MEMS FLIP-CH P PACKAG NG Field [Para 1 ] The present invention rel ates
generally to the field of sem conductor manufacturing and Mcro Electro
Mechani cal Systenms (MEMS). More specifically, the present invention relates
to met hods for packagi ng of MEMS and ot her devices, and in sone cases,

devi ces that have vertically extending structures thereon. Background [Para
2] M croel ectronechani cal system (MEMS) devices often enploy sem conduct or

fabrication techniques to creat g, Iﬂmr@&@g@@mﬁp%tures on the surface
of a substrate such as a wafer. pr h 0 M5 gyroscopes and
accel eroneters, for exanple, such fabr| cation techniques are often used to
create a nunber of noving structures that can be used to sense displ acenent
and/ or ? gration in response to novenent of the device about an input or

rate axis. navi gati onal and communi cati ons systens, for exanple, such
novi ng strgé:tur can be used to rreasure and/ or detect variations in |linear
and/ or rot arardl nothoRressnt dvessiascrelateaaaneryly i bigyfielshatsemiconstuszer
applications, such as autonotive systens, for exanple, such noving

st r uct ur es manufactuingdand Miete Ellegtrmgehmcacﬁmstms ((MIEMS)smr@n@mfdcany,
antil ock braking system (ABS) to sense changes in vehicle and/or tire

not i on. [ PtheapBisentényarticyrelatesftosnethadsMerdmckagg efMEMS andiogherf devines,
hurdle in the overall fabrication process. In many cases, MEMS die include
a MEMS si dandnd soandeadess ddeiced hhabbave sertically ektendiflyStrlictures thieresn.bonded
to the floor of a cavity in a MEMS package. Wre bond pads on the MEMS side
of the MEMS die are typically wire bonded to bond pads in or along the MEMS
package cavity. Finally, a 1

Background

fPara 2] Microeiectromechanical system (MEMS) devices often employ
semiconductor fabrication techniques to create small mechanical structures on the
surface of a substrate such as a wafer. In the production of MEMS gyroscopes and
accelerometers, for example, such fabrication techniques are often used to create a
number of moving structures that can be used to sense displacement and/or
acceleration in response to movement of the device about an input or rate axis. In
navigational and communications systems, for example, such moving structures
can be used to measure and/or detect variations in linear and/or rotational motion
of an object traveling through space. In other applications, such as automotive
systems, for example, such moving structures can be used in vehicle dynamic
control (VDC) systems and antilock braking system (ABS) to sense changes in
vehicle and/or tire motion.

[Para 3] The packaging of such MEMS devices remains a significant hurdle in
the overall fabrication process. In many cases, MEMS die include a MEMS side and
a back side. The back side of the MEMS die is often bonded to the floor of a cavity
in a MEMS package. Wire bond pads on the MEMS side of the MEMS die are

typically wire bonded to bond pads in or along the MEMS package cavity. Finally, a
1



package lid is typically secured to the top of the MEMS package to provide a
hermtic seal for the MEMS package cavity. In sone cases, the lid is secured
in a vacuumor partial vacuumto provide a desired environnent for the
encl osed MEMS device. Wen a partial vacuumis used, and in sone
enbodi nents, an inert gas nmay be introduced when the lid is secured to the
top of the MEMS package so that an inert gas is back filled into the

ired. [Para 41 Due

encl osure housi ng,.the MVENMS devi ce, bu hi s re

Co ther - sPotkagRdG dn BRI ANCRC R R etp 2L MEMS REkads 6 phg dRens
devices are susceptible to e in high-C applications, and from
particl es, hwgtmfe@' or m%@%ﬁg}gﬁl@&ﬁt%%ftﬁaﬂﬁss%@%eém tﬁ%ign’é serured ined
within the MEMS package cavity. In addition, and in sone cases, the

di f fi cul t yvaguuraesrastial yaquegitamirayderredpsiced amaronment fenthevendopad REMS
cavity during the fabrication process can affect the performance

char act er i device. ¥harha peBEid weuuoejs usdd, and idsonagmbadieténtsaap inert gas
detecting subtle changes in notion. Furthernore, sonme MEMS devi ces have
verti cal | ymaythbenichtredstedushem élse lidas sextuestbdtathe rognof the MEAESpdciagendn chati n
sonme cases, nmay present a challenge for flip-chip die bonding. As such,
there is aamanst bas is bhukfilleddkagthgendbsuiohsuiiag tMeENBEMS Wevdce, thatthiy fser
superior vacuum performance and/ or increased protection in sone environnents
such as highr feqindd.onment's, while al so providing high volunme throughput and
| ow cost during the fabrication process. Summary [Para 5] The present

[ nvention fpRARPS  Qudi® {HRAKAZE HAOoMBYEILHI 1R Riichafifed SEctdni 4 afye

cases, devices I cally extending structures thereon.
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particles, moisture or other such contaminants that can become entrained within
the MEMS package cavity. In addition, and in some cases, the difficulty in
accurately regulating the pressure within the MEMS package cavity during the
fabrication process can affect the performance characteristics of the MEMS device,
often reducing its efficacy in detecting subtle changes in motion. Furthermore,
some MEMS devices have vertically extending structures that extend up from the
MEMS die, which in some cases, may present a challenge for flip-chip die bonding.
As such, there is a need for robust packaging solutions for MEMS devices that offer
superior vacuum performance and/or increased protection in some environments

such as high-G environments, while also providing high volume throughput and

low cost during the fabrication process.

Summary

[Para 5] The present invention relates to the packaging of MEMS and other
devices, and in some cases, devices that have vertically extending structures
thereon. The present invention may provide robust packaging solutions for such

devices, which may result in superior vacuum performance and/or increased
2



2 protection in sone environnents such as hlgh G enV|ronnents whil e al so
provi di ng hi gh vol une throughput and | ow cost during the fabrlcation
process. [Para 6] In one illustrative enbodinment, a MEMS die is provided
that includes a MEMS device secured to a substrate. The MEMS devi ce may

I nclude one or nore suspended structures positioned vertically above the
substrate. The suspended structures nay be located in a first region of the
substrate, and a second region ext.end around t he peri phe of the first
regi on of PFRIestipatipHoaMe FHV%WE’%%%%“ ag highyG ﬁPH@OPE"W%'pWEé%Ia&P t he
second portion of the substrate, wherein the seal ring extends around the
first portpPeiding highsyejymesthroughputiandiley ot dykiag tﬂ)‘@cfs‘lbﬁki?tlgé RFe§e3S-oned
al ong the second portion of the substrate. The plurality of bond pads may
be positi olfatiabhsi ddnafnet ilgstrative ermhpdisent, sdMEMSdie irepeavided that iactideste
one or nore suspended structures) and/or outside of the seal ring, as
desired. WMPMSad&jicSsebumedvia\® sdbrsirate. nhlye MENIR dkeigednay irsclade oeepommhong
MEMS package. The MEMS package may have a package body that has a recess in

a surfacesidpineled dtoudtares posaidnied. veHicalbaaboye thay slisstestept Fite sospathidve
the one or nore suspended structures of the MEMS device. A seal ring may be

si tuated ogtrhft@rePasdiBe IQdyd inal it eeGiohGdfahet i stietesand A condlregidi may
be adapted to be in Tregistration with the seal ring of the MEMS di e when

the MEMS dig %@&e%ﬁuﬁeqha%r %r@bpuswhrgt%gL bftweehs btet.ylrpémhend

pads may be xlspose n the ace of the pacCkage body, ereln one or
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die may t hgndsb%ae'lﬁquggltloneg along the second portion of the substrate. The plurality of
bond pads may be positioned inside of the seal ring (e.g. between the seal ring and
the one or more suspended structures) and/or outside of the seal ring, as desired.
[Para 7} Such a MEMS device may be packaged in a corresponding MEMS
package. The MEMS package may have a package body that has a recess in a
surface thereof to form a cavity. The cavity may be adapted to receive the one or
more suspended structures of the MEMS device. A seal ring may be situated on the
package body, which encircles the recess. The seal ring may be adapted to be in
registration with the seal ring of the MEMS die when the MEMS die and MEMS
package are brought together. A plurality of bond pads may be disposed on the
surface of the package body, wherein one or more of the bond pads are in
registration with one or more of the bond pads of the MEMS die.
[Para 8] The MEMS die may be flipped over and so that the one or more
suspended structures of the MEMS device extend at least partially into the cavity of
the MEMS package. The seal ring of the MEMS die may then be aligned with the

seal ring of the MEMS package. In some cases, a solder pre-form may be placed

between the seal ring of the MEMS die and the seal ring of the MEMS package,
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seal ring of the MEMS package. In sone cases, a solder pre-formmay be

pl aced between the seal ring of the MEMS die and the seal ring of the MEMS
package, 3 which when heated, may forma hermtic seal between the substrate
of the MEM5S die and the MEMS package. In other cases, a sufficient quantity
of bonding material such as gold or alum num may be provided al ong the seal
ring, and the MEMS die and the MEMS package nay be seal ed toget her al ong

the seal 1J “%pﬁih%ﬁ%‘a‘?%%g %'J?ﬁeasﬁér%ti?%gi pgtw% i Fﬁﬁgﬁ%%ecg'?ﬂ‘?q MENR

MENMS di e aYmi' e nay be seale gether along e seal ring

' | st ' tectic,b | ng, US| ..ot |t abl
ponatng. aiiiF ARG MEMEapoel dhstpaLees ey n AliekhBritu Rl it o Rlibe Sge " may
envi ronmerateril S ety Seldat ApAUREaTbe BIPYAEA RS LR Fahat: e

cavity, which for sope MEMS devi ces, y be desirable. [Para 10] One or
more of t MEMSHe sauksthsy MEMS m&sgair@a@y %@'%ﬁmg%am@ the seqlring yatng
pads of the MEMS package. |In sone cases, the one or nore bond pads of the
MEMS di e dhermongempresyne snding e ImyabOpRICases: the NEMS digcandjghe MEMS%e
same time as the MEMS die and the MEMS package are seal ed together al ong

t hei r sealpackage maybemealast tagetkehalodgpthesseal ringeusiayBedistamegwiskdibgnded t o
the one or nore bond pads of the MEMS package using any suitabl e bonding
appr oach. entéctéxbopding,tdraising aay athee sbhidabliepsatsdinf) dpproEWVS di e nay be
bonded to the one or nore bond pads of the MEMS package by, for exanple,

hest ves By omer Surt bl o Bt BGhment proness 2o Fara 1 T A so. 1

i's cont emphai@fériinal low Brésate EhtigsnAlent heudERSadliRuahflehbRonment. This may
result in a sealed low pressure environment in the cavity, which for some MEMS
devices, may be desirable.
[Para 10]  One or more of the bond pads of the MEMS die may be bonded to one
or more bond pads of the MEMS package. In some cases, the one or more bond
pads of the MEMS die are bonded to one or more bond pads of the MEMS package
at the same time as the MEMS die and the MEMS package are sealed together along
their seal rings. The one or more bond pads of the MEMS die may be bonded to
the one or more bond pads of the MEMS package using any suitable bonding
approach. For example, the one or more bond pads of the MEMS die may be
bonded to the one or more bond pads of the MEMS package by, for example,
soldering, eutectic bonding, thermo-compression bonding, resistance welding,
adhesives, or by any other suitable attachment process.
[Para 11] Also, it is contemplated that the seal rings of the MEMS die and the
MEMS package may be secured by one attachment process, and the bond pads may
be secured with the same or different attachment process, as desired. For

example, the seal rings may be secured by soldering, and the bond pads may be

secured by thermo-compression bonding, or visa versa. When the seal rings are
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MEMS package may be secured by one attachment process, and the bond pads may
be secured with the sane or different attachnent process, as desired. For
exanpl e, the seal rings may be secured by sol dering, and the bond pads nmay
be secured by therno-conpression bonding, or visa versa. Wen the seal
rings are 4 secured by soldering, the seal rings may be made froma materi al
or material systemthat allows solder to wet to the MEMS di e and MEMS
package. As noted above, and in sone cases, a solder pre-formis provided
and pl acedseeurgddry solderiggathe seyjsrings muy MERAE fEorhe materivERS mtekiabe t o
help formthe seal between the seal rings. £Para 12] In some cases, the
MEVS packagystaaythas alowsespldattomat dd thatdEMS dikaad MEMD aaskage THs neted
package may be photo-registered (e.g. using pattern recognition) for

pl acenent above,and inmbemkENBes) & sokleripresform sasreyided phdgdaked betweerf thepper
station that flips the MEMS die so that the MEMS side of the MEMS die faces

down t owar gedlrindEdStipaMEMedieTdred MidVBIEU SSpackagehtenhdle fornkdk dsal betiveah
head and photo-regi stered (e.g. using pattern recognition) for placenent
accuracy. fHesédfldingwwad may nove the MEMS die into position over the MEMS
package. The bondi ng chanber nmay be evacuated to approxi mately 10x10 -5

torr, as gasaneq. hﬁ%bnﬁ@zaéé%,@ﬁﬁh\mﬂlsbacki%%hhﬁ%@bﬁ;k@addrmpl\éﬁwéiﬁ?&ﬁage,

sometimes via thé tool head, which may melt the sol der pre-formand/or
T L S L e
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cavity may, fhensbe cooled (ke thE MEMS die so that the MEMS side of the MEMS die
faces down toward the MEMS package. The MEMS die may then be picked by a
tool head and photo-registered (e.g. using pattern recognition) for placement
accuracy. The tool head may move the MEMS die into position over the MEMS
package. The bonding chamber may be evacuated to approximately 10x10 -5 torr,
as desired. Heat may be applied to the MEMS die and/or MEMS package,
sometimes via the tool head, which may melt the solder pre-form and/or prepare
the MEMS package for thermo-compression bonding with the MEMS die. The tool
head may also apply force to the MEMS die to help form the bond, creating a
hermitically sealed cavity with the MEMS device therein and electrically connected

the bond pads to the MEMS package bond pads. The cavity may then be cooled

and vented.

Brief Description of the Drawing
[Para 13] Figure 1 is a schematic cross-sectional side view of an illustrative
MEMS die, solder pre-form and MEMS package;

[Para 14] Figure 2 is schematic top view of the MEMS die, solder pre-form and

MEMS package of Figure 1;



Brief Description of the Drawing [Para 13] Figure 1 is a schematic
cross-sectional side view of an illustrative MEMS die, solder pre-form and
MEMS package; [Para 14] Figure 2 is schematic top view of the MEMS die,

sol der pre-formand WMEMS package of Figure 1; 5 [Para 15] Figure 3 is a
schematic cross-sectional side view of the illustrative MEMS die, solder
pre-formand MEMS package of Figures 1-2 after assenbly; [Para 16] Figure 4

is a sche i 0S Sp | Y Vi f il ust |V di e,
sol der pr gféfa(';%r]ncsgnd lf\'/éﬁ)éet %gg%asgcz'?ﬂ’%ﬁhcréwig]Se%ﬁg’hrggg'geiJs'é@ é@h&ﬁg'tjisme
Cross-sect | Qn sid | ew o he i,lJ| rative MS die, .solder prec-form and
VENS packabENE: die SBI4PraP o Gk MEMS PicktSe obriGUiEs 2 BliFbastirbly’
schemati c os§-sectional ,side yiew showing an _i]lustrative nethod, for .
ok no o MERRRJEL nAUPNE 45 Asemisiadost settionakaidR i 3risthd Hipstrasive
foll ow ng description, should be read wi.th reference to the drawings, in

whi ch | i keMEMSdig; soiderprerfgrenan r“éWﬁd’é’lc[&FQe?nunbered inlike fashion. The
drawi ngs, which_are not necessarily to scale, depict selected enbodinents
and are nofParatddhdedigere 5 is a schemagispaoss-sestional sideiview of|thedligstratiyanpl es
of construction, dinmensions, and materials are illustrated for the various
el ement s, MEMSediekisbldat pre-fdren and MEMS packagmiof #igurat4 aftey assembly; ananpl es
provi ded have suitable alternatives that may be utilized. Wile the

fabri cati offacd 18VEMFigurer 6 ish sshamatis osdr-sastidhdSsidy viss shesviaganVEVS
acceleroneters is specifically discussed, it should be understood that the

fabricati oilustrapive anetho farahakivg REMS HRdhddngian ¢ppedsense plaged in the

packagi ng of other types of
Description
[Para 19] The following description should be read with reference to the
drawings, in which like elements in different drawings are numbered in like
fashion. The drawings, which are not necessarily to scale, depict selected
embodiments and are not intended to limit the scope of the invention. Although
examples of construction, dimensions, and materials are illustrated for the various
elements, those skilled in the art will recognize that many of the examples
provided have suitable alternatives that may be utilized. While the fabrication of
MEMS inertial sensors such as MEMS gyroscopes and MEMS accelerometers is
specifically discussed, it should be understood that the fabrication steps and
structures described herein can be utilized in the packaging of other types of
MEMS devices such as electrostatic actuators, optical lenses, RF switches, relay
switches, microbolometers, devices with actuatable micro-mirrors, pressure
sensors and/or any other suitable device (MEMS or not), as desired.
[Para 20] Referring now to Figure 1, an illustrative method of packaging a MEMS
device will now be described. The illustrative method begins with the steps of

providing a MEMS die, generally shown at 10, having a MEMS gyroscope device 11
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MEMS devi ces such as electrostatic actuators, optical |enses, RF swtches,
relay sw tches, m crobol oneters, devices with actuatable mcro-mrrors,
pressure sensors and/or any other suitable device (MEMS or not), as
desired. [Para 20] Referring nowto Figure 1, an illustrative method of
packaging a MEM5 device will now be described. The illustrative nethod
begins with the steps of providing a MEMS die, generally shown at 10,

havi ng a MENMS gyr.osc devi red to a,substrate 12. The NENS

gy oscope TRIE ©OF pRGeTRel (Fre ThRdERS YEP e B R AT P dBeleg T onea
vertically above the substrate as shown he suspended structures, may be
{ocat e | e SpspeRdSy SHucBisdibsigHRL Vet tG)y SHBVE S8 stibstiatd 55 Sufph,
second region may extend around th eriphery of the first region_16 _of the
Subst rat 6 Hhe SHEREIGSH BTUEPUES dPey B laratBUdn 2 Brst RGioh dpes FItsrS 2) 3¢ dhent
or novenent. In many cases, MEMS gyroscopes includes two proof nasses that
are suspengHhsteigvie?.ansipsecand region may extendareund the setphesy pf thetfiost out
of phase along a drive plane. A lower sense plate is often provided under
each of tiegiem d6fohtssghstoftedr?. dMEMS gyroscopesasubfenatsed toosefsecangular
deflections in the positions of the proof nmasses caused by rotation or

angul ar didippcenentt afmbhkemegyr & ooy sases pPMEMShgyiseopes isdudestwo droohy

al so be provided above the proof nasses to increase the sensitivity of the
gyr oscope, mlséed tHat dre saependediabede a SRdysaratd)] and atddriveh usédtedstrdtically 180°
enbodi nent, MEMS gyroscope 11 includes noving conponents 18 and 20 (e.g.
proof nass@m) of phske AohgsP aRde Mase€nAdoRlenlsefs@Platand often SaNGGedunter d4chay
be supported by a support structure 16. In sone cases, the MEMS gyroscope

11 may be g mdﬂrﬁaﬁ@%gyéhrwr@ctﬁd b ¢08 subsatd, ?b%»eté&edéﬁédtl&nsqfn tifai ch

I's bonded to a glass (e.qg. rexTM ‘substrate 12. In sone cases, the gl ass

substrate J&iflBys b the Pro8ffmadsed AT RPbY 60BN EF dhgular displacement of the

gyroscope sensor. An upper sense plate 24 may also be provided above the proof
masses to increase the sensitivity of the gyroscope, but this is not required.
[Para 21] iIn the illustrative embodiment, MEMS gyroscope 11 includes moving
components 18 and 20 (e.g. proof masses), and corresponding sense plates 22
and 24. Sense plate 24 may be supported by a support structure 16. In some
cases, the MEMS gyroscope 11 may be made by micromachining a silicon
substrate, the result of which is bonded to a glass (e.g. Pyrex™) substrate 12. In
some cases, the glass substrate 12 may include one or more patterned metal
layers that form, for example, lower sense plates 22 and well as 1/0 traces. This,
however, is only illustrative, and it is contemplated that the MEMS die 10 may be
made from any number of materials or material systems including, for example,
quartz, silicon, galliur arsenide, germanium, glass, and/or any other suitable
material. It should also be understood that other types of MEMS or other devices
(e.g. accelerometers, electrostatic actuators, optical lenses, RF switches, relay

switches, microbolometers, devices with actuatable micro-mirrors, pressure



| ayers that form for exanple, |ower sense plates 22 and well as 1/0O traces.
This, however, is only illustrative, and it is contenplated that the MEMS
die 10 may be made from any nunber of materials or material systens

i ncluding, for exanple, quartz, silicon, gallium arsenide, gernmanium

gl ass, and/or any other suitable material. It should al so be understood

that other types of MEMS or other devices (e.g. acceleroneters,
Swi. t ches,

el ectrostatic actuators, ,optical |enses F swi.tches, relay

i or obot onseerars, 8 E8s ifaskaues I 2ERardines i 5 pedsSrtouditton Bonsor s,
etc.) can ae packaged in accordance with the present invention, as desired.
[ Para 22] FR®T#E{ ustrative MEMS die 10 al so includes a nunber of bond pads
26. The bond pads 26 may be electrically connected (not illustrated) to the
MEMB  devi b°@r412,21andTht¢1llﬁémtweﬂ\éwﬁdil@ﬂ@ Yo dpeludes psrumbgr f bppnd pads 3fe
or nore proof rmasses 20, and/or other conponents or parts of the MEMS

devi ce 11, The biwel pads 26Tmay berrlegiaigalipgonngcted (notiillusnatedhte toe MEMS
patterned seal ring 32 and the MEMS device 11, but this is not required.
For exanpl deviaad Iqramtbireparticd lapadson6amay seaspqlatesaisdbubrsd de nudre proof
patterned seal ring 32 (see Figure 2). [Para 23] The bond pads 26 nay be

connect ed Maskea@d®, andyorotiserraompogerts,orf parts of ane MEMS1devickack a3fdédiced.
substrate 12, as desired. Each bond pad 26 nay include a protrusion of

material syRE byhdiphds 26 mepbeGPosiiynédbetwedn arpateerhedaleaP Aingf 32 ARbaHeal S
suitable to pronote the formation of an el ectrical connection between the

bond pad ogeMweddBEYE 19 Hut@hand ddiaeqAire8s FotdExaghpeneneast Mbré BenNEYRls

package 14, as further described bel ow. The protrusion nmay be a solid |ayer

o ome). gl L Sk B IS o ASERE St ifg sl mhgry (P 260
[Para 23] The bond pads 26 may be connected by leads or traces running on, for
example, a surface of the substrate 12, as desired. Each bond pad 26 may include
a protrusion of material such as gold or lead or any material or combination of
materials suitable to promote the formation of an electrical connection between
the bond pad on the MEMS die 10 and the corresponding bond pad on the MEMS
package 14, as further described below. The protrusion may be a solid layer or
may be a plurality of bumps or concentric rings, as desired.

[Para 24] In some embodiments, the MEMS die 10 may also include a patterned seal
ring 32. The patterned seal ring 32 may be formed by a deposition of material or
other suitable technique, When a soldering process is used to bond the MEMS die
10 to the MEMS package 14 along the seal ring 32, the seal ring 32 may be made
from gold, lead, tin, aluminum, platinum or other suitable materials or
combination of materials suitable for providing a good wetting surface for the
solder. Of course, if the sealing mechanism does not rely on sclder, the patterned
seal ring 32 may be made from a different material or may not be provided at all.

For example, a glass frit seal may be used along the seal ring 32 to bond and seal

the MEMS die 10 to the MEMS package 14, particularly if the MEMS die 10 and/or
8
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ring 32. The patterned seal ring 32 may be forned by a deposition of

material or other suitable technique. Wien a soldering process is used to
bond the MEMS die 10 to the MEMS package 14 along the seal ring 32, the
seal ring 32 may be made fromgold, lead, tin, alum num platinumor other
suitable materials or conbination of materials suitable for providing a good
wetting surface for the solder. O course, if the sealing nmechani sm does
not rely on solder, the patterned seal ring 32 may be made froma different
materi al oMEMS/padtaase! pinsivdeseramig or therEe-ekaﬁpomerae@mIg, when zeal may
be used along the seal ring 32 to bond and seal the MEMS die 10 to the MEMS
package 14theqyma-coumpriesgiont bemdingaNECcdseisi@sechty bond thENSEMScliad® tathencl ude
ceramic or the like. In another exanple, when a thernp-conpression bondi ng

process i sMiMSdpackdyentd alendVEiSselil airig) 32p thdeeal Vit 3 ganhpdgeclidea bondinge
seal ring 32, the seal ring 32 may include a bonding material such as gold,

silver, | eaftetidinuchl agrgolansilosr, tiéad | tikealumiihamm, airtthe kel Whicle after Rafficiand
pressure are applied, wll formthe desired therno-conpression bond. [Para

25] The seRéatr AntpPessiiy afOABPRES! Wil Tt he dbdieedMERE i VidiRprdssian Boha.
sonme cases, the bond pads 26. Patterned seal ring 32 may be electrically

i sol at ed %gimgg?ﬂggw Hﬁg!aczemhly AP let@P driefrcROHE MBNR dévicd 19, @hadhr i cal

i sol ation e particularly robust when, for exanple, resistance

(L0 | R b Y, hede Ol AR A,
e oA PR Ry LoREk ¥ SRR BBy S8 gl EATOF B
e e AR RO R o SR S Wl R b
circuit, Stllj'l%hMEfASté)ieblod190 &aedf?llEm gag(ra{gnet ?«9 along the seal ring 32.
[Para 26] The illustrative MEMS package 14 shown in Figure 1 includes bond pads
28 and/or 28a that are configured to be in registration with or otherwise mate with
bond pads 26 and/or 26a of MEMS die 10. In the illustrative embodiment, bond
pads 28 and 28a are electrically connected with leads 30, which permit the MEMS
package 14 to be connected to a larger circuit, such as to bond pads on a printed
circuit board (not shown). As can be seen in Figure 4, the leads 30 may extend
above the MEMS die 10 after final assembly so that the leads 30 can be used to
mount the resulting package directly onto a printed wiring board, muiti-chip
package or dther structure, as desired. Alternatively, and as shown in Figure 3, the
leads 30 need not extend above the MEMS die 10, in which case a hole, recess or
other suitable structure may be provided in the printed wiring board, multi-chip
package or other structure to accommodate the MEMS die 10, or a raised ring or
other structure may extend up from the printed wiring board, multi-chip package
or other structure to accommodate the MEMS die 10.
[Para 27] MEMS package 14 may be made from any number of materials or material

systems including, for example, ceramic, quartz, silicon, glass or other suitable
9



circuit board (not shown). As can be seen in Figure 4, the |l eads 30 may
extend above the MEMS die 10 after final assenbly so that the | eads 30 can
be used to nount the resulting package directly onto a printed wiring
board, nulti-chip package or other structure, as desired. Alternatively,
and as shown in Figure 3, the |eads 30 need not extend above the MEMS die
10, in which case a hole, recess or other suitable structure may be

ded i . p mul i ochi
o accommiaiaffe Repinditisd REMferd lecutorMeNS tefaaol 1 AhBSbe ! [0y " ©
extend P JBITEL S RSkl ol iOReEhafith 4 650 AndASKA0E iy HiPBcr,
exanpl o, cubueed e mPUs B rd Ead e MRS Brdiaekl T ol heimionifts ¢Sl <. 11
sonme cases, the materials used for, NEMS package 14 he .selected to help
reduce or théw@waﬁeeﬁéﬁmwafé{f%ggf'aﬁwrg%faEPgaﬁWPﬁ brg3tigdcur  bet ween
the MEMS die 10 and the MEMS package 14 as the conmponents go through
various t dRp& &8lAssoged ahg%pté»ea‘(lguﬁ RAHAGE HapaYJdBEiuse a ppttesnedpealsingt ed

above, the MEM5 package 14 may include a patterned seal ring 34 that is
confi gur eB4 thatdsicenfigyired tatiedn registeationpe matpavitheshe spapriag ¥ of the MEMS
die 10. The seal ring 34 nay be fornmed like seal ring 32 or nay be forned
usi ng t echMEMGatie Sif).t Abe seabring &4myrhieaforofed hike MEAISIpa32age niay. b fernsedl
ring 34 may be electrically isolated frombond pads 28 and | eads 30. [Para
29] I n sonmingi€shniybes MuEbawkdgembdenial yofithel MEMS packageyl 43The skakbringvi ty
perimeter 33a, which is adapted to receive part of the MEMS die 10, such as

the one o34 AyeH& efRenedl) Bbldted Yrerd bndVBAls devarielehlis(3@e Figure 3). A

getter 38 may be provided on a surface of the cavity 33 or on anot her

sui t abl e gpafa229] IBWdme cases, the MEMS package 14 may inciude a cavity 33 with a cavity
perimeter 33a, which is adapted to receive part of the MEMS die 10, such as the
one or more suspended structures of MEMS device 11 (see Figure 3). A getter 38
may be provided on a surface of the cavity 33 or on another suitable surface such
as structure 16 of the MEMS device 11. The getter may be deposited using
sputtering, resistive evaporation, e-beam evaporation or other suitable deposition
technique and may be made from zirconium, titanium, boron, cobalt, calcium,
strontium, thorium, combinations thereof or other suitable getter material. The
getter may be selected to chemically absorb some or all of the gases anticipated to
outgas into the cavity 33, such as water vapor, oxygen, carbon monoxide, carbon
dioxide, nitrogen, hydrogen, and/or other gases, as desired.
[Para 30] In some cases, a solder pre-form 36 may be provided. The solder
pre-form 36 may be sized to correspond to patterned seal rings 32 and 34. Solder
pre-form 36 may be formed of indium, lead, tin, gold, other suitable metals or

suitable alloys thereof. The solder pre-form 36 may be a separate component

placed on the MEMS package 14 during the assembly process. In one illustrative

10



as structure 16 of the MEMS device 11. The getter may be deposited using
sputtering, resistive evaporation, e-beam evaporation or other suitable
deposition technique and may be made from zirconium titanium boron,
cobalt, calcium strontium thorium conbinations thereof or other suitable
getter material. The getter may be selected to chemcally absorb sone or
all of the gases anticipated to outgas into the cavity 33, such as water
vapor, oxygen car bon noxi d carbon dj oxi de, |tro hydr.ogen, .and/ or
ot her gase®T bagimeat e'[Péﬁzc’Q'G] 3§ 1F asmlerdavy, ‘?%003"6'1 &e?"ﬁ?r'@ g’%r PRG@ISay
be provi ded The _sol der. pre-form 36 may be sized to correspond to patterned
seal rings!42riMeM3die 49 vsing WfWWBGtWyS%@bléﬁm'ﬂﬂei ndi um | ead,

tin, gold, other suitable netals or suitable alloys thereof. The sol der
pre-form dPammlbe digensa? it schampioneiew depictiag e topeoiieMBEMSkpackaps 14,
during the assenbly process. In one illustrative 10 enbodi nent, sol der
pre-form 3hei b;olaosmogt-:he Mipsr digel@ sanck the siold eWpvs-fioaok 3§ of Figueer 1 VAVR di e 10
usi ng deposition or other suitable technique. [Para 31] Figure 2 is

schemati c solder gepiformn3p ahd deapriafstIandEdd pacitaryen &4 havieghnetalipthie t he
MEMS die 10, and the solder pre-form36 of Figure 1. The solder pre-form 36

and seal rdaimge sRdpane théyanateshneazh dther 69 feeNer sdal Yurliey pFRdEsEIRPEhEP
they mate with each other to forma seal during processing. They are shown

as generaldpg m@aglgle%rwrét%dmaaam gﬁa? 5@Qn§fm&edwep%@9ad§% 28

are configured so that they too vl uring the seal I ng process an

o m 1o o g M gk o g 14
e e, Pk B EA£DER L RTPL K58 Bk kaé%f
[Para 32] When a solder is used to form the seal between the MEMS die 10 and
the MEMS package 14, the MEMS package 14 may be picked and placed into a
bonding chamber, and a solder pre-form 36 may be placed on seal ring 34. The
position of the MEMS package 14 may be sensed or verified using photo-
registration (e.g. using pattern recognition) or any other suitable technique, as
desired. A MEMS die 10 may then be picked and placed, sometimes using a flipper
station to first flip the MEMS die 10 so that the MEMS side of the MEMS die 10 faces
the MEMS package 14. A tool may be provided to pick up the MEMS die 10 from
the back side. The MEMS die 10 may be photo-registered (e.g. using pattern
recognition) for placement accuracy, if desired. One illustrative tool may include a
pressure plate for applying pressure to the MEMS die 10 opposite the seal ring
and/or the bond pads. The pressure plate may surround a vacuum cup by which
the MEMS die 10 is picked.
[Para 33] When so provided, heat may be applied, sometimes via the tool, to
melt the solder perform and/or prepare the MEMS die 10 and/or MEMS package 14

for bonding. The MEMS die 10 may in some cases be kept at a lower temperature,

if desired, or brought to the same temperature as the MEMS package 14.
11



position of the MEMS package 14 may be sensed or verified using photo-
registration (e.g. using pattern recognition) or any other suitable
technique, as desired. A MEMS die 10 may then be picked and pl aced,
sonetinmes using a flipper station to first flip the MEMS die 10 so that the
MEMS side of the MEMS die 10 faces the MEMS package 14. A tool nmay be
provided to pick up the MEMS die 10 from the back side. The MEMS die 10 may

be photo-reggis red €. g. Uusing patter recogniti f

accuracy, ﬁ% é r eo‘" 56%@3 CP?%ﬁ%qt{}@Pq%gnVlﬁ%y‘neﬂgdﬂ B%CP?J% Eéﬂ&b €plate
for appl ylgg aressure to the IVEMSIdl e 10 ogpg t he, seal nd/or t he
bond pads. %R ing gRapper ﬁfﬁxm S #3558 0406 [ﬂﬁt%ﬁfwm E‘ﬂe MVENS
die 10 is picked. &Eara S%A E%q rovi ded, h at .may_be aP sonet i nes
via the toghampgr tofpEma eontso! 5"éﬁf’8rﬂfﬁéﬂbrﬁ efﬁ'@panée FaRtr VaF\éU'I'O
and/ or MEMS package 14 for bondi ng The MEMS die 10 may in sonme cases be
kept at a PeR&SHre Bmpkbetfgrexampleqtstmagphere, &élfgmowerﬁelegamam 4P Brur e
as the MEMS package 14. 11 [Para 34] In some cases, a controlled environnent
may be creturedess thae 50xdAd] tayrcleasibean 151 Oe&mfp.I@rlegaibanrﬂwltibS eoutry dot ed
fromthe bonding chanber to forma controlled vacuum pressure therein. The

cont r ol | edsoraewases porcsthecgases dre,exXtoacted drgphehe batding pihanter) ohe or more
at nosphere, |ess than 100x10-5 torr, less than 50x10-5 torr, |l ess than

15x10- 5 t Oivert @asde8Shay haninl@ddlieéed drastherwise ekeéilleddato tlhmeRambergdhes are
extracted fromthe bondi ng chanber, one or nore inert gasses may be

intr oducedbaxfkfmefaemwgaga%hwﬁdav Mppidisued ahen. sohe cabés: kﬁhh? lbRdesgert

gas(es) may be at any pressure, but in sone cases, may be | ess han 10x10- 2

torr, | esstﬁafﬁamépef 2Qodr, tlegsrtha'ne%xmarto?,oxé&ﬁmahozam @ ﬂﬁﬁ%ﬁub@@tha‘i@xlo 4

torr. For sone applications, the backfilléd inert gas(es) may be about
50x10-4 torr. For some applications, the backfilled inert gas(es) may be about

18x10-3 torr.

[Para 35] The tool may then bring the MEMS die 10 into engagement with the
MEMS package 14, and may apply heat and/or pressure to help form the seal
between the seal rings and to simultaneously form electrical connections between
corresponding bond pads of the MEMS die 10 and the MEMS package 14. The now
formed MEMS package may include the MEMS device 11 in the chamber 33, as best
seen in Figure 3. The getter 38 may be activated by heat or other means, if
desired.

[Para 36] In some cases, the bond pads of the MEMS die 10 and the bond pads
of the MEMS package 14 may be secured by thermo-compression bonding. When
so provided, the bond pads of the MEMS die 10 and/or the MEMS package 14 may
includes bumps formed from a sufficient quantity of bonding material such as
gold, silver, lead, tin, aluminum, or the like. in some embodiments, the bonding
material is formed of a single material such as either gold or aluminum. In other

embodiments, the bonding material is formed of different materials.
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18x10-3 torr. [Para 35] The tool may then bring the MEMS die 10 into
engagenent with the MEMS package 14, and may apply heat and/or pressure to
help formthe seal between the seal rings and to sinultaneously form

el ectrical connections between correspondi ng bond pads of the MEMS die 10
and the MEMS package 14. The now formed MEMS package may include the MEMS
device 1 1 in the chanber 33, as best seen in Figure 3. The getter 38 nmay

be acti vat of.. ot ' Lred. I ' es
the bond pRAL 871 freeRind HRs *I%?Q% bhargSR beiwskﬁiﬁgt@@*mﬁ?;%@iﬁe 14
may be sec t her ress ndln e royid .bond
pads of thﬂt%@%a@e AR RO el BN Beniy o £ e 30 s
formed from uf nti of bondi ial sugch a ol d, silver,
ead, tin,P3 n{f‘m THS badiadored Fad Sranruti hinie sichen dapfRg PR | o
Is formed of a_single material such as_either (():Jold or alum num | n, other
enbodi ment €ast A2 Q0hke F9reea 08 5i0aP00 &or faree ot 0Q000ke ferceeResy sumylative | par a
37] A bonding force can then be applied between the MEMS die 10 and the
MEMS packagram of heinging snaterfial us@E?on 3| beodraadsh Vhiteshegibonting dordedsVEMS
package 14. This bonding force can be any useful force such as, for exanple,
at | east &iplie) the bioowdimg noatetia| OGY by héatedesufficiend @p God irkgetaring therMEMS
curmul ative gram of bonding material used for all bond pads. Wile the

bondi ng f adieel 0 so tle MEMSIpatkegebbadiThg hedteranatbe aay usefuieahedns safficierddo t o
aid in securing the MEM5S die 10 to the MEMS package 14. The heat can be any

usef ul anotapde el feingperatureoof 1HRY Bendihg maredl abw emperaigrdgraitaothei 8002l

to a tenperature greater than 300, 350, 450, or 500 degrees C, as desired.

In some capss, 4300900 degfsesT®Y addesired. In some cases, the bond pads may be
thermo-compression bonded in accordance with co-pending U.S. Patent
Application Serial No. 10/878,845, filed June 28, 2004, and entitled “Methods and
Apparatus For Attaching A Die To A Substrate”, which is incorporated herein by
reference.
[Para 38] Of course, other suitable equipment and techniques may be used to
package the MEMS device 10. For example, a hinged chamber may be provided
that flips the MEMS die 10 over to the MEMS package 14. Alternatively, orin
addition, the entire process may take place in a larger chamber so that multiple
MEMS die 10 may be simultaneously bonded to multiple corresponding MEMS
packages 14, as desired. It is also contemplated that the operability of the MEMS
device may be verified prior to or after the MEMS die and the MEMS package are
secured together,
[Para 39] Figure 4 is a schematic cross-sectional side view of another illustrative
MEMS die, solder pre-form and MEMS package. This illustrative embodiment is
similar to that shown and described above with respect to Figures 1-3, but in this

case, the MEMS package 14 includes on its perimeter a riser 42 that extends

beyond MEMS die 10 so that leads 30 may more easily be connected to a circuit
13



t her no- conpr essi on bonded in accordance with co-pending U S. Patent
Application Serial No. 10/878.845, filed June 28, 2004, and entitled

"Met hods and Apparatus For Attaching A Die To A Substrate", which is

i ncorporated herein by reference. [Para 38] O course, other suitable
equi pnrent and techni ques nmay be used to package the MEMS device 10. For
exanpl e, a hinged chanber nmay be provided that flips the MEMS die 10 over
to the MEMS package 14. Alternatively, or in addition, the entire process
nmay take praard omolearfofepoRetnbEhatds, inHidye iHuptrapve emizadimant aftFiguse Aethe
si mul taneously bonded to nmultiple corresponding MEM5 packages 14, as
desired. IMEMS packageoht argy be eanfiauted med oped a5id leagless ehip qurier (Ld&Vi ce
may be verified prior to or after the MEMS die and the MEMS package are
secur ed t quekiage. IhRhed!I@gratirgembodimment, risdretdektentsosesyarat thobatk sidibeof
view of another illustrative MEMS die, solder pre-formand MEMS package.
This ill usiubatiate 1@oDMEMNMdie B2, Isutit lisiconwniplated tlarrisend2daag mdéretly above
with respect to Figures 1-3, but in this case, the MEMS package 14 incl udes

on its perdxieh@faPehbagh t8Derhiat 1€yt Sito bbAY ABhVEMacehecitbuit hoabd@! Fogads
30 may nore easily be connected to a circuit 13 board or other conponent.

That is, idykahi\Slel i Y8kiedédses, ﬁgaodtrmweﬁen!ai&uwaﬁenbnﬁh Ve P29 td4
may be configured and used as a | eadless chip carrier (LCC) package. In the
illustrati [ 1k d ASFME af t
12 of VEVDETE B R UsHERlt e B e B 4PBRrale | SR MENERIR 10 P Sy ©
; : : e :

exarpl o, oy eBREIaE s ¥eiscth, 16e AABEuaf T2 MR Hie 310 Y b B 4c 20
10, Db GnprotetiedWHdn e Batkalled MENS S8R N HBufted b3 Efdfie BB oFE ' ©

10. I n an

like, because it is situated between the MEMS package 14 and the circuit board or
the like (not shown). Figure 5 is a schematic cross—sectional side view of the
iltustrative MEMS die 10, solder pre-form 36 and MEMS package 14 of Figure 4
after assembly.

[Para 40] Figure 6 is a schematic cross-sectional side view showing an
illustrative method for making a MEMS die having an upper sense plate, such as
MEMS die 10. In the illustrative method, a first wafer 50 is provided. The first
wafer 50 may be a glass (e.g. Pyrex™) wafer, or may be any other suitable wafer as
desired. A MEMS device 52a, such as a MEMS gyroscope, accelerometer or other
structure, may be bonded to the first wafer 50. In the illustrative embodiment, a
number of MEMS devices 52a-52e are bonded to the first wafer 50; one for each
MEMS die 60a-60e.

[Para 41] In some cases, the MEMS devices 52a~-52e may include one or more
suspended structures positioned vertically above the substrate such as shown in
Figure 1. In many cases, MEMS gyroscopes includes two proof masses that are
suspended above a substrate, and are driven electrostatically 180° out of phase

along a drive plane. A lower sense plate may be provided under each of the proof
14



event, and as can be seen, the substrate 12 of MEMS die 10 may be sonewhat
prot ect ed when the packaged MEMS device is nounted to a circuit board or the
| i ke, because it is situated between the MEMS package 14 and the circuit
board or the like (not shown). Figure 5 is a schematic cross-sectional side
view of the illustrative MEMS die 10, solder pre-form 36 and MEMS package
14 of Figure 4 after assenbly. [Para 40] Figure 6 is a schematic

cross-sectional side vjew showing_an iJlustratjve t hod for king.a ME

G 0 bt oM EprRRea it o e Bl maler STErE deH et HoTIegHONAAN ThE ReiBeny OF
met hod, a first wafer 50 is provided. The first . wafer 50 nP%/ be a gl ass
(e.qg. Pyrelmprosl massey cagsrdily sohation iy angllan disolaganaentefl thegyrasgopa VeV
devi ce 52a, such as a MEMS gyroscope, acceleroneter or other structure, may
be bonded sensdfe Inisynewases, the MEMS dexiges|Sa-baei may bevvadednt, a nunber
of MEMS devi ces 52a-52e are bonded to the first wafer 50; one for each NMEMS
di e 60a- 60micriomaachiniig arsilkomeswadete, tHeerasElowhiches BRudeslto they firstovalbe
one or nore suspended structures positioned vertically above the substrate
such as shson This, however, Is ohly iltasyraties,end NEbVBogyeraptaipe thantha MEMS wo
proof masses that are suspended above a substrate, and are driven

el ectrost aéwaéd ¥24862euhapbe phade frodh @Ry rurdbévof pladekalsAor Mardrideistenkat e
may be provided under each of the proof 14 nasses, often directly on the

first wafepchfingOfseéeshpheiduasts ilfcon) dallRimariénidasgefmahiiin PERSE, ARG ASS
caused by rotatidn or angul ar displacenment of the gyroscope senSor. In sone

ubst 7 at o, e e P e, Monded to the first vafer S0 This, |

however, & byl | 4Rt fidktrdBive MEMS Gelite 372888k ahGH aldPincidife Yrnber of
bond pads (see Figure 1). The bond pads may be electrically connected (not
illustrated) to the MEMS devices 52a-52e, and in particular to one or more of the
sense plates, one or more proof masses, and/or other components or parts of the
MEMS devices 52a-52e, as desired. The bond pads may be positioned between a
patterned seal ring (see Figure 1) and the MEMS devices 52a-52e, but this is not
required. The bond pads may be connected by leads or traces running on, for
example, a surface of the first wafer 50, as desired. A patterned seal ring may
completely encircle the MEMS devices 52a-52e for each MEMS die 60a-60e, and in
some cases, encircle the corresponding bond pads, but this is not required (see
Figure 1).
[Para 43] A second wafer 54 may also be provided. The second wafer 54 may be
a glass (e.g. Pyrex™) wafer, or may be any other suitable wafer as desired. In the
illustrative embodiment, a humber of recesses 56a-56e may be etched or
otherwise formed in the surface of the second wafer 54. The depth of recesses
56a-56e may be adapted to result in a desired spacing between the back wall of
the recesses 56a-56e and the proof masses or other structures of the MEMS

devices 52a-52e. A metal or other conductive layer may patterned on or in the
15



devi ces 52a-52e may be nade from any nunber of materials or material systens
I ncl udi ng, for exanple, quartz, silicon, gallium arsenide, germanium gl ass,

and/or any other suitable material. [Para 42] The illustrative MEMS devi ces
52a-52e may al so include a nunber of bond pads (see Figure 1). The bond
pads may be electrically connected (not illustrated) to the MEMS devices

52a-52e, and in particular to one or nore of the sense plates, one or nore

Pr ool TS 6cs<BUEAL SBEG oS BANED YRR A Stk ibles, NEMB ey £fs S2a- S2e.

as desired € bond e pos rned seal ring

(see Figu | S The
bond padsIbgﬁté}%‘g&gcgﬁgg%é\%ﬁwgggzeaﬁﬂyﬁggng%&nﬁéng %%OP?’R F récqug%%g
surface of .the fir t 0, _as ired. A pattern n

conpl et el 55&?& A& gc%&écﬁ@%c&géﬁg%{rg%orf é’f@ﬁ &Be&lr%t @Bgaﬂr , and
in some cases enC|r |l e the corresp [ ads, S i

requi red PBE® thesgoer ﬁafe'[ gﬁr‘& @g]:ie tQég‘grﬁ}SG\&ag?r 35 'ﬂﬁ%tl"eélds‘-’écﬂ eg%ﬂ"?‘ﬂed
The second wafer 54 a glas g waf er, may be any

ot her sui {Pasa&4laf e?\d%l%'ékre@eses 53@h5 d.ma\uakspdm e@h@ﬂub'd@mwea number
of recesses 56a-56e may be etched or otherwise fornmed in the surface of the
second wapeovided imibe gepend wafertésdushe flpestsaiveneipbodimenpt e depthesful t i n
a desired spacing between the back wall of the recesses 56a-56e and the
proof masseesses 58aeb8dtmay barses softhahe skBEMIaddenri thedils2carb2at ocAotieemiiser

ot her conductive |layer may patterned on or in the is recesses 56a-56e to
form one pEmove eegipnsre2e62e of tieesecontd Wafarrserwithbat epghtaignod otherpiter

conductive |layer may extend up the edge of the recesses 56a- 56e and nake

el ectri caljafmR@im$ thawirst wafer S ARFurthepAEsScABed MRIGW! Ih thefiRiistP&tive
embodiment, the depth of recesses 58a-58d may be greater than the depth of
recesses 56a-56e,
[Para 45] The second wafer 54 may be flipped and bonded to the first wafer 50
such that the metal or other conductive layer on or in the recesses 56a-56e form
one or more upper sense plates for the MEMS devices 52a-52e. The second wafer
54 may be bonded to the first wafer 52 using any suitable method. In one
illustrative embodiment, the second wafer 54 is bonded to the first wafer 52 using
anodic bonding.
[Para 46] Once the second wafer 54 has been bonded to the first wafer 52, the
resulting wafer pair may be diced to provide individuai MEMS die 60a-60e. in the
illustrative embodiment, a saw blade or the like can cut or otherwise remove
regions 62a-62d of the second wafer 54, preferably without engaging or otherwise
damaging the first wafer 50. Next, a saw blade or the like can be used to cut or
otherwise remove regions 66a-66d of the first wafer 50 to separate the individual
MEMS die 60a-60e from each other.

[Para 47] Having thus described the several embodiments of the present

invention, those of skill in the art will readily appreciate that other embodiments
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once the second wafer 54 is bonded to the first wafer, as further described
below. [Para 44] Additional recesses 58a-58d nmay al so be etched or
otherwise provided in the second wafer 54. In the illustrative enbodi nent,
the depth of recesses 58a-58d may be set so that a saw bl ade or the |ike
can cut or otherwi se renove regions 62a-62d of the second wafer 54 w t hout
engagi ng or otherwi se danmaging the first wafer 50, as further described
below. In the illustrative enbodinent, the depth of recesses 58a-58d may be
greater thmaythemasis andused sdrsk fall Bithinghae sgm@ &f 1re ciiessattantiedibgreto 54
may be flipped and bonded to the first wafer 50 such that the netal or

ot her condNutnarous agdvantagesrofi thetineentéere seweregday Boe dosumenirisaverbersr eetupper
sense plates for the MEMS devi ces 52a-52e. The second wafer 54 may be
bonded t o fdreh in tis¢ fovebeind desiptipranit will babhderstobddhat bhisrisdlbbuist isatn ve
enbodi nent, the second wafer 54 is bonded to the first wafer 52 using

anodi ¢ bongiang.refpects, aly idoseatihe. Thaogds wadyebe adetn deedllsh padbculbdytihe
first wafer 52, the resulting wafer pair may be diced to provide individual
MEMS di e 6Ratfeds of lshap8gsize |a|nuséﬂr@ﬁgé’rﬁeﬁﬁbﬂéhﬁ€Mlth@ulséﬂtéécﬁﬁ? tRé stbﬁe lofke
can cut or otherw se renove regions 62a-62d of the second 4,

pref er abl yind inhertiogNgagi ng or otherw se damaging the first waf er 50. Next,
a saw bl ade or the |ike can be used to cut or otherw se renove regions
66a- 66d of the first wafer 50 to separate the individual MEMS die 60a-60e
fromeach other. [Para 47] Having thus described the several enbodi ments of
the present invention, those of skill in the art will readily appreciate

t hat ot her enbodi nents 16 may be nmade and used which fall within the scope
of the clains attached hereto.
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Nurmer ous advant ages of the invention covered by this docunment have been set
forth in the foregoing description. It will be understood that this
disclosure is, in many respects, only illustrative. Changes may be made in
details, particularly in matters of shape, size and arrangenent of parts

wi t hout exceeding the scope of the invention. 17 What is clainmed is: 1. A
MEMS di e conprising: a substrate; one or nore suspended structures
positioned vertically above the substrate; the one or nore suspended
structures located in a first region of the substrate; the substrate having
a second region that extends aroxﬂﬂ thetgeriph ry of the first region; a
seal region disposed on the secofdNgbididaie substrate, wherein the
seal region extends around the first portion; and a plurality of bond pads
di sposed in thd-secdhMENEY diekPrprisl@:fi rst substrate. 2. The MEMB die of
claim1l1, wherein at |east sone of the plurality of bond pads are positioned
bet ween the sed sulsjia®; and first region of the substrate. 3. The MEMS die
of claim1l, wherein at |east sonme of the plurality of bond pads are

posi ti oned out sickconMaresuspahdedgtmugiurgs positiomddSveiticably abomierthe sabstrste;
the one or nore suspended structures include a proof mass. 5. The MEMS die
of clai m4 wherhéwreer ogesuspended sapetured lositeddhw fisstiregiardef e upper
sense plate positioned above and adj acent the proof

substrate;

the substrate having a second region that extends around the periphery of

the first region;

a seal region disposed on the second portion of the substrate, wherein the
seal region extends around the first portion; and

a plurality of bond pads disposed in the second portion of the first substrate.

2. The MEMS die of claim 1, wherein at least some of the plurality of

bond pads are positioned between the seal region and first region of the substrate.

3. The MEMS die of claim 1, wherein at least some of the plurality of

bond pads are positioned outside of the seal region.

4. The MEMS die of claim 1 wherein the one or more suspended

structures include a proof mass.

5. The MEMS die of claim 4 wherein the one or more suspended

structures include an upper sense plate positioned above and adjacent the proof

mass.
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mass. 18 6. The MEMS die of claimb5 further conprising a | ower sense plate
posi tioned between the proof mass and the substrate. 7. The MEMS die of
claim6 wherein one of the bond pads is electrically connected to the | ower
sense plate. 8. The MEMS die of claim6 wherein one of the bond pad is
electrically connected to the upper sense plate. 9. The MEMS die of claim1
further conprising a getter. 10. The MEMS die of claim1l wherein the seal

region includesga netid Mems §Raf ¢1ai8-5 AR ther comprising a lower sense plate

positioned between the proof mass and the substrate.

7. The MEMS die of claim 6 wherein one of the bond pads is electrically

connected to the lower sense plate,

8. The MEMS die of claim 6 wherein one of the bond pad is eiectrically

connected to the upper sense plate.

9. The MEMS die of claim 1 further comprising a getter.

10. The MEMS die of claim 1 wherein the seal region includes a metallic

seal ring.
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