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1 �K@6

�ê2«�)�Þ?ò�F+|,´�Ò3R"h��!’�³ , CµQ��6EØ�ÃQ�&¥�•�y�–�ð#{�é#��>�°�_�_9ç
�(™CX�Þ?ò���Ÿ,´

Gý?±�{!å . 
<�& , Q�2î�Ö�y�–�ð#{�°�_�•�_Q�2î�Ö�y�–�Ð���ÃQ�2î�ö 3D �ƒ	 ,´�*.p , 6<Q�2î�Ö�y�–�Ð

���_Q�1��y�k�j�fFP�Ã�E�Ë#��Ò#{1yN¶��,´�h�ó . !“�² Lord Kelvin �7�* “to measure is to know – if

you cannot measure it, you cannot improve it”. 
�!” , 
��…CµQ��6EØ�ÃQ�&¥�•�y�–�ð#{�é#��>�°�_�))à

��+O(™�Ã	k�–�Ã�€�É�Ã�Y�ƒ(™*61y�*.pN¶��
¼ IT�ÃQ�1��fFP1y�°�_N¶��G-�§�9Gý?±�?�y .

OÆ�x, )à��+O(™�Ã	k�–
¼�€�É0��–,´
��…�)�Þ?ò5��´,´.D0¦���*�¶Cº�•CºQ�,´�6EØ)·M0"r , �<�K

�þ�6�€"d�£��/j+O
­E÷0;
¼�€�É�W7-,´(™*6�\CX . 
��0�éM’ , 9ç
��95$0ªL$5��´���Ÿ
¼�yBa���Ÿ�)

�¾.D0¦(™CX5��´�>�Ï7-�£3+Cº�•CºGý?± . �y�–�ð#{�é#����¦�J�g�W�ÃMŽ�å�•�ÃMŽ.d
•�Ã
��Î�&
X�ƒ�ð

#{1y�H&é6<�@�j�k#q�{!å . �v
��y�–>}�4�±L€,´L€�f , �žFJ�y�–�n�Þ�°�_,´ Z
A�6EØ)·�08\
�7-Eî�`

200 nm, 4å
A�6EØ)·4Ö 500 nm (�•�a�_�pBC,´ Abbe >}�4�±L€ ) [1]. �jF2�Ä�$�¯#�,´+O(™�Ã	k�–�Ã4ã

2£�˜�&�Ã�Ï7-�€�É,´CµQ��6EØ�ÃQ�&¥�•�y�–��FO�ð#{M0"r , �T�¦�_4ã2£4×�6EØ)·,´�95$�@�ÿ��	ú�Ø�1

%D
��6�À.D0¦ , M0?±.D0¦
¼�0
�CµQ��6EØ�ÃQ�&¥�•�y�–�ð#{�é#��>�°�_ . K¯�O���• , CµQ��6EØ�ÃQ�&¥

�•�y�–�ð#{�é#��>�°�_
XB(�J.D0¦N¶��
¼�Ô	ù�–0�,´
��…	¶0;�]
��U-pGý?±�Œ+X [2], �²
X+O
­0��–�é
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M’, �T�¦�_L¿-p+O(™	k�–.D0¦
¼�Ä+X�0�û�þ�P5�,´�˜�È
¼4ô4÷"d�£
A4ö7�
¼�6�€"d�£E÷$Q , Cº�•CºM0

?±
X�Þ4ã2£�j�Ö,´4ö7�
¼�6�€�rM’�Ò3R+O
­�0�?�*�\	…�s,´�Ï7-�Ã+O
­)àB‘
¼+î+õ
�+O
��…,´�6�€�j

*6 [3, 4]. F2�Ä+O
­0��–F	�0
��…C»�ï , �j4ö7�
¼�6�€"d�£9ç
����Ÿ5�5����Ë�°�_�_�1 , �"4ÿ�@�jCµQ��6

EØ�y�–�ð#{�°�_
��…,´Gý?±�é
A [5, 6].

�¦!Q , IT �×�J�_�A
-,´�H+•�W�×�J , �¦.œ�&�*.p�_8ß(w�fFP�J , 6<8ß(w�fFP,´�h�ó�_�y�k . -��}


-Lu�k#q�y�kAî�7�ý'f�_�*�¾ 193 nm �ö�6�€%ð�y�y$À,´�y�k�j , �¦7-Eî�`,´�0�? node �j�(�"Eî�`

20 nm ���; , �h�ó�_�y�k�j�]Q�� �l�„�´ (NA1.35)�Ã�~�y�–+¨
� (#��ÿ���~�¾ 1 nm) �@�ÿ�y�–3+5�

,´2î�ö�Ð�� , 6<�²!”Q�2î�Ö�y�–3+5�,´�Ð���I
��ã�¾Q�2î�Ö,´�y�–�ð#{�°�_ , -��}
-Lu�:�¢#¹�ð#{�°

�_�"Eî�`�H�¾ 0.1 nm RMS (root-mean-square) ,´"d�£ , �v�Î)à�U�l�°�_�
�ö
¼�1K1 , �ð#{2î�Ö�H�¾

0.5 nm RMS ,´M’�’�ð#{�°�_RÌ�9�·)^�ÕFƒ , 6<2î�Ö�H�¾ 5 nm RMS Gÿ4×,´M’�’�ð#{Aî�7�)�A
-/±F� .

�j�¶
��…�A
-�§�9�¼�˜8��k.�Aö�×�s,´Q�1�8ß(w�fFP�J , �m��C¦�:
�Eî
-�æ8ß(w�fFP"d�£ , M0?±
��…

�Ê4ã2£4×2î�Ö,´�y�–�ð#{�°�_ . 
<�& , Q�2î�Ö�y�–�ð#{�°�_�•�_�E�Ë#��Ò#{�Ã
<!•EÀ�41y�W0��–��0;

,´�*.p , 
X8Z0ª8Z�Y�Ã�Y�·�Ã
-Lb1y�£3+
-�æ�¹�˜,´Gý?±N¶���•�9�¯LD,´�Ä+X�}�Ÿ .


��F , 3D �ƒ	 �Œ�j�0/ý�à�¤,´�Ð���fFP�°�_�"4ÿ�@�j
-�æ>õ�7�fFP0��–�>�°�_N¶��,´�H+•�é
A ,


X"­E–�Ã8Z0ª8Z�Y�Ã�Ë�»�Ã	k+Ç1y�G�JN¶�� , �T�¦�_2î�öM&�&�Ã�=�r�’(æM&�&	ú8�+a�’(æM&�&,´�fFP%Œ

�Ë���W . �95$0ªL$���Ÿ2î.ž9ç
��>2î�ö�ð#{�é#�
¼�°�_
���Q�2î�Ö#{Gÿ(™�ƒ>˜M’	ú�µG�(©�±	ò�  , �_

3D �ƒ	 �°�_�Ð��2î�ö�=�rM&�&,´�h�ó .

�yBa���Ÿ	ý�P�¶(™CX�6�€�F	Ï�€7-4×5��´ , �_(™CX,´ “�74é”, 
������Ë�£�¾(™CX4ô�@�Ã
[Gÿ�Ã5�

�´�Ã�Ï7-,´�¿?ò�F65�Þ?ò���Ÿ , 
X(™*6�Ã	F�–�Ã+O(™�Ã	k�–
¼�€�É�–1yN¶���9�¯#�,´�Ä+X [7∼9]. �j�¶F2

�ÄF	�ËN¶��,´Q�&¥�•��FO�ð#{��	ú�Y�ƒ(™*6,´Q�2î�Ö#{GÿM0"r , �T�¦�_�6�€"d�£,´+O
­E÷0;%D	F
¼�Ø

�1%D
��Ã�±�~
[Gÿ,´+O	F(™CX�ð#{�Ã�±Q�2î�Ö,´�Y�ƒ�yBa#{Gÿ1y , �óF��*.p�}"ï.D0¦
¼�Ô	ù�–0�,´
�

�…, M0?±.D0¦
¼
��…Q�&¥�•�Ö2î4ö�yBa�Î�&�ð#{�é#��>�°�_ .

�\�·OÆ�x�61°?±�û4ý
¼�6�ÀCµQ��6EØ�ÃQ�&¥�•�y�–�ð#{�é#��>�°�_,´
��…	¶
"�Ã)à(æ��	ú
��…C»

�ï ; 'f
> , 5�
8�A
-,´�H+•M0"r , �) “	q�9�Ä ” �OL$�ÄGý&é�0�…,´CµQ��6EØ�ÃQ�&¥�•�y�–�ð#{�é#��>�°

�_���*�*AÞ ; �0
> , �²���k5��\N¶��M0?±@��ã,´0��–L�NÈ , �¦�)�Z�•F�>|�…�K
¼�*AÞ . FJE÷F	1÷�·1� ,

�A���<�K�^�ÙB+65�$�­
`*6@� “	q�9�Ä ” ?ô�B-(�£�µ�é .

2 
3�»�L.J0¬)æ(ì�D�Þ�7

F��¤�• , 
XCµQ��6EØ�ÃQ�&¥�•�y�–�ð#{�°�_N¶��,´.D0¦Gý&é�k?±Lö�]
XCµQ��6EØ�@�ÿ�ÃQ�2î�Ö�y

�–M’�’�ð#{�Ã�95$0ªL$���Ÿ2î�ö��
���	úQ�2î4ö�yBa�ð#{ . 
X�k?±M’
A+O(™	k�–�Ä+X,´0±.d>}�4�±L€

�y�–�@�ÿ�°�_�ÃM’
A�Ê4ã2£4×�y�–�Ð���Ä+X,´CµQ�2î�ÖM’�’�ð#{�°�_�ÃM’
A 3D �ƒ	 �fFP�Ä+X,´�95$

0ªL$���Ÿ��
�
¼�ð#{�°�_ , ��	úM’
A+O(™	k�–�Ã�Y�ƒ(™*6
¼,�Gÿ�6�À�Ä+X,´Q�2î4ö�yBa�ð#{�°�_1y�é

M’
��Ç�¶B(�JGý�WF��… , �j+O
­0��–�Ã�Þ+e�€8ß(w�fFP�Ã�=�r�’(æM&�&�Ð���Ã2«
`>|�O�Ò3R1y,´
��…


��U�¶Gý�W�Œ+X. �;M’�6�[L@F 
4�Z-(�£N¶��,´
-�µ�F.D0¦)à(æ .

2.1 C»Q��<EÞ�=Q�&«�…�•�œ�F���ï#��D�¶�e


XE÷	ë,´� 	q�¤Gü , �ê���6�y�–�@�ÿ�þ�žFJ,´�í
j�n�ÞKŒ
��…�`�¡'V9—�y�›�ÿ�n�ÞKŒ , ��	ú	ü�y

�€9—�y�›�ÿ�n�ÞKŒ1yQ�4×�@�ÿ Q�?, �v�¦�6EØ�±L€�0-$�=7-CµE÷ Abbe >}�4�±L€ [10]. F�	q�¤�• , 
X�@
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�ÿN¶�� , �ê���$�J�£#�,´�_�²�…Q��6EØ�Ã�Î�&9ç�Ç
.�ÿ [10∼12]. �=
<N¶��,´0��–�æ ((™*6�Ã	F�–�Ã+O(™�Ã

AÑ1Ç�j1y) FJ�Ë	•�Œ , 
��…�*�à
»�y�–�6�€�ÒJ¸
¼�]�à,´�y�–�@�ÿ Q�? , �6�y�–�n�ÞKŒ,´�6EØ)·�ØF�

�`4ã2£"d�£ , 0±.d�¶�y�–�6EØ)·,´�±L€ . 2014 �¤�ÖB*CM�D	F�–�†9ç�†�@�Ì�_ “CµQ��6EØ)·9—�y�n�Þ�°

�_ ”1), F��0!•�Î�j�¶�ê���)�¾CµQ��6EØ)·�n�Þ�@�ÿ.D0¦,´�£#� .

�ƒ�} , �k#qCµQ��6EØ�n�Þ�@�ÿ���˜�W�J�ÍM•9—�y�71®�Î)à/jDZ�@�ÿ�>�ÊGÿ�6�À , �ÍC†9—�y
¼�›�ÿ

�@�ÿ�j�f�Î)àQ��6EØ)· [13], �»�²�¡'V9—�y�›�ÿ�n�Þ�@�ÿ�Ã	ü�y�€9—�y�›�ÿ�n�Þ�@�ÿ�ÃL¿�j�Ê�}Gý�´�n

�Þ�°�_ (PALM�ÃSTORM)�Ã9—�y
�%ð
��4�•6G�@�ÿ�°�_ (STED)�Ã5��´�y'—�>�n�Þ�°�_ (SIM) 1y. 
<

�& , �*�¾F�
j�‘�&,´�˜�µ	ý�49—�y�n�Þ�°�_ (TIRFM)�ÃCµF?KŒ�°�_(Superlens) �•�Ç�`F��0!•
��… .

�y�–�@�ÿN¶���=�Ý�*)à�K�à�W	Ï*6�Ã�{!å�>�°�_ , 
X�Þ4ã�j�Ö�:�Î)à�¶�$Q��6EØ)·,´�@�ÿ�°�_ ,

�$0c�Ê,´�v�J	FCµQ��6EØ)·�y�–�n�Þ�@�ÿ���˜ . CµQ��6EØ�ÃQ�&¥�•�y�–�ð#{�é#��>�°�_�=�õ�9�j=½
8

�¶���Ÿ0��–N¶��,´�°�_0�3_
¼�0�à
��… , 6<�D�•
X�$Q��r!Q�:�9�Ë�Ø�Ø���Ÿ�Ã+O(™�Ã	k�–�Ã	F�–�Ã�€�É

1y-(�£�–0�,´�Ô	ù=½
8 , �;M’�6�[F�>|1°?±�û4ý .

2.1.1 0·.j>ƒ�:�·L†,º�•�œF�
p�F���ï#��D�¶�e


��…0±.d>}�4�±L€,´�y�–F�
j�@�ÿ�é#��>�°�_ , �_�ƒ�ú�F+|
4
-�H�x
��…,´�°�_�}"ï . 20 �F4Ú

90 �¤�����• , �ê��
X�ƒ.d�6EØ)·L€�f,´�y�–�@�ÿ�é#�.D0¦�]�Ç�`�¶�¸�W,´
��… , �0�K�¶Cµ�6EØ�y�–

�@�ÿF	�Z�]�à,´.D0¦N¶�� [10]. Cµ�6EØ�y�–�@�ÿ�º�P5��@�ÿ�6EØ)·��Q��¶	q�=���: , �x
>�Î)à�¶�J8¢�Ã

�95$�Ã��	ú#k4ö7�+J8##k�ƒ�Ø(™Q�FO�@�ÿ, �@�j.D0¦4ö9ü�Ã4ö7�+J8# Q�?�Ø(™,´Cµ2î4ö�95$5��´,´�Y

�˜ [5, 14,15]. 
���B$ , Cµ�6EØ�y�–�@�ÿ�°�_�_ 21 �F4Ú)à���n�Þ�@�ÿN¶���0Gý�W,´0±.d , 
�!”>Û Science

�r��Aô�j 2006 �¤	q�W0��°F��… , >ÛNature Methods �r��Aô�j 2008 �¤�Ö�0�£�é#� (Method of the

Year)2).

0±.d>}�4�±L€,´�y�–F�
j�@�ÿ�é#�
¼�°�_�k?±	5���T2« [1, 12]: (1) �*�¾(©!º�j�Ö�6�3'—�>�y
j,´

Cµ�6EØ�@�ÿ�é#�, 	5��
�%ð
��4�•6G�n�ÞKŒ (STED)�Ã5��´�y'—�>�n�ÞKŒ (SIM) 1y; (2) �*�¾	…�6�€�@

�ÿ
¼�Ê�},´Cµ�6EØ�@�ÿ�é#� , 	5���y%ð#k�Ê�}�n�ÞKŒ (PALM)�ÃL¿�j�y�–Gý�´�n�ÞKŒ (STORM) 1y.

STED �°�_,´*6Aê+a Hell 1y
X 1994 �¤���* [16], �v
X���OAÔ
��ÖE³�~ [17]. 2000 �¤ , Hell 1y1\�0!Q

FJE÷�ÎP¼Añ�Î�¶ STED �@�ÿ,´
�>|�W , �¦+X�¾G¥!ý#k4ö7�#â#�7Ì,´Cµ�6EØ�@�ÿ [18]. !”
> , STED �°�_

�Ç�`�¯#��£#� , 
X#k4ö7�+J8##k�ƒ�Ø(™"d�£,´�Ä+X�r�*�=0§ [19, 20]. �A
-.D0¦�ê
ˆ
X STED �é#��Ã�°

�_	ú�Ä+X�éM’ , �•�9K¯�O$!�•,´0�3_ [21∼23], �v�>
-�F-("� , 
-�µ
X STED �°�_�Ä+X�Ø�¯�éM’�n�ÇE³

�’ . -��} , STED �@�ÿ,´�k?±5jL§
X�¾3+5��=�r , Aî�7�2Ce , �)�ý�Œ�ê
ˆ,´?±"r�¸Q� .

SIM +aGustafsson 
X 2000 �¤
��> , �6�y�–�n�ÞKŒ,´�6EØ)·��Q��¶�T�= [24]. 2005 �¤ Gustafsson �6

MŽ4ï�W%ð
�9—�yD�SIM -(5�
8 , 
��…�*�¶MŽ4ï�W5��´�y'—�>�°�_ (�•0 O¡
¼5��´�y'—�>�n�Þ , SSIM),

�¯ SIM �°�_,´�6EØ)·�=�½
�L€�¾>}�4�±L€ [25]. 2015 �¤ Betzig 1y�6�À
4/ýCµ�6EØ�@�ÿ�°�_,´�H5j&é ,

F��0!•��Q��¶ SIM ��	ú SSIM ,´�6EØ)· [26]. SIM �°�_�§�9FO�Ö���Ã'—�>�y�j�~�Ã�=M0?±�¯+X(©!º9—

�y�ÒJ¸1y�H�ï , 
����é�ï,´+X�¾#k4ö7�.D0¦ . �A
-
X SIM �°�_.D
��éM’�•�9�0�Ê0�3_ . �»�² , �]
-0�

�–L’?¯�¹�y�–2î�ö�j�à.D0¦�p�
�
�Y�?4ô���*�¦�Î)à�¶�*�¾� �‡�ÞKŒ�˜�&
¼ LED '—�>,´ SIM �°�_ ,

�W�WL}�~�¶ SIM >õ5ž,´�=�r�W
¼�@�\ [27].

2006 �¤ Betzig 1y�6�y#k	F<û,­
¼�žFJ,´9—�y�n�ÞKŒ5�
8 , 
��…�¶ PALM �°�_ , 
����)�Ê4ö7�5�

�´�Î)à4ã2£�6EØ�@�ÿ [28]. 
<�O�´�?�11y�Y+X	…�Z9—�y�6�€,´�y�0�£(©�W , 
��…�¶ STORM �°�_ , �¦�6

1) http://www.nobelprize.org/nobel prizes/chemistry/laureates/2014/.

2) Method of the Year 2008. Nat Methods, 2009, 6: 1.
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EØ)·D� PALM �°�_2«�l [29]. 2008 �¤
��>,´-$�ÕL¿�j�y�–Gý�´�n�Þ�@�ÿ (dSTORM) �é#� , �I�¯+X	…

�Z
8�@���É (�² Alexa fluor) �Î)à�¶
��y(æ�1,´�7�’ [30]. L”�¶�p�¯+X�ÒJ¸,´���2 , F	��/ý�é#��¯+X�¶

2«�l,´�y�–	Ï*6 (	…�6�€�Ê�}
¼Gý�* ), �¦�D�04øG-7-Eî�`4Ö 20 nm ,´0ªL$�6EØ)· , 
�!”
���5�0 �jCµ

�6EØ�Ê�}�@�ÿ [31].

8� 2006 �¤
��>���• , Cµ�6EØ�Ê�}�@�ÿ�a9ç�Ç�¶.D0¦�ê
ˆ,´'��7�£#� , EõFO�™�…�`�¶�95$[32, 33]�Ã

�J8¢ [34,35] 
¼#k4ö7��@�ÿ [36]. �A
-.D0¦�ê
ˆ
XCµ�6EØ�Ê�}�@�ÿ�ÒJ¸.D�f�Ã
.�ÿ�4*61Ç#��éM’�9E³

�j,´1��¹�Ë . �»�² , �]
-0��–L’+O(™(™*6.D0¦�p�À#Ë�?4ô
¼�À�£�÷�?4ô
8�Œ , 
��…�¶�J/ý�à
»�ÒJ¸

(�² mEOS3.2 [37], mGeos [38]), .D0¦�@�Ì�Ç�`
-�µ�F
<>|,´�¯#�AÔ
� . 	~�]0��°�W�–Tô�_0û�?4ô
�)à

�¶Cµ�6EØ�Ê�}�@�ÿ,´�¦>|��
'9ç
��àFD�´ [39, 40]�Ã
��…�¶�J/ý�¦>|��
'�4*6�à�é#� (�² MaLiang [41],

PALMER [42]) ��	ú�J/ý�à
»Cµ�6EØ�Ê�}�@�ÿ�ÒJ¸ [43, 44]. $!
c�W�–(‹�Ø1X�?4ô
X�95$Cµ�6EØ�Ê�}�@�ÿ

�à�°�_�éM’ , �•�Š�¶�WGÿ$!�•,´���Œ [45∼47].

-��} , Cµ�6EØ�Ê�}�@�ÿ�"4ÿ�¯#��Ä+X�¾�Ê4ö7��˜,´Cµ2î4ö5��´.D0¦ . �»�² , Kanchanawong 1y�Y

+X�95$Cµ�6EØ�Ê�}�@�ÿ�°�_ iPALM, #{�Ê�¶Tÿ-p�Á�]<û,­CX,´4ô4÷�é�? , ��/j�¶Tÿ-p�Á,´Cµ2î4ö5�

�´ [48]. �´�?�1�?4ô�*�¾�95$ STORM �°�_ , @��À�¶�J/ý0±@��}
¼0±@�
><û,­
X	F�–0±@�,´�95$Cµ2î

4ö5��´ [49], ��/j�¶/Ž4ÿE¤0±�]6¼�Ø<û,­	ú�¦-(�£<û,­,´�95$2î4ö0ªL$�6�3 [50]. +O(™	k�–�Ä+X	ýE÷�•

�•�óF��¶Cµ�6EØ�Ê�}�@�ÿ�°�_ , �T�¦�_
X�@�ÿ5��Ì,´�ÊGÿ�6�À�éM’,´
��… [51, 52].

2.1.2 D��x!W�P	ø�¦+U(Ÿ�•�œ�F��
����¥�ª
>


X�6�€�Ã4ö7�
¼+O(™�ƒ1y�J�Z�r!Q�:�˜M’�ö.ž
`�ÿF +O
­#k�Ø , ��/j+O
­)àB‘,´�\CX , �_+O
­0�

�–.D0¦�]�±�ü�A�H�W,´LîNÈ . F	�ËLîNÈ,´@��ã , F��7M0?±�xF�.D0¦�é#��Ã�°�_
¼�€�É,´D�F� . 
��…7-�>

+O(™	F�–�Ã�6�€+O(™�–�Ã�6�€F‡�P�–1y.D0¦�{!å�Â>•,´�Ã7-
X+O(™#k�ƒ�µD��r!Q�J	ò� �ÿF +O
­#k�Ø

,´�y�–�@�ÿ�à�°�_�à�é#� , ��	ú���Ÿ�¤
8,´�é#�
¼�£
 , �_+O(™�y�–�@�ÿ.D0¦M’�d,´�A�H . F��¤�• , D�

�r!Q�J	ò� +O(™�y�–�@�ÿ	ú���Ÿ�¤
8N¶��,´.D0¦Gý&é	5�����;���Z�éM’ .

(1) �y(w�n�Þ�@�ÿ . �y(w�n�ÞKŒ�¯+X;´�r�y�•�þ�×
A%ð
�9—�y�g
ñ , 
X'—�>�yD�,´
²-$�é
A�Õ�f

9—�y, FJE÷0+�Ø�g
ñ�Î)à�y�–�r�À�@�ÿ [53, 54]. L¿-p 2004 �¤
�>˜
X Science �:,´1\�01÷�9�¡
ý�Ë,´�y

(w�n�ÞKŒAê�·�0�û [55], �y(w�@�ÿ���¦�)+O(™4ô4÷�g�\F�>|��FO�95$�Ã�~�y"��W�ÃK¯�&L$
X�ƒ�@�ÿ,´�H

�ï , Cº�•Cº�¯#�
`>Û+X�¾7
6þ
�6â�Ã/Ž4ÿ)ßD�1yGý?±+O(™�–N¶��.D0¦�] [53,56]. 2014 �¤ , �y(w�n�Þ�@�ÿ

�°�_9“7ê Nature Methods �¤�Ö+O
­0��–�°�_ 3). F����¤ , �y(w�n�ÞKŒ,´.D0¦Gý&é
X�²�…�¯�y�•
��Ç

�$;´ (�þ Gauss �y�• [55] �` Bessel �y�• [57] ��	ú Airy �y�• [58] 1y)�Ã�@�ÿFO�Ö�$�� [59, 60]. �v�_ , �y�•
�

;´,´
<�&FJ�h�J�*)à�ñ�Á (side lobe), �,8$Q�6ü�Ÿ
¼�g
ñ,´�y�•�T . 2014 �¤ Betzig 1y
��>�¶ Lattice

Light Sheet Microscopy, �6 Bessel �y�•
¼5��´�y-(5�
8 , �×+O�¶�Ê�Þ2£4×�y(wLe�G, �Î)à�¶4ö7��Ø�Ë�–

	ú7
6þ
�6â,´��FO�ÃQ��6EØ�Ã�~�y�•�T,´�y(w�n�Þ�@�ÿ [61].

�A
-
X��FOQ��6EØ�y(w�n�Þ�@�ÿ�°�_.D
��éM’ , �•�9E³�j�àNÆ,´���Œ . �»�² , 	G�Ü�W�–Lx8Ÿ�Q�?4ô

F��O
��>�¦.D�f�¶�*�¾Cµ� 
�B3�f�ß�ÖF?KŒ�•�›�ÿ�×+O�y(w,´�W?ö
j�ÃQ��&0ª�6EØ�à
»	ü�y�€�y(w

�n�ÞKŒ[62]. 	~�]0��°�W�–��)â�?4ôAîAÑ�¶�0/ý	ü�y�•�y(w'—�>�n�Þ�›�ÿ�@�ÿ�é#� , ��	w�¶�y(w�n�Þ

KŒ,´�@�ÿFO)·[63].

(2) �y� �@�ÿ . �y� �@�ÿ5�
8�¶�y�–�@�ÿ,´Q��)"��Ö
¼Cµ� �@�ÿ,´Q�0¯F?$!�Ö(©&é , �§�7D�Cº�6

�€�Ã4ô4÷�Ã�˜�È�J�Z�j�Ö,´Q��6EØ�@�ÿ7-�Ë [64]. �y� �@�ÿ�T�¦F2
8�¾>p1Ñ�@�ÿ , 
X>p1Ñ�µG�	ú
˜
$4ô

3) Method of the Year 2014. Nature Methods, 2015, 12: 1.
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4÷,´+î+õAú�Ý�Ã�*�¾6ï,T>p1ÑEé+|�@�ÿ,´2î�ö�{�_�,8Z�Ã7A>p1Ñ>p#q�Ø�Ë�–�@�ÿ1y�éM’G-�9�¸�­,´�x

�Ì [64, 65], �9�K5		k�–�@�ÿN¶���V�•�°�_M™�à . 
-Lu�:�y� �@�ÿ,´��>˜�ê(™�j St. Louis 	~-�N¯�W�–"š

0û�¿�‰�¸ , ��N¶�,,´�?4ô
X�F+|�:OÆ!Q�Î)à�¶Q��6EØ,´�?�Ø(™�y� �Ï7-�@�ÿ , 9ç�Ç�¶�?UP�}��#û�$5��Ã

�Þ>p1Ñ��	ú,Þ�;0+�=6ï,T,´�y� 
.�ÿ , �Î)à�¶�þ>˜�r"�4ö>p1Ñ (���Z�Þ2£ ) �`$!�r#k�ƒ4ô4÷ (���Z"�

2£) ,´�=
<�6EØ)·�y� #k�ƒ�@�ÿ [64]. �A
-
X�y� �@�ÿN¶��,´.D0¦!“
X;��ó�0�… [66]. -��} , �"�9	5��	~

	‡�893�W�–�Ã�]
-0��–L’$!
c�xF��°�_.D0¦L’�Ã	~�]0��°�W�–1y�J�æ0�.D	…�}�þ�»�y� �@�ÿ�°�_,´.D

0¦ . �»�² , 	~	‡�893�W�–FÒEî�?4ô��
X 2003 �¤�a���*�¦Añ�Î�¶�0/ý�9�x,´	Ï�}�y� ��
'�ð#{�é#� [67],

!”
>�0�…�¶���K�T�ÃQ��6EØ�Ã��FO,´�y� 	k�–�Ï7-�@�ÿ	ú�Ä+X.D0¦ [68,69]. �]
-0��–L’$!
c�xF��°�_

.D0¦L’�»�Þ�?4ô
��…�¶Q�FOQ��6EØ�y� �@�ÿ�°�_ , �¦�>�¦���y�–
¼Cµ� �°�_5�
8 , �j�ó>p1Ñ+î+õ1y,´

���OAú�Ý
¼"ë+Ç���Ë�à,´���§ [70, 71]. 	~�]0��°�W�–P¶$5K��?4ô
X�y� �@�ÿ,´�°�_
¼�Ä+X�éM’ , �•�Š

�¶�WGÿ3+5�$!�•,´���Œ [72∼74]. �0F� , �����Y+X+e�×
�'VF?KŒ
¼�@�ÿ�y4Ô�• , �Î)à�¶�0�‡�6EØ)·F�5�
�

B3,´�J�j�Ö�y� �n�Þ�@�ÿ3+5� , �¦ Z
A�6EØ)·
��þ4Ö 1 µm 
�	F�` 44.8 µm ���: , UP6c>p1Ñ5•5�
X�ƒ

�@�ÿ�…/j�¶3+5�,´
X�ƒ�J�j�Ö�@�ÿ7-�Ë [75].

(3) 
X�ƒ�J�y�€�n�Þ�@�ÿ . 8� 1990 �¤
��>���• [76], �J�y�€�n�ÞKŒ4ÿE÷�J�¤,´
��… , �"4ÿ�¯#��Ä

+X�¾+O
­0��–,´B(�JN¶�� [77]. �J�y�€�n�Þ�@�ÿ�°�_
���+X�¾�?UP�F�¦���*�£�Ø(™ , �Î)àMŽ�å�•�WQ�

�6EØ)·
X�ƒ�@�ÿ , �"4ÿ�@�j/Ž4ÿ0��–.D0¦�õ�=
��A,´�{!å [78]. F��¤�• , 
-�µ�F,´.D0¦Gý&é�_FJE÷�à
»

79�â%ð�y�˜ [79]�Ã�9�y�€%ð
� [80]�Ã8�F2�Ä�y�– [81] 1y�{!å�•�iF��J�y�€�@�ÿ,´MŽ�å�•�W5
�)0¯F?$!�Ö ,

�F65�_FJE÷5�
8�Þ
»	FF?KŒ�•�Î)à�µ0Õ�?�J�y�€�n�Þ�@�ÿ [82, 83]. �A
-
X
X�ƒ�J�y�€�n�Þ�@�ÿN¶��,´

.D0¦!“
X;��ó�0�… . -��} , .D0¦	…�}�k?±	5��	~�]0��°�W�–�Ã/¿�*�893�W�–�Ã	G�Ü�W�–�Ã1\
��Ë	k�W�–

1y. �»�² , 	~�]0��°�W�–�.4ý5Ô�?4ô.D0¦�¶�*�¾� �y�›�ÿ�˜,´Q�FOL¿�j	ü�y�€�n�Þ�@�ÿ�é#��Ã�°�_�>

3+5�, �Î)à
X#k�ƒ�?�Ø(™ (�?UP) ,´
X�ƒ�Î�&�@�ÿ [84∼86]. /¿�*�893�W�–Lx�*�à�?4ô�Y+X�J�y�€�n�ÞKŒ

1y�°�_ , �0���¶MŽ4ï�W�yBa�@�ÿ�à�°�_
X6ï,TAú�Ý
¼"ë+ÇAô�`�],´�Ä+X.D0¦ [87,88].

(4) MŽ�7Aà�y�–�@�ÿ. �*�¾9—�y�7Aà(™,´�y�–�@�ÿ�°�_�j+O(™	k�–.D0¦�V�•�¶���W,´�j�J . �v

�_ , 9—�y�7Aà�Î#��ý'f�9B(�JL�NÈ (�»�² , �²�…�Î)àQ��x(©�2�W�7Aà�Ã�²�…F¯�}�¢� �p.D0¦,´+O(™E÷0;

1y) [89]. MŽ�7Aà�y�–�@�ÿ�°�_�*�¾�µ$À�W(™CX
XQ��y�j�;,´MŽ4ï�W�y�–
ý�Ä�•F�>|�@�ÿ , F¯�}�¶9—�y

�7AàF	�Z�h?ñL�NÈ [90]. F��¤�• , �¼!QB@#��@�ÿ(SHG)�Ã-(�¢	ý Stokes Raman �“�4 (CARS)�Ã
�%ð

Raman �“�4 (SRS) 1y�J/ýMŽ�7Aà�y�–�@�ÿ�°�_
��`�¶�¯#��£#� [90,91]. �»�² , ���V"��Ê�W�–,´ Yuste

�?4ô�Y+X SHG �°�_�•�Ø�1#{Gÿ/Ž4ÿ�s4ö7�7Ì,´/Ž4ÿ+e�} [92]. 
ø�‹�W�–,´BR�ƒ�Þ�?4ô
��…,´ CARS

�°�_7-�OAö�[�*726ÚNÇ2Â , 6<9—�y�n�Þ�°�_�I�Š�=�` [93,94]. �ž$Q�W�–,´0;5��à�?4ô
��…�¦�Ä+X��FO

CARS �°�_�)4ï<›�ƒ�µ4ö7�5��´
¼	…�Z4ö7��]"é72,´	F�–�@�6F�>|�6�À [95]. �v CARS ,´5jL§�_
X
<

�0�&L$Gü, �³
�7-G÷Lö Raman Ba�]�¸.�,´�0!å , 
<�&F��V�•�¶�¸Q�,´6ü�Ÿ��
' [89]. 2008 �¤ , BR�ƒ�Þ�?

4ô
��…�¶
�%ð Raman �“�4 (SRS) �°�_ . B��°�_7-�OFJE÷�)%ð�y�2�hEõFO
¼2î.ž
`B3�f�•	ëL”6ü�Ÿ�š

N#, 
����)�g
ñF�>|�ÊGÿ�6�À
¼�Î�&?ò#{ [96]. �v�_ , SRS M0?±�)�J�Z�y$À,´��
'F�>|$'
8
¼@�B+ , 6<

Ba,´
��Ð�•�J�¯	ë	§0�
��Ç
 Lî [89]. �A
-
XMŽ�7Aà�y�–�@�ÿ�éM’�9E³$!�•,´���Œ . �»�² , 	G�Ü�W�–Tô

�ÙB:�?4ô�Y+X SRS �°�_.D0¦�¶+O(™�6�€
X#k4ö7��µ,´�6�3 [97].

!”�F , �y4Ô�°�_,´
��… , 
���F��0!•�6�:F �@�ÿ�é#��¤
8�`�µ0Õ�@�ÿAî�7�: , �þ6<�¯�@�ÿ�é�?�þ

�)�«,´4ô4÷�g
ñ�F65+O(™�ƒ>˜M’$!�•�`#k�ƒ+O(™,´�µG� [98,99]. L¿-p�°�_,´�=�ÝF�!• , 
X�ƒMŽ�7Aà�y

�–�@�ÿ�9�K�@�j+O(™	k�–.D0¦,´�h+X���§�{�0 .

(5) �J Q�1+O(™�y�–�@�ÿ . �J Q�?+O(™�y�–�@�ÿ.D0¦�²�…�6�J/ý+O(™�y�–�@�ÿ�°�_�¤
8�`�0�‡3+

5��] , �Î)à+O
­#k�Ø,´�J	ò� �y�–>˜�± [91, 100,101], �k?±	5��� �ž9ç
�
¼�* Q , ��	ú� �ž=½
81y . 
X9ç
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��>�* Q�éM’ , .D0¦�µ�é�k?±Lö�]
X�=
<+O(™�y�–�@�ÿ�é#�,´Lö�@ , ���)+O(™�ƒ,´5��´
¼�Ï7-���ŸF�

>|�J@��Ö�Ã�J	òGÿ�Ã�Ø�1F�5��y�–>˜�± [91, 100,102]. 
X� �ž=½
8�éM’ , �k?±.D0¦�µ�é	5���´�*�J$À�¡�ÿ

���Ÿ=½
8�>AÑ1Ç�£
 , .D0¦�J$À���Ÿ=½
8*6Aê
¼�¡�ÿ� �žLö,´�6�À�4*6�é#� , �Î)àQ�5$#§Gÿ�¡�ÿ� �ž

,´�6�À�Ã�* Q�Ã�6�¢�ÃG}�ö
¼
�?ö	F , ��	ú�J@��Ö���Ÿ,´=½
8 , �´�*�J Q�1�¡�ÿ=½
8�>AÑ1Ç�£
 , �j+O

(™	k�–.D0¦�Ä+X���Ë�$
�M•�Ã�$�˜M’�Ã�$�ö.ž,´�Í�ž
¼.�Aö [103,104].

2.1.3 	‹�<�†�F���D�Þ�7�ö#•

	…�6�€.D0¦�û�¾ 1989 �¤ [105], 4ÿE÷F� 30 �¤,´
��… , �"4ÿ�þ�~$Y/ë�ƒ.D0¦
��…�`�Ô$Y�@�ÿ�>�Ø�1

�ð#{ , �j+O
­0��–�*�\L�NÈ,´.D0¦���Ë�¶)�(©,´�j�J [106,107]. F��¤�• , 	…�6�€�@�ÿ�>�Ø�1-�#{N¶��,´

.D0¦Lö�]
X : (1) �à
»	…�6�€9—�y�ÒJ¸	ú�7Aà�é#� [108]; (2) 	…�6�€�@�ÿ�>�ð#{�é#� [109,110]; (3) 	…�6�€

�@�ÿ
X+O
­0��–�],´�Ä+X [106,111]. -��} , +O(™�ƒ3+�],´	…�Z+O(™�6�€�Ø�1>|�j,´	Ï�}�Î�&�Ò#{ , F@$@

�@�j	…�6�€�@�ÿ�>�Ø�1-�#{N¶��
��…,´�k?±-��7
¼�}"ï�é
A [112,113], M0?±+O(™�Ã	F�–�Ã(™*6�Ã���Ÿ�–�Ã

4ã2£0��–1y�=
<�–0�.D0¦�ê
ˆ�¡
<	ò�> , �u%��¶0��–�K�à,´�jFw .


��F , �Þ4ã�Ð���°�_,´F�!•�V�Ø�¶4ã2£�y�€�–,´��FO
��… , >˜M’1y/ë�€�Î�j�°�_
����¯�Ç�g
ñ�6

�€,´9—�y��
'1y�Î�j� 	s�= [114], 6<�ˆ
X�¾H��Ž4ã2£5��´L$LÉ,´>˜M’1y/ë�€�ƒ�Þ&é (surface plamonic

hotspots) 
���F��0!•�6��
'�Î�j�@,®�:	s�= [115]. F	�Ë�à�°�_�W�W��Q��¶	…�6�€�ð#{,´&¥�•�Ö [116].

2.2 �Ð4é2©4Ý2ô�Ü�•�œ>žM˜�ö#•�¶�e

�i�ž�˜*3	z�,�ƒ
��…D�4ï
. (ITRS), �y�k�j,´4ï�í-��}!“�þ��	q4ã2£F@!•
A	q��4ã2£�ØF� , �j%�

Cã�y�k�j�
�y�y�–3+5�,´CµQ�2î�Ö,´�ð#{M0"r , 
-�FN¦�F�y�–�œ
(
¼.D0¦�j�´�"�Î)à�¶�Ê4ã2£ (nm)

+J8#,Þ2£(pm) Gÿ4×�y�–>˜M’�ð#{�°�_ , �k?±��>˜
-�æ�j�ç
-�Ã���\�Ã5¾
- .

�ç
-Q�2î�Ö�ð#{,´��>˜�j Carl Zeiss �œ
( . �¦�k?±G÷+X�Y+X0ªL$�F��-(�}#{Gÿ�°�_,´ Direct 100

Fizeau �¢#¹�� . �ƒ�} Zeiss �œ
(�0�à.D�f,´ Direct 100 �¢#¹��G÷+X�¶5
�)#{Gÿ�°�_ , M’�’#{Gÿ2î�Ö�"

Eî�` RMS 0.1 nm, �¦�@�Ï+X�¾ EUV �y�–�s�&�fFP�ð#{ [117,118]. ���\Q�2î�Ö�ð#{,´��>˜�j Nikon �œ


( , G÷+X,´�_&é>}�4�¢#¹�� . 8# 2009 �¤ , ���\ Nikon �œ
(�"�*0û�¶�0�‡�¼�7,´ EUV #��ÿ���ð#{3+5� ,


��6�[�Î)à
�?ñ�y
¼ EUV ���Œ#�K¯ 13.5 nm ,´3+5�#��ÿ���ð#{ . 8# 2010 �¤ , ���\ Nikon �œ
(.D�f

,´Q�2î�Ö�¢#¹���"4ÿEî�`MŽ*3M’M’�’�ð#{ 0.1 nm RMS ���µ,´�ð#{2î�Ö , .D�f,´ EUV �Å�¡(™KŒ�y�–

3+5�,´#��}�ÿ��Eî�`�¶ 0.4 nm RMS [119∼121]. 5¾
-Q�2î�Ö�ð#{,´��>˜�j ZYGO �œ
(�Ã5¾
- Lawrence

Berkeley 
-�æ�ÎP¼�Ô
¼ Lawrence Livermore 
-�æ�ÎP¼�Ô1y . Lawrence Berkeley 
-�æ�ÎP¼�Ô
X 2002 �¤

�"�Î)à�¶ 0.25nm RMS ,´#{Gÿ2î�Ö [122,123]. 2014 �¤ , ZYGO �œ
(�> SEMATECH �œ
(
8�Œ.D�f�¶

NA0.5 ,´�Þ�
�y���§ (MET5), �¦#{Gÿ2î�ÖEî�`�¶ 0.16 nm [124,125].

�A
-,´Q�2î�Ö�ð#{�°�_
X�Å�¡�
�y3+5�.D�fN©-�,´�Ø�Ø�>(¥�E�; , F�>|�¶�=�A�Ú�Ë
¼�Ò3R , �"4ÿ


��Ç�¶�0�Ë�9�?�y,´Lf!å�@�Ì . �m1Ñ�²!” , �A
-
XCµQ�2î�Ö�ð#{,´�*.p.D0¦�Ã�Ä+X.D0¦�Ã	Ï
»�g�j
¼�C

+XAî�7.D�f�éM’�ý�n�Ç	q�6;´�a , �v�p.D�f,´�¢#¹��,´
�M•�ð#{2î�Ö4Ö�j 5 nm Gÿ4×, �>
-Lu�xF�"d

�£F��ˆ
XE³�W��D
 .

2.3 �?5*0°L*���¥2ô.¤��
��D2ô�ü�ö#•�¶�e

�95$�ƒ	  (3D printing) �M�#C§$À�¾19 �F4Ú�[,´5¾
- , �¦
X 20 �F4Ú 80 �¤���Ç��
��…
¼�Ø�¯ . 3D

�ƒ	  (�•0 �Î�€�fFP (additive manufacturing)) �_��FO�@�’�°�_,´�0/ý , �³��� �‡ Q
»�·�&�j�*.p , F�
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+X2¹�[(æH��Ž�F�•�É1y
�2È
8�€�É , FJE÷F@�r�ƒ	 �•�´FP(™�ƒ . E÷	ë�¦�h
X Q�§�fFP�Ã���JAîAÑ1yN¶

��>Û+X�¾�fFP Q
» , )à!“F@$@+X�¾�×
ñ,´-$�Õ�fFP, (©�[�_�0�ËQ��'�l�Ä+X ("��²Pû�£8²�F(‰U¯ , �F�0

�ËO��jM&G��& ) ,´M&G��&. 3D �ƒ	 �¯�+�…�=�r�’(æ,´AîAÑ
w
���FJE÷ 3D �ƒ	 �j�Î)à , ��M0�j�à�Ð��

�F Q�§ , �þ6<�±�W
`5Y.��¶�×
ñ+O�×
˜�O , ��Q��¶+O�×�x)· . 3D �ƒ	 �§�98²4Ö�€�É�Ã�~7-$À#¸6G�Ã�Ð

��
˜�O.���	ú
��Ð���=�r�’(æ1y�H�ï , 
�+X�¾���J�Ã"­E–�Ã8Z0ª8Z�Y�Ã�Ë�»�Ã	k+Ç1y�G�J�Ä+XN¶�� , �T

�¦
X2î�öM&�&�Ã�=�r�’(æM&�&	ú8�+a�’(æM&�&,´�fFP�]%Œ�Ë���W , �ï�õ�@�j�Z�•�fFP�J,´�G�J0±.d�°

�_�{�0 .

3D �ƒ	 �Œ�j�0/ý�à�¤,´�Ð���fFP�°�_�"4ÿ�@�j
-�æ>õ�7�fFP0��–�>�°�_N¶��,´Gý&é�}"ï.D0¦�é


A , !W5¾
�Eî
-�æ�Ã���\
¼�]
-1y!“
X�f�Ê
��…
¼�Ø�Ø 3D �ƒ	 �°�_,´
-�æ�H+•
¼
��…?ô�B . 2004 �¤ ,

!W-��0�û�]�* 3D �ƒ	 �K�à�]�ó — !W#b3D �ƒ	 �°�_�£
 (The European Additive Manufacturing

Technology Platform — AM Platform) [126], �¦�k?±�Ï7-�_���Ë 3D �ƒ	 
��…,´1†+•�>M0"r�6�À.D0¦ ,

�j!W-��—���J�o1†	ú.D
�AÑ�B,´�f�Ê���Ë	ò63�Í�ž . AM Platform �¾ 2012∼2014 �¤
��3�¶�J(x�É 3D

�ƒ	 �H+•.D0¦AÞ0;�Ê�Õ
z , �j�¤�Z!W-� 3D �ƒ	 ,´�°�_F�!•
¼�×�J
��…���Ë�¶�7�,�v�æ , �¦-p�Ë�Ø�Ø

3D �ƒ	 �@�j�0�Z
���K¯�O�Ø�Ø!W#b4ÿ#~
��…,´�£K^�°�_ .

2012 �¤5¾
-�@0ûOÆ�Z
-�æ�fFP�J�K�à�]�ó — 
-�æ�Î�€�fFP�K�à�]�ó (National Additive Manu-

facturing Innovation Institute—NAMII), )·�x
X
-�æ�rM’�:�Ø�Ø 3D �ƒ	 �°�_
¼�×�J,´��FO
��… [127].

B��]�ó+aMŽ:U�Y�W�j�´
-�æ
-Lb�fFP�>�Ð���]�óN¶�, , �J�Z
-�æG�L��Ã�W�–�Ã�fFP�J�1�J
¼MŽ:U�Y4ô

4÷	ò�> . 2013 �¤ NAMII �$
=�j “5¾
-�fFP (America Makes)”, �� 3D �ƒ	 �j�7�•&é , 3+5��W�3�p� �‡

	F�fFP , B�
.FJE÷���Ÿ5•5��°�_�>�P5��fFP�J-(�Â$GF?�Ã$!�Ö=½
8 , �Î)àGý�_�fFP�J,´
-�æ�H+• .

���\�o�Ì
X 2014 �¤�Å�• 40 �ï���s , +a4ÿ#~�×�J-14ô4÷�Î�í “�� 3D �ƒ	 �j�h�ó,´�fFPM™
­AÑ

�B” [126]. B�AÑ�B�6�j�T�Z�kNÈ , �¦�] “�à�0���1�J4× 3D �ƒ	 �j�°�_�0
� ” �kNÈ��H��Ž�€�É 3D �ƒ	 

�j�j�)B‘ , �)+e�€�•
¼%ð�y�•�T/ý7-Gÿ$À��8ªF�>|.D0¦ , �04ø,´-�,´�_�0
���FOQ�2î�ÖH��Ž 3D �ƒ	 

�j , 	£�` 2018 �¤�[�Î)à�ƒ	 FO�Ö��Q� 10 �= , 2î�Ö��Q� 5 �= , �Ë�¹
X 2020 �¤�Å�•�Î+X . 6< “Cµ2î�ö 3D

�@
»3+5��°�_�0
� ” �kNÈ��.2 Q�€�É 3D �ƒ	 �j�j�)B‘ , -�,´�_�Î)à��FO�~�@�\.2 Q 3D �ƒ	  , FJE÷��

Q��@
»FO�Ö
¼�0�W�@
»�j�(�•��	w+O�×�x)· , 
<�&L}�~>õ5ž,´�'�l , L}�~K( Q�fFP�@�\ , �04ø��	w.2 Q

3D �ƒ	 1��¹�Ë .

2015 �¤ , �]
-���J
¼���Ÿ	FG��Ã
-�æ
��…
¼�iM™��
ˆ�J�ÃCR�oG�!“�?
��3�É
-�æ�Î�€�fFP�×�J
�

�…�ØF�AÑ�B(2015∼2016 �¤ )�Ê, �þ
-�æ�H+•Q��Ö���* 3D �ƒ	 ,´
��…�é
A
¼-��7 [126]. B�AÑ�B�6J¸�)

3D �ƒ	 �×�JK.�]
4�£K^)ß8²�²�€�É�Ã��8ª�ÃAî�7
¼�7�ö�],´�h�ó�°�_+&N¸F�>|�3�p , �Î)à�°�_
¼�×
ñ

�:,´��FO
��… . 
<�& , B�AÑ�BF��6FJE÷M0"r(¥�E�>�K�àP¡�Ø-(5�
8 , 3D �ƒ	 �°�_
¼�P5��fFP�°�_-(5�


81y�é�? , �•�ØF��]
- 3D �ƒ	 �×�J�•�ç�9�¿
��… .


X�˜*3�p�9,´ 3D �ƒ	 
��…�H+•?ô�B�] , �95$0ªL$���Ÿ2î.ž9ç
��>2î�ö�ð#{�é#�
¼�°�_�_ 3D �ƒ

	 �°�_�Ð��2î�ö�=�rM&�&,´�h�ó�*.p�
LÌ�°�_�{�0 . -��} , F2+X�¾3D �ƒ	 ,´-(�£�ð#{�é#�
¼�°�_�²

Cµ� ���• [128]�Ã�ð#{�°�_�44ïAÑ1Ç�j�r�À�ð#{�°�_ [129]�Ã5��´�y 3D �›�ÿ�°�_�Ã�‘4é�Å�¡#{Gÿ�°�_

1y [130], �ˆ
X�ð#{�7�7	…�0�Ã�ð#{�)B‘
�L€�Ã#{Gÿ2î�Ö�~ , �J Q�?�ð#{� �ž�=7-�¡�Û
¼=½
81y5j&é . +a

�¾F2+X�¾3D �ƒ	 ,´-(�£�ð#{�é#�
¼�°�_,´.D0¦-(�)%�
> , �D5j�•-(�£�ð#{�7�ö
¼?ô93 , �¯�Ç 3D �ƒ

	 FJ�hG÷+XB�KI#� (trial-and-error method), FJE÷���i�Î�€�fFPE÷0;	ò� 	ý�=B�P¼��9ç�Ç�pM0,´�Ð��

CXGÿ, B��é#�Ci�&�Ã2î�Ö�~�D�@�\Q� , Lî��F2�ÄQ�2î�Ö 3D �ƒ	 �°�_�Z�•,´
��…M0"r [131∼133].
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2.4 Q�&«�…�Ü2ô4ü�•Bg�Ô�,�ö#•�ï#��D�¶�e

Q�&¥�•�Ö2î4ö�yBa�Î�&�ð#{�é#��>�°�_�=�õ=½
8�¶���Ÿ0��–N¶��,´�°�_0�3_
¼�0�à
��… , 6<�D�•


X�$Q��r!Q�:�9�Ë�Ø�Ø���Ÿ�Ã+O(™�Ã	k�–�Ã	F�–�Ã�€�É1y-(�£�–0�,´�Ô	ù=½
8 . �ƒ�}
-�µ�F,´.D0¦�k?±

Lö�]
X���;���Z�éM’ .

2.4.1 	‹�<�†�•Bg�ö#•

�ƒ�}+O
­0��–�Ã�€�É0��–.D0¦�"4ÿF��•	…�6�€Lf!å , �<�K�þ�W�6�€"d�£�:.D0¦+O
­#k�Ø,´?ô�»�Ã

+î+õ,´
�+O�>
��…�Ã9Ÿ(™�>�j�ƒ,´-(�Â�Œ+X�Ã�6�€�Ø�Ë�–E÷0;1y . Q�&¥�•,´�yBa�ð#{�°�_�j+O
­0��–

	ú	…�6�€.D0¦���Ë�¶�0�Z�¸�­,´�{!å [134∼137]. �)	…�6�€,´.D0¦
����{�=�P5�#{Gÿ�]�WGÿ�6�€FP�@,´

�£
w�x�Ä , ��/j
X	…�Z�6�€�r!Q�:,´(™*6
¼	F�–,´�*�\?ô�» .

�*�¾	…�6�€>˜M’�Î�j
¼J¸�F�Î�j,´�yBa�°�_�_B�N¶���ƒ�},´'�&é . 2013 �¤ , �]
-0��–�°�_�W�–:“

�_Cµ�?4ôM™�à�¶Raman �@�ÿ�°�_ , �Î)à�¶
-Lu�:�0Q��6EØ)·	…�6�€ Raman �@�ÿ — 0ªL$�6EØ)·Eî�`

0.5 nm, 
X
-Lu�:OÆ!Q�Î)à�Ê4ã2£�6EØ [138]. F	N©.D0¦�)�¶@��Þ?ò�F+| , (©�[�_�Þ?ò�Ü	F	ý�Ä�j�f�Ã�6

�€4ã2£�˜�&,´�Þ?ò�´FP
¼	5�� DNA #{�¿
X�µ,´Q��6EØ+O(™�6�€�@�ÿ , G-�§�9�±�¦Gý?±,´0��–�?�y
¼

�Î+X�'�l . 2014 �¤,´B*CM�D	F�–�†�¸�¸�¶Cµ�6EØ9—�y�n�Þ�°�_ . B�N©�°�_FJE÷�¯+X9—�y�6�€, ���É
`

�ƒ.d�¶�P5��y�–�n�ÞKŒ,´>}�4�±L€L€�f , �6�y�–�n�ÞKŒ�V�•�¶4ã2£5$�Ö [139]. 	…�6�€�ð#{.D0¦�)B‘�k

?±	5��+O(™�W�6�€�ÃQ��6�€�Ã.ã4ã2£1Ñ�Ã4ã2£2Â�€
¼���É�6�€1y . ��Q�	…�6�€�yBa�ð#{,´&¥�•�Ö�0-$

�_B�N¶���Ú�Ë,´-��7 , �ƒ�}
-�µ�F,´.D0¦�k?±Lö�]
X�)	…�6�€>˜M’�Î�j�j�f,´.D0¦�Ã�)Q�0ªL$�6EØ)·

	…�6�€>˜M’�Î�j�yBa	ú�@�ÿ,´*6Aê Q��
¼�ÎP¼.D0¦ [138,140,141].

2.4.2 Q�2ô�Ü�•Bg#•H�

L¿-pF��¤�• IT �×�J
¼	z�,�ƒ�fFP�Ã� �‡FJ��N¶��,´EõFO;��ó
��… , ���y+e�€���Ÿ�€�É�j��>˜,´

;´�r�€�É(©�±	òGÿ#{GÿCº
�Gý?± . �²�W?ô QLö�@+eD�+O�×��8ª�],´
4/ý;´7Ì5��´ , +a�¾+eD�Lö�@0;�Ö

�=�Ý��Q� , ;´7Ì	Ê�Ö,´�+�…�Þ�?�•�� , -$�Õ�ã�Ê�¶Lö�@+eD�,´�W7-�H�Ó . !”�F , ;´7Ì�€�É,´�Ë�–�W7-�Ã

F?�y�W7-�Ã.ñ�W7-�Ã'��,)·�Ã>˜M’5��´1y�•G-�>	Ê�Ö�9-p�ö�7,´6„3+ . 6<Q�2î�Ö,´�y�–�ð#{�ã�Ê�¶2î

�ö�Ð��
¼+O�×E÷0;�],´Q�2î�ÖCXGÿ�×�f , 
�!” , �Î)à�$;´�Ã�$2î�ö,´;´7Ì	Ê�Ö#{Gÿ�0-$�_.D0¦,´'�&é .

�yBa�]
6�•�_#��_�"�9#{Gÿ;´7Ì�02î.ž,´�é#��{�0 , 7-#{Gÿ�¸;´,´7Ì	Ê (1 nm) [142], #{Gÿ2î�ÖQ�,

F2+X�¾Cµ;´7Ì, 
��Î)àMŽ�Õ@�#{Gÿ ; !”�F , F�7-#{Gÿ�y�–�h� ��	ú�€�É�Þ5��´ , 
�!”�±�§
��…�}�Ÿ . �Î

)à2î.ž�yBa�]
6�•�_#{Gÿ,´�£K^�_�Î)àQ�2î�Ö,´�yBa#{Gÿ [143]. 'f6< , +a�¾�ƒ�}�yBa�]�•�°�_�h�ó�˜

�&�{�0,´�yBa���ý�ˆ
X#{Gÿ�V�í�=�O�Ã�r�“�yLî���Á�f��	úK¯�O���Œ0c�Ê�W�=Cã,´L�NÈ , L€�f�¶B�N©

�°�_,´F��0!•
��… .

2.4.3 ,�H�+U	L(ŸC^�•Bg�ö#•

�),�Gÿ+O	F(™CX,´Q�&¥�•�ð#{�>�6�À
X+O(™	k�–Aú�Ý�Ã)ß�³-�#{�Ã�W"DF•�O�Ã"D�ƒ"ô%?N´A–�Ã(6

&è(™#{Gÿ1y�]�§�9�¯#�,´�Ä+XM0"r . �yBa�°�_
��¦&¥�•�ÖQ��Ã
ý�ÄFO�Ö���ÃMŽ�Õ@��Ã��"‘���Ã
�F•#{

,´�H&é , 
��U-pGý?±,´�Ä+X�'�l . �j�¶�ð#{"D�ƒ�],´,�Gÿ4ô�@�Ã#â�ƒ�],´�ÞGÿ�rCX��	ú
O���],´�ÞGÿ

�s3P, -��}
-�µ�F�žF}G÷+X,´�yBa�°�_�k?±	5�� Fourier 
��’4Ò�F�yBa�°�_�Ã3[�F���6
h�f�yBa�°�_�Ã

F�4Ò�F%ð�y
h�f�yBa�°�_�Ã9—�y�yBa�°�_�Ã%ð�yB!�,�+0¯�yBa�°�_�Ã7„�Î�j /> 9‘�yBa�Ã�y� �yBa�°�_

1y [144,145]. �A
-�"�9�J�æQ��Q�>0�.DL’�p�x
>�0�…B�2«�°�_.D0¦ , �v�>
-�F�xF�"d�£F��9�0�Ê��D
 .
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B�N¶���ƒ�},´�k?±L�NÈ�>.D0¦'�&é�j : �)�¾�$�~
[Gÿ,´,�Gÿ(™CX , �²�…F��0!•��Q��ð#{&¥�•�Ö ; 
X�J/ý

�¡�ˆ4ô�6#{Gÿ�& , �²�…�ÂL”4ô�6�¢� �¦��Q�F9���W ; 
X�ˆ
X�Z.�4ô�6#{Gÿ�& , �²�…F�>|�9�x�yBa���Ÿ,´

1‹F9
¼�6/ë ; �²�…
X	…!Q#{Gÿ
<�&9ç
��J	òGÿ���Ÿ ; �²�…�Î)à+a&é�Ã�`M’�Ã�`0û�ƒ0ªL$,´�J�j�Ö#{Gÿ ;

�Þ�a�yBa��
',´�ð#{
¼Aö�[ ; ��	ú0±.dF�4Ò�F#�!åL€�f,´�Î+X	F%ð�y�y$À,´.D�f .

2.4.4 �•Bg�F��

�yBa�@�ÿ�°�_
h�f0ªL$�°�_�Ã�Þ+e�€�°�_�ÃAÑ1Ç�j
¼)à�����Ÿ*6Aê�Ã� �–�4*6�é#�,´	ƒCº�@�Ì ,

�6�yBa#{Gÿ�°�_�>�y�–�@�ÿ�°�_���É5�
8 , 7-
<�&9ç
��¼5$0ªL$���Ÿ
¼�05$�yBa���Ÿ , ��
��¼�@�yBa

�°�_,´�Ê�W�Ã�ÊGÿ�6�À , 	ø
���F�>|0ªL$�Ê�} , �_-��}0ªL$�Ò#{�Ã
`(™F•�O�Ã�W"DF•#{1y�Ä+XN¶��,´.D

0¦'�&é . �>
-�F-("� , 
-�µ,´.D0¦C§!•E³�Š . 
X�Z�• , F��0!•=½
8�J/ý�Ò#{�{!å , �O�Ù�=
8�J5$�Ã�J�Ï

7-�P�O�˜
¼�J5$���Ÿ�Î�&�4*6�ÃF�1Ç�{!å , 
���
<�&5	�*�Î�&�J5$���Ÿ,´�˜�àM’B¼�6�_�yBa�ð#{�°�_

,´Gý?±
��…�é
A . �ƒ�},´.D0¦�k?±Lö�]
X : (1) �yBa�@�ÿ�Ò#{�é#� ; (2) Q��yBa� �ž�Ê�7 ; (3) �yBa�6�À

 Q
»�>�é#� ; (4) $'
8�yBa*6Aê�>�yBa�6@� ; (5) �yBa
.�ÿ�62«�>-��7Aö�[ .

3 
��‹CÁ�õ

CµQ��6EØ�ÃQ�&¥�•�y�–�ð#{�°�_,´�k�ƒC»�ï�_
��…�$Q�0ªL$�6EØ)·�Ã�$Q��ð#{&¥�•�Ö�Ã�$Q��&L$

�6EØ)· (�Î�&�ð#{ ) 
¼�$Q��yBa�6EØ)·,´
X
j�ð#{�à�°�_	ú�J�°�_Lö�@�Ã�à� �ž�4*6�é#��Ã5
�)#{Gÿ

�7�Ê�°�_ , ��	úM’
A�=�r�J�g�Ä+X,´Q��ª7-	F���˜ . 
4�Z.D0¦�é
A,´�§�ƒ
��…C»�ï
¼
��…�3�p�²�; .

3.1 C»Q��<EÞ�=Q�&«�…�•�œ�F���ï#��D�¶�e

+O(™�y�–�@�ÿ.D0¦!“F@$@+a	Ï�•,´/ë�ƒ?ò#{�`#k�ƒ.D0¦ , +a5��´�@�ÿ�`�Ï7-�@�ÿ , +aM‰�1�ð#{�`

�Ø�1?ò�� , +a “-;�Ç?ñ ” F@$@
A“-;�Ç$5 ”�Ã“-;�Ç�ö ” ,´�é
A
��… . �Z�•���¤
��…C»�ï�6
x)à�²�;(©&é .

(1) 2î4ö	F . ?±"r�$Q�,´0ªL$�6EØ)·
¼�$�W,´�Ò#{$!�Ö . CµQ��6EØ�y�–�@�ÿ�°�_�6F��0!•�þ-��}

,´�Ê,®4ã2£�6EØ)·
A	q4ã2£�6EØ)·�ØF� , ��%�CãGý?±+O(™#k�Ø-(�£�6�€�F�»�&,´2î.ž�95$0ªL$�Ê�}�Ã

Q�2î�Ö�g
ñ>˜M’�’B¼	ú�µG�5��´�ÿ5�1y�Ä+X.D0¦,´M0?± . �j�¶��Q�CµQ��6EØ�y�–�@�ÿ,´$!�Ö , �õN«�þ

	Ï*6�:F¯�0�FL}�~+O(™4ô4÷�y�“�4�)�@�ÿ$!�Ö,´�¡
ý , �Î)àCµQ��6EØ)·�y�–�@�ÿ$!�Ö,´0±.d ; CµQ��6

EØ�y�–�@�ÿ�°�_
����>�¦��
X�ƒ�y�–�n�Þ�@�ÿ�°�_-(5�
8 , @��ã#k�ƒ�µ�=
<$!�Ö,´D��r!Q�@�ÿL�NÈ ,

�j#k�ƒ�µ+O
­E÷0;�],´�6�€�»�&.D0¦���Ë+a�Þ?ò�`�¿?ò,´�J�j�Ö.D0¦�{!å .

(2) Q�FO	F. �j�¶%�Cã�)�¾�g
ñ(©�[�_+O(™#k�ƒ�g
ñQ�2î�Ö�Î�&?ò#{,´M0?± , 
X�
AñQ�0ªL$�6EØ

)·,´�*.p�: , M0?±F��0!•5Y.�
.�ÿ,´9ç
��&L$ , �¯�¦�Ø�1�@�ÿFO�ÖEî�`?öNÁ"d�£ , �¦�D7-�O�)+O
­#k

�Ø���ËK¯�&0;F�5��@�ÿ-�#{ .

(3) �J�g	F . J¸�)4ö7��Ã4ô4÷��	ú#k�ƒ�Ø(™1y�=
<�g
ñ,´(©&é , ��	ú+O(™	k�–B(�JN¶��,´.D0¦(©

&é, 
��…�$�J2«
»,´�y�–�ð#{�é#�
¼�°�_ , ��	ú-(�Ä,´
.�ÿ�4*6���§ .

(4) �=�r	F . 	…�0,´�g
ñ�7Aà�>�@�ÿ�é�?��#�%�Cã�ƒ�ú,´.D0¦M0"r , �þ	…8¢�Ò#{�`�J8¢�Ò#{�Ã�þ9—

�y�@�ÿ�`MŽ�7Aà�y�–�@�ÿ , �_-��},´
��…?±"r . �u�6
��È9—�y�@�ÿ,´�j�Ö�Ã�yBa�Ã�•�_�Ã�}-(�Ã�/
­
¼

MŽ4ï�W1y�`�ü���Ÿ , 
X+O(™#k�ƒ�µ�Î)à�J�6�€�»�&,´��FO�¦>|�ð#{ . .D0¦EÀ�4CóEñE÷0;�>��EÀ�4CóEñ

E÷0;�{L$,´�£3+ , �*0û��
'�×+O�à	Ï*6,´�y�–�@�ÿ�é#� .

1144



�]
-0��– : ���Ÿ0��– 1\ 46 	§ 1\ 8 �O

(5) �ª7-	F . �)�°�_,´�ý�ŒLî�Ö?±"rCº�•Cº�~ , �)3+5�,´8��Ø	F?±"rCº�•CºQ� . .D�f�ƒ0��?�Ã�Ï7-

�j�Ã�Ï6G�~,´���˜
¼3+5� , �Î)à�ý�Œ8��Ø	F (8��Ø�Q�ö�Ã8��Ø�uLÌ�>(æ�1�ðP¼1y )�Ã� �ž�Î�&�4*6	ú�n

/j , �¦�D�§�9	û�­,´�ê�j�)B
7-�Ë .

(6) �J Q�1�n�Þ�@�ÿ . �j�¶�Î)àFJ+X�W�$�j,´CµQ��6EØ��FO�y�–�@�ÿ�é#� , 
����¤
8�J/ý)à�9Cµ�6

EØ�n�Þ�@�ÿ�°�_�`�0�‡3+5� , ���™�W�g
ñF2+X93
$ , �¦�D�9�K�þ�J�Z$PFƒ
<�&9ç
��g
ñ�J�éM’,´�y�–

>˜�± , �Î)à�n�Þ3+5��J�Ï7-	F . -��} , F	/ýC»�ï�"4ÿ�n)à , �»�²9—�y
�%ð
��4�•6G�°�_�>9—�y-(�£�yBa

�°�_5�
8 (STED-FCS)�ÃpSIM�Ã	Ï�€�Ë�>�y�–�n�Þ�@�ÿ5�
8�Ã�n�Þ Raman (Raman-M) 1y�à�°�_�Ã�à

�é#� . N´AÑ�Z�•F	/ý�J Q�1�n�Þ�@�ÿ,´C»�ï�6�$�Ð�>�n
¼�™�W	F .

3.2 �Ð4é2©4Ý2ô�Ü�•�œ>žM˜�ö#•�¶�e

�y�k4ï�í�=�Ý�ÿ�?�_�y�k�j
��…,´C»�ï , �y�k4ï�í�"�þ 21 �F4Ú�M,´ 90 nm�Ã65 nm F@!•
��…�`

�¶ 22 nm, +J8#�$�?4ï�í . �>�{�)�Ä , �y�k�j�
�y�y�–3+5��fFP�)�ð#{2î�Ö,´?±"r�•L¿�{�=�Ý��Q� . 
-

Lu�:�
�y�y�–3+5��fFP�)�ð#{,´2î�ÖM0"r�"+a�Ê4ã2£4×F@!•
��…�`,Þ2£4× , 
<�&�)&¥�•�Ö
¼���š"�,´

?±"r�•�=�Ý��Q� . �Ê4ã2£4×2î�Ö�y�–>˜M’�ð#{�°�_
��…C»�ï�k?±>˜)à�j : �þ-(�)#{Gÿ�`5
�)#{Gÿ , 0±

.d�ð#{���˜
¼�ð#{�é#�,´2î�ÖL€�f , �*0û5
�)�7�ö , �Î)à�y�–>˜M’2î.ž#{Gÿ ; �þM‰�1#{Gÿ�`-Ü�1#{Gÿ,

L}�~�))ß�³�×�f,´�ÍC†�W , �ÿ�?+a)ß�³
�3P�E�•,´#{GÿB��� , �Î)àQ�2î�Ö#{Gÿ ; FJE÷�J� �ž=½
8
¼�J

 Q�?�Ô	ù�ð#{��Q��ð#{2î�Ö
¼
�M•�W .

�*AÞ
X�Î)à�§�98��k.�Aö�×�s�Ã
��15�F�>|�H	F�iF�,´�Ê4ã2£4×2î�Ö�y�–>˜M’�ð#{�°�_F�>|�3

�p , 
X “	q�9�Ä ” �OL$0±.d�Ê4ã2£4×2î�Ö�y�–>˜M’�ð#{�°�_ , �¦
X�;�0!•0±.d,Þ2£4×2î�Ö�y�–>˜M’�ð#{

�°�_ , 
<�&�j���J�Ä+X�•�Ê�°�_�*.p .

3.3 �?5*0°L*���¥2ô.¤��
��D2ô�ü�ö#•�¶�e

3D �ƒ	 �"4ÿ
����Î)à�=�r�’(æM&�&,´�Ð�� , �v-��}-(�£�ð#{�é#�
¼�°�_�²�44ïAÑ1Ç�j�r�À�ð#{

�°�_�Ã5��´�y 3D �›�ÿ�°�_�Ã�‘4é�Å�¡#{Gÿ�°�_1y , �ˆ
X�ð#{�7�7	…�0�Ã�ð#{�)B‘
�L€�Ã#{Gÿ2î�Ö�~ ,

�J Q�?�ð#{� �ž�=7-�¡�Û
¼=½
81y5j&é , 3D �ƒ	 5��Ì5j�•-(�£�ð#{�7�ö
¼?ô93 , Lî��F2�ÄQ�2î�Ö 3D

�ƒ	 �°�_,´
��…M0"r .

2014 �¤ 3 �8 , 5¾
-
-�æ�7�ö�>�°�_.D0¦L’ (NIST) J¸�) 3D �ƒ	 �*
 �¶�ÉH��Ž�Î�€�fFP#{Gÿ0��–

D�4ï
.�Ê	ú�É NIST �Î�€�fFP#{Gÿ0��–�Ê�Õ
z , �"-p�{�f�Ê-(�£�ð#{�7�ö . <­'f�¦��
-�æ
¼�A
-�J�Z�*


 �9�£,´�H+•?ô�B
¼�·�& , �v�_)à�Î�]�)Q��6EØ)·�ÃQ�&¥�•�Ö��FO�95$0ªL$���Ÿ2î.ž9ç
��>2î�ö�ð#{

�é#��Ã�°�_
¼Aî�7,´M0"r�"4ÿ�*)à .

3D �ƒ	 -(�£.D0¦�"4ÿ�@�j�fFP0��–�>�°�_N¶��,´Gý&é�}"ï.D0¦�é
A , -��} 3D �ƒ	 �"4ÿ
����Î

)à�=�r�’(æM&�&,´�Ð�� , �v�Ð��2î�Ö�~ (,®�Þ2£Gÿ4×), ��#�%�Cã2î�ö�=�rM&�&,´�Ð��M0"r , 	Ï
��{�0


X�¾�¦�h�ó�*.p�
LÌ�°�_�{�0,´CµQ��6EØ)·�ÃQ�&¥�•�Ö�95$0ªL$���Ÿ2î.ž9ç
��>2î�ö�ð#{�é#�
¼�°

�_.D0¦-(�)%�
> , .D0¦�6�“�D5j�•J¸�)�W , -(�£�7�ö
¼?ô93�•F��4�¾0ª,­(æ�1 . �j�¶%�CãQ�2î�Ö 3D �ƒ

	 �Ð���=�rM&�&,´M0"r , �Z�•���¤ 3D �ð#{�°�_,´
��…C»�ï	ú
��…�3�p�k?±	5�����;���Z�éM’ .

�ö#•�ï#�
Â�¶�e . �=�Ñ�¾Q�2î�Ö�=�rM&�& 3D �ƒ	 ,´CµQ��6EØ)·�ÃQ�&¥�•�Ö(™�ƒ>˜M’	ú�µG�(©

�±	ò� ��FO�95$���•�ð#{�é#�
¼�°�_ , ��	ú�J� �ž=½
8�Ã�J Q�?�ð#{9ç
��95$0ªL$���Ÿ , �*�¾2î.ž�9

5$0ªL$���Ÿ,´ 3D 
�?ö	F�°�_	ú CAD �* Q1y�6�@�j�Z�•.D0¦,´Gý&é .
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�PM��L1y : CµQ��6EØ�ÃQ�&¥�•�y�–�ð#{�é#��>�°�_

� �ž.J�l . �*�¾CµQ��6EØ)·�ÃQ�&¥�•�Ö(™�ƒ>˜M’	ú�µG�(©�±	ò� ��FO�95$���•�ð#{�é#�
¼�°�_

.D0¦,´���˜.D�f , �~�@�\�ÃQ�
�M•�W
X4ï�ð#{Aî�7
¼���˜.D�f .

�=�W
��ö#•?ú99 . Gý&é.D0¦Q�
�M•�W�ÃQ�2î�Ö�95$0ªL$���Ÿ�ð#{�°�_�7�Q�é#�
¼�°�_ , �04ø�’�@

Q�2î�Ö 3D �ƒ	 �ð#{�7�ö	ú�7�Q?ô93 .

3.4 Q�&«�…�Ü2ô4ü�•Bg�Ô�,�ö#•�ï#��D�¶�e

�Ä+XM0"r�_Q�&¥�•�Ö2î4ö�yBa�Î�&�ð#{�é#��>�°�_
��…,´	Ï�Ø�Ë . �Z�•���¤
��…C»�ï�6
x)à�²�;

(©&é.

(1) 2î4ö	F . ?±"r�$Q�,´�ð#{2î�Ö�Ã&¥�•�Ö�Ã�yBa�6EØ)·
¼�&L$
ý�ÄFO�Ö , 
��Î)à�Î�&�Ø�1#{Gÿ .

(2) �J�g	F . �)�=
<N¶��,´�Ä+XM0"r , 
��…�$�J2«
»,´Q�&¥�•�yBa�ð#{�é#�
¼�°�_ .

(3) �=�r	F . #{Gÿ�)B‘�"�=�pL€�¾1°	…,´�g�\ , 6<	5���$�=�r,´(™CX4ô�@�Ã+O
­�ƒ3+
¼
�	F,´�&0ª

�6�3 .

(4) �J�j�Ö	F�Ã�J	ò� 	F�Ã�J5$	F . 	…�00ªL$�j�Ö�Ã	…�0	ò� �Ã	…�05$�Ö�yBa���Ÿ,´9ç
��"��#�%�

Cã�ƒ�ú,´�Ä+XM0"r , 
<�&5	�*�J�j�Ö�Ã�J	ò� �Ã�J5$�Ö���Ÿ�_
��…C»�ï .

(5) �ª7-	F�Ã�ï�j	F�Ã�~�@�\ . L}�~�°�_,´�ý�ŒLî�Ö
¼.D
��@�\ , Gþ�F�Ä+X�j�V�ï�Y .

4 H�&ï.J0¬N¼��

4.1 C»Q��<EÞ�=Q�&«�…�•�œ�F���ï#��D�¶�e

CµQ��6EØ�y�–�@�ÿ,´�+�….D0¦F��… , G-�9
�7-�±�W
`�óF�+O(™�Ã	k�–�Ã�€�É�–1y-(�£�–0�,´	Ï�û

�K�à , F�6<	•N¶�}"ï0��–.D0¦,´�fQ�&é . !“�_
X!”�Ø�j,´P¡�Ø�{�; , -��}
X�˜�F+|93
$�µ , 
4
-�)�¾Cµ

Q��6EØ)·�y�–�n�Þ.D0¦,´�Å�•�=�Ý�Ð�W . J¸�)-��}CµQ��6EØ�y�–�n�Þ�@�ÿ,´.D0¦ , ���*�H�xCt�Ù.D0¦

N¶���²�; .

�æ
ÁC»Q��<EÞ�t�ä�¶�e�Q�æ�]	Õ*<�D�¶�e,º.J0¬ . -��}CµQ��6EØ�@�ÿ.D0¦�]�ý�9B(�JL�NÈ�ˆ
X ,

�²�@�ÿFO�Ö�’�Ã���Ÿ>˜�±	…�0�Ã��#��Ø�1���•�@�ÿ1y . !ÿ�0N©L�NÈ,´0±.dG-?±"r�9�K�à�W,´	Ï*6�>�°

�_ , F	�•%ð�á-p�n�Þ�@�ÿN¶���¯�W.D0¦�ê
ˆ,´'��õ .

�H�xCt�ÙM’
AF-C¦�F+|N¶�x,´N¶�� , 	5���v�=L€�¾ : F2+X�¾Cµ�6EØ�y�–�@�ÿ,´�à
»9—�y�ÒJ¸
¼�7

Aà�°�_�ÃQ�FO (�²?öNÁFO)·) CµQ��6EØ�@�ÿ�°�_; �Ê	q4ã2£Cµ�6EØ�@�ÿ�°�_; K¯�&0;CµQ��6EØ�@�ÿ�°�_�Ã

��	ú�à
»CµQ��6EØ
.�ÿ�4*61Ç#�
¼�£
 1y . �H�xCt�Ù�9�K	•N¶�fQ�&é,´�H+•�W�}"ïN¶�� , 	5���v�=L€

�¾: .D0¦0±.d>}�4�±L€,´�95$9—�yF�
j�@�ÿ,´(™*6�j*6
¼� *6 Q
» , ���*�à
»�@�ÿ3+5�5��´ , �*0û-(

�£�@�ÿ�˜�&AîAÑ�Ã�f�7�°�_�Ã��8ª�°�_ .

C»Q��<EÞ)½�•�œ�t�ä�¶�e�D�¬���¶�e6Š+^ . �H�xCt�ÙM’
AF-C¦�F+|N¶�x,´N¶�� , 	5���v�=L€�¾ :

CµQ��6EØ)·�y�–�n�Þ�°�_�>�6�€	ú4ö7��ý�×�°�_ (�Þ#q�×8ß(w�Ã�yKz�Ã�yF‡�P�°�_1y ) ,´6„+X ; CµQ��6

EØ)·�y�–�n�Þ�@�ÿ�>�¦��9—�y�@�ÿ�°�_ (�²�¡6Š'V�@�ÿ�Ã�J�y�€�@�ÿ1y ) �{L$,´6„+X ; -(�Ä,´� �ž�6

�À
¼=½
8�£
 . �H�xCt�Ù�9�K	•N¶�fQ�&é,´�H+•�W�}"ïN¶�� , 	5���v�=L€�¾ : CµQ��6EØ�y�–�@�ÿ�>�¦

��MŽ9—�y�y�–�@�ÿ�°�_ (�²MŽ�7Aà�y�–�@�ÿ�Ã�y� �@�ÿ1y ) ,´6„+X ; CµQ��6EØ�y�–�@�ÿ�>�¦��MŽ�y�–

�@�ÿ�°�_ (�²	Ï�€�Ë�n�ÞKŒ�Ã+e�€�n�ÞKŒ1y ) ,´6„+X ; -(�Ä,´� �ž�6�À
¼=½
8�£
 .

C»Q��<EÞ)½�•�œ�t�ä�¶�e
^+U(Ÿ	q�œ�ïM˜,º.J0¬ . �H�xCt�ÙM’
AF-C¦�F+|N¶�x,´N¶�� , 	5���v

�=L€�¾: .D0¦CµQ��6EØ)·�y�–�n�Þ�°�_
X+O(™8ß(w�Ã�6�€+O(™�–�Ã7A0��–1yN¶��,´�Ä+X , 9ç
�4ö7��Ã4ô
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4÷+J8# Q�?�Ø(™,´CµQ��6EØ5��´
¼�Ï7-���Ÿ , �þ�=
<@��Ö�•�)+O
­#k�ØE÷0;F�>|�Ø�1�@�ÿ . �H�xCt�Ù

�9�K	•N¶�fQ�&é,´�H+•�W�}"ïN¶�� , 	5���v�=L€�¾ : .D0¦CµQ��6EØ)·�y�–�n�Þ�°�_
X+O(™	k�–�*.pL�

NÈ�éM’,´�Ä+X; ��	ú
X+O(™���Ÿ�–�Ã�ê��+O
­1yN¶��,´�Ä+X .

�C�x)å�¹�c�•�œ��
-,º�Ý+U�=�Ô�p
ÂB9�Ý . �H�xCt�ÙM’
AF-C¦�F+|N¶�x,´N¶�� , 	5���v�=L€�¾ :

Q�(©�2�W�ÃQ�&¥�•�Ö9—�y�7Aà
¼9—�y��O �é#� ; Q�&¥�•�ÖMŽ�7Aà�y�–�@�ÿ�°�_ ; �J�6�€�»�&,´
<!•�y

�–>˜�±�°�_1y . �H�xCt�Ù�9�K	•N¶�fQ�&é,´�H+•�W�}"ïN¶�� , 	5���v�=L€�¾ : �6�=�r)ß�³�],´+O(™��

�ŸEœ	F�j�y�–
�#{Gÿ(™*6���Ÿ,´�à
»�é#� ; �*�¾�à	Ï*6,´9—�y�@�ÿ�°�_ ; �à
»MŽ�7Aà�y�–�@�ÿ�°�_ ; +O


­#k�Ø���Ÿ,´D��r!Q�7Aà
¼�£6„�°�_�Ã�y�–��
',´F�
jB3�×�Ã�Î�j	úF�
j�PFB .

�ä�g�•��
-�Ø#•,º�ï#��=�©Kd�ž�,
Â315� . �H�xCt�ÙM’
AF-C¦�F+|N¶�x,´N¶�� , 	5���v�=L€�¾ :

	Ê+O(™�g
ñ(	5��4ö7��Ã4ô4÷�Ã Q�?�Ø(™ ) ,´�95$CµQ��6EØ�y�–�@�ÿ�é#� ; �H�xCt�Ù�9�K	•N¶�fQ�&é,´

�H+•�W�}"ïN¶�� , 	5���v�=L€�¾ : .D0¦�Þ�a�y�–��
'�Ò#{,´*6Aê
¼�é#� , 0±.d�y�–�@�ÿ,´ “�6EØ)·” 
¼

“�@�ÿ$!�Ö” L€�f ; .D�fQ�&¥�•Q��6EØQ��WNÁ�Ò#{�˜ ; .D0¦�à
»(©!º�y
j,´�×+O�Ã�WCX	ú�Ä+X1y�*.p0�

�–L�NÈ	ú�Ä+X�°�_L�NÈ , 
X!”�*.p�:�*0û-(�Ä,´�y�–�˜�&AîAÑ�é#� .

M˜
G�j�ÀB��ã,º�P W�7�•�œ�F���ï#�
Â�¶�e . �H�xCt�ÙM’
AF-C¦�F+|N¶�x,´N¶�� , 	5���v�=L€

�¾: 
$5��d�ºAú�Ý
¼"ë+Ç�ÏM0,´Gý�W+î+õ���OAú�Ý�Ã2î�ö�{�_�,8Z�Ã�{�_+Ç�x-�#{�>Aô�`1y , 
��…>p

1Ñ�µ�J Q�1�@�ÿ�°�_
¼3+5��Ã�J Q�1�µ0Õ�@�ÿ�é#��>�°�_�Ã�à
»�y� �6�€�ÒJ¸�Ã6ï,TAô4×
¼�_�]Eé5H

+|�Ê�°�_1y ; �H�xCt�Ù�9�K	•N¶�fQ�&é,´�H+•�W�}"ïN¶�� , 	5���v�=L€�¾ : 
��…M’
A�d�ºAú�Ý,´�à
»

�J Q�?�y�–�@�ÿ�é#��Ã�°�_
¼3+5� .

#­H�+U(Ÿ�F���¦�¤,º�:*<�==Ã
>�=
%?ü	L
Â�§�á . �H�xCt�ÙM’
AF-C¦�F+|N¶�x,´N¶�� , 	5���v�=

L€�¾: 
��…+O(™�@�ÿ� �ž,´��FO�4*6�Ã=½
8
¼
�?ö	F�°�_ ; 
��…�Î�&
�'V�°�_
¼�Ø�1
.�ÿ�,�Õ�°�_ , �Î

)à�W�j�Ö,´�@�ÿ ; 
��…8��ØAö�[1y
.�ÿ�4*6�°�_ . �H�xCt�Ù�9�K	•N¶�fQ�&é,´�H+•�W�}"ïN¶�� , 	5��

�v�=L€�¾ : �´�*�J$À�¡�ÿ���Ÿ=½
8�>AÑ1Ç�£
 , 
X�J Q�1�6�€�¡�ÿ�@�ÿ*6Aê
¼� �– Q
»,´�*.p�: , .D

0¦�J/ýF6
AL�NÈGý�*�é#� ; 
��…D��£
 1Ñ*6
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Abstract Ultrahigh-resolution and high-sensitive optical detection methods and technologies not only allow us

to obtain information about the microscopic composition of materials, but also provide a foundation for high-

precision optical fabrication and high-precision 3D printing. This paper presents a brief introduction and analysis

of the history, current status, and future trends for several important optical detection methods and technolo-

gies, including ultrahigh-resolution and high-sensitive optical imaging technology, optical surface detection with
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sub-nanometer precision, precise 3D spatial information extraction and precision measurement technology, and

ultra-sensitive high-precision optical spectroscopy. After considering China’s future strategic needs, we give advice

and our perspectives on several ultrahigh-resolution and high-sensitive optical detection methods and technologies

to which particular intense attention should be directed during China’s 13th Five-Year Plan period.

Keywords optical detection, optical imaging, optical surface detection, 3D printing, high-precision spectroscopy,

diffraction limit, ultrahigh resolution, high sensitivity
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