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Waveguide Bandpass Filter based on MEMS Technology for Terahertz

Applications

Yong Zhang, Shanyi Xie, Jiang Hu
Fundamental Science on EHF Laboratory, University of Electronic Science and Technology of China,
Chengdu, Sicuan 611731

Abstract: Terahertz filters play a key role in Terahertz communication and radar systems. A 390GHz
Terahertz filter of second-order type with additional transmission zeros is presented in this paper. The
fractional bandwidth is only 2.5%. The filter is fabricated using MEMS bulk silicon technology. The
measurement is carried out with vector network analyzer. The measured minimum insertion loss is 4.5
dB and the return loss is better than 17.7 dB.

Keywords: Terahertz, Filter, Waveguide, MEMS technology

1515

B A T4 SR K 22 ABAN BT UG AF 5T TR SR [L], 6 S 2% A B 2 A I SR 2R e 5 T
Jigo o, OKHH2Z DRI AR R — RO IR, KRR ZZE S M A RaERe il B AL
BREMEM . X —BL, SFIEp s R R IGE PR TR ERK. SN EREIES
PRIE, T DA TR 8 5 08 a2 DA AR 3R A s A BB A AR A b S IR T I S i, S kg AR 2 10 0 85 SE IR
YIE IR

2 JEBEARHI T

PRI 12 U0 U0l 8% 100 25 20 o R AR TR (U o TR I 94 3 o A3 A28 4 N TG A8 B T i N LB AR e 2%
A5 FE Ay EH BT e 2% RTLC BB IBE BEAL IR A M 4% o i SUR IS =, e P4k |, LCH Ik
Beehi T BUSEIL,  BABUR S B e S, vt TAE R FH 226 Sk [2-4] o nid 77 205 i

—
z0 |k1| z1 |ke| ze |k3| z3 Ze |ke| z1 |Kki| Zo
"] (oo ("7 {2 "]

B 8 A M 25 S R A Y

FERTII AR TR AL T 22 M i BB AR & B NS B pE Bt ¥t [5] o 12454 th 54> BB HRS 4R
JEERE RS, I 28 T 7 SORE R S SEE B e s 2 TA) AR i Js i N it 5 BEZ IR AR 5 LD

REATH . E R SRR R R TR (8631 R AN b s s R EARIIE 45 %% (ZYGX2011X002, ZYGX2011J018)
o4 .



S Jm A R BRSPS

eI EAERERLA, AR, 2 R BN IR iR ZE K S ] BEREAE 45 H RO IR T BOR, A
SCYCE TS T IR AR s RN, O TS PRIV RE, A INER =SB S DL R A
i i, BEomI T BEW RS IE, L ai 2R,

[ 5]

| i

(PRI S o M58 = 81 € 2 g A

E R B R N S H 3 1134 5% I Virginia Diodes Inc. [HWR-2. 255 HER 3 RS, LUE 55 400 i %

AHEE
3 fiESHt

5 F Ansoft HESSERAF X 1Z BE I 28 I WIME AT 50, JEBE G AL ILPERE, 45 KIS, TS
PRARIAT B 58 D R 2 A3 Ay e B o 0.5um ) 4 R i CFELAR R N4.1X10'S/m) o i 45 R £,
BRE A e 2 P o T S A A A Y [ 2 384.3G HZz ~395.3GHz, Ui % 04 389.8GHz, 3dB
e M11GHz, f/hir NI AIURE 4 1.28dB, i N MY I REAL T-18.4dB, 7B R &5 LAl 5 20GHZ
Ak, AN 31 dB (365GHZ) 529 dB (415 GHz).

04

-10 -

-20 -

-30 -

S(2,1) (dB)

-40

-50 -

-60

T T T T T T T
320 340 360 380 400 420 440
Freq (GHz)

I3 BRIN A% a2 R B e S B s O BURF

4 WRARE RS
T U B 0 BRI MEMS RRE T 258, MG T 208 CLULA 3 [6] i T 58 e b
% (B2 ) IR S T 7

B4 PR IRL IR IO (B4 7 58 )



A R AR AR S BRI

KHREMEE TR GE (Agilent N5245A) 2545 0ML-V022VNA2 2 51| 4 26 $h e A H 0] 8
AHATIAR, AT LU R 40 e £1500GHZ, RS0 1 A WR-2. 28R HERE TP T, 38N K 2 I 4%

I AT AN 2R G Pl AR 1 T s

K1 Y 4%
3T
NS O 8% 3 2
e A fe A
DUT
in Fixture

() RGHEK

(b) MR G

PS5 O I 2% 23 A S 1K AR S P AN

A TG el TAR SR ClnEefras ), AEIEEAS B LUbsHEVL B B U R R
W4 A BT ASOZE R, 0 1 SR FHUG-38ThRE: 2%, I Tl I A WR-2. 285 ER T

R

TRk

K6 e B gt K

DRSS R BB AR R LE T & s

-10 4

.15 4

S(1,1) (dB)

-20 4

—— S11(Theory)
7 . s11(Experiment)
-30 T T T T T T
320 340 360 380 400 420 440
Freq (GHz)

() S11ZHUF MM Lk

S(2,1) (dB)

-20 -

-40 -

—— S21(Theory)
—+— S21(Experiment)

T T T T T T
320 340 360 380 400 420 440
Freq (GHz)

(b) S21ZHkrtEIxT Eb

K7 BT 98BS 07 F MR (X b



S Jm A R BRSPS

TGS R, A T BT 10 A 22 3Bk h 2%, 7 4 /N5t b 4.5 B, B9 SRR T-17.7 dB.
AL R 45 R ] L AT LA H, W O SR A T LR AR T +6.6GHZ AR AR, HE
BFETEAL T3.2d0B, XIS L 2 7 0 s i, b AL R LA E: B, %)
i AR R R AR s 55 T, BRI IR e A S, B R R R RS R
BT LA, ik S 300 BE () T A A 1 SO AR TR Y T S A S I, s S BB 38 b A% T
B PRI/ o NARRE () Y5 T ) T 0 3 TR T S B

5 it

AL T IR T —1390GHZ I T-MEMS T £ [ A 22 0% 5 75 e 5 0 P 4%, %90
BER FAMEMS T2 BT 10 A 22 0 547 30 el S8 0 AT 000 [7-81 o ASSCIA AR Sy AN 2 1 B D i
BRI AR T RS . A TAE W LA, I TR 20 s s B vk AR BT A Y
(RISZIE, H N BURE IO K LA b OV 1 IS 2 40 5 1 DA AR T e b . 5 % Tk, &
A VTN I A5 22 AT i o R A S O AL LA A RIRE, [ i R 2 2 T B A U 5

i

1 3 v R o TR 4 T 7 8 T FUE BT AR SN SN Ly SRR FE B, [ i

VI TIT A 2 oKy [ 5% 7 4 92 06 38 /E AR 7 T4 R (i

2% LMk

1.  lwao Hosako, et al., “At the Dawn of a New Era in Terahertz Technology”, Proceedings of the IEEE, Aug. 2007,
Vol 95, Issue: 8.

2. J. Hong and M.J. Lancaster, Microstrip filters for RF/microwave applications, John Wiley & Sons, Inc, 2001.

3. G. Matthaei, L. Yound and E.M.T. Jones, Microwave Filters, Impedance-Matching Networks, and Coupling
Structure, MA, Artech House, 1980.

4. R. Levy, “Theory of Direct Coupled Cavity Filters”, IEEE Transaction on Microwave Theory & Tech, MTT-15,
No. 6, pp. 340-348, June 1967.

5.  Shanyi Xie, Jiang Hu, Yong Zhang, Yonglun Wu, “Design of a Micromachined Waveguide Band-pass Filter for
Terahertz Application,” International Conference on Microwave and Millimeter Wave Technology, Shenzhen,
May 2012, Vol.4, pps 1-3,.

6. Hong Jun Tang, Wei Hong, Guang Qi Yang, Ji Xin Chen, “Silicon based THz antenna and filter with MEMS
process” , 2011 International Workshop on Antenna Technology (iWAT 2011). Small Antennas, Novel Structures
and Innovative Metamaterials. IEEE. 2011, 148-51. Piscataway, NJ, USA.

7.  P.L. Kirby, D. Pukala, H. Manohara, I. Mehdi, J. Papapolymerou, “A Micromachined 400 GHz Rectangular
Waveguide and 3-Pole Bandpass Filter on A Silicon Substrate”, IEEE MTT-S International Microwave
Symposium Digest, 2004. v2, pp.1185-1188.

8. X. Shang, M.L. Ke, Y. Wang and M.J. Lancaster, “Micromachined WR-3 Waveguide Filter with Embedded
Bends”, Electronics Letters, April 2011, Vol. 47, No. 9., pp.545-547.



LT S, REBt AA 57
f4k:  http://www.edatop.com

R R 2R I —— RIS

Syl 55 Il (www.edatop.com) £ 44 0k B F0F R 55— 1 PR TR AR s, BUORE
T S REERHIER AAIIEEFE, 2 B A SR AR S IR R 2 Be vh N A B g Skt o
wUEATRGEI. RE A, EABEEZ KE NG A, PGS T AR TR, K
WRHE . A=l TFEZ KA X .

AT BB DRI AR BT IS N B R, A R R R4 o, VR R i D U A e v
JRER AN AERE, A SR AT TR SE b B vk N R AR, BT R BRI v BUSE AR 45
Ay TR I 45 R I e DI B8 1R e S TR RE o B A 75 B K 5 03 400 b B 4 1 SE2 o )
18 & I e DR I 28 R BE T

___m__,, s e R B T I R AL IR AR
AT o o :
— A A, EXRIWR, hICUHE, B S BEABER

At SRR \ SR U R AIRE, A (% ADS. CST. HFSS & 204047 T
'“ o }I FLISERBET R MR, 5 68 Bk 5B M B AR 3 52 ) 4R
HEE op e BT e B

WEMAE:  http://www.edatop.com/peixun/filter/

® HFSS {5t IRE
M4k http://www.edatop.com/peixun/hfss/

®  CST HTEI)IRE
M hk:  http://www.edatop.com/peixun/cst/

o XERITEIHINRE

M4k:  http://www.edatop.com/peixun/antenna/



