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MULTIPOSmo:N MICRO.ELECTR.OMBCHANICAL SWITCH 

"BACK.GROUND OF THE INVENTION · 

The inv~on relates to micro electromechanical (MBM) switches _mid, inote 

particularly, to a multiposition MBM ~tch. 

. . . 
Advances iii integrated .cbeuit technology in recent years have led to the. 
. . . . 

' . . 
dc:welopment ~f mi~ eleCtromechanical systems (MBMS):r featuring devices of 

. . 
· micrometer· dimensions which ean be actuated and controlled using mechanical, 

eleCtrostati~ electromagnetic, .fluidic and therinal m~thods. MEM$ manufaCtti.ring ·· 

technologies_ are .a combinatiOJJ, of the more ~lished sem,ico~ductor microfabri~on 

~ques-with the newer·developments in mioromachi~ng. 

· one example ~f-a MEM dCvic.e is a cantilevered beani ~u;h:having one~~ · 

anc:hOreci. to a substrate material, such as· silicon. .. The be end of the beam ser\tes .as a . . . . . - . . . 

· de:flectiml"el~de which, When:~ v~It.age-:sourQe is applied there.to, deflects as a resUJt 
. . . . . . 

of the _electrostatic forces on the beam and a fi~ld plate, thereby makin~ eontact with~-

~onaiy eleQtrode; When th~-v~ltage_ source is ·removed. the beam~ to i~ ."ngi~'' 
state due to the ~g forces therein and the switch contacts are opened. 

Althoutli advances in MBM technology have been .considerable~ rec• years, 
'· 

~e tecbilol~ is not without its dlawbacks; · For·ex~pl~ one of the ~ost fuSiwom 
_problems fiicing manufacturers ·ofMBMs .devi~s i~ s6etion,. which occms when a 

surface of a mic!'<)machined part (such as a cantilever beam) becomes fbsed or bonded to 

~ atija~~ surfaCe of~~ structure. Stiction can often r~ult from condftions such as 

~roughness. buinidity; applied voltage and ca:pillazy forces during the 

·manufacturing process. The greater ~e number stieuon prnblems occ~_ in a device, .. 
- the gi::eater the _ov~r:all effect on. the yield of the device bCC011:1~~· . Jn addition, the physical 

, . . : .. 

gepmetry of a component itself may als0 have an effect ori ~ts SusceptJ.'bility to stiction; · 
. .· . 
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.. . .. 

switches of the oantilev~ed type may undergo w~age due to repeated mech~cal · 

stresses on the beam. As su~b, it is desirable to provide a switch design which mininµzeS 

the susceptibility to stiction. 

Other difficulties associated with beam ~tches may include: ~ateriat fatigue, 

space constraints (from the requirernent for anchoring points), the creation of parasitic · 

inductances and resonant frequency problems. It is also desirable, therefor~ tO provide a . . . . . 

:MBM switch which addresses the aforementioned c0ncems. 

SUMMAllY OF nm JNVBNTION 

In an ex~li:ry embodiment of the invention, a mi~ electromechanical sWitch 

has ·a guidepost !Om.led. up~ a 8ubs1rate. A signal trammiissi~n line is formed on the 

~b.strate, ~th the si~. ~ssion ~e ba~·a g~ an4 forming an open circuit The 
. . . . 

~tch further incl'tides· a switch bOdy having ~ "1:a opening.fonned therein, with the 

switch ~~dy being· movably disposed a19ng a length deinned by the guidepost The 
' . 

guidepost iS pa_rtially surrounded· by the Via op- In·~ preferted. embo~en.t. a field · 

. plate is formed on the sub$tratc ~d aligQ.ed eleetrostati,cally a~~tably apart.from the. 

Swi~b body. An eleetrostatic ~on betW~ tli~ ficld plaie and the switch: bod~ 
• ' I ·, • 

. causes the switch body to close the gap in the signal t?ansmis~on liiie. 

BRIEF DESCRIPTION OF TilE DRAWJNGS· 
. . 

F~ I is a si4e elevation.ii vi~ of a prlor ~ canf:ilever beam ~croSwiteh; 
. -Figtire 2 is ·a top plan view of an embodiment of a micro .el~nieebanical sw.itch 

of the mverition, With:~e upper and lower s~bsttate levels ~loded laterally to ilIUstrate 
the~ switch body;· 

Figure 3 is a cross .s~onal view of the switch of Figure 2, taken along the section 

. line3-3; 
. . 

Figure 4 is an altema~~e embodiment ~fthe swi~ shown-in Figure~; 
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Figure 5 is a top plan view of another embodiment of the micro electromechanical 

switch of the.invention; 

Figure 6 is a~ cross sectional vi~ of another cmbodi~ent of the swit~h body; 

. Figures 7-9 are cross sectional views of the steps u1 fabricating_ a section of the 

switch shown m Fi~ 3 and 4. 

DBTAILBD DESCRIPTION OF THE PREFERRED EMBODIMENT 

Figure 1 is illustrative of a known micro electromechanical switch (MBMS). As . . . . 

shown. ~e MEMS, generally identified by reference numer8J. 20, is formed on .a silbstrate 

. ~2 with a fixed post 24 f~e:d. at one end. A flexible ~tilever beam 26 is conneCted on_ . 

. one end of post 24. The cantilever-beam 26 is adapted to carry an electrl~ Con.tact 28 on 

one ~d that is align~ ~d adapted to m~e with a corr~sponding contact 30 on sub~ · 

·22. · Th~ switch, 20 is a&ptect tO be activ~ted electrostatically. A ~uridiiig ptate 32 is 

·folm.ed o~ the. sub.~te 22 while a field plate 34 is form~ on the c~dlever beam: 26. . .· . . . . . . 

· The gn>l,lllding pfa~ 32 is adap~ to be ~ec:tC:d to ground ~bile the field p~te 34 is 

·~ted t0. be selecti~ly coupled~ a DC v~ltage source (not sho~). With no.voltage 

· appli~ to the field plate 34, th~ contact.28 is separated.from contact 30,·defining ~open 

...'~~t state. ~ 81.:'l app~pri.a~ DC voltage is applied to fi~ld plate 34, the cantilever 

beam 26 is detl~ by the electrostati~ fortes b~een plate 34 and ground pla~e 32, 
. . . . . 

· causing elec~cal C?ritact 28 to mate with <;0n~t 30, defining a closed.cirCuit state. 
When the applied voltag~ is ~bsequ~tly removed .from th~ ~eld plate 34. the ~~ever· 
beam 26 mU,ms tO its stati.o poSition due to the restoring forces in the beam. 

Referring now to Figures 2 through 4, a switch SO of an embodiment of the 

·invention is fabricated upon a sub~trate 52, such as silicon dioxide (Si(),), onto which a 
. . 

plUrali,ty of guideposts 54: are formed and located thereupon. Guideposts 54 are. 

surroun4etfby~ia_openingS 56 formed within ti moveable-~ody SS of~~h SO.· Body SS 
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is comprised of a generally rectangular block ~o of conducting ma~ such as copper. 

In ord~r to prevent oxidation, the block 60 is eneapsUlated within an insula~ layer an~ 

capp~ as is described.~ greater detail h~einafter. As is best seen.in Figures 3 and 4, · 
. . ! 

body 5~ is·mov~bly disposed along.the length ~fthe guideposts 54, which serve to keep 

the body 58 of switch ·so·bi proper lateral alignment as it travels. vertically along the 

. guideposts 54. Configared .in this manner, switch SO does not require an anchor or fixed . 

point about which to. pivot or flex. 

Body 58 is ~~a generallyb.Orizont.at alignment betw~ an upper. layer· 62 

of th~ substrate 52 and a lower layer 64 o:f'the.subSt:rate 52~ as seen in Figures 3 and 4. 
Formed within the lower layer 64 of sub~te 52 is a fiist field plate 66 to which a control 

:voltage is applied. A second field piate 68 is similarly 1ocated within the upper layer 62 

of substrate s2 •. and is alsO.connected to a~ntrol voltage supply(not show~.). ne·first 

. fi~ld plate 66 is eleCtrostatically spaced apart from and.attractable to the bottom sur.tace · . . : . 
70 of the SWitch body 58, whereas ~-s~nd 1ield plate 6s is electrostati~ly spaced ... 

ap~ ftom.an4.attractabl~ to the top ~e 72 of switch b~dy 58_. ' .· 

A fitst ~gnal mm"smission line 74 is established through. the low~ layet 64 of . · 
. . . . . . 

substrate 52 through c0ntacts 76 separated by a gap 78 therebetwe~ and defining a Open 

circuit in the first si~ ~~sion l~e 14. /\.second ~gnal tra_nsmission line $Q is 
. . . 

similarly establi_sh~ t:hro~gb ~upper layer 66 of substrate.S~ thrOugh con~ts 82 

. separated by a. g~ 84~ and defiriing .an ope.ti circuit in the second signal transim~sion line ... 
. ·80. 

The ~~garatjon. of ~e switch ·50 in the illustrated ~bodbhents repfeSents a 

. double pole, do_uble tbrOw ~tch; however •. ~ prilici~s Qf the ~vention •e ~licable 
to othet switCb ~nfi~om .~well In ~e present embodiments, switch 50 can be 

· · implemented as either~ two.position switch or a three position switch. In.order to 
. . 

·. maintain a third switch.po~tion, the body 58. of switeh is maintainCd in position which is 
· · eICcirically disconne~ed ~m. ~gnal transmission ii~e~ 74. 80~.'and betwe~ the upper 
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and lower substrate layers 62, 64. The embodiment shown in Figure 3, for example, 

·. features a pait ofhinges 90, which are used to bias switch SO in _a neutral or "off• 

positit;in. The ·hinges 90 may be integrated ~th the conducting-material. 

AltQD.ati:vely,. a "free .floating" switch design, shown in Figure 4, may be· utilized 

in the absence of hinges 90. However, in ord~ to maintain switch SO in a nemral thfrd 

position, the :first and second :field p~ 66, 68 are biased with an approPrlau; balancing 

charge such that ._the result.iii~ opposing electJ:ostatic forces exerted on the sW.itch body 58 

cancel one another out, thereby keeping switch body 58 suspended in a free floating 

position. In the absen:c"' of biasing electrostatic. foi-ces, ~tch 50 may also· be used in a 

, tWo position configurati~~ or 11 bi.narY mode of operation. As an exampl~ of such a 
. . . . 

. configuration, the first tJ:ansmission line gap 78 is closed and the seeond ~on line 
. . . ' . 

gap 84 is open in _th~ defa.ult or "off" position. ~ the ener~ed or "on" poSition, the first 

set tnm~ssion liiie gap 78 i~ opened and.the second transmission line gap 84 is Clo~ed. 
. SwitCh SO~ a.cmiated.by a c~bol voltage selectively applled ~one of the desired 

. fie1d ptates .. ihe resu~~ e1ec1rostauc io~ between the set~~ field plate aµ.d the . : 

switeh.bo~y ~& ~tber iaises or lowers the body7 depending upon which field plate is 
. . 

energized. If; for example, the first field "plate 66 is energized, and ~er assUming that 
. . : 

. ·switch SO is initially.ill a: neutral p0sition, switch body ~8 will then be caused to niove 

· do~ Uiltij conducting sUrfaces 91 _on Opi>osite ~ides o_fthe switch body 58 mate 
. . . . 

·with .correspond#tg ~ntacts 76 ~n lower substrate layer 64; thereby closing the ~ 

.. tr&nsmissiOn line gap 78 and defining a closed.circuit. When :the tirSt field plate 66.is 

subsequently d~energiz~ swi~h ~y 58 may be returned to .a neutral position by 

· biaSing binges 90. or by the application of balancing Charges on bcrtii first and seOOn<i field . . . 

p~ 66, 68. Jn e!.ther case, the &st signal transmission g~ is reopened upan the 

separation of contacts 76 With the conductin~ surfaces on switch body 58. 

The gap in·the s~nd signal transmjssion line·_80 is ~l<>se4 in the same manner by 

energizing the ~ond fiC?ld plate 68 .. This tim~ the eleetroStatie foJCe8 generated cause 
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switch body 58 to move in an upward direction lJDtil condueting surfaces ·91 mate with 

contacts 82 on upper substrate layer 62. The second si_gnal transmission line 80 is in a 

closed circuit condition until the second field plate 68 is deenergized and the switcb body 
. . . . . 

58 is ~ed t~ a neutral position. It sh~uld also be noted ~t the polarity of the charge 

applied to either field pla~es may be reverse:d. there~y creating a ~ulsive force on switch 
.. 

body 58. The repulsive force provided by one field plate may also be used in conjunction · 
. . 

. ~th ·an atttacuve ~rce j,roVi.d~ by th~ oth~ field plate, thereby creating ~push-pull 

actuation m~hanism. 

.Again; as an altemative to a ftlree po~ition embodiment, switch: SO cm be 
. . . . . 

configured in a two position Diode such that one field plate is energized wh~ the other is . . . . . . . . 

· de.-en~ed and vice· versa. In this ~er, eitll.er the first or the ~d signal 

transmiSion line gap is cop.tinuously ppened at any gi~en time. but not both gaps 

sim.Ulianeously. In other wprd~ switch body 58 is not statically maintained in a neu~· 

. po_si~0n. . ·: 

· Fipe s illustrates yet anc:>ther embodini.ent of the sw:itc:h coxlfiguratio~ a4aJ>table 
. . . . . . 

for use with a (;3IJ.tilever b~ In this embodiment. the main swit_eh ~ody SS is integrBlly . · 

formed .-qpon .the end of a lever aim 92. which. .in tum, is affixed to a stationary post 94 
. . . . . . 

· formed Within the substrate. ~~r arin 92 d~~ not entkely stiPport the weight of switch 

body, aS ~es 90 -~"also USed in this eonfigUration. 

Figute 6 ill~s~tes.~other ~bodiment otmain switch ~dy 58. As ~ sho\ivn. 

switch b~y 58 ~ybe ~ri9ated ill a geiieraity.ckcular shape 100. ·Thus· configur~, · 

switch body 5S travels vdc8lly upw81d an)! downward within 8: cavity 96 formed within 
. . . . 

the substrate 52, ~bile. only fiictfonally. en~ the substrate walls at four ~gentiaf · 

· · surfaces 102 on Switch·b9dy 58. Altho~gh gUideposts.(not shown) k~ep switch body S8 .. 

. in a relatively horizontal orientation within_ cavity 96, ~a ~penings (not ~hown) do allow 

for slight ~aterai shifting of s~tch body 5$ while in operatjon. Accordingly,, with a 
\ . . 

: circular design, th~ _woUid be a miniI.nal amount of SUlface ~ntact b~~ the outer 
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edges of switch body 58 and the substrate walls defullng cavity 96. 

· · Refening now to Figure· 7, the details for fabrication of ~e switch are illustrated. 

The guideposts 54 are formed from~ sili~on dic;)xide (SiOJ substrate si by.kno~ 
masking, dep.o~tion and etching ~bniqu~. A sacrificial layer 200, such as diamond-

. . 

like carbon (DLC) or other QOnfonnal organic polymer, is deposited upon the substrate 
. . 

52, in~luding tbe·side and top surfaces of th~ guideposts 54. A liner 202 is thereafter 

deposited upon the s~clat layer 200, in order to prevent the di:ffusion of the 
. . . 

electroplated copper 204 w~ch is subsequently deposited upon the liner 202~ Liner 202 

is·prefei-ably comprised of a refrac~ metal sueh as titanium, titanium nitride, tantalum 

nitrid.e: or tungsten. J)ue to the poor COlTOSiori resistance Of CQpper 204, a Cap 206 of 
.cobalt-tungsten-p~~hl~ (C<J WP) is electrOlessly fo~ed ~p~n the top sUrraee of die 

. . 
· ·copper layer. as ~wn· in Figure 8 .. It should be noted, however, that other ril,aterials may 

be used for cap 206, i?cluding tantalum nitride or ni~kel. The top of ~e cap 206 is 

.plimarized witl_i the top surface of the gui4ep0sts 54, following chemical-nleehalii~ 

.· · polishing. A second ·sacrificial la;ver 208 ofDL:C. is ~en dePosited upon the caps 206 and 

the guidq,ostS S~- Nex~ a top. cap 210 of insu~g material, preferably· silico~ ni1;rlde, is . 

deposited upon the secol:ld layer ~08 ofDLC. 
. . 

· Finally, Fi.Pre 9_-illustrates the S\Yitch following the iemov~ of the sacrificial . 

l~ym; 200, 208 ofDµ;~ Vponfomlnganumberof~raf:io~in the.top.caP 210, the · 

sWitch SO is ·th~ heated in an ()Xygeilated environment, thereby tesulting_ jn the removal . . .. . .· . . . 

. of the sacrifcW layers 200, ~qs and pro~g carbon dioxi~ and carbon monoXide as 

· waste gases.· .The removal of the D~C thus creates the via openings 56 ~the switch body . . . . . . 

. 58 ~u~ which guideposts 54 guide the v~rtical moyement of switch body 58. 
. . 

While the invention has been desct'jbed with reference to ·a preferred embodlln~t,. 
it will b~ µnd«stood by those ~'l1ed_ in the art that various changes may be mad~ and. 

~uivalents may be substituted for eleD:t~ts there0f wi~out deparfuig from the s~ of 

. · .the in-V:ention. Iii addition~~ modificatio~ may be ~e to adapt a particular 
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situation or material to the teachings of the invention without departing fi'Om the essential 

scgpe thereo£ Therefore, it is intended that the inventi9n ~ot be limited to the particular 
. . . 

embodiment disclosed as the best mode contemplated fOr carrying out this inventio~ but 

that the inventiop will include all entb.odiments falling within the scope o~the append.¢ 

claims. 



CLAIMS 

. What is· cl~ed is: 

1. · A -~cro electromechanical switoh,. comprising: 

a guidepost formed upon a substrate; 

a signal ~ssion line~ (ormed on 1he substrat0y said signal 

transmission line· having a gap and fmming an open circuit; . . . 

a Switch bod~ having a ~a opening f~~ed therein, ~aid switch body 

movably disposed along a length defined by ~aid guidepost, said gUidepost further· 

partially ~undecl"by said via opening; ~ 

a field plate f9rmed on said substrate, said field plate aligned. 

electro~t.atically attractably apart .ftOm said switch body. 

:. ·2. ·The mi~o elec1romi;=cbaiiioal switch ·of claim: 1; wherein an electrostatic 

attraetion be~~ said field ~late an~ s8ici. sWitcb body caus~-sai~ sWitch body to ~lo~ . 
said-gap in said ~~·transmission lhie. . 

3. Tue micro electr(mlechanjc~·switch of claim 1, wherein Said substrate 

· ·· ~ri>.prlses .a Si01 substrate~ ., · 

·4: The micro electromechanical switch of c~aim 1, further c~xnprising a plurality 
. . . . 

of gaidepo~ts fo~ed upon said subscrate. and said switch body having a pluralify of 
. . . . ·. . 

coireSponding via openmgs fonned therein, $aid switch"t;ody moVably disposed.along . · . · 
. . . . . . ;. 

·. · said guidepo~. . . 

S. The micro electromechanical switch of ~laim 1,. wherein said switch body 

oompris~ el~~lated copper. 

\ \11\11\ \\\I\\ Ill" \\1\1 ll \Ill 
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6. The micro electromechanical switch of claim$. wherein said switch body 
fmther·comprises a cobalt-tungsten.~phosphide (CO WP) insulat4ig cap. 

7. A multi-position, micto electiomechanic"~ switch, comprising: . . . 

a plurality of guideposts fo~ed upon a substrate; 

a :first signal transDiission line, funned on a lower layer of.said sub~ 
said .first signal transmission Ihle having a :lir$t gap defining an ·open.circuit associated ·. · . . . 
therewith; 

. . 
a second ~ignal transmission line, formed on an upper layer of said 

sUbStrate, said seco~d transmissiQn ~e having a second gap defining~ open ~t . . . 
associated therewith; and 

a switch body haVing a plurality of via openings form~ therein, __ said 
switCb. ·bc;tdy movably disposed along said guide posts throUgh said: via openings. 

8. 11>.e Dii~ el~echanical switch of claim 7, further~~ 
. a first field plate fonned on said lower layer of said sub~ said first . . :. . . . 

neld plate ~gned e~cally attrac~ly apart from a bottom surface of said switch 
body; and 

. . 
a second field ·plate formed oo said upper layer·of said substrate,. said 

second field plate aligned electro~ticilly attractably apart .fro.m a top sw:fiwe focated on ·. .· . . 
~aid switch body. 

9. The ·micro electrcimec•cal switch of claim 8, wherein an electrostatic . 
~ . . . 

attra~on between said' :firSt field pl~ and said bottom sUrrace of said switch body causes 
said switch body tQ close said· first gap in said first signal transmission line. 

! . 
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1 O. The micro eleci:romechanical switch of claim 8, wherein an electtostatic . . . 

. at1racti0n between s~d second fi.~dplate said and top suxface of said switch body causes 
· Said switch body to close said second gap in said second signal ~i$Sion line.· 

11. ·The micro electromechanical switch of claim 7, further comprising a pair of 

supporting ~ges, dispo~ed-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 · 

. seCoD.d tran.Smission ~e8 remain ~en. 

. . 

12. The micro el~tromechanical switch of clmm 8, :further co11:1:Pri~ a 

~atancing cmirge applied to ~aid first and seeond field plates. said ~alanclng charge 

eausing an.electrostatic ~on betw~ s~d first field plate and _said bottom surface of 

said switCb body to be cancelled by an electrosf.a:tfo af'.traetion between said second field 
plate and said to~~ of s~d-switch body. . . . 

i3. 1:'he micro electromechanical switch of claim 7, ~ said switch ·body . 

~es elec1roplated cowet. 

14. The micro ~lectromechanical ~tcb of ~lailn _13, wherein said switch bod¥ 
. . . . . 

further. comprises. a cobatt-tungstBn-phosphide (Co WP) _insulating cap. . · . 

1 s.. The micro el~mechanical sWitch of claim 7, whereh.i s~d switch body is 
generally reetangi.llar shaped. 

16. The micro electromechanical switch of claim. 7, wherein Said switch body is 
generally circular shaped. 
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