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Effect of microfabrication process on Terahertz folded waveguide TWT
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(a.Institute of Electronic Engineering; b.Microsystem and Terahertz Research Center, China Academy of Engineering Physics,
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Abstract: In THz range, most of the folded waveguide slow-wave structures are fabricated by
microfabrication processes. The principal microfabrication processes for fold waveguide structure
nowadays are discussed. The influence of microfabrication process errors including the depth a2 and
sidewall profile on the high frequency characteristics of 0.41 THz folded waveguide slow-wave structures
are analyzed. Through the analysis, the depth a shows great influence on the performance of folded
waveguide Travelling Wave Tubes(TWTs), therefore, it should be controlled accurately in the process. The
sidewall profile has little effect on the performance of folded waveguide TWTs when the angle is above 89°.
The key processes are determined by simulation, which is helpful for developing THz folded waveguide
TWTs.

Key words: folded waveguide; slow-wave structure; cold characteristics; process errors; Terahertz

Kk 2% (Terahertz, 1 THz=10"? Hz) & 455 %R 7E 0.1 THz~10 THz(J K 7E 3 pm~3 mm)Z [8) 09 B @5 3%, f7 T404h
s Z | o BT THz HUEETE BA BRSE . SEtE . A TR ADL FRe AR SRR, e EWIR i . PR
BRIz W . SRR S, TR IR A NS B A A O T HA FOR MR AT R T S . BT, BEAR KRR 2% B
REREWH D —AFELEFH R = KRR, 558 . BERE . MBI RS ZE. Harers R0 & ik S17
WA R — R B R SRV T Rk 2% a0, RBNE P AR S TR0y THz Wil o [ N AN 22 B S8 0L X Ak 24 3 & D%
AT U O AR R G A TE R TR, S e TR A B4 4% 0.14 THZ,0.22 THz,0.34 THz,0.65 THz, 0.67 THz
A10.85 THZ!'™, 78 Ak 2% 1A% B , 47 28 I 12 10k 405 4 1) o T 36 25 R ARG B e W 19 i o TAEAR %5 T 0.3 THz,
SR PN B8 MU T4 7 3k M DGR AIE 47 B 5 T 45 0 1 RT3 SR AR AR N TR, A0 45 I8 2 W 125 % ik (Deep
Reactive lon Etching, DRIE)#: A, S6Z|. % fl{E %8 (Lithographie Galvanoformung Abformung, LIGA)LL M
UV-LIGA ${ R (SU-8 55 H AR)SE . 0.41 THz 52 Kk 2Z Wi B o) — KA 0, 7E 0.395 THz~0.42 THz i [F N
Ho i RECEAR — 2, KW i v] LA 3] 35 GHzo ARSCE BN A2 S5 0 2 mamim TR, Xt pri it
(% 0.41 THz 1 & W% T 18 W45, 1938 T7E UV-LIGA T. 20 h T iR 2 0 97 & ik AT W At R i sg ma, MR 45 40 T
R EE SRR, A RO T, SR SN TSR B, X ORIET S AT A R R A R R A .
W BHEA: 2014-09-03; fEEIBHEA: 2014-11-27




180 AMZBMFERFRERER 513 %

1 EESEREHHNFMI

Pr B Ul A8 % 45 R A B0 TR e el 2 BRI VS AR T B U S, SRS PR X 2 AN DR D A AR 45
SR e T B O PR . H TN TS AE T a) TR SE/N, I TR B R . Bl AR T ) Kk 2% 40
Be, 180 45 e s RS BN 2ok i sl /N B BOR g, A, FR TR R R (LA JC S Y L S 0=5.8x107 S/m 1T
B, 0.41 THz B IRE A 6=0.1 pm)5 2 10 HURE BEAR LL 400, 518 @i #6388 hn, DR o 0 200 F% I S 40 i T A Jon T
R0 5 AR 52 5 b) XTHERG AR & . th TS 3 12 B S AR R I HIME T vk, B HIE 2 BRI I 4
¥, PR LA A e, DRI 7R S X o B AT I T 2 22 ) B R RS R, A RE T i R D A R AT Rk A

HAEr, radSammson T AR FEA LIGA #AK . UV-LIGA K . DRIE # K%,

LIGA i A&t X HH206 %] PMMA SeZl ke, If i85 RSk Se B & 9% S M0 T.o Shin E AVERA 2 4
LIGA i ARGIMET TAESE 0.1 THz W& S48, L TR IRZE/NT 2 um, T 20 2 OGZ 0 e R o 1
b2 um~3 pm, HFEHAEE R 70 nm. LIGA BRI IRT Rk 00 E . RIRTE s by, I 3 2Bk i 2 75 22 1)
AR SR

UV-LIGA $ A FI T 48 A6 R0 X5 2 5] 45 4 B8, I8 i SU-8 fat 6 2 e v ik 422 A PR B UV-LIGA
FARBET W BB S i S 454, 16 SU-8 IR 4 794 wm BN BE 36 5 )% ok 91°, b4k, MifiTd R A UV-LIGA
FARBET 0.34 THz A S I S 450, B fh 2t Q000 18 K5 0 BEHDRE B Ra b 44.9 nm, I BE 3R B 258 90°14,
Makarova %5 APl UV-LIGA $i RHI/E T 0.22 THz & S 454, 1 ol ok — 2 6 %08 sl & I A8, #R
HH, Kk A8 N T (Electrical Discharge Machining, EDM)J7 ¥ 0 T, TR # 1 , & /)5 R AMKIE Av-Au RS K 5 BB
AT B 0 S AL . M LT LIGA $iAK, SR SU-8 JEZI K HY UV-LIGA $ A& th n] 15 2 A 5 B 590 B SN s 3 v
Lo B IR R R, SR SU-8 S 2 A6 6 20 I TR L R i AL 45 O A7 A6 — 8 A IRIME L 55 188 28] 19 [ R 2 Y 2 I 7Y
DI RE T, X e R ) 25 18 O 2 ST 24 DL S IR V% o 34, SU-8 HZIIE i) 2 B WAFAE — IR e, H Al 3=
R SIS T, X A A RE S A R Ok — E R A

DRIE #% AR J& — Fh 45 1) 570 1 By 2 7 20 bl B, RT3 At T TR L A ReE 25 4, 3 o 3 2 g &4 40 F il VB
& JEBIE . FIH DRIE $iA , 38 i 20 ik 25 dh Al 8% )5 U 7 4 T v IS, o mT 3 3k 20 b 1) B 285 R PR Sy i B B L, SR
T TR i LA R BT U 18 D R . ZE S AR VORI WA 19 DRIE HR BN T Wk BEAT I A A S U S8
gEf, TS i SRR R 946 um, MUIEESE B N 91°, MR R A 225 um, URESE FE Ok 900, KA
R4 SFE A B 1 T i AT S il S A P S 4 1 R R D AR R A T NG A EIZEWFR] 0.67 THz T8 i 5
T T, R A DRIE AR R HIEYT S B T2 W54 . 8 T e/ M S 0k 5 o B 0 A 07 5028, AERei P B e,
AT ) 48 2% {4 L (Silicon-On-Insulator, SODE K, R DRIE H Z| it S A& X Si0, B 2 il 15 5 8 8 05 off 4 il 91
B PR St B 200k T AT B U A R TR I, SRR R LA R T VR A G S e B A
B SR RS BT S S L TE 0.85 THz I & i S AT I BB ST b, b i 14k 2L % JT] DRIE
BoAR, WM R T — A R AR, SR F AL SOT 4 Jie e 44 i 47 2 I R 1 e, 1 10 308 38 A A%

T RO THAR P AR, TS S50 R FHEE Y . 8 T ISR FJE R, 55 Eifg 2250
BEIFE T ARGY L) UV-LIGA AR, 7R 62 Z /e Je B e ar B 22, 8 — YOt 20/ B 48 ) 6
o O, RS R R R T AT R 0 SR AT 1 B — YO 2 R U AN I B U S A, A
TETE T YRS 220 X6F o 0 0 2 A7 B S o) VA 0 58 0 T L, ] Bl ) L3 3 AR ) R ) B 2 s A S ) T 35 0 o 1 3 i
i o ERE LT 2 0 TR KR O RO IR — ORI T IR AT B 0 T 0O TR, /N N B AR
AALER S R Y N R SR R B AR A, L AN TE G 20 Bk 2 169 A 1 1 58 A A7 A — 5 1 TR A

X 1B )08 P 45 R WAL PE RE A S B, M BRI UV-LIGA $i R HIETr S i 18 gty . HAMARK T2
WK 1, g 1 yOLZIE T &0 S8, s 2 OCZIE MR FrmiE. & 2 AHIER 0.22 THz
r& U 454 SEM MUy, 7E 0.41 THz, #1& U S8 BASH A RS AL T 0.22 THz 3/, B3E G 6om THAR, B
WKk 2 % ] UV-LIGA T. 2., T EEWHETE UV-LIGA T A T 2R 2% 0.41 THz 37 8 Ik 318 % 45 M M RE 10
R

2 IZRENZI

TEr B P S A B RO T B, Sy TIRIESS o2 B, W 5 2 L B B 0 5 PR P R A A A R,
i 2 A 2 LB ATE IS R O 25 T o T8 B2, DT R AT 7 B U M IR a0 FEZ T 2, T ZESCI I 3 1y i)



552 1] FTrZEZE . MMIITEREXN THZ B R SITHEEHEERIN 181

JEEE, [R) I ORUE A A P JRERE A 7 S0 o XA T2 R T AR ], AT S BB 2 I A PR 3 e ) TR
b, Szt rERE . b — 5, WETIE YA, BT SU-8 AT, BREERK, —WEBELRREEK, FEMmA
B DG I [, 5 D) 2 fuff 516 220 Jie g O BE BRGNS, AN SE e SU-8 i e BN BE T 1 82, [RII SU-8 JEAE 1 BE AL
ML I i TR PN L T 2 R R N R T I R BT A S R A A LR R I B AN DT A A T R 2
Xt 3 B T 45 R R AU U 114 R T

N s

(a) copper base (b) attachment of SU-8 (c) exposure and development (d) electroplating and polishing
(e) attachment of SU-8 (f) exposure and development (g) electroplating and polishing (h) elimination of SU-8

Fig.1 Process of UV-LIGA
Fl 1 UV-LIGA T.Z it

2.1 TEBRSREE IR

Kl 3 R4 & PRI a 205035 KA/ 5 um I, 37 5 3T
PEREMAZM . IIE 3 AT AR, Y4 o 8B #OE R TR, T
YES A M Ko AL 3l , 72 0 AR 0.41 THz Ab (Rl ih 28 28 15 51 54

W AR S R RIRE, fErosiseal, @nh 2 ry 228 R
SRR LR, 1R o 3R AR, A0 i TR/ o AR 3(b)

ME 3yl LIER], BEE o B350, fE M, mseA &
PR AR . A S BB FEHRS S S W AT AT a5 A 6.
BRLTREAR, 5520, MHAEREAR, Was iR, BIL#E
HUAPAEIX 2 A i R PR I [ P AT I I 45 . I 4 2R a s Tl
B TFIrB BT EN s, NES eI UIFEL, BE o B3, Fig.2 SEM photo of 0.22 THz folded waveguide

i s ircuit by UV-LIGA
SN, 3 dB T T GH2 #IKE) 14 GHz, TR o uviioa T2 020 The Bk sk

M 27.8 dB /N Hy 25.6 dB. M T AN a fE T € ikih 2 i A48 £k 5 3 0R)

L AL, e SRR b, o HANH, HELSHEEBAR, 55048 AN RERZBEE, Rnr s,
a (HAEAE 5 pm XTHT S U AT A O3 25 AR S ARG AR K, AT & D AR B A O Tk R, RR R A
FE R W EE O ) b B b, T ORGSR R A A1, i S U A IR o R RIEEROTHE, AR E ST
B AT MR

0250 - 1o 0.100
"?O 25 |- 0.095F
2 Lok g 0.090
é : c 0.8 &, 0.080F
30.230 B E 0.6F %g 0.075}
g 0.225 | 04l w 0.070f
=0220 | <= 0.065}
£0215F 02F 0.060
= 0210 L L L ) 0 b L L L L L ! 0.055 L L L .
034 0.38 0.42 0.46 0.50 0.38 0.40 0.42 0.44 0.46 0.48 0.50 0.36 0.40 0.44 048  0.52
fITHz fITHz fITHz
(a) dispersion (b) coupling impedance (c) loss characteristics

Fig.3 Dispersion, coupling impedance and loss characteristics at different a values
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Fig.5 Dispersion, coupling impedance and loss characteristics at different sidewall profiles
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