MEMS DEVI CE PACKAG NG METHODS Field [Para |I] 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 nethods for packaging of MEMS and ot her devices. Background [Para 2]

M cr oel ectronmechani cal system (MEMS) devices often enpl oy sem conductor
fabrication techniques to create small nechanical structures on the surface
of a substrate such as a WHMS DEVICE RACKAGdNGtMBRHEODSVEMS  gyr oscopes and
accel eroneters, for exanple, such fabrication techniques are often used to
create ahmldber of noving structures that can be used to sense displ acenent
and/ or acceleration in response to novenent of the device about an input or
rat e axi §Paranlnavi §he ipresdntandertiomuelntest gemeraly o ¢hs fidldof exanpl e, such
novi ng structures can be used to neasure and/or detect variations in |inear

and/ or 1 Glepdit@ndd ctapimaiufattldthgBh@ Mickd EleetiodethamidghSysteasaMEMS)Ot her
applications, such as autonotive systens, for exanple, such noving

Struct ur @foreddbetfictiRd thd pY&durk i fvehitHTHélaGRNo" pleth dd ForSyadkan g of
antilock braking system (ABS) to sense changes in vehicle andfor"tire

not i on. loth gi ng of such MEMS devices remains a significant
hur dl e i%ﬁg}%gngv%tr grldg?g%'?i cation process. In many cases, MEMS die include

a MEM5 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. Wre bond pads on the MEMS side
of the I\éEI\/E die(ﬁre typically wire bonded to bond pads in or along the MEMS
package a5 95‘1}"." inally, a package lid is typically secured to the top of

the [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 package lid is typically secured to the top of the
]



1 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. Wien a partial vacuumis
used, and in sone enbodi nents, an inert gas may be introduced when the lid
is secured to the top of the MEMS package so that an inert gas is back
filled into the enclosure housing the MEMS device, but this is not

requi r ed. MEM$rpadkagaut® povideprhesmitc sadl losipe MEMapackpge gaxiivnile spme
structures of rmany MEMS devices are susceptible to damage in high-G

appl i cat i cases, theilidfis secygdtingd wacuumiatpartiabvaaiuretogueNidoadesiradnt s t hat
can becone entrained wthin the MEMS package cavity. In addition, and in
sone caseanvitdrandnf forcthet gnclosecabEMSadeviger dhdrmaipagtiaheaqnandsiusedj t hi n t he
MEMS package cavity during the fabrication process can affect the

per f or manged has ARS embsdiments, anhiae =4S nig\be mtraducad whdnahedid iss ef fi cacy
in detecting subtle changes in notion. As such, there is a need for robust

packagi ngsec@lred t@theftep Jfiee MEMS patkhbeko thht 8h iAeRYdsOis DakUiiledPfitbor mance
and/ or increased protection in some environnments such as high-G

envi T onMEfHeson i@, 45 g kY MENS e, KOl VARG is ok PugliEy and | ow cost

during the fa cation process. Sumrary ara 5] The present invention

relates F@\a}éér‘]tﬂl pacﬁ%@% i %@@%@?E@ftiorﬂ%%%ﬁéﬁh%lﬁﬁ &H?&LF% 'y, the

present | on re _ o FSBUSt agi ng utions for suc evi ces,
agai nst TGP AN S RS Sl EERSTeRE BB T nidis 3ReDERERAS R Cgnput "

and | ow cost dur abri cati on In,one illustrat, ve

enbodi men gnhp%i{cm%jt#}girs{%r&%agmﬁ S cb%%%%gr'niégl E%hgl 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. 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. More specifically, the present invention relates to robust packaging
solutions for such devices, which may result in superior vacuum performance
and/or superior protection against high-G environments, while also providing
high volume throughput and low cost during the fabrication process.

[Para 6] In one illustrative embodiment, a method for packaging a MEMS

device such as a MEMS gyroscope or MEMS accelerometer is provided. A
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devi ce such as a MEMS gyroscope or MEMS accel eroneter is provided. A 2 MEMS
die is provided that includes a MEMS device, a seal ring that extends

around the MEMS device, and one or nore bond pads electrically coupled to
the MEMS device. A MEMS package is al so provided that includes a seal ring
and bond pads that are adapted to be in alignnment or in registration with
the seal _ring,and bond pads of the MEMS die, respectively. A cavity or
recess maEN® d'ﬁr'é\ﬂrﬂwjeidntc‘i'\aﬁé"ﬂldgé? adyiMa devige, ArealiEng é’!?él@a‘@%”ql%r
receiving the MEMS device on the MEMS side of the MEMS die. In sone cases,
the seal otgdaihe MEMS depdceranghpae i9gmaoisalaend padseelgetrisally sounledvanvthe
package may be positioned laterally outside of the cavity or recess. [Para
7] The MVEMEMSi devieg. BeMBMS package iswadao prayidehEhsitkhigesw sealiting anvEMS si de
of the MEMS die facing the MEMS package such that the seal ring and the one
or nore boond pads that ateadapteddiocbairealignmient omeémtregist tatiomewithahe seahg and
bonds of the MEMS package. The MEMS device nmay extend into the cavity or

recess thahgiandiorvd padsiof theeMEMS lie,Siespactively. heawlsMr prrekegeay be Par a 8]
In sone cases, the MEMS die and MEMS package may be positioned in a vacuum

chamber, phRRicedrPaRe UBPePSu4td af tigd MEMS ﬁéékaﬁecfid]’trreebivﬁﬁtf te MEMB Pressur e
therein. The controll ed vacuum pressure may be, for exanple, 1 atnosphere,

0.5 at ms@é\ﬁé@on'tﬁ%%ﬁﬂﬁ%i&@@ﬂﬁ%ﬁﬂ% Hie.! BSSorhBaasesOthkOsenl Iffig and g§& t han

15x10-5 torr, or less than 1 Ox10-5 torr. In sonme cases, once the gases are

o ecopd BPEIAR SR B MRS M M ag AP Be b ied
aas(e9) ey B O GRREVRy eehl20m 675 o 1™ o0 LSS, e 10%10-2
[Para 7] The MEMS die may be positioned over the MEMS package with the
MEMS side of the MEMS die facing the MEMS package such that the seal ring
and the one or more bond pads of the MEMS die are in alignment with the seal
ring and bonds of the MEMS package. The MEMS device may extend into the
cavity or recess that is provided in the upper surface of the MEMS package.
[Para 8] In some cases, the MEMS die and MEMS package may be positioned
in a vacuum chamber, where gases may be extracted to form a controlled
vacuum pressure therein. The controlled vacuum pressure may be, for
example, 1 atmosphere, 0.5 atmosphere, less than 100x10-5 torr, less than
50x10-5 torr, less than 15x10-5 torr, or less than 10x10-5 torr. In some cases,
once the gases are extracted from the vacuum chamber, one or more inert
gasses may be introduced or otherwise backfilled into the chamber. The
backfilled inert gas(es) may be at any pressure, but in some cases, may be less
than 10x10-2 torr, less than 50x10-3 torr, less than 20x10-3 torr, or less than
50x10-4 torr. For some applications, the backfilled inert gas(es) may be about
18x10-3 torr. In certain embodiments, a getter may be provided in the interior

chamber and may be activated, if desired.
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50x10-4 torr. For some applications, the backfilled inert gas(es) may be
about 18x10-3 torr. In certain enbodinents, a getter may be provided in the
interior chanber and nmay be activated, if desired. 3 [Para 9] Wile in the
controll ed environnent, the MEMS die and MEMS package may be brought

toget her, and heat and/or pressure may be applied to secure the MEMS die to
the MEMS package and to forma hernmetically sealed interior chanber
surroundlﬁgﬁlﬁ I\/El\yﬂ'"di%mﬂ'éeC@%ﬂ'@‘éﬁ@&ﬁ@ﬂmemhﬂ‘%WSijWg@ ¥HM2 he bond
pads of the MEMS die and the MEMS packa y be bonded. in sonme cases, the
seal ringeadkageemaydier bepughtdopererngnd g@@é@nﬂdowﬁ@ﬁswe maybe apptiesdoessi on
bondi ng, resistance wel di ng, adhesives, or by any other suitable attachnent
process. tedugaitbe MEMS die bal the MEMS pabkadeEnsd dodoamc haemeneally pealkdge may
be secured together by sol dering, eutectic bonding, thernp-conpression
bondi ng, inhesiict ehambeelsdrmogndatheise MEMS devieg. Simudtaneouslyytheabea dhgsichment
process. It is contenplated that the seal rings may be secured by one

att achmenindtio€ 8ond Fats dfhtheMBMSPdid antihdMEMS padichgd inay BehBoAde®. o
different attachnment process, as desired. For exanple, the seal rings may

be secur eghiy c%@égiedwer.@aal fing s thyep & 9BEL feacisy QBbde*?ﬁ\gs%'ﬂé@ﬁt B¥nding,

t her no- conpr essi on bondi ng, ~or visa versa. Wen the seal rings ar e secured
Chat i | cuermel GBrRfRbsbh ARy %@ﬁ?@%ﬂ@%@%’%ﬂ B e e s
e ang UIEHERSRRR AR, AERRG 2k MR bds REEhe MM oY apHRE"
bondi g CHERISSRAS %S'ﬁ%wgte%fféuaegﬂitﬁ%%}hsﬂ%mf%eva@ %ﬁfﬂ&%ﬁé“ﬁ?. 'n3t° :

thermo-compression bonding, resistance welding, adhesives, or by any other

suitable attachment process. It is contemplated that the seal rings 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 secured

by soldering, the seal rings may be made from a material or material system

that allows solder to wet to the MEMS die and MEMS package. In some cases, a

solder pre-form is provided and placed between the seal rings of the MEMS die

and the MEMS package to help form the seal between the seal rings.

[Para 10] In some cases, the MEMS package may be picked and placed into a

bonding chamber. The MEMS package may be photo-registered (e.g. using

pattern recognition) for placement accuracy. The MEMS die may in some cases

be placed into a flipper station that flips 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
4



pattern recognition) for placenent accuracy. The MEMS die may in sonme cases
be placed into a flipper station that flips the MEMS die so that the MEMS
side of the MEMS die faces down toward the MEMS package. The MEMS di e nmay
then be picked by a tool head and photo-registered (e.g. using pattern
recognition) for placenent accuracy. The tool head may nove the MEMS die
into position 4 over the MEMS package. A desired environnment nmay be provided

in the lovedithg MiMSipackadiean desirdtcemppbnment mayhise pEddiddideinathd/ or MEVS
package, sonetinmes via the tool head, which may nelt the sol der pre-form

and/ or pihpieg icham¥Eyb Hetkagg betipplfeer tothHROMBEMSSdiethd@TrdVIBEISW t h t he
MEMS die. The tool head nay also apply force to the MEMS die to help form

the die baplagé' fthefithed ViIgtA tb6PhéAd, SARCRMapEletheVs bl drhsrelFdfen devi ce

therein and eTectrically connected the bond pads to the MEMS package bond
b awi ng (PGl 3 i PqTe e dAEMS paR R doR e s o S Wi 2
s schemtis 5 ThE st iesd PRy PR 3D Yo ReTENRITe W REB ok D Se of
1 Pust rathe 8% Ren@ sreetinegs Bermifadboramen chmne Wl Mims dificke ™1 2 '
of ' anot narerein podisiasdisaluenaRar@d s udhd BRas Foche MRS KoRBIRN and
[Para 15] Figure 5 is a schematic cross-sectional side view of yet another

MEMS di ePagsi ddie ghamber mayridenenscpaledand vented.

Brief Description of the Drawing

[Para 11] Figure 1 is a schematic cross-sectional side view of an illustrative
MEMS die, solder pre-form and MEMS package;

[Para 12] Figure 2 is schematic top view of the MEMS die, solder pre-form,
and MEMS package of Figure 1;

[Para 13] Figure 3 is a schematic cross-sectional side view of the illustrative
MEMS die, solder pre-form and MEMS package of Figures 1-2 after assembly;
[Para 14] Figure 4 is a schematic cross-sectional side view of another
illustrative MEMS die, solder pre-form and MEMS package; and

[Para 15] Figure 5 is a schematic cross-sectional side view of yet another

MEMS die, solder pre-form and MEMS package.

Description

[Para 16] 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.
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Description [Para 16] The foll ow ng description should be read with
reference to the drawings, in which like elenents in different drawi ngs are
nunbered in |like fashion. The draw ngs, which are not necessarily to scale,
depict selected enbodinments and are not intended to Iimt the scope of the
invention. 5 Al though exanples of construction, dinmensions, and materials
are illustrated for the various elenents, those skilled in the art wll

r ecogni zeAlthaughexanoples lof comstrugtion, giroensieds hawe nsatieriats aredillustrated ves
that may be utilized. While the fabrication of MEMS inertial sensors such
as MEMS dforabe aaeousneleiviekits, thoselséiledeinethe art vaecoguizel thatinsanysskthe i t
shoul d be understood that the fabrication steps and structures descri bed
her ei n cagxdmplési proséded havdeuitablekatirngtivés thdtanay YeastilviedVEWhildahieces such
as electrostatic actuators, optical |lenses, RF swtches, relay swtches,

m cr obol oRprRASonBFMEMSARE P4 RRhso s iAPAE MEWS g9rdIvaides Aind MEMS as

desired. [Para 17] Referring nowto Figure 1, anillustrative nethod of
packagi ng |sSCE&nekdifidal Y S?trirgtﬁﬂd Gnbbts8b8 hat t hod
begi ns wiat1 e{%mstgg%ss él&ér'%avl di ﬁg‘%a&?/Ews e, b@engr a% 'y shomﬂqef{mlo, and

0 e erRicaRBh,st3hOUAy ARORLINEY RGN BEn IR rofRy o 10 2

substrate yroscopes are S 0 sense angul ar di spl acenent
or novenent. |ln ny, cases, yroscopes., i ncl udes r.oof masses that
ar e suspepiaoing B ot o MEMPHSNIRI TR A% el8 BRslalls BPBloy 150 out
of phase alogng,a driyve plane. | ower sense plate is ofte rovi ded under
cach of  toROGH dosesRE b, aplayndtshes. THctaboIamsteraraa/ b aae onter

defl ections in the positions of the proof nasses caused by rotation or

angul ar diWiAbie deuice MENROr gpthasdiRsired.

[Para 17] 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, and in the embodiment
shown, having a MEMS gyroscope device 11 secured to a substrate 12. MEMS
gyroscopes are often used to sense angular displacement or movement. 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 is often provided under each of the proof
masses, often directly on the substrate, to detect deflections in the positions of
the proof masses caused by rotation or angular displacement of the gyroscope
sensor. In Figure 1, an upper sense plate 24 is also provided above the proof
masses to increase the sensitivity of the gyroscope, but this is not required.
For example, in Figure 4, a similar MEMS die 10’ is shown without an upper
sense plate.

[Para 18] In the illustrative embodiment shown in Figure 1, 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
6



sensor. In Figure 1, an upper sense plate 24 is al so provided above the
proof nasses to increase the sensitivity of the gyroscope, but this is not
required. For exanple, in Figure 4, a simlar MEMS die 10' is shown w thout
an upper sense plate. [Para 18] In the illustrative enbodi nent shown in
Figure 1, MEMS gyroscope 11 includes noving conponents 18 and 20 (e.g.

proof masses), and correspondi ng sense plates 22 and 24. Sense plate 24 may
be supporsugpolry strustweplfor in semectases, e MEMSsayrosceped,] may beavBdgyvscope
1 1 may be nade by mcromachining a silicon substrate, the result of which
i s bondednicoomaghérsng a siligon Bybstratd, thalresulatod vilvich lis boodeddaseglasshe gl ass
substrate 12 may include one or nore patterned netal l|layers that form for

exanpl e, (k@uPyreemesybsatate 122imseimeadalsesisthle/ glass anbstraléhi 2, mapivstade i s
only illustrative, and it is contenplated that the MEMS die 10 may be nade

from any gHegemore pat?érﬁéaahétam?@g ehatforf Toe @xkahiple Ubwig, seinge paaRpl e,
quartz, silicon, gallium arsenide, germanium glass, and/or any other

sui tabl e ambg4 i)l ad i/@hfa%é. Fhpo h&%ﬁ‘e\}léﬁ‘ﬂﬁréﬁlggﬂuﬁﬂﬂé‘ﬁvé}tﬁﬁf ittiypes of MEMB or

ot her devices (e.g. acceleroneters, electrostatic actuators, optical

B nEE L MRS GRCFo ) BE SO FRIARy ke BE be packaged

lenses, RE sy
in accordance W pres I nvention, as desired. The

A N I e R TR
D P kO ghR L B R S AR Bha SEBBE o35
bon d pad%ezgnérg stgoed %ﬁz?tngt%teﬁ(gyggs c|>fe ﬁl%ﬁdsogr E){r?ecrec?evriggsn{er.lg. gcnc’elgr%rmeet)é?srfpl © 4

electrostatic actuators, optical lenses, RF switches, relay switches,

microbolometers, etc.) can be packaged in accordance with the present

invention, as desired.

[Para 19] The illustrative MEMS die 10 includes a number of bond pads 26. The

bond pads 26 are electrically connected (not illustrated) to the MEMS device 11,

and in particular to one or more sense plates 22, 24, one or more proof masses

20, and/or other components or parts of the MEMS device 11, as desired. The

bond pads 26 may be connected by leads or traces running on, for example, a

surface of the substrate 12, as desired. The bond pads 26 may be positioned

between a patterned seal ring 32 and the MEMS device 11, but this is not

required. For example, one or more bond pads 26a may be positioned outside

of patterned seal ring 32 (see Figure 2).

[Para 20] 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



surface of the substrate 12, as desired. The bond pads 26 nmay be positioned
between a patterned seal ring 32 and the MEMS device 11, but this is not
requi red. For exanple, one or nore bond pads 26a nay be positioned outside
of patterned seal ring 32 (see Figure 2). [Para 20] Each bond pad 26 nay
include a protrusion of material such as gold or lead or any material or

mbi [ 4 i al i t.abl. . f [ i cal
connect | HELLAARPHE Tt HroRiBn fal ReRasu d8ver FuREY e By AluRehai g™
bond pad ,on the MENMS package 14, .as. further 7 described bel ow. The
prot rusi dHARY %é%‘%%’i"ﬂ”ﬂ&?e?s geSifed: be a plurality of bunps or

concentrigc ri ., as desired. [Parg 2 n,so enbodi nents, the MEMS die 10
ay ol so [P AL SOmE eanhRAImeSa) the MEMSAieTH i AlspBGIAcieA PRIRGIS: 1y
be forned bi/ a deposition of material_or other suitable technique, Wen a
sol der i ngedt 68s32i Jhesratterped seal ringes3dvmay e fonped by hdeperiiosaekage 14
along the seal ring 32, the seal ring 32 may be made fromgold, |lead, tin,
al um nummptexial mrmtber suttablesechaigue. Wheara soldesngqudsessis wsedto pandri al s
suitable for providing a good wetting surface for the solder. O course, if

t he seal ithg MENBatie 910 tote MEMS pdckage 14 alateg the bealpang 82nekle seall ringng 32
may be made froma different material or nay not be provided at all. For

exanpl e, 32 glHsbe hidde froat gohl, I6&d, usedalahtingm,tpglatinenal or otigerxlitabléond and
seal the MEMS die 10 to the MEMS package 14, particularly if the MEMS die

10 and/ ormMYial 9 a¢ kaatbihdtibR Of vHSrefRIASTi€alSle foRProlid al doadh Melbighg exanpl e,
when a therno-conpressi on bonding process is used to bond the MEMS die 10

to the N@Wfa‘l‘é%?ﬁe%h@ér?@f{:&%sé? lth@is@lgggg,mtei&ﬁr:&q@ﬁ%oéi RBt Py | ncl ude

a bonding material such as gold, silver,

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 MEMS package 14 include ceramic or the
like. In another example, when a thermo-compression bonding process is
used to bond the MEMS die 10 to the MEMS package 14 along the seal ring 32,
the seal ring 32 may include a bonding material such as gold, silver, lead, tin,
aluminum, or the like, which after sufficient heat and pressure are applied, will
form the desired thermo-compression bond.

[Para 22] The seal ring 32 may completely encircle the MEMS device 11, and in
some cases, the bond pads 26. Patterned seal ring 32 may be electrically
isolated from the MEMS device 11 and from the bond pads 26. The electrical
isolation may be made particularly robust when, for example, resistance
welding is used to bond the MEMS die 10 to the MEMS package 14 along the
seal ring 32.

[Para 23] 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
8



alum num or the like, which after sufficient heat and pressure are applied,
will formthe desired therno-conpression bond. [Para 22] The seal ring 32
may conpletely encircle the MEMS device 11, and in sonme cases, the bond
pads 26. Patterned seal ring 32 may be electrically isolated fromthe MEMS
device 1 1 and fromthe bond pads 26. The electrical isolation may be nade
particularly robust when, for exanple, resistance welding is used to bond
the MEMVS dthermise mateaviVElBngauidsged andiporga idMEMS glie AOpgingthe [ Para 23]
The illustrative MEMS package 14 shown in Figure 1 includes bond pads 28
and/ or 28dlustrativarembodiment; dondopards 28 anelg28a are electigally connegted mwithwi se
mate with bond pads 26 and/or 26a of MEMS die 10. In the illustrative
enbodi nenleadb@Q] wihidh pnantheBEMS paekazs T4 talbdeycaroreceed eol awatder | eads 30,
whi ch permt the MEMS package 14 to be connected to a larger circuit, such

as to bongr@atssuth & 5 bohadadis’ el iat prideebceifdudt bsarelot showepn Ae cafdss i n
Figure 3, the leads 30 may be provided on risers 42 and extend above the

MEMS di e J&erpfr Figuire Bakh@f&RIEbs0 n$4y bEProbided! arrfiseR04 2 aindbéxteh@hbdvemount

the resulting paCkage directly onto a printed wiring board, nulti-chip

. t ‘ . t . .
package H{%@tnﬁ;% %Sfé‘:g gft'éF ?mgﬁﬁséjé?ﬁbfye% tl‘gbt (}@gqt@é}dé’ 80Yoan?hHé u%‘%d 8 ﬁ%mf‘g "

Figure 5, t need not extend e MEMS die .
cose 5ol SRR poEha el BB PB4 T P Bedd o o
e VEUS, 81 BirPisaBltnd et B, L HESREF RIS o £ e
the NENE dl el eed foliheNE B RATRNiemS i oLt Hlc IS § e RokeRE e

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 24] MEMS package 14 (or 14’ in Figure 5) may be made from any number

of materials or material systems including, for example, ceramic, quartz,

silicon, glass or other suitable materials. In some cases, the materials used for

MEMS package 14 may be selected to help reduce or relieve mechanical stress

and/or strain that may occur between the MEMS die 10 and the MEMS package

14 as the components go through various temperatures during operation

and/or fabrication.

[Para 25] As noted above, the MEMS package 14 may include a patterned seal

ring 34 that is configured to be in registration or mate with the seal ring 32 of

the MEMS die 10. The seal ring 34 may be formed like seal ring 32 or may be

formed using techniques suitable to the material of the MEMS package 14. The

seal ring 34 may be electrically isolated from bond pads 28 and leads 30.

[Para 26] The MEMS package 14 may include a cavity 33 with a cavity
9



of materials or material systens including, for exanple, ceramc, quartz,
silicon, glass or other suitable materials. In sone cases, the materials
used for MEMS package 14 may be selected to help reduce or relieve

mechani cal stress and/or strain that may occur between the MEMS die 10 and
the MEMS package 14 as the conponents go through various tenperatures

package 1 rﬁh%f’e?n%ﬁ}%ﬁ*ighégf%’éﬁﬁ%%;a%éem'r ?%fé%@ﬂ%@ﬁ?s&?&n v;satﬁﬁga&'@oﬁe in
: : : . . . T
i ?%'gs%lzaﬁp'aﬁﬂégc{efvﬁéia“l‘ff%lgigyiﬁﬁ‘?méé%%r g% Ty b%?r:@%hfﬁs%@g%ee&iféges
it t i t 4. T I
cl'cctri cAMPy VK Tt BHOPUIRBER AU BARE BB akac Yok s Bt TR G ob BT Mg
package 14 may_include a cavity 33 with a cavity erineter 33a, which is

\ . . 9
adapt ed tdeMiEECch] vd heagetter maydegarposited me',ngsmﬁt%@nghees'wes device 11 (see

Figure 3). A getter 38 may be provided on a surface of the cavity 33 or on
anot her sRYiapabtéon, g-thaam syaporasion erethersuitgble depesitovstechsiquseand. The
getter may be deposited using sputtering, resistive evaporation, e-beam
evapor at iroay be roateframiziedsniuoie pivanivinyrberenh ciobalt, aaldiumaygtrostinade from
zirconium titanium boron, cobalt, calcium strontium thorium

conbi nat ithosiuhiercanbinatiocoishtberenfi dradtiher gaitable getter neteridheThelgeeter may be
selected to chemically absorb sone or all of the gases anticipated to

out gas i thay beset@ited toIhensidahy absovit sosmeéanaill oPKyggasesanticipatanaxi de,
carbon di oxi de, nitrogen, hydrogen, and/or other gases, as desired. [Para

27] 1N SYRgAIHAD the &iYe33, Rh & Wath vENOrbExpg&r | é@Bon HBnRIdee”

pre-form 36 may be sized to correspond to patter ned seal ri ngs 32 and 34.
carbon dioxide, nitrogen, hydrogen, and/or other gases, as desired.
[Para 27] 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 embodiment, solder pre-form 36 is a solder layer deposited
onto MEMS package 14 or MEMS die 10 using deposition or other suitable
technique.
[Para 28] Figure 2 is schematic view depicting the top of the MEMS package
14, the bottom of the MEMS die 10, and the solder pre-form 36 of Figure 1.
The solder pre-form 36 and seal rings 32 and 34 are shown as having
generally the same shape so they mate with each other to form a seal during
processing. They are shown as generally rectangular but may be any desired
shape. Bond pads 26 and 28 are configured so that they too will mate during

the sealing process, and form electrical connections between the MEMS die 10

and the MEMS package 14.
10



Sol der pre-form 36 may be forned of indium lead, tin, gold, other suitable
nmetals or suitable alloys thereof. The solder pre-form 36 may be a separate
conponent placed on the MEMS package 14 during the assenbly process. In one
illustrative enbodi nent, solder pre-form36 is a solder |ayer deposited
onto MEMS package 14 or IVEIVB die 10 usi ng deposi ti on or other suitable

techni que. [Para 2 Fi is s tic V|ew ictin h f the
NVEMS pack[gﬁg %?ﬁ b tSP rdF ”tsﬁ QB'"d‘ih@ &Rl § e?ﬂéﬁgéﬂ@ﬂg ‘ﬁ?gof orm 36
of Figure 1, The sol der pre-form 36 and seal_rings 32 a]ﬁﬁd 34 are shown as
having qtbihg MEMhBackage Lhaihe MEMSHRAckagee! 4MaY kadickichand plagesdk m a seal
during processing. They are shown as general lﬁﬁr ectangul ar but may be any

desired iskpd0BInNg ghambercandd s@dsr eredarimgs saay bettaced RByseabangi | |
mate during the sealing process, and formelectrical connections between

t he MEMS 34.e The pmtjomoéthEmEM&@hagegaM rhay [bRasens2d] onvenified sisinger is used
to formthe seal between the MEMS die 10 and the MEMS package 14, the MEMS

package Ilghowmyrdgispratibadeandispapatiern néaognitionfibngnylethibesuitablé a sol der
pre-form 36 may be placed on seal ring 34. The position of the MEMS package

14 may beesRARRR, @6 detiretl el MEMSItie POOhay tieen dergitked ahd. lacedi ng pattern
recognition) or any other suitable technique, as desired. A MEMS die 10 may

then be m&h@@m@%@h@%ﬂﬁpesefﬂ%mﬂwm? t%efMEﬂBQileSF(ﬁEbQﬁatt&é MEMS flip
the MEMS die 10 so that the MEMS side of the MEMS die 10 faces the NMEMS

225k00%, g AAEIERY e DIRELOEHE MEMODRHAL | e AR g ok e back

recogni t 't%nBicf((Up #PIRIR ie? ¢ WoAF ¥he 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 30] 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.
[Para 31] In some cases, a controlled environment may be created in the
bonding chamber. For example, gases may be extracted from the bonding
chamber to form a controlled vacuum pressure therein. The controlled vacuum
pressure may be, for example, 1 atmosphere, 0.5 atmosphere, less than
100x10-5 torr, less than 50x10-5 torr, less than 15x10-5 torr, or less than

10x10-5 torr. In some cases, once the gases are extracted from the bonding

chamber, one or more inert gasses may be introduced or otherwise
11



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

pi cked. [Para 30] Wen so provided, heat may be applied, sonetinmes via the
tool, to nelt the solder performand/or prepare the MEMS die 10 and/or MENMS
package 14 for bonding. The MEMS die 10 may in sone cases be kept at a

| ower t enbackfilleccintofthdebianmdabr. drhebbadidited imerthgasiesemaynpeatiaoye as t he
MEMS package 14. [Para 31] In sone cases, a controlled environnment nmay be

creat ed i prdssare,dmrtdnrsproéaabes, mépbedassthan 102162 toay, less ekam 0xd0-F r om
the bonding chanber to forma controlled vacuum pressure therein. The

control | egbrvaleys tha® 2Ox3 OrEtarRyobRess fthan &0xMo-€tork. aFopsoh®r gHplitadions,
at nosphere, |less than 100x10-5 torr, less than 50x1 0-5 torr, less than

15x10-5 tﬂferbaaifnle%ﬁﬁmemg@s(ei)% b‘%a@wt 18X160Breases, once the gases are
extracted fromthe bonding cha one or nore inert gasses nay be

| ntroduce aff eaqghewest%omaﬂe{@fd %hﬁe thBYENS &i& NATR6 - enyaaeh?e%fwikﬁ ed inert

gas(es) any pressure in sone cases, | ess than 1
S0x10- 4 ¢ e MERETPd néeiﬁﬁh""cdéfna&"@p'v 'ﬁé?e g ﬁ?é%grﬁé%t I SBimyRE,  pe
engagerentedl ﬁe?a%re%né Rere! fass 208 tmRRebl SR e el B tefatlur e o
ol cet 1 coPeRRELATET “dﬁﬁé‘ﬁg&ﬁ 5t oL HERMERLS glsma b it FEND Nasi®aR e 10
and the I\/]EAVIS aecrlfov% 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 33] 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 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.

[Para 34] A bonding force can then be applied between the MEMS die 10 and
the MEMS package 14 which is sufficient to secure the MEMS die 10 to the
MEMS package 14. This bonding force can be any useful force such as, for
example, at least 25,000 kg force, or 50,000 kg force, or 100,000 kg force per
cumulative gram of bonding material used for all bond pads. While the

bonding force is applied, the bonding material may be heated sufficient to aid

in securing the MEMS die 10 to the MEMS package 14. The heat can be
12



14. The now fornmed MEMS package may include the MEMS device 11 in the
chanber 33, as best seen in Figure 3. The getter 38 nay be activated by heat
or other nmeans, if desired. [Para 33] In sone cases, the bond pads of the
MEMS die 10 and the bond pads of the MEMS package 14 may be secured by

t her no- conpressi on bondi ng. Wien so provi ded, the bond pads of the MEMS die
10 and/or the MEMS package 14 may i ncludes bunps formed froma bondi ng

mat eri al anglisefud agodunt sufficeent toeraike thentenapenakumenef dre bordingkmaténialsone
enbodi nents, the bonding material is forned of a single material such as
ei t her gotslaaempeEratdrewreater thahe300s rBE0]i 450)tar, 500 eeboens Ggasrdesired) Ins
formed of different materials. [Para 34] A bonding force can then be

appl i ed beburetasebetHddbndipadiGnayte theembEbBmipressigr bohddd hadcoraahééd ci ent
to secure the MEMS die 10 to the MEMS package 14. This bonding force can be

any_usef ulyifOédheridifg s, fatnt ApIRkEon SerPRB! 187898844 fileHgane s, 50, 000

kg force, or 100,000 kg force per cunulative gramo ng material used

for all bopdsPad enthled®méthodd ol REpEAIGE Fof ARRMIES A BRETARN] Ng mat eri al

may be heate cient to al uring die 10 to the MEMS

package 1 h . gan . Ul ufficient to raise the
t enper at usgb%tPgEeh’g\%bbcﬁgl?’r{gg?éfoer?% H@%Hé)yf\g?n%%rg ure greater than 300, 350,

{80, o SRS S ie A0l gl SO ERE SR R chA R TRk

2O TSt eREucky SARe TR A1 SRS s e o | <

| ncor por a}a%jvigeeé %imant ﬁ%srtﬁzel\ﬁgl\r}lgedie 10 over to the MEMS package 14.
Alternatively, or in addition, the entire process may take place in a larger
vacuum 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 36] Having thus described the several embodiments of the present
invention, those of skill in the art will readily appreciate that other
embodiments may be made and used which fall within the scope of the claims
attached hereto. Numerous advantages of the invention covered by this
document 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 arrangement

of parts without exceeding the scope of the invention.
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[ Para 35] O course, other suitable equipnment and techni ques may be used to
package the MEMS device 10. For exanple, 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 may take place in a |larger vacuum chanber
so that nultiple MEMS die 10 may be sinultaneously bonded to nultiple
correspondi ng MEMS packages 14, as desi red It is also contenplated that
the operability of the MEMS devi W%‘Q‘ I8i i ed prior to or after the
MEMS di e and the MEMS package are secured together. [Para 36] Having thus
descri bed the dever &methpdef pagkegingra Mﬁ&"sp‘ﬂ%’é%ﬁompﬂ‘é'@%h%ﬂepﬁ Abse of skill
inthe art wll readily @grem ate that other enbodi nents may be nade and

used which fal Preyiding g MiMSsdie paviog atMEMS davine S%i%ﬁ@demré@ﬁddmtm@ﬁer ous

advant ages of the invention covered by this docunent have been set forth in
t he for eg@uRBOTHBlsUGtUIE: wWberein theIEEMSistie hamblendspastsisnpged titgreorii scl osure i s,
in nmany respects, only illustrative. Changes may be made in details,
particul arly i mrovidingra NMEMShapekagei haviagc dﬁﬁ%ﬁﬁig@ﬁénboncbfpagar@'gp%ieﬂhout
exceedi ng the scope of the invention. 13 Wiat is clainmed is: 1. A nmethod of
packagi ng asljagBv3odes; fesess;conpri sing the steps of: providing a MEMS die
having a MEMS device substantially enclosed within a support structure,
wher ei n t he MEWBsitpring e MEMS giedyedinepdsM8 pekagson; provi ding a MEMS
package having a recess and bond pads disposed adjacent to the recess;
posi tioni ng thealigvEnGth suppedrstiubture/ElBtaHekn gaclosing ¢re MEMMDdewop pbihe
structure substantially enclosing the MEMS device of the

MEMS die with the recess of the MEMS package, and aligning at least some of the

bond pads of the MEMS die with at least some of the bond pads of the MEMS

package;

inserting the MEMS die and MEMS package into a chamber and producing a
controlled environment therein; and
sealing the MEMS die and MEMS package together along a ring to form a

package having a hermitically sealed interior chamber that includes the support

structure substantially enclosing the MEMS device, as well as forming electrical

connections between selected bond pads of the MEMS die with selected bond pads

of the MEMS package.

2. The method of claim 1 wherein the step of sealing further comprises
the step of forming the hermitically sealed interior chamber at a controlled vacuum

pressure.

3. The method of claim 1 further comprising the steps of:
providing a solder pre-form; and
placing the solder pre-form between the MEMS die and the MEMS package

along the ring.
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MEMS die with the recess of the MEMS package, and aligning at |east sone of
the bond pads of the MEMS die with at |east sone of the bond pads of the
MEMS package; inserting the MEMS die and MEMS package into a chanber and
producing a controlled environnent therein; and sealing the MEMS die and
MEMS package together along a ring to forma package having a hermtically
sealed interior chanber that includes the support structure substantially
encl osing the MEMS device, as well as formng electrical connections

bet ween sel ected bond pads of the MEMS die with sel ected bond pads of the
MEMS package. 4. ThHenmethed of chian 3 whergin dh soldersprepformasia meltingt her
conprises the step of formng the hermitically sealed interior chanber at a
cont r ol | etempenature aneé$sther c@mpTisingrthéstepodf wising thef tenpernatierengf the ng t he
steps of: providing a solder pre-form and placing the solder pre-form

bet ween t $ie déEpEe cioematodtHenmelidStgrapkeggare.al ong the ring. 14 4. The net hod
of claim3, wherein the solder pre-formhas a nelting tenperature and
further conprising the step of raising the tenperature of the sol der
pre-formto the nelting tenperature. 5. The method of claim1, further

conpri si ng thes st eprHef mégiod bF mifhE, f&ﬂ@%mhﬁiyi@tﬁ&ﬁemé}wir@twi or
to the step of sealing the MEMS package and the Ms die together.” 6. The
met hod of o GlabMity: of the!MENS SRR 51iBPtd Bfe SteiPoPledlfild thd MEMY Backage

and the MEMS die together.

6. The method of claim 1, further comprising the step of verifying the
operability of the MEMS device electronically subsequent to the step of sealing

the MEMS package and the MEMS die together.

7. The method of claim 3, wherein the MEMS die includes a seal ring,
and the MEMS package includes a corresponding seal ring, wherein the seal
ring of the MEMS die and the seal ring of the MEMS package are aligned with

the solder pre-form.

8. The method of claim 1, further comprising the step of providing a

getter in the hermetically sealed interior chamber.

9. The method of claim 1, further comprising the steps of
placing the MEMS package into a bonding chamber, and
photo-registering the MEMS package subsequent to placing the MEMS

package into the bonding chamber.
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operability of the MEMS device el ectronically subsequent to the step of
sealing the MEMS package and the MEMS die together. 7. The nethod of claim
3, wherein the MEMS die includes a seal ring, and the MEMS package incl udes
a correspondi ng seal ring, wherein the seal ring of the MEMS die and the
seal ring of the MEMS package are aligned with the solder pre-form 8. The
nmet hod of claim1, further conprising the step of providing a getter in the
hermetical | y d&al edhe methoorofctiairbdr whereimitbe see ofl infertingi tiheIMEMSrdiker
conprising the steps of placing the MEMS package into a bondi ng chanber,
and photand MEMS: padkagetineo bid/Ehpablkeaderthebsempeisies tthe stap iaf gvabeatifd/S
package into the bondi ng chanber. 15 10. The nethod of claim 1l wherein the
step of ithe&hahigeritoca Mddzed sresance Md/thomak dgat iparallybackfiibgrthieur t her
conprises the step of evacuating the chanber to a reduced pressure and then

at | east dparibe withacCikelt §adlg the chamber with an inert gas. 16

16





