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Abstract: A terahertz oscillator based on Smith-Purcell effect was presented. The terahertz oscillator is
composed of an electron gun, a modulation cavity, an output cavity and a collector. In the modulation
cavity of the novel terahertz oscillator, electron beam was modulated by Smith-Purcell effect. As
bunching electron beam passes through output cavity, high-frequency electric field is produced in the gap
of output cavity. By the high-frequency electric field, part of the kinetic energy of electron beam can be
transformed into the energy of high-frequency field, and the terahertz radiation can be emitted. The
simulation results show that when the length of the grating period is 0. 6 mm, and energy of electron
beam is 100 keV, the terahertz radiation frequency at 349. 017 GHz and 346. 324 GHz , power spectral
density approach 4 kW/GHz, and maximum output peak power over 2 kW can be generated in the
terahertz oscillator based on Smith-Purcell effect.
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Fig. 1 Schematic diagram of the THz oscillator
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Table 1 Parameters of the simulations
Parameters Values
Period of metallic grating 0. 60 mm
Depth of metallic grating 0.71 mm
Metallic width of metallic grating 0.20 mm
Number of period 50
Beam voltage 100 kV
Current 10 A
Transverse size of beam 0.25 mm
Axial magnetic field 2.0T
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Fig. 2 The simulation geometry of the THz oscillator
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Fig. 3 Density of electrons in the =~y plane of the
THz oscillator

0423003~ 3



T

¥R

Bl 4 o5 THz 4k & 4 i 7 TE A sh BE 1 = oo A
P I 4 R AL B0 75 98] ] Ak A7 — 3 23 v 5 9 3l
RE R T HL T 1E 09 A5 3 BB A7 — 8 70 WL 1~ 19 3l RE /)
T T B Bl AE X Ul I ] RE 8 X L T
P10 3 B EAT A . UL R T T Bl BB A A 1A JE IR
JE 0. 85mm 7 A7+ U B 78 A 2% B BL. i — 25 B W] A]
AR T S-P 2000 ] ] L 8 3 52 2 A+ 2 T) ) 3013 [T A
X 2% D B R SR . NI 4 E— 25 T DAL AR 3
T 9 1] B b 31 3R 73 A S BEAT — R AT B X i3t
R IR F 1 L RE 8 15 i M 1) 1) B A L AR X o AR
LT TR O 2 B N TR Bl RE A 0 D i RN H O
HI G A T 4.

120 +

100

80+ ety P

i ibkisiih

Energy particle/(x10%V)

1 L I

0 10 20
ZI(*x107°m)

M4 THziRGAT R FEGIRIE = oA
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2 Hig

W S8 YA 2 () JE 1) £ =0. 6 mm, B FiERE R E=
100 keV B, THz ¥% 3% 28 7] DA% H 45 %y 349. 017 GHz
Fi1 346. 324 GHz Ty H 3k % & #2395 4 kW/GHz, i K#i
HE DR 2 kW R K B 2% I 5 B 01 45 5% 2 W F)
FHS-P 5% 98 il fL 3 5 R AT S B 6 2% Bk 5 A
S &k
[1] LIU Sheng-gang, ZHONG Ren-bin.

terahertz science and technology and it’s applications [ ] ].

Recent development of

Journal of University of Electronic Science and Technology
of China, 2009, 38(5): 481-486.

XU, ARk, R 2Bk 2 H R R ok & e (1],
FRHE K2z 2E R . 2009, 38(5) . 481-486.

[2] SUN Bo, YAN Jian-quan. Generation of terahertz wave based
on optical methods[ J]. Chinese Journal of Lasers, 2006, 33
(10): 1349-1359.

IhEE, BEERE. B TOLE TR R AR AT IR LT ] T EEOG,
2006, 33(10): 1349-1359.

[3] MA Ju-cheng, CHEN Yan-ting, XIANG Jun, et al. Progress
in generation of terahertz radiation [ J J.
Optoelectronics Progress, 2007, 44(4) . 56-61.
a2, BRIEAS . Mm%, 55, KRR 4R o A R R LT, %
S5 TR, 2007, 44(4) . 56-61.

Laser and

0423003~ 4



T B 55 R T S - A R AR AR Y RO 4% Uk 3 A B4 R S R e A

(4]

(5]

(6]

(7]

(8]

9]

(10]

[11]

[12]

HE Zhong-jiao.
terahertz fiber [ J]. Acta Photonica Sinica, 2015, 44 (4):
0406006.

] BB AW R OGET Al ks et ()], SbF 244, 2015,
44(4) . 0406006.

CHENG Wei, LI Jiu-sheng. A dual-wavelength terahertz wave
power splitter based on photonic crystal[J]. Acta Photonica
Sinica, 2014, 43(1) . 123002.

G, . T 6T 5 R B RO K R bk 2% ik 2 43 2% BF 9%
[JJ. JeTF2H, 2014, 43(1) . 123002,

XU De-gang, YU Hong, ZHANG Hao, et al.
study on sombining model of terahertz beams [ J]. Acta
Photonica Sinica, 2014, 43(3) . 0319001.

AW, For, sk2 % K& A RmREAR W[
e TF2ER, 2014, 43(3); 0319001.

MENG Xian-zhu; WANG Ming-hong; REN Zhong-min.

Analysis on picosecond pulses of terahertz radiation using

Fiber Bragg grating based on a polymer

Theoretical

Compton scattering [ J]. High Power Laser and Particle
Beams, 2009, 21(8) . 1125-1128.
o BUAE, E T, AR R R R 8 o A S S B Kb 2% B D Tk
A ATL ], SR S RLF A, 2009, 21(8): 1125-1128.
WANG Ming-hong, XUE Qian-zhong, LIU Pu-kun. Review of
THz vacuum electronic devices and development[J]. Journal
of Electronics and Information Technology, 2008, 30 (7):
1766-1771.
FWLL L BT B R R 2% B s L T AR R A AT R IR B R
PRI, M7 515 B4R .2008.30(7) . 1766-1771.
SMITH E J . PURCELL E M. Visible light from localized
surface charges moving across a grating[ J]. Physics Review,
1953,92(4) . 1069.
ZHAO Jun-ping; TIANJin-shou; BAI Yong-lin,
Parameters measurement of 100 keV gyral electron beam[]].
High Power Laser and Particle Beams ., 2007, 19(03) . 487-
490.
X FE, Mk, [, 5. 100keV B E HL T 3 S S0 &
[J]. SOt 5873, 2007, 19€03) : 487-490.
TORRARL. K2 1 BE S B IM. db st @R
$ ol H At 2008 :325-346.
FAN Zhi-kai, LIU Qing-xiang, LIU Xi-san, et al. The small

signal analysis of the transit-time effect in the three-cavity

et al.

Foundation item: The National Natural Science Foundation of China (Nos.

Shandong Province (No. ZR2011FQ001)

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

0423003~ 5

resonator J]. High Power Laser and Particle Beams, 1999,
11(4) . 482-486.

JEARTE . XUBRAR, XUB) =, 5. = WS IR s i ok ek ] 500 1 /0
ESAHILT ], SRBOL SR TR, 1999, 11(4) . 482-486.
WEREE, R, R B R LS M. dbat. B2 AL
1996, 180-186.

LIU Zhen-Bang, JINXiao, HUANG Hua, et al. Preliminary
study of the characteristic of multi-beam in intense multi-
beam relativistic klystron[J]. Acta Physics Sinica s 2012, 61
(24): 248401.

XUPRTN . Axpe, AL, SE. SR 2 VA IS R A P i TR R
YRR FFEL) ] EAER, 2012, 61(24) : 248401,
MENG Xian-zhu.
on a semi-conical resonator [ J]. Optics Communications .
2012, 285(6) . 975 - 979.

MENG Xian-zhu.
on a multilayer metal-dielectric stack[ J]. Optik, 2013, 124
(17) . 3162.

MENG Xian-zhu, WANG Ming-hong, REN Zhong-min.
Smith - Purcell free electron laser based on the semi-elliptical
resonator[ J]. Chinese Physics B, 2011, 20(5): 05072.
GAO Xi, YANG Zi-giang, QI Li-mei, Three-
dimensional simulation of Ka-band relativistic cherenkov
source with metal photonic-band-gap structures[ J]. Chinese
Physics B.2009, 18(6): 2452.

LIU Wen-Xin, TANG Chuan-Xiang,

Characteristics of

Smith - Purcell free electron laser based

Smith - Purcell free electron laser based

et al.

HUANG Wen-Hui.
terahertz coherent transition radiation
generated from picosecond ultrashort electron bunch [ ] ].
Chinese Physics B, 2010, 19(6): 062902.
BEI Hua, DAI Dong-dong, DAI Zhi-min.
Smith-Purcell radiation from compact terahertz source[] ],
High Power Laser and Particle Beams, 2008, 20 (12).
2067-2072.

ZHANG Ze-hai, SHU Ting, ZHANG Jun, et al. Three

dimensional particle-in-cell simulation of IL-band relativistic

Simulation of

klystron amplifier [ J]. High Power Laser and Particle
Beams, 2010, 22(3): 613-617.

SRR, ATHE, SR SR, LB XIS SR A 1 3 diER R
P, SRS RT3, 2010, 22(3): 613-617.

11275089, 11375081) and the Natural Science Foundation of



