54 8 2005 8 Vol.54 No.8 August 2005

1000-3290/2005/54 08 /3578-06 ACTA PHYSICA SINICA (©2005 Chin. Phys. Soc.
621900
2004 8 31 2005 3 11
. X 29.4% 2.5  Particle in
Cell PIC 28 % 9.42 GHz 2.25 GW.
PACC 4100 0200
™ . 2
1. 2
’ 3
HPM
: E, 0<z<d,
2 3 4
E. z =\0 L<z<d +L
5
—E2 d1+L<Z<d1+L+d2
1
E, E, . E. z
E r z
6
E> rdr =1
Y
Vv
E° E
S
E = (Z()E 2
8
@, E° MV/em E
m—3/2
E° E,
€
2. E, =./ L—;E? 3
14 0<z< L, EY

2.1. J e

1 £, =9.42 GHz



3579

8
2.0 d—y——eaEzsin +B+6E“’ 4a
A dZ _m0C2 0~z gp m062 z
de _2n v ab
dz A /Y~ 1
g Lo o Qg a()EZ Z
L >
B BT T am E* mq
I - c V4 A
©=wt
0.0 : . 4 =0
0.0 4.0 8.0 12.0 1 e
z/cm — =,/ 1= (_O)
V4 c
| ¢ =Po
Vo gDO = wto
1. 33 n 4
,Tg yn 5011
E' 0. 00 = -
S | A @ =@, + KV, Lsin ¢, + B + @, 5
-1.33} 7 =70+ Visin g
. , . ) ) - Vysin @y + K’V Lsin ¢, + ¢, 6
0.00 4. 00 8.00
z/cm ‘8
eayE, d
V, = 0 121
2 mgc
eao E,d,
V, =
. A 2 m062
: 21 1
E ==
E A 7o -1°
o 2L Yo
= A > .
VoY =1
d1+d2+L - ’
di d1I+L ;
11
Byl === === == --
eixsin(p — 2 ime x einw‘
3 m=—o
J., x m  Bessel 2
0<z<d, E? =7MV/em .
0
wW=1.2] L+d <z<
L+d, +d, E3 =7 MV/cm 2. AY =7, -7
3 E, =E,=769. =-V,J; KV,L cos ¢, . 7
2.2. -
Ay
= . 8
7=y -1

Vi+ Vo=7,-1



3580

cos o, =1 7 8
_ V2]1 a
T+ W
_ E,d, ], «a 9
T Ed + E,d,
a=kV L
d, d, 3
9 a=1.5
i
E,d,
=0.588 ——F—. 10
7 Ed, + E,d,
10 29.49% —
58.8% E2d2>>E1 dl
0.588 E,d, = E,d,
0.294. 4 E,d,>E d,
a=1.5
a
4 Ui a
3.
58.8%
w Wy
13 14
w(go wg —w - Zwﬁ’f) ay = iJ.LCOS ﬁo - :81
11a

54
2(1)&6 + (U()Qa()‘gz) + wz)wao = Egojjlsin BO — ‘8]
11b
Q Ao Bo
JI B
et = 1z Bz ds
L
I 2= ip z
I, z = i‘[0e¢ dgo(,.
¢z =wt t 1,
11
%o = a:)OQ JJisin By - B 12a
ay =—5—5—JJ,cos By - 12b
Wy, — W 8()
w =
W, 12
a = Q)E“OQJJI. 13
14
W = ie ap 14
- 2 oo -
Qu
Poul
we (12
_ 0%
Poul - 2Qex . 15
4.
5 11 JI B
JI e = iE,dy 1, ], KV L &% . 16
13
E,d, ]I
aq = M]O . r
we,
17
a =kl a . 18
p lo OB d\EdL
AN
I :4nm(;c360

Alfven



3581

2.5  Particle in Cell PIC
™, . ©6

8
k a 9 .7 9.42 GHz.
15 8
k k 2.25GW. 9
a 28% .
5 a k 1
5 k>2
k a
E
2. 50 >
=
~
2
s 1.25 |
_1 1 1 1 1
0 20 40
t/ns
6
0. 00
0 1 1..00
0. 80
5 a k
Tg |
? % @ S |
R |
% 0.40 i
, & !
_a My i 2 3
=5 g d LY -l 19 |
; )
B 2 0000 @; AJ'LIJO 15
_ Mo A N
P = 87(3[* 0 EdL’ Yo —1". 20 f/GHz
9 a=1.5 7
29.4% 18 4 k=2.7.
800 kV y=2.6. 6
2 Ed =Eydy=A"" L=1.21 Q=50 20
2.4 GW 18 4l
10 kA 8.0 GW
30% . 9 % N
~
Ry
5.2.5 PIC or
1 800 -2 ' . . .
0 20 40
kV 10 kA 45T 6— 9 t/ns



3582

54

30
NN
!
20
®
<
=
10
0 1 !
0 20 40 58.8%
t/ns
2.5 PIC
9 7 t
58.8%
LiZH HuKS Zhang H 2002 High Power Laser and Particle 9 Zhu M Wu H S 1987 Acta Electron . Sin. 48 in Chinese
Beam 14 99  in Chinese 2002 1987 48
14 99 10 WangSH LuoZH Luo Y X 1980 Principle of Linac for Proton
Vlasov A N Shkvarunets A G Rodgers J C et al 2000 IEEE Beijing Atomic Energy Press pl43 in Chinese
Trans . Plasma Sci . 28 550 1980
Freund H P 2000 IEEE Trans. Plasma Sci. 28 748 143
Huang H Fan Z K Tan ] et al 2004 Acta Phys. Sin. 53 1129 in 11 Wu H S 1986 Principle of Microwave Electronics Beijing Science
Chinese 2004 53 Press p250 in Chinese 1986
1129 250
Chen X Lindsay P A Zhang J 2000 /EEE Trans . Plasma Sci. 28 12 Liang K M 1978 Mathematics and Physics Method ~Beijing People’ s
462 Education Press p364 in Chinese 1978
Hui Z X Yang Z H 1990 Free Electron Laser Beijing Science 364
Press p296 in Chinese 1990 13 LiZH Meng F B Hu K S 2004 Acta Phys. Sin. 53 3627 in
296 Chinese 2004 53 3627
Barroso J J 2000 [EEE Trans . Plasma Sci. 28 652 14 LiZH Huang H Meng F B 2005 Acta Phys. Sin. 54 1564 in

Brant H E 1996 IEEE Trans. Plasma Sci. 24 924

Chinese 2005 54 1564



8 3583

Investigation of bitron as a high power microwave oscillator

Li Zheng-Hong Meng Fan-Bao Chang An-Bi Huang Hua Ma Qiao-Sheng
Institute of Applied Electronics ~ China Academy of Engineering Physics Mianyang 621900 China
Received 31 August 2004  revised manuscript received 11 March 2005

Abstract
Bitron as a new type of high-power microwave device is studied in this paper. The parameters such as microwave power
and its efficiency based on the theoretical analysis has been realized on 2.5D Particle in Cell PIC simulation code. This
device is composed of two parts a modulation cavity and an output cavity. Coupling exists between these two cavities so the
oscillation occurs under certain conditions. X band bitron is designed in this paper and its theoretical efficiency is 29.4% . The
process is also realized by 2.5 PIC simulation code with an efficiency 28%  microwave frequency 9.42 GHz and the power
output 2.25 GW.
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