-+)���
�(+/,P�
3�,))�UT	ęŴ¿lȌĂǞĿbq 
	+ Ŀfȋ
Z � q 
.	�UT mÆfm E ėƒqƨÈlk�
|mlȂǉxbgÆfm E ėƒmÈĴƓl
úŅ A q +�UT mèŷė�£½�±½�Ôǚ
xbg@ ǵi A ǵnÆfm E ėƒmȋǵl
ĺǕxgl�gýƓn E ėƒ�£½�±½
�»��mľȁmÃŋlk�gē 
�I	nţ
Ș�@_ ĺȘȤA�1�	�UT	�ƳzgǆŶ�ǣȉ
z�bxlfýƓp} +�UT �Ȕ�biY�
lǝĩȘ�@A ĺȘȤ_�1��+�UT	�Ǥǉxbg
�­³¸½�´»hnfȖƢŁĿq 
�E�Tf
ƌȋq ,))�UT mèÜâm E ėƒ�£½�±
½�»��mǗȘlĖƨlƕīxbgäȁ
m�­³¸½�´»ƿĒnĤäćĀŲÎ

�@=�	hĒwYihfÁǛkÿīâzşÅâ
mńș�Ɣsxbg�­³¸½�´»mǁ
Ŀiǡƾũȍ�Âƻz�bxlfŬĭ��
�q 	�
�UT mÁĕ¾k¯��³�Ɵlbg�
�
�

L
W Au

2R

(a)

x

y

z

H

(b)

xy

z 5 nm

observation plane

Incident light 
Circular  
polarization

Cross 
section

�

ē 
�E ėƒ�£½�±½�»��°�·m
�H	¿Șēi�I	ţȘēg�£½�±½�»
��mľȘp} +�UT miY�lǝĩȘ�@A
ĺȘ	�Ǥǉxbg�
�
� ƝŐZ��èÜâ�ǦØz�bxlfƃ
ŀl|~ĥǊZ��ŎǎŖŠ 8 �Ɵlbg�

F = IC2
�� � �
	�

YYhf: i 6 n`�~�ȖěmŁĿiè
ÜâĿhk�gèÜâĿ 6 nŀ ( lĥǊZ
�gl�g�

C = 2ExEy sin(δx −δy ) / I ��� �(	�

YYhf7PidPn`�~�ȖƢmŗĹiÑ
Ʃhk��P�1�@�A	gĤäèÜâmC6Cn 

hk�g�
�

6.97 104

0.9945 22782437C on observation plane I on observation plane F on observation plane

(a)

x

y

z

F on cross sectionI on cross sectionC on cross section

40 nm40 nm40 nmx

y

z x

y

z

FWHM = 10 nm

0.9999 3.87 105

104

Au Au

incident 
light

observation planez
xy

z
xy

z
xy

40 nm40 nm40 nm
observation plane observation plane

incident 
light

incident 
light

(b) (c)

(d) (e) (f)

�

ē (��H�-	ǝĩȘi�K�M	ţȘ¿mȖěm
�H�-	èÜâĿ 6f�I�K	ŁĿ :f�-�M	Ŏǎ
ŖŠ 8 mëĶg�
�
� ē ( lq�1�
	+ Ŀf���1�
.	�UT měąm
ǆŶ�Ƴzgē (�H�-	lǝĩȘ¿mȖěm
6�H	f:�I	f8�-	�Ƴzgē (�H	p}f�
£½�±½ȢēmÃŋȣlƝy�Ȗěm 6
qst 
 lk�Yip}fƝŐz�ânè
Üâhk�Yiq�pebgubfē (�I	
lƳz|mlfȖěmŁĿn (
		 ÚƷĿĜ
ĹZ�bYiq�pebgZ}lfē (�-	
p}fúÛĹ�8F9=	q 
	�UT mèÜâ�Ɲ
Őz�Yiq�pebgÍ¿mǆŶp}f
���q 
	�UTfãīâ|~ ) źƷĿĜĹ



Z�bèÜâmƝŐqăǎhk�Yiq�
pebg�
� ƃlf�£½�±½hƝŐz�èÜâm
ŁĿqĞrsĜĹZ��Ɯơ�żǢz�b
xlfē (�K�M	lţȘ¿mȖěm 6f:f8
�Ƴzgē (�K	p}f�£½�±½mÃm
âqèÜâlkegl�qfȆm E ėƒ¿
mânƨǇÜâlk�Yiq�pebgY
�nfE ėƒmÃlįĔǗȘ¨µ�°»
��B@	qöǰZ�bbxhk�g�B@ mńș
hfē (�L	lƳz|mlf�£½�±½Ë
Ƿm E ėƒmľȁmâcthksf�£½
�±½çhƝŐz�èÜâyĜĹZ�bg
ubfē (�M	p}ŎǎqǑlèÜân�£
½�±½�»��mÃlƝŐZ��Yiq
�pebg�
� Y�uhlfŚŻxb E ėƒ�£½�±
½�»��hfãīâmŁĿ|~ (
		 ÚÍ
¿ĜĹZ��� ���Ȣ8F9=�1�
	�UTȣ
èÜâmƝŐqăǎhk�Yi�Ƴxbg
èÜâmŁĿĜĹn E ėƒmľȁlöǰZ
�b �B@ mopuciǋn}��g¾ťf
�B@ n E ėƒmŃl×Ģz�YiqƬ}�
gl�g̀ YhfE ėƒmȋZ � �ĝøxf
öǰZ�bèÜâmŁĿþpèÜâĿ�ż
Ǣz�gē ) lfE ėƒmǞĿ�q�1�
	+ Ŀ
lolgfǝĩȘmÃŋlot�èÜâm
ŁĿ:þpèÜâĿ6iEėƒmȋZ��
		�
UT�d���d�
		�UT	mȎÙ�Ƴzg��
�

�

ē )�ǝĩȘmÃŋlot�èÜâmŁĿ :
þpèÜâĿ 6 i E ėƒmȋZ � mȎÙg�
�
� ē ) p}fǝĩȘmÃŋlot�Ȗěm
:n �lĞrs×Ģz�Yiq�pebg���
1�
,	�UT měąlolgföǰZ�bèÜ
âmŁĿ�:�1�()/.	n¾ƣĞrlYiq�
pebgubf
(	�UT�d���d�
		�UT lo
lgfǝĩȘmÃŋmȖěŁĿn +		 Í¿
ĜĹZ�b�qfǝĩȘmÃŋlot�Ȗ
ěm 6 n � l×Ģ|^lst 
 lk�Yi
q�pebgÍ¿mǆŶp}fŚŻxb E
ėƒ�£½�±½�»��hnfE ėƒm
ȋZqåȡȋZp}^�gyȗĸlǑlŎ
ǎ�ŕfYiq�pebg��
� ŚŻz� E ėƒ�£½�±½�»���
ĦƟøz�bxlnfèÜâmŎǎŖŠm
ǲȔþpƌȋ×ĢŎqȃǛhk�gē 
 l�
q�1�
	+ ĿþpåȡȋZhk� ��1�
,	�UT
lolgfǝĩȘmÃŋ�ǻ� _ ǵ¿m 8
mëĶ�Ƴzgē 
 p}fE ėƒ�£½��

Au

×

�
ē 
�ŎǎŖŠm _ ǵ×ĢŎg�
�
±½�»��höǰZ�bèÜâmŎǎŖ
ŠnýƓȢE ėƒmľȘmÃŋȣp}�_ ǵ
lƉegŖŠȎŠƥlƏĮz�qf�£½
�±½p} +�UT �Ȕ�biY�hf8�2�()		
ik~f
+�UT �Ȕ�biY�hf8�2�(
	
ilmǆŶlkebgÍ¿mǆŶp}fŚ
Żxb E ėƒ�£½�±½�»��mĦƟ
ŎnȗĸlȠliǠn�g�
�
�(	�E ėƒ�£½�±½�»��žǽmÔ
ǚiǦØ�
� �µ�ęŴ¿lǓƫxbǏüqǂ -	�UT
mȆǔǏlȵȶȳ�Ɵlg E ėƒ�£½�
±½�»��žǽ�ÔǚxbgE ėƒmȋ
Zn ,		�UT ixfƒmŬƎȁqd{mję
Ŵlðǿz�ƎZixbgYmũfÆfm
E ƒ�ƨÈZ|�YihfÃŋȁl�£½
�±½�ŃŐxbgÔǚxb E ėƒ�£½
�±½�»��žǽmŃƙo|pȖěmĜ
Ł÷Ŷ�ưǨz�bxlfȻȹȺȸ�Ɵl
gǦØ�Ǖebgē 5 lfƐĥxb E ėƒ
�£½�±½�»��žǽm�«ÞiȻȹ
Ⱥȸ�Ƴzg�«Þp}nfǤǡǻ~žǽ
qŃŐZ�gl�Yiq�p�g¾ťfȻ
ȹȺȸp}nfE ėƒmŬƎȁlolgȖ
ěŁĿqŁskegl�Yiq�p�gZ
}lf�£½�±½ȁëhnȖěŁĿq|
~Łskegl�Yiq�p�gYmYi
p}fÔǚxb E ėƒ�£½�±½�»�
�žǽlolgf�±�·¨µ�°»«µ
¶�»mƝŐi�£½�±½ȁëlot�
ȖěmĜŁqǰYegl�YiqƳčZ�
bg�

0nm 120nm

200nm

Min Max

200nm

AFM� SNOM�

�
ē +� Ôǚxb E ėƒ�£½�±½�»�
�žǽm�H	�«Þi�I	ȻȹȺȸÞg�
�



�)	� èÜâ�ƝŐz�bxmȻȹȺȸ
Ɵ¨¹½§mżǢ�
� ē , lŚŻxb� Üâ¨¹½§m°�
·�ƳzgáƼ�ìţxbèȈÓmȆ¨¹
½§ȢȌĂǞ (�q�1�)	 ĿfȠZ 9�1�-		�UTȣ
mĉ~lďfm E ėƒȢE ėƒmǞĿq�1�+	
Ŀȣ�Ǥtbg¨¹½§máƼmúŅ A n
+	�UTfE ėƒmľȁp}èŋuhmȋZn
+�UT hk�g�­³¸½�´»hnfȖƢ
ŁĿ 
�E�Tfƌȋ ,))�UT mèÜâ�¨¹½
§mȋǵlƉegãīZ|bg�
� ē - lǝĩȘ¿mèÜâĿ 6fŁĿ : þ
pŎǎŖŠ 8�1�:6(	mëĶ�Ƴzg¨¹½
§mƪÀȢēmÃŋȣlƝy�Ȗěm 6 n
st 
 lk�Yip}fƝŐZ�bânè
Üâhk�Yiq�pebgubfē -�I	
lƳz|mlfÃŋȁmȖěŁĿnǂ +	 Ú
lĜĹZ��Yiq�pebgZ}lfē
-�-	p}fŎǎŖŠn¨¹½§áƼlol
gĞrkÛ�Ƴxf`múÛĹ�8F9=	q 
	�
UThk�Yiq�pebgÍ¿mǆŶp}f
ŚŻxb� èÜâ¨¹½§�Ɵl�if

	�UT ƷĿmĞrZlãīâmǂ +	 ÚmŁ
ĿlĜĹZ�bèÜâ�ƝŐăǎhk�Y
iq�pebg�
�

�
ē ,�E ėƒ�£½�±½�»��žǽ�ŭ
z�ȻȹȺȸƟ� èÜâ Au ¨¹½§g�

�

ē -�� èÜâ Au ¨¹½§lot���H	
èÜâĿf�I	ŁĿf�-	ŎǎŖŠg�
�
�
�
	�4? ǘǜxb BP> ǚ¨¹½§i E ėƒ�
£½�±½�»��žǽ�ǅvą�|b�
 èÜâ¨¹½§�
� E ƒė�£½�±½�»��žǽo|p
48= ¨¹½§lȎz�ƯƹmǆŶp}fĦ
ȑlÔǚăǎkžǽixgf4? ǘǜxb
BP> ǚ¨¹½§i E ėƒ�£½�±½�»
��žǽ�ǅvą�|b� èÜâ¨¹½
§�ŚŻxbȢē .ȣgYmžǽhnfǺ
ŧk BP> m¨¹½§�Ɵl�YihfǙȘ
p}mâãīqăǎlk~fE ėƒ�£½
�±½�»��žǽq÷ƚ|sâƕī�Ǖ

mYiqhr�gubfĵǭm¨¹½§m
ŃƙnďǞȈhk~�qfĪƶŎq|lY
ip}fèÜâƝŐqăǎhk�iîţx
bg�
� ē / lƳz°�·�Ɵlg�­³¸½�
´»�ǕlfŎǎ�ǦØxbg`mǆŶf
YmžǽměąhyfŎǎŖŠn () i�)	
hǸrbèȈƙm 4? ¨¹½§�Õebě
ąlƆrgĮxÒÀz�qf� ���m
èÜâmƝŐqăǎhk�Yi�ưǨz�
Yiqhrbg� �
�

MCD

Sample

Si3N4

Au

CPL

�

ē .�4? ǘǜxb BP> ǚ¨¹½§i E ėƒ�
£½�±½�»��žǽ�ǅvą�|b�
 èÜâ¨¹½§g�
�

Si3N4

Au

q

Dr=5nm

Face to Face 
angle a

a = 30deg
q = 30deg
Au 30nm

Au-coated SiN probe

�
ē /� �4?ǘǜBP>� èÜâ¨¹½§m�
­³¸½�´»°�·g�

�

50nm 50nm50nm

23

Quality factor FIntensity IDegree of pol. C

�
ē 
	� �4? ǘǜ BP> � èÜâ¨¹½§l
Ȏz��­³¸½�´»l|~ň}�b
�H	èÜâĿf�I	ŁĿf�-	ŎǎŖŠg�
�
�
� Í¿mĦθǆŶ�ęlfĦȑl 4? ǘǜx
b BP> ǚ¨¹½§i E ėƒ�£½�±½�
»��žǽ�ǅvą�|b� èÜâ¨¹
½§�ÔǚxbgE ėƒ�£½�±½�»
��žǽmŃŐnfȵȶȳ�ƟlgǕebg
ē 
( lfÔǚxb 4? ǘǜ BP> � èÜâ
¨¹½§mȖĠȜŊȊéƪ�Ƴzg4? ǘǜ
BP> ¨¹½§m¿lfǤǡǻ~m E ėƒ�
£½�±½�»��žǽqŃŐhrgl�



YiqưǨhrbgYm¨¹½§�Ɵlbf
èÜâ�ƟlbŤxl� ¦�����Œ
ǖmĦƛqŮņZ��g�
�

�
ē 
(� ĦȑlÔǚxb 4? ǘǜ BP> � è
Üâ¨¹½§mȖĠȜŊȊéƪg�
�
�
ȬȦÄkƤǗǪšƽ�
ȢƯƹÌǗǌfƯƹëŔǌþpǾŜƯƹǌ
lnÀǇȣ�
 
iȓǧǪšjȢǡȮÎȣ 
(1) Yongfu Cai, Katsuji Nakagawa, Hiroshi 

Kikuchi, Naoki Shimidzu and Takayuki 
Ishibashi, Optimization of Aperture 
Antenna with V-groove Structures to 
Improve Intensity of Nanosized Circularly 
Polarized Light, Journal of Nanoscience and 
Nanotechnology 17, pp.1970-1974 (2017). 

(2) Takayuki Ishibashi and Yongfu Cai, 
Polarization Properties in 
Apertureless-Type Scanning Near-Field 
Optical Microscopy, Proceedings of EMN 
Meeting on Optoelectronics 2015, Beijing, 
Nanoscale Research Letters 2015, 10:375 
(29 September 2015) 

(3) Yongfu Cai, Soushi Ikeda, Katsuji 
Nakagawa, Hiroshi Kikuchi, Naoki 
Shimidzu, and Takayuki Ishibashi, Strong 
Enhancement of Nano-sized Circularly 
Polarized Light using an Aperture Antenna 
with V-groove Structures, Optics Letters, 
Vol. 40 Issue 7, pp.1298-1301 (2015). 

�
iģÏƤǗjȢǡȨȬÎȣ 
(1) Yongfu Cai, and Takayuki Ishibashi,�

Apertureless probe with V-groove structures 
for nanosized circularly polarized light, 
(Tu-9P-77), The 14th International 
Conference of Near-Field Optics, 
Nanophotonics and Related Techniques 
(NFO-14), September 4-8, 2016, 
Hamamatsu. 

(2) T. Ishibashi, Y. Cai, S. Ikeda, Polarization 
properties in aperture-less type scanning 
near field optical microscopy, B17 (April 

26), EMN meeting on optoelectronics, April 
24-27, 2015, Beijing, China. (invited) 

 (3) Y. Cai, K. Nakagawa, H. Kikuchi, N. 
Shimidzu, and T. Ishibashi, Fabrication and 
characterization of the aperture antenna 
with V-groove structures to generate 
nanosized circularly polarized light, 
Mo-01-04, MORIS, Nov. 29 - Dec. 2, 2015, 
Penang, Malaysia. 

�
iēūjȢǡ� ȧÎȣ�
�
iƞŽǬƞƀj 
eêȝƙƊȢǡ� ȧÎȣ�
eāňƙƊȢǡ� ȧÎȣ�
�
i`mÊj�
O>>W0��T=>�UHNHVRH?>�H-�4W�a>*IH=OP�:B
9:54B9:*�45�9VTL�O>TS�
�
ȭȦƯƹǅǈ�
�
	ƯƹÌǗǌ�

� ƮƁȐļȢ:B9:54B9:��CHRHA?RPȣ�

ȋıŒǖƴģĞģ¼ĳģƯƹƴ¼ŞŘ�

� ƯƹǌƣĄȱȩȧȩȮȩȭȪȬ�

�
�(	ƯƹëŔǌ�

� kx��
 
�)	ǾŜƯƹǌ�

� ĭųȠǕȢ�"=4CB'��CHRHA?RPȣ�

ȋıŒǖƴģĞģ¼ĳģƯƹƴ¼ŞŘ�

� ƯƹǌƣĄȱȭȧȨȫȪȯȩȩ�

�

�
	Ưƹûóǌ�

� kx�


