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Development of E-band 81~86 GHz Traveling Wave Tube Amplifier
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Abstract: An E-band continuous wave Traveling Wave Tube Amplifier(TWTA) for communication is
presented. The TWTA integrates the E-band folded waveguide traveling wave tube with the miniaturized high-
voltage power supply. It can be powered by low voltage supply in the outer part. The main properties of TWTA
include operating frequency 81~86 GHz, saturated output power >80 W, small signal gain >38 dB, total efficiency >
22%, size of 38 em X 20 ¢cm x 6.3 em and airborne environmental adaptability. The TWTA bears the advantages of
high power, high efficiency, miniaturization, and high reliability.
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Number of iterations: 11
Total current: 108 mA

Back current: 0.42 mA
Collector efficiency: 90.72%
Return rate: 0.39%

Number of electrodes:3 Note: two electrodes of the same voltage are regarded as the same pole black: primary electronic
Electrode: 0---voltage 0 V current 0.42 mA dissipation 6.76 W green: second electronic
Electrode: 1---voltage —12 600 V current 29.11 mA dissipation 37.51 W red: backflow electronic
Electrode: 2---voltage —14 000 V current 78.47 mA dissipation 76.04 W purple: backflow of second electronic

Fig.5 Electron trajectory of multistage depressed collector (@86 GHz)
(&1 5 K MTSS HL 4l BL45 (@86 GHz)



55 5 1] BEHEE. B 81~86 GHz T HE M A4 421

1.2 NEMLE R RIR

LR IR THR AT RO S e e, B AR I L WA R L AT 22 R R R A R A . A LR ]
Mo LR ESH BT, A Tl A S A . AR AR IR T D AR R MR A AS R, SRR [ 1A 6 BT

cathode power
_% —
48 vpC | full bridge high voltage collector 2 power
——»| switching —|— rectifier
circuit
high frequency

collector 1 power
EE—
isolating transformer

A

\4

_ cathode voltage feedback
12 vDC control < sampling

circuit body current sampling circuit
<

Fig.6 Block diagram of IEPC's main power circuit
[l 6 G J0 R 8 T 23 v AT ]

E AR R AT KA, ALK IF A IR, 4w e sdoRe, FeRme A iy ™ A o SR i P g
S T A5 O A e AR AR TR, AT AR R T ORI, A/ NAE TR R IR, S SEBL/ NI, [ I RT e 2D S 24 [ A
AR T UGE AR TR R A A, e AR SR A TERE . m IR U R O R I 2 A5 TR AR RIS L R, IR AT LUK
JE W/ T R0 G YO LE W O, I /N AR s RS LA R e A R AR A A 2 R, TR R
R S5, S B A BN A BT B SC SRR o 38 5 00 WS SR04 5 0 2R B vy, AR HOR Hoh B AR A
2 —, ZRTCS AR PR A RS BE SO BRI OC A, IR RG0S R S T S R R el . R

A IRIEPALA AR EFEARII A R B0, KRN 10 VEEZR2 VLA,

1.3 BMABAEES ML

X e B E I B TWTA KK WAL R I %5, B Ansys 7 BR IC 20 B 801 TP R 12205 2L, % TWTA A9 3R 55 3E
NEHEAT AT I UE . AT, R AR R ARFE T AR, BRI BN, AT I G U KT 80 W, T R R T
W ST AEAS T3k 230 W, HCAA RS M, R OHOHE A7 D A8 Sy A2 5 B0 00 F 5. P Ak i3 B o0 A 0 L &5 R
B 7R, Hise s RS AT BT R T b o R SR O N AR B A B aa K SR, RES A AL
FEAREZ AP, SRS T3 Ansys O HT AR ALRS , BRI E TR AR . SR ES5, BEwE -
DAV A7 U A5 U BE 4 A 2 T, AT A 4 W 5 v TR M 95.8 °C I 8 64.3 °C, M RE T fr in iR M\ 114 °CIEZ 57 °C, 1Tik
BRIV RE S B BB .

A: chushi 64.3 B: youhua

temperature/°C temperature/°C
1 050 max 57.083 "

16034 eSS 000 | |
140.68 ] B(S)
121.02 105
101.36 90
81.694 75
62.033 60
42.372 45
22.271 min 22 min
Fig.7 Temperature field distribution before optimization Fig.8 Temperature field distribution after optimization
&1 7 AL TR 73 A1 = 5] [ 8 LAk )5 i 53 A 2= 8]

UEAh, AR X HLER A PR BT, WPOK SR AT TS RIBE LR sh 05 B, SRRy 2E T AR L B A 4 AR WoR
TWTA R 6 B 155 2% [ 45 4 6 35 =5 2 000 Hz,  7F 812 UL 48 4% 70 B0 22 1) 10~2 000 Hz SR B NN & 7= s e . 76
B 40 M 009 S Atk in 2 2 23R 3% 285 1 1 A 91 2h 38 A E AT B AILAR 2 40 A1, VR A% 0 8 0 0 T b B 18 U 45 Y B
KIEAE 1542 0.015 mm, it K45 K e KIEAE N T 452, JE AR 54 .0.025 mm, 23 X 750K 5 H Pk BB 3 52 i,
S AL T R ML M T R . BAT,  [RI 2SR OR RS A5 A Bl i AL A B SG , BDIE T OE B B TWTA (L3
A AEME



m KM Z RIS 58T B2 520 4

2 TWTA 4 8EE R

SR 38 emx20 cmx6.3 cm, A 6.5 kg, 20 AL 45 B HL IR B T 730021 ZKP \AQ\
Kl A/ WR10 54542 11

B 10~12 45 T E B BE TWTA ERFPEFE AR K25 0, i b o % |

IMET IS . HW I LR mE AT LA, 81~86 GHz #il 4 N,

TWTA 1 Fl i 3 D) %3k %) 80 W L I, /MES M 25 K F 38 dB, Hh#E/NT
32W, BRCERIRE]22% VI L.

380 40

” 22 - 370 |- ;/@“‘"M‘__, V 36

B 50 s "3
) i
40 350 E
% 85 35 E— W
Q? 30 & 340 |- -

80 |-

H iy 2 5 W E I B TWTA B9 4 s S ik TAE, seinid 9 i, AMER /7/

Fig.9 Physical map of E-band TWTA
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Tablel Indexes comparison between TWTA and L-3 MPM

parameters BVERI L-3
frequency/GHz 81~86 81~86
saturation output/W >80 =100
efficiency 22%~24% 20%~35%
IMD3 (IBO 9 dB)/dBc -17 —
supply voltage 270 VDC 28 VDC
power consumption @max/W 372 500
duty cycle CW CcwW
size 38 cmx20 cm*6.3 cm 37.6 cmx23.1 cm*8 cm
mass/kg 6.5 8
environmental adaptability airborne airborne
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