26 7
2005 7

CHINESEJOURNAL OF SEMICONDUCTORS

Vol.26 No.7
July ,2005

RF MEMS

( , 100084)
K RF MEMS . ,
, Agilent ADS ' )
. 19 5vY 7 1 6dB @9 6GHz, "
46. 0dB @19. 6 GHz.
. RFMEMS; ; ;
PACC: 2220; 2570; 3220D
. TN304 DA : 0253-4177(2005) 07-1442-06
1 1
[ . RF Metalmembrane [
MEMS (23]
[4 6] . 1
10GHz , )
0 X ,
3 'I
(-
[8] .
, 30GHz e ,
BST . TaOs [CPwW1l  CPW2 i(‘PWI!
[9] ®)
1 (a)
(b)
, Fig.1 Schematic of the 2bridge spring switch (a)
Cross section; (b) Top view
* ( : G1999033105)
, , RF MEMS
2004-11-04 ,2005-01-13 (C2005



Qo + ta/€d

7 K RFMEMS 1443
’ ) S ,sd ty
» Qo
, , a (fringing
: , effect) , 02 06",
“ Ty , Cott
€
Cot = J‘;_d% (2)
2 td
EE€dY ta
, MEMS 1mm ' '
, 30GHz 1mm, ' J
, 30GHz , , )
RFMEMS oy cT n :
2 Ls Ansoft HFSS
,CPW1 CPW2 1(b) . CPW1
/ ,CPW2 Re
.C,Ls,Rs Reond
R
“ 00 ” ,C Con & = Roond + R) (3)
Coit . - [ I 5 = '\g
Roond V\B (1 _ e_ ) )0_ , o (4)
o HO) ‘M
CPWI prllz CPWI 0 ;W t
C C
Ls LN 13 ” ’Cron
(1) g) 5Qn [}
R, R %
) o 3 4m.
2 @ ” , [10] ,G)ff ,Ls ,&
Fg.2 Equivaent circuit model of the 2-bridge spring Coit Ls
switch “ " , Rs
' 502 (ml 3 Coit
Agilent ADS Linecalc ) « n
, Ls Rs
JAu , L “ "
CPW1 CPW2 1961 m, )
12Qu m. ’
Q”I 3 R5 @ ”
G)n ,Qﬂf ,Ls ,FG
. & l LS l
Con
£ (1) (4 ,
Gn = — (1 +Q) (1) : Gn=0. 1pF, Gt =1 3pF, Ls =



1444

26

Isolation/dB
X
wn
T

-30 L =5pH R=1.4Q0
35 [f-"-L~20pH R-14
4of—L=S0pH R=140
[ -=- L =50pH R =3.4€)
[ .- L =50pH R =100

0 5 10 15

3 Ls Rs

20 25 30
fGHz

Fig.3 Smulation result of isolation with different

Lsand Rs

50pH ,Rs =1 &2,

ADS

2 o ]
z L
% -15}
£
£ 20}
& L
« .25 _I ~x=Return loss
| ~— [nsertion foss
30 K
al 1 1 o Y | 1 1
0 5 10 15 20 25 30 35
fIGHz
4

40

Fig.4 Smulation result of* ON” state insertion loss

of the 2-bridge spring switch

20dB

17 31GHz

0
-5
JobS e
g-sp A e ™
g 200 oy
W
E -25
s -30 )
[4‘;‘*- .35 _—-—2-br¥dge-S”
40 [ ~°— 2-bridge-S,, d
—— traditional §;, ¢ {
“45F _, —traditional S,
;7)) RN PR TSNP I T S SR P N
0 5 10 15 20 25 30 35 40
fIGHz
5
Fg.5 Islation comparison of 2-bridge spring switch

and traditional 1-bridge switch

40

[2a]
=)
2
8
L
E [
g_ -30 L —-—2-bridge-S,,
& 33T —o—2.bridge-S,,
40 1-bridge-S,,
-45 |- —>~ 1-bridge-S,,
-50 1 [ L 1 1 1 1
0 5 10 15 20 25 30 35
fIGHz
6
Fg.6 Islation comparison of 2-bridge spring switch

and 1-bridge spring switch

7
(1) ( 9002cm)
800nm M m SO,
200nm AU/ TiW,
: 7(a)
(2) PECVD 300nm SxNy
SxNy,
, 7(b) :
(3) :
, 7(c)
(4) Al Al,

Au,



RF MEMS 1445

. 7(d) :
(5 0. Plasma ,

RS, S S S LSS ST S LTI,
SEIIN KK, IR IHHIHHIIHHHK,

50 o8y

%
s S wuy ALY

ARAAN

(d)

s “\\\ \m x> m SN

(e)
m Au ﬂ Polyimide
Si0, Si,N,

[:] Substrate . Aiuminum

7
Fig.7 Fabrication process of 2-bridge spring switch

Au, Au

350 .

) 12v

22 KV 96.5X 1mm KYKY-2800B SEM SN:0692

8 SEM
Fig.8 SEM photograph of 2-bridge spring switch

Suss PM-5
HP 8722ES ,
, 0 05 40GHz.
T , 1 6dB
@19 6GHz, 9 ;7

46. 0dB @19. 6GHz, 10

) Gt

S-parameters/dB
>

20k

r .
225 .l' e Sy .

/ Insertion loss
230 / I 1 L A J 1

S 10 15 20 25 30 35 40
fiGHz

9 « o

Fig.9 Insertion loss of 2-bridge spring switch in the
“ ON” state



1446

26

cm,

S-parameters/dB
T

SI 1 .
Isolation

10

"0 15 20 25 30 35 40

fIGHz

“ ”

Fig. 10 Islation of 2-bridge spring switch in the

“ OFF' state

11
ADS

30k

S-parameters/dB

[-+-sim isolation
-4() |- -sim isolation los
[—test isolation

L -test ins?nionlloss

0 5

11

S

10 15 20 25 30
fIiGHz

35 40

FHg.11 S parameters comparion of test results and

smulation results

MEMS

RF MEMS

350
19. 5V, 1 6dB @19 6GHz,

46. 0dB @19. 6GHz.

[2]

[5]

[7]

(8]

[10]

[11]

Brown E R. RF MEMS switchesfor reconfigurable integrated
drcuits. IEEE Trans Microw Theory Tech,1998,46 (11) :
1868

Coldsmith C L, Yao Zhimin, Esheman S,et a. Performance
of lowloss RF MEMS capacitive switches. IEEE Microw
Guided Wave L ett ,1998 ,8(8) :269

Zhang Zhengyuan, Wen Zhiyu, Xu Shiliu, et . RF MEMS
switch on poly-dlicon substrate. Chinese Journal of Semicon-
ductors,2003 ,24(8) :798

Yao J J ,Chang M F. Surface micromachined miniature switch
for telecommunications applications with sgnal frequencies
from DC up to 4GHz. International Conference on Solid-State
Sensors and Actuators, Proceedings ,1995 :384

Zhu Jian, Lin Jinting, Lin Ligiang. DG20GHz RF MEMS
switch. Chinese Journal of Semiconductors,2001 ,22(6) : 706
Guo Fangmin, La Zongsheng, Zhu Zigiang, et al. Desgn of
micro electro mechanical system RF switch. Chinese Journal
of Semiconductors,2003,24(11) :1190 (in Chinese) [

) P RFMEMS
,2003 ,24(11) :1190]

Hu Xiaodong ,Pan Jing ,L u Miao ,et al . Fail ure mechani sms of
a micro fabricated relay. International Journal of Nonlinear
Science and Numerical Smulation ,2002 ,3(3/ 4) :361

Lu Miao, Zhao Zhengping, Lou Jianzhong, et a. Thermal
effects and RF power handiing of DC 5GHz MEMS switch.
Chinese Journa of Semiconductors,2004 ,25(7) :749

Lei Xiaofeng,Liu Zewen,Xuan Yun,et a. Fabrication of RF
MEMS switch usng high k material s as dielectric layer. Meas
urement and Control Technology ,2004 ,23(3) :7(in Chinese)
[ , : . RF MEMS

,2004 ,23(3) :7]

Muldavin J B ,Rebeiz G M. Highrisolation CPW M EM S shunt
switchespart 1:modeling. |[EEE Trans Microw Theory Tech,
2000 ,48(6) :1045

Park J Y,Kim G H,Chung K ,et a. Electroplated RF MEMS
capacitive switches. Proceedings of |EEE Micro Eectro Me
chanical Systems(MEMS) ,2000:639



7 : K RF MEMS 1447

Design and Fabrication of K-Band Double Bridge Capacitive M EMS Switches”

Le Xiaofeng, Liu Zewen, Xuan Yun, Wei Jia, Li Zhijian, and Liu Litian

(Institute of Microelectronics, Tsinghua University, Beijing 100084, China)

Abstract : Design and fabrication of a novel K-band capacitive RF MEMS switch are reported. The switch conssts of two sus
pended metallic membranes supported by a serpentine flexible spring over a coplanar waveguide. The design,which is realized
with commercial EDA tool s ,isoptimized based on a seriesof smulations. The smulations show that the proposed switch struc-
ture presentsimproved isolationin a relatively low RFfrequency (K band) . This switch is made using a silicon surface micromar
chining process. On wafer measurement is carried out. The threshold voltage is less than 19. 5V ,the insertion lossis 1 6dB @
19 6GHz ,and the isnlation is 46 0dB @19. 6 GHz.
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