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transcei ver offers many advantages including cost, the

use of smaller nunber of conponents and added

Pgﬁﬁidmal ity allowing the integration of nore

anct'rons. Mcro-el ectronmechani cal system (MEMS) is an
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the wirel ess transceiver conponents, as described by a
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I&ield cr o- el ect r omechani cal system (MEMS) switch

is a transceiver passive device that uses
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novabl e beam or nenbrane that provides an ohmc

contact, (i .e. t.h ' [ I

pass. cvanAes ey dingi it he uag B sl hmber of comppnents and
flow of signal is interrupted and typically grounded.

[ 0003] addedfenctionality allewving ithes integratien/sf mere funations.

i nclude p-i-n diodes and GaAs FET sw tches. These,

app | ol el HariRA Yot ER M) fer ShairdEBhnology for

Wor kshop, 246 - 249, (2000). sSwiteh failure at bhot .
swi t chminiatgpaliarsand oiige the polential i ilaarsteerta sindle die the
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switches f

ricated using nickel surface
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m crowave applications”, Int. J. RF Mcrowave Con&
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an i ncreased contact resistance and contact seizure,
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increase to a value greater than 100 ohns was observed
af t er RRAViotleks Comimonisstions"col d switching in N (no
current flow through the switch), while the contact

: , observed with hot switched sanples after a
@%ﬁ@#@ﬂ@%@ cycles in air, as described in the

af orenentioned first paper . [O the.swtch is, .
DGREh anivse-sieaepmBEhBNERAYEIEMAMEMS) Wit 2 FahcBiyer passive
build up caused switch failure is less likely than

when eggvisethat Dses Bictirostatio dctuation to \breate nisvement of a movable
probability of formation of a contam nation filmis

reduced, increases in,contact resj r, . .
cont a(;]féa!@ g meé“@?@e&a?ﬂm&t{@teﬁ @"a@ﬁé@%ﬁ@‘tq %??tethe RF signal is
nmet al - netal cont act. ]
allowed to pass-through) or a change in capacitance by which the flow of
signal is interrupted and typically grounded.

[0003] Competing technologies for MEMS switches include p-i-n diodes and

GaAs FET switches. These, typically, have high power consumption rates,
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The increase in contact resistance nost likely has to

do wth material transfer caused by surface roughening
wanwsreeakts i n reduced contact area. In the | CTAEP2004/050940

case the two nmetal surfaces are firmy adhered due to

netal -nmetal bond formation (welding) at the interface.

The invention described herein is a nmethod of

fabrication of a netal-nmetal switch with long lifetine

and with stable and | ow contac2 resistance. [007]

Accordingly, the main thrust for reduci ng adhesi on

whi | e gai ni ng adequate contact resistance_ is: [008]
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a manner that it can be integrated with copper and insulator structures. Hard contact
metals have lower contact adhesion. Furthermore, hardness of a metal can be changed
by alloying. Au has low reactivity, but is soft and can result in contacts that adhere
strongly. For instance, to avoid this problem, gold can be alloyed. Adding about 0.5%
Co to Au increases the gold hardness from about 0.8GPa to about 2.1GPa. Moreover,
hard metals such as ruthenium and rhodium are used as swiich contacts in this
invention. Dual layers, such as thodium coated with ruthenium, with increasing

melting point are used to prevent contact failure during arcing where high temperatures

develop locally at the contacts.



[017] Figs. 3a-3e are schematic diagranms of a
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lustrating the process steps for filling the first
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copper netal and planarization stopping at the TaN Ta
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[023] Two d1fferent approaches are used to deposit the contact material: blanket

deposition methods and selective deposition methods. In one embodiment, a raised
noble contact is formed by a blanket noble metal deposition and chemical mechanical
planarization. A copper Damascene level is first embedded in silicon dioxide. The
copper electrodes (11, 12, 13, and 14) are capped by a silicon nitride layer (10),
typically, 500-1000 A thick. Silicon oxide layer (20) having, preferably, a thickness of
1000-2000 A is deposited thereon, is shown in Figure 1a. Btching, preferably by way
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(30) is removed in the field area by CMP stoppi ng on

silicon dioxide as shown in Figure le. Silicon oxide
w020)5/006372 emroved by reactive ion etching stoppPQGEBZ004/050940

silicon nitride (10) to yield a raised noble netal

| ower el ectrode (50, Figure If). [024] In another

enbodi nent, the raised electrode is fornmed by

sel ective electroplating the noble contact. Selective

el ectrolytic plating in the preesence of a barrier
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trodeposition does not nucleate on the refractory Ta or TaN (30) but will only nucleate
on the noble seed layer (35), as shown in Figure 2e. Next, the Ta/TaN (30) barrier is
removed by CMP in the presence of the noble contact. The raised contact (50) is
formed by etching (RIE) the silicon oxide layer (20) down to the silicon nitride (Figure

2f).




[027] Referring back to Figure 2, according to another
enbodi nent, the electrodes of the first netal |evel
w0 20050037213, and 14) are filled wi th nobl e nepai/ERsiomgs0940
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silicon oxide |layer (2), patterning the silicon oxide
| ayer (2) to formthe | ower actuation el ectrodes (3,
5) and the signal electrode (4§, depositing a barrier
| ayer by CVD or PVD nethods such as TaN Ta (6),
depositing a noble nmetal seed |ayer by CVD or PVD (7)
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r eact it\cemiodbe used alone as a contact material on top of copper. Combining more than
one noble metal, such as dual layers of thodium/ruthenium or ruthenium/platinum, is
more likely to work effectively for suppressing copper diffusion, oxidation and switch

contact failure.
[029] Integration and fabrication of upper switch contact
[030] Figure 5 describes the formation of the upper contact. Referring now to Figure 5a,



etching. Metal hardmasks are deposited by PVD, CVD or

I MP (ionized netal physical vapor deposition).
weebrswoeoey netal s such as Ta, TaN or Wcan bePas&E®2004/050940

al though TaN is preferred over other hardmask

mat eri al s because of its inproved adhesion to silicon

di oxi de (80). Figure 5b shows the formation of a flat

recess (100) by lithography, and the refractory netal

(i.e., hardmask) (90) patternesl and etched by wet

etching or RIE. Recess (100) is fornmed in the

sacrificial organic |ayer (60) by a plasm process
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in Figure 5f. [032] A final enbodinent for creating

the upper switch contact is to use electroplating
woOhowwgés7a phot or esi st nask. The process sequeRCE/EP3004/050940

described in Figure 6a through 6e. Simlar to the

process described in Figure 5, after formation of the

| ower switch contact, an organic bl anket |ayer of

sacrificial material is deposited. The organic

material (60) such as Si LK or @i anond-1|i ke-carbon

(DLC) is deposited. Subsequently, a thin silicon

nitride layer (70) is deposited. The nitride |ayer
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said first electrode, wherein said first and second

el ectrodes are capped by a noble netallic contact.
wpQodBooddTe switch of claiml1 wherein the secon@8CT/EP2004/050940

el ectrode is enbedded in a #all of said cavity. [003]

The MEMS switch as recited in claim1, wherein said

nmetallic contact of said first and second el ectrodes

respectively protrude above said first el ectrode and

bel ow sai d second el ectrode. [004] The MEMS switch as

recited in claiml, wherein said first electrode is a

signal electrode and said second electrode is an

actuation el ectrode. [005] M&i switch as recited

inclaiml, wherein said electrgggg are made of

[6@idper . [ AGfrofectivEBhaniat syisteas(MIEIB) switchiromprsing: B, movable beam

wher ei N Skt MR Caill SRVLbIE bé‘«gﬁ Bﬁﬁggn QreF ¢ £ Qfd cavity; a

nd there 00

said cavity at at “lT'east one e of . %W‘Il'b? ]
VENS swi t Bfst elctrode prbefded in-said mpvablgheams aud %ﬁeﬁ@%ﬂq gefrade facing
contact i gidHtseelb@ebdt vibrdih €ai@ Figsy pndRBG6H dSdléchngdefard tapped by a
AuNi , AuCo,.. Pt ta{:ﬁ?Ni | %u, Ru, Rh, Gs, Ir, Pd, PdN,
and PdCo. n?%‘b@f &° switch as recited in claiml, )
[0 ei n sTheisvatohiof glaim 1 fwhietednitbaisedond electrasigiiieraled deskinagvall of said
sel ected fgam the group consisting of nitrogen
hel.ium neo rypton and. argon.. [ 00 The, SW tc .
WS ecite M%?W@asmét?é ﬂ’rfq‘l‘lﬁ{el’ FF&%‘&H ﬁa@%g/tﬂﬁylﬁf?m%‘? of said
sai d secofifit aldsetonddiectradesaedpkaivelyyprétacie abimatsaiddirst electrode and
smal [ er t the nmetallic contact of
sai d fi rspégvé%?fgocéé& i ﬁi(g{e The switch of claim1 L.
rein tRee MEMawiigheas rocigd in daim b srhgteet saickingeqlepiiofs a signal
el ectr Ogeel_@é'ﬁlﬂé dﬁﬂa&i@se@oﬁﬂ ﬁé&fbﬂfs isGin abﬂﬁ@ticgi dl&dtrode. _
ctrode s nductive.signal. trode.
08 oo he MG P 568 e, SRt SRR bt hade of
wherei n aceppesed netal |l ic contact capping said

[6@duct i VehsShgnad sek@s rQsed 8Waith 1, SeRALHAidBbalbld Yeam is anchored
I d actuation el ectrode. .[011] The

cont act cgﬁglngus e

VEVS swi t EHRe @Al gEsadepvy atatlsash ons endyeregf-n t he

[66flosed sThé REMD fwischi ad racited indclaihel tvheyel eaidl setalliva®atadt is selected
bel ow t heﬁSfﬁQﬂé%’ggwnfsﬁﬁﬁ% & A Aol IAGES B, PeiCi, RAMRL, 58, &, Ir, Pd,
cap super| npose top of sal'd second el ectrode

mat ches t R&Yie bR surface of said dielectric.

[008] The MEMS switch as recited in claim 1, wherein said cavity is filled with gas,
said gas being selected from the group consisting of nitrogen, helium, neon,
krypton and argon.

[009] The MEMS switch as recited in claim 1, wherein the metallic contact of said

second electrode has a flat surface that is smaller than the surface of the metallic
contact of said first electrode.

[010] The switch of claim 1 wherein the second electrode is a conductive actuation
electrode embedded in a dielectric; the first electrode is a conductive signal
electrode embedded in dielectric integral to said movable beam; and further
wherein a raised metallic contact capping said conductive signal electrode and a
recessed metallic contact capping said actuation electrode.

[011] The MEMS switch as recited in claim 10, wherein the exposed surface of said
second electrode is recessed below the exposed surface of said dielectric, and
said cap superimposed on top of said second electrode matches the exposed

surface of said dielectric.



