MEMS DEVI CE PACKAG NG METHODS 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 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 wafer. d% ﬁem m M5 gyroscopes and
accel eroneters, for exarrp},\g}ﬁ&@c E\(' Lt |§ﬁ$¢ Q1 s are often used to
create a nunber of noving structures that can be used to sense displacenent

and/ or acckl ation in response to novenent of the device about an input or
rate axis. In navigational and conmunications systens, for exanple, such
novi ng st r{Raradds catheprasest inventioasiglatessengralbicteethe figlgkohiti ons in 1inear
and/ or rotational notion of an object traveling through space. In other
appl i cat i osemicanciucier enanvfactuviogsarst Micro Electredeqbiancad Syhteme (MEMS).
structures can be used in vehicle dynam c control (VDC) systens and

antil ock bMake sgesificabiyn (thaBBesent saraticahzalaies to metbloids|fer padkaging ofe
notion. [Para 3] The packagi ng of such MEMS devices remains a significant

hurdl e | nMEMS arv¢othér d@bcészat i on process. I n 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. Wre bond pads on the MEMS side
of the MEMS die are typically wire bonded to bond pads in or along the MENMS
package C@é’r_iktgifouﬁ&nal ly, a package lid is typically secured to the top of

t he

[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
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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

required. [P 4] ,Due .to thejr_size.and Sit) t he mechapi cal

Gt ruct ur es MEVS fiackanene hravides RafE i e 36T B M hatadt fifyn fesome

appl i cations, angI f.romgarticl es, noisture or, other such caont agi nant s that
can become @SN IFHITRAIRE YRS QK PAGHAI MRS T prayided BRsirefhd i n
sone cases, the di ffifcul hy [ p%saccuratelqy_regul ating the pressure within the
MEMS packad@VERRMSNarithg enciRsedMEMoA§vine. pWhessa PaaiR! scdEm tshidsed,
performance characteristics of the MEMS device, often reducing its efficacy
i n det ect i rigidsifibiqraediabedinenisnan ingrt gas may be intresused whemslael lilds r obust
packagi ng sol utions for MEMS devices that offer superior vacuum perfornance
and/ or i ncrseageadl to thetop of thenMidtepackade smbieattan inerhgas isibgik Elled into
environments, while also providing high volune throughput and | ow cost

duri ng t he thaknclstrethousireptse MEMEdevice,[ Rar thiSis dberqgqdsedit | nventi on
relates to the packagi ng of MEMS and other devices. Mre specifically, the

present i n\pdra4In r eDakasd theirrakelahd RACKBGSition, 8 Hdchanidadsuetlredfi ces,
which may result in superior vacuum performance and/or superior protection

and | ow Com U G, LR Tar T ot T o by S A | ve
enmbodi ment & dim Brhiefst AoiPRTE ¥ dtfe sdEMeontaminants that can become entrained
within the MEMS package cavity. In addition, and in some cases, the difficulty
in accurately reguiating 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

fPara 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

Focer ving. (HEVRRREY: REGh ERdRE: [RAHIsca AR oBlickiR EROBRREP ARl oo
the seal o1 iByRBG0EENSRRlc, TiFohoBs adSla bhgs VRO, AOGAENE we

package nm positione ateral Ty ou 0 €” cavi
7] The ME ' be |,t.i oned over, the NE ackage with the. NMEMS side
of the nenaEhS dBse cAMEM R Ra S aiso 0o A B 54l Find T he. one
or nore bond ds of the MEMS die are in. alignment with the seal . ring and
bonds. of ¢ IROTERAAS ShALTE SCRRCRERBeIBAIATEN SkirbIRBisHRHOPAIEh 8% 588 or
recess that is provided in the upper surface of the MEMS package. [Para 81
In some cad¥y apddandveads ef she digadRERRELIVEY - DA GRYHYIQrJieEESS MAYP& acuum
chanber, where gases may be extracted to forma controlled vacuum pressure
t herei n. Theroeisiedriol thedl prersufarecekinecMikly mackaperfor egegiping the MEMSspher e,
0.5 atnosphere, | ess than 100x10-5 torr, less than 50x10-5 torr, less than
15x10- 5 t ordeviaeromh ¢be MEMS sikdixdDthe MEMS. dien Isoeme aasas, therseal tihg agabdw® ar e
extracted fromthe vacuum chanber, one or nore inert gasses may be
i nt roduced owe ot areibendopadd of tleel MEMSdiehand MEKE pacRdge nimychd pbbiibrieder t
gas(es) may be at any pressure, but in sone cases, may be |ess than 10x10-2
torr, |ess |iepallypOutsidd of ehé caliepdr ré@3s20x10-3 torr, or less than

[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 nay 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 hernetically sealed interior chanber

sur roundi ng,.t he, VENMS, devi.c Si nul t aneousl t he segl _rpLngs e bond
pads of t hdPAE i oINS iHriBe e %@&%‘b"édmeﬁ% tBg MENS o anggﬁghgases, t he
seal rings by be secured b ol derjng, eptectic,ponding, therno-conpression
bondi ng. 1 GACERGS CABE YO HER B0 arch Sk AE BT RS esTRRY i AP RS E rent
process. Likew se, the bond pads of the MEMS dje and the MEMS package nay
be secur ed Se6gk Ha MEMSsdieder theMEMSRackage Wi hEprm afarmsticatiysealidon

bondi ng, resistance wel di ng, adhesives, or by any other suitable attachnent
process. | intesiorsiasnperasurdoundingtthe MEMS deviigss leemwrtbe seal oings
attachnment process, and the bond pads nay be secured with the sane or

di fferent andablenzond padsefthe MEM®dia add therMEMAmackage Ineays balbondedgsinnay
be secured by soldering, and the bond pads may be secured by

t her mo- conpoRmstaveshonesag, rings by Ha seecused bWeeidéteg sesdectic hgmding, secur ed
by sol dering, the seal rings nay be nade froma material or nmaterial system

that al | owgh&@heedorhprewion BohlmdyEdE st eaneldiir)/SadRaihage orlby sOBtifases, a
sol der pre-formis provided and pl aced between the seal rings of the MEMS

die and tbgithEaRackReRt prodesk P LiGhAsk MheSBahd BRIMYETtheNMEMS &ie Enddthe

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

bondi ng ChifEaR§ palkfydids BREEARRATBYelferiPLBidefitis bht&did BofdingS' N9
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
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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 bonding chanber. Heat may be applied to the MEMS di.e and/or MEMS
package, S BHex TR MEMS Paskages of C?f?éér&,d IR e e Rrowdeddn thee- f or m
and/ or preEare_the MEMS package for therno-conpression bonding with the

MEMS di e. pRredinshrha@bgrndleasimaay Bp@ppliedtedheMEME diersddios Belp form
the die bond, creating a hermtically seal ed chanber with the MEMS device

t her ei n anpackags, rsiosagtiyes vt tapltheadyarhich oty melt the \@iBr paekfagm bond
pads. The chanber may then be cool ed and vented. Brief Description of the

Dr awi ng [ Pand/driprepagyertbe MEMS paskagenbdi thermus<osgues sival bendimguwithy the an
illustrative MEMS die, solder pre-formand MEMS package; [Para 12] Figure 2

i's schemat MEM®gievi Ehe obolt eadViddy albe appdyt firte po ehé MEMS diado Mgy foankage of
Figure 1, [Para 13] Figure 3 is a schematic cross-sectional side view of the

illTustratiye didEiéndl @eaﬁﬁ?dﬁhelﬁﬁﬂ'rcfaﬂyfﬁbal&@l MNvEb Pe@ithos OMEMDdEREe 1- 2
after assenbly; [Para T 4] Figure 4 is a schematic cross-sectional side

vi ew of anfﬁ%asrn_ and eWkFiddiy EoMdBeditRe BINSIdPIE HOMEMD B2l e%ﬁ) Paﬁhage;

and [ Para Figure 5 i1s a schematic cross-sectional side vi yet

another  NeMg dirfie HAhAlSdr Mg theh 'BeABbItE RdRRmtage-

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.
5



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
i nvention. 5 Although exanples of construction, dinmensions, and materials
are illustrated for the various elenents, those skilled in the art wll

recogni ze t\hat I r Qyi ave ,sui rnat.ives
that ey b Ssmplear EEI R B KEGR R ENIF 7 LIRS C
as MEMS gyr.osgopes..an MBS = accel er,0 ers, i1s. s ifically. discussed, it
Shoul d be’ (AL Yauaus Rlaments: Edasrs QRS B ag BpORifiecoBRiad HiIRARLE! theo
e e net neRriAeLbF Sk e R RBA7 S BBl S AR Bl "
m crobol onet ers, and/or_any other suitable device (MEMS or n M& as
desired. [ FaRricatign R@Wﬁ'ﬁ’&rﬁéhﬁ%"!ﬁqfﬁéu%ai,MEMSiQYIreé‘E%&Si M®d of
packaging a MEMS device will now be described. The illustrative nethod
begi ns wi t BCgelerorsetass insppeibicaly discyssehet gheuldjbasingerstosoihat she 10, and
I n the enbodi nent shown, having a MEMS gyroscope device 11 secured to a
substrat e fabricdEidh stppscybprpctures desenbedd bdrein carseutitiged dn thespl acenent
or novenent. In many cases, MEMS gyroscopes includes two proof masses that

ar e suspengadkagihgwsf atheuhgpesabeMEMiddevieedsustens elettosiatiataictadtbys, 180 out
of phase along a drive plane. A lower sense plate is often provided under

each of thegpHegloknsafsREswitehésreliy agitihes) michebslobsdtesd, eand/or ddlasther

deflections in the positions of the proof nasses caused by rotation or

angul ar di sgitasREsVic©{MERS Y& CP8esired.
[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 piate.
(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
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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 supported by a 6 support structure 16. In_sone cases, the MEMS gyroscope
11 may be FHBROBYSIruiers héeninniaige £ases.itheMEMbavrascopre ht m@ssaretm@%/e Wi ch
is bonded to a glass (e.g. PyrexTM substrate 12. |n sone cases, the gl ass
substrat e MicFpachiqingia siigrn subsibite, phe resuleal whidh is hgeded tpatglass m f or
exanpl e, | ower sense plates 22 and well as I/O traces. This, however, is
only il usfe.gt Pyrex™¥heubstriage 12ornsomecases ibe alass NEntratiee 21 haydnchilerade
fromany nunber of materials or material systens including, for exanple,
quartz, sibhear,mgad patterned setablayeethmfoum fol esanplydoeer asysoplaes
suitable material. It should also be understood that other types of MEMS or
ot her devi eesar(dewell aaClg Sl wace®et This, hoaleeet, 19 oindy illusacitival and,it ppt i cal

| enses, RF switches, relay switches, mcroboloneters, etc.) can be packaged

i N accor dapggrethblatéd eh A BREMEMSI dI¥ QT iy, bédmadRsirbAflany Rahdbdrdf The
illustrative MEVS die 10 includes a nunber of bond pads 26. The bond pads

26 are el eplfbRals! or ﬁﬁﬂé?‘?élﬁéé@térﬂ?tinélbﬂ ,rngz eﬁgrgtp%,t&warwﬁ'\éﬁziéﬁﬂ,igﬂp&h and

in particular to one or nore sense plate€s , , one or nore proof nasses
20, and/ or ﬁﬁmﬁ?ﬁ r NENG i : lyr The
bond pads ?%teﬁ%e’ conngt:rﬁgga??/%lngzggggﬁ%??acest%ﬂﬁnrﬁﬁtg&f)aA', qf%'?&'gyaaﬁr% e, a

be understood that other types of MEMS or other devices (e.g. accelerometers,
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
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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 may be positioned outside
of patterned seal ring 32 (see Figure 2). [Para 20] Each bond pad 26 nay

i nclude a protrusion of material such as gold or lead or any material or
conbi nation of materials suitable to pronote the formation of an electrica
connecti on between the bqnd pad on the MEMS dig , 10 and the correspondi ng
bond pad oAt H TR A5 R fimt Ber sPIGblYFT Bbnabbe s PlFany o
protrusion may be a solid |layer or,may be a plurality of bunps or

concent ri cPH Or LANFRIUFIC .gs['lgér%?sﬂyffil n some enbodi nents, the MEMS die 10
may al so ipclude a patterned seal rjng 32. The patterned seal ring 32 may
be formed HRArA ddhpsrmeoambedinants itae MMy died Osiay abiQ indigeaqasterngdn a
sol dering process is used to bond the MEMS die 10 to the MEMS package 14

al ong the sealiring 3@. 3bhe pateseed sealning 32 may becfaraesl by ardequisition @id, tin,
al umi num platinumor other suitable naterials or conmbination of materials
sui t abl e f oratpriavodotherasujadde tethriigge. Wheraa sofdarindprocdsdds usell tocaorsk, i f
t he sealing nmechani smdoes not rely on solder, the patterned seal ring 32
may be madthd MEMSdib T 0eoahe MENMS paakage 14nalgngahelseapriagi 3B dhatseal FingFor
exanple, a glass frit seal nmay be used along the seal ring 32 to bond and

seal the MEDMBngy belbate fidra Jéi¥Beads kingalukdinurpaplatimdnorothér higatMeMs di e
10 and/or MEMS package 14 include ceramic or the |I|ike. In another exanple,

}[’moe?hg R/Eﬁféimeﬁﬂ@mre&ﬁhﬁfha@mﬂéﬂﬂiaﬂérwggﬁitiaﬁle f@r%dv%ih?"&jgbbé wWéetfagdi e 10
package 14 along the seal ring 32, the seal ring 32 nmay include
a bondi ng pwfirged for SHECLbiasr. 98 Loupdd, Yethe $&fthg ethanism 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 sea! 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
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alum num or the like, which after sufficient heat and pressure are applied,
will formthe desired therno-conpression bond. [Para 221 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
particul arly robust when, for exanple, resistance melding Is used to bond

the MEMS die, 10 to the a 4 al o t he Para 23]
The il | ust PAPEES R/Eﬂﬁep‘&@%’%diﬂa@%&%ﬁw g—'@i‘r%f Mﬁﬁﬁc‘fl i gb pads 28
and/or 28a.that are c nf| ured to e ration with or 8 ot se
mate with rahigse ﬁeFolmd gRd w@ﬁsargq\ ?8&@"6@ qteally Fpnaesiad wik

enbodi nment, bond pads 28 and 28a are electrically connected with |eads 30,
whi ch per leaClSh%O.I\)EIVShp%'IU&@éhQMEMS W@C&mé&tt@obq 60'&n¢<'e¥ﬁ§ép a [rgenit, such
as to bond pads on a printed circuit board (not shown). can be seen in

Fi gure 3, tcheultesdeh 36 tadpnsepadoohdeprioted tiseyis bmarthﬁmbteshcam) alfevean bae
MEMS die 10 after final assenbly so that the | eads 30 can be used to nount
t he resul t iseen paficage Hithededgs 80trnap berprovitedwon irisgrbdarahd extand aboye
package or other structure, as desired. Alternatively, and as shown in

Figure 5, theMEMSidie B0 afteedihalaissexibindo ahavehe lead VBEcah belibed to miviuein
case a hole, recess or other suitable structure nay be provided in the

printed W thégeditahg patihyé diktipy draekapAnedd @idveg bohFdiCinule-dHip JreRagedat e
the MEMS die 10, orga ralged ri ?\g or otgher st rﬁtﬁg{ure may exteng up ??gmthe

e Vene PO eu 44 ene wackaanar, gt sk OstoRTD0,

fromany nymRr3g 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, muiti-
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
during operation and/or fabrication. [Para 25]As noted above, the MEMS

package 14 | fi~0 be in
Pagi atrat; SRSt It Séﬁéﬁdr rigesbielfart SranEmMmAS L 16 YUEE o ne
ring 34 ma or ned r b d usin echni ques
Gl Cabl et NS ARUIER] L6 Flflke Bl iRt My Beps8Villeg of iar%r%% ,be

el ectricall |sola d from bond pad d | eads 30. Par The

package. 14 HRGATHE Pddy O GRFRS SHIaNIE AuEREa SHC) BSptiRe] 6r0bS MENSoh | s
adapted to rece| ve art of the IVEIVB die 10, such as the NMENS device 1 1
(see Fi gur device I .gdhegetter may hecdenasitedaising spustaringhdesistivehe cavity 33
or on another suitable surface such as structure 16 of the MEM5S device 11.
The gett er enagonéiome gobeaarevanargtiepartahenguitable depasdtionagnigueand e- beam
evaporation or other suitable deposition technique and nay be nade from

zi rconi um may baimage fromozjrcoohaht titaraliay, rost cabmali,uealciummostramiium,

conbi nati ons thereof or other suitable getter material. The getter may be

sel ect ed t chetiem, combyinations bhe@of ovrothét switabiibeyegtranaterialci Tad gelttéo
outgas into the cavity 33, such as water vapor, oxygen, carbon nonoxide,

531000 Copiihe selectsty EU b oot af Oamesgess dipagd o
pre-form 3g,Egas o thé Rdvit 330LER RYWhtkP vRBSE, iR nS @atbdn RAssn3ddand 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 soider 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 ment, solder pre-form36 is a solder |ayer deposited

onto MEMS package 14 or MEMS die 10 using deposition or other suitable
technique. [Para 28] Figure 2 is schematic viem/depicting the top of the

VEMS k 1 36
of Fi gﬁ?eaﬁf‘araéé Fsro\fa Qﬂta;?dg}j f)rstmu % sea &SF%EQ%%nﬁ@B%%yrggagh%%ma

h I it . t I
G ng  SrRBEBLIAIES ORISR LAEELR, Y Lol SRRl S 55
d d h th t t i ]|

Tt duri nitrs boBAthd ERtmpEr At 3o %erof?f%”twié‘ 35 %%ﬁf?@&??%hggaﬁgm%en

t he MEMS d d. th ka .. 10 [Para 29], W I ' d
e ot nads e BBSiatof T MERE ka1 4 MY b SRAAS! PAVREDEITEING ho. MENE
package 14 may be picked and placed into a bonding charrti@Ir and a sol der
pre- f or m 38hAEYTBEIStaHiQY (8. 4HAO RAtERYN "3&09'1%{9"}3(% 3NYoRthsyr siia I\EI\/S package

14 may be sensed or verified usmg phot o- I’Sgl stration (edg usi ng pattern
recogni ti otgchaiqudyasodesreduitMbMe diedéhmayusendie pickedeand plageds die 10 may

then be picked and placed, sonetinmes using a flipper station to first flip
the VEMS dsemblinses usiag a FippeENBatish de fost fllethNeEMEMS diel 00 fsacthmt the MEMS
package 14. A tool may be provided to pick up the MEVMS die 10 fromthe back
si de. The Bid¥ofdihe MEMSadiebld) farestthe MEMS tpaickdgé @ 49. Auebhmayddd pravided
recognition) for placenent accuracy, if
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 30] When so provided, heat may be applied, sometimes via the tooi, 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 picked.
[ Para 30] When so provided, heat nay be applied, sonetines via the tool, to
melt the sol der perform and/or prepare the MEMS die 10 and/ or MEMS package
14 for bonding. The NENB die 10 may in sone cases be kept at a | ower

t enper at ur Si g to ane rature as the MEMS
package 14 DackEEd 3t the bt The backhlad fef . "E%ﬁ).mexﬁf?srﬂ arm(y be
created in the di ng chanber. For exanpl ases ex ed from
t he bondi n@reWﬁbgth‘%sPWaéeéoﬁWotm E‘és\?géﬁalﬂ"droesé ”e Oy
controll ed vacuum pressure_my be, for exanple, 1 at m)sphere

at mospher e 10[Tedesst than ZQ’GWiGOH!P(BH?SS thadsSOREP *goxm 0-Forissme ap@ﬁsatﬂ%h 15x]
0-5 torr, or less than 10x10-5 torr. In sone cases, once the gases are

ext ract ed ﬁh@rhalchﬁﬂwmmlﬁ@asfﬁﬁﬂﬂwbe@b@UbﬂBPKﬂDe3 folert gasses may be

i ntroduced or otherw se 11 backfilled into the chanber. The backfiiled inert
gas(es) nmayPara 32] anVhe poaismay ¢heblringtheoMEMSadies] O iy érgdgmaenthaith10x10- 2
torr, less than 50x10-3 torr, less than 20x10-3 torr, or |ess than 50x10-4

torr. For shetMEM$Ipackigend, anthmapaphfy héadridyertpressiresio hely foenatheut
18x10-3 torr. [Para 32] The tool nmay then bring the MEMS die 10 into

engagenent suak betvdtd tHeMuab itk dhdléo sPAGitameo i Forrh edéctridl esnid@fmisre to
help formthe seal between the seal rings and to sinmultaneously form

el ectri cal b%ﬂﬂ@&?kbﬁ'é?ipoﬁéh\@esén@Waﬁg%ﬂﬁglMHVIBQHQ 1R28ksd the MEMYPEKEGE 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 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. Whiie 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 fornmed froma bondi ng
material such a

old, silvyer, lead,. ti al um nu r,the ljike. In some
enbodi ment A eETUBAMAHE SHEITENLFO T4ise sP4aEmBeTatuc f the Ronding mageR! s
either gold or alumnum |n other i S, onding. material, is
formed of dPfd KBRErAHER QF?aéFthﬁrPéﬁngg?ﬁ%oﬁB%Bg ‘F‘?ﬂ*@@s RSt ¢Rsiregk In
appl i ed between the MEMS die 10 and the MEMS package 14 which is sufficient
to secure t¥ENYEMERSIitRE RPNdopatie mavERSthaimQmf@MREressiansbended g aceprdancan be
any useful force such as, for exanple, at |east 25,000 kg force, or 50,000
kg force, ovithoo-pendiog ¥&r PetgrirAppligatioat Sarial g¥anm &8 28846 nijlathiune 28, used
for all bond pads. Wile the bonding force is applied, the bonding nmaterial
may be heat204 anfd entitied tMethialls amd feparatug RdreAtv&dBndiA Di€ TooAt he MEMS
package 14. The heat can be 12 any useful anmount sufficient to raise the

t enper at ur Subktriabe’, dvidh mginoatrporaakd Hepeid bergfereriaer e greater than 300, 350,
450, or 500 degrees C, as desired. In sone cases, the bond pads nay be

t her no- conmjpgas3sin bofdedrie) crhensdidasie egiibmene-apandchfidues mEgibRNised
Application Serial No. 10/878.845, filed June 28, 2004, and entitled

"Met hods ang peRagatHe MEMS el ren MO For Bkmple,/ RHRED S 8nbeV&/bé S

i ncor porated herein by reference.
provided that flips the MEMS die 10 over to the MEMS package 14.
Alternatively, or in addition, the entire process may take piface 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 nmultiple MEMS die 10 may be sinultaneously bonded to multiple
correspondi ng MEMS packages 14, as desired. It is also contenplated that
the operability of the MEMS device may be verified prior to or after the
MEMS di e and the MEMS package are secured together. [Para 36] Having thus
described the several enbodinments of the present invention, those of skil
inthe art will readily appreci aWdathist claimgd i8nbodi ments may be made and
used which fall within the scope of the clainms attached hereto. Numerous
advant ages of the i nfemettnd ebpeckaping a MEMS dpydcaesempesidcmnsteps dforth in
the foregoing description. It wll be wunderstood that this disclosure is,
in many respect prownling al MEMS rdie ihagingCh MdS devigg anel bhoaod padsddisposed
particularly in matters of shape, size and arrangenent of parts wthout
exceedi ng therepeppe of the invention. 13 Wiat is clained is: 1. A nmethod of
packagi ng a MEMS device, conprising the steps of: providing a MEMS die
having a MEMS dpvdvidirand MEMS paelage hapieged reddssragrenbond Paddi digpasddENVS
package having a recess and bond pads di sposed adjacent to the recess;
positioningdkﬁgnpgysh@h@cgygr t he MEMS package aligning the MEVMS devi ce of
the MEMS diewth the recess of the MEMS

positioning the MEMS die over the MEMS package

aligning 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 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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package, and aligning at |east sonme of the bond pads of the MEVMS 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 environnment therein;
and sealing the MEMS di e and MEMS package together along a ring to forma
package having a hermtically sealed interior chanber that includes the MEMS
device, as well as formng electrical connections between sel ected bond pads
of the MEMS die with selected bond pads of the MEMS package. 2. The net hod
of claim1l wherein the step of sealing further conprises the step of

forming the hergitic hé%%ﬁ%iu BheS heww%%rso%ﬁgpﬁcreh@gg 24 ey

pressure. 3. Th er —conprisi

provi di ng sol d f and aci the $9 | der or m bet wee

NENS di aﬁﬂﬂpﬁea ana figfler £m ﬁﬁngﬁﬁe PraRind el HbPRETUET SErae T 5
wherein the | der Pre form haﬁ a nmelti ng terrperature and further

conpri si ngSPKETATER Y MEITRG BRWSEA M Bre of the solder pre-formto
the nelting terrperature. 5 The met hod of claim1, further conprising the
step of verifying the operability of the MEMS device prior to the step of
sealing the MEMS package and the MEMS die together. 6. The nethod of claim
1, further conpbisinthe metbedpfaiaioedi fyrither cmpremﬁnﬁstwf)vemﬁymgm
device electronically subsequent to the step of sealing the MEMS package
and the MEbPeribeli theeMEMS device prior to the step of sealing the MEMS package

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 soider 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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7. The nethod of claim3, wherein the MEMS die includes a seal ring, and

t he MEMS package includes 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
sol der pre-form 8. The nethod of claim1, further conprising the step of
providing a getter in the hernetically sealed interior chanber. 9. The

met hod of claim 1, further conprising the steps of placing the MEMS package
into a bonding chanber, and photo registering the MEMS package subseguent
to placing the NMEVS Theatesed ph @lﬁ”frhbVb“aﬂfeim@ecﬁamrmsmlmmtherwwm%mﬂ)d of
claim1l wherein the step of inserting the MEMS die and MEMS package into

t he chanbeand MEMS pagkags itedherrbambgr furthaeygoumpiises thensteprRinecupting

reduced pressure and then at |east partially backflllln? the chanber with
an inert gthe chanber to a reduced pressure and then at least partially backfilling the

chamber with an inert gas.
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