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.21 APR 2005 MJLTI PCSI TI ON M CRO ELECTROVECHANI CAL SW TCH BACKGROUND OF THE

| N\VENTI ON The invention relates to mcro el ectronechanical (MEM swi tches

and, nmore particularly, to a nultiposition MEM sw tch. Advances il ApR 200

integrated circuit technology in recent years have led to the devel oprren?

of mcro electronechanical systems (MEMS), featuring devices of mcroneter

‘di mensi ons whi ch can usi n rrechanl cal,

el ectrostatic, elect rlgﬁja%lﬁ% gﬁﬁﬁ&ﬂgwgﬁg&{lﬁ ﬁfddsSWWEﬁ?H

manuf acturing technol ogi es area conbi nation of the nmore established

sem conduct or,_m crof abrication techniques with the newer devel opnents in

mi.cr omachi ni @AC&@QMDFHEEMWGM ce is a cantilevered beam switch

havi ng one end anghored to substrate material, such as silicon.' The

free end of the bettn BEFRHD rg]gtea to Wpélﬁwﬁne@ima}(&m}ewmesma%gm

vol t age sour il s as aresult of th

el ectrostati gﬁ?orcesgp(k)dnggwmhygg%ﬁygﬁévg& I'd plate, thereby makl ng cont act

with a. statlonary eI ectrode. Wen the voltage source is renoved, the beam
' state due to the restoring forces therein and the

returns to its ' r‘g&
switch contacts a V&B% éﬂ‘ntﬁF?WéﬁwlbmmlnmeW&ﬁmeﬂém thave been

consi der abl e defelogfieitio ol W t hout its drawbacks.
“For exanpl e, one %15 thg)l.‘?riglgotseI?crlilré‘)Eh?cltlﬁgcarl1 g‘%ﬁs‘h@ﬂ%& ﬁ@%dﬁmwfers of

MEMS devi ces mlsromat@'tdlmnnsmi'slwlﬁcloww&acmwa and cohtt cE)l 3‘@‘ ,@ec r.amachi ned
part (such a'ﬁ %tl lﬁ er beam) becones fused or i j acent
surface of tREE é“OISPMIF,oﬂwél&mnéﬂteenalrmahbds fMEMSZQBHﬁﬁétQng%SUCh as

surface roughRRas Igy [ vol t age capillary forc ring
the manufacturing pr g?ggs%%hfﬁagﬁér Zgleépc’rfﬁ 2 éﬁelglcpedqcmr mictsifiberivation

occurring i nteghuiguescwith thichwwor datebipnicts inv@bRMacEhfgCt on, the yield of the

devi ce becones. | g)fl?ddl tion, hysi cal geometry of a component itself

may al so have an Bl of Pé‘%%llm Pmmmdshemtsmdmh having one epd
anchored o a substrate material, such as silicon.” The free end of the beam serves as a

"deflection electrode which, when a voltage source is applied thereto,

deflects as a result

of the electrostatic forces on the beam and 2 field plate thereby making contact with a

stationary electrode. When the voltage source is removed, the beam retums to its “rigid”
state due to the restonng forces therein and the switch contacts : are opened.

Although advances in MEM teclmology have been considerable in recent years,
the technology is not without its drawbacks For exarnple one of the most insidious
problems facmg manufacturers of MEMS devices i 1s stiction, which occurs when a
surface of a micromachined part (such as a cantllever beam) becomes fused or bonded to
an adj acent surface of the structure. Stiction can often resuit from condluons such ag
surface roughness, humidity, applied voltage and capillary forces during the
manufacturing process. The greater the number stiction problems occumng ina devme

- the grcater the overall effect on the yield of the device becomes. In addition,

the physical
geometry of a componént itself may also have an effect on its suscepnbﬂlty to stiction;
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APR 2005 -2 switches of the cantilevered type may undergo warpage due
"tzolrépeat ed nechanical stresses on the beam As such, it is desira ﬂet\HRdU%
provide a swtch design which mnimzes the susceptibility 'Fo stiction,

QO her difficulties associated with beam-Qw! tches may include: nmateri al
fatigue, space constraints (fromthe requirenent for anchoring points),

the creati @Witohespﬁ‘rtb&sédhﬁlbveﬂeddﬁﬁtm@ﬁﬂeﬁg@%d%%t? E{P%\%ﬁlﬁgﬁ%g%gﬂ ems. |t

is al so des'h_rabl e, .therefore, to provide a resses the

af or ement | SHEMCTOMtELaM. SommeRit ipHesiable It pENIdeaNswithatesigngyiiioh miriiizds
aspect of ttlrbesdsgﬁ\b‘ﬁﬂflitffhr]sttigﬁre I's provided a nmulti-position, mcro
a ch,

el ectronmechani c SW %I?Tpri sing: a plurality of guideposts forned upon

a substrate; a Othetdifficoiial asIsb@iE't%m'vﬁﬁniHéﬁ&n!siw’?ﬁhesfnﬁ{lﬁﬁx@ku%' %Até}w irfa}tLgﬁXer of

i d bstrate, said first signal transm ssion [i'ne avi ng-a ‘gap
32:‘ i n?gg afPass eANTTaints(from Segequiteant foe arckioting paints)cthe dreatiom of pirhaifie M ssi on
i ne forrrﬁgi SnaL MRRSK | aver of sai sub[st rai{?g said second transm S-SI on
line having & sgconaé gaSBmH]g CARRGY RFPY e 158l _esﬁ%@@éh%‘f@de, to peavéda 4 h; ;
and a sw t MEMashitchaxhidioaddrdabds tid éfoVen%tié‘ﬁ@_«%ﬁ@ﬁths formed the_rgl n, sal
switch body novably disposed al ong said guide posts through said via

openi ngs.
SUMMARY OF THE INVENTION

According to a first aspect of the invention there is provided a multi-position, micro

electromechanical switch, comprising;
a plurality of guideposts formed upon a substrate;
a first signal transmission line, formed on a lower layer of said substrate, said first
signal transmission line having a first gap defining an open circuit associated therewith;
a second signal transmission line, formed on an upper layer of said substrate, said
second transmission line having a second gap defining an open circuit associated
o therewith; and
| a switch body having a plurality of via openings formed therein, said switch body

movably disposed along said guide posts through said via openings.

BRIEF DESCRIPTION OF THE DRAWINGS _
Figure 1 is a side elevational view of a prior art, cantilever beam microswitch;
Figure 2 is a top plan view of an embodiment of a micro electromechanical switch

of the invention, with the upper and lower substrate levels exploded laterally to illustrate
the main switch body;

Figure 3 is a cross sectional view of the switch of Figure 2, taken along the section
line 3-3;

Figure 4 is an alternative embodiment of the switch shown in Fi gure 3;



.BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a side elevational view of a

prior art, cantilever beam mcroswitch; Figure 2 is a top plan vi va ﬁp&@m

enbodi ment of a mcro el ectronmechanical switch of the invention,

upper and |ower substrate |evels exploded |laterally to illustrate the mai n
switch body; Figure 3 is a cross sectional view of the switch of Figure 2,

taken al ong 't he ct| ernative enbo

the st t ohshown RIS torgen i aLadbe: sntcRdlubr R AR WRCGRREhTRY ©
anot her em@d’lt&?@fth@fimﬁéﬂﬁoﬁ‘ cro el ectromechanical swtch of the invention;
Figure 6 is a top cross sectional view of another enbodiment of the switch
body; and Fi gur eFiglr®6as ataprares ssetismabview of anetherimbodimenteftha switchthodgat i ng
a section of the switch shown in Figures 3 and 4. DETAI LED DESCRI PTI ON OF
THE PREFERRED® EMBODI MENT Figure 1 is iIIustrative of a known mcro

el ect romechani ca é\ﬁ&?@ m@ i fied
by reference nurrg}%*ést?baf Orsecft?ngﬁfgﬁ"séﬁ stra 5’ a%}%rﬂe ?{?&a %st 24
formed at oeeiteinshowh fnl Kigiues 8 anddt i | ever beam 26 is connected on. one end
of post 24. The cantilever beam 26 is adapted to carry an electrical

- contact 28 on one end that is aligned and adapted to mate with a

ot vated PR RER pERGRIPTRONEE THE FREFERRID EYMGBIENE "0 he

substrate 22 whi mguﬁef1u@ilms@dutmee;fahbﬁmhﬁmmﬂemniebmﬁ@mtswit mgnEmmAQG
The groundi n}g pl ate 32 |s adaﬁ) t.o be caonnected to round le the field
pl ate 34 i sshoym peenselly ddeniified by srfpreres nuncsl 30, isdPregonpenbstiatenot

shown). Wth, Q‘chvé){‘ SEE gdrﬁfai_dtai)oﬁ%df 'A?hgx@ie%taﬁtllgéer vells %590 taGecnd ohs

separated. from con ning an
one end of post 24. The cantilever beam 26 is adapted to carry an electrical contact 28 on

one end that is aligned and adapted to mate witha corresponding contact 30 on substrate
22. The switch 20 is adapted to be activated electrostatically. A grounding plate 32 .is
| formed on the 'sub'Stra.tc 22 while a field plate 34 is formed on the canfilcvcr beam. 26.
The grounding plate 32 is adapted to be cox_medted to ground while the field plate 34 is
adapted to be selectively coupled to a DC vo_lfage source (not shown). With no voltage
applied to the field plate 34, tﬁe contact 28 is separated from contact 30, defining an open
circuit state. When an appropriate DC voltage is applied to field plate 34, the cantilever
beam 26 is deflected by the electrostatic forces between plate 34 and ground plate 32,
causing electrical contact 28 to mate with contact BG, defining a closed circuit state.
.When the applied voltage is subsequenﬁy removed from the field plate 34, the cantilever
beam 26 rct\i_rné. to its static position due to the restoring forces in the beam.

Referring now to Figures 2 through 4, a switch S0 of an embodiment of the
‘invention is fabricated upon a substrate 52, such as silicon dioxide (Si0,), onto which a
‘p]u'rali,ty of guideposts 54 are formed and located thereupon. Guidepoéts 54 are
surrounded by via openings 56 formed within a moveable body 58 of switch 50. Body 58



‘circuit state. Wien an appropriate DC voltage is applied to field plate 34,
the cantilever beam 26 is deflected by the electrostatic forcesgaeémﬁfn -
pl ate 34 and ground plate 32, causing electrical contact 28 to t 005,
contact 30, defining a closed circuit state, Wen the applied voltage is
subsequently renoved fromthe field plate 34, the cantil ever beam 26
returns to its static position due to the restoring forces in the beam

Ref erring niswotmprisedjuf & ger@rallyrrectgigular block/idaficondicing matesiahsutinasmoppér. t he
(5/C2). “ont B olpiks povept GAncy Srologh Gbls St uAred PaTL o B el gy
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general |y r BedypSBisimasvablyodikpdsed albng thedemgth ofthegtidepasts 54 wdiiclesereeotpikeep | n
order to prevent oxidation, the block 60.is encaiosu[ggt.ed _w_iihi n an
ih nsul at } ?g thayhedy S8 @f swaslpé@;n_@rggfrslafe eligamapt At Geges Krrtigelivalong the -
erei nafter, i S . 0.4:
i Sposed al BRI PercriFed iy Bings, SyRiEsp uocs RECante P wlBER fheg,
body 58 of ﬁ%ﬁﬁﬁbxﬁ@zhﬁdhtb&a@mbrﬂ@ﬁ.erm alignment as it travels vertically
al ong the quideposts 54. Configured in this manner, switch 50 does not

requi re an anchoBody 58 ixdigpospdinn genstlly harizentalabigpmeritbetyean apuppeidayer$2 i s

Che’ subst r apELESUERE S Rl Rt Bvoled RVIE NosBEE 4300 Bt BBy 34RA 402 ©
Fi gures 3 apgifed withintesliond: Myer 6416f dub¥edte b2jsed 646l phitd)66 toaRich a cofitrél

first field plate 66 to which a_control vol jta?e is applied. A second fiel d
pl ate 68 i svekagelinppptiedodntcsondifieldiplate A issypdaly lagatpd withinghe uppssaysr 62 52

and is al so. n d to a, contr t . | I st
field plat e°%%“%f§§tgltsgbﬂd§§ tag’ 'icgé?ﬁ%ed\séggg e (gélgir%gée%/sru é@& glr@%g%)écﬁ%ﬁ%i to
the bot t om seldfpaae 66 i9eleftrdstutically ipabedoayaivt fivdn andattrectsble ieths dotio shifeded
plate 68 is electrostatically spaced apart from and ttract%gl e to ,the top

surface 72 @0 oftherswiitchoady 88 WINB‘F"‘SFB? segpighBeld platehis elsclpstpticatly spaced
.est ablis hedaf;ar}{ B‘gﬂhanﬁ Qﬁréc?a%é toltﬁ‘é/ ﬁ'i) sgﬂ'affg 72 of switch body 58. |

A first éignal transmission line 74 is established through the lower laycf 64 of

substrate 52 through contacts 76 separated by a gap 78 therebetween, and defining a open
cirouit in the first signal transmission line 74. A second signal transmission line 80 is
similarly establi_shed through the upper layer. 66 of substrate 52 through contacts 82
separated by a gap 84, .and deﬁning an operi circuit in the second signal transmission line
80. | -
The configuration of the switch 50 in the illustrated embodiments represents a
‘double pole, double throw switch; however, the principals of the invention are _app'licable
to other switch config'uiations.és v_vell. In the present emb_odiments, switch 50 can be
implemented as either a two position switch or a three position switch. In order to
. maintain a third switch position, the body 58 of switch is maintained in position which is

 electrically disconnected from signal transmission lines 74, 80, and between the upper



Ssubstrate 52 through contacts 76 separated by a gap 78 therebetween, and"
defining a open circuit in the first signal transm ssion line 4. 74 P ﬂﬁ?
signal transmssion line 80 is simlarly established through the upper

| ayer 66 of substrate 52 through contacts 82 separated by a gap 84, and
defining an open circuit in the second signal transm ssion |line 80. The
configuration of the switch 50 in the illustrated enbodi ments represents a

“doubl e IpoI e, alnéanmréubwwaymﬁarﬁfi hdwespehodiment shawmis Fianrs 3@f0r:teﬁémp1¢vent i on
« t
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or a three p@§tibhOTheéWMnzed90 i eéﬂﬁ tedwmtmedﬂaueuﬁ hiterigvi t ch posi tion,
t he body 58. of switch Is maln ai ne position which is electrically

di sconnect ed fr orltsmpiivielyt a ﬁswwlngﬁsmwieéesm,Smnlarﬁigm‘eﬂy\maylbeh&hzqdper
21 APR 2005 a ower bstr | ayers 62 4. The e nt sho
Figure 3, B’t—%@bﬁﬁ"@ O?HW5§€¢ 2@0%@/ ip °54°$ﬁﬂ§’@§“§5“’“&h$@ﬁ‘ aeutr @H'dt 0
bi as swi tch oeltibA, the RRY ahdkecBhd 1ol lated63 68 sl biashll Svi St ref’esgzpﬁ

& ree floating"

I nt egrated th the conducting natérial. Alternatively,
'swi tch desi gharge huohthatrﬂﬁmyultmgbppasm;g é:lectmsiahc forces dxertédien thbswutcbbadyiﬂ nges

90. However, in ,order to rralnt SV\ntch neutral,third_ position,
the first afancsbepmanothet oyt HP eg@mg 8‘8“%? ‘gﬁ @ssé‘ﬂ!’%d? “"aar#%ﬁ)%?%‘ﬁ‘gl ate

bal anci ng g,@aagﬁ tﬁHﬁQ %at:%gﬁaﬁﬁgaké&dmuem | Bitéd ”ﬁ‘ﬁereﬁﬁ’%é“%g‘es

exerted on the sw cancel one anot er out y keepin
swi t ch body tﬁ&pem&mn@iﬁigwauoa, cbrraebnirymmdemg opgraior.i Am.anlemarmple cfbsence of

bi asi ng el ectr statlct{?gtlflces - switch, 5 aI so ,be used i n a t wo, pgsi tion
“conf i gur at i GAMDEraton, thefirst ransmission di i‘F cloged apd tgpnsEyssindine

conf i gur ati gg, gh r@oﬂehrﬁglftdmmrs‘affﬁao#l&? i i&&@ﬁ@%ﬁdgwg‘)ﬁ e fiRE 0N

transmssm |ne gap I's open in't e defau nth
energi zed o set ‘tram$mips®ntlinergap UB és dpened andsthe s¢cond ranssssion llnmgapgﬁqms El?osedi
*'opened and the s Switch 5

actuated by a co r’(?ﬂ @Bfa?%rﬁn‘ﬁgigﬁﬁé‘} if"é’la%ﬁﬁﬂe‘étb" %gﬂsgﬁgdﬁﬂmﬁﬁf%g‘?s%ﬁ

field plates. The resulting electrostatic force between the selected field plate and the
switch body _58 e_lther raises or lowers the body, depending upon which field plate is
energized. If, for example, the first field plate 66 i_s energized, and further assumi:mg that
switch 50 is initiallyin a heutral pdsition, switch body 58 will then be caused to move
downward, until conducting surfaces 91 on bpposiie sides of the switch body 58 mate
with corresponding contacts 76 on lower substrate layer 64, thereby closing the first
 transmission line gap 78 and defining a closed circuit. When the first field plate 66.is
subsequently de-energized, switch body 58 may be returned to a neutral pbsition by
biasing hinges 90 or by the appli;ation of balancing charges on both first and second field
plates 66, 68. In either case, the fixst signal transmission gap is reopened upon the
separation of contacts 76 with the conducting surfaces on switch body $8.
The gap in the second signal u.a.nsmission line 80 is closed in the same manner by

energizing the second field plate 68. This time, the electrostatic forces generated cause



field plates. The resulting electrostatic force between the selected field
plate and the sw tch body 58 either raises or |owers the body, depznldit\pﬁ;m5
upon which field plate is energized. If, for exanple, the first fiél'd
plate 66 is energized, and further assuming that switch 50 is initially in
a neutral position, switch body 58 will then be caused to nove downward,
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‘first field plate 66 is' subsequently de-ener izeg, swi.tch R}gg 58 may. be
returned t oclosed cirewit Cqﬁﬁl@ﬂ@ﬁ”ﬁ?“‘kﬂ“ﬁﬁd@"ﬁ@%@é% qgeggazqgiyanlg)l B Rogy; on
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- The gap in signal tr ansmssion line 80 is closed in the sane
manner by ®bdy §8z Therdpulsivedorerdvidddbyimetiisldplate may alse berugedtin eonjunction

electrostatic forces generated, se, 5 1.APR 2005 switch. bod 8 .0 nove
in an upwar &ith aetirpgiyedarce Pr%%tmﬁﬁg‘ﬁﬁ?lggkg@ gler%ﬂicé'e rFly‘Eg'lPPQct s 82
on upper su ' 2. The second signal transmssion line 80 is in a
cl osed ci rc%afg{’)ﬁg#@ﬁlmgntil the second field plate 68 is deenergi zed and

the switch body Aghin ssanbliemativeito adhneeposition gokadiment, switchsHoednbeaal so be

noted that the_pol atity of the charge, ,appli to. either.fiel.d plates .y
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with-an attract orce provided by the other fie|ld g}:uate, t her eby
creating a rassmisiod linesgapuscorsmuoustihoprnsdrat aty given tame, Hut potibothhgapsve to a
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rp%?itioh.” this manner, either the first or the second signal

and.vice ve
Figure 5 illustrates yet another embodimeqt of the switch configuration, adaptable
for use with a cantilever beam. In this embodiment; the main switch body 58 is integrally
formed upon the end of a lever arm 92 which, in tumn, is affixed to a stationary post 94
formed within the substrate. Lever arm 92 does not cntirély support the weight of switch
body, as hinges 90 are also used in this configuration.

" Figure 6 illustrates another embodiment of main switch body 58. As is shown,
switch body 58 may be fabﬁcafed in a generally circular shape 100, Thus configured,
switch body 58 travels vertically upward and downward within a cavity 96 formed within
the substrate 52, while only frictionally engaging the substrate walls at four tangential -

surfaces 102 on switch body 58. Although guideposts (not shown) keep switch body 58
in a ielatively horizontal orientation within cavity 96, via openings (not éhown) do allow
for slight lateral shifting of switch body 58 while m operation. Accordingly, with a

“circular design, there would be a minimal amount of surface contact between the outer



‘transmision line gap is continuously opened at any given tinme, but noj both
gaps simultaneously. In other words, switch body 58 is not staticaldl APR 2005
mai ntained in a neutral position. Figure 5 illustrates yet another

enbodi ment of the switch configuration, adaptable for use with a

. cantilever beam In this enbodinent, the main swtch body 58 is integrally
-formed upon the end of a lever arm 92 which, in turn, is affixed to a

stationary pedgesodswiteh hedy §& and the suhstraigiyealls defining eqdty % m 92 does not

.entirel t th i ght . SW dy, hi'| 0 ar, | d,i
Ehi 5 cont 1 gurat i ofeTeEGE REVAS Fiaf (b el fof FbpodiiBas i Avtairace iEeisae ch

body 58. As irfe sts SPhle FHmRAWom the BRIRR diARAd @g@,?ggt\,/ggagc g%lr;fma

circul ar shape I00." Thus configured, swtch body Ically
upwar d and domeskagddeposition apd ething yechsigiies: Ao dacrificial layert 200, sudhstsdidreorki2,

while only frjctional en I ng the substrate walls at, four tangenti al

ot acen Joolikscuhpe L cERco R S Ranif,PosS dS depRsitediRgyuthe RISy t ch
body 58 in re ' : ' p ' ; | & i b |

openi ngs ( nop 2aRcainEihY siiP ahd RPIHrak bFHBhldolt ST Rim 00 ergii?,
58 while in dgssited opon the cacrificia] layer 200, in erderctorpeerent the diffigion éfitheé € woul d be
a mni.mal ampunt of urfaczggont ¢t hetween the outer 6 21 APR 2005 edges

of switch boslgcteplaied coprer 20 shickis sypsequendy denosiied wnom the liner 202e Ldneri28d now
to Figure 7, .t | ols | ] ' S\ are il. t . '
.The ggi deposfssd} ggfgag’trl%wé%?l{'r%g O?r%g%{cﬁotéy gﬁ#%‘%‘%i@%‘%ﬁn{%ﬁlgﬂ mﬁ%s{a%at?‘gnw
tz)%oknownh magsitidgor %ﬁ@slt_sﬂ.tmoatogndp@d[)rfgrmgoimtsﬁmnques?opﬁexsmrl L blche 268 of i’iyer
00, such as dianond- |ike carban or _other conformal organic pol yner,
i s deposi tedCMhﬁ@aﬁ%aﬁ@Ph%écﬂ’%) 1§ ﬂa%swffmwaempﬁgﬁaw%gs of
t he i depos |1 20 201 h | . '
sacr P1ioi ol - PoRpRf tayf ob Birehckibio b K G Phe ndlERBBY L6, HBPG L aterials may
el ectropl at eble asydpfer ca206/richidingstantainsenjtrédetdrinidkel GHict topl ofifhervab 266 s ner

202. Liner 202 : -
~ planarized with the top surface of the guideposts 54, following chemical-mechanical

. polishing. A second sacrificial Ia_ycr 208 of DLC is then deposited upon the caps 206 and
the guidéposté 54. Next, a top cap 210 of insulating material, preferably silicon nitride, is
deposited upon the second layer 208 of DLC. _

_ Finally, Figure 9 illustrates the switch following the removal of the sacrificial
layers 200, 208 of DLC. Upon forming a number of perforations in the top cap 210, the
switch 50 is then heated in an oxygenated environment, thereby resulting in the removal
of the sacrifcial layers 200, 208 and producing carbon dioxide and carbon monoxide as
waste gases. The removal of the DLC thus creates the via openings 56 in the switch body
58 through which guideposts 54 guide the vertical movement of switch body 58.

Whiie the invention has been described with reference to a preferred embodiment,
it will bé. understood by those _ski'lled in the art that varjous changes may be made and.
equivalents may be substituted for elerﬁ_ents thereof without departing from the scope of

the invention. In addition, many modifications may be made to adapt a particular



.is preferably conprised of a refractory netal such as titanium titanium
nitride, tantalum nitride or tungsten. Due to the poor corrosion 21 APR 2005
resi stance of copper 204, a cap 206 of cobalt-tungsten-phosphide (CoWP) 1Is
el ectrolessly fornmed upon the top surface of the copper |layer, as shown in
Figure S. It should be noted, however, that other materials may be used
for cap 206, including tantalumnitride or nickel. The top of the cap 206
is . planarisitdtion vhmatedal toghsteactings afithe inventiondeitient depiadting frbindlé exgential
chem cal - mechani ¢cal _pglishing., A second sacrificial |ayer 208 of DLC is

t hen ‘deposi t%&Pﬁﬁwqﬂhﬂ@a@g%m intepded; that @%l“dé‘ﬁﬁ%‘t@t QﬂfﬁﬂN@M? the pagisulasp
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fol | owi ng t hiattheuwahtiod wilbinchide rallfentbiodimentafatiing willin R opé ohEappdnaed
form ng a nunber of perforations in the top cap 210, the switch 50 is then
heated in adﬂ§¥Vgenated environnent, thereby resulting in the renoval of
the sacrifcial |ayers 200, 208 and produci ng carbon di oxi de and carbon
monoxi de as waste gases. The renoval of the DLC thus creates the via
openings 56 in the switch body 58 through which guideposts 54 guide the
vertical nmoverment of switch body 58. Wile the invention has been described
with reference to a preferred enbodinent, it will be understood by those

skifled in the art that various changes nmay be nmade and equivalents may be .-

substituted for elenents thereof w thout departing fromthe scope of . the
invention- In addition, many nodifications nay be made to adapt a
particular 7 21 APR 2005 situation or material to the teachings of the
“invention w thout departing fromthe essential scope thereof Therefore, it
is intended that the invention not be |imted to the particular enbodi ment
di scl osed as the best npbde contenplated for carrying out this invention,
but that the invention will include all enbodinents falling within the
scope of the appended -clains. '



8 21 APR 2005 9 What is clainmed is: A multi-position, mcro

‘el ect r omechani cal swtch, conprising: a plurality of guideposts fornpf
upon a substrate; a first signal transmssion line, formed on a | ower [aye
of said substrate, said first signal tr@nsnission line having a first gap
defining an open circuit associated therewith; a second signal transnission
l'ine, fornhaiscnimadder | ayer of said substrate, said second transm ssion
line having a second gap defining an open circuit associated therewth;
and a switch body having a plurality of via openings forned therein, said

R 005

swi tch bod vabl y. di sposed al sai.d gujde posts through said via

o\pl)meni ngs. 2. é\?ﬁuﬁ‘r B°Sétf°é‘emf f"ﬁg{ﬂmﬁ}mm %lw%o«fommﬁmg 1, furtger f |
d on opposing sides of sai

conprising a pa

swnPch bogy, sa??i)hgﬁlrl)tp?rf?l ngﬁ(ﬁﬁfoggw mﬁr@ptga;?’d switch in a neutral

posi tion, wher earﬁrsalgmammmmndndtm formsdonl a floweitlayn Of §86 Silfdtrafe! @a'il:ﬁﬁ%s?s' on
| i nes renni.n ect ronechani cal switch of cl alm 1

wher ei n saft @@&[@@HISB‘BB%“F g‘a‘(':‘r@gﬁ?ﬁr%{lgla? defaning AR OPeRy CircH it gesgciated ﬂlih‘ewlthicr 0
el ect romechani C@%ec%%%f‘g'ﬂamanﬁﬁm ﬁhjhne"‘fa@hgdm@% grfﬁ;g) ﬂy&?@frs%gf gs%ﬁgr ally

circular shaped. 5. The mcro e ectrorre rein

sai d swi tcwcmdisransmmn Bmshavinecd seophdgapdiefinppen. opén cifhgt £§s661@ted
el ectromechani ¢ syitch of claim5, wherein said switch body further
conpri ses E’ o &’1 (Wungsten-phosphi de (CoWP) insulating cap. 7. The mcro

el ectromechani cabwivh b&dy alvirfg Al 1Hadity of Vi &5Wings P0Med$hd8in, said switch body

movably disposed along said guide posts through said via openings.

2. The micro electromechanical switch of claim 1, further comprising a pair of
supporting hinges, disposed on opposing sides of said switch body, said supporting hinges
biasing said switch in a neutral position, wherein said gaps in both of said first and second

transmission lines remain open.

3. The micro electromechanical switch of claim 1, wherein said switch body is

generally rectangular shaped.

4, The micro electromechanical switch of claim 1, wherein said switch body is

generally circular shaped.

5. The micro electromechanical switch of claim 1, wherein said switch body

comprises electroplated copper.

6. The micro electromechanical switch of claim 5, wherein said switch body further

- comprises a cobalt-tungsten-phosphide (CoWP) insulating cap.

7. The micro electromechanical switch of claim 1, further comprising:
a first field plate formed on said lower layér of said substrate, said first field plate

aligned electrostatically attractably apart from a bottom surface of said switch body; and



.a first field plate fornmed on said | ower |ayer of said substrate, said
first field plate aligned electrostatically attractably apart from & bdfR 2003
surface of said switch body; and 21 APR 2005 -10 a second field plate
formed on said upper |ayer of said substllate, said second field plate
aligned electrostatically attractably apart froma top surface | ocated on

said switch boeyecofid ﬁIhlq)lﬂtie¢6ﬁ1&6'c@%ﬁfd@ﬂ$§6ﬂ&§€r%%aﬁ‘é{xﬁs@nlfate‘,)gai&E@cigmi field
further conprising a balancing charge applied to sald first and second

field platBte aligned elasteastatisallcaitincjably apart fromartop elrface domstedtdncsait dwitoht i on

bet ween sawq}fi rst field plate and said bottom surface of said switch body
to be cancell’éd by an el ectrostatic attraction between said second field
plate and said top surface of said switch body. 9. The mcro

el ectronechani cal switch of claim7, wherein an electrostatic attraction
between safd fi¥hemidreelécisomechanical svaich ofolaino M fthéemenpofsirpal Balasiigch body

causes sai swi.tch bod 0, clpse saLd, fjrst in said first signal
transnissi %}?W%ﬁ)@ﬁqu’. o ﬁfshm‘fﬁﬁc%f}@iﬂﬁi Bh@é*ﬁ& eatickig qlwe_&ﬁusm&m 7,
wher ei n aneledtRstatio sitalction BétWeas did®Arst Haﬁgagéla&ﬁéé@d ﬁ&&gﬁ%ﬁdgg'y@'? i&‘%ﬁita{‘d

said top surface of said switch body cau sald swt 0 close said
second gapbady ta ke gancelemhbly si ohectrostatigntiriction betwkémsnid second field plate and said

top surface of said switch body.

9. The micro electromechanical switch of claim 7, wherein an electrostatic attraction
between said first field plate and said bottom surface of said switch body causes said

switch body to close said first gap in said first signal transmission line,

10. The micro electromechanical switch of claim 7, wherein an electrostatic attraction
between said second fieldplate and said top surface of said switch body causes said switch

body to close said second gap in said second signal transmission line.



