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Study of Performance of Terahertz Radiation of
Small-aperture Spiral Photoconductive Antenna
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Abstract: The characteristics of terahertz (THz) radiation of small-aperture spiral photoconductive

antennas are studied. By using the THz time-domain spectroscopy to measure the THz radiation spectra

of a spiral photoconductive antenna, its time-domain emission spectra are obtained. Then, the corre-

sponding frequency domain spectra are obtained via fast Fourier transform. At the same time, the THz

radiation characteristics of two spiral photoconductive antennas with different apertures are compared

with each other. The experimental result shows that the intensity of a THz signal can be enhanced with

the increase of bias voltage. For same bias voltage and pump power, the photoconductive antenna with

a smaller aperture has a higher radiation power.

Key words: THz radiation; photoconductive antenna; time-domain spectroscopy; LT-GaAs

0 GH

��� (THz) ����	�
	� 0.1 ∼ 10

THz (��� 30 µm ∼ 3 mm)�
������

�������������
���� 20

� 80 ����������������

������ THz ������������

���������� !"#�� THz �

G����2011–10–24

 !H"�IIJKJLKMLMNNOOP
PQ#$�RQS (1987-) �T�UVRST�UVKMW�XYWÆZX[\]YZ[^KM$
E-mail: shangcheng0510@163.com

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.32, No.12, Dec 2011



28 � � 2011 _ 12 `

��%���%&��&�����'��'

��((&�%��� THz ���!")

�����)*��*�)+� �%&��

!+�!"	"&,#$-.�% ,�-�

���!"%� THz �� [1] �&�'()�

'�.�(*����!"/� THz ����

#*/0����!"��1�2+,��!

"�$+,��!"-2.���$+,!"

�..%/�/��&
��3/3/�

-�4��Æ'056178	�22(7	

��)0*9�+�3:41,Æ�5$+,

!"���%	�.-15Æ�67�;$+

,28!"�./
��03����<	

�2�!.0�46/7 [2−4] �1990�Pastol

6� [5] **028!"�&�12��/0�

*�41�1999 �Saijo 6� [6] *28!"�


�/0�*�13�4�9Æ41 ,�-

*285$+,!"���%	�:6�-(

=7+,!"���/0�>�85�

1 \]^ab_c THz `abcd

���!"�� THz $-�67	,#

��$-;����?8����!"%�

�1
<9=� ,�-�/&9%:>@

A;��' THz � [7] �:;!"-B<%�;

2 ,�C� E
b
D<.��;�&��!

"��5?=@A2�D&����$-;�

!"&!"���?8)����<9=>

� ,�C�/&9/%:>@%�1E�

�9 J
s
�FG=�

J
s
(t) = σ(t)E

b

/ [
1 +

σ(t)η0

(1 + √
ε

r
)

]
(1)

=�σ(t)����?8���	B�����

* I0 ?��η0 �CB@
���	η0 = 377 Ω�

ε
r
�����#*A�H0�BBC�D�I�

J
s
(t) = σ(t)[E

b
+ E

r
(t)] (2)

=�E
r
(t) �1E�9�&C>E9<���

THz �C�

E
r
(t) = −E

b
σ(t)η0

/[
(1 +

√
ε

r
) + σ(t)η0

]
(3)

�DC>E9�9$-� THz ��*9E�

1E�9��1�.#7�5=�:; THz �

�J�� ,�C�<9=	6F�� !

.����!"�""!. F7����

!"�GHD2����KLG�IM�D

C��C* E
rad

(t) �FG=�

E
rad

(t) ∼= − A

4πε0c
2z

dJ
s
(t)

dt
(4)

=� A ���!"�.%��IJ ε0 �H

@A�H0 c �H@���: z �KN7M

��!"�GH�

2 defgef\]^abb THz

gh\hij
�)<?&�-O$+,285���!

"�PQL�4@���AMI?8��N


G1R� 14 µm� 34 µm��)�SO� THz&

��BC?&�����D��� 800 nm �

$/� 30 fs �5T
	� 75 MHz �ELF'

<	� 320 mW �JUGCHP,#��Æ�I

1 <J�VBC��QI���,#�� (Fs

Laser)��1KR (CBS) �1W-K���K/

�.����KXBC (Stage) �LR L1 �S

TM��!" (PCA) M%� THz �� THz �

�B-OYUHLNOIR (PM1 � PM2) MN

STM ZnTe(110) V�M�W�K/�� ��

�Z�R M7/M8 �LR L2 � OP P )BX

P (Si Wafer)Z�M ZnTeV��7�Q,MR

[ THz )S�� ���Z�R M9 �LR L3

�STMC@EYZ P (ABL100)M�ABL100

B�OT1���P��OQ[U\\R��

O���VRW�ABL100 F')0SH#]2

Æ (Lock-in) �H#]2ÆF'�O�.��


	� TTL �E���]2Æ (Amplifier) ]2

�/� ,�-^%M��!"�-]�V^

9�-)0��WT�Æ�_U)0�H#

]2Æ`_)0&/�a`)0�*H#J1

aXY�BaX6`_)ZJ''��)�@

9� 25◦ �#*[9� 50 % �>E9�*�

Infrared (monthly)/Vol.32, No.12, Dec 2011 http://journal.sitp.ac.cn/hw



� 32 ��� 12 � � � 29

\ 1 THz-TDS ]^bbc\

3 klijklm
3.1 mVWXnÆYZ[op\]^Y_

4���N
_� 14 µm �28`!"�

d*�����* F��)�e� ,

�-� 45 V  ,�-
	� 6.6 kHz .��

��<	� 200 mW� ��<	� 30 mW

<& ZnTe(110) V��f9� 2 mm �I 2(a) <

J��)<I�&���I 2(b) <J���

:cg`Eh�IM�
���
[/9

� 1.5 THz �

AI 2(a) ���i'$+,28!"�

���5D> �/0�aN=!"�d5!

"����5Ta���O9$-�.�O

b
�B!"
_%��1E��9bc28

!"�-e.�9@��:�f�5
W1c

��4
W1����

(a) (b)

\ 2 (a) djkldebgfg (14 µm) hhb THz iebj� (b) ifb THz kebj

3.2 gqZrhmVWXnÆYZ[op]^

st\uv

��N
_� 14 µm �28`��!"�

d�e�.���<	� 200 mW jE ,�

-2$kl�l�)>E=E���*>��

THz)0���IMI 3<J� THz��m

 ,�-�EM85�AI 3 ���i'%�

� THz ���*9mmM� ,�CWi>

j�= (1) #nn�oI 3 kh�I 4 <J�


���AI 4 ���i'mc ,�-�l

2�� THz ��
nnFEl2�3��

��)o<9=�%:>@>mc ,�-�

l*;%�A;%�p*�1E�9<��

� THz��*9Em2�pn�5 ,�-�

�IMp*� THz ��)��q)+ THz ��

*9� ,�-2$�"0*B�8	mc 

,�-�pnl5���!"��oFEq

:l%jo>�o��!"^rr;ps�3

:��l% ,�-�5 THz ��*9>q

M<&���?8�rrpF�rU�

3.3 Zqrwx 34 µm \op\stZuyv
e�.����<	� 200 mW ��N
_

� 34 µm �!"�� THz ��nnF>m ,

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.32, No.12, Dec 2011



30 � � 2011 _ 12 `

\ 3 sstw	tuuvb THz vw – wx	t

\ 4 sstw	tuuvb THz vkebj

�-�l%;E2�8D ,�-lS 60 V&

!"'wrrwx�I 5 <J�!"rr��

Z�R9]2 100xIM�Iy�AI 5 ���

i'rro1=��N
_Q,M�3�!"


_�$.���y=3^z'STM�N


_Q,M�% -&8e
_�$Q,M�

 ,�C>�N
_Q,M�5�(�o8

e
_�$Q,^rr�:&rr�C� 50

kV/cm �

3.4 yzmVWXnÆop\]^stz{
4�41��N
_1R� 14 µm� 34 µm

�-($+,28`��!"���/0�e

�.����<	� 200 mW  ,�-� 50

V )��l�t>Ez#7�859�*�

�)�I 6 <J�IM�-(!"��� THz

��&��5�AI 6 ���i'�#7>E

9�N
G� 14 µm�!"���)0�*�

3����<	� ,�-#7�859�

N�
�
Gm$-O�N�
���<	

u9��C*9vm2<����)%��

��<9=0FEm(;{�%:>@Em

wx�o�� THz )0�*9l2�

\ 5 34 µm fgy{zb|}{|�\

\ 6 ||fghhb THz iev}

4 i{

m~;a)SO���m�$+,28`

���!"� THz-TDS BCIM�����

THz&��
���Y�13� ,�-*9

*!"��/0�:6)*�N
_1R�

14 µm � 34 µm �-($+,28`��!"

���/0�*�>���)}~F�!"�

THz ��<	>mc ,�-�l2;l*�

� ,�-�.��<	#7�859=7

�N
_�28`!"�
_m$���)

0*9m2�

~�DE

[1] Geizutis A, Krotkus A, Bertulis K, et al. Terahertz

Radiation Emitters and Detectors [J]. Optical Mate-

rials, 2008, 30(2): 786–788.

}} ~|}~ 44 ��

Infrared (monthly)/Vol.32, No.12, Dec 2011 http://journal.sitp.ac.cn/hw


