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Abstract : This p aper rep orts a contact cantilever M EMS switch . The designed switch has a metal cantilever t hat

acts as an elect rostatically activated switch wit h p rocessing op tions t o achieve dielect ric isolation of t he cont rol2
voltage p at h f rom t he signal p at h . To obtain good material p roperties , an ANS YS F EA t ool is used t o op timize t he

st ructure . The R F M EMS switch is f abricated via a surf ace micromachining p rocess . The switch has an actuation

voltage of 12V ,w hich is close t o t he simulated value of 11V . The measured and t he H FSS simulated isolations are

bot h higher t han - 20dB f rom 01 05 t o 10 G Hz. The measured insertion loss is less t han - 019dB , relatively la rger

t han t he simulated loss of less t han - 01 2dB f rom 01 05 t o 10 G Hz. This is because a contact resistance int roduced

due t o p oor p hysical contact between t he bot t om lines and t he metal cantilever .
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1　Introduction

The e merging M EMS tech nology has bee n at2
t racti ng a lot of i nte rest i n t he mic rowave com mu2
nit y due t o its excelle nt R F p e rf or ma nce . Most of

t he R F M EMS switches show sup erior R F cha rac2
te ristics ,such as low i nse rtion loss , high isola tion ,

a nd eve n high f reque ncy mecha nical switchi ng ,

comp a re d t o t hei r se miconduct or2based counte r2
p a rts [ 1～3 ] .

The ca ntileve r bea m is t he most com monly

used st ruct ure f or M EMS comp one nts . Ca ntileve r

R F switches have bee n rep orte d by some

groups [ 4 ,5 ] . Most of t he ca ntileve rs a re f a brica ted

by utilizi ng a t hic k silicon nit ride i ntegrated wit h

a t hi n metal laye r a nd requi re a ve ry high act ua2
t ion voltage . I n t his w ork , a metal ca ntileve r t o2
p ology will be discusse d. We e mp hasize t he mate2
rial p rop e rties a nd t he mecha nical relia bilit y of

t he design . The designe d switch has a relatively

low act ua tion voltage .

Mate rial p rop e rties a nd design a re imp orta nt

i n t he switch op e ration . St resses i n a susp e nded

ca ntileve r af f ect t he device op e ra tion . Comp res2
sive st ress is undesi ra ble si nce it will cause t he

ca ntileve r t o buckle . High te nsile st ress is also un2
desi ra ble si nce it will lea d t o t he curl of t he ca nti2
leve r , dra matically i ncreasing t he actuation volt2
age . O n t he ot he r ha nd , t he di me nsions of t he ca n2
t ileve r bea m , i ncludi ng t he le ngt h , t he widt h , a nd

t he t hickness , also aff ect t he switch op e ra tion . If

t he le ngt h a nd t he widt h exceed ce rtai n values ,

t he ca ntileve r bea m ca nnot ret ur n t o its initial p o2
sition a nd suff e rs f rom a stiction p roble m w he n

t he bea m is be nt . If t he bea m is t oo s hort or t oo

t hic k , a la rge voltage will be neede d t o move t he

bea m dow n t o contact t he signal li ne .

To obtai n good mate rial p e rf or ma nce a nd

mecha nical relia bilit y of t he designed switc h , a n

A NS YS F EA t ool is use d t o op ti mize t he mate rial

a nd t he di me nsion of t he switch .
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2 　Structure design and FEA simula2
tion

　　The basic concep t is s ketc hed i n Fig. 1 . The re

is a cop la na r signal li ne wit h a gap w hich blocks

t he signal . A conducti ng ca ntileve r ca n be moved

dow n t o close t he gap . A voltage app lied t o t he ac2
t ua t or supp lies t he f orce t hat closes t he switc h .

This design sche me of f e rs some a dva ntages . Fi rst ,

t he ca ntileve r bea m is elect rically connecte d t o

t he ground p la ne , sep a ra ting t he act uation signal

f rom t he R F signal . The inte r modula tion betwee n

t he act uation voltage a nd R F signal ca n be allevi2
ate d . This also lea ds t o a n ext re mely broa dba nd

R F c ha racte ristic .

Fig. 1　Schematic of t he D C contact series switch

To obtai n good mec ha nical p e rf or ma nce a nd

a rela tively low act ua tion voltage , a n A NS YS F EA

t ool is use d. Fi rst , tw o dif f e re nt Al a nd Au mate ri2
als a re comp a red . Figure 2 shows t hat t he act ua2
t ion voltage of t he Al ca ntileve r , 111 0V , is lowe r

t ha n t ha t of t he A u ca ntileve r , 141 0V , wit h t he

sa me ca ntileve r di me nsions of 200μm i n le ngt h

a nd 120μm i n widt h . This is mai nly because t he re

is less te nsile st ress i n t he Al f il m t ha n i n t he A u

f il m . The n t he Al ca ntileve rs wit h dif f e re nt di2
me nsions a re a nalyzed . Figure 3 shows t hat t he ac2
t ua tion voltage dep e nds on t he di me nsions of t he

ca ntileve r ———t he s horte r t he ca ntileve r , t he high2
e r t he act ua tion voltage . As show n i n Fig. 3 , t he

act uation voltage rap idly rises t o 17V w he n t he

ca ntileve r is shorte ne d t o 150μm . If t he ca ntileve r

is s horte ned t o 120μm , t he ca ntileve r ca nnot be

p ulled dow n unless a voltage of more t ha n 50V is

app lied . Such high voltage op e ra tion will ma ke R F

M EMS devices i mp ractical i n ma ny wireless com2
munica tion app lications . The voltage ca n be de2
creased by le ngt he ni ng t he ca ntileve r . However , a

long ca ntileve r ca nnot ret ur n t o its p ri ma ry p osi2
t ion af te r it is move d dow n . Accordi ng t o t he A N2
S YS a nalysis , a ca ntileve r wit h a di me nsion of

120μm ×120μm is op ti mal , a nd Al combi ned wit h

p hot oresist gives t he lowest te nsile st ress . Moreo2
ve r , t he curl ca n be f urt he r alleviate d by t hi n ni ng

t he metal ca ntileve r a nd usi ng holes i n t he metal

laye r t o release t he residual st ress of t he ca ntile2
ve r .

Fig. 2　Simulated actuation voltages of Al and Au can2
tilevers wit h t he same dimensions using ANS YS analy2
sis

Fig. 3 　Simulated actuation voltages of Al cantilevers

wit h diff e rent dimensions

3　Fabrication process

A high2resistivit y silicon waf e r is chose n as a

subst rate t o re duce t he signal loss , a nd t he R F

M EMS switch is f a bricated by usi ng surf ace mi2
cromac hi ning tec h niques . The 52mask f a brication

p rocess i ncludes t he steps of sp ut te re d metal dep o2
sition , P ECV D a nd L P2CV D dielect ric dep osition ,

elect ron2bea m metal dep osition , sac rif icial laye r

p a t te rni ng ,selective wet etching , a nd reactive2ion

etc hi ng ( RI E) . A brief descrip tion of t he p rocess is

as f ollows :A 1μm2t hick laye r of silicon dioxide is

use d as a buff e r laye r . A 01 6μm sp ut te re d Cr/ Au

see d laye r is f i rst dep osited a nd p at te rned t o de2
f i ne t he signal li nes a nd bot t om elect rode , a nd t he

bot t om elect rode is cove red wit h a 200nm2t hick

P ECV D Ta2 O 5 laye r f or D C isolation . A 300nm

laye r of sp ut te re d gold is dep osite d on t he ove rlap

region betwee n t he ca ntileve r bea m a nd t he signal

li ne as t he contact metal . A 3μm2t hick elect ron

bea m Al alloy laye r is dep osited a nd wet etched t o

def ine t he p osts f or t he me mbra nes . A 3μm2t hick

sac rif icial laye r of p hot oresist is sp i n2coate d a nd
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p at te rned t o create t he ai r2gap . A 1μm sp ut te red

Al alloy laye r is dep osited a nd wet etched t o de2
f i ne t he me mbra nes . Holes of 6μm i n dia mete r a re

f ormed i n t he me mbra ne t o f acilit a te t he release

of t he me m bra ne a nd t o re duce da mpi ng t o i m2
p rove t he dyna mic p e rf or ma nce . The sac rif icial

mate rial is re moved by oxyge n p lasma etc hi ng t o

release t he me m bra ne .

4　Results and discussion

The f a bricated switch is show n i n Fig. 4 . The

ca ntileve r is 200μm long a nd 120μm wide , a nd t he

bot t om elect rode is 100μm ×140μm . The contact

resist a nce is 1～11 5Ω. The contact a rea is a round

20μm ×40μm on eac h side of t he switc h , a nd t he

gap i n t he t2li ne is 40μm . The measured act ua tion

voltage is 12V ,w hic h is close t o t he si mulated val2
ue of 11V . If kep t i n good condition , t he designed

switc h ca n w or k f or a long ti me . However , t he

switc h relia bilit y is li mited by t he oxidation of t he

alumi num bridge . If t he switch is p rop e rly p ack2
aged , t he oxidization of t he aluminum bridge ca n

be avoided a nd t he relia bilit y ca n be i mp rove d.

Fig. 4　S EM image of t he f abricated switch

R F p erf orma nce is measured using a n H P

netw or k a nalyze r . Exte rnal elect rical cont rol sig2
nals a re app lied on t he f a bricated switch f or act u2
ation , a nd S2p a ra mete rs of t he i np ut a nd outp ut

p orts a re ext racted usi ng a netw or k a nalyze r as

s how n i n Fig. 5 . At t he sa me ti me , t he f ull wave e2
lect romagnetic si mulation of t he switc h is ca r ried

out by a f i nite ele me nt met hod usi ng a n A nsof t

high f reque ncy st ruct ure si mula t or ( H FSS) . In t he

si mulation , a size of 800μm ×800μm ×1000μm is

used a nd bounda ry ra dia tion conditions a re i m2
p ose d on t he six sides of t he box. The n t he f ull

wave a nalysis is p e rf or me d. S2p a ra mete rs ext rac2
ted i n t he f reque ncy ra nge f rom 01 05 t o 10 G Hz

a re also s how n i n Fig. 5 . The i nse rtion loss meas2

ured duri ng t he‘O N’state de notes t he p a rasitic

signal loss f rom coupli ng t o t he ground a nd in2

Fig. 5　Measured and H FSS simulated R F characteris2
tics of t he f abricated switch

creases as f reque ncy goes up . The i nse rtion loss of

t he switch is c ha racte rized by measuri ng S21 p a2
ra mete rs t h rough t he i np ut a nd outp ut te rmi nals

i n t he‘ON’state wit h t he ca ntileve r act ua ted

dow nwa rd. The measure d a nd si mulate d i nse rtion

losses a re less - 01 9 a nd - 01 2dB f rom 01 05 t o

10 G Hz , resp ectively . The measured i nse rtion loss

is relatively la rge comp a re d t o t he si mula ted loss .

This is because a contact resist a nce int roduced

duri ng t he measure me nt , a nd a good p hysical con2
t act has not bee n ma de betwee n t he bot t om metal

li nes a nd t he ca ntileve r due t o some residues st ress

af te r re moving t he p hot oresist sacrif icial laye r . To

reduce t he i nse rtion loss , t he i nt roduce d resist a nce

s hould be alleviate d .

The isolation rep rese nts t he p e rf or ma nce of

t he‘O F F’state a nd was measure d wit h t he S21

p a ra mete rs along t he signal li nes wit h no elect ri2
cal cont rol signal . The measure d isolation is highe r

t ha n - 20dB f rom 01 05 t o 10 G Hz. The si mula ted

a nd measured isolations have t he sa me be havior ,

but t he measure d value is app recia bly s malle r t ha n

t he si mula te d one . The reason f or t his is t hat t he

ca ntileve r is not p e rf ectly f la t af te r t he re moval

of t he p hot oresist sac rif icial laye r .

5　Conclusion

Measure me nts a nd numerical a nalysis de mon2
st ra te t ha t t he di rect contact ca ntileve r switc h has

good mec ha nical a nd R F p erf or ma nce . The meas2
ured values ,such as t he act ua tion voltage a nd iso2
la tion , a re close t o t he si mulate d values . The meas2
ured i nse rtion loss is relatively la rge comp a red t o

t he si mulate d value . The i nse rtion loss is mai nly

cause d by t he contact resist a nce i nt roduced duri ng

t he measure me nt . I n f ut ure work , more a t te ntion

s hould be p aid t o t his resist a nce . This switc h of2
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f e rs a p ote ntial app lication i n telecom munications

a nd p hase a nte nna a r ray syste ms .
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接触式悬臂梁 RF2MEMS开关的研制与数值模拟分析

孙建海1 　崔大付1 ,­　肖　疆2
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摘要 : 研究了一种直接接触悬臂梁式 R F2M EMS开关 ,悬臂梁采用 Al 金属材料.开关通过静电控制 ,且与信号通
道分离.为了优化材料结构和获得好的性能 ,进行了有限元 ANS YS模拟.采用表面微加工工艺来制作开关 ,获得满
意结果.器件的驱动电压为 12V ,与 ANS YS模拟结果 11V 基本相符 ;器件的隔离度 ,在 01 05～10 G Hz的范围内 ,实
验测试与 H FSS模拟的结果基本一致 ,都优于 - 20dB ;器件的插入损耗 , H FSS模拟小于 - 012dB ,而实验测试小于
- 019dB ,偏高是由于悬臂梁表面不平 ,导致接触电阻增大 ,在测试中引入接触阻抗所致.

关键词 : 悬臂梁 R F2M EMS开关 ; 插入损耗 ; 隔离度
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