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A DC-6 GHz GaAs PHEMT Wideband Low Insertion Loss
SPDT RF Switch

LIU Yu-zhe , LIANG Xiao-xin, WAN Jing, YAN Yue-peng
(Institution of Microelectronics, Chinese Academy of Sciences, Beijing 100029, China)

Abstract: This paper presents a wideband low insertion loss single pole double throw switch using Win 0. 5 pm GaAs
PHEMT process. This switch adopts traditional series-shunt configuration, and take advantage of bonding wire inductor to
improve the performance of the switch. Then analyze the relationship between the power capacity and the bias point. With
proper bias point, the power capacity of the switch can be enhanced. The designed switch shows good measured
performance : in the DC-6 GHz frequency range, the insertion loss is less than 0.55 dB, the isolation is better than 24 dB.
when the switch is biased under -7.5 V/7.5 V condition, the input 1 dB compression point is 34 dBm. The designed
switch may be used under 6 GHz application. The concept of taking advantage of bonding wire to enhance the performance
of the switch may be applied to switch and package design.

Key words: radio frequency switch; SPDT; PHEMT; low insertion loss

17 F£ 6 GHz VATF. JHR T X Z KB AZ P A2 F 42 )
HHR & GOMEAZT 5 694 A, TF % 69 001 Ak AF A
R WA IR ARG AL, A3 R WBAE RGR Ak A F . JT R W AENRAL S
KBREHARGZRE LM G, ) FEFALEE Jm 1 dB, 2 RAEIE T T K B 20% 6 4 b o & 5
AR A DB AR A | 3P AR R A 89 SR RO TR BE R T MEI R LR PET R,
[RGB AT 6 RSB A F , 4= GSM, SRR TR TR KB A A RET T EA
WCDMA ,TD-SCDMA , TD-LTE, WLAN %, # &4 & Z K

e

WCAS B 9. 2015 -04 —11; 45 = 8 41 2015 -05 -29
A4 8. BRAEE X EF(20132X0300600F002 )



2 #e T 3 5 S

2016

PIN — 4% % 3% 1. MEMS 2 f+. CMOS 2 1.
PHEMT Z34H4748 7 32 2 A F 3% 77 s # (SPDT) 7 %
493%3t. PIN 4R 8 H 4 ko B 4" MEMS
A2 CMOS T ¥ 4% 09 JF % % % 5 % H R,
PHEMT A RE-F F R ARSI BRRKGH FER
= Peik A by ik A RO AE XL R & B 4E
F#aphu!.

#)8 GaAs PHEMT T ¥ X8 HMF X2
Hik il ER VAR L, T B E N
Tod T F Bt R H & &S RAE
WAL HBEEFELEMR AR BRI
MERAERMEME R FHERARRGSH @
AR, i B BT R A A R A Al R it
IF X 347

At LA E) 6 19 A, R AR R B SRR
Rgiteg ke b F BT HEFNIANGF A A KK
J, IR A A A A AR B R AR T T X e SR
B oM T AL FZENRBEE,RBET X
8 AR E 5 AT AL R B S A R T R
HWHRERE.

2 SPDT JF % 3%+t
2.1 #4#% PHEMT PD50 T %

AT 6 £ 77 B IF £ & A 44 #% PHEMT
PD50 % A" PHEMT = ¥ %% F a9 % N4k
KEHA 0.5 pm, B BT ER T 5% A e R A . 2
R HERA 69 %8 F 4 T £ R T B T894k,
HRAE T LR/ IES R IR | B, L F R, Fo
C TR P REIEG ALK, R, A= C oy
AN BT IR T G W B 64 dE N IR AL e [ B AR AT.
PD50 T ¥ v vA % %, TFR &, fAL Mesa W, 2 MIM +,
AEERAE ARl Ry WRE A RE

5 R
%1 # R A PHEMT 4542 4 5%

EX 3 E-Zi: X3 E- &
Iy 235 mA/mm R, 1.6 O/mm
L 375 mA/mm Coi 170 fF/mm
v, 1.0V oo 330 mS/mm
BV, -16V F@G,, 32 GHz

2.2 W REAMES AT

%694 B D-mode 49 & F 3% 3+ 69 3£ 77 B
%R B IR R R RATHE, By
AT T HE L AZ ER G ASK T ARt

FRAER . AR T K T4 6 & B AME 69 3R I
% LMY, BB BN sk e by 5k e A BT T X 89
AR, A L AT, BRI E e 1 (a) BT . 4
Vo A8V, 4 & F 69 BF 4%, RFC %) RF1 £ %
Fi, L X L6 Q,,FiE,Q, Bk ;RFC 3] RF2
FFAAE, K X B4y Q, Bk, Q, Fi&. AF A I
X0 SPDT X, AL FBREHF LT, TRAF 2L
RA—/NBILIEA R, XM LT, TAFR A
— AR eh Cp RSB BB 1(b) HFw.

" /\Q_/l_I ) L RP2
Ri MEJ_ —ékl

(b) ¥ %

A1 hrioiMeey SPDT FALEMB LS BB

T @A A A2 b B AT SPDT JF X M Ak 69 7 &
VER. A T AR T 40k MR 3% RFC 2] RF1 & F $i@ 34K
% ,RFC %) RF2 & FHAER . 3 RZ B4 A K A4ME
A B, 12 5 K RFC 323t N, 155 /£ RFC 3| RF1 %
B mT Q, Bk, FHA - MEMENZ, B
B AR Y ZHAR LR A, 45 5l 5542 (1)
KR, FEAGABALIE m; 2F T RFC 3] RF2 & 3%,
W Q & THIULKRE, FAA—wE, MAMES
% ,8iE (2) B A2 E 2 M, AN ARAL T ;812 (3)
AR MBI k0 AT 8 B B AL.

AN SA) 4R A0 F A b B R AR T % 84
PR, R BEAE SR K L, T AR R T
RFC 2] RF2 694 A& & 5, £ ¥ 3k 5 69 BH %, AR
e A R AR A KA, A — e sk



%34

2| FH#k, % . —#F DC6 GHz # GaAs PHEMT % 3 1835 A AR 4E 38 77 U T £ 3

Bz 5 89 5K & 28 T RFC 3] RFI 5 2 52 &
WLy L.

x5 2l 38 A) B ABCD 4B M 3247 54 B3R R,
=50 Q, H4E)a — 4L &b 22, B A b 35 RFC 3% 3|
RF1 3% 45 ABCD %1%

A B 1 sL
M:[C D]:[O sl].
1 0
1 I R,
(50 +5L)R, 1 1[0 Nt
50 + R, +sL  sCy
1 0471 sL
L. lly ] ™

AR A X, RIFEIGAIRAE A 2 = 0k 4L
FENTALA
2

IL = (2)

B
A+50+SOC+D

) &k BAE A

A+£—50C—D

50

B B
A+50+50C+D

FIZ2, AT A2 H A w340 RFC 3% 2] RF2 3% 69
ABCD 4815 %

Sll

(3)

- 1 0
1 1
(50 + sL) '

R
L50sC,; + s°C oL + 1 -

I I IR

_0 1 Run
ISO = 2 (5)
atggt 50c +d

%K J5 15 Matlab ¥ 53 IL, RL, ISO &4 #8 B, A 37 &
Folt OB B REA B EENE, B 2 B w.

B2 TIAES H, % L=0,0ab% 8 &Y
RO BHE 35 6 FENBAE A =R ARAL AR A IR &
MItEm B EE—ARK L EE,£0.5 nH £
A, TR A AR B N R E &R AN
Fe gk ARAL, R BT TR B R 2 ¥w, 5 AT @ ey 2k
M —F. LT, BB SERSARKE, T

IL/dB
58
=y

6 i 2.0
N 1.0
0.5
090 L/nH

fIGHz

(a) 452 0 BB AT HABAL 1) oh

0
-10
20 @

RL/dB

=301

5 1 4595 i
fIGHz \ Y . i
0

0 0.5 1.5 2

1
L/nH

(b) 464 B E 3T = AR H 8

I1SO/dB

(o) 4t b AT AT 18 & B4 %00
B2 pe%b S AR, Sk dRie S A B R YR

ARRIT T % A2 3 9 95 84 SR A
2.3 FRRRAFRMRBEESN

RE IR REREEAN T HE R F
EEREME RO REFTRATFABAT
PIE TR R R, TFXE 0 kbR R, IF
k& TSR AR T 5% 6 & F R AR 69 4 B
. AEFERET , FAERARLGAEEEA

1
Pmax = TI%SSZL (6)

KF  Lyss AT REWIRFRIR,Z, TR E 6 5 &
[

BA3pHTE—ThERST, FXEHELE
WG KW L. AT kWK &M E T, MR 69k B



4 BB T £ 5 A 2016 4
s K2 R IAR
o AR R
- AP 1 0.6 dB
I 0> v EEY:d X F 24 dB
1
1 1
1 sk IR
<E>:<~ Bk A X T 12 dB
E i Al dB A% & X F 30 dBm

B3 JFkeyd EE M5
WEH AL, P AE () PETF Q,,Q, 61k A. K
FRIUE SRR,V 0 EEAMEERE Y, £
BiAE 5, AT HOEIR S8 TF £ B4 38, RS 5
T3 Ao RE2 dir ks v, B WL B AL T 3 L ; &
F @k A A%, 6010 E B EE hEE
S KRN, M 50K, V, 4 7 E A
ﬁ%ﬁLVWKT%L%*%%%A%%%ib&
@ﬁﬁm%%m%f%w$ Wbk L. TFH 8

BT SV, ~ LV TR R T SR G

AT, MAARE A S EIEHG. st T £ 4 4Lk
LARGE SN e

1
P =@(VBR_VP)2 (7)

max

BRI, EESF KA BRZRE
R EZR A SAFEE TR T RES £
SEReg Rt Y B AN R E w R, TR I
KRR G 4tk o F Ao A0 KR
2.4 it

ERFRIT SRS, AAERTXZRG Y
R2Es MEX(D)FAETFHERNI,, HTE
REGAMIE R EFMIGe 2R, AmikE T E
B R TR R, RS R LT HE
BB SR 5 0 B R ARG, 1R B B R 69 3k A
FE3IARIELERYRRARL EEFH Tk

FEEA, RBFSEGERR T, ATHLSEK
JE LMK R W BR 6 AR AR, AP, Rt AR
T R4k 2 BT

WM R R B 4e B 1 (a) BT R, R A%
W EF R A BB A BT A 8 AN A
MG KA 125 wm M3 SR TS & & A 10 kQ A
TR AT E D M5, N s o ad ALK
B @24 0.55 mm x0. 7 mm.

1.2 mm. %

3 MRER

BriZ it ey h A4 PDS0 TE#AFT R A,
B 4(a) . (b) 4 A4 & 657 R/ B R A=K PCB A&
B . IF R R A B s AR, RFC 3%, RFL 3% 4= RF2 3%
MATH. SR B SRR RFEE PCB R B, A
Je it A g A K e i PAD LJ PCB #4 % 442 &
AT K. S A en FidiE kF MWL S AL
N5230 X 13 3.

(a) FREH (b) I % ml X & % B

B4 kKRR Fol X 8 AR
S HHMKLE R B 5 B, £ EMNRBEEE
ML EANBALD T 0.55 dB, g & B X T 24 dB, @ik

FAEKX T 12 dB, /IMZ 5 AR ik &+ & K. R Bl
FTHARAOREF LI FEAREFTMNAT S B
6 Fra. i TIS) A EGIRA], RN E T 2 GHz
MEELG T AB R4 b AR T ERRRE SR
T HENBALREIN G R AL b B T P .
EA(-3V/0V),(-5V/0V),(-7.5V/0 V)
AT, R8N 1 dB B4 & 4 %) 4 26.5 dBm,31
dBm #232.7 dBm; ( -3 V/3 V), ( -5 V/5 V),
(=7.5V/1.5 V)T, FF2e4 A1 dB JE% %5
#31.7 dBm,33.8 dBm,34 dBm. 7T vAF& T £ 69 #r
BHERREEFRIAL, BE5RMELER X, L
(=7.5V/1.5 V) mELET, REHMF LA K
X4k 1 dB R4 .5 34 dBm. R B R E 5 T 40
T & BB IAEAT e B T P .



%348 x| F ok, % . —FF DC-6 GHz 89 GaAs PHEMT 58 R AE A AL 77 AR IF % 5

st s [T [ s S Dcesan ISR
[ Pot Extension [4821033371 mn_ Loss1 [40735md8 _[2] @real [1.500 GHz % Usel[ AutoPorExt|
Pot1 | Delay [16 415 psec [ Lose2 [27169md 2] @Freq2 [5.300 Ghz  Use2 More...
= =
Foo "

S
8
b

>Ch1: Stat 200.000 MHz — —— Stop 7.00000 GHz

Cont  CH1: E33 C 2Pot Delay Loss LCL

(a) HAALL WK AL

File View Channel Sweep Calbxation Trace Scale Marker System Window Help
Simkn s [T B s S Mcsisn) MNSE

¥ Port Extensior} [4521033371 mm _ Loss1 [40.735 maB | @Freql [1.500 GHz % Usel[ AutoPorExt_|
Pot1 |Delay [16415psec  [5] Loss2 [27.189md8 |2 @Freq2 [5.300 GHz 7 Use2 More...
= =
Fo.co 1 = 76 dB

* >Ch1 Sl;;n 200.000 MHz — —— Stop 7.00000 GHz
Cont CHY: B3 C2Pat DelayLoss LoL
(b) & & Bl 3%,
BS SAKaKLER
SPDTJF % S X
| o
| °
KB TR IR

Ho6 XaE5nK-F&REH

T T T T T : — 10
(U R T e
-1t 18
—=—IL(-3/0)
a5l —e—1L(-3/3)
2 —a—IL(-5/0)
% —v—1L(-5/5) 16
2 3 [——IL(-7.5/0)
8 ——1L(-7.5/1.5)
54t {4
17Z]
=
S5
12
6}
-7

8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
Pin/dBm

B7 REMREETHIAT X HABALAT I

4 %5 RiE

AR A PDS0 T8, %t T —% T 4F
F DC-6 GHz #4 3 7] U 4R TF 4. SR - £ £ A
BN, FHE R T HEF SR BRI, F
PG A& 0 BRI B STBRIT X 2 A 69 M Ak, ) BT
ST RS EZFEETFTRT MELNGKZ,E
TR RGN FIIET AT R, FF R R R,
Fiit T COB M 4%, % FRiml X, 45 £ 4 f&£ DC-6 GHz
WA B A, TR eGIEANIRAL D T 0.55 dB, s & B
KT 24 dB, F@ ey ey Nt B w ok BiAE K T
12dB, 22 GHz R E F , 4 mEAL( -3 V/3V)iE
HEET, A1 dB R4 5 KT 31 dBm, B4R E A
(=7.5V/1.5 V)BEBILTF,FX64 1 dB E% &
A 34 dBm. K C3R 69 A A SES KR T IT K AR
A ag B, ST R T 48 59T K A 3 a9 %0t

B Ltk

[1] Jung Gil J, Kyounghoon Y. High-linearity K-band absorp-
tive-type MMIC switch using GaN PIN-diodes[J]. Micro-
wave and Wireless Components Letters, 2013 ,23(1) :37-39.

[2] Donghyup S, Dong-Woo K, Rebeiz G M. A 0.01-8-GHz
(12. 5 Gb/s) 4X4 CMOS switch matrix [ J]. IEEE
Transactions on Microwave Theory and Techniques,2012,
60(2) :381-386.

[3] Shi C, Rantakari P, Malmqvist R, et al. Switched beam
antenna based on RF MEMS SPDT wwitch on quartz sub-
strate[ J ]. Antennas and Wireless Propagation Letters,
2009, 8(3): 383-386.

[4] Zeji G, Johnson D, Belletete S, et al. Low insertion loss
and high linearity PHEMT SPDT and SP3T switch ICs for
WLAN 802. 11 a/b/g applications[ C] // Radio Frequen-
cy Integrated Circuits ( RFIC) Symposium. USA,IEEE,
2004 ; 505-508.

[5] Schindler M J, Morris A. DC40 GHz and 20 ~40 GHz
MMIC SPDT switches[ J|. IEEE Transactions on Elec-
tron Devices, 1987, 34(12) ; 2595-2602.

[6] ZmA, iRk, ¥k, 5. GaAs & E/D PHEMT 3 K
BRERMETT R R ALZ RN CHK[T]. FF46hF
#%,2008,29(9) :1823-1826.

[7] Wang Xiaoying, Peng Yangyang, Sui Wenquan. GaAs
pHEMT multi-band multi-mode SP9T switch for quad-
band GSM and UMTS handsets applications[ J]. Journal
of Zhejiang University-Science C; Computers & Electron-
ics,2011,12(4) ; 317-322.

(T#% 10 )



10 #e T 3 5 S

2016

PR M T, REE A AT L5,

1.65

—&—ERD
1.60 —e— BOS

1.55T1

BREW Bk

2 3 4 5 6 7
SR HIE B

B 6 WA o X 6K b
5 ZRiE

AXFE T —F @ @ik & s eg WSN 5897
B 2AZxHATE, ZHERATREWER I Fe
Bedn 25 R ARG 09 L AR, T A I %SRBI 0
B F Fo 58 SR o B dm. B BE %3 T 036 B dn 7 5 A0l
BY 5, A#T LEACH 5 #£3% d o’ #4577
AT R0 ARG AT NS2 45 A e 25 R A B 4R
R R A RS M &adad o S Z 8] 69 B Sh 4L Ae
YR E AR, T AST B AR X 3% 5 56 R 269 5T R A AR i
B, 24 M 5618 09 B de 0 S AT IR 3 B S ST
R R A AL R B RATH R, TAEIF R AR
FAK B AT, AR A A S A .

B Lk

[1] ClisicSG. HRALMLKACHKR[M]. BIWE, W

H, BB, FIE, LR ARG BiRAE, 2013.

[2] Yucek T, Arslan H. A survey of spectrum sensing algo-
rithms for cognitive radio applications[ J]. TEEE Commu-
nications Surveys & Tutorials, 2009, 11(1) . 116-130.

[3] Duan DL, Yang L. Q, Principe J C. Cooperative diversi-
ty of spectrum sensing for cognitive radio systems[ ] ].
TEEE Transactions on Signal Processing, 2010, 58 (6) :
3218-3227.

[4] Yick J, Mukherjee B, Ghosal D. Wireless sensor network
survey [ J ]. Computer networks, 2008, 52 (12):
2292-2330.

[5] ##& R&AMHRPREAZZ[M]. LT REXF
H AL, 2012.

[6] KM, B3 3%, WA, F. @& LREAE S
# WSN RM B L sk k)] MAFRIXFF
B AAFR, 2013, 14(1) ; 12-18.

[7] Chen Guo, Tao Peng, Xu Shaoyi. Cooperative spectrum
sensing with cluster-based architecture in cognitive radio
networks[ C] // Proceedings of the 69" TEEE on Vehicu-
lar Technology Conference. Spain, Barcelona, 2009.

(8] ZF&, RE, TER —F Lt B WA GEIAL
HRpBEE[)]. w5 A% Fk, 2013, 18(2):
457-465.

(9] #rmg. 228 v b iUtk Ak BF
. RlFXF, 2007.

5 FEma[D]. £

(GRS
IXHE F,(1969-) WL A, HA LRI HEF QA

R M | R AR R B AR R .

E-mail ; wjinghui@ sina. com.

(L#HS W)

[8] McLevige W V,Sokolov V. Microwave switching with par-
allel-resonated GaAs FETS[J] . Electron Device Letters,
1980, 1(8): 156-158.

[9] Hong-Yeh C,Ching-Yan C. A low loss high isolation DC-60
GHz SPDT traveling-wave switch with a body bias technique
in 90 nm CMOS process[ J]. Microwave and Wireless Com-
ponents Letters,2010, 20(2) . 82-84.

[10] Hsien-Chin C, Chia-Shih C, Yuan J, et al. Enhancement
and depletion-mode InGaP/InGaAs pHEMTs on 6-inch
GaAs substrate [ C] // Asia-Pacific Microwave Conference
Proceedings. China, Suzhou: IEEE,2005.1-4.

Y R/

X FH B, (1985-) WL AR A BRI 6 A SR R B
4% 3. E-mail ; liuyuzheucas@ 126. com.

REedt &, (1979-) W4, SIBFE R A1 7 0 A 4905 ik
DE RN S

7 dh &, (1986-) AL BB R. R @ AR SL
TR SR AR 8350

Bk B, (1963-) WL B AR R @ A SR ok
LREIEE Z AR



