MEMS FLI P-CH P PACKAG NG Field [Para 1] The present invention relates
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 techni ques to creMEMS PHPL-CREEPACKAGINGt ructures on the surface

of a substrate such as a wafer. In the production of MEMS gyroscopes and

accel eroneters, for exanple, such fabrication techniques are often used to

create a nunber of noving structures that can be used to sense displ acenent

and/ or ﬁ(éfqel eration in response to novenent of the device about an input or
n

rate axis. navi gati onal and communi cati ons systens, for exanple, such
iations, ip |inear

novi ng sgyuctures_.can be used to neasure and/pr. detegt v

andl or RN 1nal THE PssenbiveRtion, Eiter Baperainga Hete ShedlcoRius ore
applications, such as autonotive tens, for exanple. such novinhg

str uct ur BEnUEetREngand Microdeeire Méchaniedl Sysiame M Wk Mgrersaesifically,

antil ock braking system (ABS) to sense changes in vehicle and/or tire

noti on. [heapeesent inwenpignkredates tefmeiiadsMonpagkae ingsof MEMShand otherndevicest
hurdle in the overall fabrication process. In many cases, MEMS die include
a MEMS sanid imsdmeacdsaeskdevides tiatchdeclkerticaly exteridind/Bib ctiiresitheoddren 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

[Para 2] Microelectromechanical 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 environnment 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

encl osurRackags lid)is wwicalysetuved &0 tetop lef she MEMY package te@royidaraa 4] Due
to their size and conposition, the nechanical structures of many NMENMS

devi ces hemmisicsseap fombthe MEMSapadkagercalvityh-It sapme casdsi, the Jidandetuoed in a
particles, noisture or other such contam nants that can becone entrai ned

Wi thin vdreuMEes partialbgcucay td Yrovideaddesireth envindnmens doE tivaerslo st MEMS
difficulty in accurately regulating the pressure within the MEMS package

cavity dgéviedl When & paFii&AEANNPIOGEEE drNinfdédrfeleniBEdiPREAtR] HRAEM gas
characteristics of the MEMS device, often reducing its efficacy in

vort1 cal 150 5% IRFARRARINE HENHTR seCU oK, OR! fop of EMIEPROIGSO B |
o oS ndRyaP 530k R atd S0 RREBEuH hEHEMR ARSI BRI o
superior_vacuum performance and/ or increased protection in some environnments

such as MPYIRIEIERX i ronnents, while also providing high vol une throughput and
| ow cost_duripng the fabrication process. Summary [Para 5] The present
 nvent | ofarsfht es s onthelatiea Gindoc AN PREIISN fBe Hrerdranicpd \strucduresef Manyone
cases, devices that have vertically extending structures thereon. The
present MEMSrevicesnarg pisseptible tshdamagadrdyohgG swiplicatiapsf and §igh  devi ces,
whi ch may result in superior vacuum perfornmance and/or increased

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 environnments such as high-G environments, while also
provi di ng high volune throughput and | ow cost during the fabrication
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
subst r at protectiom is sooredendgdnmentsasuaxas highoandrohmepes,i whide plsof t he first
region of the substrate. In sonme cases, a seal ring is disposed on the
second poeravidingdiighhalguiesthratghpuhandiow tcbst dasal thierfgbeixadodpracessnd t he
first portion of the substrate. A plurality of bond pads nmay be positioned

al ong t hipafeepnd peiohiedlusfratite embuatiming, a MEMP UK B povidéd thandcRaits dray
be positioned inside of the seal ring (e.g. between the seal ring and the

one or NMREMSSHSRESJEEL IR t6Ca YTiBStra@NIf I NFE‘MS?HQ\ﬂc@fm&dWﬁﬁﬁ&é onleéh mdte

desired. Para 71 Such a MEMS device nay be packaged 1n a correspondi ng

MEMS p 2. C t ess in
o ur Fadlshided firGURT B SRBReTREIGHE MERCHRI icte) "Phe RiTHAAEEP0
the one qQr .nore suspended struct s.of t VEMS, device, _A seal, ring may be
i ¢ uat et neRes mARE B Sed I it Feaifth o dhe SR it SR B8RYLRRIh 1o
be adapted to be,in registration wth the seal rj of the di e when
Che. NENGTY Exipid pEaRnd Bhs pagehane s et B8t Ak e bttt I s@enong
pads may be di sposed on the surface of the package bodé,w_v\,her ein one or
more of €asesphvrBabHAg indisnased ythe seqarnshpitian ehthesubsirate;wherginthd pads
of the MEM5 die. [Para 8] The MEMS die may be flipped over and so that the
one or nsgaéringuedendsareunddheafigst portiareo sdbstirate. eAtmucalidy of dwond
partially into the cavity of the MEMS package. The seal ring of the MEMS
di e may padsnmiay b pgsitidnedidionhehe 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,
3



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 MENMS die and_t he NENB,gackaﬂE nag be seaLed toggther al ong
the sealWHCRGVRIED dtfatechdPay fRiahsy Rarsnisic s5haehycen e svbsiraks Ot teMEMSe
MEMS die and the MEMS package na¥ be seal ed together along the seal ring
usi ng r ¢le angndre MEME Reckageutlacatngr sases, gs ufbiciandiaipriity adthandisgi t abl e
bondi ng approach. [Para 9] In sonme cases, the MEMS di e and MEMS package nmay
be seal evateriajestichbras gold oaluprios pumayere previdedialong the seakringcandnithe
environment. This may result in a sealed | ow pressure environnent in the

cavity, MEmSdié andstheeMEMEhackageanay beeseabed tegethablhkong Bae sedidindosiny
nore of the bond pads of the MEMS die nmay be bonded to one or nore bond

pads of th8mmEMNpIEXSIBA-bdritlif§Men §aE Bther i eONEhOMEMY diddand theMEMSS t he
MEMS di e are bonded to one or nore bond pads of the MEMS package at the

Pore, L etk eV S b bR g araglahesiignor ond

their s . The one or” nore . e nmay bo_nded to
ppr oacis el Bolalfh, sIAg b0 ey BB S bR £ i & ey be
col der  Epracth et eSS thePERs: it Ve BAGRASmaYued 8B el ai ng
adhesives, or hy apy other suitable attachment process. [Para 1 . Al'so, it
e Cont Saaetiesdhunin PSS EV ARGl Saeh RERSARDTA AvirRBent. 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
4



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 nmay be made froma materi al
or material systemthat allows solder to wet to the MEMS di e and MEMS
package. séauradtlydsoldbrng, thesedl ringamaydsemada fsoinde matedaf or materipl ovi ded
and placed between the seal rings of the MEMS die and the MEMS package to

hel p forsystém taalalloetsvexdder tdiwes talthe MEMS didfand MENIS package. @ssestedt he
MEMS package may be picked and placed into a bonding chanber. The MEMS

package ARVl sorhetasésrLsolder pre WoiriisRFolRIdH anh@ pPatdid béiWedrOthe
pl acenent accuracy. The MEMS die may in sone cases be placed into a flipper

St o, A RSNy 5 Mot PSS R b shgy [

down towa package. The MEMS di e I

head andtl‘@?%éa(?‘rfr&@i stered (e.g. using pattern recognition) for placenent
accuracy. e tool” head may nove the MEMS die into position over the MEMS

package. ;,[he ndi,ng chanber Pfﬁﬁw vacuat ed tq approxinafe 0x10_-s
torr, a@aﬁg??ed.m%géﬂe ﬁwsbgﬁ% |§Bg§'6aqen@alv%w58%ik8ém B{%F/él\'fé&bﬁc kage,
sonetinmes via the tool a ich may nelt the sol der pre-form.and/ or
e epar o BORGNGERETARK aL6e MEMS REFKASS 1o ke BROIS TGAIRRE A & WHBOWRRES ™
The tool head may al so apply force to the VMEMS die to help formthe bond,
cr eat i ngresogniion)tfios placenent acrusacy-t YhaiMEMS ie mRYSNgWMe €asee peiniaserd
el ectrically connected the bond pads to the MEMS package bond pads. The
cavi ty nimyo tahiéipplee stasinrethatflips batMEMS 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 MM die, solder
pre-formand MEMS package of Figures 1 -2 after assenbly; LPara 16] Figure 4
i s a scHeasa 18] cr ftgurectis anchervatie codsswsettiamdtside viaw of thadliusrathv@s di e,
sol der pre-formand MEMS package; [Para 17] Figure 5 is a schematic

cr oss- seMEMSrdik, solder pirevfoom amd: MEMSIpaclkadesef Figbones di-2@, afser aksemble: f or m and
MEMS package of Figure 4 after assenbly; and [Para 18] Figure 6 is a

schemat i[pagy DEF- SEigurenals & scleermbtivvceddvisagtiomal sidé vidw af avethetinadtrative
maki ng a MEMS di e having an upper sense plate. Description [Para 19] The

fol I ow NAEMSsfie] BbldeP pr&Felrch Hed MEMK phékadeef erence to the drawings, in

which like elenents in different draw ngs are nunbered in |like fashion. The

dr awi nggpa My § arggdntegs pf‘&m@?ﬁ%swcwssagghf%na%@a&mewmwku& R ment s

a?d are not I ntende _ e scope ? e !Prentlon. oug exanpl es
o erens SERNAL PR R AR PR B AR ot
Pabr i catlPBin DRI MERSTR ol s SRt CoRreROIRN SIS B SbaNts Bhd NeNs

acce! eroneters is pgcfj fi fg{_l y di scus&,eﬂiﬂi,t sh_oul d be unde]\,r st ood _that t he
f abri cat'llﬁﬁré‘ﬂ\‘ﬁ)@%ﬁ?e of Making asMEModiefiaying AR yPResehseRIAte- zed 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
6



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 roviding a MEM5 die, generally shown at 10,

havi ng &enavs gyady@ép'@t@éSL cEhe ME}ISgrriaseape gexiceubk may inclyde phe avENS
gyroscope device 11 may include one or nore suspended structures positioned
vert i calmgreafuspended stnbctures posisiosiedwerticalheabowptheisdbstratecasiskewnay be

| ocated in a first region 16 (see Figure 2) of the substrate 12, and a

second Tégi sus penyl eexstenctuseonmay bebbgaeed jrhearfirsofedibr 118 (see Figed 2nofltheof the
substrate 12. MEMS gyroscopes are often used to sense angul ar displ acenent

or noverpRktratd 1 7RAMdGRS&DNdFGRo B Yh S5 ERAY drotindd®e paYipREOf thaefmses t hat
are suspended above a substrate, and are driven electrostatically 180 out

of pha8§e§i'o<hn96%fc{hb»s%behﬁf@qzA Mgmrgﬁsyé&‘pd%'ﬁeeoﬁ %Eariopsrewgggﬁgggmder

each o he proof nmasses, often directly on the substrate, to

defl ecti ] [ f f : '

angul ar SH2AEDEAE or MRV ERE (3wl 05 MERS YRS tIIR Gl BRodY o,
al so be provided ove t he S 0 inhcrease the sensit.ivi o the
oyros pogﬁesaﬁaﬁighﬁﬁe ¥gsmmd%%%ﬁ$¥je%?UF§§P£&md°#rﬁ ReTBIGER %ﬁ;%fgy 185

o oof | i f Pz R8s PobienEIang. S SuepreRtisIzss MEaHep Arowdetnde AcH may
be supported by a support structure 16. In some cases, the NMEMS gyroscope
11 may 9 thedmsopl massesneften diregtly on thecoibsteaigstq detectideslectionsindhewni ch
is bonded to a glass (e.g. PyrexTM substrate 12. In sone cases, the glass
subst r atpesitionsgf thecpranf masses caused aratatinadrmangular 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] In 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 I/0O 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, gallium 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
including, for exanple, quartz, silicon, gallium arsenide, gernmani um

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,

el ect r osdeplsbes,att)atanrtse packdged inl fdtoedanddFwithi thehaesenelpntiow, hshes,

m crobol oneters, devices with actuatable mcro-mrrors, pressure 7 sensors,
etc.) ciypshegoackaged in accordance with the present invention, as desired.
[Para 22] The illustrative MEMS die 10 al so includes a nunber of bond pads

26. Th Ps’l%nﬁliloi‘dsl'héﬁgﬂ?t\‘att?\?eﬁ HieC PO laYs £ NG LY nLPPber $¢ Hﬁ&%%g@zzélto f) he

MEMS dévice in particular to one or nore sense plates ne
or nore Qrof . ols s, Of t WS
devi ce THe Band BERRCEP My B8 Blelti G EomRRed RS BS AR MBS,
patterned seal.ring.32 and th VENS device 11 l?gut hi,s i s not requiregd.
Por ' exarfivice bhoat iRprRIHRRtR alE 0788+ sntiPlate: 2PoR2d o6 S METGPro0
patterned seal_ring, 32 (see Figure gz . [ Para The bond pads 26 nay be
connect d0AL/ES| %%,o%ndafrortqtgeé@ eRg> 8h) af*ér“ﬁ%@aMﬁMé,g%Y'%egﬂﬂaéé dgsirefe
substrate 12, as desired. Each bond pad 26 may include a protrusion of
mat er i alThaueandPagisi 26 sray kegositioned betweaenaa pattesreehbaal fing 3@fandrtheri al s
suitable to pronote the formation of an el ectrical connection between the
bond padEMStdeyideEMB, butthis isndt réguiver.r Eepexalinpde, el op ambrerbardk phEs/S
package 14, as further described bel ow. The protrusion nmay be a solid |ayer
or may 26a map|by pbsitionet! dutsilke of patvecme seéat ring82 . (ses Fidpaerdd. [ Para 24]
In sonme enbodi nents, the MEMS die 10 may al so include a patterned seal

[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 solder, 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



ring 32. The patterned seal ring 32 may be formed 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 rel yYMEMSgmcitage tdhimchate eemaetic aveahk likengn3thothgr brampde, whemaa di f f er ent
material or may not be provided at all. For exanple, a glass frit seal may

be used thkanRe-tompIestion ibdhdedg pPobedsanddxeadbond tiee MEMS die10Qotthet he MEMS
package 14, particularly if the MEMS die 10 and/or 8 MEMS package 14 include

cer an ¢ \AEmS ihckhlie 14 HoABThEYeaP HAGPLZ, theMRRl fing! 2 gy (RIBIESY ARG Ng

process iIs used to bond dié 10 to the package 14 ong~t he

seal ’}ﬁ%t;%ral ts[]@h %@agt olfl! Bife2 5y éfr{‘%{l(dﬂﬁvtﬂnbﬁm#{ﬂke bf‘cer é‘#te?k'&ﬁ c?tfhtgo' d.

sil ver, m hum br th er su cient and
pressur P 0 [ Para
b5] The NEasRNA Fﬁ“gségf%%\‘f S ERT NS T %@ﬁ?@%ﬁ?@g%ﬁ e &
sonme casges bond pads_26. Patterned seal ect ri.cally
a0l at edPatd Sh) TSR Siae By FOMAIRtETY BRFTFIE BeMENSdevie THnanditot 1 cal
i solation may be e par i cularly robust when, for exa resi st ance
wel di ng SON& ER%ES: 6'2m aéqeénq sedl King %mv@&g@gé"qaﬂs'a'peme@ he
seal ring 32. [Para 26] The illustrative MEMS p ackage 14 shown in Figure 1
i ncl udesermrtbepMﬂMS degicent] @ndaigam the band pagisfdGuibe electpisal isolatiprsman i on
with or otherwise mate with bond pads 26 and/or 26a of MEMS die 10. In the
i |1 ustr dte madergaoticutanly, robost whead oL éxampl€ gasistancel welding as luged dartmrtded
with leads 30, which permt the MEMS package 14 to be connected to a | arger
circuit theMEMssli¢ @ OronthepdBBISqrackagei 1M albng 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, multi-chip

package or other 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

provi dednatgrigke B?FQF'@CFWF'IW makgrials HﬁF‘E‘lfQEME;MS packagr | Grmé‘lll?@r structure
to accommopdate the MEMS die 10, or a raised ring or other structure may
extend splectedrte helpreducedonrelievg reehanicahstegsscndy ossdraigdhabmayt eaur
structure to accommodate the MEMS die 10. [Para 27] MEMS package 14 may be
made fr between thethdiMbdied Daricathe MEMSapatkiagle 14 psttbexompodnehitago f or
exanple, ceramc, quartz, silicon, glass or other suitable 9 materials. In

sone cagkmudhearatstérmperataess dorinydderadekagd /dd fatrycdrion.sel ected to hel p
reduce or relieve nechanical stress and/or strain that may occur between

t he MEMpp4Ha2 8]A2 bt &b dVRhe Mg Datkade 1 uhﬂagcmmgaerﬁ paderndd§edldthg

vari ous tenperatures during operation and/or fabrication. [Para 28] As not ed

above, Iaetﬂglil}%ceﬁﬁbﬁgé‘f‘j 14 bEBY rbaetra%naorpﬁtat@mﬁﬂtﬁeeﬁéaw.ﬁ@ s

configured to ernreglstratlon or mate wth the sea rlng 20f the VEMS

d d
usi ng t M5 52 %Lﬂ%agta'%?%ef%&%?ffkt‘@ el 32, : %’f@hﬁ%’ﬁar
34 2 30 P
20] 1 n U t@ﬁqﬁt%%ﬁlﬁﬁﬁtggﬁsﬁéF%@' goyhe MﬁM%?aika%ﬁ%y Eagaﬁt'm Eﬁi‘{ y
33 M5 die 10,
Phe. | onS omanee SEse g0 e SR GoNGPARNES 4oVl 585 Psce Figure 3). A

getter 38 provi ded on a surface of the cavity 33 or on anot her
sui t abl éPgaraéd@ sQme,cases, the MEMS package 14 may mclude 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, @xygediment, senderomexfsien 36aiskosolddr taied@lepoisitedagito MEMSqiRkagand/ or
ot her gases, as desired. [Para 30] In some cases, a solder pre-form 36 may

be providedr MEMS g qigrusim_r;@ebasmo?ﬁonamé?%mam@té@wngﬂé.espond to patterned
seal rings 32 and 34. Solder pre-form36 may be formed of indium |ead,

br o1 SriPaECSIET  EUrE R B SRRl ICen dAiEhg (e kKT AEphs pRRageIe

pre-for be "a separat e conponent on the

or e- 1 or ASEURESTR WSHRCAERE e ' 1D, 300 e HECPITe R AR 19 1, Thens ai e 10

[ d it bl hni . [P 31] Fi 2.
ehooat SOdsraTE T and Real AR08 A2 niike shioRanad TavinddTedv 3heor 1« ne
MEMS di e 10, and the, sol der ,re-fogmﬁ6 of Figure t The sol der pre-form 36
and sea|samqqa§ar3@saﬁaew%ﬁﬁém@ﬁ £thentq F@’"gérﬁéa AMYiNgHRroceaHBIs hEMRY so

they mate with each other to forma seal during processing. The are shown
as generage Ishonscaaaguee lysectanguldebuhinaydes aayl depispd .sheehd pads 28nd 28
are configured so that they too will mate during the sealing process, and
f or m el exick 28 are configureadne that theyntoohwil MekEe diugingothensealing pelvBs paandige 14.
[ Ear a 32] Wien a solder is used to formthe seal between the MEMS die 10 and
t he MEMS$opacdegeicalt cohhectidridh pavdengehel M EMSydikel pand atie MEMP Ipackdge Nt4o a
bondi ng chanber, and a sol der pre-form 36 nmay be placed on seal ring 34. The

[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 phot dParmB41 er ¢nl sbmegcases| agopatalledrenviesogent may)bd oregpéd dre et

accuracy, if desired. One illustrative tool may include a pressure plate

for applhondingratsnber. t Fort danypdd>gdses hihyobpestriaetdchfroseahe bomdingnd/ or t he
bond pads. The pressure plate may surround a vacuum cup by which the MEMS

die 10 ighaph&etb fdﬂﬁ@raéto%@&olré@e\racmnpm&memhb@ﬁ. e Eehtrod 98cuGRmet i Nes

via the tool, to nelt the solder performand/or prepare the MEVMS die 10

and/ or NS DACHAY el For bRATMI BiinoTBReREWS: Gfiol BniRy, IbEs B 683900

kept at 'a Tower nmpér at ur e, esire roug e sane tenperature
as the mgf X I§ S t. QM4 lne vi L onment
may be C'YEE@I@%SCI n ﬁééh Bo#éﬁgégsnﬁﬁ)ne# gxiggetgigﬁgﬁgfééﬁg@s] ]39 bg)ei'gth acted
from the bondi n%n chanber to form ? cgn& érm I ﬁ %ac%um pbeﬁﬁ)trjre therein. The
cont r ol |1 ¥4"G &8¢ O EEIS R A FE ALY >9£‘Pr§ 8 POPOMFGEBAEISE, oge g more
at nosphere, |ess than 1Q0x10-5  torr, |less th 50%x10-5 torr, |ess than
15x10- 5 NBH:gas3es BaY bEHAHOdHSad 08 Otherwise ackgHed dakuthe ghBbehe Th8ses are
extracted fromthe bonding chanber, one or nore inert gasses may be
i nt r odudeackdilledrinertv@aséeDAORY belas @anynpressuee, dhiriB Someagasesh 46&Y PeIless i nert
gas(es) may be at any pressure, but in sone cases, may be |ess than 10x10-2
torr, | dahantithn GAxa0; Lessahan JelDE arr, kpsithad 2 ¥Q-3dort, esdeshthan 50x10- - 4
torr. For some applications, the backfilled inert gas(es) nmay 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.

12



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 11 in the chanber 33, as best seen in Figure 3. The getter 38 nay be
act i vat dBatay3 Apatbooding hencermarthenibe appked bdtwédtatle BHEMS dis dfmrchtes, the
bond pads of the MEMS die 10 and the bond pads of the MEMS package 14 may

be securmgEMBpackegen-4owhivheis siufficieat do sgcunédeve MEMISpdieVviGies! thé IMEM®Nd pads
of the MEMS die 10 and/or the MEMS package 14 may includes bunps forned

froma gigckhgeamt ﬂh'l@fﬁdﬁdingffoli@f'éhrﬂﬂe Jefil| ft€S s@Eh a8OF6k eRdhpRd, at! ead,
tin, alum num or the 1ike. In sone embodi ments, the bondi ng material is

f or med badt fEl Od*ﬁ?r%é' &t Sém R§ 8| éeh‘%Ir T, QOQr fdHek 'BEP cUniul3tiver

enbodi nent s, ng nate orrre of different materials. 12 [Par
37 A b th
VENS paﬁdlg*ﬂ“gﬁﬁ%ﬁﬁ‘ai%té”ﬁﬁ#% R G d Bl MARE N Enh i TR0 evs
Kk 14.. Th h I
R T G T e ﬁﬁgﬁ@aﬁweﬁew ’
| at di t d f | | d
bondi ng 416 5ea the UMY RtkioRal Dorfe i aaB i AMyH5 S0 RodN SsUlicrartBnt ¢ o
aid in securing the MEM5 die 10 to the MEMS package 14. The heat can be any
useful dAerthedaninesatse afghekangding faatesiahe artempesatynecgreates thami0Qy i al

to a tenperature greater than 300, 350, 450, or 500 degrees C, as desired.
In some 354 &5,0, ared Wb degreessC, mdgsred 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 kbl pacthgecampolener Taat Ve lin theillustrataddembodimiehe of ifigure 4ribeess
may take place in a larger chanber so that multiple MEMS die 10 may be

si mul t aMEMS biickageled may e dorfiguredranebpsattiang 18&dMBss padk agaterldCCys
desired. It 1s also contenplated that the operability of the MEMS device
may be y ﬁEIkig%@dIrpfh@ﬂldsQrévaeaérﬁBbdirh@nt'VEN@rd'z%ﬂ@ﬂd&%%%%ﬂ@d@@ﬁdércﬁ‘

secured tog her. [Para 39] Figure 4 is a schematic cross-sectional side

vi ew of %&&'Qﬁ g'dmt@std.m eV £ ntéﬁi(gﬁé’lﬁedWh%t w%j@éﬁ @ackage-

Thlﬁ |IIs enbodl nent sim a shown and d abf)vg
on 1+ BRI NS el SR ond o g AR e +.“;a3:s
30 may nore easily be connect e(rjﬁ#oo a ci rca |1¥ bga&cjj Ol 0 he ent
That 1 s XRRAIGIN JATECASET iS4 Ma¥eSHteD BgGpeoien et

1Y ust r Bethste ”éﬁ%a?ﬂﬁmk“ussﬁ?w@éaﬁa%%‘é‘ sidtief et 1 osadvs i 15 ka&m'g?r e
12 of MEMS die 12, but it is contenplated that rise 42 may nerely extend
far enogyent @ngeasifan beseengthe subsinate: b2 o MENS dig Ocmamet sgypawhat For
exanpl e, in sonme cases, riser 42 may extend only far enough for the |eads 30
to be proteldted wmealrnhg paakagediMEMS Idevicecis mpdstest tasatrdtquit koarzl of theENVS di e
10 in ﬁEZ, 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 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- S%hs%alofﬁérdamétﬁwoﬁhw fiYgt Wafet bOUE aaiécveeﬂﬁweﬁs mth@P@snmﬁs SEMS
di e havi ng an upper sense plate, such as MEMS die 10. In the illustrative

met hod, e ﬁﬁ%tf m?wers Sskd By BthdsA- orhg?‘f:glflérrélts ntfa} R %ﬁ‘asé‘oﬁé ass

(e.g. Pyre or may ‘be any ot swta er as sired. A MEMS
be. bonded o8t NG SEPEFAGer s MEMEP BeyicEe 3R eg?ﬁﬁﬁ\obgr EiEBYenc, ﬁLﬁbe?‘”
i e 60a. L0 ?f%g?é%@?azﬁﬂﬁhﬁgbﬁaﬁ eobe BRuldipniff bevdealiocine f%&w efude
e Bhemrs R B SR AR ehela B RV R o ™

proof masses that are suspended above a subst rate, and are driven

el ect r osleMicesad 23— 120 Mmaripe Bradsbres any HugReref matesialnor matesiadsyseams

pl ate may be provi ded under each of the proof 14 nasses, often directly on

t he firsnclaiirg, &0 examplet guartaesilicon; gadivin armn@e,sgenmmum, glabs, prdiefr

masses caused by rotation or angul ar displacenent of the gyroscope sensor.

| n sore arpsethertsdtalid/Matenialces 52a-52e may be nmade by nicromachining a

silicon substrate, the result of which is bonded to the first wafer 50.

Thi's, hqpaies2] i s Thelillustirhtied MEMY deviedsl 52-652e aaay alvpl inchld daunber &ENS
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 number 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 ncluding, for exanple, quartz, silicon, gallium arsenide, germanium glass,

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
proof massesses dtd-56edbhf@rnconponandie wppaasdrseqilatdse if d&diEedieThees 52a- 52e,
as desired. The bond pads may be positioned between a patterned seal ring
(see Fi paterded ardthbecdhdfctileviages nfadeexténd upithd ddge of thetrecészeyisead. The
bond pads nmay be connected by | eads or traces running on, for exanple, a

surface 5@l atmfn{alwesae&ﬁfc%u céﬂtaceswﬂeébfreglpoﬁdlagt;sﬁsr@ﬁ thedlrst | Wage sy,

conpletely encircle the M5 devi ces 52a-52e for each MEMS die 60a-60e, and
n , 3§¥H
Ireqw re gzgé Sﬁﬁgﬁ{?e f@r%hﬁs%ﬁ@? gg@rﬁgm?g ?Xl’ﬂi%l‘ (?a(%yg'ubg %@%‘\I/Vl ded.

I?ﬁe?eﬁiﬁffa%e&agéfriﬂﬁ%naﬁsﬁeﬁégé jﬁﬁ-ﬁﬁs%af’r‘!]@;%@%faimﬁﬁéﬂﬁ " ﬁﬂ;ymerh
S
Segéﬁéeia%f?@pe&nF*%eseaéaﬁwvaﬁ%r EE sﬁé@%t' Srlagin e dimehiafiede ePUBEsul tin
56a- 56
o oot | SGEREeh 5 S ABH OBy dieriFt B0 R iR plade Gk 630 980T RNABHAP  or

ot her conductive | ayer patterned on or in the 15 recesses 56a-56e to
f or m onéemovavegianspeda sﬁ%:!sef pheaseepnd watrrsi4 mdthopiengaaing ofeatherwiseher
conductive |layer may extend up the edge of the recesses 56a- 56e and nake
el ect ri damaging abe fuist waben 5@ sgsofuttivey ghesesibed helewt i insthevidiustrasige
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 individual 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
16



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

bel ow. Imay e mbtesdndalsaewhidtofall Wihin tHehscalrpbhthd clatpesaerhedchdr8tb.may be
greater than the depth of recesses 56a-56e. [Para 45] The second wafer 54

may be fNipReesu2BHvaRALEE of @hé everitioh covRfred B30thi$ dekuhitdit Halve BEnadetor

ot her conductive |layer on or in the recesses 56a-56e form one or nore upper

Egﬁégqpl@“ﬁ‘gf ﬁerid?@%g?@?f%%“tpiﬁﬁ‘g5§§§‘ﬁiﬁ ipfisteee Eﬂ%@“ﬁf‘fﬁ Ui Rler P ve
anodi ¢ ganaY Fef g ay it Sradve. | EndRAEE A be Fadd [Ehetir baRfcllEFEh e

first wafer 52,.the resulti,ng wafer pai be di.ced to.provide individual
VNS o dngBerepEs Ene e ahd s A el pat wifholcSediRifd e SFondEr! | ke
can cut ﬁr_othe[mﬁse remove regions 62a-62d of the second wafer 54,

pr ef er afNg IAY@MHRMA- engagi ng or otherwi se damaging the first wafer 50. Next,
a saw bl ade or the |like 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 and substantially
encl osed within a support struct tis glaImedsiSi at e  having a second region
that extends around the periphery of the first region; a seal region

di sposed on the secOMEMSgliegosiprifiedsubstrate, wherein the seal region
extends around the first region; and a plurality of bond pads di sposed in

t he second regisohsufita;he substrate. 2. The MEMS die of claim1, wherein at

| east sone of the plurality of bond pads are positioned between the seal
regi on and fi ope ogginereofsuspendsdbstmateres3.positéondelbvelticady abaven the
wherein at | east sonme of the plurality of bond pads are positioned outside
of the seabstraw, ahe ohe dhendvieNstispieadedl sthwsdtarek ohatezl im hhférsomegion obthe
suspended structures include a proof mass. 5. The MEMS die of claim4

wher ei n tshbswae and substanspeneadiosstr withii @ssipsdtdstraccurpetie Sabstrafd at e
positi oned above and adj acent the proof

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

a plurality of bond pads disposed in the second region of the 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 pads is

el ectrically connected to the upper sense plate. 9. The MEMS die of claim1l
further conprising a getter. 10. The MEMS die of claim1l wherein the seal
region includes a netallic seal ring. 19

6. The MEMS die of claim 5 further 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 pads is

electrically 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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