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Study on Switching Times of RF/ Microwave MEMS Shunt Switches
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Abstract:  Thi paper presents the modeling and numeric calculations of a radio frequency ( RF) / microwave MEMS shunt
switch. The movement beéhavior of the movable membrane & taken as a single directional damped oscillation under an electrostatic
force, an elastic recovery force and a drag force in the air. A set of mathematic fomula and calculated results are given for a typical
MEMS shunt switch. The calculated switching times for typical MEMS shunt switches are about 1~ 4(Hs, depending on the thickness of
the membrane, congitutive materials and structure parameters. The obtained results are well agreed with the reported experimental
onest*!. Finally, The limitations about the modeling and numerical calculations are discussed.

Key words: MEMS switch; swiiching time; theory modeling; numeric calculations

1 ( 12, , ,
MEMS(Micro Electro Mechanical System) , 7, >
g ( 1). MEMS shunt
. (0. 08dB) 131 424B) ,
IC . , FEIs  pin
(M icromachining Technology) : . [4] MEMS shunt 2~ 104
CMOS MEMS s . MEMS shunt s
b 9 ? /
.MEMS shunt MEMS MEMS shunt
. CPW ~ |
- — L o . .
/ MEMS _ ' N | oWl |: :l e
U MEmS ' \ ’ l
, , © o ; EHEiE [ = -
( ) ,
R “« o » . [2] 1 MEMS shunt 2 MEMS shunt
: 200+ 09 105 : 200 12- 15
(973) (No. G 199033105) ; (No. ©876012) ; (No. 9925409) ;

(2001 )



8 : / MEMS Shunt 1205
5 M(*/01%) = DFi= Fi+ Fot f (10)
21 MEMS shunt M L W* w
MEMS shunt 12 (1)~ (10)
V)im s .
: Pe_ & Wrw L
9 0" gy z+ g/8) "
C C
J 0 _ “é* g_j)/(p* W w* d) (11)
V)ius ’
1/C= (1/ G)+ (V Cy) (1) b
MEMS ,
12
c= 1 (2) , -0 2
= Ta/( &€ W)+ (go- z)/€ W] ( ; zgt: OI_ (12)
0= 1
€o , & W (02/0t) [1=0= 0 (13)
12 13 11
e (12) (13), (1),
.80 )2 ’
,MEMS shunt C
3
z
22 ,
MEMS shunt >
5 z P
M, MEMS shunt s
K, g MEMS , . V,. (11)
Vbim: ?
Y [4] :
Y s , MEMS shunt
V= L—m%g%m (3) [ 4] : Au
k R [5] (3) ~ (6) B
3
= 322/31 w 80(12"'3()6[14}( N/m) (4) .
y d L 8 g,=2iooof-1o;ic=7.u; dz=2e-6:
? > m 16 k.. W100-6 w=40e-6 Eq=2e-:
, 0 , Y i
.MEMS shunt “«oroe , El +
I
. £
b
Vbius(> = Vp) 5 Fl 3
Fq=0E/Q Z (5)
E  MEMS shunt s
E= (1/2)% C* Vi (6) \ , ,
100 200 300 400 500 EOQ 700 800 900 1000
(2)  (6) (5) B AW Lt i
3 Al Cu Ag Au
80* W* w 5 =]
Fi= V)ius N 7
= Ve () Y o,
Fom — k% 2 (8) MEMS shunt s
: MEMS shi MEMS shi
f= _ g(az/at) (9) shunt shunt
> F
' () Al

Fr



1206 2002
12p - 8 : . N . N
»—e—k—o——*—e—?——o-—{——-o-—(_--o—f { H
e 75 = : i i ~2000¢-10;6+7.6:
T 0006 1037 6L m=300e e s 7 - f’=3mé‘ﬁ7§ ; :'mﬁj?z imrs;l:-[&:’;még
o 2T a0 2er IR0 N 42_;'_2;.;’;:’:’;"; - Vhias=12Vp | ¥ =0.42;Y=e+10 :
E g SopTTETm CiVhasstS g —id=lOHm 77 71
= _r; 6 H + + t } = +:d=1.5Hm
E E s5 : ' ; ’ o' - :¢=2.0Hm
' s : .« +4530Hr
£ £ 45 L=
# K | LK
® ‘ o4 i e . K
: 35 ;
50 100 750 200 % a0 w0 w0 15 20d0°
HEIREE AT jum A WEAE T w /um ] WA R RO D o /Pa
4 Au CPW 5 6
3 , Al MEMS shunt s
0 8ts— 7. Mg Au s
MEMS 2. SHs— 20Hs . (2 MEMS shunt ;
4 , CPW , CPW Viias , MEMS shunt
50Mm 2000m ; , 5 s
go  MEMS shunt MEMS shunt
, &o 1Hm 3Mm
10% (3 Viies  MEMS shunt
( 5). 50%
R MEMS [ 1] JJYao,M F Chang. A surface micromachined miniature switch for
s telecommunications applications with signal frequencies from DC up to
MEMS shunt ( ). , 4 GHz [A]. in int Conf Solid State Sensors and Actuators [ C] . Dig,
Vi % Stockholm, sweden: 1996.384— 387.
as p-
oldsmith, J Randall, et al. Characteristics of micomachined switcl
w (4) 6 . [ 2] C Goldsmith, ] Randall, et al. Ch istics of mi hined swit chr
es at microwave frequencies [A]. in IEEE MTTS int Miaowave Symp
6 ; ’ Dig, CA [ C]. San Francisco: 19%. 1141- 1144.
_ 5% *
5% 107Pa( ) 2% 10°Pa( ) »MEMS [ 3] JaeY Park, Gemn H Kim, et al. Morolithically integrated miaoma
shunt 40Hs 10Hs. ’ chined RF MEMS Capacitive switches [ J]. Sensors and Actuators A.
> 2001, 89: 88- 94.
Pm ,MEMS shunt [ 4] J BMuldavin, GM Rebeiz. Higr Isolation MEMS shunt swit ches Part
5 3Um 1: Modeling [ J]. IEEE Trans Microvave Theory Tech. 1999, 48: 1045
( THs 6Hs). (5) - 1032.
MEMS shunt [ 5] P Osterberg, H Yie, et al. Self consstent simulation and modeling of
Viies eled rostatically deformed diaphragms [ A]. In Proc IEEE MEMS Conf
MEMS shunt v [ C].Oiso, Japan: 1994.28- 32.
p ’
MEMS shunt R
MHV[S b
, 1965 , 1996
W* w — ’ '
; ( ) g MEMS MEMS
: MEMS shunt
1- 40Ms [4] (2-

10Ms) o

: MEMS shunt



