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Design of electronic optics system for D—band traveling wave tube
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Abstract: A design of the electro—optical system for D-band Travelling Wave Tubes (TWTs),
including an electron gun and a Periodic Permanent Magnet(PPM) focusing system, is presented and
verified. The electron gun utilizes the classical Pierce electron gun structure, the outer layer of the
cathode emission surface is set with a cathode sleeve to suppress stray emission at the edge of the
cathode, and a cylindrical control electrode is used instead of a conical control electrode, and a negative
bias is added to the focusing electrode to adjust the compression state of the electron injection. The
electron gun can provide a beam current 57 mA with the beam waist radius of 0.068 mm and the shooting
distance of 14.9 mm at the beam voltage of 1.9 kV. A sleeve tube is attached on the cathode to block the
electron emission from the edge of the cathode. A cylindrical focusing electrode is used in the electron
gun for adjusting the beam focusing state. To stably focus and transmit the electron beam in the beam
tunnel of 0.15 mm radius, a PPM focusing system is employed. The peak magnetic field is 2.9 times the
Brillouin magnetic field to increase the rigidity of electron injection. The simulated result shows the
fluctuation radius of the electron beam is less than 0.1 mm. In order to validate the effectiveness of the
D-band TWT electro—optical system, the electron gun and the PPM focusing system have been machined
and assembled. The experimental results show the beam current is 49.83 mA, and the collector current is
49.6 mA. The beam transmission rate of 99.5% are obtained by carefully adjusting the PPM system,
which achieves the design goal.
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traveling wave tube
AT A Sy e M R A R L LS SR 22—, A SR A e M AR RO AR, & TR L SR L ORI
NG BE A B OR R, R T R AT R R R A oK, T AR 0 LA g R A BIF R AR A R 3a

K EHEE: 2023-09-25; fEEHH: 2023-11-23
EETE: (il o g R R 5 SE 0 2 364 W B0 H (2022KP004); [ 5R H SR FE4: W BhI0 H (61921002; 62131006)




513 B B%: DERITREBTFAFRSIEIT 23

YU, H AT, 7K 254 BE(0.1~3 THz), 7358 BN T HF9E A S R a5, [ P A0 Ak 2 BHAF B 067 0 1 X Kk 2%
A7 U5 8 W T e 1 = 0 BT A S e Y AR

TE 1= 4 4E Bl B T 2% (High Frequency Integrated Vacuum Electronics, HiFIVE)WF 5% 11X A1 3 [F [ B =55 20T 55 11 %)
Jij (Defense Advanced Research Projects Agency, DARPA)II H %5 T, 32 i NG(Northrop Grumman)/2y & 56 J5 1 2
Wil T 0.214 THz. 0.67 THz, 0.85 THz A} 1.03 THz i Kk 2% 91 & I FAT IR, B ARMERE AL F 1 B4 e K -1,
20164F, NG/AEIHRIE T 2R 1 5/ 7R S S8k i B DR 6 Y 0.2 THz ATUE4 ; [FI4F, 408 T 6N 1.03 THz
TP, W TR F] 29 mW, TR R 3K F 80% ., 2017 4F, Electron Devices Division of L3 Technologies
(L3)AEWEH T G B /N 2 oK B il T i b, i R DR K F 30 W, 25 K F 30 dB, TR 231.5~
235 GHz, ®URILE| 1%, HTAEHREEH20kV, TAEHBETE NS mA, R PPM RERG TR ELH, S
95% HL T IL 18 F U0 7E KM 2020 #1528 3 %1 "Horizon 2020 projects” ) “TWEETHER” #1” ULTRAWAVE” i
HXREN, Sl 022 RITRE R o 1 E 00 28 8 0r/ 38 5 307 — 5 38 R 2 S5 ML JF 8 XoF 3 A B 8 28 Ko 2% i B ) AT U8
B, AT TR AR B s E 0. B W B O ), D B G B AT A IE
FEWR P . YA P9 R AT A LA R R 2% g R S B A TT IR, (HAR SR C S T — e it LR,
o TRE A BEAE O e T AR B0 TR O R 25 AT IR A, MBY14E 0.14 THz, 0.22 THz #10.34 THz, JFE UG KER
PEAEI8 2015 4F b [ TR BRAF ST BE e i T 2012 4R 19 0.14 THz 9T & I FAT IR, M TA/ERE N 154 kv, H
W22 mA B, JiAE IR R 97%0, HAT, b EAs B ST BT E 2 R D E R OROBR 2% AT U A, B
0.22 THz #10.34 THZ®'Y, 2022 4F, Jbut 525l F R 52 BT L o il i 0.34 THz AT 304, TAEHE 20 kv, T
W25 mA, I T LU T 1.6 W ORI TR R 87%.. ULAh, R A B T R X R b 2% AT A 1 AT
il , 2021 4F, ¥ IEEE Electron Device Letters ] Tzl T G I BLAT I, £ TAEHIE N 17 kv, HF R 71 mA 1) 5%
FF, #5012 GHz, 2529030 dB, Bk 25 L 20% A9 % i D R K 1 12 Wiz,
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Tablel Performance parameters table of electron gun

parameters value
ﬁﬁ’i?ﬂﬁ%ﬁo ?élﬂﬂ%?*ﬁﬁﬁ‘ﬁﬁﬁiﬁﬁ, E*%%/f%ﬁiy‘j beam current/mA 57
57 mA, HFEHFEN 15 mm, BFEEEREH0.068 mm, H shoot distance/mm 15
K - — cathode radius/mm 0.6
%Bfgéﬁﬁéﬁ 100, lzﬂﬂiﬁé};ﬁ Mﬂ?ﬂ?fﬁﬁ[ﬁ*ﬁ s %ﬁlﬁﬁ‘/ﬂi@.@ beam waist radius/mm 0.068
I,ﬁ; ﬁ’t% , Eﬁ % *ﬁ: IEJEJ 1‘& E Eﬂ. ﬁ E,(J ﬂﬁ ﬁé ﬂ\] 0.6 mm, 7/{ Ei ﬁ Eﬁ‘ ‘(ﬁi emission surface density/(A/cm?) 4.9

distance between cathode and second anode/mm 9.8

EREAI R 4.9 Alem?, T R IETTRRR S
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(a) focuses the pole and cathode of electron gun (b) electron gun structure

Fig.1 Diagram of the electron gun structure in CST
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Fig.3 Two—dimensional electron beam envelope in CST
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Fig.2 Potential distribution of the electron gun
structure in CST
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Fig.4 Outline of electron gun structure and spatial electron beam
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Fig.5 Co-simulation model of electron gun and PPM focusing magnetic field
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Fig.6 Axial magnetic field distribution of PPM Fig.7 Spatial electron trajectories in PPM focusing system
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Fig.9 Physical diagram of the electron gun Fig.10 Physical diagram of the drift tube
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