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Design and fabrication of composite diamond window for terahertz TWT

LI Lili, DING Mingqing, DU Yinghua, FENG Jinjun
(National Key Laboratory of Science and Technology on Vacuum Electronics, Beijing Vacuum Electronics Research Institute,

Beijing 100015, China)

Abstract: To overcome slow leaking problems of the Micro-Crystalline Diamond(MCD) window, a study
on an extremely thin composite diamonds for the windows of the Terahertz(THz) wave Traveling Wave
Tubes(TWTs) is presented. The composite diamond is prepared by Microwave Plasma Chemical Vapor
Deposition(MPCVD) method. To reinforce the mechanical properties and air tightness, MCD is deposited
incorporated with Ulira-Nano-Crystalline Diamond(UNCD). A 100 um thick composite film is designed and
fabricated. The fracture strengths of the composite films with thin layers of UNCD are 2-3 times higher
than those of the MCD films. The results of the leak test show the maximum leak rate of the windows is less
than 1X 107" Pa'm’/s. 180 GHz and 220 GHz TWT composite diamonds windows are assembled. Results of
the Radio Frequency(RF) tests of the two windows show that Si1<-15dB(in range of 10 GHz) and S <
—-10dB(in range of 20 GHz) respectively, indicating a good RF performance. This work provides a novel
approach for the fabrication of extremely thin diamond windows for THz TWTs.
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Fig.2 Photo of window disks: (a) 220 GHz, and (b) 180 GHz Fig.3 Cross section SEM image of a composite film
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Fig.4 Fracture strength as a function of UNCD thickness Fig.5 Thermal conductivity as a function of UNCD thickness
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Fig.6 S-parameters for the 180 GHz window Fig.7 S-parameters for the 220 GHz window

6 MY 180 GHz fiAER 1Y S 241 & 7 MY 220 GHz fiRER 1Y S S48



5300 FHAE ABETRERETAES SMABMOET 77

2 P el R R, fE AR LA, AR IR SR, 2 R E IR < 1x10"" Pam’/s,
LA HFA S, WAREIEIER AR . N TRIEE AR, B S R T RIRIB K, WA R
A WA AR XSS br i IR I, AR B v A e M T R L RE RS T I THz 1778 il fiE
T B 220K

3 HHig

FF T — A OK S (MCD) AR 40 K i (UNCD) 22 B LR B B &2 5 & WG RS A4 kL. 98 & B UNCD Ry 4=
KAfRLRE i) MCD 11 728458, n] DLGBR B8 AL O T2 0 X I 4088 3 A0 S A R B B 52 2 B, 42 4 it Dl 24
WS MCD 19 2~3 £, R m TR PN 1. & AR T4 R EH UNCD JE B 08 nmi /s . Bl T 2
ORISR 2 A B, % 180 GHz M1 220 GHz Kk 2517 I et . R 25 R 2R, 2 Fhed ¥ B R4 19 5t
AP RE . A 4 WA i A T A BIL A SR B RN A I BB A8 T AL R %% AT A R A R L I AR S AR AR T — A AL AR
R R AR A W R A T ek, X R R S R A BB, T RO [ A B K b 2% T DA

PN

He T o
S % 30k

[1] KIMURA T,ATKINSON J,FORREST S,et al. Design and fabrication of components for a 220 GHz 50 W sheet beam
travelling wave tube amplifier[C]// 2012 IEEE Thirteenth International Vacuum Electronics Conference(IVEC). Monterey,
CA,USA:IEEE, 2012:196-197.

[2] TUCEK J C,BASTEN M A,GALLAGHER D A,et al. Operation of a compact 1.03 THz power amplifier[C]// 2016 1EEE
International Vacuum Electronics Conference(IVEC). Monterey,CA,USA:IEEE, 2016:1-2.

[3] TUCEKJC,BASTEN M A,GALLAGHER D A.et al. 0.850 THz vacuum electronic power amplifier[C]// IEEE International
Vacuum Electronics Conference. Monterey, CA,USA:IEEE, 2013:153-154.

[4] SUMANT A V,AUCIELLO O,YUAN H C,et al. Large-area low-temperature ultrananocrystalline diamond(UNCD) films and
integration with CMOS devices for monolithically integrated diamond MEMS/NEMS-CMOS systems|J]. SPIE Defense
Security & Sensing, 2009(7318):731817-731817-7.

[5]1 GRUEN D M. Nanocrystalline diamond films[J]. Annual Review of Materials Science, 1999,29(1):211-259.

[6] SHARDA T,SOGA T,JIMBO T,et al. High compressive stress in nanocrystalline diamond films grown by microwave
plasma chemical vapor deposition[J]. Diamond & Related Materials, 2001,10(3):352-357.

[7] DING M Q,LI L,BAI G,et al. A study of free standing diamond films for mm TWTs[C]// 2011 IEEE International Vacuum
Electronics Conference(IVEC). Bangalore,India:IEEE, 2011:387-388.

[8] DING M Q,LI L,FENG J. Composite diamond films for short-mm wave and THz traveling wave tube windows[J]. Diamond
& Related Materials, 2014(50):129-134.

fEE T
ZFFF(1979-), L, WALHUBHERT A, 1 THE0942-), H, LA KEHET A, OF
+, ST RIN, R N B R FEL, WA SN, FEEHFE T R B A
fiff 4 W A7 38 #4 8 .email:theuna@163.com. 4 2% )BT A4 R R R T2

ML 1978-), &, Trmm A, Bt mH
TREV, R EATTETT 1 R LA AR

BH#EE(1966-), B, WvEEEWHT A, BF5
5, WA, EEASE T MEMS $iR |
K25 s T2 AR AR W L 25 L T4 55



