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Fig. 1. (color online) Schematic drawings of (a) the semi-transparent cathode and (b) all output structure.
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Fig. 2. (color online) Schematic drawings of the AS relativistic magnetron: (a), (b) R-Z cross sections with
different 0; (c), (d) X-Y cross sections with different z.

248401-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 24 (2016) 248401

TR H R R FH 4 i R 5 e 45 R 0 58 B
FI# (all cavity output and semi-transparent cath-
ode, AS)HX 18112 B R-Z B (AN [F] A 17 £z
B 0) M X-Y B (AN [F) 5] AL B 2) S5 R s = B
FEI 2 (a) () . 3o — B8 [ 0 A1 P IX SR
P37 A R i b D2 i 2, |
L5 RSB B RRORT IS AR s 55 2 B 24 SR ] SR [15]
HIE S E, A SCE X SRS WE RS
K, RIAE S PR RS DUR i 98 5 ) 98 J52 P B8 T
AL Lo S HEATIRAL.

2.2 BRALESPHRA O

WA STHR [17], FRATRE o T i 3 B AR AR =X
AR AR RIS R B T4 T 28 0 A, I3 45 TN
A2 b [l E (b = 4.2 cm), SMFA42Ea 5 BN 6.6, 7.3
8.0 con fHHL N, TEq (FEAE) MHAb =B (TE21,
TE12, TEor) XM HBUESZE. 7T LLE 2 TE; B
BUEIR RS BEE o 3G K, TEy 5 TE B
AT B 5 AMERR N, RS B R R AT

ARSCHTRER ) AS XIS 3 TAESRR L8
2.38 GHz, EXMFHLERFEM TE, (TARREN) AL
1B /N T 2.38 GHz, 145 DS 4. T B s
A KT 2.38 GHz, VAORIEFAE RS AT, 6 b
AR TE . G5, ERATTHEREHE N,
TR 25 2 e % T 2 AR KR

7

—m— g =6.6 cm
—0— g =7.3 cm

N
T
9 51
5 —A— g =8.0 cm
=]
g /
> 4
g
&
w—
B 31
=
5
2 \
2.38 GHz
1 T T T T
TEn TE2 TEo TE12

Modes

3 (MTIRE) AFAMERET BB S P IR = A
B LB AR

Fig. 3. (color online) Cutoff frequencies of the fun-
damental mode and three higher order modes with

different outer radii in the fan waveguide.
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Fig. 4. (color online) The contour plots of the elec-
tromagnetic field of TE;; mode in the fan waveguide:
(a) Eg; (b) Bs.
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Fig. 5. Time plots of the averaged (a) beam voltage and (b) total input power obtained on the diode.
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Fig. 6. (color online) Formation and rotation of electron spokes at different times: (a) ¢ = 1.722 ns;
(b) t =4.591 ns; (c) t = 20.374 ns; (d) t = 21.808 ns.
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Fig. 7. (color online) Phase space plots of electrons in R-Z plane: (a) All cavity output structure; (b) axial

diffraction extraction.

248401-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 24 (2016) 248401

1001 (a)
T ol Jmli|l|illll||||hjh1ll|lllllllllllm“'ll
= —50 I"l' W IR
S 100 d |||1|||||l||r1||HI|1|||||H|H||r||h|H
0 5 10 15 20 25

Time/ns

3 20

0 (b)

15

g

5 1.0

o

=

3 0.5

5 0

o

° ==,
0

E 0 1 2 3 4 5 6

< Frequency/GHz

K8 (a) BHARIE ] B A 1) AL 37 BEIN TR AE 4L 2 (b) A RIF FET B84 4]

Fig. 8. (a) Variations of Ey with time at the anode cavity gap and (b) the corresponding Fourier transform.

HH B 7 () FIEE 7 (b) 4350l 45 Hh 7 R A 4 Js o o
235 ) RISl i) 0 7 B M 5 R ) Y 0 B B AR R 1
Wi, BT HRAE R-Z A . W LG
B, K At A5 S, A A RS R R (FH
10.5 cm [£ %) 6.6 cm), Fli ) )R8 B 46 50 (e KT
40 cm F#F]/NT 30 cm).
B8 (a) AT 8 (b) 25 HE 17 BH AR A A1 B A1 1) FL )
It T[] P 788 £ S AF 7 1) 4 B R s AR e (FFT)
A LLE B, 58537 K20 8.0 ns ik WA, 8 4R 47
792.32 GHz. TRZEVHIE, BTG FLITEHK
Hﬂ’]?ﬁﬁﬁéiﬁ& o tH RS S AL AR AE SR B BRI 1)
VIR (1) ARG, DR b L5 R FH el e 735 i L 1) >0
W BA AR ARG Ve R AR L, TAEARR (2.5 GHz %
42.32 GHz.
BoJE A7 3 oh B ) | 1) A8 4. W] LA
2.5

(a)
WmluwIMU'll\u\lmHIMlun|umwmwlu

1.5

1.0 |

Tlme/ns

0.

Output power/GW
ot

0
0

10 i BRI D 2 B () )22 1L

B, WA TR 4115 GW, R ik B 50%.
10 45 H T RS [ an H 85 ) B i I B 2 %6 i
I [ AR Ak, AT CUE 2, R &bt 850 )5,
HH A A B N 2, PRI B e S, X
FEZHTEEABRA LG B ESEN QH
BRI, R 11 52 4 A 203 2 /DS, VAT AR,

1.2

0.8

0.4

Output power/GW

0 5 10 15 20 25
Time/ns

PO i H I D 4 0 17 2 ) 2 B PO A2 A

Fig. 9. Time plots of the periodic-average output power.

F\'\m"”'u-\"?\“\!iiﬂw\"'\'\\!"\wamH'\'H'NH'\i\i"\H'

2.

o

1.0

Output power/GW

All

Tlme/ns

(a) £t th; (b) e 43k
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(b) axial diffraction extraction.
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Fig. 11. (color online) Contour plots of the radiation fields in the interaction region: (a) Ey; (b) B..
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Abstract

Relativistic magnetron is a kind of compact cross-field high power microwave source. It has the virtues of wide
frequency tunability and ability to operate with relative lower external magnetic field. To improve the compactness and
reduce the size and weight of the relativistic magnetron further, a novel relativistic magnetron using all-cavity output
and semi-transparent cathode is investigated theoretically and numerically. By using the all-cavity output structure, the
radial dimension is reduced markedly (from 10.5 cm to 6.6 cm) and the axial dimension is also shortened considerably
(from larger than 40 cm to less than 30 cm). Since the radiation fields in the interaction cavity are coupled through the
coupling hole to the output fan waveguide, the cutoff frequencies of the fundamental mode and three higher order modes
in the fan waveguide with different outer radii are calculated. The calculation results show that the mode separation
is wide enough for the single mode operation on the fundamental mode. And by using the semi-transparent cathode,
the high output efficiency can be obtained and the output characteristics are insensitive to the depth and width of each
cathode slot. To verify the characteristic of the proposed magnetron, numerical simulations are carried out by using the
three-dimensional particle-in-cell code. After careful optimization, simulations show that with a beam voltage of 395 kV
and beam current of 5.6 kA, 1.15 GW output microwave with an efficiency of about 50% can be obtained at S-band with
purer mode. The corresponding applied magnetic field is 4.75 kGs (1 Gs = 107 T). In a relatively large range, both
radiation power and the optimal magnetic field increase with the beam voltage. But the output efficiency keeps almost
unchanged.

The effects of the depth, width and length of the coupling hole, width of the fan waveguide o and the distance
from the beginning position of the fan waveguide to the coupling hole center Ls. on the output characteristics are also
analyzed. Simulation results show that when the dimension of the coupling hole is small, the output power is low. But
there is no mode competition and the device works on the m mode. With the increase of the coupling hole, the output
power increases accordingly. When the coupling hole is large enough, the mode competition between the m mode and
1/3 mode becomes so serious that the ™ mode cannot win any more. At the same time, the output power decreases
markedly. There also exist optimal values of both the fan width « and the beginning position of the fan waveguide (Lsc)

for maximal output power.

Keywords: relativistic magnetron, semi-transparent cathode, all cavity output
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