ANIESIE S S/

J. Infrared Millim. Waves

5 34 B4 3 1
2015 4£ 6 H

Vol. 34, No.3
June 2015

XE4S:1001 -9014(2015)03 - 0307 - 07

BEEHENRT REEREBERAE
KEE', REE, IAE, HEE

(L. R EBkABE s T ABE T, B RR A B i D R M IR S BOR B R SE s %, Jbat 1001905
2. LRI MR, TR R TR B, dLat 100083)

WE: X TEHRPEN LR ERENES 0 H HUEER BERABUR IR EERTTHAE. Elta 4
BT WHRBEEEAEY B ERARACBAEER FRE, XA Z 0 FHEU(PIC) B AR & F 32 &
Bl ERREEGRG MR B RSN ERIBRATTAR, T EL B T RABN IR FE REUR
WS HBEAETPICERE T : AP OMEI4.52CHz LR AEE 16KV B 0.6 A BT ESHK T, K AH
Wh AR 1.8 kW, A oy 3 25 Fr T FE % 47.7 dB F119.4% ; H I 45 R B n Bk it 3 dB 4 % % 210 MHz.
X B R REEAZEEG; ZERBRE; TESVRE BT EER; =48 THEN

hE4SHES.TNI22  TERERIDAD. A

High-power extended-interaction klystron with
ladder-type structure
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Abstract: The characteristics of the planar ladder-type multi-gap resonant cavity are investigated, including the mode
distribution, characteristic impedance (R/Q) , coupling coefficient and the operating stability. The high-frequency inter-
action system for a W-band high-power extended interaction klystron was designed. The nonlinear performances such as
the saturated power, gain, efficiency, as well as bandwidth are predicted by using the three-dimension Particle-in-Cell
technology. The modulation and bunching of the beam and the physics of the interaction between the beam and the multi-
gap resonant cavity were explored. PIC simulation results show that the output power is up to 1. 8 kW at the frequency of
94.52 GHz with the voltage of 16 kV and beam current of 0.6 A. This power corresponds to a gain of 47.7 dB and an
efficiency of 19.4% respectively. The sweep-frequency simulations with the same drive power show that the 3-dB band-
width of 210 MHz can be achieved.

Key words: extended interaction klystron, multi-gap resonant cavity, planar ladder-type circuit, beam conductance,
three-dimension particle-in-cell simulation
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Fig.1 Sketch of the planar ladder-type multi-gap resonant
cavity
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Table 1 Mode spectrum of the five-gap cavity

J5i% (GHz)

75 pr— — v

1 85.3867 85.5949 451

2 94,5915 94.5392 TE;\® -2m( THEHR)

3 104. 663 104.817 550 JEk

4 105.374 105.359 TE;,® - n/4

5 121.822 121.992 o5 3 Rk

6 129.592 129.623 TE,,™ -2n/4

7 130. 881 130.992 o5 4 Jpk

8 158.902 158.832 TE»™ -2%

9 160.517 160.481 TE» ™ -n/4

10 161.583 161.699 TE,,™ -3n/4

11 167.331 167.328 TE»™ -2u/4

12 184.609 184.679 TEy™® -3u/4

13 194. 644 194.910 TE,, ) - m
YZ-plane XY-plane
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Fig.2 Patterns of the electric field of the TE,,” -2 and
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—

o 5 5 o

B3 51 RS 2 A R
Fig.3 Patterns of the electric field of the first
and second cavity mode
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Fig.4 Electric field distribution of E, along axis for different axial modes
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Table 2 Characteristic impedance and coupling coefficient

5N Jf/GHz R/Q/Q M (R/Q) + M
2m 94.5915 349.0 0.5552 107.6
/4 105.374 179.4 0.4117 30.40
/2 129.592 78.9%4 0.1436 1.628
3m/4 161.583 65.47 0.1398 1.280
) 194. 644 96.86 0.012 1 0.014
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Fig. 5 Equivalent frequency-phase dispersion
curve of the five-gap cavity
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Fig. 6  Variation of the beam conductance (2
mode) on operating voltage with the parameters of
period p
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