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��
|^ó°�N�1f¬N1n�¦-1��ìÄ$Ý/Å�(�� GaP ¬N�â[ (THz) u�ì�
)ªÇ�N���¯ THz óÀ. ��5¬N¥1�6L§�)� THz Ë�ªÇ�Ä$1óÀ°Ý
Cz. GaP Å
� THz u�ì�ÏLÅ��AÛº�5��ÚÑ, ±��O\k��^�ÝÚJpÑÑõÇ�8�. ØÓî�¡º
��Å�.u�ì� THz Ë�¸�ªÇ�� ��^��UC
UC, \±ó°N!Eâ, �±3�ªÌ��¼�
ªÌ°[�N� THz óÀ. ¢�¥3 1 mm×0.7 mm �Å�. THz u�ì¥¼�
ªÇ�N�� THz óÀ. JÑ¢
y THz Ë�ªÇ���N�� GaP Å�.
�u�ì�¢��Y.

'�c: �¯�â[Å, ªÇN�, GaP Å�, 1f¬N1n�¦-1
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1 Ú ó

�¯�â[ (THz) Å3¤�!Ã�&ú!S
u!�u!Ôz©Û�)�Ú�ï+�kéÐ
�A^cµ [1−5], AO´NõkÅ�©f, cÙ
´)Ôá�Ú#.õUá��©f=Ä!�ÄU
?õ?u THz ªã, |^ THz ÅEâ�±��§
�3ù�Åã´L�&E, l
/¤
 THz 1Ì
Æ [6−13]. �N���¯ THz Ë�óÀ3ù�+�
�	NyÑÙ`³, 8ckNõEâ�±¢yªÇ
N�� THz óÀ. æ^��óÀÅ¡ (tilted pulse

front) -u�) THz Ë�óÀEâ¥, |^ÚÑ�
�UCÄ$1óÀÅ¡���Ý¢y3ØÓ¥%
Å�?�� ��, ÑÑ¥%ªÇ�N� THz ó
À [14]; ¦^�m1N�ìéÄ$1óÀ?1�/
�)�N� THz óÀ [15]; ¦^üåÄ$1±�½
Y�\��u�¬N¥, ÏLUCÄ$1�Y��
)ªÇ�N�� THz Å [16]. ù
����{®²

�)
�ß�N�� THz Å, �´§�½¦^
E
,�1´N!Eâ, O\
XÚ�E,5�ö�J
Ý, ½´�)� THz Åäk���ªÌÄ., éA
^E¤
�½K�. �«ö��B!ªÌ>�Í�
��¯ THz ªÇN�Eâ´ THz ïÄ+�¤:I
�. �©���«Ý/Å�. GaP u�ì, ÏLU
CÄ$�á1óÀ�óÀ°Ý, �B/¢y¤�)
� THz ªÇN��Eâ, ¢��{{ü, ÑÑ THz

ªÌ>�Í�. ÄunØÚ¢�(J�OÑ�«¢
y THz Ë�ªÇ���N�� GaP Å�.
�u
�ì.

2 ÄuN!Ä$1ó°� THz ÅªÇ
N�

|^�¯-1óÀ3��5¬N¥�1�6
�A�)�¯ THz Å, ´1Æ�{�)°� THz

Ë���«­��{, §���´-1óÀ���
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ªÇ¤©�m?1��5�ª, ¼���$ª��
�>| [17], éu�¦-1óÀ, Ù-uÑ��¦þ
?�$ª��>|� u THz Åã. d Maxwell �
§3úC�äCqe����1�6L§�)�
$ª THz >|ª��L�ª [18]

dE(Ω, z)
dz

= − iµ0Ωc

2nTHz
PNL(Ω) exp(i∆kz), (1)

Ù¥ Ω �¤�)� THz Å��ªÇ, µ0 �ý�^
�Ç, nTHz � THz Å��ò�Ç, PNL(Ω) �ª�

¥���54zrÝ, ∆k =
Ω

c
(nTHz − ngr

opt) �1
�6L§¥�� ���. n����5L§÷v
� ��^�, =Ä$1�+�Ý ngr

opt �u¤�
) THz Å���Ý, ����"½é�, ��)�
°ªã� THz Ë�.

éu¬G¬N, d (1) ª�±¦�pd.�¦
-1óÀ3��5¬N¥ÏL1�6�n�)�
¯ THz Å�ª�>|L�ª�

ETHz (Ω) ∝ Ωdeff exp

[
−

(
τoptΩ

4
√

ln2

)2
]

, (2)

Ù¥ deff ���5¬N�k���5Xê, τopt �
\��Ä$1óÀ�� FWHM °Ý. l (2) ª¥�
±�Ù/w�, 1�6�{�)� THz Ë�óÀ�
ªÌ�Ä$1óÀ°Ý���'.

ã 1 Ä$1óÀ°Ý�Czé¬Gu�ì�) THz ÅªÌ�
K� �.¦^�´V­��.Ä$óÀ, �Ñu�ìË�°
Ý!(f��áÂ�K�

ÏL�[¬G GaP u�ì3g�q1n��
XÚÑÑ�¥%Å� 1040 nm �V­��.óÀ
Ä$e, �)� THz ÅªÌ�Ä$1óÀ°Ýë
ê�'X, Xã 1 ¤«. �±�ßwÑ, Ä$1�ó
°�Ä, �)� THz ªÌ�°, �Ù¸��pª£
Ä. nØ�[¥�Ñ
�)¬N�Ë��°9(f
��áÂ�����^�, ¢S¬N¥�)� THz

Å�°��$unØ(J, ± GaP ¬N�~, Ùî
�1Æ(f��áÂ¸ u 10.9 THz, �¢S�)
� THz Ë�$uT��ªÇ.

3 Äu GaP Å�� THz u�ì

�
Jp1�6�{�) THz Å�=��Ç,

I�¦^Äó°�-1��Ä$
 [19]. 3�Ä
�1óÀÄ$e, ¬G¬Nu�ì�)� THz ª
Ìé°, �´éu1Ì©Û�|Ü, ù«°
Øb
� THz ªÌ´I�;��, n��ÑÑA�ªÇ�
3���SN��ªÌ, �AäkÍ��>�. X
c¤ã, ÏLN!Ä$1óÀ°Ý�±N� THz Å
�¥%ªÇ. �
¼�Ä
�N�ªÌ, ·�Ú\
Å�.u�ì.

ã 2 Ý/ GaP Å�u�ìî�¡«¿ã

Xã 2 ¤«, ù« GaP Ý/Å�î�¡º�
� a × b, 	�´�í, áupò�Ç�.0�Å�.

�Å�º�?u THz Å�Å�ºÝ�, �k�/ò
�)� THz Å�å3¬N¥, 
�éu1Å��A
�êþ?�ºÝòØéÄ$1å��å�^, EU
ì¬G¬Né�. éuÝ/�¡Å�, Ä��¹Y
²Úç� ��ü�ØÓ��m©Ù, a, b �ØÓ
��¦��)� THz Å�|äk�é¡�DÑA
5, ��ü«Ä�p�ÍÜE¤ÑÑ�Ø­½, d
uÅ���å, ¤DÑ THz Å��ò�Çu)
U
C, ¬G¬N¥�ò�Ç�?��Å�¥����
ò�Ç [20]

nTHz,WG =
c

Ω

√(
Ω

c
nTHz

)2

−
(π

a
m

)2

−
(π

b
n
)2

,

(3)

Ù¥ nTHz �¬G¬N¥ THz Å�ò�Ç, m, n

� THz D��ª��ê. nØþù, �Å¥Ä�U
þÓu�oUþ� 95%±þ, �=�Ä THz Ä�,

� m = n = 1.
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duÅ�¥ THz Å��ò�Çu)
UC, u
´� ��^��u)
Cz. ØÓÅ�(��
� THz �ò�Ç­�u)�­, Ù�Ä$1+ò�
Ç���:�u)
£Ä, |^?�
�� ��
�

∆k =
Ω

c
(nTHz,WG − ngr

opt), (4)

(Üúª 1, B��[ÑØÓ(�º��Å�u�
ì¥�)� THz ªÌ.

·��O
A«äk;.�¡º��Å�,

3 100 fs ó°�V­��.Ä$1óÀ^�e, ¦
Ño«;.ºÝÝ/ GaP Å�u�ì� THz u�
ªÌXã 3 ¤«. �±w�, ØÓ�Å�ëêû½

¤�)� THz óÀ�¥%ªÌ, �ªÌ>�Í
�; î�¡º���, �)� THz ªÇ�p.

ã 3 o«;.º� GaP Ý/Å��) THz ÅªÌ��[(
J

æ^Å�u�ì�äk,	�`³, kïÄL
²�ZÄ$1�º�AT���uu�ì¥�)
� THz ¸�Å� [21], �
3d^�e�)� THz

Åû��Jé²w, =U3ê�Å���SO�D
Ñ, éu�þ�¬N3�CÑ�L¡? THz ÅÚÄ
$1å�U��é�, ù«û��A{�
 THz Å
��m�Z\\
��
þ¬N�5�õÇJ,
då; 
0�Å�.u�ì, ò�)�uÑ THz Å
åP3Å�(�¥, ÏL~�û�Jp�UNÈJ
,
 THz Å�ÑÑõÇ [22].

4 ¢�ïÄ

¢�¥¦^�Ä$
�¢�¿g����|

¡È1f¬N1n�¦-1��XÚ [23], äk�
N�Çp!(�;n!Ñ9A5`û!ÑÑ²þ
õÇp�`³, cÙ´Ù�B�ó°N��ª, ¦
�ÏLN!Ä$1ëêN� THz ªÇ¤��U. T
XÚ(�Xã 4(a) ¤«, ¦^�Q��¡È1f
¬N1n (LMA-PCF) ��OÃ0�, ü?��=
�¢yÑÑõÇ 20 W; |^1f¬N1n�p�
�5Ð°1Ì, �¢yÄó°ÑÑ, {z
XÚ(
�; ÏLN!��ìn	Ø ß�ª1»émå5
UCØ ÚÑþ, �±�BN!Ä$
ÑÑó°.

Ä$
ó�ëê�ÑÑ1óÀ¥%Å� 1040 nm,

­EªÇ 52 MHz, óÀ°Ý 61 fs � 1 ps ëY
�N. THz �)&ÿXÚ�;. THz ��ªÌX
Ú (THz-TDS), Xã 4(b). ¦^�¬î�¡� (110)

¡, º� 1 mm×0.7 mm, �Ý 6 mm ��� GaP ¬
NÅ�u�ì (MolTech GmbH). �
/¤��7
á>.¡, ¿¦þ�±ý9^�±|uXÚ­½ó
�, ¦^�¬Û7��º��| , ÷± GaP ¬N
�Äý¡, °(N!Ä$1å, ¦�÷Å�¶�à
�ÍÜ?u�¬N, ¿¶�N!Ä$1à�ßº¢
y�ZÄ$1��Å��»���, ¢�¥¦^�
Ä$1���»�� 300 µm; ÏLN!��ìØ
 1»émå, òÄ$1óÀlC Fourier C�4
�� 61 fs N!��}ò� 545 fs; Ä$13 GaP Å
�u�ì¥ÏL1�6L§Ë�Ñ�¯ THz óÀ,

²>1æ��Z&ÿ����&Ò, 2d Fourier

C���ÙªÌ. �XÄ$1ó°CÄ,THz Å¸
�ªÇl 0.46 THz £Ä� 0.64 THz, ���ªÌÄ
.²�, vk���ªÌf¸, Ì¸>�Í�, (J
Xã 5 ¤«, �ã 3 nØ�[¥�Aº��(JÎ
Ü�éÐ. ÑÑ¸�Å��Ä$1óÀ°Ý'X�
ã 5 �ã.

I��Ñ�´, �,Ä$
�±ÏLN!Ú
ÑþUYòó°\°, �´·�¢�¥òÙN!
� 500 fs �ÒØ2UY\°, Ø¦^�°�óÀ5
?1¢���Ï´ÿþ�� THz ��&ÒrÝ�
p�°Ý��3 1—1.5 ps, ¦^ 500 fs �óÀ&ÿ
1®²�C
&ÿ4�, ¦^�°�óÀ5æ�,

�U¬E¤&Ò�ÆC, ,	L°�Ä$óÀ¸�
õÇé$, ����=��Çeü, ÑÑ THz Åõ
Ç9&D'ü$.
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ã 4 ¢�XÚ(�«¿ã (a) Ä$
XÚ; DM, VÅ���ß�º; L, ¥¡ßº; PBS,  �©åì; GP, ß�ªØ 1»é;

SESAM, ��ÚáÂN��º; HR, ���º; (b) THz ��ªÌXÚ; BS, ©åì; PD, 1>�4+&ÿì

ã 5 Å�u�ì�)� THz ÅªÇ�Ä$1óÀ°Ý�UC

N�

5 GaP Å�.u�ì
�

þã¢�y²
ÏLN!Ä$1óÀ°Ý�
±�B/N�ÑÑ THz ÅªÌ, �¢�(J�L²
3,�A½(��Å�u�ì¥, ÉÅ�(���,

ªÇN���'��, J±÷v°ªÌïÄ�I¦.

�
ÿ°N���, ·�ïÄ
ØÓëê�Å�u
�ì, ÏLUCÄ$1� THz 3u�ì¥�� �
�^�, �O
ê�ëY���ª�, ±÷v��
�N��I¦.

�OÑ�«Å�
�.u�ì, Xã 6 ¤«.

3�k7á.¡�ý90�Ä.þ²1SC 4 ¬
î�¡º�4~��Ý��� GaP Å�u�ì, �
¤��8¤�u�ì
�, Tì�õ��N, ��
NSC3Y²²£�þ, ÏL²ÄÀJ�¬Å��

�u�ì, N!Ä$1à�ßºòÄ$1å±Ü·
���ÍÜ?�¬Å�, =¢y
oN��ªÌ�
�; 2ÏLN!Ä$
Ø 1»émå, 3T��
ªÌ��S°�N�ÑÑªÌ, �ª=�¢y3�
��S°[N!ÑÑ� THz ªÌ. �cãnØO
�9¢�(J, ã 6 ¥u�ì
�ýÏN�ªã
l 0.5 THz � 2.3 THz, N�þ� 1.8 THz.

ã 6 GaP Å�u�ì
� (º�ëêü � mm)

6 ( Ø

nØ9¢�y²
ÏLN!Ä$1óÀ°Ý
5¢yÑÑ THz ÅªÌ�N�´�«{ü´1�
�{, §|^DÚ� THz ��ªÌXÚ, ÃI­#
N!1´, {z
ö�, �ØI�Ú\�	��Ñ
��, Ø¬�f�)�Ç, �ÑÑ THz ÅªÌ>÷
Í�, äk�Ð�A^då. �O
�«�¹ØÓ
º�Å��
�. THz Åu�ì�, ±¢y���
p°Ý�°� THz ªÇN�.
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Abstract

We report on a frequency-tunable terahertz pulse train generated from a rectangular GaP waveguide emitter pumped by a pulse

width tunable femtosecond photonic crystal fiber amplifier. The THz frequency can be tuned by varying the pump pulse duration. The

dispersion of the emitter can be controlled via the geometry of the waveguide, and the coherent buildup length can be increased to scale

up the output power. Waveguides with different cross sections can be used to tune the THz spectrum. Combined with the pump pulse

duration tuning technique, THz pulses with a precisely tunable frequency can be obtained. In the experiment, tunable THz radiation is

obtained from a GaP waveguide emitter with a cross section of 1 mm×0.7 mm. Finally, a GaP emitter array is designed to achieve a

wider tuning range.

Keywords: ultrafast terahertz wave, frequency tuning, GaP waveguide, femtosecond photonic crystal fiber laser
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