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Study on loss of the slow wave structure of a folded waveguide TWT at 220 GHz
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Abstract: The loss of the folded waveguide slow wave structure is significant in the terahertz regime, which
is necessary to be well studied as designing the slow wave structure of a folded waveguide Traveling Wave
Tube(TWT) at 220 GHz. In this paper, the S parameters of the slow wave structure are predicted firstly by
simulation, and then the sample of the slow wave structure is fabricated by Ulira Violet-Lithographie,
Galanoformung, Abformung(UV-LIGA) process and measured. The measurement result shows that the attenuation
factor of the sample is about 240 dB/m at 220 GHz, which is reasonably consistent with the simulation result.
The micrographs show that there is a discrepancy between two results at higher frequencies due to the sample
deformation.
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Fig.1 Effective conductivity of copper versus surface roughness at
220 GHz(HB formula)
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(a) schematic

(b) simulation model

Fig.2 Schematic and simulation model of the folded waveguide slow wave structure
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Fig.5 Schematic of the measurement of the sample
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Fig.7 Schematics of the deformation of the sample

K7 FERIEAR IR IR



55 53 & BE2DOGHzTIBRSITREBKSHHRARR 721

4501 |

M S S8R LR W08 U 5 B 2 e 2 50 300 \ N}ﬂ U \
101g |S”| w0l IW\ \\/j
a~r—2 | 2‘| Q) 350 "y \ \f
I

g
[l 8 % 220 GHz ﬁ?ﬁ%ﬁfﬁ Tk ﬁ%ﬂaﬂ@ﬁn&:—: s \M oy W
B, PO AR, SR R R AT, | s e
7F 180 GHz~220 GHz M3 N, 2 Fh 25 R 8 — 3 78 % ol
220 GHz~260 GHz i R W H N, i TRES AR, S 45 R gl
B T B4 5 X 220 GHz 47 & % S 4T 45 i ol
SEHT 7 , SEVE YR 220 GHz BEE A RER K, 24070 240 dB/m, . , , ,
180 200 220 240 260
5 gﬂn: 'Ia/l’: Fig.8 Attenuation factor cz/fGt;I: slow wave structure

el 8 A 2 1 R
T B AU S I, R TR NI R SRR R, B SRR AR B O I R AT AT (A
B8 T H UV-LIGA T.ZHI/ER 220 GHz 47 & Ik S A7 I 818 D 4548 1) =2 R 4L 4 240 dB/m, HI THEF T —4
Wit. BMIEAE SR, ZFERA — AT, X TESSR . SRR ake sl T2, SI/E RT3 AR B FE 5
HE— 2B IR 45 R o (DRI, I80/IN 12 ik 45 4a) 1% 2 ThTRELRS 0K R I 4 5 S A 3 30, NI R AR #E . 558 |
UV-LIGA T 2501 Lk 21 (% 2 f MRS B2 /N T H AT i 2089 0.2 wm!™, it 75 B0 b T2 MO A B 5E .

S & Lk

[1] FENG Jinjun,CAI Jun,et al. Development of W-band folded waveguide pulsed TWTs[J]. IEEE Transactions on Electron
Devices, 2014,61(6):1715-1725.

[2] HU Yinfu,FENG Jinjun,LIU Jingkai,et al. Progress of wide bandwidth W-band 20W CW TWT[C]// IEEE International
Vacuum Electronics Conference(IVEC). Monterey,CA,USA:IEEE, 2014:179-180.

[3] FW % Pba 0 AR5 bR 25 3 3 I T 48 S 45 M i BT S O TUD). 2050 5 2K BAHE, 2014,33(1):62-67.
(WANG Yajun,CHEN Zhang,CHENG Yanlin,et al. Design and microfabrication of folded waveguide circuit for THz TWT[J].
Journal of Infrared Millimeter Waves, 2014,33(1):62-67.)

[4] Joye C D,Cook A M,Calame J P.,et al. Demonstration of a high power, wideband 220 GHz traveling wave amplifier
fabricated by UV-LIGA[J]. IEEE Transactions on Electron Devices, 2014,61(6):1672-1678.

[51 FRERBEG . 0.22 TH2 1B P FATBAE BT KBF2ZFHA 5 75 B4k, 2014,12(2):166-170. (ZHOU
Quanfeng,XU Ao,YAN Lei,et al. Study of designing 0.22 THz folded waveguide traveling wave tubes[]J]. Journal of
Terahertz Science and Electronic Information Technology, 2014,12(2):166-170.)

[6] Morgan S P. Effect of surface roughness on eddy current losses at microwave frequencies[J]. Journal of Applied Physics,
1949,20(4):352-362.

[7] Hammerstad E,Jensen O. Accurate models for microstrip computer-aided design[C]/ IEEE MTT-S International
Microwave Symposium Digest. Washington,DC,USA:IEEE, 1980:28-30.

[8] YANG B B.Kirley M P,Booske J H. Theoretical and empirical evaluation of surface roughness effects on conductivity in
the terahertz regime[J]. IEEE Transactions on Terahertz Science & Technology, 2014,4(3):368-375.

[9] ki, ZMEA. Bk 5t FE P BEEIISM]. 2 M. dbat: B F Tl R4k, 2001, (ZHANG Kegian, LI Dejie.
Electromagnetic Theory for Microwaves and Optoelectronics|M]. 2nd ed. Beijing:Publishing House of Electronics Industry, 2001.)

[10] Shin Y M,Barnett L. R,Gamzina D,et al. Terahertz vacuum electronic circuits fabricated by UV lithographic molding and
deep reactive ion etching[J]. Applied Physics Letters, 2009,95(18):181505-181505-3.

EE B/ -
& OZ1986-), H, dbEW A, FEEm L EEME(1976-), L, WL BERMNTTA, Y
WrER A, IR W2 K I B R 25 L5 L TR 1 TREIE, A T T 2 05%.

B i .email:p-pan@hotmail.com.
B E(1966-), FH, ILTEH BT A, PR
B, NFEHZSBETFE, MEETF¥. S8 TSR
F2 . MEMSHi AR | Kifhzk B 25 B F# %0 5%.




