METHODS AND SYSTEMS FOR FABRI CATI ON OF MEMS CMOS DEVI CES Background of the
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photolithographic techniques. MEMS may provide cavities or hollow spaces in the

inside thereof, which may be filled with liquids or gases. While conventional integrated
circuits are completely solid devices, i.¢., without any kind of hollows. Hollows may be
defined as cavities that are larger than hollows on the atomic or subatomic scale. In

20 some embodiments, MEMS may have mobile elements inside them. The mobile
elements may be joined by one of the ends thereof to the rest of the MEMS structure, or
may be completely loose (i.e., not physically attached to its surroundings) inside a
housing that is at least partially closed (to prevent the loose part from “escaping” from
the MEMS).

25 A chip may include a MEMS device and an integrated circuit, where the
integrated circuit may control the MEMS. There are various techniques for
manufacturing a chip that includes both a MEMS and an integrated circuit. One
technique consists of manufacturing one element on top of the other. Another technique
consists of joining the two elements (the MEMS and the integrated circuit) on a common

30 substrate according to various means in a multi-chip module (MCM) package. Certain
entities have developed techniques for manufacturing CMOS MEMS devices. A

common technique for manufacturing CMOS MEMS devices is to perform a two-step



entities have devel oped techniques for manufacturing CMOS MEMS devi ces. A
common techni que for manufacturing CMOS MEMS devices is to performa
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The invention addresses deficiencies in the prior art by enabling the fabrication

and use of MEMS-based or other integrated chip devices in a more cost-efficient, robust,
and scalable manner without the limitations of existing MEMS or other chip-based

20 technologies.

Certain processes disclosed herein address a fundamental technical problem with
manufacturing CMOS MEMS devices by enabling formation of a MEMS element within
the interconnect layers of a chip using highly reactive etchant gases such as vapor
hydrogen fluoride (HF) in a reliably, repeatable, and scalable manner.

25 While others have developed various CMOS MEMS fabrication techniques, no
one has realized a way to robustly and reliably fabricate a CMOS MEMS chip using
vapor HF (VHF) to etch the MEMS component within the interconnect layers. Unless
the vapor HF etching process is carefully controlled, the etching process is susceptible to
a run-away reaction where an excessive portion of a chip is etched and/or the MEMS

30 component is damaged or destroyed. Existing fabrication techniques do not address this
problem and existing CMOS MEMS manufacturers have typically avoided using vapor

HF for this reason. Typically, current manufacturers use a two-step process of: 1)



conponent is damaged or destroyed. Existing fabrication techniques do not
address this problem and existing CMOS MEMS nmanuf acturers have typically
avoi ded usongiviapor HF for this reason. Typically, currect/EPaeosduur er s
use a two-step process of: 1)anisotropic etching of trench outside of the
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vapor HF etching process within one or more interconnect layers more controllable.
Other features and/or techniques may be employed to control the vapor HF etching
20 process. For example, one or more vias may be used to limit and/or confine the vapor
HF to a particular region or area of the interconnect layers. A standard vias, which
consists of a stacked or segmented vias, cannot effectively block vapor HF from passing
through cracks or gaps between its segments. However, the present invention, in certain
features, employs a continuous via that is not segmented and, therefore, has no gaps or
25 cracks to allow vapor HF to pass. No one has considered using a continuous via before.
In fact, the fabrication of a continuous via is considered a design violation by a typical
CMOS fabrication foundry. The Applicant, however, has recognized the synergistic
effect of combining vapor HF etching in the interconnect layers while controlling such
vapor HF etching using a continuous vias to enable a more cost-effective and robust
30 CMOS MEMS fabrication process.
A top layer of the conductor material used to form the CMOS MEMS device may

include one or more holes to allow the vapor HF to pass through, while inhibiting other



effect of conbining vapor HF etching in the interconnect |ayers while
controlling such vapor HF etching using a continuous vias to enable a nore
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vapor HF etching, excessive residue may be formed that could substantially degrade the
performance of the resulting device. Accordingly, the applicant has realized that
20 applying the appropriate temperature for the appropriate period of time , e.g., 110°C,
enables the removal of adverse residue from the etching process. Various temperatures
over the range of about 100°C to about 250°C may be used to enable varying amounts of
the residue removal.
The inventive CMOS MEMS vapor HF fabrication process in the interconnect
25 layers may be used to fabricate, without limitation, various devices such as capacitors,
mechanical capacitors, inductors, vibrating antennas, sensors, switches, and memory.
One type of switch may include a modal switch whereby the transmission of a signal can
be controlled by controlling the mode of transmission. For example, a signal
transmission system may include a first signal medium arranged to transmit an electrical

30 signal using one of a first transmission mode and a second transmission mode, a second

signal medium arranged to transmit an electrical signal using the first transmission mode,



mechani cal capacitors, inductors, vibrating antennas, sensors, swtches,
and nenory. One type of switch may include a nodal switch whereby the
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with an Inter Level Dielectric (ILD) layer.

20 In another aspect, further refinements or enhancements to the MEMS integrated
circuit, and related fabrication techniques are disclosed. Additional or substitute stages
that may be required in the manufacturing process are also described. In some
embodiments, the plurality of layers of the MEMS integrated circuit may be stacked
together to form an equivalent thicker metal layer. In some embodiments, the MEMS

25 device may be attached to the structure of the interconnection layers via a soft spring. In
some embodiments, the MEMS device comprises a part that is detached from the MEMS
structure and is mechanically free. In some embodiments, horizontal and/or vertical
continuous vias may be used as partitions of HF resistant material around the MEMS. In
some embodiments, the MEMS device may include a multi-level memory, programmed

30 by changing the resistance value (e.g., by overpassing the electromigration limit for a
limited period of time) of a via in a cell of the memory. In some embodiments,

chemical-mechanical polishing may be performed on a passivation layer of the MEMS



device may be attached to the structure of the interconnection |layers via a
soft spring. In sone enbodi nents, the MEMS device conprises a part that is
det ached woemoag90WEMS structure and i s nmechanical ly fr ®eT/HPR019ONS47

enbodi nents, horizontal and/or vertical continuous vias nay be used as
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20 a mechanically resonant structure, where the antenna vibrates at its mechanical resonant
frequency.

In still another aspect, an integrated circuit may include a capacitive sensor
operating in a first mode as an accelerometer, a magnetometer, a gyroscope, or a
compass at a first time, but then operate in a second mode as an accelerometer, a

25  magnetometer, a gyroscope, or a compass at a second time.

In yet another aspect, an integrated circuit includes the integration of large
inductors with good quality factors. In conventional discrete element electronics,
inductors may be implemented as solenoids. This allows for good coupling between
some or all of the inductor coils. As a result, it may be possible to use a reasonable

30 conductor width to minimize resistive losses. However, in the field of microelectronics,
it may not be feasible to implement inductors as solenoids due to their dimensions. For

example, there is no vertical space to place these coils vertically. Otherwise, the area of



operating in a first node as an accel eroneter, a magnetoneter, a gyroscope,
or a conpass at a first tine, but then operate in a second node as an

accel er orw0Den10/1@5998gnet onet er, a gyroscope, or a conpas®CatEPa0IvAsEAT ti ne.
In yet another aspect, an integrated circuit includes the integration of
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good COUp|I tor sult, it
Tay be_poserpral b Tds SERalle, dbindbe biully Wlls R s e Ruk S esi st ve
| osses. Hawgmere, andtht Rembed udk imhehRelcaciftRAllg fayibk IEEdNParae feasi bl e
to inplenent inductors as solenoids due to their dinmensions. For exanple,

there is riaductersimeybedpateanontedonged. tesevcedilangr dpectosampy sufty Hiemni se, t he
area of ea as as
they are ﬁ%ﬁ%%&maﬂgﬁlg%Q&EQS%%gQ¥QREU)% ner of gﬁﬁgﬂggﬁhéﬁﬁﬁgnéagggg}%FcalIy
may bes | i rdubgthte. Hlnaatdamonnﬂha@bmé@edrm&udm&lce wplueniehecbd lost iegause tavevpr |

pl anar inductors ma ﬁffer fron1|arqg ses (which leads to low Q due to
reduced se&¥Ed GAUGH PECRAGUROGRTINAL VAT ?&e substrate. In addition, the

achi eved i nductig n\éﬁle?% cke, awmqnﬂegmt&ﬁ&&uﬁmﬁ&s HEy‘%ﬁ“ M%;%gsuces at
each turn, |eadi to mea coupl i ng yet anot her aspect,

i nt egr at edvlwire @pottlomnndlurtm:;)naophmread:lectt;omﬁ clemyms snMemoadqmortmamrwlncl udes
one or nore, el oni.c el enent.s.on sen conductor nmateri subs te The
Cirouit al GBS @rcaltgfsme%ﬁieé AU P Wﬁ@@??%wnﬂagﬁé?%avw O bot t om

| ayer |@f qﬁw'é%&{dumtr %{a'té%ial aita a)ptlszﬁ-rIow@ﬁdu@{or%lf@mm&rerm& ﬁl"yb@'aré’mer e the
| ayers are separated by at least one |ayer of dielectric matefial. The

circuit fuepheteddysblepsionadisr of diolertoiw nsperid. Whe hireuit fuethet slsringludesod
A T S e TS
mul ti nodal coshiridntio WiEC@S s@ict@RBfenteRBAREtios Wytgh i n uni pl anar

transm ssion lines. A nodal switch instead of cutting or bounci ng power at
a given point, In saimg pabedimesth, &modabrienylgmedak saich relaces 9B ohmameatact he
trans SSi I: e gt

L ansi oot kel AR AL A0S Ao d 1S gl HEN ARG ERDO) {0
nodal sw tpohver at zagltvempsmt ltltansfbletﬁmenné wod¢ ywoastlak. Ui etanasf the ansm ssi on

| i nes, copl anar wav ides ( sl otlines e nodal switch includes
a tunabl e gétnﬁwmémgﬁﬁ | Oag Ogﬂ“eég?ﬁ[?ﬁetp?l? trans? erring to that mode is

equivalent to cutting the signal. In some embodiments, the modal switch is a transition

between two types of uniplanar transmission lines, coplanar waveguides (CPWs) and

20 slotlines. The modal switch includes a tunable structure implemented as an asymmetric
load on the transmission line. This structure acts like a tunable impedance, implemented
in an ohmic configuration, or a capacitive configuration, or a combination of both. The
tunable structure may transfer power from one mode to another, or cut power, dependent
on the modes allowed in the transmission line.

25 In yet another aspect, a signal transmission system including a first signal
medium arranged to transmit an electrical signal using one of a first transmission mode
and a second transmission mode and a second signal medium arranged to transmit an
electrical signal using the first transmission mode. The system may also include a
controller, e.g., a modal switch, arranged to set the mode of the of the first signal

30 medium to one of the first transmission mode and the second transmission mode to

enable or block the transmission of a signal from the first to second signal medium. The



| oad on the transm ssion line. This structure acts |like a tunable

i npedance, inplenented in an ohm c configuration, or a capacitive

conf i gur avpan10/@s90a conbi nati on of both. The tunabl e st PaTiEPe@0MBG941 r ansf er
power from one node to another, or cut power, dependent on the nodes
allowed in the transm ssion line. In yet another aspect, a signal

transm ssion systemincluding a first signal nmediumarranged to transmt an
el ectrical nal usin ne of rst ransm s mpde and a.second

Cr anom seisencfney BHl e s dveBelsiiaond SR e YR AReE P ridf “an

el ectri caIMEW@M@@[Iﬁ@rgtB@cmdlﬁt transm ssi on node. The system may al so

i nclude a controller, g., a nodal switch, arranged to set the node of the
of the first silgsall amth@rmm% OMEMS integsateq cseuit mghded splugitypbleyand t he
second tr i gnal
romthe ]?v?l?g% §§%R§gg§cﬂ§déssi%88 %f‘l%? dia%ctpdr@%éﬁeﬁl@rﬁ %E%@%%c%ﬁ?&d?oﬂ%at@rléﬁ

i nt egr at edubstraieli ThestihitatsodnIMIS a Smme@lﬁr@bﬁdte@Gdnﬁwtiondaye%ﬁhﬁn@\ﬁbttom

integrated circuit, In still other ect, a MEMS integrated circuit
i ncl udes jaﬁfﬂf &?aw@yt%fmaiteé% inrlayes Ogsmuawr Flﬁéqu?él@’%le@ﬁg @aewf%

el ectroni Gl eBRt St 1%@ tBnd §YcF OPAURL LT nﬁ%ﬁeﬁ.‘ %ﬁéh'aﬁi ﬁ%ﬁr 1n3-llﬂﬁeﬁcd rcuit also
i ncl udes a Structure of | nterconnecti on ayers having a bottom|ayer of
conduct or hutiberspate \amhinahd sjplctuswef ingfrcamaduoot loyersratdea mmldalstwatcd it he | ayer s
are separated by at %o'\ERFOHe er of diel.ectric material. The circuit
further i@ C%IOHBYIT §t|5%ﬁ’£‘ére flﬁ?fﬁo?ﬁ?&tlg? Eture of interconnection

| ayergp and a nmagdatilsiotieh atfdcC AMUIEMS adtb@ At difdutt NEcISddSUChMERitPHT layers

i nterconnection layers. In still another aspect, a MEMS integrated CI rcuit

i ncl udes avipireipgloirtign mfclllldayen@ onhwre clgctpamie |et¢mqntsc¢md@smmoedlmtomateﬂal

el ectroni c I enme duct.or ri,al subst ra The ci,rcuit al so
Cnel uoe. SuEHFIED DR Bt ROP Rt Rl TR 58 b EeaBio Ry VS5 nfuRe Fubipht
conduct or lﬁ]?drftfflo%hdm Rafclpl Ay £ forPfay6osdetidastofiatdriadwhohere [hfies hayer s
are separated by at |east one |ayer 01}, dielectric material. The circuit

further irepuded by wolergvenepliyer wf dislgstrchanaggriadc t Theecisuity rdiet diehsdes izon
|
0 or LonndelBEFHLE BiniABR Sl e dF SATBIRLARY RSl BEHE B - e

and char aciemnati¢cat®n efith the sirmterrtaf dntemrdyndodompesci at ed from t he fol | ow ng
description, which provides a non- limting description of enbodi nents of

Brief Description of the Drawings

Other advantages and characteristics of the invention may be appreciated from
20 the following description, which provides a non-limiting description of embodiments of

the invention, with reference to the accompanying drawings, in which:

Fig. 1 is a diagrammatical view of a cross section of a first embodiment of a chip
according to the invention.
25 Fig. 2 is a diagrammatical view of a cross section of a second embodiment of a
chip according to the invention,
Fig. 3 is the chip of Fig. 2 after the stage of producing a new sealing layer.
Fig. 4 is a diagrammatical view of a cross section of a third embodiment of a chip
according to the invention.
30 Fig. 5 is a diagrammatic view of a cross section of a fourth embodiment of a chip
according to the invention, before an HF attack.
Fig. 6 is a diagrammatic view of a cross section of a fourth embodiment of a chip

according to the invention, after an HF attack.



the invention, with reference to the acconpanying draw ngs, in which: Fig.
1 is a diagrammtical view of a cross section of a first enbodi nent of a
chi p accowgizog/®orhe i nvention. Fig. 2 is a di agranmat PCRIEP2IIOMSEfT a Cr 0SS
section of a second enbodi nent of a chip according to the invention, Fig. 3
is the chip of Fig. 2 after the stage of producing a new sealing |ayer.

Fig. 4is a diagrannatical view of a cross section of a third enbodi nent of

Cection of a1 g0FURchBBATERCores o RiopoeSesPa e AT ERboFmFaRET B fuc or o

an HF attagkordiigho the iiBveatich, 306 *MERdr EIFVitRtk Oh Rsubl@s ofelichb®Bxt WRidgourt h
enbodi nent of a chip according to the invention, after an HF attack. ig. 7

is a di agrBeRwrenoupEesihat oma suljarer obsilirgnigide fifth enbodi rrent of a chip
according to t @?g'gq}éenﬁlagﬁglrliaﬁﬁ%l&g o2 Hgﬁs%%t?o% foanﬁﬁh%%l gfa%bl ' Con
an oh a su

oxi de bei ng nore®pronounce ayer ot I con n

is a ds agraamratngaovheema{tloa shoossg s eqitilorr blfealauf auf ﬁﬂboﬁﬂ‘bﬂmﬂ umnt of a ch| p
according to the i nventign, show ng a cgntilever brea ncontrol |l ed
way. Fig. 9 is égd9aﬁr% TARMALIeWIgY &l @& 6985 S&eHqoA d?cgmc meﬂﬂﬁﬁ

the passi ‘%Eélé?ﬂlohal’ or CORSisEnd N Aot &\@fefgnftfﬁﬁﬁﬁt aé’@%?&ﬁ%l%c%dilﬂgtr&t‘?vea”

illustrative enbodi mrent of the i1nvention. Fig. I's a diagrammatic vi ew of
a Ccross seanmnn@ﬂoﬁﬂmhnpn$MDmnng | ack of dlrect cont act betmeen HF and a

silicon oxide ayer due to ng of a.silicaon njtrid

Sccording to. an e s e vatelbSiRna TBe TRl P SOVER KA ATE s
di agr aemmBtdoGitaéi BMwREn BIFSIUE bilES Wkidh sﬁlblﬁ?& du'@'t@ a@ia@km@%fehr SilicoM Aty
stacking, before rel ease from oxide accord to an illustrative enbodi nent

of the i n\ﬁghkab'@raccmldglg to [aB llétrs@‘@svaerdbtugmammftthfclnwéwnof a structure with
three thin net%L &hout st ackln

S
according to an ¥ $DQF|Ve%g%%Hﬁ1 w“’%q %ﬂggF%véﬁﬁg?ﬁﬂn%P§UB?ﬁsthoms a
di agr ammatyi-€hodt @t%lﬁﬁg,&)eﬁdré tslédde o &:tidé AuceRlithionanBih@tativay@bsdiment of

the invention.

15 Fig. 11B shows a diagrammatic view of a structure with three thin metal layers,
without stacking, after release from oxide according to an illustrative embodiment of the
invention.

Fig. 12A shows a diagrammatic view of a structure with three thin metal layers
stacked together before release from oxide according to an illustrative embodiment of the

20 invention.

Fig. 12B shows a diagrammatic view of a structure with three thin metal layers
stacked together after release from oxide according to an illustrative embodiment of the
invention.

Fig. 13A shows a diagrammatic top view of an o-shaped spring according to an

25 illustrative embodiment of the invention.

Fig. 13B shows a diagrammatic top view of an o-shaped spring according to
another illustrative embodiment of the invention.

Fig. 14A shows a diagrammatic top view of a spring with multiple meanders
according to an illustrative embodiment of the invention.

30 Fig. 14B shows a diagrammatic top view of a spring with multiple meanders

according to another illustrative embodiment of the invention.



stacked together before release fromoxide according to an illustrative
enbodi nent of the invention. Fig. 12B shows a diagrammatic view of a

struct ur eveizbto/tabeoge thin netal |ayers stacked toget her pafftEProw®b@ate from
oxi de according to an illustrative enbodi nent of the invention. Fig. 13A
shows a diagranmatic top view of an o-shaped spring according to an
illustrative enbodi nent of the invention. Fig. 13B shows a diagrammtic top

view of an o-s ed.spring according .t.q another illustrative enbodi ment of
Uhe i mventi on. TiPa s 1vBlangPaod HtTeaT RoFsy wetibR' o Sr MRSt
mul ti pl e regdadanént d€aRriANdMgioho an il lustrative enbodi nent of the invention.

Fig. 14B shows a diagrammatic top view of a spring with nmultiple nmeanders
accordi ng to adoghéA shomgssubstraje wehiseaions vigp usdseasinavieions oh HiFi 1gsistast shows

a 64-node 14-1.ev - >or ding;: iJ: tive enbodi ment of the
i nventi on.%%%é.l aﬁoﬁ%ﬁ??%ﬁgﬁ%@x&eﬁ@\ﬁl ?rﬁ%gél%etl}lﬁ%nté{gg' vias used as
partitsons of Hig.res slicewnd a gRCk LIf @huldglieorigh whecrcazaaln sédtloushiybe \assoebeidi ment
of the inventi ?n. 5%9 16B shaows a stack of multiple vias where each
section mayitlhe layssefdndpicarapic ¢ircsit] ayer of an integrated circuit. Fig. 16C

shows a continygus)yt antsed, @ént{?ﬁgﬁé %'iaoﬂs%fdoésh 1titi6Rd BF 40 LBUSH Rhterial

according to an Tllustrative enbodi ment o invention. Fig. 16D shows a
Cr 0ss- sectacoordof ta aonibrstralive subrehmeitarf tie meetionuous via according to an
illustrative e od:lgisn% of the inventi og. Fig. 16 shov¥s a chﬁss-secti on of
a two-wal | schér& O¥Snt iCAROTHEHANA0 8c%‘r‘edYVF‘|\]£ ¥oan P FusT AP Ve
enmbodij rentacedrdidgo laf VBRI crlibdimd@fo fINOMSeionl 0SS- section of a two-wal |
schenme continuous via after etching with vaporized HF, according to an

illustrative erfbodi®ershowd & kewsbueatini oha Pogwall sGhgrhover @ eensiswowestd on of
a three-wal |l 8¢

_ il o Scheme for a.continuous wvia according to an illustrative
enbodi ment*“6Y “tHe°] ﬂ\}lgungf P ON erln—]i)odi..] 759 %ﬁeo “%'°Scanni ng El ectron M croscope
(SEM i mage af treg. 168l 9368 aQfoss-section of a two-wall scheme continuous via after etching
with vaporized HF, according to an illustrative embodiment of the invention.
15 Fig. 16G shows a cross-section of a three-wall scheme for a continuous via
according to an illustrative embodiment of the invention.
Fig. 16H shows a Scanning Electron Microscope (SEM) image after release of a
continuous via according to an illustrative embodiment of the invention.
Fig. 17 shows a diagrammatic view of a cross section of an embodiment of a chip
20 according to the invention, after a process flow step of Al sputtering.
Fig. 18 shows a diagrammatic view of a cross section of an embodiment of a chip
according to the invention, after another process flow step of Al sputtering.
Fig. 19 shows a diagrammatic view of a cross section of an embodiment of a chip
according to the invention, after yet another process flow step of Al sputtering.
25 Fig. 20 shows a diagrammatic view of a cross section of an embodiment of a chip
according to the invention, after yet another process flow step of Al sputtering.
Fig. 21 shows a diagrammatic view of a cross section of an embodiment of a chip
according to the invention, after yet another process flow step of Al sputtering.
Fig. 22 shows a diagrammatic view of a cross section of an embodiment of a chip
30 according to the invention, after yet another process flow step of Al sputtering.
Fig. 23 shows a diagrammatic view of a cross section of an embodiment of a chip

according to the invention, after yet another process flow step of Al sputtering.

10



continuous via according to an illustrative enbodi nent of the invention.
Fig. 17 shows a diagrammatic view of a cross section of an enbodi nent of a
chi p accowOiag/48900he i nvention, after a process flow sPEP/EPR01AI056947
sputtering. Fig. 18 shows a diagranmatic view of a cross section of an
enbodi ment of a chip according to the invention, after another process flow
step of Al sputtering. Fig. 19 shows a diagrammatic view of a cross section

of an enbodi ment. a chi ccording to t i nventi.on, .after, yet anaqt her
O oomse ! ow o s A D ARG ' 5 eSS RLBR s Bhita e o1 &
cross sectdh@acebrdaiy ©TRO tiveRitn, Ofterdyct BhdIhé@Grededi AGw sptdTalispmestingon, after
yet anot her process flow step of Al sputtering. Fig. 5 1 shows a

di agrammat i c vifégy 2B shayysos dlageenngic viewaaf e aiostbepbian obfanendiednett @dradi ng

to the inventi - af 0 f ering.
Fg. 22 oroe O bl b RR P L RERS Bt pRh SRar el Yot
chi p agcordi ng Rig 24teshowseantliagrammiticevicyedf aowbhedctiph @f @senidodwhaited aof Al
sputtering. Fig. 23 shows a diagranmatic, view of a cross section of an
enbodi mentchyF aC&OEﬁWO&@% BYVERtiRg, 9’3@&% anfl e eses flaw sisp of ¢l SAHEYREr process

flow step of Alf;spii efd\d 'E_i;if%r nef4tiS DRWSo B @o@QE%gﬁﬁtdf%nVén%ﬁd% it of1a0SS

section of an enbodi nent o chip according to t nvention, after yet
anot her probgessofdigytoshe mvofitioN, afgutet emdathey. prédegs fl@wt Bteplod\Wd sputthrmgr anmat i ¢

view of a cross.section of an enbodj nent ,of a chi,p accordi to th
nventi on. af t dibyet SEHEY st Bact aprsdie: 8o e BNt Bf ghe 2ac

shows 1@ dijgedigpati ¢ view of a cross section of an enbodi nent of a chip
according to the invention, after yet another process flow step of Al
sputtering. Fidlig.2ADskdvone rascdippigeapanitive @nicneavimplemeniedsas & MEMSndwficean

enbodi ment_ of .a chip.according tp the dnvention, after yet another process
flow step a8f0rﬂ}ngg[835tﬂzurs?rﬁté\.’e fﬂ%o.(ﬁ?%ﬁs#(y@%mgeqtloﬁlger switch according to an
illustrative em@RMEHwsOf td1Qichnyeiheirefbnalil Epadibivs AANENA ihBIsMBAREH as a
capacitive antenna inplenmented as a MEMS device according to an

i |1 ust rat iMEMEhdRydserasaerdste tore Tilysiierive embodmmgnt of thesyoriiof. t op vi ew of the
EFonan capaciil e SOLEOA PSRN 6615 RS AR 1,
of the ressnRaViEMSgaddctdcverdarnttennallismptien@nbe&timent of the invention.
Fig. 29 shows a layout of a die containing integrated inductors according to an
illustrative embodiment of the invention.
Fig. 30 shows a Scanning Electron Microscope (SEM) image after release of an
20 integrated inductor according to an illustrative embodiment of the invention.
Fig. 31 shows an integrated transformer according to an illustrative embodiment
of the invention.
Fig. 32A shows a modal switch according to an illustrative embodiment of the
invention, in the OFF state.
25 Fig. 32B shows a modal switch according to an illustrative embodiment of the
invention, in the ON state.
Fig. 33A is a diagrammatical top view of modal switch variable capacitors
according to an illustrative embodiment of the invention, in the OFF state.
Fig. 33B is a diagrammatical top view of modal switch variable capacitors

30 according to an illustrative embodiment of the invention, in the ON state.
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as a MEMS device according to an illustrative enbodi nent of the invention.
Fig. 29 shows a |layout of a die containing integrated inductors according
to an il lwetnawiss®7enbodi ment of the invention. Fig. 30PSh@mp01a/0S®anni ng

El ectron M croscope (SEM imge after rel ease of an integrated inductor
according to an illustrative enbodi rent of the invention. Fig. 31 shows an
integrated transforner according to an illustrative enbodi nent of the

i nvention. Fi g.F.SZ,% shows a m)dalt.szi tch according to.an il strati]sée
enbodi ment of tH& PhvEnti JRETAHIHRT GEPsSrRiYe FYlg‘.” 958" SRR a CHREGHST

swi tch acaapint@itddid drelpesy satmeal ¢MEM) TVIOSOprobls Willy @Nine@N indulutéhe ON
state. Fig. 33Ais a diagranmatical top view of nodal swi tch variable
capaci t or sngfeliMngruchirapccording tor 4 if lyerasivp gabadimenbef thhévieallht i on, in the
OFF state. Fi g'Fi%.?’?SAssl%v&gl 49 o%gﬁgdnﬁﬁlel\gpstﬁJcﬁWe Ogcc&laﬂ%l to Vg!nt il s‘}fgtri\'ieabl €
capacitors according to an IlTustrative enbodi ment o e Tnvention, 1n the
ON st af e. kinghodBderit ®f ehedh@gitianmmat i cal cross-sectional view of a variable
capacitor inplenmented in a one-poly six-petal (1P6M CMOS prqocess With a
metal insul at orf i&et>d shawsvy MIM gpctpes %Q@m @patlate |ang < filgqn, pitride
enbodi nent L ' ' : \ ' - re
accordi ng (tsg\ﬁ)altﬁp@?lv}’lg}s/ﬁ%ﬁta‘?@‘ée Elld ogﬁéﬁérf]té !’58 (t) (13 i nvagg%l?%%ﬁb%%%gg{gﬂgﬁgm a
M M st r uctthe ewvemntidiout a MM top plate and a silicon nitride (SiN) |ayer

with a refractive j X (R f 2.5 accordi to an j |l ystrative epbodi nent
o e | vt dHe 350EHsS 8N e i SR T S ettt S <E oAt o
and a ;& N g@ayrers M\écbﬂiiﬁg\to@n Ahstéative 860AitHADo t Be @ ehlibist rat i ve embodi ment
of the invention. Fig. 36 shows a M M capacitive structure with high-k

diel ectric depd3gtdshowyerMiMadapagitive saedoredivitly high-krdi¢lbdtus tdepoditgé on
enmbodi nrent. of the.invention. Fj0. 37 sh . a _Vvoltage-charge curve for an

ol ootri o ctial Pap MEERHN e Ssptile OB Torl Rt bRESaRAEh D of "t he
invention. FigFig83Bhions & vehhdagRrEhalrge feay elet@l @piaehantdangaanaci tor

according to an ) ) )
illustrative embodiment of the invention.

15 Fig. 38 shows a voltage-charge curve for a mechanical capacitor according to an
illustrative embodiment of the invention.

Fig. 39 shows a schema for a lateral mechanical capacitor design according to an
illustrative embodiment of the invention..

Fig. 40 shows a schema for a lateral mechanical capacitor design according to

20 another illustrative embodiment of the invention.

Fig. 41 shows a stretchable mechanical capacitor moveable plate according to an
illustrative embodiment of the invention..

Fig. 42A shows a mechanical capacitor moveable plate comprising a set of
deformable dimples where the capacitor plates are not touching, according to an

25 illustrative embodiment of the invention.

Fig. 42B shows a mechanical capacitor moveable plate comprising a set of
deformable dimples where the capacitor plates are touching, according to an illustrative
embodiment of the invention.

Fig. 43A shows a top view of a variable gap mechanical capacitor with a

30 moveable plate of varying thickness according to an illustrative embodiment of the

invention.
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illustrative enbodi nent of the invention. Fig. 39 shows a schema for a

| at eral mechani cal capacitor design according to an illustrative enbodi nent
of the irwernnioons27Fi g. 40 shows a schema for a | ateral POEMEPA0OSII47

capaci tor design according to another illustrative enbodi ment of the
invention. Fig. 4 1 shows a stretchabl e nechani cal capacitor noveable plate
according to an illustrative enbodi nent of the invention.. Fig. 42A shows a

mechani cal capacit veabl e, pl.at.e c risi a_set .of. def or nabl e. di npl es
Where t ho capadikor B EE SuiPoEy Gk HE o8 o it sng e SR Sef e
embodi mentmé¥cablReplaRVeitdroig thicinesd2Bcolians iR aiethaaiitakmbadiatnt @f mRveabl e
pl ate conprising a set of deformable dinples where the capacitor plates are
t ouchi ng, BE¥GPAIi ng to an illustrative enbodi nent of the invention. Fig.
43A shows a top.:yi [ j.cal ' | veabl e
oiate of varyi nivhr R do e Rl RRs TR ARG AR adbidin ol TR

i nvent § on.ifugrati¢3 Bmbbdinkneof eicdredntishew of a vari abl e gap mechani ca
capacitor with a npveabl e p“ﬁée-ot vafying t hi ckness according to an

il lustrative edd®dthehvsothe:iactioniag,ef an cxpengntialichargsRupp aceRjeingHar e
curves foreLhatbssbditdehi §Fth %jﬁﬁglaccording to an illustrative
enbodinenf of the ?hvéhf%on. g?b? 45 shows the functioning of an
exponenti al chdiige4puspwacaorilisigtivo cmboditherst ofath vexpentoai mbatgeopunpe
invention.. Fig. 46 shows an illustrative enbodi nent of an exponenti al
char ge pudﬁ¥ﬁ$%ﬁﬁ%¥¥£?gﬂ)%WPﬁ'tmo | ayers. Detailed Description of
Enbodijgrent s The application relates to a nmanufacturing nmethod of a chip
conprising a MEMS arranged in an integrated circuit, where the MEMS

conpri ses LetallehE _douuf-unnu;uyim The method conprising: a) stages for
producing Tayers, thgk foh Tgle % & hedhrlurBh SR G &g Tonbasity a MEMS

arranged in an integrated circuit, where the MEMS comprises at least one hollow space.
The method comprising:

15 a) stages for producing layers that form electrical or electronic elements on a
substrate made of semiconductor material, and

b) an interconnection stage, in which a structure of interconnection layers is
made, which comprises depositing at least one bottom layer of conductor material and
one top layer of conductor material separated by at least one layer of dielectric material.

20 The invention also relates to a chip comprising an integrated circuit, said
integrated circuit comprising:

a) layers forming electrical or electronic elements on a substrate of semiconductor
material,

b) a structure of interconnection layers, with at least one bottom layer of

25 conductor material and one top layer of conductor material separated by at least one
layer of dielectric material.

The invention addresses deficiencies in the prior art using a manufacturing
method of a chip of the type indicated in the field of the invention, characterized in that
after said interconnection stage b), a stage c) is performed comprising an attack using

30 gaseous HF (hydrogen fluoride), wherein during the attack the hollow space (inter alia)

of the MEMS is formed in the structure of interconnection layers.
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substrate nade of sem conductor material, and b) an interconnection stage,
in which a structure of interconnection |ayers is made, which conprises
deposi ti nyoani@a®y one bottom | ayer of conductor mat er Pall/ERp@006@41 Op

| ayer of conductor material separated by at | east one |layer of dielectric
material. The invention also relates to a chip conprising an integrated
circuit, said integrated circuit conprising: a) layers formng el ectrical
or electronic elements. on a substrat f. sem conduct terjal, b). .a
otructure of i berSontact Bt a5 ehBhe uf TS hEGRLHE sEMSS bihftion, & ofy
conduct or ipRpRkddadirdl brodetibP Thayiate@fed CaBMH ¢ HodHRIIEH I ingaRak&fuetcdy at
| east one | ayer of dielectric material. The invention addresses

def i ci enciadgormak wetevpnti Bepsaphd de¢snept anteplpies & ey rtimgy imeithes dhofuadity B gheof t he
type indi AN tcha fi.el it 1NV I.on racteri in fter

sai d inteﬁ%%ﬁ%%%&fﬁna§té§853%?‘§H§?%§eg§ 2ﬁsn8%?%8€%%g %%ﬁ%@isi%gqggﬁﬁttack
usi ng gaseoundHherth) pityogendtitioaal sig) is addel ei n during the attack the holl ow

space (inter alja) of the MEMS is fornmed in the structure of .
i nt er connect i on NCERfCs thenmpgptpctugipg SRRk A i eerafedeent may fnglude an

integrati gﬂtePé,'SM?eo%ﬁ% tre' gzﬂetje e% gﬁr%ﬁ# ﬁg'iaf)‘rhﬁsdofcd'o'h&ﬁ@t& B?f%ﬁ%!lcéﬂeﬁi’épo%ﬂ%&

integrated circuit I's produce e sequence of normal Televant
st eps, andleolegernanayi bt enafle o€ ahimiaiyn, tdopperi nr dicirhdloys keclyealAlCy, AlSitde

properties t i ntegrate ircyit's .normal uf acturjin thod. In sone
Erboa mencCush fhe st ris e e Enhmen T e o rhe diBe? fier

manuf a¢t urh g LEBENGHPTrohlEnd MABEAS L RyEis FUhfer TRYall QbUEE (PMD? material.

i nt erconnect’i on stage, wherein a p[uraylty of l|ayers of conductor nmaterial

are deposiTheddicietrid mptaril magy be sgda dboxalcuad womnpunsls pgasived orom heligonal | oys

such as Al . Al SI, or USi .. The | ayers further .include titani um or
TN cont | PRttty RS Dol S R R ShRE G e bR,

| ayers of iafibg{ clo®itiod] ot dcohici onfpolvBits BRHRY nftloratddeirddiite b to” éstabilih el al
may be silicon dioxide or conpounds derived fromsilicon dioxide. In sone
enbodi mentiCeBHYsCoact MO tofse HP dhe ehstical sANNEiianss Zaidr thesoutgide onblct

vari oys e!cﬁﬁ&%. ERAbtaPhy&S %&Ezrb%néile%tr‘c%ﬂ'g%&‘[?&tc ed‘%fs‘n?%%ésﬁﬁ% ated circuit, and
to establish the necegsary contact points to set u e el ectrical
connecti ons W tThetihecrishSirdposed Beailing of this interconnection stage to include, in the
actual structure of interconnection layers, the structure consisting of the layers of
conductor material and the layers of dielectric material needed to obtain the MEMS. In
embodiments where the integrated circuit needs three or more layers of conductor
20  material for its own use, MEMS may be included in the structure of interconnection
layers without requiring additional layers. The structure of interconnection layers may
comprise two or more layers of conductor material. In some embodiments, including the
MEMS in the structure of interconnection layers may require additional layers of
conductor or dielectric material. These additional layers may be applied with the same
25 technology and during the same stage as that for the integrated circuit interconnection
layers for own use. This allows for the integrated circuit manufacturing method to be
qualitatively unaffected due to inclusion of a MEMS in its structure of interconnection
layers.
After the interconnection stage, an attack stage using gaseous HF may remove the
30 dielectric material arranged between the layers of conductor material to form hollow

space for the MEMS. HF, particularly dry HF, attacks the dielectric material in a very

selective way, whereas the layers of conductor material are hardly attacked. HF
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different netal layers may be electrically connected using tungsten vias.
The i nvention proposes availing of this interconnection stage to include,
in the acwoabiegswet ure of interconnection |ayers, the $CTEPRUOASEGINSI Sting
of the layers of conductor material and the |ayers of dielectric material
needed to obtain the MEMS. I n enbodi ments where the integrated circuit
needs three or nore Iayers of conductor nmateri al for its own use, MEMS nay
be i ncl uded in(#@g cture of |n%er nnec% rs .gnthoutd uiri

addi t i onal>"@y&¥s* Ter ! coathe BTl il OWS CSY/I P8 OBy e o PiSe two
or nore | gpes of conductor material. In some enbodiments, including the
MEMS in the structure of interconnection |layers may require additional

| ayers of conddesemesmbgilisncgs chip mepudaatening mpideds mm&emsswam%agﬁay be
appl i ed h. S n I dyr.i r the
|ntegrateJBCP%Q%FtﬁEEPﬁﬁﬁgh%egglgﬁg]n H%SQ 6%ﬂ%§%?g§dé&$ﬁﬁ%é&Flowﬁ f%ﬁ t he
i nt egriat erlédtﬂi(?l]Jlahd st @lathumidag poit hxfdné\? bEheqstagd tahpiighy laurvaﬁ‘atlewlf&ﬂ due
to inclusion of a MEMS in its structure of interconnectio a After
the i nt er consde D Mmast bg@erfs %nf‘éitiué‘b&g i BGeNiFEGTgeGREctites ﬁ%@ ﬁ?)éffrﬁ%ﬁe t he

diel ectri a%aﬁfo'naéta r f}“ﬂgeﬂréﬁg&\ﬂ@&”mﬁ &l @%ﬁflsasolft r&ﬁ%@y@ﬁeo ’Egsges{tég(}k to

f orm hol | ow space f ‘the MEMS.” HF, particularly d ,

di el ect ri Homtver,i 1a|some eanhneimyemel‘rbcmawawmy staghenae'abe pérdorhmggns afifer the
conductor .naterial. a r.d atta ked HF urr nds the | ayers of nduct or
areral BCHORAREOROTIEE: BYIoBa fietinghh o a o b de R rgterts: <
enbodigrentfgiiow F%aﬁ@wﬂfoﬁ%ﬁdgéé 10,2} 'E@E)Bﬁgﬁnm&/b&ﬁm%ré&%&tﬁts't%@ by bAQEIR O
insulate the integrated circuit fron1the envi ronnment and/ or amnbi ence, from

an el ect riattatk siage Physi cal - chemi cal point of view. The stage conprising an
attack with gaseous HF nmay be perforned just after the interconnection
stage b) and before the passivation stage. This arrangenent may be usef ul

as it reduces tH\)eama@geﬁtsonSIa ge627) Havew®ion dtapes WiRre phgdiatientisyer t(DB) is
passi vation stgg gg ormed just after the |nterconnect|on stage b),
@&h

fol | owi ng A& rtep ﬁaﬁw%@mwﬂ@mﬁ@ﬂhl@w@é&a%ﬁ%@n F¥eé (0108w e 2
passiyati %u%hfig?% o)mlck?ﬁd%%{ée%ﬁ%q?g?ag@@%&h% ABnegt i on stage b) and HF

attack” stage assivation production stage, where
passi vation | ayB) a(p2rfil psssivation layer (27) removal stage.

The HF reaches the dielectric material through the holes made in the passivation
layer during the stage of at least partially removing the passivation layer. The stage of at

20 least partially removing the passivation layer may make accessible points of the
conductor material required for external electrical connections (with elements outside the
chip). In addition, the stage may provide access to the HF to attack and remove
dielectric material for producing, inter alia, hollow space or spaces included in the
geometrical structure of the MEMS.

25 In some embodiments, two partial elimination stages of the passivation layer may
be performed: in one stage, the passivation may be removed in those areas where it is
desired to establish a connection point between one point of a layer of conductor material
and the outside (this stage would correspond to a conventional stage), and in the other
stage, the passivation may be removed from those arcas where it is desired that the HF

30 attack the dielectric material underneath. This prevents the HF from having access to

arcas on the chip where its effects are not desirable.
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arranged on the top layer of conductor material, wth passivation |ayer
(27) conprising a bottom | ayer of silicon dioxide and a top | ayer of
silicon nworooel4s@nd B") a partial passivation |ayer (2PLTmEProvabeost age.
The HF reaches the dielectric material through the holes made in the
passivation |ayer during the stage of at |east partially renoving the

passi vation | ayer. The stage of at |least partially renoving the passivation

| ayer nmay nake ,accessihl e. points of the conduct or. terial reguired for
et oo e oo i agiic aphegifihafe Shed VEeBAL M Sty SRS pRino ki By ae
addi tion, #&&e vicadR i1Basidd Givit tie: BEaassk the didiecttitmarial tideknaafitak &FNE
dielectric material for producing, inter alia, hollow space or spaces

i ncl uded itsfarpstage shithe et camprivngpe HAY attasl). VEMSstagminsweh disovdsivtinns, t wo
partial el f%}n?c%ﬁeh%ﬁ h}%gggregi wh%\% itpf?%%éﬁ’ag)‘ié t%”ets{?%){ﬁ{ a E‘@x}heE’t\?%{;foriﬁﬂgeWQén 'n
one stage, € passivaltlion nmay De renoved In 0ose areas e 1 I'S
desiresl t mregbabbf sluyar clhoundadtbomateaibinindnkd veteide cakes pacahft@fstagelcayer of

conductor material and the outside (this stage would correspond to a
conventional stBgeyanampodinetiy Bt heE atkCk g CaTt RS OPR&SHY A PSS e Permov ed
from thoserdi Gag SUNCFerl linlsSndSthicinbialink Ner Hiadl tekribd SurbebRELILS

mat eri al underneath. This prevents the HF from having access to areas on

t he chi p Weeveni tlsTef ied {50 Hoe. Aotmdesmoaislof water oo mizoboiragommay b addwel st age
wherein the passivation is renoved fromthose ar i esi red

as where it is
that the H2dFIHOR PHAOFI(GHET ) @ SraRogimgts Hﬁa%ﬁﬁaﬁqlhvapaws% b dicor e
stage¢) (VaP&r $1adURtCRMBEHsEMBY iRNhérecRtbACKowd e, Blcafl€otol WhbCeridieto
passivation is rénoved fromthose areas where it is desirable to establish

a connect ilohiajpghabttinkt ewseseapinge paitentvapdr that myebe génceaodi derting therditfeatiagk. and

at tack 15 i Fogar U7 BBl Bkl b B B0 Sl YRR 386 soh S some

enmbodi nentastaclt MeerHnapiésatkinithe pRyduchsh 6PL saffide 38iouas obehween bt Gibkofor and
150 Torr. A small anmount of water or al cohol vapor nay be added as a

reaction kPR therrerctioaavniingst The precessivenyi ek need sigetigmadrabrdronihon wee he
cat al yst, C i I €

al coh)(g vaetﬁlgb?)disltgéfh\?géstﬂ?ﬁm?%lg ?rg‘ e 6{]ﬁe at?? a%?qgwggrgggégﬁaggﬁaﬁ?%rﬁ%é%% t hat
may be gertenadoad S80nhd§0«he HF attack. This may hel p avoid a buil dup of

reactants due to the water vapor. The sil '%con oxide attack |ater may result
in the productlBriogtc SM8pdimeaiserst BYRDGMY BF anaPRHNUPES: heychplagct o In some

embodiments, a layer may form a certain pattern on the bottom layer, i.e., a layer that

partially covers the bottom layer according to a pre-established pattern. The passivation

20 layer comprises a sub layer of silicon oxide and a sub layer of silicon nitride, where the

sub layer of silicon nitride may include some minority components, such as oxygen,
hydrogen and others.

In some embodiments, in stage b') of producing a passivation layer, the layer of

silicon nitride is a layer of silicon rich nitride. A layer of silicon nitride rich in silicon is

25 more resistant to attack with HF. A layer of silicon nitride rich in silicon leaves less

residue on attack with HF. The Si content may be determined via the refractive index

(RI) of the layer of silicon nitride. In some embodiments, the nitride areas rich in silicon

may have an RI above 2.2. In some embodiments, the nitride areas rich in silicon may

have an RI above 2.3. In embodiments with an RI value equivalent to 2.45, the attack is

30 minimal. This may be achieved, for example, by modifying the SiH4/NHj3 ratio in a

PECVD reactor. Conventionally, the layer of silicon nitride may have a refractive index

between 1.9 t0 2.1.
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keep the reaction running. The process may not need strict tenperature
control. In sone enbodi nents, the process may be run at a fixed tenperature
chosen fram2oteel4s@nge bet ween 150C and 500C. I n sone enpodinpeomss69a7 | ayer
may be a continuous, even layer. In some enbodinents, a |ayer may forma
certain pattern on the bottomlayer, i.e., a layer that partially covers
the bottom | ayer according to a pre-established pattern. The passivation

| ayer conprises_a sub lLayer of sil.i.con oxi and a sub | §~pf. silicon
it dee nher o et g PY sl R AR SE Ry e BT
conponent ) t6 4eho RSl priotptages). andodt Reidirhéhts Ah® cBplI9dearedbser i N
stage b') of producing a passivation |ayer, the |layer of silicon nitride is

a | ayer ofstage|d)cdhseme pmpedipicats, tha ohigyishegted gfter sage glite i temperpiame higheri | i con

iS nore resgj (! A . [ i) 1.C j L] i in

i 11 con | anyEieulotdln @i Do 0y Trpfled ol A (clibh Bl

det er m nedbavdieationdayeefandclid ME. i TidextaCIRWithdflF g lkayedonef residhéscaanmsiatlid de.

In some enbodi ments, the nitride areas rich iB silicon may hﬁée %Q Rl above
V

2.2. In soNEesHINReMAY bCroRanii% FQraROURAS JR0SiIp hpg lpmeiizgds gpd framan R
b 2. 3. j i : i ) k
oo b FIRCHLIRE S, Rurtpli e aUSad o 1prk iy 2 o

i's nininaﬁ% T%IS may be achi nodi fying t NHs
rati o i n chePHEQVDerdae bbove LCoerveamtémyeattiye, Inh@nhagmbodifests) & conpanaturd de may

have a refractive index between 1.9.to 2.1.1n sone enpodinents, the chip is
neat ed o HONGgr b UG- O SPRBOTIRNORY st KPR oo Ll dnPet this B | or
to stage Ghmel EnSRIIMRTPLAeRIhBre bNESGW Pal SocheRbedIAEhBEdiffcAGOWRdre al N
sonme enbodi ments, the chip is heated after Stage c) to a tenperature higher

t han t he dvaportrd of?X080pewsad.uhe residue meaydws! igmervedeapletsly. f r om t he reaction

bet ween the passivation l.ayer d the HE... The attack with HF . | pave sone
fesi dues on mediipit Ciherials. i piadeer he Masfios BN eShi pme Rl B
pol ynmeri zegd taOF]eriiveds trieast parimiy Wepbditedrdrite hanlliexamats, as(NestdueSi (F V

The resi dues may be renoved by heating the chip above a certain
t enper at urBay 19f bs s hengio dibgepiiduc may gwérroane@ g heating thy chipdy a RmppsEyre | n

sore S0 BEPyin e SREI AR oS PRI 1l TOTGLETIROLAET
2500C i s ustack mhahéc hesintipel byaysikea tagonofailicoamitride el in silicon.

In one embodiment, after stage ¢) an ALD (Atomic Layer Deposition) coating
stage is carried out. The ALD coating technique is known in the art and an application
thereof is described, for example, in issued US patent 7,426,067. The ALD coating

20 allows for covering the surfaces of conductor material with materials (for example, other
metals) that have particularly interesting properties. In some embodiments, thin (for
example, monoatomic), even layers may be deposited. In some embodiments,
monoatomic layers may be deposited several times to form a thicker layer. For example,
a pulsed process may be used, and a monoatomic layer may be deposited at each pulse.

25 Repeating the process over multiple pulses may allow for the formation of a thicker
layer. This way, various improvements may be achieved.

The materials used in the structure of interconnection layers (dielectric material
and conductor material) may be selected for optimum result for a conventional integrated
circuit. However, MEMS structures may require properties for which these materials are

30 not particularly suitable. For example, hardening properties may be improved by adding

a very hard metallic layer on top of the layers of conductor material. The hard metallic
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I n sone enbodi nents, the product of the reaction between the passivation
| ayer and the HF, which is at |east partially deposited on the netallic
surfaces WO 21w@stdue, nay not be a polymer. The resi dueCrmp2ie/0s@adved by
heating the chip to a tenperature higher than the evaporation tenperature
of the residue. The anount of residue after HF attack may be m nim zed by
using a layer of silicon nitride rich in silicon. In one enbodi nent, after

stage c¢) agn ALD (Atom c Layer_ Depositiqn) cpating stage is.carrie ut. The
ALD coat | 10 aEh b5 SBmpeS BB R RS gnl b S LB PRotef i o At &
descri bed,inmfpedvegX@ralube stichioh pedtdsmd)S patent 7,426, 067. The ALD coati ng
allows for covering the surfaces of conductor material wth materials (for

exanpl e, ot her Thst laye) of peidupiey engieniali may el gpaicdt dea svhangrosidepre fiopeshe | n

onme enbodj i . , 1L.C), e
dopos: t oq TRl bt I SR80 SIS o TOROTF RhGh on HERL ™A YeRE o o
times 1o fragyredodthhe kger bbgyomductbo masxiandethe acgidilesthngéed drs®nrRyoRenused,

and a nonoatom c, | ayer may he deposited at each pul se. Repeating the.
process ovEW ARINAULISE Supases @E thea LA} cotingol qmdustiiehdbat gh VEFY aoatrﬁﬁ-c@ﬂs

| ayer. Thi ri ' {OMGHEY : i : rials used
in the st rcégﬁt@g)ré%rf% d|1 teréc%glcti on@df%%régﬁtg?tg{agg&t\éﬁﬁgmﬁgglﬁa “and

conduct or mat erhakdermayprivens dleest Bdcdating, ophdnmiing demsited borallsucaoasaidbihonal
integrated circuit.  However, MEMS structures may requir roperties for

whi oh ¢ hedBALE dpil RS . B A PR MARISY Lo CaErE: eonl B igre MR dideni ng
propef§ i esnfRYinbetimEhemedinay Rddédlador eie. Nvidn RS AIlD Cotdiehegdy, tiRP of
the |l ayers of conductor material. The hard netalliclayer may be conposed of

Ru, Pt or i teseted|Juofpec nigredfbe Reoyed tinstantiyaylnatesd “‘bdaridspr Guewst.oor educe
stiction p}rrobltems. 1rThe Ia;#er of ¢ ri]c?ﬂ %or mat er i ajw na tbe ﬁloat Edtiﬁéﬁn when
resi dues fP e V&R0 eﬁ%l?%e@v Oﬁggléi A Porl ﬁﬁgy?gllona 4G NE Pemai n
on the | ayiftercohhet Adtieoafinaly, fBthe pBHO@at ts doayRdtcl9frecranthecthiet BRERE] al

and the residue arranged thereon, to obtain a new conductor surface (if the

ALD coat i nigici me spaivieti foe fha ermplpts qpatiye dotiieskercotfio dwar & thurdaiden Hay be
ot 2 | YRR Gt GHUE. KL 80 B . oL0-AOREI
nmetal i c adebatidel 2 phutially , retonned Gatfsiengnaynvanibednahorith dier saidt Sslatdse @D
;E%t ngt Fﬁéuglgé’?ﬁ%ﬁesleﬂ‘gﬁaﬁds’maor s“%grrn%g,r artehs%?ca‘tt)lg %s% ercgr?cla tcét?cgctg,l arlrl?i'no S eolir]t the
circuit is caused with other elements on the MEMS device because the “islands” are not
interconnected.
20 In embodiments where the MEMS has a mobile element, the mobile element may
be subject to movement during the ALD coating stage. The mobile element may be
loose and physically independent. The mobile element released during the HF attack
stage ¢) may be in contact with and supported by the layer underneath it. This makes
correctly recoating the bottom surface of the mobile element and the top surface of the
25 layer under the MEMS difficult. Moving the mobile element allows the reagents from
the ALD method to reach these surfaces perfectly and the ALD coating to be performed
uniformly on all the desired surfaces. In some embodiments, a Self Assembled
Monolayer (SAM) coating stage may follow the ALD coating stage. In some
embodiments, a SAM coating may be performed instead of the ALD coating. The SAM
30 coating may helpful in reducing stiction.

In some embodiments, and/or, a stage of producing a new passivation layer be

carried out (which may be equivalent or different to stage b'")) after the attack stage c).
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whol e treated surface may not be recoated instantly. Instead "islands",
"bunps”, or formation cores nmay devel op, which broaden during the reaction
ti me untiwotheyi4snver connect together, finally, to the pormr2aiaseshey
conpletely recoat the target surface. The time required for the conplete
coating is the percolation tinme. If the reaction is interrupted before said
percolation tinme, i.e., before the surface to be treated is totally

recoat ed, .partially recgated surfac be  abt ai.ned w t he .sai
" Foranas” TP ki HRBRANERLT el o hin, 3 BB R bbbl 08 B 1 ca
contacts, cRftoMAcN0h borfié EMbbdimchtsCRiSREbWhENbOEdEE] el iR AIND ebaiddEMS
devi ce because the "islands" are not interconnected. |In enbodi ments where

the MEMS &E€a nobile el enment, the nobile el enment may be subject to

novenent duri ngnt i . =3 il . . e e and
physi cal |y indgggﬁggﬁbgzgﬁgﬁﬂ%%??%agﬁéﬁiﬁﬁﬂg@Pg§§g§&§§$?ﬁﬁyﬁﬁggﬂgkggﬁﬁck
stage £) nhy clketibmofvités] omddasandbiel pRadchadhbtyart kembRysy laosd€dapoaitda it .
This makes correctly recoatjng the bott surface of the nobil e el enent and
the top su}nr%eéaﬁr uﬂlﬁ%"nFﬁséLe’g}wdéP %r??eo%@@li’éﬁ ?‘ﬁt &ged noteg, pitrskeh @yl | e
el enent al t o es
perfectlylgﬁﬁaf%§9&%% C at?ﬁ%%ﬁgh%gqgé%gggﬁgﬂggﬁfﬁggﬁ?y@%%ngﬁf?ﬁg%gggired
sur f aces. rhatesdnendmath adayes,ofaoSdldtorAsseenibl, evhyVbnoitagked viSAMlurabat ofhg

stage may foll.o he. ALD, coat i.n tage. I n sonme enbodi nents,. a M ting

my be porEgeRIAC e G bSO Gty TTHE SAR BORAMR e e r BT ul
reducig shoieédi&Nto paks IRIFRgE MR ERA thescAtfléOlire Fnadf &dRigRTthRr BOMEIdMgwa new
passivation | ayer be carried out (which nay be equivalent or different to

stage b'))nigidesto pdsethaoughck stage c). This stage serves to physically close

the chip and insulate and. protect |t, fromthe environment. In so

enbodi ment ot 1 $08 SEEOfal B Tk bolat b ls ERHE MR Shan utehG TBote. The
HF may at tsaokank.hen gin®d @abddimenB] BEdctoldsma) havdi & @ieink@P%ess tHahSr FGK@Sslent

possi ble the creation of cavities, or release nobile elenments that are

conpl et el yo|188gEn. ( Befus theedagmot edneiyep nawderinetanch ke plagh thy BAcTo9f t he
ch B, Shat 2R B0bulR, AL B, D5, PLALGFLSR, DU SBY LA BEARA 1 2
| ayer of cobduwobtidg. MEiceAl Bl coatimy mae chist dekiedeswviich cgttibaties toydepositing the
new sealing layer satisfactorily, covering all the holes. In some embodiments, the holes
have a circular cross section. In some embodiments, the holes may not have a circular
cross section. These holes may have a cross section with an area that is smaller or
20 equivalent to the area of a circle with the indicated diameter.
In some embodiments, a layer resistant to HF attack may be added underneath the
bottom layer of conductor material. This layer protects the structure of layers forming
the electrical or electronic elements from the HF. The interconnection structure may
comprise several layers of conductor material (more than two), and some of them (one of
25  the bottom ones) may be used to include a layer of conductor material arranged
underneath the MEMS devices. This layer acts as a protection barrier to prevent the HF
from reaching the structure of layers forming the electrical or electronic elements. For
example, HF may be prevented from reaching the Inter Level Dielectric (ILD) layer,
since the ILD layer is attacked quickly by the HF and may produce waste products.
30 In some embodiments, HF may be prevented from attacking these layers by

depositing a very fine layer of amorphous silicon on top of the layers that need
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hol es included in the |ayer of conductor material that are sized such that
they all ow HF nol ecul es to pass through. However, these holes are snall
enough t O 20/m\&M07al | ow nitrides to pass through. |In secE/ErPaI0Ms6vNt S,

t hese holes may have a dianeter |ess than or equivalent to 500 nm In some
enbodi nents, these holes may have a dianeter |ess than or equivalent to 100
nm Before the stage of produci ng a new sealing |ayer takes place, the

I f duct t h di t
| aver) ray ey go R gty TS Bt oer RE SRRIPIOLD L PRdS Hofres F
whi ch contdahbmtess thkkdeposi ti ng the new seal i ng | ayer satisfactorily,

covering all the holes. In sone enbodi nents, the holes have a circul ar
cross section. Ingomemambediveditmamastitiqrhel HBlr@%stwﬁynmlﬂalﬁa%b%a@dqdcﬁwwd Cross

secti on. H@f&’ﬁ;ﬁ%‘ e'ng?Xrtf?%ﬁna% &t rfdspiej\ﬁﬁ]dl o e Slhstaftng g o'uﬁd el | er

or equivalen o0 the ea of a’circ en I'n” sone
enbodi srentMEMS inay eiredt®aipaitalet td the HEbatalt@ckherrMEMS iasideshndadl ey raqﬁtﬂmdnhe

bottom | ayer of conductor materi al | ay tects the structure of
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(nore than two), sone of them (one of the m ones) may be used to
i ncl ude a tblaﬂYéHFaﬁsmt@mdu@tbnal”rIMyelva d&ﬁradraaraggdnanmbérthr%ast tesistrat MENMBCO®SVi Cces.

This | ayer ct as rot ectian bar to prevent the HF fromr ing the
struct ur o T80 YAy Ered GefrRgTE Hu e cdbr i b BF e aet BRI oo ooieby
exanphe, %hﬂ%ﬂh@re% SVENe@r frbAhé Q@eﬁﬂ'fﬁgréabﬁ'oﬂ nter Level Dielectric (ILD)
| ayer, since the ILD l'ayer is attacked qw ck y the HF and may produce

wast e product s.In|samsosrebashinerts.rédat BF aHpc yb@arprvelﬂeﬁtee@ﬂdﬁtmrrpétat@ctmnng

t hese Iayers b 0S itin ver e la i.con Jop of
t he Iayersr?%a%loﬁ‘évg&ppr %lg%%l S orPOr héccljlrraé e‘P}/ %f‘?al %ﬁ% Bf‘ \;%erlg?a‘ftllor?e ayer of

anmor phous r8itlof €iattagk anayeby peafoaiied edrs” tihaeb ﬂmﬁﬁt(hﬁfweﬂéb@ﬂalﬁﬁﬁﬂss addled.
partition of HF resistant material may be added around the MEMS. This

partition Me@s&p@r&ﬁn@&%éﬁ@ﬁ@mlaﬁwmb% ates anen 40 aadainghe Fasahien. tife iVEMS
b
in adiregfi, Ogﬂgﬁf ﬁ%ﬁ%&&&@& S s%trﬁeafgﬁlboJ g :YF actibh rlg’%pﬂq%’l égiy lﬁe

partition so may not sprea uncont. y par al
subst r at e.prdBing, mypcadtii@vweodedkand miat presenoé of lanh@vaalpum textrevent pfodubtéonHF
attack, paorfaelllnle(;lxilcestsf\)fetarr}neou?l‘tJ lo)F \Everlt%ltr eExc-:rers]se water may cause an excessively energetic and
uncontrolled attack. The definition of the term “HF resistant material” also includes
those materials which are minimally attacked compared to the dielectric material. For
20 example, aluminium and copper are “HF resistant materials”.

In some embodiments, the partition made of HF resistant material may be based
on clongated rods of tungsten, similar to rods made conventionally to interconnect
different layers of conductor material.

In some embodiments, at least one direct interconnection is established between

25 the substrate and at least one of said metallic layers by means of an HF resistant material.
A direct connection anchors the layer of conductor material to the substrate, preventing
the structure from collapsing in the event that the HF removes all the dielectric material
arranged on top of the layer of conductor material.

In some embodiments, the interconnection material may be a metal. Such

30 embodiments pose a risk of establishing non-desired electrical contacts when

interconnecting the layers of conductor material with the substrate (which is also a
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term"HF resistant material” nmay be defined as any material that is

resi stant to gaseous HF, where said gaseous HF is dry. The "dry" HF does
not i ncl sl 208k @s900r al cohol , al t hough there may be wat @CT/EPoMMOB@4aCt ual
HF reaction. In sone enbodinments, the HF attack nay start with the addition
of a certain amount of water or al cohol vapor, which acts as a catal yst for
starting the reaction. The rest of the attack may be perforned "dry",

whereby no_further er or alcghol i.s added., The r.eaction generate
cortain afSUREC Wit BYCraRD SRR U RoRy L 1t @ Pror; may b fhisited
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| ayers of conductor material. In so Inments, at |east one direct

i nt er conndotentodingengs wabikitbd ederb@tneetdom sthge s linstadatsendinadeditthd ¥HSVIS omey of
said netallic | rs b ans of an HF resi.stant materjal. A _di.rect
Connect | orPeREREHSY THERRLJAR srachB fESHF Obt P HICten Phg s ehtgepted
preven i nGilche, Shedsluhe ohomtpahl ARALASutAG tHGKEY ¥Ttih NAtglah@ HEcdiepves
all the dielectric material arranged on top of the |ayer o? conduct or

mat eri al . virualynma&atiedii ments, the interconnection material may be a netal.
Such enbodi nent se_a risk of .establishi non- desired .el ectrical

cont acts when 1 BPESHnmEbRihg®: HE°DRGHEM PR BHRE HO MRS PRI o
substrat e s{iwohxideSardll 5 ASRAGECHRON nitAdé. aVRicnathisayRsiPARUS|agdr! ik @fckewhi ch
is an insulator, may be inserted between the interconnection and the

subst rat e first fictsiligamenitrife isj aftackqd bibpace Hb Ry oS parfpratedalfpr yxasmplrayer s
B e I
deposi t ed sublattreofi dili @nhcaxidie Gt dtanksit mge. caksity sleimethe sidayaretsdicolViifiddeso ces
may requl rtﬁatft-ilg Sublla?y%?ro si&%n Ll?rslge) re%{ailfsoig%u&tng{evgra ér?arniggrln'entl a?ound the attack

holes. These cantilever areas are fragile and prone to breaking. To avoid this situation,

the two sublayers of the passivation layer may be made with masks that are different to

20 one another. The sublayer of nitride may have some arcas where it extends passing
completely through the sublayer of oxide, and reaching the layer lying underneath (in
some embodiments, a layer of conductor material). If the attack takes place in one of
these areas, the hole may be made to form a chimney that passes through the sublayer of
nitride without the HF coming into contact with the oxide.

25 A further aim of the invention is a chip of the type indicated at the beginning
characterized in that it comprises, in addition, at least one MEMS arranged in said
structure of interconnection layers, where said MEMS comprises at least one hollow
space, where at least one part of the hollow space is arranged under a sheet of conductor
material belonging to one of the layers of conductor material. “Under” means in the

30 direction towards the substrate. In other words, it is not possible to directly (in a straight

line) access the hollow space from the outside (through an opening made in the

passivation layer) as the sheet of conductor material is in the way. Therefore, it is not
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sonme enbodi nents, MEMS devices may only require three | ayers of conductor
material. In enbodi nents where the interconnection stage is |imted as

i ndi cat edyvotzh/INENMB nay be conpletely integrated in thePatiErad1095694Tt ure of
i nterconnection |ayers of the integrated circuit, whereby the conventi onal
manuf acturing nmethod of the integrated circuit is virtually unaffected. As
al ready nentioned, the passivation |ayer usually conprises a sublayer of

silicon oxide d a subl a of silicon nitrid Vhe hi s. passi vati.on
Cayer ' AtPaRRAd Ay B bl natt ol el Sna P Y SiBRRE AR S
subl ayer imdRpes digscabid, {ucRhs ®FaRPhple thhicomdbudshBatusepREmpat t erni ng), the
attack extends to the sublayer of silicon oxide. The sublayer of silicon

oxi de is attacKedomsrcabedynings, iihadditipe thaglipgempasessy psgigatian key¢rdaheso t hat
t he subl ayer. .of.. sil.icon nitride renni [.n i r.ar ment .around
the attactimureeh mESD MbbdCohR0E SEdSud FRRHir ALY SARGTE idl F NG
To avos d tpaksvaiohuaydr@dmptibiag tapteublagyesssilifont diexipaasd wadp et afydlicamy be
made with nmasks that are different to one another. The sublayer of nitride

may have SBfCarldese (et ¥ryqurek MRS PRSETAYCE St 8! RAtHNotRTiTREsed
subl ayer of,q0x,0&. c%ﬂqnﬁo%@%%amgg%dsw&s[.') Y4 Qfind RABLARRLA, @ﬂenlag&g%na

enbodi nents, a Tayer of conductor material). the attack takes place in
one of thdesnaredsn design hokle watpnbleyeracheddt ap bOmaska. chi ey t hat passes

t hrough the sub r.of nitride without the HF com ng.into contact with the
oxi doc A furt het SIS GiruRHE iR ROREREDe Hvp Tap (EHLYBEY Rl Seet at

the beg@i nnioRgudhemaeher bAsitingdltol sidlofi the CBRY 45 @dudtdr ABEHEI R at &asl &RST _One
MEMS arranged in said structure of interconnection |ayers, where said MEMS

conpri ses ratt ¢fdtsstoweneurfrsk ((Bringpghe subsithisy &caof ddestriometepial t Tlaf chinendyol | ow

space is arranged er, a sheet of.cqonductor terial, bel ing to one of
e’ T ayer SPBZERAUE futaRRLy A BN TR P BirimG S S P s

the substrate. ThRo@kReibodmdelss, thé MEMS Ghcli@@iSinRhe irftOgraicd @athiy cinPriges a
straight Iine) access the hollow space fromthe outside (through an opening

made in tRENBEEAN lamicah at dylorye aarts hBrospset apd redspidRle (Bire wapmpicamatalsi n t he
way. [her %?@glily ubed 8 Iﬂg’rﬁ]ug&g&ﬂet{h?egfa?eac&?c%ﬁtﬁ .uE{hqgﬂngf%eP‘Hog;Pﬁl%equ@b{ﬁ that

t echni ques attack Ielectric materi a are direction such as
for exanpltheyt firruimabtloniayidas! dtivades uné sptappadicdtyn Fbhvelremixel inmnbsirreldvant
addition the chip conprises a passivation |ayer, where passivation |ayer is
arranged dAT ¢ 6PNVGRLIQIRG Iftegiated GRpuTh Hewamﬁc%rMﬁM%rf %P%nt@ivlehmetalhc shect

has these accumulations of residual stresses and/or stress gradients, it may become
deformed. This deformation may be such that it renders the MEMS useless or, at least,

20  prevents it from working properly. However, if the MEMS operates via parts that are
completely loose, it may be easier to compensate or neutralizes the effects caused by said
states of stress. Also, while the MEMS is working, temperatures may be high enough to
influence the mechanical properties of the metallic sheets forming part of the MEMS.
For example, if the metallic sheets are made from aluminium (or one of its alloys), there

25  may be fluency problems with the cantilever sheets. This problem may also be resolved
more casily if the MEMS operates via parts that are completely loose.

The MEMS may also include at least two capacitor plates that can generate
clectrostatic fields over the loose part that are capable of moving said loose part.
Document WO 2004/046807 describes a series of these devices, for example on pages 3

30 to 17 and 19 to 27. Document WO 2004/046807 also describes a series of these devices,
as well as documents WO 2005/101442, WO 2005/111759 and WO 2005/112190.
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passi vation |ayer conprising a bottom | ayer of silicon dioxide and a top

| ayer of silicon nitride. These | ayer structures may be superinposed or at
| east parwoOabio4swperi nposed and, rmay be continuous or [ROFEPRII0OSHBYErS.
In sonme enbodi nents, the layers may forma certain design on the bottom

| ayer, made up of masks. A MEMS structure |ike the one descri bed above may
be obtai ned when a sheet of conductor material belonging to one of the

| ayers of condyctor material has at | egst art of .its, |ower surface
(Faci ng the_sutlotrar@bdafBgdh ef PRMARRLIRS borfhriaeh 3 By WhERCGe
any of theoshaimat @edthtdl chodlewheedthbneshepar iESID afadpe @ peiingn Wacileheit is
invention. In sone enbodi nents, the MEMS included in the integrated circuit

conpri ses samglgoeslpin e vithhboth qoptiskepeialst so Hiapee sksyicahepmgetér edns
fore exanpl I d i rated.cjreuits
t(JsuaI ly su fg%tagﬁic}fgn&t eé@%n%a§&&§ ﬁatp Bﬁﬁwg%c nﬁpgtﬂé{%@%ia%sags sdt rrgfsd ‘es and

st resss gr gartenlsly M thedehwbdcderibay ib dodunicnlt SVArR00H@16807 amviesges Onal 12
integrated circuit. However, in a MEMS, if a cantilever netallic sheet has
these accildtP8As of residual stresses and/or stress gradients, it may

becorme def or meq sBMeseﬂﬁ(gcﬁﬁl'gﬁgs,i B P:@é'rcrt’[@d SHEHit tJfattlleictll'ﬂ %Qﬁgfi&sty%ﬁﬁgs
usel ess or, at ['east , prevents it r oM Wor Ki ng properfy. wever, if the
MEMS oper ateese i plar poup ratMEMS dongdsehadeyup obslectrict] mwbays beccelasingters.o

conpensate qr neutralizes the effects caused by said stat of stress.

A sb. whi RHREEENR T dRE HE OB PE it USSR TG RO PR

i nfluence ttRBeraRBOaRLERS, REOPRAIIrES nRgnétite AEA addnkdrs S RERES-JpPEdT QBviB&y t  of
the MEM5. For exanple, if the nmetallicC sheets are nmade from al um nium (or
one of it dpaticelpdy, the higalmagfldstorf tlaetnegptimabisiceives kinpint e 0Dt i | digéal

sheet s. Tt}{/,s (?robl el? ma%s al F%olbe. sol ved.nore easi I% itf t he IVEMSlogerat es
via parts VRAITERE RoHEDe oI SEmer AR s TRy RIS it vise AP Pekst two
capaci t or dqphadcidnthatic&arl@admbaicticali@tl rcafitsadd end/detdepidnededilts, hewse part
that are capable of noving said | oose part. Docunent WO 2004/ 046807

descri bes s#pRlsi 8C/BC eopsecei(dPE, comiertassa it/ ACoroyares, 2/Poconyererd, 19 to

27. u / % scribes a series of these devices, as
wel | Dgg ggg%n%gﬁtvég% %3’2’%6 ﬁgf?&g\o 2005/1 11759 and WD 2005/1 12190.1t is
particul arly aduant sigesusdibframnidiiealMEdB odlaswosarpiidrse elip laeasting wo tleont act
points in an electri CE] circuit, where the | oos, &‘art is able to adopt a
posi ti on WRETEPR. i 1thci1icknenyof Aheletyhap ReEbREERTICH tTRCISEH SEGIaYOVBGi nt s,
so that aneMeCitat fRhnsGORDSOHHPY GAfMlever electrode 21, two contact electrodes 23 and
two action electrodes 25.
20 The chip comprises a substrate 1 on which there is a plurality of electronic
elements 3, for example transistors. Next there is a layer of borophosphosilicate glass 5
(BPSG). This layer, called the Inter Level Dielectric (ILD) layer, may consist of a layer
of doped oxide (for example, BPSG or phosphosilicate glass (PSG)) and a layer on top of
non-dopated oxide. The structure of interconnection layers starts on top of the layer of
25 borophosphosilicate glass 5, with one bottom layer of conductor material 7 and one top
layer of conductor material 9. Between the bottom layer and the top layer of conductor
material 7 and 9, there are three additional layers of conductor material 11 separated
from one another by layers of diclectric material 13. The dielectric material has mostly
been removed to form the cavity or hollow space 15 which allows the cantilever

30 movement of the electrode 21. Fig. 1 shows, diagrammatically and as an example, the

end of two areas of the dielectric material attacked by the HF.
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be established between the contact points, whereby the MEMS acts as a
relay, particularly like the relays described in docunent WO 2004/ 046807,
on pages Woto101@35@nd 19 to 26. I n sone enbodi nents, thePCHEPYIIASM4TI rcuit
of the chip conprises a MEMS device fromthe group of MEMS devi ces nade up
of electrical relays, acceleroneters, inclinoneters, Coriolis force
detectors, pressure sensors, mcrophones, flow rate sensors, tenperature
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chip Comrlh%lﬁd&cﬁb&%fﬁﬁvﬁitﬂ on which there is a plurality of electronic
el ements 3 exa e transistors. Next there is a | ayer of

bor ophosphosi | |Inaheelegﬁd a&&gSl(t@BSﬁ)hs IPhokelkbatyiesl, conaddtiod rhiebd stearbeb e

D el ectrl @g% i "ﬁﬁ onsi st of a |layer of doped oxide (for exanple,
BPSG or 9519 cat%m@'ie (PSG)) and a layer on top of non-dopated

oxi deyg The St r Yk &adipld ML CONREMEMS slradtBfcSstattsaiinfed@icll T nPhctdd@ohay er
of borophosphosilicate glass 5, with one bottom | ayer of conductor naterial

7 and one leyyp dfaspadugpr owtatiat Tor Homteren an some Bethadeneithethbist maynbleasp@re and

h | f d | h
oo or oo Wifiafi, SN oo R, Banshief nferiesty Bhe MG ap byl Rkt 0t

di el ectri momgtREptsilitde dbg di®l egdvlisk drat@dih alcdiideul rdshioheRstwe@Mneed to
formthe cavity or hollow space 15 which allows the cantil ever novenent of

the el ect rads&ropic clameyts 3_LP§JWGW§ underagth M iEAAS| y and as an exanple, the end
o 2reas oringy s AphlLe, el ol ARSI Tl t Rl
att acked trhmodinglpessivation haicel7 apertilys 39a86 forhedf theouphsehio the HF ganthithakver
el ectrode the dielectric material. After attacking with HF, a new passivation layer may be
produced that closes openings 29. In some embodiments, a new sealing (for example,
Wafer Level Chip Scale Packaging (WLCSP)) may be produced to close openings 29.
20  As the size of holes 17 is small enough, the new sealing layer does not pass through said
holes 17. In some embodiments, the removal of the passivation layer 27 is partial or not
complete.
Figs. 2 and 3 show another embodiment of the invention. In this case, the partial
removal of stage b') produces openings 29 that are arranged over plates of conductor
25 material 31 belonging to the top layer of conductor material 9. Plates 31 do not prevent
the HF attack. The HF may move around them, as shown diagrammatically in Fig. 2 by
the arrows. However, plates 31 may be useful during the stage of producing a new
sealing layer, because the new sealing layer passes through opening 29 and is deposited
on plate 31 until it fills, at least partially, the hollow space between each opening 29 and
30 its corresponding plate 31 (see Fig. 3). Therefore the arrangement of these plates 31

facing openings 29 facilitates the subsequent stage of producing a new secaling layer.
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2 1 hol es have not been included because the HF may skirt around the
cantilever electrode 2 1 so that it may attack the dielectric materi al

| yi ng undwonesriassone said cantil ever el ectrode 2 1 w t heuot/EPh@onsed7 f or
said holes. In fact, since the cantilever electrode 2 1 is relatively
narrow (perpendicular to the paper), the HF may skirt around it in the
direction of its width. In the left of Fig. 1 tw paths 19 of electrical

connecti o . be seen between, | ayers of .conductor material. 1n the exanple
n Frg. 1 ngRingReRCERen ot I Fep Lo ruty BN I 7t 1SR Eh s T ae Bty Sy “of
conduct or grmtesi slhy be ubdMRMGiting the B98Eo RIRAEH SERLSsialltRATiSc1®Y HoRsIgme
additional |ayers of conductor nmaterial between the MEMS and the | ayer of

bor ophosphosi | ifé@at4shgivasaother gmpediasint shthg ieegntighnsiailactor thetain Behrettd on
bet ween t | ect e e . i u t e . ipis
initiall yh% s %@wacﬁ%gllé% PEbvtich Pﬂé{%%”ﬁgits ffieng S’?‘ttﬁ%“i’t %%%I\@CO%;Q‘? S | y
renovi ng Eﬁe&ﬁﬂia/la@t hllnmpllaa:yeﬂ bzlbngmlmh hg?néaia&r Byér{(h’fmedductdhrl’rﬂmgﬁal.\l\ﬁﬁm effiedthe HF
may attack the dielectric material. After attacking with HF, a new

passi vat i ghs i’ﬁ‘ﬁ 0 e'ﬁ%ﬁd&@@fl@kl&sfwwag%gopo%ﬁi(ﬁ@gn@@rorlrﬂat%%%é? and

enbodi Ments; tﬁﬁ%y}ﬁ ?Zg&tﬂes{e‘hf&ran@&ﬁmhﬂ sté/&fﬁthé%%ntgﬂapcw ﬁr RGkag! ng

(WLCSP) ) y be pro 0 cl ose openings 29. As the size oles 17 is

smal | enough,it thag bedwnstdabli tngemayert. ddescwat gopassng hreugseabag thyhovesldl7. | n
some enbodi nent s, tHe renﬁéﬁ# of the passivation |layer 27 is partial or not
conpl et e. PRGRACCHASSAGVB L RignS anot her enmbodi ment of the invention. In this

case, 1§ he partifgbs reVAkh&l afbdBCcRbIdiRERIYCHS iRRGMLAIIn 28is thdodAh&ht,
arranged over plates of conductor nmaterial 3 1 belonging to the top |ayer

of conductngssivetioarlpydr 29 copipaisessa $iblaygn ohsiticqyr airadet 2 farpnd Fsuddayackd silitps HF
may nove aro t he as,sho di-agr a i.cal Ly in.Fig. the arrows.
egisj7b3 im%h)? SSQEW%%& i ) 0x1zéeE %’Lbelss tté&keeraot%y 1%? (I)—f}:u b¥hl agowg \‘5\1/16

X1
However, pqa rmn cln

seal i ng | ayEhccdieeaUgelalfie ofeNels@dt int@eriadyfthongl siesrdnfvvaughtiepeRsingiod® and
is deposited on plate 3 1 until it fills, at least partially, the holl ow
space bet vieen hescakaipplarhdn 20 dpd undy whichdbpisnidi sogdwitat agrml (eadmly.  3) .

Thereﬁgre(ﬁggtﬁg nggent of these plates 3 1 facing openings 29
facilitates the su sequent stage of producing a new sealing |ayer.Including

said pl ates 3 Ini snmendmpedidents, ahe paitngl bal e®plidyerl of sonducenrbodicnieht(®), only

arranged on said MEMS has a plurality of holes, and the following layer of conductor
material arranged under said top layer of conductor material (9) also has a plurality of
holes that are not aligned with the holes in said top layer of conductor material. This
20 allows said gaseous HF to run in zig-zag fashion in order to be able to reach the area of
said MEMS. As a result, the subsequent sealing of the integrated circuit may be
performed more easily, for example, by depositing another metallic layer (for example,

Al), and/or depositing another passivation layer and/or WLCSP packaging.
Fig. 7 shows, schematically, how the HF attacks the sublayer of silicon oxide 27b
25 in a more pronounced way than the sublayer of silicon nitride 27a. This may cause a
cantilever that can bend and/or break in an uncontrolled way (Fig. 8). To avoid this, the
passivation layer may be made with two different masks, such that in some areas the
silicon nitride sublayer 27a extends as far as the bottom layers (of conductor material 9
and/or dielectric material 13), as shown in Fig. 9. When the HF attacks passivation layer
30 27 in these areas, a “chimney” is formed that is completely wrapped in silicon nitride,
whereby the HF does not come into direct contact with the silicon oxide (Fig. 10). In

these embodiments, the silicon nitride sublayer 27a (which is approximately 300 nm)
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pl ates 31 may be used, omtting the |ayer of conductor material that

i ncludes holes 17. Fig. 4 shows another enbodi nent of the invention,
simlar twothaw14sm7Fi gs. 2 and 3. In this enbodi ment, pa&sTiprPativoscayer 27
rests directly on the top |layer of conductor material 9, and plates 3 1
belong to an internedi ate | ayer of conductor material. In effect, inserting
a layer of dielectric material between the top |ayer of conductor materi al

9 and paSS|va iQ a r epr. sent n addi ti onal e of th

convent ot ERciicsfy Hagcuh DG kB, 5Pk 181 GHMAE Frihsh o Tnysome
Hovever, gem@dahédiy the ﬂﬁwxﬁlﬁaidersgbﬂawam 6 dfakiBicRh&s SeBfecd FOWAN dhdFi 0.
3. Figs. 5 and 6 show anot her enbodi nent of the invention. In this

enbodi ment700pus s Iy se1he smbagiarentsy theoppssivaion may bppkaperizesk (cd. [Widorhenicel de
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27b is attac access | ayers of
dieleciric mat éwhaé theafotrdsgw@déshﬁbdsseamv@ mofe MEMPatesicvatiranyet apaig dras
taken place in an ar e%rpunder whi ch there i s conduct or rraterl al .instead of

di el ect ri dNPf§raMigEratadcicyitdataicgtion trshriguesithal ay be epplededifor ypripustapesof
conduct or Eﬁéa%ns( g‘%hec ggﬂ&%ﬂs Qﬁc&%dﬂbmwﬁa @t Be H&&hde}éa af mﬁf@% £) and

the followng | ayer ductor nateri range under said top [ayer of
conduct or thmttma afl pro&ss.allbo fdregoisg pl anealpd gf wbcedss te snplhmentahe apydicatdinsgned
with the hole n said top |ayer of conductor material. This allows said

gaseous HFle%lst? Vin zig-zag fashion in order to be able to reach the area

of saigl VEMZerA&tack, (ﬁﬁwﬂed gplpﬁl §u‘g§pmpht§eal ing of the integrated circuit
may be perforned nore easi ﬁ’dér E(exa | e, by depositing another netallic
yed

| ayer (for exanépl‘@ry Apip, C posdaily nigssa renh eemphiki inafMAS | keglsendand/ or
WL.CSP packa sch mat | att acks

subl ayer (ﬁrgces 2: a%'o%vc?e ga}r@b (hurvaﬁ eﬁr%é{n%n@g%geg\ayﬁ%rﬁgncu%amr%ﬁl aé'yer of
silicon nlrhzimﬂ:et aﬂaeleéﬁbd sndmyla yaaeao ¢a;’tﬁtdﬂ d@ptiedizdtivat fo€ At beiduRnd eic br eak
in an uncontrolled wa)ér fﬁ To avoid this, the passivation |ayer may
be made wiEMHOSwrogess ﬁlérﬂu“mﬁ%maﬁd%e%sﬁa’flth lovss mader @awer processey)cdis

v 195, UBIIRS RIRDS TS 8 0 PR IBRT AT ISR
att acks pahsicwahiuoatealyigh. Thoiigh bhHage mvaaasirvaaurt ahayrhewd duﬁteﬂdbnmjlatgbat is
compl etel y e\\lfvlra?igg %gjayi crellussei Il)oio(%cigpera]li[aﬁl}tg and make the building process difficult. It may
not be economically viable to change the curvature and sufficiently improve repeatability
by process adjustments in applications where the process needs to be as standard as
20  possible. Additionally, very thin layers may be soft and easily deformed. This may be
problem in embodiments where a rigid MEMS structure is desired. Such a MEMS
structure built from soft thin layers may deform when subjected to forces higher than the
MEMS layers can withstand. In embodiments where a large MEMS structure is desired,
such a structure may cause failure of the MEMS device due to a large curvature.
25 In one aspect, a chip comprising a MEMS arranged in an integrated circuit
comprises metal layers less prone to curvature. In some embodiments, thin metal layers
are stacked together, and joined by a dense array of vias, to form an equivalent thicker
metal layer. Such a structure may help reduce mean and deviation of bending due to
residual and gradient stress, and offer improved repeatability. The curvature may be
30 reduced because the inertia modulus of the section may increase while the stress gradient

on each individual metal layer remains the same. The repeatability of many parameters

may be reduced because, among other things, the inherent variability of the metal layers
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whereby the HF does not cone into direct contact with the silicon oxide
(Fig. 10). In these enbodi nents, the silicon nitride sublayer 27a (which is
appr oxi mewel2g103@svonm may be thicker than usual. The thi ekmEpsommyenary by
CMOS process. In sonme enbodi nents, the silicon nitride sublayer 27a may be
of a thickness between 500 nmand 700 nm In sonme enbodi ments, the

passi vati on may be planarized (e.g. with Chem cal Mechanical Poli shing

(CVWP)) to avoid cracks ring and after the.etchipng. Wile the for i ng
tesct ] bes Biio0heTHGRE il bl °ln St SR0ELFRa D4R b oh SERSt of
circuit fabydreRiwcaNthceiehntighesd hidat ofrByrviare Nl @yRdirh&its Wathi RsrchyRpss Of
applications, the applications discussed bel ow should not be considered as
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backensl priopgssas) lomyr bastellacdrestge compatdirte shtldng heicoglayeleadedontar ge
curvatures y. mani f est on {el eased net %I | ayers, due to | ack of
e

opt i m zat i GRPOIEPERtS: aftackineyek Mekd 1aysry e Il sAvivalsat thigksr dawey dpay efemay
i ncrease w d L (Fal el of
met al | aym.t)o\lleg\égf;ﬁrlr%gé 8& men% g?‘ﬁ%ﬁi%ﬁ@c;r%asggg&éaﬁge %lg\;lltﬂgﬁeggnﬂ(;{f{'&% %gd'

cur vat ur e Hreeaxtdlghiffndssor ghcraasedbgeause dire saetivatiumeraasad. bbage dowens evhyfler , a

| arge devi atj.o cause or repeatability. and ke e bui |l di ng. proce
Gt froun t i st aCuR B Rk B R TPk e e Th ot iR ong

suf fi gy entihyer inflRIOMEIn ERE 3V @DIfnidv¥d By tikéPcess adj ustnents in applications
where the process needs to be as standard as possible. Additionally, very

thin | ayers maylnisemssfbodmebngsaseft spregd orayd. usTthiosinpnggseisbe frtwbisdnei n

enbodi nents,where, a .rigi,d ME tructure is desired. Such a Me structure
bui s T o RIS el Ul ENE, Rl e ToRER LT AR iR her then
the MENG |tBy@da$ stecBesvint isdrai texpafsiGneaaaiiatins, Whieh enad Hearmemvielto gier uct ur e
is desired, such a structure nmay cause failure of the MEMS device due to a

| arge cur vRtingeof tha MidS aypetete. Thichitpropmpretsillay far Menone MEMgRePrings an
L S8 o GOTR S TEL Lok PSR PRSNGSR S
array of wucpmtablo Soft sprimgs egyinsabadtmidh ddsgice their &dngtlayBiie Such a structure
may help rtggo ggy 0 e? goﬂasrf)?ing%\anatlfogvnex%];ns?oenr}goimngregslilo% éfgche structure attached to
the spring, without significant bending of the spring itself.
In some embodiments, the MEMS structure comprises a part that is detached
20 from the structure and is mechanically free. Such a part may not be affected by residual
stress, and may obviate the need for soft springs. Additionally, such a part may not be
affected by creep. This may be useful in embodiments of MEMS devices built with
aluminium, since aluminium is susceptible to large creep due to its low melting
temperature.
25 Fig. 11 shows illustrative embodiments of a structure with three thin metal layers,
without stacking. Metal layers 1102 in Fig. 11A are released from oxide 1104.
However, metal layers 1102 bend due to stress after release, as shown in Fig. 11B.
Fig. 12 shows illustrative embodiments of a structure with three thin metal layers
stacked together, and joined by a dense array of vias. Metal layers 1202 in Fig. 12A are
30 released from oxide 1204. After release, the thicker equivalent layer produced from

layers 1202 and vias 1206 is resistant to curvature and/or deformation, as shown in Fig.

12B. Thus, an arrangement of vias may reduce unwanted deformations, enabling a more
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resi dual and gradient stress, and offer inproved repeatability. The
curvature nmay be reduced because the inertia nodulus of the section may

i ncrease whi2bw/ub®7st ress gradi ent on each individual mPCAIEPR@PASEMTNRI NS
the sane. The repeatability of many paranmeters may be reduced because,
anong other things, the inherent variability of the netal |ayersmay be
cancel ed out by averaging. In sone enbodi nents, a | arge nunber of stacked
| ayers | owers tlile %evi&tibgn andf mean of cur tﬁlre. I n enbpd{]mants W th
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axi al sti fspnegsthhssretner@adiad ibacal &g ctshacspic largncursaturec Idaspengsac ge f orces
may be appljed tq the equival ent thicker |ayer w thout causing curvature.
The equi vaPBWY 28HNY ICBTVa{UAS Becahes,theie pRd ANC hegiHNing, &R close fRhcash odieri Wiiekd. 1n
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reduce the ben despite the large curvature. Tenperature variatTon my
i nduce t hermaiprisg sipss 6salandvatire isntht aexrpanairotsicod o aohs. onFig WIiAG bhavay be

transmtt t he rin ft tructure. This in turn may  not
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may not bend nuch despite their | ength. The topol ogy of a soft spring may
al | ow expaatiertsd/te treppeing ingwy talfe plhes igtthis direstwnatln &g ddBt enchpes 1SP2 iarey,

wi thout si gl [ canty, BE0dhag OB ALY TEslhonldasame (Sabodimeats. the
MEMS structure co\?f'privs S p?aﬂl tRat T et AcHed°Tr Pthéws ruct GP'e"%nd i s

mechani calik yttdche@to the GlibstraRadrlotivh Ynohd tlayees @fifatdetxdiytoltBshubu@hte sSThess, and
may obvi ate the need for soft springs. Additiognally, such a part may not be
af f ect ed HYitighaufinappiat plpihc pRringsae ey dossrib s Aesids of MEMS devi ces bui |t

P L
struct ur e médnderishTae MIEMS deeicalcohraygarts enavl 40¥ wthils tfxed pbot 148X @dts dsayers 1102
in Fig 1l aﬁcl?orrs, arsesLoev?fI? ?ndFitgg.OlrEAoe)l(IlddﬁlB]f 1"91% anchoring may be implemented with vias.
The semicircular shape of the spring in Fig. 14A minimizes maximum displacement of
the spring while minimizing the stiffness. The vertical displacement of the MEMS
20 connection point is extremely low compared to the maximum vertical displacement. The
spring may be composed of a single or multiple metal layers. In order to achieve the
softest spring, the number of layers will be determined by the curvature of those layers
and their stiffness. For example, three stacked metal layers can be much stiffer can one
metal layer, but a spring of three stacked metal layers may be much larger than a single
25 metal layer spring as the curvature of the first one is much lower as well. The metal
layers are joined with vias.
Change of Resistance on a Metal Line by Overpassing the Electromigration Limit
In one aspect, a chip comprises a multi-level memory MEMS device arranged in
an integrated circuit. Overpassing the electromigration limit, applied for a limited
30 amount of time, may lead to a local multi-level memory with high density, low power

consumption, and high speed, with limited re-programmability. The local mult-level

memory may provide additional advantages including low cost, use of a standard CMOS
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However, netal layers 1102 bend due to stress after rel ease, as shown in
Fig. 1IB. Fig. 12 shows illustrative enbodi nents of a structure with three
t hi n et avol2ayersoogt acked t oget her, and joi ned by a denseTampreay/ 06d94vi as.
Metal layers 1202 in Fig. 12A are rel eased from oxi de 1204. After rel ease,
t he thicker equivalent [ayer produced fromlayers 1202 and vias 1206 is
resistant to curvature and/or deformation, as shown in Fig. 12B. Thus, an

arrangenent of vi .may r.eduge unwant ed def ormati ons, .enabling a
o S i A P T R AR F PR SR B b i B Pt gerrent of
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of the curvature. They. are nore repeatabl e than a single arm spring since
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MEMB st r uctvherecdt t Whedragoarhined bp changingethe takseanpt aiglee bitunpsten diarlé64i on. I n

Fig. 13B, ,anchors.1302 are connecte ith vias. 1308 to.other netal |evels.
The. anchordRG BB it s 16 ek oREds e STt ob it FonGanetsite o
ot her jgret atod divfyus Whd | mately fixed to the substrate. The initial and fina

point of the spring are very close in this design. Fig. 14 shows top views
of illustrativdneamedimbedinenss, agprtitogso il keststdnt inptest de¢ sddefrrsowEVs
devi ce conpe nd ,1404, while fi poi nt 1402 acts anchor s, . as
shown i n_ e o] et somptingta maE Rf BRafledet Rp R RRAE Til® e
sem ci r cul ktitinapRyoéxtéhe peipehdigulbn t&ithe sbBdraid RhAT LEBUABXhEMERISS p acenent
of the spring while mnimzing the stiffness. The vertical diiglacenent of

the MEMS cbishet Pl de Hic substenq. r BreMEMD i surpaded dytaopariéonapxthaithe V8T t i cal
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Cayer, bulmHOG: iy BF CPRFGess FACRBROLE it dpera ity VATBER han
single gaseous HF is dry. The “dry” HF does not include water, although there may be water
from the actual HF reaction.

20 In some embodiments, horizontal and vertical continuous vias may be used as
partitions of HF resistant material around the MEMS to control the spread of HF in to the
substrate. The HF resistant partition may be made of elongated rods of tungsten, similar
to rods made conventionally to interconnect different layers of a semiconductor. The
tungsten rods may limit the gaseous HF from spreading laterally from the location of the

25 MEMS device.

In the embodiment shown in Fig. 16, vertical continuous vias 1602 make
tungsten-tungsten contacts. These vias may be stacked vertically beyond the edge of the
metal. Stacking vertically may make the device more robust in front of vertical
curvature induced by the release process. Tungsten-tungsten contacts are harder and

30  resistant to the native oxide, and may offer improved reliability. One problem with
typical chip fabrication foundries (e.g., Tier 1 foundries) is that vias are typically formed

as a stack of multiple vias where each section may be associated with a layer of the
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netal |ayer spring as the curvature of the first one is nuch | ower as well.
The netal |ayers are joined wth vias. Change of Resistance on a Metal Line
by Over paweizng/ub®7El ectromi gration Limt I n one aspect PCA/EPRO1/OSEOAPri Ses a
mul ti-level nmenory MEMS device arranged in an integrated circuit.
Overpassing the electromgration limt, applied for a limted anount of
time, my lead to a local nulti-level nenory with high density, |ow power

consunption, and high d, , .t i.m t re-pr ra bility. The |oca

o oy e e AR el SREER ot T Wi TheufioR oA R ks vl cont o use
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resistor/netal line allows this effect to be achieved with reduced power
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resi stance value of tungsten via 1504. Bits stored in a via may correspond
t o t he | oBpisilgnéfistogrfoursirics codsider shis e desgmnde violdtioe (DBINt iThaepslicdhnas | n

onme enbodi , a partition of HF resistant material nay. me added, around
e venes gt T ekt g Tl e dRim SlonkhalER ok 3k « A ropn Y BaraLor & Rty

Thi s p@rtidcbGRedB¥ndaxd, 86 ehaP & (PROIIMEMEY ddvReeths, BlibghUaltEreansla sépch@prd the
MEMS in a direction parallel to the substrate.” The MEMS i s surrounded by a

partition and costaaifectiec Mpnesy Thot, agpnieadus NEs kngde mabd gregisredld eontrobof he
substrate., This .al |l ow det.erm nati.on of the,maxi numextent of the HF
attack. paParige!ihifls y i o Sihaltothas Schniiues Mo BHnE AR mecibusiogntiSt oo e
defined as any Rigd esDaloFtdhaiv dnshod@hdr éNdnel Awga a0 tgeddvall WhigingesSat d gaseous
HF is dry. The "dry" HF does not include water, .alt_houg)h there nay be water
fromthe dEPIREICNHES pEQBHRUOHS VianTeSPRFbLvelyD ddrsEIftdn Fip lpPaemiprisgading@ft i cal

Con L SR B POLNES S5 B o 8PP o o0 il BB LBl U1
partition roeyschef dewide andhoed dirgatecectssiod stchingttimmg stfering siond tobustness.
Continuous vias may also enable the mechanical attachment of two different metal
layers, while keeping them electrically isolated. In some embodiments, any number of
walls (n-wall scheme) may be used to implement a continuous via arrangement. For
20  example, Fig. 16E shows a cross-section of a two-wall scheme for a continuous via, and
Fig. 16F shows a cross-section of a three-wall scheme for a continuous via arrangement.
In some embodiments, other combinations of metals and vias may be used with the same
topological shape of the n-wall scheme for continuous vias.
While Fig. 16E shows the two-wall scheme continuous via 1606 prior to etching,
25 Fig. 16G shows the same two-wall scheme continuous via 1606 after etching with
vaporized HF. The etching may be performed in a plurality of steps. Each step may etch
away part of the sacrificial oxide, subsequently leaving behind the structure shown in
Fig. 16G. The structure may be advantageous since the capacitance between the two
electrodes may be minimized due to less oxide between the walls. Less oxide reduces
30 capacitance since oxide has a higher permittivity than vacuum. In some embodiments,
etching may be performed for a time longer than necessary, i.c., more etching steps.

This may result in the top metal M6 (Fig. 16G) being fully released and rendering the
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to rods nmade conventionally to interconnect different |ayers of a

sem conductor. The tungsten rods may limt the gaseous HF from spreadi ng

| at er al | ywbnrorvsb®7| ocati on of the MEMS device. |In the echagremwioscsshown in
Fig. 16, vertical continuous vias 1602 make tungsten-tungsten contacts.
These vias may be stacked vertically beyond the edge of the nmetal. Stacking
vertically nay make the device nore robust in front of vertical curvature

i nduced by the rel ease.process ungst epg-tun en contacts a rder and

L osr ot ant YA BRSPS M P B VPG

probl em widflr FaIgis€ af cdiltinBodsalisd LFARIaaa 1600Ndeht@Rio(€vig- 160 isSiinplerh@mdr i es) is
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and possi dlactrially uso lawdyComtonessvia THes dppirieantprigpdrchedwithadntucont i nuous
vias extending vertically across nmultiple integrated circuit |ayers (See
Fig. 16C) YWl | not have gaps and, therefore, not allow vapor HF to pass

t hr ough, g&ﬁgﬁﬂﬁér excessive etching. In sone enbodi nents, the continuous
vias may be inplenented as colums with anchors on the chip. The continuous
vias may be i ngheomntedodmdnisy e chipwopwpriamigta MEdEp arcartgad crean ihygeraed | y,

exi sting foundries consider this a design rule violatio ., The
Spbli cant STEUE HESReRBTSE b reayer s B it ane gt MBSl Pose
cont i MyOUSHYra B o fIHB 1S O4Hdr BB llo fvhgl 1RGr 1F eSRIREDr AR SR B Fan R uhB&tthatdMOS MEMS
device may be ranufactured in a repeatable and cost-effective manner. Thus,
a cont i nudagr e gendugie natarist élapﬂlé‘dﬁ@ﬁt?albll@h@(mfh@% thét arhsotradigacdvitbilechi ng
with or without otheﬁ tec n%g§§§¥sucgr and/ or sure control.
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M us. 16D pEe 1 HBLOR layshF enatRs BukRa ot Mo e R B Rh S GRdnke £ or
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a ring of continuous vias (VILA2-VIA5) in the formof a closed | oop.
Cont i nuousctelicd holesyrayy airanged [ agie-#E faviecis carieh dhe sepling myaesiossed /by

cLEDLIG iy EDALCR G, LAPYRRESH SHOPAPPVI S, B, Sl crabl e e
el ectri calWyGSealpitel) inthdsofespartbiadi. ment s, any nunber of walls (n-wal
i o, TBE Shows 1 S @beRBienm Moo SIS TEHEe R gF DRV HIBHE vi 8,
and 0.8um. Depending on the size of the holes on the top layer and the tilt of the wafer when
performing the Al sputtering, it may be unnecessary to provide a layer below the top
20 layer to stop the Al sputtered. For example, embodiments where the holes are on the
order of 0.4pm or less.
Figs. 17-24C show process flow steps in an illustrative embodiment of the Al
sputtering technique. The technique plugs the release holes with Al sputtering. In the
proposed flow, a double passivation opening is performed, first one to etch the IMD and
25 a second one for the normal pad openings. In some embodiments, a second passivation
after the Al sputtering may be performed, to improve the protection. After this plugging
any standard thin film packaging technology (¢.g., WLCSP) may be used.
Fig. 17 shows a CMOS wafer with MEMS only release holes open in passivation,
and with pads closed. Next, the wafer may be prebaked at, for example, 150°C, followed
30 by release of vaporized HF, and post baked at 250°C. The vHF may etch away the IMD
1702 and leave behind the structure 1802 shown in Fig. 18. Next, a layer of Al or AICu
1902 may sputtered on top of the whole wafer (Fig. 19). The wafer may be prebaked at,
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Fig. 16F shows a cross-section of a three-wall schenme for a continuous via
arrangenent. In sone enbodi nents, other conbinations of netals and vias may
be used wvohotomes®ane topol ogi cal shape of the n-wall seb&mP2010056adnt i nuous
vias. Wile Fig. 16E shows the two-wall scheme continuous via 1606 prior to
etching, Fig. 16G shows the sane two-wall schene continuous via 1606 after
etching with vaporized HF. The etching may be perforned in a plurality of

PLEbe SR SR PR B 0 Sk pne g
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ring anchor .wt ontjin ia. Al Sputt.ering,l omne di , a
o o Dap e hofmiar HGo! i sdipe SRbedispBang Aratned S BSSIERES. 2 (o
layer 19f GRAAAMRLAIhRRERS hahighlt 2mged W8kt DEndEMSst Aalk HaSLARIIWRY gk Of

hol es, and & follow ng |ayer of conductor material arrariged under the top
| ayer of dquddpeniog, thapessivation lager mbwbe dryseteheg! andghe photefesisomesk miyabe ar e not

aligned with th oles in.the.top.la . duct or terial. . This,allows
Gassous HEP8vRE Ty ESst iR SBRbR Y50 g Py sl SRR e TP RS aren
of the MEMpenihhenfasequkibkneseal hipyaos.sie etched hole arrays arranged in a
zi g-zag fashion is easier, The sealing my perfornmed by depositing a

netal |ic | ayer,Inapec spbedisena i GIR poscistigdpabe petsped gpdhe walser e W.CSP

ol es ey SaTe BESn SRR LB er Bot TR BERIORERERAic PR RTAE K0 e

hol es on thudfct optHcaagare divduithe. tAd tllusfrativeemimtiencnvoéthe WLCSP packaging is

shown in Figs. 24A-24C. The polyimide covers the entire die area except for openings
around the bond pads (polymer layer 2402 in Fig. 23). In some embodiments, the
polyimide may have a thickness of 7.5um. An additional Redistribution Layer (RDL) of

20 lateral connections may be employed to rearrange the peripheral wirebond connections in
a manner suitable for wafer level processing (Cu RDL 2404 in Fig. 24B). The RDL may
be fabricated from a thin layer of Al, AlCu, or Cu. In some embodiments, a Cu RDL
may have a thickness of 5.0um. Another polyimide layer may be deposited to cover the
entire die (polymer layer 2406 in Fig. 24C). In fig. 24D, an under-bump metallurgy

25 (UBM) layer 2408 may sputtered or plated over this opening. The UBM may comprise a
stack of different metal layers serving as diffusion layer, barrier layer, wetting layer, and
antioxidation layer. A solder ball 2410 may dropped over the UBM and reflowed to
form a solder bump (Fig. 24). The wafer may then be subjected to a thermal flow
process in an oven. The thermal treatment melts the solder ball and cools it in a well

30 defined shape as shown in Fig. 24. The entire structure may be subject to thermo-
mechanical stresses during the solder melt and subsequent solidification and cool down

to room temperature. The forces may be severe enough to create cracks in the
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performng the Al sputtering, it may be unnecessary to provide a |ayer
below the top layer to stop the Al sputtered. For exanple, enbodi nents
wher e t hewbabmgl4s902 on the order of 0.4mm or | ess. Fi gsPCIEP261Q0S493™
process flow steps in an illustrative enbodi nent of the A sputtering
techni que. The technique plugs the release holes wwth Al sputtering. In the
proposed flow, a double passivation opening is perforned, first one to etch

the I MD and ,a,second. one r e normal pad, openi ngs. .. n_sone e di ment s,
. second dReSIPEE PO ARSI R sl vesf Fp RED MBS BT R RPSEdRS rpr ove
t he pr ot eainderyindktr@dtutel toSthp hei@efuNgmBiNt Shvaodaest. tihindy hildwnagkagindg
technol ogy (e.g., WL.CSP) may be used. Fig. 17 shows a CMOS wafer with MEMS
only rel eskerigenieminpisioinengiesaihgsevien stragharcinihrpugetbe crckslsadinggo¢ircugthe

waf er may [r ebaked at, for exanple, 1500C, followed by rel ease of

vapori zed , and post baked at 2500C. The vHF may etch away the I MD 1702

and | eave SinfleOkildntsi-M@hlDRIEBA2 shown in Fig. 18. Next, a layer of Al
or AlCu 1902 may sputtered on thog 8f the whole wafer (Fig. 19). The wafer
may be prebaked! hstm3mfactyrgynethod shpehip semprising gMENR ERAG M 48 g. 19 shows

an inst anciﬁte%dechtcﬁﬁnﬂ c16AE SN Heert QU &8, Gzﬁ&%inaé‘gluf‘ﬂﬁ’y belafapgpi ted on

one of the | | ayer €l enents. Applicant has observed that in certain
i nst ances,conthectdd maeridl a@udepmyitédortheamondpsodeyaoway ve sescatsd fivdorfee. g. ,

crescent shape), fromthe hole | he. S ayer . w thout contacti. a | owner
ror ool eratret e el e Pomeial SelsieTbitoh Mefirial! LRtk e B Aaidtedy. Cand
then seme Rfsilidda I ddonRYInPEIGREPYB¢h $iBcdnibRide. PDAERE B StaclBBK 2002 on
the A pl ed area (Fig. 20). Next, the sputtered Al |ayer may be etched

ugg : : ) =t S A
away, and d%mblepimiedh@tsiomprmthe WD ey casoviesthbilRy gn therpactian dag & thetwsi N

2202 may be.deposi.te n of t. ole wafer, (Fig. 22). |n sone

erbod ment S RERDES A Al°R Rty A DBs SR b & 1 (0o g as
2. 0mm  Next singe pRidt OMEBEY beasdd. Mewis Bey deoie faedudtion o 148ael ®RefAtNghd t he
passivation |ayer nmay be dry etched, and the photoresist mask nay be
renoved. THfagcsangacksswithpait Bsiflugbeni ng 2302 (Fig. 23). In sone enbodiments,

the pad OpgwiﬂgLWwagﬁﬁaﬁo§é‘i ckness as high as 3.5mm I n sone enbodi nents,
WLCSP processing nay be perforned on the wafer, conprising an optional

organi c |ayer (Ipelyited deuardepotymey pe forried fin majtipdes oraendcaiduess whafekd er on
it 2 e actl vean Itl?ens 1£efdai(1:1‘% inér\]fi({ula| esvtlcreg.t IT%S dg\qge%drlngle I?agvecl)rgctlthrr]lgar S acl:pselz a‘rjlcaf %Igi}llgl ng
be formed in a matrix array on semiconductor wafers. Scribes may be drawn across the
wafer surface to scribe a line or lines (called scribe lines) along which the wafer is
20 eventually broken into individual dies. In some embodiments, the dicing operation
involves scribing between the rows and columns of the devices on the semiconductor
wafers using a dicing saw. The scribing is carried out on the active side of the
semiconductor wafers where the devices are formed and the scribe lines are defined in
the areas of the wafer between each individual device. In some embodiments, the wafer
25 scribe lines may be covered with passivation to increase their height and to avoid sharp
vertical edges.
Chemical-Mechanical Polishing (CMP) of the Passivation Layer
Chemical-mechanical polishing (CMP) is a technique used in semiconductor
fabrication for planarizing a semiconductor wafer or other substrate. In some
30 embodiments, the process may use an abrasive and corrosive chemical slurry in

conjunction with a polishing pad and retaining ring, typically of a greater diameter than

the wafer. The pad and wafer are pressed together by a dynamic polishing head and held
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shown in Figs. 24A-24C. The polyimde covers the entire die area except for
openi ngs around the bond pads (polyner layer 2402 in Fig. 23). In sone
enbodi mrerwe,20t@sal yi m de nmay have a thickness of 7.5nrCTAR2@4054%DNal

Redi stribution Layer (RDL) of |ateral connections nmay be enployed to
rearrange the peripheral w rebond connections in a manner suitable for

waf er | evel processing (Cu RDL 2404 in Fig. 24B). The RDL may be fabricated

f t hi. f AL ACu,. o . enbodi ment Q..
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sol der baf?ﬁ%ﬁ%ﬁvﬁg%ﬁhf%ﬁpeﬁ2%@8$ﬁgﬁéﬂgﬁaggﬁ%tgg??%@égﬂ%%ﬁ?§ﬁ¢¥4%ngo der
bunp (Fi g.CMB)mayleepanfoirmed oayhet fassivai@nsuayr eatieg fiboicatidm) &y irlid Edacky @r ocess

in an oven, The thernmal treatnent nmelts the solder ball and cools it in a
wel | defi il rofp® the Wefidwn in Fig. 24. The entire structure may be subj ect

to thernnq@gﬁﬁﬁhq%ﬂSﬁ¢Nﬁ§§gﬁxgm&ing the sol der nelt and subsequent
n 0

solidification a cool wn to roomtenperature. The forces nmay be severe
enough to creatle somackdoidmanheamdEM (Matgl paslsior Mdtalh nfoidblmmafhlesse cr acks

left in the passivation filmmy expose.the under.lyi ructures, to the
har Ul ar PRSI OEkriprodhee WD Cara iy st b in e M DS BT B nant s
to penpgtr Q‘t/lﬁ\/lttﬁ@dﬂ@ﬁl‘a(} Qoﬁfafiﬁéca{ Mﬁ]?o% ﬂiﬂfdét{gm)t. he S%@@Kl%olii%@‘ﬂ{sﬁgn L@iGddaC Ui t

failure. Single Oxide Inter-Metal Dielectric The manufacturing nethod of a
chi p conprsiep may be WENS! awntrcanyeidingaddingiaritiddayer edthod medified mefyactime indde an

i nterconn i st age erei.n,a pluyralit f..layers of conducd. nat eri al
e Hen oo iRl RloREE BT adBELRUAL B 1 Soht mBodinBHE: fie Bros RS RURE, Ly

| ayers of dntheMINetal being)deldd tothad Mighrrat fdraldepditeondi ol 8N Talyer with &4 i al

may be silicon dioxide or conmpounds derived fromsilicon dioxide. During HF

attack, tHecrabeBIRe ney dieh tlotly, almping dersclegicallyiseapnestadsdructisesaphich ty in
the reactig ﬁyﬁl&%nkﬁﬁ%E&ﬂmQ%hdes reacting to the HF at very different
S.

pressures and spge sonme enbodi ments, a single oxide |MD may be used.
This may afihger Acmateeduction of |ateral overetch and cleaner contacts
W thout resi dueAS finger actuator is a MEMS/NEMS actuator, comprising a mesh and vertical
columns, or "fingers", that fit between the mesh. The capacitance of the finger actuator
may be varied by moving the mesh vertically. The capacitance may be higher than
20 standard parallel plate capacitors. An increase in capacitance may allow for reduction in
actuation voltage, larger actuation forces, and/or smaller actuator size. In some
embodiments, the finger actuator may increase the static capacitance between two plates
and/or the variation of the capacitance with respect to the distance between the plates.
The capacitance variation with distance may provide the ability to customize force
25  versus gap curves. In some embodiments, the finger actuator may exhibit lower
dependence of electrostatic actuation force on plate gaps. As a result, the electrostatic
force decay for large gaps may be smaller than standard parallel plate capacitors. The
electrostatic force may be distributed in the (x,y) plane by varying the spatial distribution
of dimensions, density, and length of the "fingers". In some embodiments, the instability

30 (pull-in) may be reduced substantially resulting in increased robustness of the device. In

some embodiments, adding an integrated resistor in series with the fingers may reduce or
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Scribe Line Modifications Integrated circuit devices may be formed in

mul tiples on sem conductor wafers and then diced into individual devices.
The devi cwe 20ay14b®ve rectilinear shapes and nay be for medTiER2@008G9T X ar r ay
on sem conductor wafers. Scribes may be drawn across the wafer surface to
scribe aline or lines (called scribe lines) along which the wafer is
eventual ly broken into individual dies. In sonme enbodi nents, the dicing

operation jnvolves scr.ibi bet.we t he rows d colu of the devices on
ohe cem conminys AARlk A g R RehR S oL au o RS o PR 45, 1 e out on
t he acti vellgiteeiveEmbb@EnRaid B dieiemenbd Rl Sehaidefiddes id avingesadiforf or ned
and the scribe lines are defined in the areas of the wafer between each

i ndi vi dual VibsatingAntenndore enbodi nents, the wafer scribe lines may be

covered with p hvati [elels e thej ei . i r

verti cal edges3ﬁ§%%%#b§?§%@¥%§%$§§% gﬂﬁéﬁPﬂbbﬁﬁ%%?@g¥gfﬁ@X egéﬁgl %@%
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subst r at e.OTARPRGHEN NP6 APREFIENS deisithbeey sheyld nekbaroniesd velimfied o
cor r osi ve_tﬁﬁ%%ecﬁpréééggr Ané ForEQha AP Sbf ProBeR LANLAGARE o faliGHA! N1 NG

ring, typical a greater ter than e wafer. The pad waf er are
pressed t qgethlovby a dynami ¢ polishing head and heldin place by a plastic

retaining ring.. The dynam ¢ pol.ishin ead is rotated with different axes

o orat Ton ¢ 21 H Ept BT cRRq Benth MESS il g P Hlenes Ay cven

out any i raQ8uh@e Jropear msioﬂﬁlébﬂl?aﬂeﬁeco%g Qlleckli@l vRiveRh@Mast thEhésrigRy be
e wa

necessary in order fo set up th er for the formation of additional
circuit elfeaguency. at|whighnteisgatiodigre it sracOp thargiobe ipesrdcoented than atdespact

passi vation, | ayer durjng fabrication, to avoid.cracks or thin points in the
harer | oD T SN RN tE P mb e s fesbe e Per Ao
| nsul at or d¥ktiahdy drdciahéwitdly. D6 bt Aplca@oREoBd snthlltiets ¥611,Ahe dhteenahicgls to
capacity capacitors_in the CMOS process. The M M npdul e may conprise a

si |i con’ nidithpigese( Shagh freqheseymer dapo dirae pbysicad dimeriansonbliess doytarags pe
carr 68 DY EAUL AR 0 B SN0 MIBBIGE dFEERER ! 0o
Si N | ayer antennas, for example, wire antennas, apertures and reflectors, as well as arrays of these
types of antennas. Such antennas exhibit no change in their physical shapes over a
period of time.
In recent years, use of MEMS-based switching and actuating devices or circuits
20 has enhanced antennas. MEMS-based solutions may offer reduction in insertion loss,
consume minimal power during operation, and provide lower signal distortion. MEMS
may allow for fabrication of a device in a reduced die space. MEMS switches may
reconfigure either the antenna matching network, or the antenna itself. The MEMS
switches may either change the impedance values of the matching network, or join or
25  isolate antenna parts. The MEMS switches may be varied over time as per the needs of
the system containing the antenna. However, this use of MEMS technology still targets
reconfiguration of static antennas. As a result, compact antennas face the same
limitations and their performance does not improve with the use of MEMS technology
like MEMS switches.
30 In order to overcome the size limitations inherent in static antennas, MEMS
technology may be used to build an antenna that changes its shape over a period of time

in two ways. The first way includes switching a set of fixed antennas or antenna parts
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on the MM may be nodified to have a high RI before deposition. An Si N

| ayer with an increased RI nay etch slowy, allowing for electrically

di sconnecwedosis@rur es whi ch may be mechani cal | y conne®C&mP2H00§O7
Actuator A finger actuator is a MEMS/ NEMS actuator, conprising a nesh and
vertical colums, or "fingers", that fit between the nesh. The capacitance
of the finger actuator may be varied by noving the nmesh vertically. The
capaci tance e hj gher -t han standard parallel .plate capacitors.,An

o ease i ST BB bO SRl PP LBR, Reb it Subu e 85 “DBnha i

| arger actiysalsl RIEMSrt6&moloxyd/ Dhe SiBhft acCtypahly astdfplishbd S@uTelceib@siorent s,
the finger actuator may increase the static capacitance between two pl ates
and/ or t heforeay.i adthpagh drc foress dapabe pigreelediiehmpggpiecer thsrmpleingnagirgncehe
between N, B 24 &8 A FARAR I ANCENALIAL R cVid Doflifl ANce TRYRLAYkde the
ability to custom ze force versus gap curves. In SNt ermo |rren11gs, e

fi ngers actmat be semByd.eXhishiype bdaveenrmdepenitieinge eibodtingl aednnas MEMS t@clinsdddyon
force on plate gaps. As a.result, the electrostatic force decay for |arge
gaps may t?@aélﬁ%lgvficfm FEsatiRapHegS HRat anbrate t[%rataé fregpeiciasginsto t%ﬁeloo kHz

el ectr ost afiiGnéQr 48 WRYr DAEMS tdchRMbEHid Shil BGe (peyaf RbEARE O BuN@LWHrichet he
spatial distribution of 1r’di nensi gns, %ghssﬁ , gn%3 I enlgrt ﬁ&of tHle "firng rs".

I n sone erdntcuinaentls mhmefactnst @bedss by vibpating-anennamyeddenot bd licetdsaDESS i al | y

resulting in ipcreagsed robustne of the device. ]In so enmhodi nent s,
adding an FAPBLE: 48T TR QF DTG ArIBEAAY, OF NP g ¢ FeiPoR HRkbe-

orel i m natiRsdesdnbuddcieem&ithiichSsydbmRREKIDWMRvi¢ed.t age of the air. Fig. 25
shows an illustrative enbodi menf of the arrangenent of a mesh and fingers

in a finger actlnatesiein vibedimangs, Antvéma@angNentcana hehitpese higihn gerdlersminrddyy one
or nore ME evi ces aryr ed using._one nore, an kLntegrated circuj.t
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applicati (ﬂ"@ﬁeﬁdi@ @ppl2il oatMEnsandi GRS S&elitd#EQwnsiBe vl 100N@&00 baHe PNk Wedeed as
limted to this type of process. The foregoing is one t)ﬁ/‘ge of process to
i mpl ement AFROdEPHIts. @aribighEg gniganp Bay eneraie atileask sfowrrbpro AV Mz 480 Mdenna

B e R U LR e
i s radi at i999. MHz, i@ tMeke, 150@NHor €900 M5 2dc@Hiked GHat 1@ Gldapdat one
embodiment, the vibrating frequency is higher than either the carrier frequency, the
bandwidth or the information bandwidth of the signal being radiated. Having the
frequency of the periodic movement to be higher than the minimum operational
20  bandwidth may help avoid undesired interferences. The exact requirements may depend
on the vibrating antenna type including the following implemented signal processing.
In one embodiment, the present invention provides a type of vibrating antennas
called a capacitive antenna. The invention includes a capacitive sensor, where current is
passed through a moveable proof mass (e.g., a moveable plate) to interact with a
25 magnetic field and produce a force orthogonal to both the current and the magnetic field.
This produces a displacement field on the proof mass, detectable as a change in
capacitance. The capacitive sensor may sense several different physical magnitudes,
depending on how it is driven by an analog front end (AFE).
The capacitive sensor may behave as an accelerometer, a gyroscope, a
30 magnetometer or a compass. In an illustrative embodiment where a capacitive sensor
behaves as an accelerometer, a mass is oscillated by changing stiffness of springs

attached to the mass. The oscillation is produced in the direction of the acceleration, and
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antenna may not achi eve good performance, specifically, good resol ution,
and al so efficiency and bandwi dth. To be able to resolve snall objects

wel |, t hewanbevinsooneeds to either use a high frequency @eCTERR@O0I059gE

physi cal dinensions. These limtations are present since the antenna is a
static radiating structure. There are many different types of antennas, for
exanple, wire antennas, apertures and reflectors, as well as arrays of

these types _of antennas. Such ant.ennas exhibit no change in their physical
Shapes. ovds PRaBRREB3Re eitHEM RAUERNER, Fy AL Mubrd s SO Ear shEEH ohit ohi ng
and act uatdapsrithavdcags bohaveh b6 WighiDstpe, SN@RIRHENANS RIS OMRNDTRASRGD T

solutions may offer reduction in insertion |oss, consune mninml power
during opeiglt pibat. apmappedin dmassoviy ths iplna ot gscsilasioniod the WemBngrERsSIS| ow f or
fabricati Vi i . i i So FTBY i
reconfi gu&gtagelfdf ﬁ]gr ?aﬁlgr%grcl a%%é&%;é? %‘?ﬁeﬁégﬁ’ﬁﬁﬁlﬁ{ Hggﬁ@?)ﬁgngg@%nona i P%%‘I f. The
MEMS swi t dhes ilesyragivd frebodimamngehdrbe chpgeétlanessoy dthiess af a tdigpagmttabi ng
network, or join or isolate antenna parts. The NEMS sw tches y be varied
over ti me SHuisgidpl q%nwéég’ged&@ frerrelist BrrrEospual dirgefiqns o & 1%%35@. However

this use Céf&g{\éﬁl\éﬁt LELANRLE Aih Tbhdthnt LRHRIE Hh%&{%ﬁlh&ﬁ’sr @Ha%lgﬂ% QfreGidl Ihe

ant ennas. a result, conpact antennas face the sane tations and their
per f or mangrome®@sn hote whrprtby gertvedlmdieencuspeatih 1sVEMBdede chmadifgnentd e MEMS

switches. In order,to overconme,the size.limtations inherent in static
ant ennas, FRVEAPSHSIP BIRPL MRS disp SR & i masgﬁedir#@ﬁﬁ%% Walfla%ﬁéﬁges its

shape |@VerNa1P&idcPidn &f ddtdci® dsihd (e d¥RY¥Snce Th Bagabfifice WM thdgdIdESpiaNe t ching a
set of fixed antennas or antenna partsvia MEMS swi tches. The second way

i ncl udes ribderan¢ecketwveemtbe imegnean inslfine aseal ldy gl curngrts wry WBNB! eetthaohaggnt The

novenent i.S .tn}/epiﬁarl %Oqstﬁati c,force althouglh t he

| v .acconplished.via. el ect
forces maymtt)le p‘f’e %gg%lg%clrrfmg{%mﬁélgﬂ%atkis‘cSméllrlarﬁlher rra?xlalrl]d hat o gv?o %%O%Vi ng

struct ur e 4ndtver sigifisd Wirkdht£are app IR EGRLI MV idNG IgeRerAl] 4 thetwat si gnal
that may be sensed. This type of antenna is called a vibrating antenna.
MEMS t echrithogonad axgs ase msasured. apd thewmatitiy race amakitudp aesponssrinpeedt Hem at

frequenci (;%?1 iHBsthBvd Q@B&(glg}ehg%\l}%g ac[&?éc%ive"é%ﬂ&‘f%%ha\%{@@a hl%g{l‘éli? QQY dhhenly

one type process ng antennas. € mantifact ur€ process of
vi brat i ng cantceninagplivded amudss bechl than veetibat moMevEnt to cienah gy proBacedexanypl e,
vibrating agésﬁrqgg %}ergggﬁ n?oevelrnrg?l![ Sﬁroev&lf’]st r?lgasﬁfen?e%g lOJP trllle rﬁ%%gétlilcbgeblgslf &e direction
orthogonal to the direction of the current. In some embodiments, the sensor may be
duplicated multiple times to form a multisensor chip with different capabilities. In some
20 embodiments, a multisensor chip may include only one capacitive sensor configured to
measure different physical magnitudes at different moments in time. For example, a
capacitive sensor in a MEMS circuit may be configured to operate as an accelerometer, a
magnetometer, a gyroscope, or a compass at different instances in time. The capacitive
sensor may be reconfigured over and over to offer different functionalities at different
25 times. This gives a user the perception of having multiple sensors, while in reality only
one sensor exists. In some embodiments, an AFE may be multiplexed for a plurality of
capacitive sensors. For example, a MEMS integrated circuit comprising a plurality of
vibrating antennas may be fabricated. At least one of the plurality of vibrating antennas
may be activated by a signal from the AFE to operate as one of an accelerometer, a
30 magnetometer, a gyroscope, and a compass.

The capacitive antenna may be modified to achieve better sensitivity by using a

mechanically resonant structure, where the antenna vibrates at its mechanical resonant
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nano- el ectro- nechani cal systens (NEMS) devices. In certain enbodinents, a
vi brating antenna achi eves hi gh perfornmance by vibrating at a high
frequencywoBssvigb®s of hi gh frequenci es include cel | phoReTRPRGUANIUES
(700-2100 MHz) and GPS satellite frequencies ( 1100-1600 MHz). In sone
enbodi nents, a vibrating antenna nmay operate at |east at or above 400 MHz,
450 MHz, 500 WMHz, 550 MHz, 600 MHz, 650 MHz, 700 MHz, 750 MHz, 800 MHz, 850

MHz, 900 1000 1500 19 2.4 GHz, 5 G4z, 10 GHz, ./
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enbodi ment where a capacitive sensor behaves as an accel eroneter, a nass is
osci | | at ednpsgyclearigicing dsvicef(hessd oof farpxiamgls, aelempdreet, raslia hevesasDratime,

oscillation.is gr duced.in tpe di.rectjon o
i) 3 §

or, te t0, form Tice, Auton rnoL tut(:f"a GSICCFfI B at il"ﬁp’ch?‘ndias
proporti onal '8 ext &rnal CAcRere a8 AR ST Gt at Ve éﬁgbaﬂﬁ%nt

where a capardiédmtcsgnsioto hkebavestr@taghcdy WaseoReeryt M faspichdied. | Wahy@l4 ages,
180 out of phase of each other, are applied to a mass. As the plane of
osci | | at i caP#AY Rty thei wrykingsfecquengyoloapaainiatye anteasy kthechpnvprildice

changes i s 1 OLL4 %@lert ﬁ?c['ulaﬁcf )%ﬁe%{rgﬂilg%ﬁileqfcewg{fesr %agt bo réasilyn tsﬁf%lc{ehl tyative

enbodi ment ere a capacittve ‘sensor aves as a conpass,” two sinusoi dal
currents ghoitdrtietth®d using, @ppkdimgtle,iatuoinflmgahal directions to achieve the
S?Ir“e\é? : gzt -Cl)-];] ea ig.UEg (:"srllltow\évI aEnh il &?r%l%i\?entemabo {rrlletnlgdoef E ulrtesocnca)lg‘[t Icglgja%%lsvec Ql?fgr%{ang
implemented as a MEMS device. Fig. 26 shows the device as cylindrical proof mass
2602 made with a stack-up of metal layers M2-M6, including via layers. The proof mass
20 does not include metal layer M1. M1 is typically a protection layer covering the device
underneath (to avoid vHF from reaching the ILD below M1). The device is suspended
by four springs 2604 of length 30um each present in metal layer M4 only. Guard area
2606 measuring 100pum is covered by metal layer M1. Neither pads nor the release layer
are shown in the figure.
25 Fig. 27 shows a top view of the resonant capacitive antenna implemented as a
MEMS device. The device has sixteen signals, 2702-2720. Signals S1-S4 (2710-2716)
sense capacitance between electrodes and the proof mass. Signals M1-M4 (2702-2708)
are connections to moveable proof mass 2602 (Fig. 26) through springs 2604 (Fig. 26).
Signals A1-A4 (2718-2724) are clectrostatic actuators that move the springs horizontally.

30 The actuators drive the mass into resonance when sensing accelerations (linear and

angular).
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nonent in tinme when the vertical novenent peaks is recorded. The difference
i n capacitance due to proof nass displacenent is also neasured. The North
or nmagnetwo 2blovt4boodi rection i s detected using the diffePemEP2010/056947

capaci tance, and the delay or phase difference between the nmonent in tine
oscillating currents are applied and the nonent in tinme where verti cal
novenment peaks. Simlarly, for the x and y axes, two orthogonal and 90

shifted current e.applied, capacitance variations in the vertical and

The two or t nogdii 2 eakae g hiefERAE A ARTSQHRR' Shadlls e IrEEm TR 1 Ude
response isMEMSdevite. a%ighdlh BILBA{IR0L- 280004t BBAGMUB LR iIanS@AashE by Mensor
behaves as a maﬁnetometer, an AC current is applied to a mass such that

vertical nog tBb{2808e2898 5 sene thsrcapasdtence baswser MA gind ereqfandss g0 (gt

all ows e r t j C Al ' ' ' | to the
direction o Ot%hng)gtgif)l&een %s ?ﬁgis]gﬂ 'gﬁ%glggéjggr}otnég&t ﬁ’g&gg%\ﬂgﬁ% Fgr%ﬂgag%ggpﬁ cated
mul tipse tprodsetcarrtmrifovathmalghi isanislayere MIpMAl @0TIRTOE FanL7Rapabi lities. In
sonme enbodi ments, a_multisensor. chip. jmy jnclude only one pacitive sensor
configured to TR MU s &P 1mﬁﬁty§}f€eé€fntﬁ%gi§%i’ia?lt?d’é$ ISy ey hidfEnt s i n
time. For &3mRfondl HRRAGHS | NEn-SRREG ial BB MAVD chiddel thdy BBKCRErGRHOUT ed
to operate as an accel eroneter, a magnetorneter, a g&ros ope, Or a conpass
at di f f er endirdctisi.afibesapacitivé amenibhd Eddpdeiita hes thefodlowinpgayardectesconf i gur ed
over and over to offer different functionalities at different tinmes. This
gi ves a user the perception of having nultiple sensors, while in reality
only gme sgngor exists. In sonme e Lpgepks, an AFE may be multipl exed for
a plurality of capacitive sensors. For exanple, a MEMS integrated circuit
conmprisind0&)plurality of vibratingmanfénnas may be fabricated. At |east

one of th urality of vibrating antenna y be activated by a signal
fromthe ZEEI)to operate as one O%E%Hétr}%é?%neter, a magnetoneter, a
gyroscope,(oand a conpass. The capagidve'&pt enna may be nodified to achieve
better sensitivity by using a nechanically resonant structure, where the
antenna viBfates at its mechani €aF ¢esénani¥tEquency. AC current may be
passedst hrough the resonant capacitive antenna at the nmechani cal resonant
frequency. The nechanical quality factor, Q mnay be increased by properly

seal i ng t heheatit enna i n vacuum The proof mass di spl acenent and the

capaci tance variation are ltiplied by Q _This enabl e detection of
smal | er magnet i f i Sericalgan W%Iﬁéﬂqéflgar%ﬁgs%?mi ent increase in power
consunption. (starting at M2)

gn,  horizontal gap between proof mass 2602 and
20 S electrodes (2710-2716)

k, mechanical restoring constant

m, mass of proof mass 2602

Cy,  horizontal base capacitance
Cy,  vertical base capacitance
25
In some embodiments, one or more plates may be added on top of proof mass
2602 (Fig. 26) to produce differential capacitance in at least one direction, ¢.g., the z
direction. In some embodiments, an additional mass may added to proof mass 2602 (Fig.
26) to achieve a desired Q value. In some embodiments, two different capacitances in
30 opposite directions may be provided by shorting in parallel a second MEMS device with
the top and bottom positions interchanged, and correspondingly changing directions for

the horizontal axis.
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Capaci tive antennas, inplenmented as MEMS devices, nmay be used in a

mul titude of applications. For exanple, nmultiband antennas for wrel ess
devi ces (wWOgotlo/@&oul ar tel ephones) that are small in sipe@/ERe@dodsdouver hi gh
performance. In such enbodi nents, the capacitive antenna may be for
reception only. Capacitive antennas may al so be used in anti-theft and/or
shop lifting det ecti on devi ces. The antenna may be conbined with an ener gy
scavengi ng devic

ooy e ong eI SR B Bt FesP R i R BhsoP AT st Tedl™Y T o v

chip. Thi Smé?éﬂltﬁdé%brﬂé@p H\t}?dd@l@b b Piof OP&ISadcOlcFANEE: Qﬁlﬁﬁéﬁrﬁm@g agjlicd waves
at very | ow frequenci es. hout a capacitive antenna, the working

frequency sighalsgo ﬁpmﬁmn@ecﬁﬂf@mﬁ@pﬁrﬁ%ﬁ RE0ZHFiip A arasiupe mevefnert of ghed hi gher
frequency I h t hi ef
using, forp?é(gf;%ﬁg ”’%ﬂé&?&ﬂl | um 3{1‘1}9&513%%@18&5%@&%&1 élgétr%%% {% S@o&fﬁﬁﬁ%@b
enbOdIﬂEnKFQj26)ﬂk@@nﬁﬂﬁn@dﬁ@@phyﬂﬁﬂamgﬁmm&cmmmhﬁﬂﬂﬁ@ﬁdnﬁﬁ@ﬁwMENBhdeVICe
Fig. 26 shows_ the device as cyl | ndr i cal proo rrass 2602 made with a

st ack-up dioefgpass. |l 3 éaegaw ivBChipYRd Ripshigdisr iy Fhapging tg@rﬁ@c IHEBEdoes
not inclu | r ering the
devi ce ungfgl;c%?g?% rllfﬁlle'?%%g ¥ S%(I):Lt ﬁ%%j&p glgd(lt: h?sﬁ?gn? ﬁdgtf%%%)é %(gblzo@\;y%%?ol\‘lﬁhe devi ce
is sus penckedletryn‘tfodunelrm rstlffggs 26Gbeahabgedgichio80ahy b)apetssmgease’rif cumemret al

| ayer GQuard area 2606 neasuring | OO is cover ¢ | ayer

M Rt t P DIt TR BRQURIEY FRy s e SOl F1TE HEDRHPE: Sl 37
shows @ tQQQWB@Mﬁﬁgai@ﬁmﬂﬁﬁﬁ?%?hp@? Qhkh&@aﬁg%@ﬂﬂ%ehﬂ@k%&%ﬁ&ﬁaﬂas a MEMS
devi ce. The ‘devi ce has sixteen sl ghals, 2702 20. "Signals S1-$4

(2710- 2716ysoslemsfeecnlawdhtoalﬁbéhmmg@ ninglogstantdpdsmenisl stlffequ m@ﬁoffbeméagsged
Signal s M- M &a 270§ & §o0N &g J§)nn qg$1§5°°f 602 (Fig.
26) t hroudiy 8% E%*éli‘ (aﬁu u- V%65 SPRIEA (274 %%Hﬁ

el ect r ost aptisgag Mﬁltdlfvﬁl Vb abduleesrectt mmssmy Agsy hertempdthakd ¥t a s-Bflﬁagiwt uators
drive the mass into resonance when sensing accel erations (linear and

angul ar) . HPHow 3l aritppt variatign aprgyethe pprig: wem@g&ﬁéme%ﬁfa@m5§ Vayd®t enna

connedt Pé%?aﬁ%dfpﬁ@?@?ﬁ o BB o SRS SRR B SR e
capaci t analnb édmmmrhl d\AplmdleprsdgfaddmgsWB @02 trofthige el&&)odam att €oh srde oY ehemas s

2602 (Fig. 26 sonance when sensing accel er ns, or
( rnoveab e ptlate chieving resonance by means of periodica y c anging the stiffness of

the springs by some means (electrostatic or thermal) is a known technique, called
"parametric amplification". Though such techniques amplify the displacement of the
20 proof mass, they may lead to instabilities. Care may need be needed to properly design
the capacitive sensor in order to avoid such instabilities.
The periodic change in stiffness of the springs produces an oscillation of mass
2602 (Fig. 26) in the direction of the acceleration produced, proportional to the external
acceleration. The acceleration produced is increased by a factor proportional to the Q
25 value. The factor may be approximated as equal to the Q value, as a first approximation.
Proof mass 2602 (Fig. 26) may be connected to ground through signals M1-M4 (2702-
2708). To sense acceleration in the z direction, an oscillating voltage may be applied to
signals A1-A4 (2718-2724, Fig. 27). To sense acceleration in the x direction, an
oscillating voltage may be applied to signals A2 (2720, Fig. 27) and A4 (2724, Fig. 27).
30 To sense acceleration in the y direction, an oscillating voltage may be applied to signals

Al (2718, Fig. 27) and A3 (2722, Fig. 27).
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produce current flow through netal |ayers ML-M4 (2702-2708, Fig. 27). In
the illustrated enbodinent, differential capacitance is neasurable only in
the x andwo 2haviszont al directions. Non-differential cap&Cirteeaecie/ oséyange nay
be neasured in the z direction. The capacitive antenna MEMS device has the
foll owi ng paraneters: (0.1) gv = 0.9nm (0.2) gH = 0.5mm (0.3) kv = kH = k =
2Nm (0.4) m= 9.10 p kg (0.5 CH = Cv = Co = 100f F where, gv, vertical gap
bet ween M and ,proof ss. 2602 (startin t M H__horizont.al, gap between
roof mass 2603 aAe SMEP Gt ABbRpBm bty Kk M R FREI B 370, g
constant rhadiagesorRimalingas sh2fddvichof hgyrozaptal THhagaceapathtangey O,

vertical base capacitance In sone enbodi nents, one or nore plates may be
added on tthpcafolisifeise prasiple die Al gay be plmest gicogmeas dhat fartbpasepant

capaci tance_ il n.at, | i ' yibh .di recti-on..

embodi mont 2P et o BB, CUL ER BhipiB, ccREeR S LDk B30T,
achi eve a rmiasi2oe (I va) be.applyinponeoseiiook nelnies to bignaldiaflf &4 2T 8Faci t ances

i n opposite directions y be provided by shorting.in parallel a second
VEMB devi dagwDhlt ﬁ@rf%%%%a{qd&ﬁ?wf{hoaﬂ%al VI & eHIhRFeR! marid-60-
cor r espondiengby) %ggﬁgkﬁl% AbIRFbIANTink b1t NG RNk R Q0L Al @ity FOIBY)

enbodi nents,” a re t "capacitive sensor nay sense physical mag
cor r espondhatgs 1 80°toueobighaay from tbé ancragt®hed voltttzer Thédditopay atcedignadsdpl-i ed

o onals o, 500 LIG5. OTOCGLEA 9, POl PR, A002 (F1g. 720 produce mveren
and pi@of nass 2GHE cldbb8imeaf)a Rhd NS capabisivO9eRbr G sBRYThGatalRAHit Hee
correspondi ng to novenent of the
corresponding to the behavior of a compass. The antenna senses the direction of the
magnetic field, as opposed to its strength. Two sinusoidal currents, one applied between
metal layers M1 (2702, Fig. 27) and M3 (2706, Fig. 27), and the other applied between
metal layers M2 (2704, Fig. 27) and M4 (2708, Fig. 27), achieve the equivalent of a
15 current with constant amplitude but continuous changing direction. The current rotates
parallel to the substrate. The moment in time when the vertical movement peaks is
recorded. This happens as a result of the current being aligned with the Earth's magnetic
field. The difference in capacitance due to proof mass displacement is also measured.
The North direction is detected using the difference in capacitance, and the delay or
20  phase difference between the moment in time oscillating currents are applied and the
moment in time where vertical movement peaks. The currents oscillate at the
mechanical resonant frequency. In some embodiments, the currents oscillate at a
frequency lower than the mechanical resonant frequency.
In certain embodiments, a resonant capacitive sensor may sense physical
25 magnitudes corresponding to the behavior of a magnetometer. An AC current at the
mechanical resonant frequency may be applied to proof mass 2602 (Fig. 26). Applying
the current between metal layers M2 (2704, Fig. 27) and M4 (2708, Fig. 27) and sensing
vertical movement allows measurement of the magnetic field in x direction (2608, Fig.
26). Applying the current between metal layers M1 (2702, Fig. 27) and M3 (2706, Fig.
30 27) and sensing vertical movement allows measurement of the magnetic field in y
direction (2610, Fig. 26). Applying the current between metal layers M2 (2704, Fig. 27)
and M4 (2708, Fig. 27), or between metal layers M1 (2702, Fig. 27) and M3 (2706, Fig.
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proof mass. This behavior is achieved by periodically changing the
mechani cal restoring force or stiffness of springs 2604 (Fig. 26) that
sust ai n pwvoahivmas®72602 (Fig. 26). In sonme enbodi nents, PETiIEHPROIOSS6oARY be
changed periodically by passing an AC current at the nechanical resonant
frequency through the springs. In sone enbodi nents, stiffness may be
changed periodically by applying an oscillating voltage at the nmechani cal
resonant f uency .t hyough the springs. In some enbodi ment ti,ffpness may
e changed martost e NP aB RGP By FO R, Rehd e w8855,
that the «igoabn heats the springs up and down via Joule effect. This may

allow the tenperature of a spring to follow the current variation across
the spring. | n Bisrieagsioseterantysnot giverqcpests meppuisacarahthedrodmasdiccal |y by

el ectrost aﬁ%&y And c%‘hjgﬁﬁgugh). JHho oﬁra‘%i?ﬁl%'rﬁ%!ge&fﬁélﬁg This Ty AR i8R0 § OF
smal | displacenents by adding two el ectrostati ¢ el'ectrodes at each side of
t he noyveallaadipdldbsplicAddn @vd.ngcdlipiomanRiec bycreansyabt peablow kadpltie changi ng
the stiffness offihg ) rings by sone neans gel?ctrostatic or thermal) is a
known t ecHisiipirne fgd et sugh p driies PEaceHacy 1 iTRRAIMay n SR iy i thechni ques

g - ‘ ‘ . el
amplity t rb%g%l%géez\gaggg%ﬁ %s%eés{ﬁ%dglf g@fglerggé&’s. VBB difilatidhs WistaRld 1 ties

Care may ne 0 proper sign the capacitrve sensor 1 n order
to avoi d sughbd ofstoabdrhj an dectroftatic ferce ody be @ahplnglaoititt the pfoofiemss mforddrago
springs p;ﬁguces an oscillation of mass 2602 (Fig. 26) in the direction of
the accel PP BFUHBATEEECH dporti onal to the external accel eration. The
accel ef at ijpfegphRdUn@dcdof i Ncreased by a factor proportional to the Q value.
The factor may be approximated as equal to the Q value, as a first

appr oxi mat i on. Whidothenfsego@0descHbep. orR6)r maye MEND lewicte drranged rusingdontehr ough
signals ML-MA (2702- 2708). ~F0.SENs ccel tion in the z.direction,  an
osel 1 at 1 M S dge ok AiREAT FsRERThaPE Al o Spbh e 55450 §Pes, )
To sense agGppRcadibhNthcipph@it¥ndikegbidbolowRhosiginot BE toigideald adenii@ytobe
applied to signals A2 (2720, Fig. 27) and A4 (2724, Fig. 27). To.sense

accel er at itBl type @ffwodesyli The fregpngiv dype af Pragesy & inapfemaehthparplisstionsd t o
signals Al (d8wFi 9- 27) and A3 (2722, Fig. 27).1n some enbodinents, a
resonant é%pa0|t|Ve sensor may sense physical magnitudes corresponding to
t he behavi or oflt Aagyeseopdvanibligesusi ® asecanyphip shéwttarsiingadibefrepenot (BF) or ce
principle. The AFE may be al nost the sanme as that for the resonant

capaci ti venigag pES-pERGRlaHE, %H@&fépﬁdowé%?rs tepehiarechigh dgemagee.

vibration gn @ rd@@ifllators, the quality factor Q of an inductor may be critical to phase noise

performance. Since the self-resonance frequency of the inductor may limit the operating

20 frequency and/or the tuning range of the oscillator, careful optimization may be required.
As transistors scale to smaller geometries, their associated supply voltages may need to
be reduced. Since inductors have almost zero DC voltage drop, they may be used to
increase voltage headroom in low voltage RF circuits. For cross-coupled differential pair
LC oscillators, an inductor at the source node of the differential pair may increase signal

25 headroom. In embodiments where the inductor resonates at twice the oscillation
frequency, noise performance may be significantly improved. Gain and noise factors of
low noise amplifiers and mixers may also be improved by using inductors to tune out
parasitic capacitances.

The Q factor is an important characteristic for inductors. The energy dissipation

30 in an inductor depends on its Q factor. As the Q factor of an inductor increases, its
energy dissipation decreases. MEMS-based technology may be used to enhance the Q
factor of an inductor. For example, when fabricated using a MEMS CMOS technique,
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mass 2602 (Fig. 26) by applying an oscillating voltage to signals Al-A4
(2718-2724, Fig. 27). In addition, the AFE produces an orthogonal vibration
on proof wase1288®7( Fi g. 26) by appl yi ng anot her oscil | 2Cirmep2molosege t o
signals Al-A4 (2718-2724, Fig. 27) that is 180 out of phase fromthe

af orenenti oned voltage. The AFE may use signals Bl- B4 for a vibration
needed in the vertical (z) direction. In one enbodi nent, a resonant

behavi or " orTh g R HHES MR AR o dlie MRS Rl SR BT FRed et o
field, as mppased to its strength. Two sinusoidal currents, one applied

bet ween netal |ayers M (2702, Fig. 27) and M3 (2706, Fig. 27), and the

ot her appl i ed Hé%/sméﬁnﬂ?e i@lenr%wl\%swg)ﬁ@mmhg&mme 4 tqv_&ib%ieaﬁ@er} Fig.
cont i nuous GpnG) RS e Ohedh SHCEROL ol WoIRIRBERARE, LSRRI

subst r at e.insitheCMIDS piockds typitalyyredudche cusntircalhBowearnt dgeadson ther ecor ded.
Thi s happens as _a result ofwihe C%B{ent bei ng al igned wi th the ﬁgrth's

magnet i c fPEFHS CH@S aracees ances Uk vapdciltghc dhegore o Sredotorradsl layer
di spl acermaply hcal AeIRARW K%, A eriilils 8FIR TNl BHRCLAfloS! Nt he

difference 1'n capacitance, and the ay or phase difference between the
nmonent i n limieioosailédsal Oy, Ky, @011, 25 emajping, SO en d0@itre, HOpen200myt i me

where vertj_cal no nt peaks. The currents osci.llate at the nmechani ca
Fesonant | (4 LaUeAEYI0Nh WERERGBOATHEIE o RAE S EOLRE By PLPGTG o
frequ?@cylbﬂyﬁﬁdi&@ﬂmk?@nﬁﬁﬁmgﬁt%ﬁkaQQ%ﬁﬁ%BhuiéeﬁMﬁﬁﬁknﬁbGﬁﬁﬁﬁ&ﬁhﬂ
enbodi ments, a resonant capacitive sensor may sense physical magnitudes

cor r esponditegratesl ingrect@rahaw botabutated andyloas direk ef a single asteldpyes miitha lengi

hani cal f b lied to . f . i g. .
Aol yi ng. A R P AEPIERI Ao DR e Bl R TG C Rl ey 70

Fig. 27) anetablensiveadyvaidtmhsahavdoneiRiinsat ihewadmeasur enent of the magnetic
field in x direction (2608, Fig. 26). Applying the current between netal
layers M (2702 hemrgeessmay aatenivmly berdrge omjdgy neryl layss. espsnagmiesimprtal

Foc 56 LinOE o IAREESER M Hociseh TRARCHLE phACHE koL LRFbUBASETD
Mi (2708, dhttgl lapf)undara oetmesriayeetad wighat ®pvhetbATOR ab&vait, 123) beaundd VB

2706, Fig,27), and sensi ori zontal novenent allows neasurenment of the
grag net i CI %L@g)& ol a]ﬂmgpr inaéﬂa?eé&np%rﬁue to the etghemg process to make the puad opening,

and may show more curvature when released. However, the inductance value does not
depend on the curvature radius. A larger radius leads to fewer turns, but a larger area for
20 cach turn. A smaller radius leads to more turns, but a reduced area for cach turn. This
may be beneficial since the curvature radius may vary due to factors during fabrication,
but the variation in inductance value of the inductor may be minimally affected.
In order to have a coil, the other end of the layer needs to be fixed. In some
embodiments, two lines of metal from the metal layer may be used that are connected at
25 one end of the inductor. The lines need to be separated as much as possible, since the
current flows in opposite directions on the two lines, and the magnetic fields may cancel.
In some embodiments, the metal layer may be positioned on top of another pad, and
wound on the pad after release. This is possible since at each turn the metal layer may
displace horizontally as well. At one end, it may be positioned on top of another pad,
30 given an appropriately calculated length of the layer, or a pad large enough to take into
account the variations of the curvature. This end may be wound on the pad after release

by applying a high current pulse.
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The magnetoneter may not give accurate neasurenents if the proof mass is
exactly and continuously orthogonal to the nagnetic field. This nmay not be
an i ssue wo 2au0ashel d application (e.g., a cell phone) ®CHEP2&008698DN MAY
not be able to keep the cell phone fixed with such a degree of accuracy.
This also may not be an issue if the capacitance variation is neasured in
all three axes. However, in applications where this nmay be of concern, an
el ectrostatic f

rce.may, be.applied to ti.l he pr,o00f ss.4-n order to
b ol nscaur ot OHERETY R AaRR W8 g Rebitdustilt BIOShe B Rty Ehagt: ne
descri bes aifr ddutre MEMYcHamingastcaflNg@sttors iah giselb SedmMrtkis dBcuridre giagt ed
circuit fabrication techniques that nmay be enpl oyed for various types of

appl i cat i ovlew fopa trapypingcs i1 laggosiadecs e yalugwls srang embrstimgeiscigigsirder ed as
limted t i . . r i | process to
inplenentq?ie1%%%¥%§éﬁ%§%ggéﬁgzﬁCé@@%%ﬁ)ﬁﬁghggugg%gﬁgtg ggﬁ %ﬁeous to use
on-chi p i nduct drig. 29shvadian illuseguienaybddingnt ofladgyoait 6fla dieroouiafsing
Particularly, oscillators . need inductors to aghieve hi gh performance. In LC

osci | | at or'8eiafrd gduntory DicedWrconyans iaieeratatiad oy Vhend spe OHIT {8t phase
noi se perfs%eﬁ%?-%gs.'fz@fsﬁo&vbgn ARk 3R SRARRNA Eﬁéc%H%@%s%pet(EgMggfgl?% or may

limt the operatin requency and/or the tuning range o at or
car ef ul optfienidetsé ohintmmyatbdindectoi 3@AL. froks the amfrs ohihs chipalkhetcorvatmat ber

geonetries, their associated, s l y .vol i ages eed to be reduced. Since
nduct or < tha e hBERT Bipss sy Bristhie ihopecen el e Beaelant B o ease.
vol tage hegeliQeibh bPahk Aokl 8RGO of et h& offlénif hAGRe kesPIatkisickf erenti al
pair LC oscillators, an 1nductor at the source node of the differenti al

pair may ivabrceaswelpgynhighie fgtasomn same embadiingeist & walse bendingpiodgiog or
resonates at _tw.ce.the cillation freguency. .noi per f or mance be
Signi 11 carcrymy g by dS < RE kA ShaRRgr IR BB sl h R T s and

m xers mayofahSechiPeFighPr oiusd Hyillustaige eMBUGh@nsof £ htéaeat@irar3dyrast 8100,
capaci tances. The factor is an ingortant characteristic for inductors.
¥

. Qfsa .
The ener gycolpsisingdhice integrated indvgtass F0%epends on its Q factor. As the Q

factor . of 'qguﬁ r increases, its energy dissipation decreases.
NENB—%%seJﬂ?g% no %gy may be used to enhance the Q

While the foregoing describes one or more MEMS devices arranged using one
more an integrated circuit fabrication techniques that may be employed for various types
of applications, the applications discussed below should not be considered as limited to
this type of process. The foregoing is one type of process to implement the applications

20 given below.

The complexity of high-frequency systems is increasing as a result of higher
performance requirements. Such complex systems include scientific instruments that are
part of satellite payloads and require high precision and resolution. Other requirements
include low power consumption, weight and cost. The invention introduces a new type

25 of switch, a modal switch. A modal switch may be ohmic, capacitive, or a combination
of both. Such switches offer several advantages including lower voltage across tunable
impedances, high isolation, and low power consumption. Modal switches are based on
the idea that the actuator may make a change on the EM field distribution (or mode).
The shape of the circuit may permit certain modes, but not others.

30 MEMS switches provide several advantages over conventional switches
including low power consumption, low insertion loss, and a high degree of

miniaturization. Since this type of switch is fabricated using existing integrated circuit
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factor of an inductor. For exanple, when fabricated using a MEMS CMOS

t echni que, such inductors can have a | arge inductance value, high Q factor,
and are exoyotoa4p®@3s produce. In some enbodi nents, MEVSPCUEB2010066%8T 0Ogy nay
be used to fabricate an integrated inductor having a | arge inductance

val ue, and a high Q factor. The MEMS inside CMOS process typically produces
a curvature. This curvature depends on the specific CMOS process, and is

usual ly quite l.arge. erefore single top tal |ayer have radi us
neow as Pspfmink HEchbiie. GrSaydoRefir el Be My o™l MEMS "Rl on.
at | east |dcRombtrat&MFrcal Gatantidldo iy f2BAAHonSOMALyib&ONRE tASQional 20GER  E&OMM

or 300mm In sone enbodi nents, an integrated inductor may be fabricated as
a | ong traekRmple, acleqtipglasicatbt aictuatade MEMS |saaishes| mayocondice. RF ncusené in

e_rrb odi ment %Ph?a@lohmn% \ﬁﬁé%nél%gé‘ﬁ}e? bli)ee aét@g{a g\%gﬁ{s 4n tf?é]ga&% %gqﬁl of a

singl e met ayer w ease
t he susr owfdinmadld filtees. rretza&coddhﬁgl@ptﬂhm@ (atdva)eyefaheadvemagesl a(yermlhenndm@nd may

have many turns at the end. The praoces e done on any
met al IayéFanSmﬁs@Brlr’é‘eéWHB%ﬁSH%M%MSd”ﬁ%‘f%Ot%/‘ifﬁ% @@Pg psigh since such a

llayer may bend qipf@es hﬁ%:c%ég? ﬁ%ayer W%@tesof @nfRE r éoﬂﬁ ra (%jerAd:i‘ortdﬂggt et al

| ayer, and w thout top ve it, nmdy be uSed. Such a
| ayer may ther ttypennércontaet, switthes why rhenghrprcoﬁeeisl-tbemﬂakeorttM) pacbapwlweng,

and may show. more .curvature when eI ease ver ,. the j nductance val ue
Goos not HORTRRE 15 MERIPT 4t B SRR aee) o SEsordinh s B ey Doy

turns o butsuaichéy @8y b&rseded @ﬁetﬁaeshnétwc@nta& &rmia{g%rcaggedﬂak;@e W& LR itBRIL
turns, but a reduced area each turn. This e beneficial since the

cur vat ur e @MNyion §humynwme§al1ﬂmmetaé corieetorrs saupli qagaqltabca when the,swiigh i 1& Qr).
variation An f:) c ﬁé’]?% 1\1/t?‘0 e Olntrogi% Q%UCttO 5>(¥] nF Ul 101%/ ?C ed. In
order to Hav&§“'chi The ont]ﬁe? 6f *he Y%%/ edS"t'8"b (¢ n sonme
enmbodi mentrhedal Wwitth ARy tefohit.adaphsitine, tdie mﬁkﬁhat{oawbommymaumﬂebafe are
connected at one end of the inductor. The lines need to be separated as

nuch as pd¥siderthesiden that fie astiatesrnay Mk a ichangspastibe EMificdd disgbytion (¢the t wo
| t t al
I nes, myqﬁ‘i&goﬁg@ﬁ%ﬁé dpffthgkﬂéu ﬂ?@ﬁ@{*ﬁ certdug nRATE ferRedidER! Mo&£§n§P a

| ayer sitio on top and wound on the pad dfter
rel ease. Thi (Slange(bbﬁﬁl dhlaﬁgGSImthe @bm&xyhaﬂthe mrbllne m’di;aloatimgethe rayuidivathl ace
hor | zont allL e 1rn e a'nces ?nesoglgdemjbodlrrrrlg ts, rnodg I01tr Inf?u ‘SI%OSEH SW1 chgg rg géeher
pad, p p p
ohmic contact switches in uniplanar transmission lines.
Such switches offer several advantages including lower voltage across tunable
20  impedances, high isolation, and low power consumption. Low power consumption is
also an advantage especially for a MEMS implementation. In some embodiments, a
modal switch is a transition between two types of uniplanar transmission lines, coplanar
waveguides (CPWs) and slotlines or coplanar strips. The modal switch includes a
tunable structure implemented as one or more tunable loads, series and/or shunt
25 connected, on the transmission line. Power may be switched between modes depending
on the asymmetry of the load values. The tunable structure may include loads in series,
shunt, or a combination of both. This structure acts like a tunable impedance,
implemented cither as a resistance in an ohmic configuration, or as a tunable capacitor in
a capacitive configuration, or a combination of both. A modal switch instead of cutting
30 or bouncing power at a given point, transfers from one mode to another. If a section of

the transmission line does not allow one of the modes, then transferring to that mode is

equivalent to cutting the signal.
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given an appropriately calculated |l ength of the layer, or a pad | arge
enough to take into account the variations of the curvature. This end may
be wound wo 2btver4pd after rel ease by applying a hi gh cuPCEmP2010/056947

pul se. Cbtaining a transformer with a | arge inductance val ue may be
difficult using planar inductors. However, using integrated inductors as
disclosed in this docunent may allow for a transformer with a | arge

i nduct ance valye. In so enbodi ts, two or nore .inte ed inductors may
bo_coupted t o Jaear FbRITHEEG Sedh HepumsrBp Ak SRHRghabGP B SlniReGL S
illustratior a&rdaggblaeﬂtra@fferang ay elebtrihl gl e &AsBiY AP déNTBRISHteh also

i nduct ors. 00 contains iIntegrated 1 nductors 2902, and sone ot her test

st ruct ur egnclmles. a gwoshsigaakmedinmyer paihicerably ah HrpderERs @nrdertngat sigsebise
(SEM !”a%?uh%éd%r T 'fo"}ﬁ%{QfS}%th% ﬁhng %@&‘éﬁ%@% o644 1 %Jc ?hesﬁiéélg e of

the chip e curva ure o ease ayer IS c early visible. The
process digetased Fabaxemplel ansclé@ricdl hdrdu@tbinkg atsk an sl leawire Ndiggt dinedand

i nductor on the surface of . a chip having |ar e i nduct ance val ue s well as
a high Q fCREIRN SIHNE Giger @&B@dﬁﬂﬁ@ﬁ% Adtcipative ng’r?d?lFFg‘“p%l&Ké’é? Agduglidite may

be used fopqk dﬁ?&&mgl%hﬁ [Fi:s! a%'i%%l heaaht wﬁérefnh ﬁ%ﬂqﬂﬁhﬁﬁ%ﬂ%‘ philg giur face

of the chip. Fig ows an illustrative enb nt of an Integrated
transfornﬁheBf&&mtmonanSﬂhgwmhndwtmmﬂegsaWQMasmduﬁm@rgu@ﬂ&?bmwmdagnSMntch

Whi | e the foregoi ng descr,i bes one or VEMS devi ces arranged using one
ot e an | ACGUFBAR er s Eo Q5 6 Pon CPILHNTUSNoR At ey ba_ enmpl oyed o
varioyg types qh @pRid eabb&RAnts Ne fRAP] &a@tmgdlﬁmdhss%&ﬁl%@@db%hﬁ%rﬂmulnd not
be considered as Iimted to this type o process. The foregoing is one type

of proces s%letcmqarlrrﬂommlcatthe ‘apbl ‘] csamndn@ggalv@ndm ow heTiigst coamsl expdiymof

hi gh-fr equGDStsS Strergs e o'l R A0 <& c?e,ofI of ltr%a hers %rsreran%te
reqw remensflgp rg H) %%I%p % §/SI{1 r‘?%‘f SCI erﬁ%n’?l C 1 ns? I’TEHI{ ? are
part of safiglal nicdip@yhBasgppand tlﬁeeﬂwt o de @mmgﬁaﬂqtaﬁﬂsmn;s@ﬁd Aeseddlitdoafrol O her
requirenents include | ow power consupption, ght and cost. The invention
i nt r oducedMechaKM; GaFErodt th§vﬁ1@%€h0f wenﬁwmmg@a\h m@ﬁlurm\ Rodehangingt b mede ofe

oL B B, SAUDLPSLAN B BOh B PSR BF U
i sol ati on,ofahel ﬂrﬂvmn[dmmncbﬂmémm'ateoﬁhe shvind ahlisving cing sigrak clrase hyothe first
signal medium to be transmitted to the second signal medium. By changing the mode of
signal transmission of the first signal medium to the second mode, the mode of
transmission of the first and second are different, preventing any signal carried by the
20 first signal medium to be transmitted to the second signal medium. In some
embodiments, the controller may be arranged in an integrated circuit. The controller
may include a MEMS or a CMOS structure.
A tunable impedance may allow for operation of the modal switch as a tunable
filter. In some embodiments, a modal transition between a balanced mode (CPW even
25  mode) and an unbalanced mode (odd mode, or slotline mode) in combination with
strategically placed series and shunt resonances may result in high isolation with
relatively low Q values for inductors and capacitors. Such a tunable filter may be useful
in diplexers/duplexers and RF filters found in cellphones for new generation
modulations. It may achieve low losses in the pass band and large attenuation on the
30 stop band, with a very narrow transition band. The attenuation on the stop band may be

much higher compared to attenuation achieved with conventional technology. MEMS

switches provide several advantages over conventional switches including low power
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the idea that the actuator may nmake a change on the EMfield distribution
(or node). The shape of the circuit may permt certain nodes, but not

ot hers. NMEOBosMi4s®Nes provi de several advantages over ce®QY&EPRI10O494TW t Cches
i ncluding | ow power consunption, low insertion |oss, and a high degree of

m niaturization. Since this type of switch is fabricated using existing
integrated circuitprocessing technol ogies, production costs are relatively
| ow. MEMS t echngl ogy denonstrates great .potential. for fabrd.cation of
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be ohm c, capaci.ti or. conbi nat.i on of both. Mdal switche re sed on
Che T dea t hat (e SEh R oPBrlI v Lo SeRe BB Dt el PRSP <R L% PEd: | on
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In the OFF state, the power dividers implemented by the capacitors provide the same

voltage in strips 3208 and 3210 where the slotline mode has to propagate, preventing

20 signal propagation. In the ON state the structure behaves as a perfect modal transition

between the CPW even mode and the slotline mode by connecting ground plane 3206 to

strip 3210 of the slotline mode (via capacitor C4), and CPW central conductor 3204 to

strip 3208 of the slotline (via capacitor C2), while capacitors C1 and C3 behave as an

open circuit for the RF signal. Capacitors C1 (3212), C2 (3214), C3 (3216), and C4

25 (3218) connected as described above act as a modal control mechanism for this particular

configuration of a modal switch.

In the illustrative embodiment, the CPW odd mode may be short-circuited

without short-circuiting the CPW even mode. In embodiments where the four capacitors

are of the same value, a frequency independent perfect isolation may be obtained for the

30 switch in the OFF state. In some embodiments, isolation may be obtained if the value of

C2 equals the value of C3, and the value of C1 equals the value of C4. The capacitance

ratio (Con/Cosr) of a modal switch may be an order of magnitude lower than a
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on the asymmetry of the |oad values. The tunable structure may include

| oads in series, shunt, or a conbination of both. This structure acts |ike
a tunabl ewOrepediase, i npl emented either as a resi stancePCH/ERR010/08G987
configuration, or as a tunable capacitor in a capacitive configuration, or
a conbination of both. A nodal switch instead of cutting or bouncing power
at a given point, transfers from one node to another. If a section of the

transm ssi on |ine does not al. n f th hen, t.r ansf.e n
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type of signal mediummy include three nes, such” as a CPWtransni ssi on
line. | n oeedahbswitenpadibleerapagitoas, fin thetON |s‘gtmallnnrhslnlbrmatsvec¢mbmmhetd wth

and/or in electr a nal ium. The first
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transn@ SsiQns. ﬁ&t%csa &Qﬂ‘&%&hﬁ&@l'ha@ﬁ%w&t%ﬂeyofqﬂﬁpwﬁeﬁ d"eE&lvfaieEi% n@QﬁO)Of
signal transm ssion. A nodal control mechani smcontrols the node of

first sigread 998dF wien Bytu@uqéuﬁegg ng3iXe Smellsapiciter geiblpretscatr@rw@ggqmudf ast he
first si gnal rst_nod

first and QUBhHelEcHay ik bolRERunghinf sRYRid ks BNER 33) Rhufion, e
first signajw aeditiomoRafemby @Elﬁ&ekiaejdtdﬁlﬂlﬂﬁ&e&ﬁél&ﬂﬁc smg@g med el mBy
changi ng the node of signal transm ssion of the first signal mediumto the

second node, replifatadogacemsary ahwiRisdeigngp obten ?hprdgﬁlreéirf@p%@awaémee The
different,, e{l deﬂd F W20 m%!regé‘c%lxra‘fea{gcéﬁsdprpé’en{s @%&%ﬁ%@?g@%@@@ﬂ%&%ﬁ o be

transm tt e second signa
control | erasniysadne mrasiinged in an integrated circuit. The controller may

ol ude 2 NES or, a. V0B st Luplur 5 A Sunghl &, mpedance Y, 2l L ow er
nine unit cells. When only one unit cell is actuated (e.g., 3312), capacitor C1 has a
capacitance of 900 fF + 8 * 10 fF = 980 fF, which may be approximated to 1 pF.

20 Similarly, capacitors C2-C4 also have a capacitance of approximately 1 pF when the
modal switch is OFF. The symmetry of the layout of unit cells in the capacitor structure
allows for good isolation behavior in the OFF state.

In Fig. 33B, the modal switch is in the ON state. Capacitors C1 and C3 have all
cells deactivated, while capacitors C2 and C4 have all cells actuated. Each of C1 and C3

25 have a capacitance of 10 fF * 9 = 90 fF, which may be approximated to 0.1 pF. Each of
C2 and C4 have a capacitance of 900 fF * 9 = 8100 {F, which may be approximated to
10 pF. Such a value may be required to achieve reasonable insertion loss behavior. The
capacitance ratio (Con/Cofr) of the modal switch is approximately 10 pF / 1 pF = 10. This
capacitance ratio is an order of magnitude lower than the capacitance ratio for a

30 conventional series capacitive switch. In some embodiments, the capacitance ratio
(Con/Cosr) of the modal switch may be less than 10. Parasitics may not be as important in

the ON state, as for the OFF state. In the illustrative embodiment, some capacitive unit
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filter. In sone enbodi nents, a nodal transition between a bal anced node
(CPW even node) and an unbal anced node (odd node, or slotline node) in
conbi nat iwO 20i13580r at egi cal |y pl aced series and shunt PETEPANIOASCINRY
result in high isolation with relatively low Q values for inductors and
capacitors. Such a tunable filter may be useful in diplexers/duplexers and
RF filters found in cell phones for new generation nodul ations. It may

achi eve | ow,l osses i,n..the s bha nd | a attenuation on the stop band,
o then v SR B it R RETRuRRE iR s T B R PR, b band may be
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Accordingly, there are severa antages to i'nple ting transm ssion |line
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show an il lustrativye enbodi nent. of a_nodal swt Fig. 32Ais a_.
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a CPWtoslotline transition in a back-to-back configuration passinhg from an

unbal anced[\iRKueveas impuaica of 40@x 108 yan’b dlhgrcadnast iatrsagedP\R0OE) nude, or
slotline de). .In the illuystrative e i nen CP rou anes 3202 and
3206, " v R inup Ao b T 5Bl tor S BTRRER TR g o b R R D BD PRy ¢ o'
A (3212) ,capitividehiact. CBhdrS3 i Youranphcitbrs(82h8)modaeteedt Mgy BEbbtaingd wal ues
for the different capacitors may result in a perfect short for the odd node

(or sl ot | ianererRfcd00x4H) nw”, appiowimiclor operation of CPWeven node. In the

OFF state, the - ai Vi iL.opl b i ovj de-:f he
same ol tage 1 n o ol Sl VELERBRARA Y, G SRRARL 5268 ALYk
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dielectric (IMD) layer 3504, MIM top plate 3506, and silicon nitride (SiN) layer 3508.
In order to implement a capacitor (or a capacitive switch) with high capacitance ratio
20  between the deactivated and actuated states, at least two changes may be required. The
MIM insulator SiN layer 3508 needs to have a refractive index (RI) of 2.5. Additionally,
MIM top plate 3506 need not be deposited. Figs. 35B and 35C show illustrative
embodiments of such a non-conventional MIM structure, without a MIM top plate and a
SiN layer with RI of2.5. Compared to Fig. 35B, the MIM structure in Fig. 35C is absent
25 of IMD layer 3504. The variable capacitance is obtained by moving plate M(x) towards
plate M(x+1) to change distance d. This results in change in capacitance, Cys. The SIN
layer 3512 in Fig. 35C may serve as a MIM dielectric in the ON state, obtaining a MAM
(metal-air-metal) structure in the OFF state (low capacitance) and a MIM in the ON state
(high capacitance) (M(x+1) collapsed over SIN layer), resulting in a high capacitance
30 ratio. In embodiments with a SiN layer thickness of 60 nm, a capacitance density of 1
fF/um” may be obtained for the ON state using SiN as the dielectric for the MIM. The
ON state MAM may also be implemented using a SiN layer as a top plate stopper. In
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strip 3210 of the slotline node (via capacitor C4), and CPWcentr al
conductor 3204 to strip 3208 of the slotline (via capacitor C2), while
capaci t or80Qn10ar®oC3 behave as an open circuit for the RETHPQIIQI056947
Capacitors O (3212), C2 (3214), C3 (3216), and C4 (3218) connected as
descri bed above act as a nodal control nechanismfor this particular
configuration of a nodal switch. In the illustrative enbodi nent, the CPW
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PR TR e L e A A S S e
sel f actuagdten. Low actuation voltage nay be necessary to mnimze

dielectric char]%i n%é The cells may be replicated as necessary in the RF
desi gn to obt aifigtHeshgwsian dépstapecenbotimentafdMIMicapasiive WMk may be

nor e cur i 4 . [ | . | as the
Core par adnpFidlelqettic S RERE ol ST TRRREMANCRMBhSRpRo L
Capaci t or didpliceneongfidapgdtooplarisneCamnpdred &l vesticaisplaogthyntplagralni t cel | is

gggu? }:edv\}ﬂﬁgﬁaq@ﬁ}’ 35:1?{1 ?Og‘ﬁ&g’g Co:gtﬁg éiatgpgphgestwge_nce g&l(r:oldtegt r\])\?h?chogedlglc(:)e% afctlflat-lirmlS 10 fF =

voltage. This configuration may avoid bending due to stress since a stack of three or
four metal layers may be used. Additional benefits of lateral displacement include better

20 alignment, better control of the OFF state capacitance, lower dielectric charging, and
ecasier implementation of push/pull electrodes (to avoid self-actuation). The MIM
capacitive structure in Fig. 36 comprises push electrodes 3602, pull electrodes 3604, and
movable fingers 3606. Movable fingers 3606 may move laterally to vary capacitance of
the structure. One finger may vary the capacitance from 2.75 fF to 295 fF, and may

25 consume an area of 50x5 um’. The capacitance may be reduced due to roughness and
imperfect contact between the top electrode and the dielectric. This MIM structure
exhibits a capacitance density of 0.3 fF/um’, including the area for movable fingers and
electrodes.
Mechanical Capacitor

30 While the foregoing describes one or more MEMS devices arranged using one
more an integrated circuit fabrication techniques that may be employed for various types

of applications, the applications discussed below should not be considered as limited to
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Simlarly, capacitors C2-C4 al so have a capacitance of approximately 1 pF
when the nodal switch is OFF. The symmetry of the layout of unit cells in
t he capacwOanigsect ure all ows for good isol ati on behavipOT/EPRO1I0&IDFF
state. In Fig. 33B, the nodal switch is in the ON state. Capacitors C and
C3 have all cells deactivated, while capacitors C2 and C4 have all cells
actuated. Each of O and C3 have a capacitance of 10 fF 9 = 90 fF, which

may be ap%lo?i mat g to 015"/&11 1er. Each of C2 ?nlg CA h%}/@ﬁa o aci tag e of 900
fF 9 = 8100°f¥° WM Sral b8 RS Biedx PRatEE Of BrOfEsf MGG APRIE*HEY be
required tgQvachil@ve reasonable insertion | oss behavior. The capacitance
ratio (Con/ Coff) of the nodal switch is approximtely 10 pF / 1 £F = 10.
Thi s capaci t andB ofdsr fwaghicvgiarge énstucior oneaparitardelucevoae/ o high quabtyclagiaes t ance

ratio for i I i hthve Lteh.: | ' ts, the
capaci ¢ andas T2 VARSI st e B BE Shics® Sl e Y, SR BRARAL Y

Par asi $ i cscomymadtargearasunt op Oictspade. i Alteriivel, gHeabenpoastf oy bb@laCbdFofft at e.

In the illuystrative epbodi nent, sope capacitive unitcells on C and C3 may
not be us }p-b%@thé?cenwe%@ayf%ﬁltélyﬁﬁétcpvs,pﬂy%me. MAREFYS: @%&P@tyzn 1&%] at i on

in the O':'%o%@éneoeg@ésiﬂ%t e AGQr @%9b%iaM%ltzEg%ﬁéﬂ'otihfegﬁa@é)&‘r‘-Eﬁi nces that are
I n some I ma

symmetrical. enbodi ments, a“vari abl € capaci t or y be inpl enent ed
in a CMOS moemdigissallyi latgeMeduators msditaphatorh/itithlhighvudlitysvaluest butevithmat f | cat i ons.
Fig. 34 is a diagrammuatical,.crossssectional view of an il ustrative

embodi mentMEFAI LR SRS GIRATT. of I FOMBRBIS S FOReD Rty RS2 IcH. et a
(1P6M) CMPasfvQcess with MM structure 3402. The MM structure is discussed
further below. The MM structures may hel p achi eve high density

capaci t ance. Fdn sexanrpibediments, MBS teahoelogr nsitydars¢tortugld aS'tnnd@g@ll@al

capaci tancc% gc?t%%i t}( (PI’II n]al];eF/ Hrmz'ntA YA 5 68f njl‘cgll ?allz a0 rnt{a? ccz)obntlariisn%d awi th such
M M structures in a% area o ilﬁlﬁxi&f P’ l1ahe area y net eads P8 200x200
2, taki ngrelditl Falireatonin &1 @egtacd dcduitatlihg Mmeheditd edeitordsinprives possi bi ity
of | ess than perfect capacitive contact. Therefore, four capacitors for the
nodal swi tNEMyasirusiire HiahptaEs cneredvhen eavobpguditivmooe inpplicthisresitrdiel y. Fi g.

35 sh i rati WR b u : i . 34 Fig. 35A
shows (i)g;vs c oér? v ﬁ{llgcgln‘g?{ﬁ R/I% S ? lflu c%i tﬁ?eg&%laM%ﬁg{réé;%%nﬁégé@%@%r@ !\%C))(rf 1)
(3510) at dnHecltop caagybath liny chagpec vo vk \rcrosnthbelcween AphadhesicM( x+1) and
Mx), lie inter netal . : .
capacitor may provide large tangent capacitances and very low secant capacitances.
Figs. 37 and 38 illustrate tangent and secant capacitances. If a voltage difference
V is applied across a capacitor, each of its plates may be charged with a total charge of
20 Q. The function of this charge Q, depending on the voltage V across the plates, may be
defined as Q(¥V). This may be a linear function as shown in Fig. 37.

The capacitance secant capacitance C is defined as:

c-2
=

The tangent capacitance C'is defined as:

o 42
25 dv
For an electrical capacitor, both capacitances are equal, i.e., C = C'. Hence, no
distinction need be made in between the secant and the tangent capacitances. In a
mechanical capacitor, however, Q(¥) may be a non-linear function of the type shown in
Fig. 38. Consequently, a distinction may exist between the secant capacitance C and the

30 tangent capacitance C'.
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dielectric (IMD) layer 3504, MMtop plate 3506, and silicon nitride (SiN)

| ayer 3508. In order to inplenment a capacitor (or a capacitive switch) with
hi gh capawOtarcksgati o bet ween t he deacti vated and act uaCemEPM1a0647 at

| east two changes may be required. The MMinsulator SiN |ayer 3508 needs
to have a refractive index (RI) of 2.5. Additionally, MMtop plate 3506
need not be deposited. Figs. 35B and 35C show i || ust rati ve enbodi nents of

such a non-conventi on\_ﬂé8 truct e 1Wl t h(% a d{ﬁ ate tand a SiN
Tayer i h R df vomg Rty b HEbire SRy Motk Hal et . asc
i s absent @padityhbdsayerc3a04.scddhe cikitalte AapaLiah@He Gapaditalet 3hnedoy novi ng

plate Mx) towards plate Mx+1l) to change distance d. This results in
change i n reegbaricelpapecitooyay allrwdosiefueegyatpussebageripplgwhidedslivaying brge as a

e e

capaci t ang@wet Mamd);vm‘,le |ch&gﬁgdh@Vsz’ac1ﬁivadhay elie) inpuitaswvoitag: ¢hangeshiglow
capamtance ratio..In enbodltﬂe ts with a SiN |ayer thICkIQNSS of 60 nm a
capaci t ancsCdé FYIEanse Maysles sy ReOHE sinFRedic capacitpRoK nsEdstie SI98 hg Si N

as the di eslrrﬁ(fltcrhhf‘gef Qﬁdlh??o Mr%lle-ﬂ& £MosLial &&@%@Wan%l@t@rl&? chiplgent ed

using a SiN layer as a ate opper I nenbodi nents wwth 'SIN [ ayer
st oppers of 60 Swiiched capamwrtcam@‘tedensyﬂoy uedd or t¢nviersiamd D@ wobegesbBasined. A
MAM st ruct ur.e al |l ow for better ca]%eqltor ga SWI'[ChII’lSEI‘tIOI’l

nd |.owe
| oss. In SoEh Fﬁeﬁtggner%} HPTGIIE 008 ST ¥ortase FamrEign. nik}e BeStobt ai ned by
usi ng 1§ ghroknrl BAPUELHS forHER @BulN #6% Provide@ FRAOSIHEOVIHRLE SigRal AN C

Layer Deposition (ALD) technique. A M Mcapacitive structure produced usi ng
ALD may achidoeblpaeltved ok olvaeed faraat thdren mnatrvoéﬁaedswnm dn parae ur e, as wel |
as better CEH)%CIt gl%ernd nsllcatll a tMrMaC% acl ne ausCtl h Walltahlt 19 -k
dielectrics g r?al} Have V§Py h gﬁv capé’(v:lct S%Eep geRsi ty

bet ween 4.dnadtbr lgct oUfyPn aAexﬂreﬂi@lgr offididht poglkr kupplye! ﬁ&hrallﬁ)vxfw’@@fplyahﬁyl S
their linearity (C(V)). However, |inearity may not be an issue

capaci t i véieéwrtlme CHE et la PPBaguly w&egme% & pyingle dafegrated cifpelt.3gHouTHe

YT | Y ARy UL ORS8O AMERIORASL o1,
enbodi nentsooifces aMi Mayajehedrta desirsd outptittirodtapd. t In sohglentbodiradregttiid wovdeposi t ed
on verti Caélupl\),\fa lnllaisy allor\}vI f$0r d?gaarlr(l:llcatllllyvgha?lgntg%ge Oelﬁgl!ltbl Etaslgel 3 heerr?llechamcal
capacitor may allow for high efficiency values for the power supply, even when the input
voltage is changing. Such a feature may be aid in implementing a power amplifier.
20 Additionally, the power supply may be used inside Flash memories, where high
amplitude voltage pulses of varying levels may be required.
Fig. 39 shows an illustrative schema for a lateral mechanical capacitor design. In
the lateral design, the device comprises a parallel plate capacitor, where one plate 3902 is
fixed, and the other plate 3904 moves laterally by means of spring structures. The shape
25 of the plate may define the stability and the tangent capacitance, and may be controlled.
In some embodiments, the mechanical capacitor comprises two horizontal plates, where
one plate may be fixed, and the other may be restricted in two directions and allowed to
move in one direction only. In some embodiments, the moveable plate may move by
means of one or more springs. In some embodiments, the moveable plate may be placed
30 with a horizontal position tangent to the fixed plate. In some embodiments, the

moveable plate may be initially placed with some overlap with the fixed plate (like

shown in Fig. 39).
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di spl acenent of capacitor plates. Conpared to vertical displacenent,

| ateral displacenent allows for shorter distance between el ectrodes, which
reduces awouatia@smovol t age. This configuration nay avoi dPoEmEpRe1g/0siee7 t O
stress since a stack of three or four nmetal |ayers may be used. Additional
benefits of l|ateral displacenent include better alignnent, better control
of the OFF state capacitance, |lower dielectric charging, and easier
i npl enent ati on ef push/pull el ectrodes 0 avgid self-actuation). .T
capact tive. str bt PPk REIeeCs SRRl R AR BB L 155 B8
el ect r odesfoR6Ghplcandtdayahtss bl REsiS:-BROGruchiy all civicnogidl. 38Qecay nove

| aterally to vary capacitance of the structure. One finger may vary the

capaci t ancess tlynmochmpicplrcapeciteg magybehavedikesan odestidcaheananitelr ddicarovsalkls ur n2.
The capaci t V. - . O e i - contact

pet weon ¢ HAE S5 or Supslsa 4 AT LSl Pl ARG ARG ARG RYeE AT 1 s
capaci i anagui®riaid posafonDthdsd for¢egnayi teadquall Hpwdver,af tha vb bagerapphidd scrbdsnger s
and electrgdgsn Mechani cal C%pacitor Wil e the foregoing descri?es one or
more MEMS the ?Vd%lsaw%ﬁﬁaidh% EHEPSEtie foRsE B3y inGrRgse gRATREIMEY BNt thenr i cati on
t echni que f i %ﬂﬁ@ i i , the
applicatigﬂiﬁﬁFE usgggﬂ%g¥%a%§%35%%wﬁg{:%EQg%nsi g?%gﬁg?&?ﬁﬁgkg §ltothis
type of prospast®r niblidefdosiegmi sugh st phee mypanolt cphacesmithes theptlecterstatiche

applicatio iven.below |In order to achi eve | ar i nduct or or . capacitor
Vol ues adiefr fEdivae by Coet rcrplleies o bofth et ¢ GBI y heed ¢ o
be buhky. M¥emdnRial @ahRtbh thEeoEREPPRARPLS Il BISHOBoltick 6 GRrABDURL of die
space. Alternatively, the conponents may be placed offchip. Both techniques

may resul tchargehinglasicion pé theanevcable plate map sncagrse the hedhenicalregaringioremt even

be possible.. Therefore, it be advant ageous .10 _integkate on-chi.

monots ¢ hi catie MRy B Sl e SR ALGRAL ARERLS R sbRRE AT S eRs, bur
W t hout i nakRasbhebldEhte basidtl itsiditidl osticPmayptetvcRaRPabenfabp@ettefierred to
as "integrated passives". In sone enbodi ments, MEMS technol ogy may be used

to build &neigydrghicdectacs) seeeyr Fig. Adahawvomadredi efapasiement gythe pe

mechanj cal i | Sl alr. ] I;
rochaOL 2 RRRE Y Y oA L LA LR 0
—y direction. This shape may be defined easily and precisely in the layout of the

Fe M M

process. The movement may be performed either by shaped plate 3904 or rectangular
plate 3902.
The mechanical capacitor moveable plate may be built with a potential shape
20 function, for example, potential shape function 3904 (Fig. 39). The maximum vertical

distance yyqr and the maximum lateral displacement x,,, are related, according to:
_ n
Vimax = B X max ,

where Xuqy and yue define the horizontal and vertical sizes of the moveable plate, as

shown in Fig. 39. Hence,

B — ymax
xl’l

25 max ,

and mechanical restoring force £ may be calculated as:

g xmax

2
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MEMS structure that stores energy when a voltage difference is applied
across it. In conparison with a conventional electrical capacitor, a
mechani cavocapaaswor nmay store and rel ease energy w th [PCTiEHPRO10l056%gE i N
vol t age across the device. A nmechanical capacitor nmay provide |arge tangent
capaci tances and very | ow secant capacitances. Figs. 37 and 38 illustrate
tangent and secant capacitances. |If a voltage difference Vis applied

across a capacitor. each.of its pl.ates. may be charged with a total charge
of & The THRE!t Bimef S wiiied Tyl ORI PRE v e Beb Ot  Goe The
pl ates, mayisthecdrivdadhasvdEaphcitol PlascsTaY oBE e@bddiRaf, tHURUb W vagues Aown 1 n
Fig. 37. The capacitance secant capacitance Cis defined as: V The tangent

capaci t and®¥ used:s defined as: ¢ = dQd V For an electrical capacitor, both
capaci tances are equal, i.e., = C . _Hence, no distinction need be nade in
bet ween the secant and the tan %ﬁﬁ%éé%§éﬂ@an5@%. In a mechani cal capacitor,
however, Q'V) may be a non-linegar funetipgn of the type shown in Fig. 38.
Consequently, a distinction may exi st befween the secant capacitance C and
the tangent capacitance C .In sone ‘embodrfEnts, a nechanical capacitor may
provi de | arge tangent capacitances mpd=Véuym | ow secant capacitances. A high
t angent capacitance val ue for mecpanigal capacitor may allow for reduced
out put voltage ripple while deliverihhg [arge currents to the |load. A | ow

secant s Canaghd ﬁl@ﬁivafh?ers, h@&a%%hmﬁg@r?ﬁtﬁ% FGRPICL R Q5 - THY lI\T/&di" £ RAWEL AR ed

whi |l e charging t capacitors e input raw vol tage changes. A | ow
secant capaciy bvcék vatey. bendubd nercascdvignnenge ofi csianing i heceapag ittegr...onl y
needs to store.a snall charg .. leading to a smaller capacitor size conpared
to an eIed%Wﬁ%@ﬂ”%é%ﬁ%ﬁF@ﬁ?/gmf?@ﬁgd capacitor converters may be used for

conversion of DPegyaktAaBesimcBASIHE MWhhABAGFRNYE RS LE sHIRNRIA plirafifyyt de one
sinpl e voltage conversion. The nost comon applications for these circuits

are to pronader eapstitngh thabacponnegtidiin garadlelgdatheterelifypcgupioutht eame hkved or
inverg&d faorm of .t he

as the origing caaaréitiomgt)ﬁlet fink; cf!cg aa%ﬁar? ie & | be th s3R n&o?hme%git%gt S, a
mechani cal®>CApA& Tor iy Obe cOMbITHET W Th'E Swi't ey Capacit'of

tangent). This may be advantageous since it may be easier to build a plurality of devices,

cach with an area smaller than the original mechanical capacitor, than one single device

with a large area. The plurality may allow for a narrow gap between the plates.

However, the area of the plurality of devices may be larger than that of a single device if

15 cach requires its own springs. In some embodiments, damping is performed after a
voltage change with the aid of an inert gas in contact with the device. In some
embodiments, the operative frequency range of the mechanical capacitor may be below
IMHz. In some embodiments, the mechanical capacitor may implemented with very
small structures, ¢.g., nanostructures, for an operative frequency above 1MHz.

20 In some embodiments, the mechanical capacitor may be designed to take into
account fringing fields. Fringing fields may be minimized with a very narrow gap
between the two capacitor plates and a large overlap area. In some embodiments, the
moveable plate may exhibit movement in the two restricted directions, parallel to the
substrate. A change in the area of overlap may generate lateral forces to force movement

25 of the plate. This effect may be minimized by designing springs to take into account the
lateral forces. In some embodiments, the mechanical capacitor may be implemented to
take into account the finite time response of the device. This may be advantageous when
frequencies of the signals involved are high compared to the mechanical resonance

frequency of the capacitor. In some embodiments, the mechanical capacitor may use a
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converter (SCC) to forman extrenely efficient power supply. Such a power
supply may deliver large currents while being fully integrated in a single

i nt egr at edlocpTCI4E07 W t hout need for any external conpoREmEP2010l0869pDWEr
supply may be fed with nultiple power sources, and nay deliver a desired
out put voltage. In some enbodi nents, the power supply nmay allow for
dynam cal |y changi ng the output voltage. The nechani cal capacitor may all ow

for high efficiency.val ues .for the po uppl ¥,  even n the i.nput

vol tage i oG RO RRES R0 R SR nd R SR SRR RS AT EStie

anpl i fi er.a ddiintthonalphiye lowhea RQVIBF ths wiithynibd YedasringsBebei dagitdd A1 ash

menori es, where high anplitude voltage pul ses of varying |evels may be
requi red. Howevesa sedwsicalrapagiios prithlpwed wduraney bosenaltivefeedprnpechani cal
capaci tor i In t r Lgn, deyi DL . rall el

o ate capasinigtfon, bes V@Rl ERYR Sehlibt R P RSP e 3004
noves } at evalking fbya paéniSofafmsprchng oftah Wkicuiad sccclditionh apeonds erhbwiipe@te may
define the stability and t he tangent capacitance, and y be con[rolled. In
sone embodi m{es%tms C Ry sﬁ?WC@gp%@eh Poth TSP $EEs 1 %@ ReFhapsat al pl at es,
wher e Onescﬁg@ctit%r B V‘t\)E?lJCE@f ﬁgideafﬂgt srtttﬂl@tu%. h@tin !gg%rtﬁ??crc%E}d’tloﬁti§ erktndci@n

direction nd all to nove I1n one direction only. In so enbodi nent s,
t he noveabhewpbktdevivaythemner fyuoteansyaiscidate. dfowayee sepe ihegsnerlistrustorme

enmbodi nents, th eabl | at e be placed with hori zontal position
Canoont t aopioRate et abd triios sl e e v BORERr RS oy be
initigyly glaaced with sonme overlap with the fixed plate (like shown in Fig.

39).1f a very low voltage is applied across the nechani cal capacitor, the
mechani cal f or ddtarpgsivesesigedtoliie ltaplsnesthanicalmapargtor desdesmey be used. iy be

very small ..ln such a case, the nmechanical ~capacitor y behave |ike an
orent 1 cal BAEHE Rod nR IS ol sSSP R AR AR Farl by GREGsl Wi

el ect r ost atipect Okescend capiseRanhgabe 4 pRIdact 0T¢adlos e vaanteFig i dhokii um
position, these forces may be equal. However, if the voltage applied across
t he devi cenjibustaéive deseen for gancsharied] GapagitPempyeable plaly- M‘?(Y?@g%ﬁlag‘eﬂé)izng

nove t t bl f : ! Ci .
embodt rentis £ ds” RUErE e B nfy B P BE GHRELE len AR bl of BB Fyric
nmovenent dbidedn 06i Thaphtvasaj bearehesdrbgdi-atipoirts €10d. dn sbie cohbsdiarasstHeet ween
t he capacitor bot h. .Si.nc hani cal _novenent may di m nish

the vol t a&?vqagllefpiﬁg BV I%Iaﬂlkudf%ﬁy51{'?26655%4%géﬁ¥-oHPwsveéa@e deyce may
behave as a mechanical capacitor provided that the moveable plate is not moved more
than, for example, 1/3 of the full traveling range. The lateral design may increase the
20 capacitance by means of increasing the parallel plate capacitor area, and thus reducing
the electric field. The longitudinal design may increase the capacitance by means of
reducing the parallel plate capacitor distance, and hence reducing the voltage drop.
Another design alternative for a mechanical capacitor plate may involve the use
of a dielectric with a high permittivity value instead of air. In some embodiments, a very
25 thin gap may be produced with the aid of a metal with an isolator oxide, ¢.g., nickel. On
oxidation the metal may form a very thin oxide layer, which may act as an isolator. If
the moveable plate is allowed to perform a vertical movement when the electrostatic
force is high, it may touch the isolating oxide, resulting in a very thin effective gap, i.c.,
the height of the dielectric layer. In some embodiments, the moveable plate may
30 collapse and touch the oxide when the desired operative voltage is designed to be the
same as the pull-in voltage. This may avoid excessive wear by reducing friction until the

operative voltage is reached. In some embodiments, a tunable dielectric may be used. A
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change in position of the noveable plate may increase the nmechanica
restoring force, which may be stored as nechanical potential energy in this
spring. Avoharwgesén position of the noveabl e pl ate backPCo/EPR&GL0/0SIHT al
position may convert the nechanical potential energy back to electrical
energy. Fig. 39 shows the direction of novenent as the x direction. The
shape of the noveable plate is defined byf(x), being symmetrical for the -y

Che o bondutie 4R DS AR Ss B BET e et PRI SRl bty 5904 or

rectangul adpppécab(ﬁtagsozfthér bR1dB hRME it E RbRGEds Vit K epplicdl Wiate itmyy be
built wth a potential shape function, for exanple, potential shape

function 3goucqd [ igrmagnechypigalparacigm vert i cal dlstance ymax and t he maxi num
lateral di spl aggirept, $imx a%@c gﬁicﬁtcﬁﬁacnﬁ?ﬁ&ﬁ ef‘rte?l% 1’?10%’61 W?@ € xmax
vertica f e,

and w define the~horizont al Sl Z e anea
shown 5 n Fdoghprisés a &denﬁ&efoﬁn@blcydmnpiesm&xlps 4204 mdmatplccsahay esdodt ¢mgg1f1 a ce k

may be cal cul ated a <-*"maxwhere VO e operating voltage, e is the
free spacée&mﬁv I}RS?PWO SEPACHMPgfet EOUPE@S@ VRIS K gD hEhinaay redneeithp

capaci tor &fe@ﬁfé%agl dlst@hte vﬂfgﬁqgé fed VBR%G 1Rk e W r’tﬁusvﬁl:ﬂégsﬁn%ﬁﬁé sB&nHsRA:

Usi ng t hese nmechani cal torln force, A 6 Nm~ 10 5

han mhichmusnaagemymb@mﬂksvmm@emkdmmymb&mﬁh@d@&ﬂedwpyonpamsa&ﬁofncreasing
i ncreasi bp [rBx [. xmax ratio, or increasing gap distance g . In

sorre embo ﬁ%ﬁtﬁ eql FnQEHBSm cal capacitor may be split into a plurality of

smal | ¢ capaci tigsmt BabodihRn&OR RREhARcA Bad@fiéy &8Jzeabiefp1{5tg Coth&! Fidéd pMte
occupi es the same area as the original capacitor, the final capacitance may

be the same bptiﬁtrmaysecraaﬂe 1aﬁdclmsﬁg‘@ﬁh}he IFtgred dwa&ac@@eladvdﬁw axpeople, Bgnce it
may be easy an_area. %maller

Than the. aPrgtiar thaneRa Rl it e P PEVHER R B B PR
moveable plate 4302 of varying thickness. In a lateral design, dlsplacernent of the
moveable plate may reduce the effective gap between the plates. Therefore, when

15 voltage is applied to the mechanical capacitor, the area may be increased and the gap
may be diminished, both at the same time. The combination of these two effects may
lead to a larger value for the tangent capacitance.

In some embodiments, a mechanical filter device similar to a mechanical
capacitor may be formed. A mechanical capacitor tries to accumulate a large charge Q,

20  while a mechanical filter tries to keep the voltage 7 constant, regardless of changes in Q.
Mechanical filters may used as voltage regulators and low frequency filters. In some
embodiments, low frequencies of operation (below 1MHz) of the device may restrict its
use to frequencies below the mechanical resonance frequency. In some embodiments,
mechanical filters may be extended to higher frequencies with conventional

25 technologies. In some embodiments, a mechanical filter comprises a conventional
MEMS electrostatic actuator with two parallel plates. The plates may form a capacitor C
having an overlapping area A, separated by a distance g, where at least one of them is
suspended with springs having an overall stiffness £&. Application of a voltage J between
the two plates may charge the capacitor C. This may result in an electrostatic force,

30 moving the plates closer to a distance x, and injecting a total charge Q into the capacitor.

In the equilibrium position, the mechanical restoring force may b defined as:
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with a large area. The plurality may allow for a narrow gap between the

pl ates. However, the area of the plurality of devices may be | arger than
that of aweizoglesdevice if each requires its own spri ngPCTIRP2GI0/86947

enbodi ments, danping is performed after a voltage change with the aid of an
inert gas in contact with the device. In sone enbodi nents, the operative
frequency range of the nechani cal capacitor nay be below | MHz. In sone
enbodi nents, the mechanical capacitor may jnplenented with very snal
structures, e.g., nanostructures, fpr*an 5perative frequency above | MHz. In
sone enbodi ments, the mechanical capadgryyyray be designed to take into
account fringing fields. Fringing fields may-be mnimzed with a very
narrow ga “B%Hyﬁﬁ&/hﬁﬁ'qﬁqm Ltor plates and a large overlap area. In
sonme enbodi nent s, tg e foveabl e pl ate may exhi bit novenent in the two
restricted directions, parallel to tpe gfbst¥jate. A change in the area of
overlap may generate |ateral forcEs fo-forcenovenent of the plate. This
effect may be m nim zed by designing spriﬁ s to take into account the

| ateral f I g i S ol I citor may be

i npl enent cet(%&fg%thtea ee&?ﬁ?%ﬁggg@gﬁ% ?{ehfahef\{&gtﬁ eﬁltlfgl ?ﬁbe?éradggg%ﬁ%é of the device.
This may be advant ageous when freun ciestf the signals involved are high
conpared to the mechani cal resorarce;|fge y of the capacitor. In some

embodi srents, the mechani cal capaci €6t may®{ée apotential function
approximated as a linear function with a vertical offset (Fi?. 40). Such a

desi gn may reqdiig-¢ hawy shosbaps H02iHfeokpenbas ¢ finctier pbehargy Fé&ecdbgonst ant k
wever Vo?tag%fg@.{?éa%é‘ﬁ wgﬁ‘gﬁ‘&gév @l’)un‘gftl fihed A bm\ﬁ{ i VBN ?@giﬁﬁﬁh %Q@e}fgy

ext ernal acce ons, rations and ro I ons. SItTVI

resul t in wihieh devéspendsad plans positipnf 0+ g3 aBiniggdamat cdjatitob@laatise of an

ext er nal acceleraaaﬁn. I n _sopn -enbodineq%s, a doubl e ?tructur may be
const r uct éltProaxaRMIa + Rfier thiplimitPermtgare charge dewea tecpltaga piQrigto fasP be

pl aced, i nsjdgefidd s?glblé,ttflé’%l%hrg@ malyfne@@tcﬁgé S ?lﬁl%@eﬁésﬁ%rj Rritd tRarHer med on

t he whol e device, the 1 nner "structure nmay oscill ate. ver, since the
i nner st r ysintresutte mt apostivzotldpe, hed fdersdimilatte ttandf athdestov egipcropl at e, their

SNER N T NSO {EINER T T REREN T
conbi ned such tjhaémt BRbbdRRts! ARGSIRN deRRELIERBE Borrd6ic8 &S Sorith Lhitk fpect to
t he secant capacitance nay be a product of each of the variants. Fig. 4 1
shows designs and initial polarization, such that one is working with positive slope and the
15 other with negative slope. This may result in a range of values for charge Q for which
voltage /" may be almost constant, resulting in a large tangent capacitance. The effect
may be further enhanced with a plurality of devices in series. Curve 4406 (Fig. 44)
shows an illustrative example of such an effect. Curves 4402 and 4404 may correspond
to devices with charges Q; and Q,, and voltages V; and V>, respectively. Since the
20 devices are connected in series, voltage V'=V; + V, and charge Q= Q; = 0,. Curve
4406 exhibits an almost flat zone where the tangent capacitance may be high, despite of
low secant capacitance. In some embodiments, a very low slope may be achieved for a
certain range of Q using several devices in series.
Exponential Charge Pump
25 In some embodiments, a exponential charge pump with improved power
efficiency and reduced area requirements may be implemented as a MEMS device. The
exponential charge pump may comprise N stages, cach of which raises the voltage by
some charge, thus "pumping" the charge towards high voltage. Compared to a

conventional charge pump where the voltage is raised by a fixed quantity in each stage,
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an illustrative design for a nmechani cal capacitor noveable plate. Myveable
plate 4102 (e.g., plate 3904 in Fig. 39) may be stretched either by neans
of a therwal2oorvi4sdoectrostatic force 4106. The pl at e may Po@/ERpcios@d? by
fixed points 4104. In sone enbodi nents, the noveable plate nay nove

| ongitudinally instead of laterally. However, the device may behave as a
mechani cal capacitor provided that the noveable plate is not noved nore

t han, for ex 1/3 of.the full traveling.range.,.The latgral design may
nor ease 6 NS HaRedsl, atdls Py HEHa S iRy o) goithd
capaci t or Eicedorea it ¥dMage peRUEhRtGed Atiyebeesipoheéntfal lith thd h@mbenerf tgisna)
design may increase the capacitance by neans of redUC|ng the parallel plate
capaci t or @ipedde linggiovoffagregain evuedmigntienal glairgapemplr Bpducipihh @pmipeseign
alternative, f i I . i ve. f

i el corri et rod PRRGPRUER) pFPBRALAGE: DR R FEL LY Ciphfichilf il
enbodi Trentt&, sn@allé@mcetelai:m sgap ié?l%eb&s mgcu}ﬁditaﬂc%h Ashe rTx'ud, dfefa&earﬁtagl banM t h
an isolator oxide, e.qg., nic . On oxidation the neta y forma_ very
thin oxi de@maily%% wellhi gﬁc%ég% ég? charggnnpy draé(FQFhfo‘F%h ﬁhréd%%@ew‘éerpq’faw i s

al | oned tq,peLhor mmisv'ﬁ{aé/' e ”Rvﬁ@%g% polRP e}fﬁ&eﬁéi&%{nﬁeétﬁ}' @n&ﬁ&&‘se ateS

hi gh, it y touch the 15olating oxide, resulting In a ve hin effective
gap, i.e. sigrhicdnesqghteseff laskes. di el ectric layer. In sone enbodi ments, the

noveabl e plate may,col | apse and. touch the oxi de when the desired operative
Vol tage i 5 desitamedt elnhts HEC duidiofe b g rPSreiignpbuge PUrH < map Eyol d

excessp Ve WBalitoP¥s0E S B fillel GhitiPBoMBichhrgk Mo RRBUARLT Mep¥i@hE 806t hzivgached.
In some enbodi ments, a’'tunable dielectric my be used. Atunable dielectric

mat eri al ewoffiapd s Videyithy vdltedeestur¢ec mpirbei disgoninesiedviandh pledes sapited froappl i ed
voltage. 1§ the dielectric permtti.vity increases w t he applied voltage,
PG A [ T AR AR AR R S AT R N e

capaci t or @psdi@n byheh&ot he SBvRAR| € r@huatien A2ANtage My lfeeﬁchibvé@bﬁ@éducing
def ormabl e dinples or tips 4204. The dinples nmay be soft enough to deform
when t he tRA#ceesationor plates touch, as shown in Fig. 42B. This may reduce

the effective I SIAR t LN S .
incregiing thqugggﬁt angﬁP§ﬂ§QWt 8%%@#%g%gég%hﬁ%qgg%gaéﬁggﬁ?h%ﬁngmthe
fixed pl ateapastyr.coppnpisg capsstor,af mdefanicabbpringdianghe uguut tapsitod 1 cdivet
enbodi nents, a mechani cal capacitor npyeable plate (or the.fixed plate or
both) may thiPLice TH EHIEKSOREI T THE a'%ee{%éﬂedol?ys&e%se%?ﬁ clectrbygie

exanpl e, Fjcltion, thus accumulating mechanical force in the spring. The plates may be initially
joined to achieve a larger multiplying factor. The initial gap may need to be small since
20 it may be difficult to move the plates vertically due to process limitations. Voltage may
be applied across the close capacitor plates, and then the electrostatic actuation may be
released. As a result, the capacitor plates may be separated again towards their initial
position, thus multiplying the voltage. In this process, the electrostatic actuation energy
may first be transferred towards the mechanical spring, storing it as a mechanical energy,
25 and then transferred to the pumping capacitor, converting it to electrical energy again to
be transferred to the output capacitor.

Fig. 46 shows an illustrative embodiment of an exponential charge pump,
implemented with two layers. Electrode 4602 comprises the actuation electrode, and
clectrodes 4604 are shorted to form one plate of the pumping capacitor. All electrodes

30 are located at the same level. On top (or bottom) of electrodes 4602 and 4604 is situated
moveable cantilever 4606 (represented by a dashed line in Fig. 46), which is anchored at

one end (the right end in Fig. 46). Moveable cantilever 4606 is electrically grounded at

58



43A and 43B show top and | ateral views of a variable gap nechani cal
capacitor with noveabl e plate 4302 of varying thickness. In a |ateral

desi gn, dwvepbexes®nt of the noveabl e plate may reduce tireTHPR@ONGET gap

bet ween the plates. Therefore, when voltage is applied to the nechani cal
capacitor, the area may be increased and the gap nmay be di m nished, both at
the sane tine. The conbination of these two effects nay | ead to a | arger
val ue for e tangent ca i tanc n_.sone, enbodi nlc filter
dovi ce i i P oS ins RRRANE SRS B RRL a SR i nesho R oo
capaci tor rhay BS nfudh dgdietaattBe BnlcafogStafih@rfie tH caphdilo. avm@ma@n@r@bd bhl ter
tries to keep the voltage V constant, regardl ess of chan es in

Mechani calachatlt)léﬁéecﬁaéﬁ 60 isaghaygsde aQace é@uﬁ%mb@l@ctm f w@dc§z is
filters. 1. SQM8re &%d@@k%&s 8}%0 Pﬁgé‘%%etﬁe c@ef/a%]v'hg ﬁ LOW Adgdz) of

the device nmay res quen0|es ow 't ani cal
resonasce dppeadeRcyctudtivns cloereitbd6d2nemttbe nﬁ‘Etht&pl chl sbimkt ﬁﬁsodmyntbethe
extended to hlgher frequencies wth conventlonal t echnol ogi es

enbodi ment8echanigeloieaenanss ?r eAvansy of sapiiicedsHOdocHAY @At Pemat %A}E&J@r than’ the

el ectrost %hﬁ ARt IOFilMhd Baaéa\éﬁ’oxpafnat'h sedas@sﬁ}tnﬁaﬁr EB:% & ﬁﬁ%sﬁmyanfd%mla

capaci tor aving an overlapping area A ‘se by a distance g, where
at | east qweodbdf tlhem) lisnisehwpeerriekl byiattuasqr tanBodeal\éDhg Salnk chaggeainhy 8o ief ness

k . Applicati vol t age “between the at es may. char t.he.

capac Lor ERIEE Gy PURE AR amdaniob Taf b e ot A TAB S HE et o5
cl osergt 0 AddhSdkadtc@ntilev@Ub0b WidCichRdior clebiréde 400248 11 dint 0 the capacitor.
In the eqU|I|br|un1Eg;:t|on t he mechani cal restoring force may b defined

as: and the vol tMgesa ab‘ele@jgf%ﬁédneafsbenyl tQvayy actu?tlcm degtrode#eh2 t Rmce the

h I d h
The ‘shape '6k00 opuS) LobE heehaule Al I uolfeb Pt tgIT Cutlensh fagethy™

i ncreases atatiog hele@dQ YH01 |rnz!t§f dlﬁﬁﬁﬁﬁSNﬁldT&Kd:sﬁumans| Heproddre thathdetvies.
vol tage), which corresponds to plate position x = SI ng pl anar
lsdhie

capaci t or Esniedy.qib preaxprre: ﬂéfrnyoltagﬁ Hfcrengeqnyy yeagh ié?an vekaggd ower s
the V% t a%ﬁe elb&ﬁggl%% gb/r I Or&f(ggtu?ﬁg%ﬁﬂcﬁtgr gOI nlltnﬁns tP(eOéIE&ggal%ﬁgrlgP% to be

| ower ed. avi or res posi ttve “sl ope,
and seens t&i thadséetreti do tthaspradg aml edoaatuldted aﬁp&chatmxral energy Ex. The electrical

energy Er may be calculated as:

E=top 12

2 2C,
where C, is the actuation capacitor, V, is the actuator Voltage, and @, is the actuator
20 charge. Since the gap of the actuation capacitor may be diminished approximately by
factor M, the variations in the voltage and capacitance may be calculated as follows,

while the charge remains unchanged:

Caﬁnal =M - Ca
Ve
I/aﬁnal :ﬁ

2

25 where C, finar and V, snq are the final actuator capacitance and voltage respectively, once
cantilever 4606 almost touches actuator electrode 4602.

Cantilever 4606 may either touch actuator electrode 4602, so that it discharges

the actuator capacitor completely, or actuator electrode 4602 may be shorted to GND
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However, following the limt point, the behavior of the device results in a
negative slope. In sone enbodi nents, two such devices nmay be connected in
series, wohoprap®r designs and initial polarization, s®BCH/EPR@0/066Y871 S
working with positive slope and the other with negative slope. This may
result in a range of values for charge Q for which voltage V may be al nost
constant, resulting in a | arge tangent capacitance. The effect may be
further enhanced with.a plurality of devices in.series. rve. 4406 (FHi g.

0y ohove WG ot b, eledfn oGl SRt pEB Ry LAY 98, kS0
ey correspandid chodRVvdfC@mitiWven 460mng@saciatRdndel§frodanb0eol Cagrguddtlyart V2
respectively. Since the devices are connected in series, voltage V=Vi +

V2, and cHaymgengyrapacyor-mgpbe chargas @40 chrewsl diods Dan Thr poswing epagiienasher e

t he tangent i [ d i.te of | itance. In
some. onodtnat HA7Tfc MaRE, Abiher BRE L GiRG 1t BF GMULRRRE IAREE: 1"
usi ng sevensafilcda\dlags allowssy foescdubbigoinansmalt tébangdc Ruthe $amsfone. Since
enbodi nment s, exponential charge punp with i nproved power effjciency and
reduced art %eﬁéaaﬁta%@ﬁf% MRy P VEFRIMEBA tBeFhaRical 1optorng doyce of eﬁﬁtépever

exponent . ajsoghas e RO B RS 1QGRRial SRl Al § alaRs e

vol t age by some charge, thus "punping"” the charge towards high voltage.
Conpar ed tpongicpeapecitirondhgaiay benmplinpicdibgradattheofdl t age is rai sed by a

fixed quantity in each stage,the MENS exponenti al charge,punp voltage is
e o e by Ot B PR RE e et b R e b DR A B Ay be
expongnt i at, Wivddd Bﬁd@tﬂl??e;&hﬂaf caHHRYBS 4006 KOSRAEHnE lelean%arOﬂéglctaﬁQQ(\i&ai nin

a conventional charge punp. Reducing the nunber of “stages namy provide at
| east two 4980dns sgfecd | s inifyal pokigiony e Proccsnpar ibe asrsetadeagainriach praipdise

smal |, si ncennelgct}hst age.re ui res i LS %\Ayd.cseel%{:i Lance. As re%‘rﬂ L. tohre area
may be snal T as wet PYTEE n%‘]rugf, X Hleycthar élé )? F a0 R oﬁ%lllig THR% e d
nunber of tRe BeyittBial 08 3urnddbs afidy fTae sadh mbicht @BedifpoeRhe Rhallipphventésds. si nce
p-n junctigns are significant sources of |losses. Fig. 45 illustrates the
f unct i oni d§thsf vodiage rersiada tbe apisechby gdagieigreatar then meay Roagsiiaved by Mo3tagy be
filled.wit r I [ ' t [ F1.
Then the Vol ageEa0r s Phior it aish e b Rk} 1Pborond g ey AR
di stance dnpua Witage 7Tlif sharayxtresiel t Thercfore,i ecadingt Nestvghst eagld wdget Weh ehar ge
stored in the . : :

voltage gain of M, may result in an overall voltage gain of M".

The power efficiency # of the exponential charge pump described in Fig. 46 may
be limited by diode D;. A first estimation of the power efficiency may be calculated as:

. A A
v, v

where Vp is the voltage drop across D;. In some embodiments, efficiency # may be
improved by using MOSFETs to simulate the diodes. Such a process is referred to as
synchronous rectification, and comprises turning the MOSFETSs on and off as required at
cach moment.

25 Integrated Steerable Antenna for Wireless

In some embodiments, antennas may be integrated inside a MEMS integrated

circuit. However, integration may not allow for proper orientation of the antenna. A
technique known as multiple-input and multiple-output (MIMO) comprising the use of
multiple antennas at both the transmitter and receiver may be used for orientation and

30 improved communication performance, but may consume a large amount of die space.

In some embodiments, a MEMS integrated antenna that is steered mechanically may be
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capacitor by a factor M Simlarly, a reduction in voltage my be achieved
by reducing plate separation. In sonme enbodi nents, an exponential charge
punp nay WOrpro/®&0an actuati on capacitor, a punpi hg cap&CiTtEre)10a569Thani cal
spring, and an output capacitor to collect the voltage. The capacitor
plates may initially be joined by neans of an electrostatic actuation, thus
accumul ati ng nmechanical force in the spring. The plates may be initially

j oi ned to achieve larger nmultiplyi.ng.factor,, The jnitial gap. need to
be sral | SPRbe -y ERLRPY Kap i ey e gitetBe phPopa il W o
process | idf f@dthlongenndO! hagHrévade keulaahd edpashigss Ih henk! asbodidpaG] ey

pl ates, and then the electrostatic actuation may be released. As a result,
t he capacimeshapicaliyesicqrable pregraisd eatcat mgnibn fatsigated $n thedntercopnqctian layses ti on,
thus multi i I Jn i | r.ost at i tion
ener gy nafHFbe%ﬂggﬁF%%ﬁ%?g§$%% F%géﬁﬁgﬁfﬁgghé%ﬁgﬁfcﬁﬁ%§6§%h8?5§§g?$ﬁg it
as a necharinsaliveeneSigye, thandtehhe malyrensécecd adclianidahle, pusgeiofghe dpace head,
converting it to electrical energy again.to be transferred to the output
capaci t or .NOEMVE it ARG THATIRT BH SOPATSGRIUhodi nent of an exponenti a

char ge pump, | TRUAER il Bl bPerab RYSEDinaFb ROV AT EnBOBRARMIRIGES L he
actuation el ectrode, and el ectrodes 4604 are shorted to formone plate of

t he punpi fgrampabd pasentabde bulteda ciattod eBhame ekillod at thd agtwitlk@owambelablegb. On t op
(or botto of .el ectrodes 4602 and 4604 is situated nn%eable cantil ever

4606 (r eproSERILE RN ML AR QYIRS SRRFT I Tatpg) Map FEHVAIS S G ed at one
end (tfe rdndldiBEds bl pradticed Bdscrib®V B@bne ARBEdiNBY.af wiAPROudRredRLthad 6@l | Y

grounded atall tines. 1n sone enbodi nents, the nechanical resonance
f r equency infentiants hadvebe hgiied tthelsebadiienty djbadescd tharein, thet ssiterbe const ant to

fill the capacitqr. e i-is;turned on, .actuation electrode Q2. 4s
char ged. ARgSlgof o BB Teifubing S agdeR B R B PEFATENAY B R £
avoi d si nkinder thel:£v.Chah@ed hIse e hbRdIRU) WEildthe WIRIWiIBRBkitheMeardh 4l in a
approaches actuation el ectrode 4602 in the next step. In sonme enbodi nents,

t he necharfagtigular geypal that patpineelainsgicperthirpmeikar clegnes Glgr HEctlBer nuch

hi gher . t hap: ti : £l jfor i , S i may
tur neé5 onqﬁ%]%&gly’f %@(ﬁ g@ng)tﬂg{r;{}a glt 8%&eﬂrsi%# %&eﬁ??{gﬁft%?’lolﬂrlrélr{& fli: af;ﬁlgl@@% nk by

act uat i on cdiss} ¢ithded d@dly .or Suditccdhar @elizeeanyoat obf ehctvaainegs @nvetments bliehepunpi ng
capacitor, and may be | ost by neans of thermal dissipation and shock of
canti |l ever™¥®8®8Mwi t h actuati on el ectrode 4602 and the air.
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Moveabl e cantil ever 4606 may bend towards actuation el ectrode 4602. Since
the voltage source V1 has been di sconnected, the voltage between cantil ever
4606 and wotoswi4em7el ect rode 4602 nmay di m ni sh whil e t hese/Rp@avesesappr oach
t hensel ves. Eventually, if they touch, the voltage difference may reach
zero. Wiile this voltage and the electrical energy E E stored in the
capacitor are dimnishing, the electrical energy nay be transferred to the
spring anq%@ccunulated as mechani cal energy E K - The electrical energy E E
may be cal ed as: C- where Ca is the actuation capacitor, Vis the
actuator voltage, and Qa is the actuator charge. Since the gap of the

act uat i on Icapaaitiical forapnbfactiiing nickipadngpipingd MEMS yrringcll achwintddrated he
variations  in the voltage and capacitance may be cal cul ated as foll ows,
whi | e t he @Y §eMPBHES NS unchanged: Cafm =M -C vfinal - where Ca final and

Va final are t%“r‘%@ﬁoﬂglaf&&,qﬁwé oFﬁBPe%ég%Qﬁﬁat??ng%&&&' %lean@%f‘e%ﬁbﬁ(i‘é" y, once

cantil ever 460 ouches actuator el ec e 46 ntilever 4606 may
ei t her towtdmadt oat scmebedictaycentdtdubssotet hat it di scharges the actuator

capacitor conpletely, or actuator el ectrode 4602 .may be shorted to GNDusi ng
anot her swi tch.P“P‘f“C#&;P PCHEY PEF@%%‘G%CQO&%%% UTIPE PR TEHSPRFCTRR $1e8%

di ssi pat e,coaiisin® RYNihShAEst Slc KRk laGUeST HRARIM thitedl laHAbhOBpahREt I 0de
4602. Consequently, the punping capacitor may be charged to V1t hrough di ode

D1. The pufsondpctapedtiassepaipteddysirbdabtamnetlinen of islegtricunttorialcthpaticesgr, and
its plates be |l ocated closer to,the cantjlever cl al | owi ng for
reductf on 47 DRBAEHERE & e i@l ey iSR! terRiBl§ §Brafeodt ot ai o
force may foghedMmpRiean®in dRtdeeeianh takr Le&&] Didlegrié QILEY 18fer,Gant i | ever 4606,
cantilever 4606 may return towards its initial rest position. As a result,
t he punpi ng capaeningat lgastoagbokey sprecefthei MEMSingYe grycaseof of M Once the

punpi ng v h VO, ] e L RN M%g . iitor Co
t owar ds dﬁ%%g&ﬁa§0%@/ﬁil g'c a’rlll%% #ag%%é F?]Gg%ﬁr%[e%p%{aﬁ%\k/@g%tt%gmr g%lﬁg?@%&d
cant i | everabdoOthelbagometysr o€ doriduciok snatdiial inadonpes with ol IIIhxypr. ocess may be
repeaﬁgd again in a periodic

2. The method according to claim 1, wherein the top layer of conductor material

comprises a plurality of holes sized to allow the gaseous HF pass through and inhibit

nitrides from passing through.

20 3. The method according to claim 2 comprising forming the plurality of holes such that a

portion is aligned above the MEMS.

4. The method according to claim 2, wherein a hole in the plurality of holes has a
diameter less than or equal to 100nm, 200nm, 300nm, 400nm, or 500 nm.

25
5. The method according to claim 2, wherein additional stages are carried out between
the interconnection stage and the attack stage, the additional stages comprising:

forming a passivation layer during a production stage, wherein the passivation

layer comprising a bottom layer of silicon dioxide and a top layer of silicon nitride

30 arranged on top of the top layer of conductor material, and

removing, at least partially, the passivation layer during a removal stage.
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manner. The punping frequency nmay be adjusted to the | oad current
consunption, or the device may be turned on and off at each nonent

accor di ngvoaoto@sdoead power needs. |If the voltage needsPCo/HPROWAS®T by a
factor greater than may be achi eved by one stage, several stages nay be
cascaded, where the output voltage Vo of one stage may be the input voltage
V1 of the next stage. Therefore, cascading N stages, each stage with a

vol t age gai n.of result .in over.al | .val.t age i n_of .. The power
or 11 ovency nGrmiel Bt ARAld o M R T RS FEARD oy Mine ) Do
limted byAgled@th{gstﬁafﬂefa{e aBatit gegd. on of the power efficiency may be

cal cul ated as: LVD. ere VDis the voltage drop across Di. In sone

enbodi ments, efficiency h may be inproved by using MOSFETs to sinulate the
di odes. S ' far. - t it ' and
conpr ses ur i Hg R pRpE BLALRPE R Y EMSROMEA LR S ey

| nt egr at edhéitiemoatd eurAntthand D csatMbkalgess | n sone enbodi nents, antennas may
be integrated inside a MEMS integrated circuit. However, integration nmay

not allow for proper orientation of the antenna. A technique known as

mul tiple-i I Mérmftt | 1SN i,pl e
ant engas agtﬁ" p@%t‘ﬂ&? %ng‘%cﬁogcﬁlslﬁoﬁt r alrlle((:lé\f%%{cgé’i %ggarndgy p%gmgg :Séégf%g)rf%gor@giﬁ%gg i on

and i npr owedingolayarni cati on perfornmance, but nmay consune a | arge anount of
di e space. In some enbodi nents, a MEMS integrated antenna that is steered
mechani cal ly nmay beused. A bi-dinensional array may further increase the

gain @f the ARAANAGd adidtdifs 1@aiusE Wherdih A6t @D 1ARE 8NEARIUEBY mafpM] de
mul ti-band capability. In Sonme enbodi nents, the mechanically steerable

i nt egr at edindeitgennen bl deetif@befprsahedtagnof preduamathe serlmgtlaysn. | ayers of a
MEMS integrated circuit. The antenna may be inplenented in a wireless USB
transceiver. Since the antenna may be steered nechanically, a user of the

devi ce neeid. e M@ANS] 4de6rduit ®Nkdm 3) et tiakagdQdt lceq @Rktiall reripdhg aaNt
considers all operable conbinations of the enbodi nents di sclosed herein to

be pat ent disbuevaion;leer PragdueesropeTigs thas pic araagqdroveh elaggs of gpnducten swtastal be abl e
to ascert g| i 0, I I -at Lval ents
to i enpsmrinid fReFibE: b AL kB ARG bIRRIAL e BRI E, T B,
under st oodctlivaf laydreao fill, at least partially, the hollow space between each of the openings and

the corresponding plate of conductor material.

11. The method according to any of the claims 1 comprising:
20 establishing at least one direct interconnection between the substrate and at least

one of the layers of conductor material by means of an HF resistant material.

12. The method according to any of the claims 11, wherein a layer of amorphous silicon
exists between the substrate and the conductor material.

25
13. The method according to one of the claims 12, wherein the MEMS comprises a

conductor element including a movable part.
14. The method according to claim 13, wherein the MEMS comprises at least two

30 capacitor plates arranged to produce electrostatic fields over the movable part that are

capable of moving the movable part.
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invention is not to be [imted to the enbodi nents disclosed herein, but is
to be understood fromthe follow ng clains, which are to be interpreted as
broadl y asoabioomem7under the law. It shoul d al so be not @dTiHraa10/094%7 e t he
following clains are arranged in a particular way such that certain clains
depend fromother clains, either directly or indirectly, any of the

follow ng clains nay depend fromany other of the follow ng clains, either

di I i-ndi . | i f [ mbodi f th
nventi on. 6 amngEodderbRABER BR SR e PR Bl e ES vevs

arranged iNMEMS édthgevind /et fvdlédnt 40 PPintsSih B clepfrRBie b grrhaedts alldw tigne or
nore stages, that formelectrical and/or electronic elenents on a

sen condudt@yableapast todic i aeyyfagtaireultapeeuplicivilh bathsontaet peidtsof i nt er connecti on

| ayers, during an interconnection stage, conprising depositing at |east one
bottom | ayer of conductor material and one top | ayer of conductor material,
separ ai ed Ivy Tic hahsd aceorlihgipailaiof 1,diteldn thel MEVS esmhadises b ldeviat idchaisig one
bottom | ayer of co duckor- terial jncluding a bottaom]| ﬁ\y r of conductor
mat eri al f%#%éfopngwg%e Ricahre nwe{erqmtﬁr, Helipgmgter, (ayolis fgres deteiPe (1 LD)

layer, ang)rzts@{u@ sB8ko ,trnicfdgpﬁ‘-%ng oWk &Wso?ﬂ%ﬁﬁ)e&ftuﬁe @&SME,![@% (k: 5o ﬁlagﬁétié(:t ure

of interconnection laye usi'ng gaseous uring an a st ag t he MEMS
bei ng f or nfiedd sdmswe clebteo-bptitad deviay @pticd] seanldug hetrixyamegd @ojcctorclonitact with

the LD layer. 2. The.nethod accordi ng.ta claim1, rein the top |ayer of
conduct or %‘ﬁergP? SOIIEGIRIY PREE. SCHTQRaY ??Slé?alﬁa}l%“éo“s%@g’& reesPUPT dyithe 4

gaseoys HpRRS Sufply, BOb@RshveA& RIC/DU! dohldes, DCOAT Raswteg A/DrQuoltter3. The
met hod according to claim2 conprising formng the plurality of holes such
that a porR/Aospniverter anghpavabopdifiche MEMS. 4. The net hod according to claim
2, wherein a hole in the plurality of holes has a dianeter |ess than or
equal to I OOnm 200nm 300nm 400nm or 500 nm 5. The nethod according to

claim 2, wergthipadgiptisiapah igt@gea cateit, saidrihegratdd cikalt \weePriting:
i nterconnection stage and the attack stage, the additional stages
conpri si ng: f oroiF 9 MRIH BRI B cleaiisr! aadior slpcope slrgrontsom stubgiEate her ei n
the pas s Vs%ﬁliic%'ﬂductor material,
a structure of interconnection layers comprising at least one bottom layer of

conductor material and one top layer of conductor material, separated by at least one

layer of dielectric material, the at least one bottom layer of conductor material including

a bottom layer of conductor material formed above and in contact with an ILD layer, and

20 at least one MEMS arranged in the structure of interconnection layers, wherein

the MEMS comprises at least one hollow space, and a portion of the hollow space is

arranged over the bottom layer of conductor material in contact with the ILD layer.

25 18. A method for manufacturing a MEMS integrated circuit comprising:
producing layers, in one or more stages, that form electrical and/or electronic
clements on a semiconductor material substrate,
producing a structure of interconnection layers, during an interconnection stage,
comprising depositing at least one bottom layer of conductor material and one top layer
30 of conductor material, separated by at least one layer of dielectric material, the at least
one bottom layer of conductor material including a bottom layer of conductor material

formed above and in contact with an Inter Level Dielectric (ILD) layer,
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| ayer conprising a bottomlayer of silicon dioxide and a top | ayer of
silicon nitride arranged on top of the top | ayer of conductor material, and
renmovi ng,weat2oloaasdo7parti al |y, the passivation |ayer durPOE/ER2010/0D569aT
stage. 6. The nethod according to clains 5, conprising formng an ALD
coating during an ALD coating stage after the attack stage. 7. The nethod
according to claim®6, wherein the MEMS conprises a nobile elenent that is
noved during the ALD coating stage. 8. The neth cordin a f the
crarm s 1 urt ndrodiingt O Bl Gmo G eI RS P Pty e
met hod accgmglieng to claim8, wherein the top layer of conductor naterial
undergoes an ALD coating before the stage of producing the sealing | ayer.
10. The et hod vaBesesiony Hictodpun mhgllowispacsiim themerustuagel ipferepnnecsiogt
partially léfe@‘éwg t he passivation | ayer produces openings that are
arranged over 'plates of conductor material belonging to the top | ayer of
conducs or mat erfohing andag ampiticl ¢t MEMSIgeviedf wihiadhestngtae s€al i ng | ayer to
fill, at least partially, the hollow space between each of the openings and
the corr esPSHANREIONAAE™f conductor material. 11. The method according to
any of the clains 1 conprising: establishing at | east one direct
i nterconnecti on between the substrate and at | east one of the |ayers of
conduct or I¥atléwrimdthdd/oh@dans] Horaprisie stadkiisg thnpluraite off dyerst@getidreo fretrhod
according to any, of .the cl ai 11, erein | ayer of anorphous silicon
exi st s botieaiaisa! binsst athl pgoined bormitrelisioier i al . 13. The met hod
accorgyng to one of the clains 12, wherein the MEMS conprises a conductor
el enent including a novable part. 14. The method according to claim 13,
wher ei n t . NEwBnghopel dais Hi cdnepreting ainchiap ded MM petiestodhe sineptereod
pr oduce eltgctrtostatitc ff' el ds. over. t he novabl gicﬁart t hat arttfa1 i:agﬁbl.e (ﬁf
movi ng t he BVABYEICRAT fexes ViffsOlwhDE CQRREIE HPF 8T EILT MEEAOYRAYEFY ¢ he
MEMS oper afyesplasility 6@bay, the MEMS conprising at |east two contact points
in an electric circuit arranged to allow the novable part to be in contact
simul taneously with both contact points. 16. The nmethod according to claim
1, whereint VEVYR | ' incl ”%%t - -
el ect ?% calrhlr' re*lléh aey, a%%gfr@{rug?ne er &%X‘iﬁcﬁﬁ%ﬂﬁ%tgg ?idgﬁég (I)C?lc%gmg)fé]tsggg or,
part that is detached from the MEMS structure and is mechanically free.

22. The method of claim 18 comprising adding a partition of HF resistant material
around the MEMS device, wherein the partition of HF resistant material comprises the

20 continuous vias.

23. The method of claim 18 wherein the MEMS device comprises a multi-level memory
programmable by changing the resistance value of a via in a cell of the memory by
overpassing the electromigration limit for a limited period of time.

25
24. The method of claim 18 comprising producing a passivation layer in the structure of

interconnection layers.

25. The method of claim 24 further comprising performing chemical-mechanical

30 polishing on the passivation layer.
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pressure sensor, mcrophone, flow rate sensor, tenperature sensor, gas
sensor, magnetic field sensor, electro-optical device, optical sw tching
mat ri x, iwagelprejoect or devi ce, anal ogue connecti on nat PCI/EP2d18056aTTAgNEt | C
signal em ssion and/or reception device, power supply, DC DC converter,

AC/ DC converter, DC/ AC converter, A/D converter, D/ A converter, and power
anplifier. 17. A chip conprising an integrated circuit, said integrated
circuit c pﬂsiqg'(gq%ﬂor EPre | ayers formng electrical and/or electronic
el enents div- a SUBLPOLECIHM Lot or material, a structure of

i nt er connect i oNndrAYRES AR MEBVIBGntdtratcdasicui@ b8 abaiféroaad ayer of conduct or
material and one top |layer of conductor material, separated by at |east one

| ayer of di el edeHpemggpassivationpha mwraliypfiscidbrelingsof g walgler of conduct or
material including a bottoml|ayer of conductor material fornmed above and in
contact with an ILD | ayer, and at | east one MEMS arranged in the structure
of i nter cAedici msthddydlsim VheormprisiigdyeroMdvity tenrpidastemeadyck edsitlcone hol | ow
space, and a portion of the hol|l ow space is arranged over the bottom | ayer
of conductB#erdvEHFhroNRICHALQERIC kiR the 1LD | ayer. 18. A method for

manuf acturing a MEMS integrated circuit conprising: producing |layers, in
one or nore stages, that formelectrical and/or electronic elenents on a
sem conducdSorTheahethoddf daibst § edraprigprgoploduaigg thesit foasttamc dayef of ditkecttonnect i on

| ayers, during .an.interconnecti on stage, conprising depositing at |east one
bott om | aﬁ?telgﬁlvgﬂﬁh%?mseﬁﬁ?’élg% XIhd one top layer of conductor material,
separajed by at |east one layer of dielectric material, the at |east one
bottom | ayer of conductor material including a bottom|ayer of conductor
mat eri al 2% nide radshedofarian 18 whercmcuroduding n sirnetere dfentetcoMiastien iayers (| LD)

| ayer, produci ng a vias extending continuously across at |east two | ayers of
t he pl uralﬁowrlg?sqrg%cf@%' usi ng gaseous HF to forma holl ow space in the

structure of i nitepegonetdingiictbeyetcsial R thef OflttaNgy ethdl@astarzcpokéi@n of a
MEMS device within the structure of interconnection |ayers. 19. The nethod

of clai m PMMEMENviesh aRd st acking the plurality of layers together to form
15 a following layer of conductor material having a plurality of holes that are not

aligned with the holes of the top layer of conductor material, arranged under the top layer

of conductor material.

30. The method of claim 29 comprising:

20 depositing a passivation layer on the top layer of conductor material, the
passivation layer comprising a bottom layer of silicon dioxide and a top layer of silicon
nitride,

releasing vaporized HF to etch away the dielectric material separating the layers
of conductor material, and

25 sputtering Al on the passivation layer.

31. The method of claim 29 comprising;:
depositing a film of photoresist material on the passivation layer,
removing a portion of the film to form a photoresist mask on the sputtered Al on
30 the passivation layer,
etching away the sputtered Al material not under the mask from the sputtered Al

layer, and
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an equi val ent thicker netal |layer joined by a plurality of vias. 20. The
nmet hod of claim 18 conprising attaching the MEMS device to the structure of
t he i nt erwornecs®n | ayers via a soft spring conprised eCT@EPe01005698T € et al
| ayers joined by a plurality of vias. 21. The nethod of claim 18 conpri sing
form ng the MEMS device which conprises a part that is detached fromthe
MEMS structure and is nechanically free. 22. The nethod of claim 18

conprising adding a partition.of HF resistant terial around the MEVS
G ce. mherer efa@nB R itoligmdge of E36a¢ AR FRIEH Beaommrt seq i ho
conti nuous vias. 23. The nethod of claim 18 wherein the MEMS device

conprises a nulti-Ilevel nmenory programmabl e by changi ng the resistance
val ue of a2viaMEMg iefegiatagicinchib COBABIYSbY over passing the el ectromigration

limt for alim Rerd £ tiae. T d o | al Qq%;'sing
produci ng a paggséhgrg%@ognﬁl a;r/%ra Hoﬁ@hoe@gl}l%&%lﬁqugg e?rnil%r%ggéﬁ?g%%iegen ggyer S.
25. The nmainhognaéortuatiormdérilsibsesteconpri si ng perform ng

chemi cal - mechani cal pol { shing on. the pa,ssl vation | ayer.26. The nethod of

clai m 18 conpr idtHgHUrsRinnRECngsGtRg [y58s e Rastost Byerqfcepductddn a wafer,
and perforgl [ ' by r [ § e wafer. 27.
The ot hod ap P b e R e O er D o o

di el ect ri digtedtac nateriahitbhbatamp tiysest @ndoudl Eimgxfodacd 2@ vethé imedriiad woth ¢l ai m
18 conpri si r}gpor oducing the at |east one |ayer of dielectric material which
conpri ses & EPH§YS: oxi de. 29. The nethod of claim 18 wherein producing the

structyre of ing LGNS RIEnHRALROALIARDUB23R3s B IRAH GO Biyed JFeR: pladety of
conductor material having a plurality of "hol es, arranged over the NgNB

devi ce; ard layefl | owi ng | ayer of conductor material having a plurality of
hol es that are not, aligned with the holes of the top |gyer of conductor
matorial - arr adgedofgh Bl s S LR GFoRsr IR e ol

a MEMS device in communication with the structure of interconnection layers.

15 33. A method for manufacturing an integrated circuit comprising:
producing layers, in one or more stages, that form electrical and/or electronic
clements on a semiconductor material substrate,
producing a structure of interconnection layers, during an interconnection stage,
comprising depositing at least one bottom layer of conductor material and one top layer
20 of conductor material, separated by at least one layer of dielectric material, the at least
one bottom layer of conductor material including a bottom layer of conductor material
formed above and in contact with an Inter Level Dielectric (ILD) layer,
using gascous HF to form a hollow space in the structure of interconnection
layers, and
25 forming at least a portion of a capacitive sensor with the structure of

interconnection layers.

34. The method of claim 33 comprising forming a vibrating antenna including the
capacitive sensor and vibrating the vibrating antenna at a high frequency.

30
35. The method of claim 34 comprising vibrating the vibrating antenna at a frequency of

at least 700 MHz.
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30. The nethod of claim 29 conprising: depositing a passivation |ayer on
the top | ayer of conductor material, the passivation |ayer conprising a
bott om | ayerowi14sd07i con di oxi de and a top | ayer of sili CON/EPRAN00SEI47

rel easing vaporized HF to etch away the dielectric nmaterial separating the
| ayers of conductor material, and sputtering Al on the passivation |ayer.
31. The nethod of claim29 conprising: depositing a filmof photoresist
material on the passivation |ayer, renoving a portion of the filmto forma
phot oresi st mask on the sputtered Al on the passivation |ayer, etching away

t he sputt e¥eedrdmdtBé 6 @hinl® catsieind Vibraf@g khd vibmih entsind dtarabtathg | ayer,
andrenovi ng the photoresist mask to rel ease an Al plugged area. 32. A MEMS

i nt egr at edTeguerayi highes thn & iloagt ong ofithe earrieryiraguencyy Bredandwigdr epdtheof  whi ch
i ncl udes (eTaT o] tid%a%dﬁ)icﬁﬁtowQ@al%e?rgﬁhﬁteﬁn a sem conductor materi al
ructure of int

substrate, 'a s connettron Tayers including a bottom | ayer
of congluctor material and a top | ayer of conductor material, separated by

at | east one |ayer o ielectric material, .the bottom | ayer of  conductor
bei ng f or med T&Bmh%f{ﬂtd Gl Hh e herrapsr iy ensgy operates ap aydradie vi as

ext endi ng oLk A eBREGSa Blirrdif ﬁﬁBuélY‘?pllo@)Yﬁfa% Rf tﬁe%g%iﬂﬂ\;eaée%df t&f

| ayers, a hollow space”in the structure of i1nterconnecti | ayers, and a

MEMS devi qeodureaahsplaticnent fixld wssbhiatedevigt thapraofenas§. i nt er connecti on | ayers.
33. A nethod for manufacturing an integrated circuit conprising: producing
| ayers, in one or nore stages, that formelectrical and/or electronic

el enengs O3, arREMRANSUALIR! 3B BYristle SHRSITLAIR or REREBRIAAdRA St e geur € of
i nterconnection | ayers, duri ng an | Nt er connecti on st age, conprising

deposi t i ngoreef masade pedechodifsnntialeapagfaneoimcideast oneadiegciien. and one top
| ayer
39. The method of claim 38 comprising providing two different capacitances in opposite

directions by shorting in parallel a second MEMS device with the top and bottom

15 positions interchanged, and correspondingly changing directions for the horizontal axis.

40. The method of claim 38, wherein the at least one direction includes a vertical (z)

direction.

20 41. The method of claim 37 comprising arranging a mechanically resonant structure

associated with the vibrating antenna to enhance sensitivity.

42. The method of claim 41, wherein the mechanically resonant structure allows the
vibrating antenna to vibrate at its mechanical resonant frequency.

25
43. The method of claim 33 comprising arranging the capacitive sensor to operate as an

accelerometer, a gyroscope, a magnetometer, or a compass.
44. The method of claim 33 comprising forming a plurality of vibrating antennas on the

30 MEMS integrated circuit, wherein at least one of the plurality of vibrating antennas

operates as one of an accelerometer, a magnetometer, a gyroscope, and a compass.
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of conductor material, separated by at |east one |ayer of dielectric
material, the at | east one bottom | ayer of conductor material including a
bott om | ayerzof14s®nduct or material forned above and in ®OmMERCA10MW5¢97 an
Inter Level Dielectric (ILD) layer, using gaseous HF to forma holl ow space
in the structure of interconnection |ayers, and formng at |east a portion
of a capacitive sensor with the structure of interconnection |ayers. 34.

The net hod, .of,cl ai 3. conmpyj sing.formng a vibrating antenna including the
capaciti ve4sseﬂ]§6petgs?fg_ofl‘ﬁﬁlggﬁ %Odm?rf‘ls_éngii brating antenna at a high frequency.
35. The net hod hfighraighthdfaReiive iséisBPtovdRraé hig 1¢Reo diraatadcoderdfeeiNga at a

frequency of at |east 700 MHz. 36. The nethod of claim 34 conprising
vi brat i ng Mgncionitert f BEFoasAPeniel dgomapags Hraafiishigme rand s atlpatiioghef an han at

| east one rrj f o i 1 nformation
bandwi dt h a%?@%"a?}%eﬁﬁ hﬁ@eﬁ%&%ﬁi‘a eoég% Q@%@%ﬁ%ﬁé@‘] g@@?%@?ﬁ . wherein
the capacitive pplyanya Spes ad &8 capacitivg onsl it gpant apavlcast onPot & Ng passi ng a
current thrOLigh a proof mass for the capacitive sensor to produce a

di spl acemeEC FIOBICHT o BIBENATBE CA A TIRAP P A¥OF CHERES- 38. The met hod of claim
37 conprising arrangi ng one or nore plates adjacent to the proof mass to
produce a differential capacitance in at |east one direction. 39. The

nmet hod of 48 aA MI3ESoutepratesliorguipceavpdsingg t wo di fferent capacitances in

opposite directiqgns,.b horting in rall el second NE%F evice with the
b and bot § om0t IR aDHE Y e Febges SE oy o R g

di r ectp o Dentitishdl oot zRAGRI sudirste, 40. The nethod of claim 38, wherein the
at | east one direction includes a vertical (z) direction. 4 1. The nethod

of clai m 37 comptiusiungofainicagaginedgioa lasehmniudaiglabatesolzenofspndustarr e

associated wth the vihbrati ntenna t.q enha sensitivity. 42. The

mothod o B ® ik By El o Ppl N SR R AR R o8 Tovs ¢ he
Vi brati ng Aet@ADamat@iaVithe Bétnalaytt S JPRENAG Seddg foemed atdvelan@ quesigyot widh. The
met hod of cl aim 33 conprising arranging the capacitive sensor to operate as

an accel erd@ibDelgycra gyroscope, a magnet ometer, or a conpass.

15 a hollow space in the structure of interconnection layers, and

a capacitive sensor in communication with the structure of interconnection layers.

47. A method for manufacturing a MEMS integrated circuit comprising:
producing layers, in one or more stages, that form electrical and/or electronic
20 elements on a semiconductor material substrate,
producing a structure of interconnection layers, during an interconnection stage,
comprising depositing at least one bottom layer of conductor material and one top layer
of conductor material, separated by at least one layer of dielectric material, the at least
one bottom layer of conductor material including a bottom layer of conductor material
25 formed above and in contact with an Inter Level Dielectric (ILD) layer,
using gascous HF to form a hollow space in the structure of interconnection
layers, and
forming at least a portion of an integrated inductor with the structure of
interconnection layers.

30
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44. The nmethod of claim 33 conprising formng a plurality of vibrating
antennas on the MEMS integrated circuit, wherein at | east one of the

pl uralitywof2oifas@ri ng ant ennas operates as one of an a®CE/EPR@OPE@R] a
magnet oneter, a gyroscope, and a conpass.45. The nethod of claim 33
conprising: configuring the capacitive sensor to operate as at |east one of
an accel eroneter, a magnetoneter, a gyroscope, and a conpass at a first

time, and accel eroneter, a magnetoneter, a gyroscope,
and a corrp@sﬁlgtm%ﬁ%%%pﬂ %7n§mh31h%°%b§|1 R ng a signal to the capacitive
sensor to oper ahBodsy @hle{eﬂ@az%rﬁmﬁe@tﬁ’ucﬂlﬁte@‘f%hﬁtremh&ﬂwnaa}fmiaﬁd oneter, a
gyroscope, and a conpass. 4 A MEMS integrated circuit conprising: a

plurality of | ®yehing tha spaeunding HIDvmpruphe Puddgrcofe thsrintegiatcddndidioroni ¢

el ements on a sem conductor material substrate, a structure of

i nterconnection |ayers including a bottomlayer of conductor material and a
top | ayer 49 Tenothédof simietd edmprivepafoainag paictaldagt. one | ayer of
dielectric material, the bottom|ayer of conductor being forned above and
in contact wwth an ILD | ayer, a holl ow space in the structure of

el 4 oY mi ala tal 1a
i nter connegyt i9R haK& &6 c1ARA @fa ersgtf}‘ﬁ ensefl | ﬁﬁﬂ@i“é‘{ ahi@Nait h the

structure of interconnection nethod manufacturi g a MEMB
i nt egr at ed CIrCUIt conpr|5|ng produci ng | ayers, |n one or nDre st ages,

t hat form I‘IC [.or el ectroni elerrents em or mat eri al
Subst r at o3 Tprigtades ey S DrRTATUREN BTG RrEhecmcet Ro S BrENAIATRE o
i nt er@@nnqggs! on st age, conprising depositing at |east one bottom | ayer of

conductor material and one top |ayer of conductor material, separated by at
| east one | ayer of dielectric material, the at |east one bottom | ayer of

d | b d f d
conduct or gty et yding, o bation.t aver, of.¢ S R

gaseous HFtegso forma hollow space in the structure of interconnection
| ayers, and formng at |east a portion of an integrated inductor with the
structure of interconnection |ayers.48. The nmethod of claim47 further

COMPr i $1 NG3  The method of claim 48 comprising forming a metal layer with a length of 1mm or

more.

54. The method of claim 48 comprising etching at least two lines of metal from the
metal layer connected at one end of the integrated inductor.

20
55. The method of claim 48 comprising positioning of the metal layer on top of a pad,

and winding of the metal layer on the pad after release.

56. The method of claim 48 comprising applying wafer bonding packaging.
25
57. The method of claim 48 comprising:
forming at least two integrated inductors within the structure of interconnection
layers, wherein the at least two integrated inductors are coupled to form an integrated
transformer.
30

58. A MEMS integrated circuit comprising:
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choosing a netal layer in the structure of the interconnection |ayers, and
etching the surrounding IMD to produce a curvature for the integrated

i nduct or .wo2010fias9oet hod of cl ai m 48 conpri sing form ngPaTEPROPEEEHT | ayer .
50. The nethod of claim49 conprising formng a netal |ayer under a top
nmetal layer. 51. The method of claim48 conprising formng a netal |ayer
with a radius of 30mmor |less. 52. The nethod of claim48 conprising
formng a netal_ l|a i.th a radius .of,.200 or less. 53, The. nethod of

ol ai 98- conpr 1*41 Tattuihat a Bt oy A e e S PR 0. sa.
The met hothnof seghiedrnuédr 6RaMRRI Sibkgatel ching at | east two |ines of nmetal from
the netal |ayer connected at one end of the integrated inductor. 55. The

met hod of cl ai b sti@cshelintraneBIntlaehi mgludigtakotiont Wyen efendustort op of a
pad, and w.ndi. f oélp I n.th h.re .. 56. The

et hod of I8 Oy PR ot XS il R R bR 070, e
met hods of di¢ladtit Abitaanmhé Bottgn layor off dogd@dtor ieasd foimed hindve gnatrechrtswd wdthor s
within the structure of interconnection |ayers, wherein the at |east two
i nt egr at edilkU8YSrs are coupled to forman integrated transformer. 58. A

MEMS i nt egr at ed, 1 GMiphc ERATRL kil dRge B RkdE@ctYorPhydiYgHS, a portion of

whi ch includes one or nore electronic e#ements on”a sem conductor materi al
substrate, a stanustegredahdichdiran comnmmotcaton ity ehesstiuvtire df mepreonnottiomm | ayer
of conductor material and a top | ayer of conductor material, separated by
at |east dh¥™ayer of dielectric material, the bottom |ayer of conductor
bei ng;§ ormed above and in contact with an ILD | ayer, a hollow space in the
structure of interconnection |ayers, and an integrated inductor in

comuni cati%m wicthedtfhemgrufagtinga MEMAtitegatadadtciii gommpsising. 59. A net hod

for manufactur ip?gdu%inl\élglal\l%ris,rhtl oae g} r%grecsita{g%lsj,ithatcfgrqp Efeg‘[irfgzgl: and/or electronic
clements on a semiconductor material substrate,
producing a structure of interconnection layers, during an interconnection stage,
15 comprising depositing at least one bottom layer of conductor material and one top layer
of conductor material, separated by at least one layer of dielectric material, the at least
one bottom layer of conductor material including a bottom layer of conductor material
formed above and in contact with an Inter Level Dielectric (ILD) layer,
using gascous HF to form a hollow space in the structure of interconnection
20 layers, and
forming at least a portion of a modal switch with the structure of interconnection

layers.

60. The method of claim 59 wherein the modal switch operates as a transition between

25 two uniplanar transmission lines.

61. The method of claim 60 wherein the first transmission line is a coplanar waveguide

(CPW) and the second transmission line is a slotline.

30 62. The method of claim 59 wherein the modal switch operates as a tunable filter.
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produci ng layers, in one or nore stages, that formelectrical and/or

el ectronic elenents on a sem conductor material substrate, producing a

st ruct ur ewof2oimt4e9oconnecti on | ayers, during an i nter cCONRETIHPRIIDTEAIE,
conprising depositing at | east one bottom | ayer of conductor material and
one top |layer of conductor material, separated by at |east one | ayer of
dielectric material, the at | east one bottom | ayer of conductor nateri al

i ncl udi I .of d ial f b d.i
wtn an e Eagaro By El o ERC TR bidrded TR0 FBeb ma

hol | ow spageiable chfiRitst b Hodaldhviichlc8MPORNSRd drafore Y Fciveainst defs.m ng at
| east a portion of a nodal switch with the structure of interconnection

| ayers. 60. The nethod of claimb59 wherein the nodal switch operates as a
transition,b ' r 1,551 i nes.,~6 - of
cl ai m 60 wFer b By P PRk PSP RARR il RGP br s HIRGIREIAR (o
and t he seetnd therEnatiyssicapaditiveeunitscedls & i dlag. 62. The met hod of claim 59
wherein the nodal switch operates as a tunable filter.63. The nethod of

claim59 wherein MEMS integrated circuit of claim 14 wherein a variable

capaci t or ésnoﬁﬁg?&g@fém &fwﬁ&%ﬂlrthﬁﬁn@&em%e 5&1%@&%1%‘3%&&%%&3' 's.

64. The neth I'm63 wherein the capacitance ratio of a
capaci ti venanymneatfid lagbutt he plurality of capacitive unit cells is 10 or

| ess. 65. The nethod of claim 63 wherein the one or nore capacitive unit
cells are arranged in a symetric |ayout. 66. The nethod of claim 63

wher e a @apPBRirhétM&d $M1AintE) Whekin h@pRéittalihlt YelPbf tﬁé?ﬁl@élityﬁﬁcdﬂabfﬁv@m I's is
i npl enented in a CMOS process with M IBI structure nodifications. 67. The

met hod of wilitaicHs Bemptesrasited inlaeCWION proeass witheV i strheturecmogificgensa Si N | ayer
and no conventional MMtop plate. 68. The nethod of claim 67 wherein the
SiN |ayer has an RI of 2.5. 69. The nethod of claim®66 wherein the MM

struct ur e gurtheahctBOIHr dsias6EwNaWInSthe NEMIsuct @ furlkie compHE acfiNahy@rm 66
wherein the MM structure further conprises high-k
and no conventional MIM top plate.
15

68. The method of claim 67 wherein the SiN layer has an RI of 2.5.

69. The method of claim 66 wherein the MIM structure further comprises a MAM
structure.

20
70. The method of claim 66 wherein the MIM structure further comprises high-k
dielectrics deposited using ALD.

71. The method of claim 70 wherein the high-k dielectric is Al,Osz or
25 HfO, or a stack of both.

72. The method of claim 70 wherein the MIM structure allows for lateral displacement

between plates.
30 73. A MEMS integrated circuit comprising;:

a plurality of layers, a portion of which includes one or more electronic elements

on a semiconductor material substrate,
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dielectrics deposited using ALD. 7 1. The method of claim70 wherein the

hi gh-k dielectric is AlI2A8 or HH Q2 or a stack of both. 72. The nethod of

cl ai m 70 wberw/rseone M M structure allows for |ateral diPspiERec@Enps4bet ween
plates. 73. A MEMS integrated circuit conprising: a plurality of layers, a
portion of which includes one or nore electronic elenents on a

sem conductor material substrate,a structure of interconnection |ayers
including a bottom ] ayer. of conductor material .and a to ayer of conduct or
e a1 separatBigy SpRresir b o B it EMGelih EnaBifle? {ho

bot t om | ayRiteidil 26@BAS [a9Er ERoRGudEH HREriADRYeraddichyl 4 |&eNéRAbydMoth an | LD

| ayer, a hollow space in the structure of interconnection |layers, and a
nmodal swi tdi¢legtric swtarishiteabetiam kiyehofdeaduteroing Bred phaverad heticdivithayer s.
74. A sig %'ILUI%?&M ssion systemconprising: a first signal medi um arranged
to transmt an efettrical signal using one of a first transm ssion node and
a secofd transnlssibooarspaadia, thastAetendf sitgoaincomsh ldyerarandnged to transmt an

el ectrical signal ing the first transm ssion node, and a controller
arranged to set® PHE! Y %hBWCOFIH%uIB?at{OHémm%ﬁt@?tﬁﬁaﬂﬂ%ﬁ%%ﬁqlﬁn €%f the
first transm ssion node and the second transm ssion node. 75. The system of
claim 74, wherein the controller includes a nodal swtch. 76. The system of
cl ai m 75, Hhek eignaltttrasmdiah sgstethehmpnsingdes a capacitive switch. 77. The
syst em of clairl%g rein the ca ﬁq(;itive swi.tch includes at |east one of

6, .wh
a series and sHUftt Sd%ﬁ?imefi&n? ArNgch f rdRsIYE dectppalSigngsusing ety ke nodal

sSW t chy i NGl4AdRKsBA nHY dhid 2Weddld- traf@misdiBR nfRt em of claim 78, wherein the
ohmc switch includes at | east one of a series and shunt resistance. 80.

The system of @ stondsdgnahhnedrinnardnged entramshiiiean ¢lectrieal aiggeldusing the firsit egr at ed
circuit. q%ansglpsgio%ﬁotd%ma&{ claim80, wherein the controller includes a MEMS
structure. ’

a controller arranged to set the mode of the of the first signal medium to one of
the first transmission mode and the second transmission mode.
15
75. The system of claim 74, wherein the controller includes a modal switch.

76. The system of claim 75, wherein the modal switch includes a capacitive switch.

20 77. The system of claim 76, wherein the capacitive switch includes at least one of a

series and shunt capacitor.
78. The system of claim 75, wherein the modal switch includes an ohmic switch.

25 79. The system of claim 78, wherein the ohmic switch includes at least one of a series

and shunt resistance.
80. The system of claim 74, wherein the controller is arranged in an integrated circuit.
30 81. The system of claim 80, wherein the controller includes a MEMS structure.

82. The system of claim 80, wherein the controller includes a CMOS structure.
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82. The system of claim80, wherein the controller includes a CMOS
structure.83. A nethod for manufacturing a MEMS integrated circuit
conpri si yo 2proods®7ng a plurality of |ayers, a portion eCTtEPeOloseal ity of
| ayers form ng one or nore electronic elenents on a sem conductor materi al
substrate, producing a structure of interconnection |ayers by depositing at
| east one bottom | ayer of conductor naterial and one top | ayer of conductor
material, separated by at |east one |layer of dielectric material, the at

| east one bottom | ayer of conductor material including a bottomlayer of

conduct or gmatLietlodifor et fakioMes @ MENS iftepiabetcindlit Iao@Priéiﬁg er Level
Dielectric (ILD) |ayer, usLng1%aseous HF to forma hollow space in the
structure of i mredustigrieklprabty oflpears a podor ofrthe nlyraity pElgersdopeng PonoLF

mechani Calmt?t%%‘?e%bégirc %&é@f%&lﬁﬁeﬁﬁ%&%&&%&fﬁérﬁﬁ ﬁib%ﬁ%ec“ on |ayers. 84. The

met hod of ‘claim e nmechanical capacitor’ conprises a plurality
of capacitors geshetigedstiustpasfint@tonneadih lappaby Uarost gk icabtiugie dottom
capacitance smal |l er than the capacitance of the mechanjcal capacitor. 85.
The met hod?W¥ of FRdvres majgif andiona{ar ygr af sangugipr pajssieh seneatehly af ledtbi ned

capaci t ancg,.eanuab s iR rﬁﬁgﬁéﬁ! #h89FRaQlont l‘BStté’qu RPbF@IndGABRRalPht 8. dThe

nmet hod of clar'm 83, wherein e nechani cal capacitor conprises a fixe
pl at e and iaclndivegalboeoml lagee of tdreluntov ealdrel irated abdveoawddn lcattectalithoviwent by

means of qne .gnre @ﬁ@hg@s. 87. The nethod of claim 86, wherein the
nmoveabl e 3ﬁaF RSB TT Fe by neans of a thermal force or an _
el ectf@static fiRMEeas®Bs HHG 9BE BALION spdRiimMBGrudhies &f iftctdpns@paani cal

capacitor conprises a dielectric with high permttivity.89. The method of
cl ai m 86, leyvss.@néh at | east one plate conprises a plurality of deformable

tips that deforimwhen the plates touch.. 90. The ne d.of claiLm 86, wherein
at i east one. pIaTENE R FasSgEN e mntsd St ThLrr s fiesfr Bberent . "6 1
The net hodn@fcoah&itidh&3scrsvherei n the one or nore springs are designed to
account for effect of fringing fields.
15 84. The method of claim 83, wherein the mechanical capacitor comprises a plurality of
capacitors connected in parallel, each capacitor comprising a capacitance smaller than

the capacitance of the mechanical capacitor.

85. The method of claim 84, wherein the plurality of capacitors has a combined

20 capacitance equal to the capacitance of the mechanical capacitor.

86. The method of claim 83, wherein the mechanical capacitor comprises a fixed plate
and a moveable plate, the moveable plate allowed lateral movement by means of one or
more springs.

25
87. The method of claim 86, wherein the moveable plate is stretchable by means of a

thermal force or an electrostatic force.

88. The method of claim 86, wherein the mechanical capacitor comprises a dielectric

30 with high permittivity.
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92. The nethod of claim 83, wherein the nechanical capacitor conprises a
fixed plate and a noveabl e plate, the noveabl e one plate all owed

| ongi t udiwal2ormomedeent |imted to | ess than 1/3 of its tpravaEremg/os@ayge. 93.
The nethod of claim83, further conprising: formng a double structure,
each with a plurality of springs; and placing the MEMS integrated circuit
conpri si ng the nechanical capacitor inside a first structure such that the

first str E‘£ §% r extt @g eration. p .fTh met hod of
cl ai m 83, e ﬁﬂe he° %lﬁ’a ere&%ﬁ &Y 8PGP ecc?ﬁlfﬂrﬁﬁsraeauéaé”éo chani cal
filter. 9%eforhRbREIpIekhtAbfoemalitndhe phigi®ior. a plurality of mechani cal
filters are connected in series to provide an al nost constant capacitance

value for a given charge value. 96. The nmethod of claim83, wherein the

mechani calgC aﬁl%%%tﬁ(.gd g@&%ﬁ@%{e"‘fg Ethle%t %ﬁé éﬁ&eﬂcr%%%?ﬂ Ehﬁ’crkngé%’lx‘/ﬁ{ fafgr%l;?)i .

forma pomer supp egra Frcurt conprisin

of IayErS(hgﬂaﬁﬁEnon of which includes one or nore electronlc elenents on a
sem conductor naterial substrate, a structure of interconnection |ayers

i ncl udi ng a botton1|ayer of conductor material and a top |ayer of conductor

material, e%{kﬂod@é’f &%nﬂ @z&hepé?ﬁtﬂe%% ﬁfo‘iiéﬁé F%g afecdeg%%&li {d’ﬂ‘éc’c tie at

| east one bott ayer conductor materia i ng otton1 ayer of
conductor1haﬁ§ﬂnafﬁmgnma&ﬂabove and in contact with an Inter Level
Dielectric (ILD) layer, a hollow space in the structure of interconnection
| ayers, and a nechani cal capacitor in conmunication with the structure of

i nter gennept iMR th@M&J &f claim 83, wherein the mechanical capacitor comprises a fixed plate
and a moveable plate, the moveable one plate allowed longitudinal movement limited to

less than 1/3 of its traveling range.

93. The method of claim 83, further comprising:
15 forming a double structure, cach with a plurality of springs; and
placing the MEMS integrated circuit comprising the mechanical capacitor inside

a first structure such that the first structure oscillates under external acceleration.

94. The method of claim 83, wherein the mechanical capacitor is configured as a

20 mechanical filter.

95. The method of claim 91, wherein a plurality of mechanical filters are connected in

series to provide an almost constant capacitance value for a given charge value.

25 96. The method of claim 83, wherein the mechanical capacitor is combined with a

switched capacitor converter to form a power supply.

97. A MEMS integrated circuit comprising:
a plurality of layers, a portion of which includes one or more electronic elements
30 on a semiconductor material substrate,
a structure of interconnection layers including a bottom layer of conductor

material and a top layer of conductor material, separated by at least one layer of
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dielectric material, the at least one bottom layer of conductor material including a bottom
layer of conductor material formed above and in contact with an Inter Level Dielectric
(ILD) layer,

a hollow space in the structure of interconnection layers, and

a mechanical capacitor in communication with the structure of interconnection

layers.
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