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W-band Single Pole Double Throw switch

KONG Bin, LEI Wen-zhang, ZHAO Wei, ZHANG Yong, XU Rui-min

(Fundamental Science on EHF Laboratory, University of Electronics Science and Technology of China, Chengdu Sichuan 611731, China)

Abstract: A W-band Single Pole Double Throw(SPDT) switch with low insertion loss and high
isolation that based on Positive Intrinsic Negative(PIN) diodes is presented. The finline structure in the
form of comb-line high pass filter and an improved Y-shaped junction are introduced into the circuits to
increase the isolation and reduce the insertion loss. Simulated results show that in the range of 88 GHz~
99 GHz, the insertion loss of the SPDT is less than 0.7 dB, and the isolation is more than 58 dB. In the
range of 90 GHz~95 GHz, the insertion loss at output port 1 is less than 3.7 dB, and the isolation is
greater than 33 dB, while at output port 2, the insertion loss is less than 3.8 dB and the isolation is greater
than 33 dB, which are indicated by experimental results.

Key words: millimeter wave; finline; Single Pole Double Throw; Positive Intrinsic Negative diode

LOKRPE I T ER . A AL, TR B XTSRRI R G R R E O .
R P TF B0 AE T2 SR SIS e 85, b SRR SIS A F 2 s, MmOV E L H R A Rk
TP (PIN) M 45 DL R AR 545 45 Ho, T PIN BT MEA g5 fay o . IRBUIN . BUAS IR, 15048 % R BE AR T %
SR 1 T DG 1 A5 0 A, R 2 X O 0 23R 114 Bl A B R B, T I R e Bl i 2 K I 45 il e B A 8 2 R
PIN 5 R Az ol 2k, T 58 A 546 2 il 2 W i i, 05 PIN B 9222, ol v % ik
WAL R | ST Dk 5 6 2 S AL R A A 3 T AR S AR 2 oK T G 1 B B DA G AR AR T AR 2R AL
VA S 22 5% HUML I B0 1 48 0 FR BR OB U] PIN FF 56, Steimhagen F 45~ 35 BIRF il s 35 T 2L ok S 09 W BB J)
LB (SPDT)FF ¢ F1 i J] =44 (Single Pole Triple Throw, SPTT)F 3¢, 7F 77 GHz~94 GHz Bty , fi AHIFE(L T
1.6 dB, MBI E T 21dB. EWNIF U AR S AT EGR, HIL TN T, &AM B & . BLPT R4
LK. R B AL R IR AR 45 o, g R P O W N 2 R B ROBE S T 10 2 — . tbAh, MPLE & 48 (Micro Electron
Mechanical System, MEMS)UUH GEMA . BAESWURAE . R 45 Lk FE BN D RIH AR ST, A A KK
PRSI, SRR PIN A TR AR L, MEMS TP R A AR 2 5l s, DT SC I 1K, JF S 7 T 408 I ) 458 K ) 475 o
THESESR, SEGCRAEZE, MTTARNE, I THEER K%,

ARICAAT — Rk Z A PIN 4 I8 7 BT Wk B s ) XU ¢, i i R FH s i i) Y TS B 4540

Wi BHEA: 2013-01-11; fEEHH: 2013-03-22
EL£WMAB: hRmKARIL 4 7% B3 H (ZYGX2011X002; ZYGX2011J018)



82 AHEBFERFERENR %124

AR T om TR ES R, PRAK TR ABAE, [RIBET PINAF ALk, BT RA, i TR VR 6, P AR TR b
B, AR

1 BITIBBFREREH

BRI IT G By e BEARZE R Q18] 1 R, BERGSR Y BISSIB A, = DL A5 e M1 Sy 1200, Uk S

MR SF A 2.54 mmx1.27 mm . 8483 5 & € T R se o, )
Input port _\wR10 waveguide

SCHAE A PEAE . B R RT5880, U ECH 2.2, P

BT Ry 0.127 mm i H 1, 2 B i s 11 o A B 2R G A ﬂilfmmmmm
ol ) e

Farh, DRI 4 FUPIN HRAE, U 0B A1 2 A 7 o[l B

i, ¥EHL Avago 237 i) HPND-4005 %5 PIN ZH4, 1t —#%
HRRRGI L R . B 2S00 B X PIN &
TTHErL, FES A SR G o 6 L Voo Ab B IE ) R
B, w1 g5 b ARE AL TR AR, SRE SRR, B
FHECIRAS s w1 2 J5 1) b AR A AL T IE IR A, A S,
EACPURS, sertum i 1 S8, w0 2 Wit 16

PIN diodes

o
o
e
o

=]

Uesf 2 R FE I, ST 1 71 b B AR T R, A port 1 O Tipon2
PRI, RARHEURE : 0 2 7 L R AT R AR - '

- fots kD , 1 T—';T‘ H D) V,jgio JJ: As o 11 , h 12 ‘% , Flgl Schematic (-)f SPDT switch
*&E@ZJ}: 33|‘7l3 ?{L/U( - b ity Wi, i il Rocalvedisby e
F I 52 B BRL D AP I O ) T RE

2 BRIV KRBT

2.1Y BUE 2 5% it

B 2 B T 10 S TR A T A 4 5 B (B0 AR 00 B B e T BRI RREE B R . R IR T
BELLZ b, T IE GRS TS , R AR T MO, BE LRI BT, OB R s R R, R R,
KR 2 S EOZ B IR TR B, ARMAETE R/, FRIERRTUN, AT MRS, FRES RO K TR,

TRE R, AR AS B0 A B T, WO 48 B8 RE B ) AR . . .
\ 4 } 5\ N\ \Q
y -

N

TS 8 (] B 3 2 A A9 RE AN PR 25 B i 3R 7. R, PIN
N\
NN
N\
N\

T IFIR TG AR AE IO, B B A RO,

HAE KN, BRERGIZ B AN 5y e L i A SE R \\\\
Vi, BRAEERLZ BOF RS 4 2x A I RHURR, K S EOT
KHYPERE T W IS iy TASCR T PR AT Y B4 b
LA, W R AR Y RIS AR, R N

e

R AR DU 2 o B0 VP o s 9 1 D B S REAR A B9 (a) Y-ype (b) T-type
LT Y RILER I e F R AN 2, 253 HFSS Fig.2 Architecture of PIN diodes’ placement

FEAEBELLE b2 HO
S BIE & U BE L 07 LR L W R e M Gk 5 E N 1 2 PIN A ERERAR A S it

0.08 mm B W] 45 2] i FERR .

P E SR E 2 H WA, N Y RISk, SCEEE A A RCE AR R OCHE, X TIZ S A
L TN B R ) 8OR A R LER A S e, 06 2 B IO 5 R S (RS — S TS R B R A 1R R 0,) 0 X T Y B
LEAGSEIE BT 0, M VEHL, Koh W LI oA T PEARA0 0T, 60, 05 (6 o 1 5 8 48 4% —0.184° B #% 179.81° I e, {H J2:
HE B SR O, BB -0.184° R KPR, DI 28 %E 1A T A0 RO B I B AR A5 AL SN T S K A
Z—Ab, HAS ] BB ARE b A T R, 0] BE RS T G I YE AR BRI, B R A R R R AR A A Ak 1)
e, BI6 Bk 0 #ihr .

SEPR AR A A A S I, BT AR AN S B AR A K, UL OTE W D S S R I AR A A
FEES T (AN 1l 2(a) 7R ), BELRL5AL PIN B EMERCE 215 @ A E, Bk, 8 T RIEE N ESER 0,8 &/, &
e, ERIE D S AL IR AN A A5 0 R, L T SCHERL01 P R kiR iy Y B 25 6E 2R 454y SPDT JF 3¢, L K SCHR[11]



551 40 L OEE - WIEERBR T X 83

ORI Y BRI AR S5 R, PR EE LR AT, K EELR Y R LSO IS DL T YA X S5 AL, (R N A e 2 45 v ) i B s
—A AR, DAREREE LR AE MR IR S, IXRERE R IE T 8§ 45 S L po e 2k, o mT DUGRIIE — A4 T LLVERR 3t
LRAEBEL L O AL (WK 2(b) BT ). elet i (9 B L A 45 H A 3 s

h

Fig.3 Structure of the improved finline junction """’Fig.4 Simulation model of the SPDT switch
&l 3 Bk iy gL L 45 Pl 4 B TR G4 BT K]

22 MREBEAEMRITRE[BHE

IR SRR, BB AT S I, RN e
Ay s U T RE, MIEE LRSS R, BR T 4R A3 e R AL TR e -10 +Sgé¥2:q3§:vee§;1mptz>>
WA, A DVFRE AL EE RN LI, WO HUR LA PR h & s —o—cB(SWaverortWagporg)
1% 85 R SR D o 0 2k R e it U o X TR — O, RTOR R AT AL § 30
T o8 IR B 42 b 0 A0 ) R A U O ) SCR L HAR AR 8 S B T AR AR RN 3 4o !
SR AL, B ZCEBUTAL B2 0.3 mm, FLI R % 0.5 mm, AL o} /
NGBV FRERE B 0.1 mmo X TR M — ], 882 2 A {3 -60\ ——t\ K
g1 32T T (o L RS 0 A P B, RORE AR R RO BE R, AR L QOJ - 9:““';"‘;; =
FEE M EE L h % n 7, S8 NG %E S MitRE ™ &, i | ﬂGI—Ilz . i
. _ , . NN Fig.5 Simulati ts of the SPDT swit
ARZ AT BT e 00 6 AR 1 e i T T 1 Rty b
L4077 A 1 TEM B, [ 8 2 K155 50 T 47 ARy 0
LIE3=P T & .
0 2
insertion loss —e— —=— isolation
-10F 13
g
%-20- M\V\ T E
-40f {6 -
: . : 0§90 92 95 9 98 100
Fig.6 Photograph of the fabricated SPDT switch Fig.7 Measured results of the output portl of the SPDT switch
6 LR TIRUHIT RS K P 7 B0 T] SR Sk o 1 L A RN e g B I SR el
MG L E M ALk 31, 78 HFSS(High Frequency o—————— —————————————,
Structure Simulator) = 4t 4> i Jf FLA A dESr Witk B BE 4R y insertion lossf-e (£ isolation
TIPSR 05 AL, &l 4 FroR . (5 LA R i A ) L
WE s P, PiEARER, Sl fE 88 GHz~99 GHz S 20t Ve 2
PR AREE/N T 0.7 dB, BT IF 3 11 75 88 GHZz~99 GHz I § N 14 §
B /N T 58 dB. | g
] /“\v.,.f\ Is
3 BIIXHFF XA R
-50 L L 1 1 1 ! 6

88 90 92 94 96 98 100

i 3 i3 A F o BT DL Rl BT, O BT R T SR : JeHz ,
e N R b ~ Fig.8 Measured results of the output port2 of the SPDT switch
W T H ARG, I H 58 T MO T, A RER T Pl 8 26T AT S SR 385 11 2 JeRe B 4 B



84 AHEBFERFERENR ¥ 124

RS, MILEYWE 6 Fra. K7 E 8 I sz gl ® . M4 R W, 7 B35 90 GHz~
95 GHz N, %0 1l ABFEML T 3.7dB, MEES T 33dB, w0 2 \HUEM T 3.8dB, MEEE T 33dB, i
PTG A7 A5 0 7 o S A R

4 g

ASCR M PIN AR SE M T W B BER T XU T G BTt . S5 MR B, I 2R HR M O O (8, A R R
1, SR Tt Y R 25 FIAEAR 2k v 36 98 U e XA 8 2 45 M i 2 S B 1 IR 408 L s B R B W I BEIE T R

5% Uk -

[1] White J F. Microwave Semiconductor Engineering[M]. New York:Van Nostrand Princeton, 1982.

[2] #FERMIEE. —FhH 8 A PIN H G [J]. KfkaRH# S5 T5 8 %)k, 2010,8(4):444-446. (YANG Xiuqiang,
YANG Xianguo. A Novel Double-Fed PIN Diode Switch[J]. Journal of Terahertz Science and Electronic Information
Technology, 2010,8(4):444-446.)

[3] Steimhagen F,Massler H,Haydl W H,et al. Coplanar W-Band SPDT and SPTT Resonated PIN Diode Switches[C]// 29th
European Microwave Conference. Freiburg:[s.n.], 1999:53-56.

(4] AR SR HARE. 2Kk 5o g4k PIN & JF (). HiR$ A, 2000(1):8-11. (ZOU Yongquan,GAN Tiguo. Microwave
Broadband Finline PIN Switch[]J]. Telecommunication Engineering, 2000(1):8-11.)

[5] FRBUEHHAR JED 5. — BB A AY 6§ 22 S0 XURIT E )], 205015 2 K 244, 2001(4):301-303. (XU Ruimin,XIE
Jun,YAN Bo,et al. A Novel Finline SPDT Switch[J]. Journal of infrared and millimeter, 2001(4):301-303.)

[6] Hafd. W BB 5 I 55 JF 5 A8 T WU IF 5 [D]. AR :HL T B K 2%, 2005. (YANG Jian. W Band SPST Switch
and SPDT[D]. Chengdu:University of Electronics Science and Technology of China, 2005.

[7] 2675 50 20 95 . AR Bl e K BB MEMS JF 3¢ i B8 43 BT 4 B [J]. K 8 2% B % 5 B F1F Bk,
2003,1(4):281-283. (XIE Xingjun,SHAN Hong,SU Wei. Theoretical Analysis and Simulation on a Low Voltage
Actuated Microwave MEMS Switch[J]. Journal of Terahertz Science and Electronic Information Technology, 2003,1(4):281-283.)

[8] SREET:.6f5 & AL 7858, X P Bt MEMS 73 Aii X8 AH 4% JT S ALHL M RE AT 5[], BUAR L 7 2 K, 2010(13):1-3.
(ZHANG Xiaosheng,BAO Jingfu,DU Yijia,et al. Research on Electro-mechanical Performance of Switch for MEMS
Distributed Phaser Working in X Band[J]. Modern Electronics Technique, 2010(13):1-3.)

[9] KohL W,Williamson I M H,Nyss M L,et al. Ka-Band Fin-Line SPDT Switch[J]. Microwave Journal, 1983(6):105-107.

[10] fasiA, EHH. =2 KL PINAY SPDT I K[J]. R K%K, 1992(3):118-124. (HE Liquan,WANG Chunrong.
W-Band Fin-Line SPDT Switch[J]. Journal of Southeast University, 1992(3):118-124.)

[11] Mittal A,Bahuguna U. Wide-Band PIN Diode SPST Switch in Unilateral Asymmetric Finline[]]. International Journal of
Electronics, 2001(4):499-505.)

EEE AN
L os#@ee7-), B, mwaHAEITTA, W FEE(1986-), H, mEERITHMPE AN, W
Ui, FEMFE TN Z RS RS +, FEIFE M KR RS RS

email:kongbin@uestc.edu.cn.
B f5(1986-), B, WAHREEZHAN, #
Bet bk, B 710 0 O 2K S R
4. MR EHEA.

®eis(1958-), H, WIE R A, #

s B(1975-), B, WilEEaEh A, #HE, MiEe B, WA T, 32 B U T 2 K B
Ui, BRI 1w A [ SRR 25 H AR L B e Sy B R GE . DU S B L SEAR A SRR
D07 22 K U0 5 A L B o Jela R TP BHBOUR — R 10, — 5%

3L, =R 8, REEK LA LR 5L,
AT & 238 3C 100 435



%1

LW IR R B T A X

85




