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1. + .) 
� f�u�e(THz)ų/4�Ǆ2áųŃ 0.1ȡ10 THzȗųȀȠ30�3000 µmrQ
h�Pl�U�Ƞƭ 0.4ȡ40 meVȘ/1Eȏų/³3óƋȓï3ȏƛų3�/Iĸ
#�ňŕ3ȏųŲ3ăƼ.4áųŃ 3 THz���ȏų.�D��.3ã6Ü4|
�ų�CZs|�ų21E��Ň¼³ĀƐ24ųȀ 1000 µmÁĢBDƘ�?3�
ǵǠ÷ƶ2Þ;FE�()!1 THz/��áųŃ4ȏþæǤ2BEƏ«å2/
+-ĹıƐ1ǣȕáų.�D��[�103ȕĜęÍ�ųȀ³ŻIĤE24Š>

-rQh�Pl�U�3ċ �Əƈ3èȎ1³.�E/��®Ȑ��E��3(

>�ōȖȓï�@�ǞȂ�/ã5FE�/?�EŔȁĶ3ȓï.?�E� 
� THzĒ.4ȏų/Ûţ2ǂƊȏþ2B+-ßÔ@Óĉ�ƈ"E�ŠĪIķ,
Ů¤¼þ3æǥǷơ��1ßÔŻ/1E�ƃ2ů¼þ3æǥǷơ4Ĝ�ßÔIķ*

ùŮ2BEßÔq�V3ùǹ¼�ů¼þ2BE?3.�E�ÓĈ2ů?ǂƊȏþ

?Þ;1�Ƃǟ2Ĉ#EǭǳĪ�ȕ�ſ�ƃĦ3�,.�E�;(ƈÉĀ¼þ3

ø�2?ůäů@ě�ƳÚ2BEĺÇǷơ102Ǣç#EƃĦƐ1ßÔ��E�

/�ƗCF-�E 1)��3B�1Īǟ�C`T��fM¼ǽ@ÊƎ�ÊǊ¼ǽ2

��- THzų2BE¼³@N~�]�W3ţ�1ĨƉ�œġ F&3Əƈ@ş»
2ȃ#Eƙƥ�ƑJ2ǋHF-�E 2, 3)�!�!1�CTHzų�¼³@N~�]�
WƉǮ.¦HFEB�21+-;) 20ėƢę!�Ʋǳ!-�C$Ŕ)2Ë¼1Ĝ
ę3Íǆ³Ż@N~�]`�Z�ŋÒ!-�E/4ǔ��(�Ƅű.�E� 
� ƨƾC4ŒŧȏƋÆŜh��]^b(OFET)ƙƥ3ǳƢ.Əǒ!(w�b`�
HOMOm�iƧ2��Eĥċ1zf�\��AC� 4, 5)I¿Ɖ!(£Y^h�,

{h�dV^É�ąŉ1OFETî THzų`�ZIƽŞ!&3(>3ðƜƐ1ƙƥ
IǱ>-�(�ŕǜž.4ƙƥ3ƏƧ/1+( HOMO m�iƧAC�3šǑ
&�2ȏƋǙǢ F(�ÌǂƊ�1x��2BE THz ųßÔ^wVh�3ƃĦ
OFETŢǰ�.3 THzų¡ŁƃĪ3ȏƛƋ\|���\���B6THzų`�
\�W3½œƐ1ƳŜ2,�-ư�#E� 
 
2. NZDBZ®)��3HOMOIZH§/1� 
� 2000ė�ƨƾC4Œŧ£¼þøƳŌǁIŴĪĎ/#EOFET2��ET��
LǨǬ3ÀȅǑç2,�-ĽD��EƙƥIǱ>-�(�&3ǳƢ.w�b`�

ǉǁIŴĪĎ/#E OFET3ăēȏŵ�c�l�¶ȏ¢¼đI AFMzf�\�~
h� 6,7)2B+-ƫćǕźIǋ+(/�GƳŌƪ¶3ÍƳŌƐ/ĩHF-�(ƳŌ

i~N��2?ȏ¢ÈǺ3ĥČ1AC��ē2ÿì!-�E�/Iǒ�)!(�ş

ǖ3ƳŜ�F4 HOMO m�iƧzf�\���ƦȂƐ2AC�.�E(>.�
E/��ƳǛ2Ǵ!( 4)�êț(a)2ȏ¢ÈǺ�CŰ>(HOMOm�iƧzf�\
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��t�rKN�3�§Iêț(b)2zf�\��3o^hW�}IƝ#�AC�
3ĺĔ4zf�\��3ŤżĐ/!-ƭ 14 meVŐċáœ4 30�50 nm.�D
ðŚ.�EX�hƵƷĎǍȐ3Ʊį2BC$&3áœ@ĺĔ4�ă.�E�/�

ƚ�>CF-�E��3AC�3Őċáœ4w�b`�ǉǁ�3Ȑ¶ŇÝƳŌþZ

N_/�ǃ!-�DðŚǍȐ3º¹2B+-įȀŊ2Ċ´ FEƤĎũȇ�AC

�3ǢŻ.�E/ƽ�-�E 8)�êț(c)2ţ�1ǓśI±2Ű>(zf�\��
AC�IŒ#EHOMOm�iƧ�Ǫ3ƄĮćęȃŃ3ŤżƐ1�g�/OFET�
R�ƄĮ.3 300 K2��ET��LćęIƝ#��3ê2��-�HAE�p
�fMPd]4-20�-10 meV2¢ƺ#E/ƽ�CFE�/�CX�hȏƋ2B+
-ǙǢ F(x��3ǳÌŃ4AC�3�2ļCHFȏŵ24Ć�!-�1��

/�¾E�ģ+-w�b`�OFET2��-m�iƧAC�4<��3ȏƋ
ÆŜơÇęIÀȅ!-�E�Ǒ1Ǒç3�,.�E� 
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� /�G.êț(a)�B6(c)�CŐ?ćę�ȕ�AC�3�û�Ǫ3Pl�U�
Iķ,T��L2/+-&3ǨǬȊõ3ù� 4 5�10 meVÁĢ2ø�¼đ!-
�E�/�H�E�Ąȉ2T��LơÇę3Źę¨ÿĪIǓś#E/ƳŌi~

N�¶3ƁŴĪîT��LơÇę2Ɠĝ#EȒ2��-10 meVƢę3ŴĪÉPl
�U��ƆFE��F� 1�2 THzƢę3 THzų3rQh�Pl�U�2Ɠĝ#E
�/�CTHzųIƀĉ!&F�ƒľƐ2T��L2Pl�U�I��-AC�
ȊõIǣ�EPl�U�Iķ,T��L�ôÄ#E�/.OFET »Ãȏŵ�öÉ
#E/œġ FE�10 meVƢę3zf�\��ȊõI·ƆĪǅ�ÌĊ¤gmN^�
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2�ďƐ2¥Dǩ=�/4ąŉ.41�32Ĉ!-w�b`�OFET.4¥ǏŘ
�2BC$·ƆĪB�Ȋõ�ĤCFE3.�E��F�OFETŢǰI¿Ɖ!( THz
ų`�Z3ƙƥIý>(�+��.�E� 
 
3. NZDBZ®)¿£µ·�4#O[W)03 THz�nlAN;GW 
� �3ƙƥIý>(ŬȈ.4&?&?ŒŧÌĊ¤�3T��L2BE��	ųßÔ

2,�-3ñà§�Š>-ȅCF-�( ���&�.;$4�����2ǈƤ F(T

��L2BE��	ųßÔ^wVh�IĤE/�G�CƙƥI^b�h!(��

� êȜ2ƨƾC�Ɖ�-�E THzųŊȂȓï¼³ŲȗTHz-TDSȘ3(>3³ĀƬ
šƌIƝ#�rO}hƠ��[��Cƀĉ F(n�^Ĕ 100 fs��3ǪǠ÷³n
�^�z�t³/!- THzųƏƈå(TAț)2Ċ�FE�İ�3\^f}.4THz
ųƏƈå/!-³¡ĊL�fjIƉ�-�E���.Əƈ#E THzųn�^4ĔĘ
�áųŃƩé3 THzų�Ǽ1+(?3.�E��F�łƂȐ|��(PM1)�B6
Ŧǀ��_(L3).ȍ³ F-ǘń(Sample)Iǭǳ!(Ģ·6Ŧǀ��_(L4)�B6
łƂȐ|��(PM2)IƲ-Əƈå/ÛŢǰ3ş»å(TA2)2Ċ�FE� 
� �Ňp�}^t�db(BS).¼�CF(ǪǠ÷³n�^4gM�N�N�I
ǯ+(Ģ2t��s³/!- TA22Ċ�F-�E�TA2.4³n�^�´ĉ!(Ɩ
Ȃ3 THzȏƋȗĜę�B6ŠĪȘ2Ĩ"(n�^ȏŵ�ȂũƐ2ŵFȏŵL�t
�B6�dVN�L�tIƲ-�FIĖŽÉ!(?3I«Ø/!-Ǘǿ#E��3

/�gM�N�N�Iǡŝ#E�/.t��s³3bN|�WI$C!1�Cź

ă!THzųn�^3ȏƋŊȂųĞ�Ǖź FE�ģ+-THzų3Ĝę)�.1
�¢Ɠīñ?ĤCFE�/� THz-TDS 3ƃĦ.�E��3¢Ɠīñ4Ģ2ǫ9
EȏƛƋǓś3(>2Ŗń3ǐƮǙȏȃŃIŰ>Eȉ2ŒƉ.�E� 
 

�

qÆ� 	���� cx©*�¤q�

 
� êȝ(a)3Ļ´ê2ŕƙƥ.Ɖ�(w�b`�OFETǘń3ŅȐŢǰIƝ#�ź
ă!(Ʈþ4yh}Y�bVhî3OFETŢǰ.�DðŚµï2H(+-ÿì
#ET��L2BE THz ųßÔIǦŸ#E(>ŭǧƐù�1ĵĳƅ(3.78-4.20

cm)3 nî SiðŚI¦Ɖ!-�E�SiðŚ�2X�hƵƷǁ/!-ƁǻÉǁIĞį
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!(ĢrQh�aW�rMŲ/ƔƦǇƕŲ2BDŨî3a�^/i�N�ȏŠŢǰ
IĞį!-�E�&3�2w�b`�I 50nmƔƦǇƕ#E�/2BD OFETI
¥Ǐ!(��ŇĤCF(ßÔ^wVh�2Ĉ#E\�Y�ðŚ�3ǂƊT��L

ßÔ3ĠȑIǚ9E(>2w�b`�ǁ3�HD2ǉ�Au (ǁÐȠ11 nm)IǇƕ
!(Ĉƀǘń?¥Ǐ!(� 
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� �FCǘńI THz-TDS ǎƺ2`dh!¡ǴƃĪ�CǸĴ!(R�ȏë/Rr
ȏëI��2X�h2ÎÄ!-&F'F3ǭǳ THzųŊȂųĞIźă!�ăæ
ŃǈƤ!(�&3Ģ�ŊȂųĞIr��PöĿ!- THzųǭǳ^wVh�IŰ>
R�ȏëÎÄŊ3ǭǳ^wVh�IRrȏëÎÄŊ3?3.ÂE�/.öǚßÔ^

wVh�IŰ>(� 
� ĤCF(ƳŜ3�§Iêȝ(a)2Ɲ# 10)�OFETǘń3öǚßÔ^wVh��ú�
ŏƶ.Ĉƀǘń3^wVh��Ư�ŏƶ.Ɔ F-�E�Ĉƀǘń.4Au3r
O�|�v��Ǫ3ƄĮćęȃŃ�:/J0r�dh.�E�/�CöǚßÔ/

!-ĤCFE^wVh�ȗê3ťƸȓïȘ4X�hȏŠ/!-Ɖ�(ðŚ\�Y�

�3ǂƊȏþ2BE?3.�E��F4B�ƗCF-�EDrude�g�2BEß
Ô^wVh�ȗê3ſƶȘ/B��ǃ!-�E��ŇOFET ǘń3öǚßÔ^w
Vh��CĈƀǘń3?3IĐ!Ě�(ūDȗê3ƹƸȓïȘ4w�b`��2Ǚ

Ǣ F(ǂƊx��2BEßÔ.�E��*C4áųŃ���E2,F-ßÔ�ô

Ä#E¯Ý�ǒCFE��3S�s4\�t�1 Drude–Lorentz �g�.4·Ɔ.
�$w�b`��3T��L���F(�ÌǂƊ�1ƄĮIǍ!-�E?3/ƽ

�CFE�1��3ßÔ3Ƥ¼¬4êȝ(b)2Ɲ FEB�2OFET3»Ãȏ
ŵ2Ć�#EǂƊx��ćę/Ăµ1ŭ§ȃ©2�E�/�ƚ�>CF-�E 10)� 
 
4. ��¿£h�GUZ@AD^&* THz�_��� 
� OFETŢǰI THzų`�Z/!-Ɖ�EòÚş»ǹ.�Ec�l�4Ċ¤.�
Ea�^Ți�N�ȏŠ2ȋľ!-�E�;(ȏŠ@c�l�10ƮþÙǹ3Z
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N_?THzų3ųȀ.�E 30�mȡ3 mm2Ǫ�òÚ�ø��&3(>ĕŷÆ
Ŝ2B+-w�b`�Ď2ÎÄ FE THz ȏƋĜę2áųŃ¨ÿĪ�ƈ"E×ƿ
Ī�ȕ��THzų`�Z/!-3ĭęŐǶÉ3(>2?Ūƚ1öǚßÔ^wVh
�2B+-ƂĪƐ1ǓśIǋ�(>2?w�b`�Ď�.3 THzȏƋ3ƓĈĜę
IƗEħǑ��E�&�.�> OFET ŢįŖń3ǐƮǙȏȃŃI THz-TDS 2B
+-Ű>(�.Finite-Difference Time-Domain (FDTD)Ų 11)2B+-OFETŢǰ�
.3 THzų¡ŀƃĪ3\|���\��Iǋ+(� 
� êȞ(a)2FDTDŲ2B+-Ű>(ÙáųŃ2��Ew�b`�Ď�.3ƓĈȏ
ƋĜę^wVh�IƝ#���.4THzȏò�a�^Ți�N�ȏŠ/íƒ21
EųI xųĖǋ21EųI yų/!c�l�Ȁ 140�m3ŨĞȏŠI
�g�É!-\|���\��Iǋ+(��3ƳŜ�C0.6 THz ��3áųŃ.
4ųŇÝ@áųŃ2BC$ŭǧƐȏƋĜę��ă.�E32Ĉ!-0.5 THz
��.4ȏƋĜę�ųŇÝ2B+-ù��ƍ1E�/�H�E��F4a�

^Ți�N�ȏŠ�³þ/!-°�yų3 THzn�^ųI´ĉ %E/ê
Ȟ(b)2Ɲ FEB�2£áųŃį¼�ù��Óĉ FE(>.�E�()!�3
³þÆŜ4£áųŃȓï2ȅCF-�Dc�l�ȀI 100�m Ƣę��2ª-
5OFETî THz`�Z�ĭęIŒ#EȕáųŃ®.4ĭęƃĪ2Ġȑ41�/
ƽ�CFE� 
 

��� ������ �

qÈ� ��� mo��)��3NZDBZ}^&*	��¿£��AN;GW��0,������
a�*	�JWA�*\»�´�±À*¿�&k|�43�v5¦!�À¿£��f~Â�

«½��&p-4#Ás�����À&�2�"*]¹)�$%È¨�²143��»f�

C[AÄHX8Z¿�&�3�Ã�

 
5. THz��|)03OFETeg¿�*ui 
� w�b`�OFET2BETHzųş»2ȃ#EĄȔ4;)ȁý!(5�D.�E(
>;/;+(ƳŜ41��ƆŊſ.3ŎăƐ1ƳŜ3�ǹIư�#E� 
� êȟ2THzųƀĉ3R�ȚRr2BEOFET»Ãȏŵ3öÉ3§IƝ#��3
ĄȔ.4êȜ3³ĀƬ2��-THzųş»å3»Ãȏŵ3�HD2OFET3»
ÃȏŵI�dVN�ş»!-�D�dVN�»ÃIǗǿ!1�CÅǢ��[�³

I�ŵ.R�ȚRr!(��3ĄȔ.4Ʈþ3¸ÏIǋ+-�1��{NV��
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dhƢę3ě� THzų��#�1�C?ş» F-�E/ĩHFE� 
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12. -'. 
� OFETî THz`�Z3ƙƥ4;)ý;+(5�D.�DƆŊſ.`�Z/!-
3ĪƿIǝǛ#E)�3Ë¼1g�b4ĤCF-�1��!�!OFETî THzų
`�Z�ĄƆ#F5AC�zf�\���¥ǏŘ�2¨ÿ!1�ſ1C62

OFET �ŕǟƐ2£Źt�`^.¥Ǐ×ƿ.�E/��ſIŴ�!-£�¥Ǐt
�`^Y^h/rM�}ðŚ�.3`�Z{h�dV^Ğį�×ƿ/��ù�1¿

ſ��E��F4����2�>-ķ*ǲ7�/�.�EùȐƤ THzųN~�]
�WgmN^�ĄƆąŉ.�E�/IĬâ!-�E�ùȐƤ2Ėǋƀĉ.�E THz
ų³Ż�ħǑ.�E�§�5Y�Z�h ò3´DÖ.3`T��fMcOd

VƉǮ2THzĠƴIƉ�E�/�»řEB�21E/œġ FE� 
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