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Terahertz Traveling Wave Tube cascade multiplier
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China Electronics Group Corporation, Beijing 100015, China)

Abstract: Terahertz Traveling Wave Tube(TWT) cascade multiplier is proposed for a compact source
of high-power, wide-band THz radiation as a novel vacuum electronics device. For THz applications, the
design and feasibility studies of a multiplier concept are presented by using a TWT with cascade harmonic
system to satisfy the requirements of harmonic information in spent beam of TWT. Using Microwave Tube
Simulator Suite(MTSS), the information of W-band TWT multiplier with cascade 2nd harmonic system
indicates that this reasonable and practical device has good performance compared with other compact
source operated in the frequency region from 140 GHz to 220 GHz. The harmonic power reaches above
2 W in 8 GHz with 37 dB conversion gain. 3-D PIC beam-wave interaction is simulated using CST Particle
Studio which shows that THz TWT cascade multiplier bears good power and bandwidth performance and
practicability as potential THz radiation source.
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Fig.4 Simulation results of W band pulsed TWT 2nd harmonic multiplier
Pl 4 W BRI AT I A T A A A R

3 KMZITHERKEMF[H ZHLPICE KR EERAEN

25 25 HL T2 B B A RS TR A e R ) AR RS B R L A e S I R R T, YA 0 A D TR K
AR AT LI AL, RELT R T IRATE AR

FIFH CST 2 &) WAL F TAE 2 JAF AT MR 2547 I 8 R BX A5 I 48 1Y = 4 PIC(Particle In Cell){E I H.AE FHAL L
AR A AR R R AR &, R T E TR AN A 12 R AT B TR, N 12 R
R PAAS = 4 T AR B RY, DA AL 1], Ab B K R B, 7R =R EREE R S8 A 2% T I 1R B ORG AR BEAL .

UKL F TAEE AL T =4 B AR, 84 8 m M AE , YE47T T = 4 I T AE A BB, 50E
TR A HE, E S s, T B GRE EER, ER HROR T 3T S B S A A AR A5 A .

5 e S A ASE AR A G AT 0 A5 AU N B L AT DA R U BRI UGRS AR B A5 4, TS R BORTE 10 ns
WORAES A Frfa e, mFEREIER, BAa %ns [ M
AR — harmonic system -

Bl 6 451 T BB £ i W BE K AT A A o | /
AR 0 = AT DR AR PIC BN SR, At A, 58T nteraction sootin
T D T R B L D A TR A T i £ i E AR TR — T

T S N ) fil

A HEUHRN G, HAIEK 0.16 mW, Ik 1) p/ Ly
%ﬂﬂ 535 W, 1%&%%1%%%7? 2f1, iﬁﬁ.ﬂﬂj%ig 1.17 W, bunching section o .ph-(.)tomic.rlog.rai)l.l
e 3529k 38 dB. =4k PIC WU BLVE FHARADIIE B 1% 1 f

s 7FRERE IEH TAE, DIRBEME I L BT 2K . , ,
Fig.5 Model of W band pulsed TWT 2nd harmonic
multiplier for 3-D beam-wave interaction

4 EEBEARIBRAESK Fel S Wik BOBK s FOEEE A 0 = AV M TS A

W Bk oh AT B A AR AR BT R T 0 WO Bk nb AT P D R Gk E) 100 W, A SER T 5 GHz, TAELIE
B 20%7 . RRITER B HIRE LA WS BB o AT B ATt ARG AR R S . BRSO B LR
TEA G, RS PRBT S b A 2 P 3 G HEER

LU U AR G R A R RT IN TR W B ks AT B AR AR i R B I EOR, R 2 RAOR A S,
— WO T2, e v LS g P R S S T B T 2 0 B AT R Dl A8 I A A B SO TR AR IR T
T AR, B R R 58 0 20 5 U (UV-LIGA) AR N T3 0k R G4 & I 12 W a5 M e s =2 12
JIE T TR T LRI T84 753k S B Kb 2% B B B S AR B T 7 S AT DT EE N TR TE S 0 0.14 mm )
Pr& 0 18 P A5 R, 045 WoR T R AT B0 T 2 K R AT e U S0 U A5 R B 8 L AL A R s R i
DT B8 T 25 W B U I N D A A I T T A



682 AHEMFEESRFERER 511 %

4

E 1.4
5] —~ 2
g 10 < . F I
a = 0 ¥ harmonic
g- 0.6 '\:g; ______ jlvere ot |
2 G2
Q

g 02
g | \ | 4 I s s e |
§ 0 2 4 6 8 10 0 1 2 3 4
= input power of fundamental wave/mW t/ns

(a) harmonic output power vs. input power for fundamental wave (b) signals at every port
16 0.35

% 08 z

i =R £ B—

Q - 53

= l ;

i 2f,
t/ns f/GHz
(c) harmonic output power vs. time (d) FFT result of harmonic output signal

Fig.6 3-D interaction results of W band pulsed TWT 2nd harmonic multiplier
[ 6 W BB Ik T Rias i =4 PIC BLMSS R

0.15 fundamental

! . harmonic
wave region

E wave region

]
ssagmmma

f =
i ]
]

0 " |
70 80 100 120 140
f/GHz

Fig.7 Photo of 2nd harmonic folded waveguide SWS
7 i R AT S e Fig8 R"*ﬂe[j;;‘;n %’%%E;;&hgg;‘gg“muam
T ARG R . IR RSN HE W BB IR P TS AR ) — T e B R . T Ik
TEE U AU s, R 4 WA e A ST B TG U D R Y R DT HE R IR R AR A A A SO A R IR AR RO
MRS AT T &NARR, ELFRTEAFSEMA . @AM T K26 fe R 2 a1 o8 T4
TR UGB I RA R, LT WOk B B e AT A I A b R bR AR 0 RS B, xRS 9 A b AR AT
TG, SEBERR YRS R S R HLRE DR A PC B TR R, PRIE DY R AR H IR, B IER TAE. B
8 JHIH CST 24 Tl R TAE = - LR R 28 028 10 S S50, 45 R 7R 76 18 D X 38 08 il 2% AT A X6 6% X
I8 OE 4 A% DT BE P BE
Fe T X BESCHE R R A WP B K v AT A AR AT RS AR A IE AR R, DLSE IR R R 25 4T B B A AR A A A
B 2013 4TS¢ RS BF ) FEOEFT PR RE NI, S K kS T R WO BE K AT D A A A RS AL . R 2
VST 2R GEIF & R B T AR O U T ) A R 2R A T IR A S B 1 AT A B I S AR

RSO T — R 2 s FL AR OB 2K AT R B AT A L R T R L R A AR LR P ], d g
DEACAT I EL AT R L 33 AR e U R P 0Bk P03 e R e AT S0 I R R S e, o S BRAREABUCR A i o o
i WO Bk P AT B AR B BT AR AIE 1 AR RS B, B AR G0 TR T A A B
S e E A 52 P A R 22 1R
S E Wk

[1] W AN, RBEZERAH AR R RN M. dbatdb st k2 il B4k, 2007, (XU Jingzhou,ZHANG Xicheng. Terahertz
Science Technology and Application[M]. Beijing: Peking University Press, 2007.)



55 5 1] B} EE. KMEZITEE REKEINS 683

[2] VEak7E. Y=y 24T H23H TH R, 2012(2):1-7. (FENG Jinjun. Integrated Vacuum Electronics[J]. Vacuum
Electronics, 2012(2):1-7.)
[3] Gilmour A S. Principle of traveling wave tubes[M]. Michigan State:Artech House Inc, 1994.
[4] Bates D J,Ginzton E L. A Traveling-Wave Frequency Multiplier[J]. Proceedings of the IRE, 1957,45(7):938-944.
[5] Gong Huarong,Tracish G,Xu Jin,et al. High-Power Tunable Terahertz Radiation by High-Order Harmonic Generation[J].
IEEE Transactions on Electron Devices, 2013,60(1):482-486.
[6] PFEEPFE. 70 M. B BIER2AH R W R4, 1961. (LU Zhongzuo. Traveling wave tubes[M]. Shanghai:Shanghai
Science and Technology Press, 1961.)
[7]1 CAI Jun,Feng Jinjun,HU Yinfu,et al. Development of W-band Folded Waveguide Pulsed TWT[C]// Proceedings of IVEC 2013,
Paris,France:[s.n.], 2013.
(81 V5 HEAE M2 A5 2 R Kb 2% 4 Mk v s o AR PRI SE D). A TR, 2013(1):1-9. (FENG Jin
jun,TANG Ye,LI Hanyan,et al. Research of Terahertz Linear Beam Vacuum Devices[]J]. Vacuum Electronics, 2013(1):1-9.)
EE® T
g E(1978-), B, WALEFILHA, & SR (1940-), B, WHTEEMLTA, TR
ST AR, EEOFFETT M N WO BUAT IR B, WA, RS WO BT
> Kk 2% B 25 #4508 B email:caijun@sdu. IR b 2% L 25 W 1 AR F A
= edu.cn.

B ZE(1966-), B, WEHBIWRT A, U5
1, WA, EEMNFEESBE T, MR
T, LB TIRE T MEMS HiR., K#fEE
5P AR B LS e AR A A T T
fE, MR P Faif ks AT IR . WO B
TR . WUIRIGERSMF . KiF2E Has 8. 4

I

W%,
(#5674 )
EE® AN
# 1989, B, BRFEAEE A, EEZ(1980-), B, ILRAH®EYHA, #1,
PR WF T A, EEWFIT TR N K BEZL TR A R BITESE 61, FBEMFF M NHERFESLE . B

863 KM 2% % 5, h [l J& T2 2 Koff 22 0 R £l & 5 &
B, EEMIETT KRGO . BARRS] . BRI (R S AL B

Gepy HAR . KBk 2% T K H AR sl -5 g
i AR .email:424206134@qq.com.

VNI & oo

=

B WA981-), FH, INEEHBBT A, AL,
YR, EEMR T MG RALEEER . KiF%%E

FRB1970-), B, BITE RN A, W+, BFH, B AR
T ®(1973-), %, WA MET A, 1,

R, EEOPFROEN R e SRS,
B PRAL B4



