A packagi ng net hod for MEMS devi ces, and MEMS packages

produced using the nethod Field of the invention The
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MEMS devi ces, and MEMS packages produced using the

met hod. The term "MEMS package" is used in this

docunent to inply a package including at |east one

MEMS devi ce. Background of Invention

M cr oel ectro- nechani cal systens (MEMS) devices are

known whi ch convert physical phenonena, such as

pressure, acceleration, sound, or light, into

s, produced

or @g,né Q@;ne‘@%@ cust om packagl g sol uti ons. Socal | ed

system1n-package techniques attenpt to forman entire

m crosystem - which coul d i nclude a m croprocessor,
co onents, actuators and sensors -

within a single package. However, packagi ng of a MEMS

de I [ I : .
o8 ol et RS o BB RN AP MENS devices, and
5d| fMEMSpatkages Prodiespl tising fthe irgtheaa heURARTBNERIS package” is
pr ocessi ng% t echnol ogj es., Packag |ng I's the biggest
chal!ﬂeéhgb 'Flérd@wmﬁﬂbt%umlhgﬁ P3§ a%wsclédmgc@é least one MEMS
I\/EI\@\&F(%A ce mght function perfectly well in the
controlled environnent in which it was created.
However, the device can be a real viable product only
af tBackgrourad obkwenfiasckaged with proven perfornmance in
a package. For exanple, the packagi ng stress can
di stort the sensitivity and the performance of the
10¥Fpﬁggﬁggﬁmé@%16§‘éy§%é IMENRS diRhddsdre KIR@APhRich convert
physical phenomena, such as pressure, acceleration, sound, or light, into

electrical signals. Each type of MEMS device interacts with the world in a

different way, and demands custom or af least semi-custom packaging

solutions. So called system-in-package techniques attempt to form an entire
15 microsystem — which could include a microprocessor, communications

~ components, actuators and sensors — within a single package. However,

packaging of a MEMS device is totally different from packaging an integrated

circuit. MEMS devices are categorically different from ICs despite sharing

some fundamental processing technologies. Packaging is the biggest .

20 challenge for commercializing most MEMS devices.

A MEMS device might function perfectly well in the controlled environment in
which it was created. However, the device can be a real viable product only
after it has been packaged with proven performance in a package. For

25  example, the packaging stress can distort the sensitivity and the performance
of the MEMS devices. MEMS devices includ.e delicate movable structures,
which are easily damaged through fabrication and assembly processes. As



whi ch are easily damaged t hrough fabrication and

assenbly processes. Assuch, the assenbly yield of a
wokMsogmekage is often a challenging target toPOESG2005/000034

The packagi ng requirenents of MEMS devi ces are conpl ex

because the devices need to interact with the physica

phenonmenon and yet the devices need to be protected

fromthe environment. As such, oti ¢ package

structures with specialized assénhbly techni ques and

uni que packaging materials are enployed for NMENVS

devi ces. Packaging is usually responsible for at | east

60 percent of the cost of a MEMS device, and sonetines

as such ths a85emibhcyiald ofn VEMSBtpaskegs ésafter agdialierging target to

that a,l ow cost packaging solution with robust

ass@ﬁ%*y is needed to pronote the use of MEMS devi ces.

A variety of packages are known for packagi ng vari ous

MEMS products. Ref. [1] describes (for exanpl w'l)th
r ef #herpaskagingtreqrirgmesjs oLMEHS deiices %@@?Hﬁ’i%% geRyse the
s TO8 (or r .
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congaviees(for exanple with reference to its Fig. 1) IC
packages and
A variety of packages are known for packaging various MEMS products. Ref.
15  [1] describes (for example with reference to its Fig. 3) various metal
packages, such as TO8 (or round) headers, and butterfly and platform
packages. Metal packages provide good heat dissipation capability and
shielding of electrical radiation. The TO8 header is commonly fabricated from
Kovar alloy to reduce the thermo-mismatch between the packaging material

20 - and the silicon etched devices.

Ref. [2] describes (for example with reference to its Fig. 3) ceramic or LTCC

packages. These are low cost, high reliability, gastight and multi-layer

packaging architectures. An example of a ceramic package is an IR bolometer
25  which is produced at high processing temperature in a vacuum seal

environment.,

Ref. [3] compares (for example with reference to its Fig. 1) IC packages and
MEMS pressure sensor packages. Plastic/lead frame packages are
30 commonly employed in IC packaging and commonly classified as pre-molded



MEMS pressure sensor packages. Plastic/lead frane
packages are commonly enployed in | C packagi ng and

wa@ oonasdsys cl assi fied as pre-nol dedand post - nol BeD'SG2005/000034
packages. The difference between pre-nol ded and
post nol ded packages is that pre-nolded packages
conpri se a package body including a hollow cavity into
which the I1Cis placed and thenégovered with a sealing
cap, whereas in post-nolded pacKages the package body
is nol ded over the assenbly after the I C has been
attached. Both these alternatives apply also to MENS
devi ces. For exanple, a post-nolded package can be
useand ODS'l-lD@ldﬂd m@ge@agbecﬂlféweeb@ between pre-mdided and post-
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ex papsly AlsoMd MEMS ideatedNHol x@&hple, %Mfd&-ﬁhd)lbb@ kage can be
noi sture ingression. Wafer IeveI pack
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haspagiigensffarter loawcddtemckagingdptiohoHoveverndhe beqlaﬁe@ﬂ mold
the second wafer creates a protective silicon cap
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t hetref slastiohay estyspomi mbtohing ohtherabéxpemsioriwitarslizon and is
failure of the mcraostructure. US patent application
No. al@@@ﬁ@&@tﬂd@@mqsw.r%fngr%ﬁ'?nd. scl oses a MEMB
m cr ophone package in which a MEMS transducer el enent,
an | C die and ot her capacitor conponents are | ocated
1on Wdfer evehphdkagdiray gefs-,5p@8a miche method for MEMS packaging. It

involves an extra fabrication process where a micromachined wafer is bonded
to a second wafer which has appropriate cavities etched into it. Once bonded,
the second wafer creates a protective silicon cap over the micro-machine
structure. This method leaves the miérostructure free to move within a

20 vacuum or an inert gas atm’osbhere, The bond is hermetic and therefore

prevents moisture contamination and hence failure of the microstructure.

US patent application No. 2002/0102004 A1 (ref. [6]) discloses a MEMS -
microphone package in which a MEMS transducer element, an IC die and
25 other capacitor components are located on a first multi-layer FR4 PCB. A
second multi-layer FR4 PCB is used as a cover. The two FR4 boards are
spaced apart by a third FR4 board, which is cut to include a window which is
placed around the components on the first PCB. Thus, the three PCBs
cooperate to house and shield the transducer element, the IC die and other

30 capacitor components. Compared with plastic/lead frame packages, such a



second multi-layer FR4 PCB is used as a cover. The two

FR4 boards are spaced apart by a third FR4 board,
wobeoslsisss cut to include a wi ndow which is pl aeemsG2005/000034

around the conmponents on the first PCB. Thus, the

three PCBs cooperate to house and shield the

transducer elenent, the IC die and other capacitor

conmponents. Conpared with plastig/lead frame packages,

such apackage enabl es a | arger batch operation,

requires mnimal hard tooling and has better match of

thermal expansion with end user's PCB. Nevert hel ess,

the m xing of the transducer elenment, the IC die and
ot h@acl@@c@mah{eé adargsshaters operating, swiresmainieg) hard tooling and

S!Jbﬁéé %ﬁ«arsﬁialté ngf ﬁ%%%? &béﬁ%@‘%th%d U ﬁg?e :ﬂ%lyéﬁtheless
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elec roni ent on urt

pr oehep pMabdbE2giag keafesapr oduced using the nethod. In
general terms, the invention proposes that at |east

one MEMS device is nounted on a first flex substrate,

and ectroni c conponents (typically,

an sliftfthaitt 186 ARG IC (ASIC) and one or nore

passi ve conmponents) are nmounted on a second substrate.
TheThewpresdrtinegnitoraains teeprovisiena demeahdniseful! Ipackaging method to

g; ﬁ @gﬁgaw%ltl\zgm§%%%ﬁ9g§ yﬁ%”cﬁg'éﬁ?ﬁntg‘gg‘?@ghﬁ%%% and one or more

el egeet eleclitpictibsiifsat es sandw ch the spacer el enent,
the electrical connecting elenents, the MEMS device

and_the one or nore el ectronic conEonents bet ween
t hefhe invention further aims to provide MEMS packages produced using the

method.

In general terms, the invention proposes that at least one MEMS device is
15 mounted on a first flex substrate, and that one of more electronic components
(typically, an application specific IC (ASIC) and one or more passive
components) are mounted on a ‘second substrate. The two substrates are
then joined mechanically in parallel with a spacer element between them and
connected electrically by electrical connecting elements. The substrates
20 sandwich the spacer element, the electrical connecting elements, the MEMS

device and the one or more electronic components between them.

Since the MEMS device and the set of one or more electranic compaonents
are located on different respective substrates, the process of mounting the
MEMS device onto its substrate is performed separately from the process for
25 mounting the electronic components onto their substrate. This has several

advantages.



Since the MEMS device and the set of one or nore
el ectronic conponents are |ocated on different

WO e@pmeiseye substrates, the process of nounti NBCT/RE2005/000034
MEMS device onto its substrate is perforned separately
fromthe process for nmounting the electronic
conponents onto their substrate. This has severa
advantages. Firstly, this allows ghe respective
nounti ng process on each of the Substrates to be
performed by people and equi pnent specialized in the
respective fleld of assenbly. This maxi m zes the

yi el st ructure constraints and all ows

sta éfémﬂl’a%fsoﬁ & BysheslivpimouUNibarrecess egreadmef the substrates
t og STyl
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¢ he 2P CSIFAOAT BIRCERSSREIS B83ATRBY. belore diiagsatng together. This
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for formngICpac ages. I
assenbly yield, its abil |ty to eI i m nate probe marks
by Becendly, theeet af eledieanic comiponests eanite npuatédion the second

co S Hiats by 2teRpRELGE iR B ot iake intere @it he dgtieate nature of
| t sMENMBateviddsy Forewam e, émaér:ﬁgaﬁtt%mmb@ﬁg&%g | 25 98 intercorinect

suitable for packaging in th eTpresence o
devrr@éh%éo& tprmirg Ucepagkagesx Tainlis tige rtositalbigh aBsembly yield, its

DB A T 5 B 84 4 revorcn
resaﬁemaﬁmmblyt ltereletirieal etdbngy,PRs fe‘é%%fcﬁc&frﬁgl\gld@%nt with a

devi ce, or deteriorate the assenbl
devFelEaligrangak effeet, tand 6 geliabiliyn\However, thiserobest pfocess is not

el e u the.segond .
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MVEMENd i Ireﬁddetﬁszlmgeﬁékmeg wRitddsythavriytindlge BRUBILAA stiction and
on the second
15 # cts the performance of the MEMS device. Its residue may either cripple
the performance of the MEMS device, or deteriorate the assembly yield of

MEMS devices.

Since, in the present 'invenﬁon, the set of electrical components cah be
mounted on the second substrate in the absence of the MEMS device, and

20 the MEMS device does not subsequently have to be mounted on the second
substrate, this problem is removed. This allows a standard SMT process to be
used for mounting the ASIC and passive devices which reduces the cost
significantly without affecting the MEMS device. A more delicate MEMS
packaging technique can still be used for mounting the MEMS device on the

25 first substrate before integrating the two substrates together. Thus, this eases
assembly and rework, and improves the assembly yield SIgnlflcantly
Therefore, it lowers the MEMS packaging cost significantly.



substrate, this problemis renoved. This allows a

standard SMI process to be used for nounting the ASIC
wa@pahepss®3s ve devi ces whi ch reduces the cost PCT/SG2005/000034

significantly without affecting the MEMS device. A

nore del i cate MEMS packagi ng techni que can still be

used for nounting the MEMS device on the first

substrate before integrating thextwo substrates

together. Thus, this eases assenbly and rework, and

I mproves the assenbly yield significantly. Therefore,

it lowers the MEMS packagi ng cost significantly. As

T herasationsd haavine MEMSHice s raoHies aoa e fubieaete, a torm
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| ower than, for exanple, |n t he package of ref. [6]

slesenbiedy ?rﬁt-géﬁas th-Q?QF\e 'c‘é)stsi Ff Fkﬁﬁﬁ:n{g tHeBatkdRE are lower than, for

4-1 ayer” FR4 boards of ref east one s
r epkezarlehyin ahelpacklagge)f ref:ufﬁ desaibas aboee.nlindieis, it place of the

G} naBe ey o on e O T 1y BASY G3F 5 RpRRHY  flex taver.

the first substrate and no drilling of it need be

per FaftABEmorfel rthBerimber ofi pieeedsdd ﬁéedié’d’ a6 dpt@dhbénﬂh@f package is
than a FR4 board, the package hei i s reduced

th| reduesd, ingevinasomparisan u@eaaclgRévB@B MR tRetteraing, of the first

O SREFRER Hclo b nD 7F, AdAEDE Pofathbdey © Cuce the

stress on the m crophone and ease selection of die

at t gghthemherd, adisce lanflerdayert i thiposisthdre af BR4t beard, the package
second substrate al so to be formsd froma flex

subBeidht is redCaA; crnickRess ARl g nymsCaadAbhig¥edmy
be doubly applicable. Note that the m ddl e adhesive

tapgASHAGrd, e bidstinch! Pt HBR SUBLFR2ARit¥ 398w modulus makes the

package more flexible. This may reduce the stress on the microphone and
15  ease selection of die attach materials.

Indeed, it is possible for the second substrate also to be formed from a flex

substrate, in which case these various advantages may be doubly applicable.

Note that the middle adhesive tape inside the first flex substrate has good
adhesion to Cu foils. The adhesive tape may be given a second usé: to
20 project across an aperture in the first substrate and thus as an environmental
protection layer. In this configuration it also reduces burrs produced at the

aperture by processing of the flex substrate.

The two substrates may be spaced apart by a conductive spacer element
having a window which, in the final package, surrounds the regions of the
25 substrates carrying the MEMS device and the set of electrical components.

This conductive body and the metal layers on the two substrates together



adhesion to Cu foils. The adhesive tape may be given a

second use: to project across an aperture in the first
wanssme® and t hus as an environnental protecPCDRG2005/000034

layer. In this configuration it also reduces burrs

produced at the aperture by processing of the flex

substrate. The two substrates may be spaced apart by a

conductive spacer el enent having,a w ndow which, in

the final package, surrounds the regions of the

substrates carrying the MEMS device and the set of

el ectrical conponents. This conductive body and the

nmetal | ayers on the twy substrates togetherprovide a
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Description of The Figures Preferred features of the
invention wll now be described, for the sake of

i 11 ' ol AFTHM erence to the follow ng

Sfi gﬁ;ﬁ%fsglﬁ t%éﬂ- F I}§§ ich is conposed of Figs.

1(a) to 1éd), shows how el ectronic conmponents are

mouRtaferred featsdssofr thednventmmewiitrepw bé desprbsddonthe sake of

met .ho ich.s enbodi nent - of  the inventjon:  Fig.

e QRSB cSreBRred BotheSougwing iuess nnbigb: Sow

a MEMS dejyi éewl L ex t g :
anot her Eptgég’ gpﬁ:gqgg?m%g %ﬁ'?ﬁ‘d@%?ﬁi@ggf?% figw electronic
enberimpenentsfare neountied oni aaubstraje i3 one skep of a packaging method

cross-sectional view shgw ng how the substrates of
105 g@ﬁ'cﬁ %A eﬁ%q%n]e&t ﬁ’g & @%PBﬁ%a MEMS package whi ch
is an enbgdpNRRAichds cbthdsRUeBHHigs): 2(Bi i
cr oss-_sep?i onal vi ev(\)/ g@ a secor% eZéE?)g)I %@I)I'I%O Stﬂ%‘”a MEMS
i nvégMi¢eis; mounted on a flex substrate in another step of a packaging method

which is a first embodiment of the invention:

Fig. 3is a cross-sectional view showing how the substrates of Figsi 1
15 and 2 are joined to form a MEMS package which is an embodiment of the
invention; '
Fig. 4 is a cross-sectional view of a second embodiment of the
invention; .
Fig. 5 shows an assembly process for forming the first embodiment of
20 the invention;
Fig. 6 shows a surface mount assembly application for the first
embodiment of the invention; ,
Fig. 7 shows an economic layout of the substrate housing the
electronics in batch processing for the first embodiment of the invention; and
25 FFig. 8, which is composed of Figs. 8(a) and 8(b), shows an individual
substrate housing the electronics as well as the spacer element after
substrate dicing. | |



Fig. 5 shows an assenbly process for formng the first

enbodi nent of the invention; Fig. 6 shows a surface
wonwaswssenbl y application for the first enboRdCTeG2008MH00034

the invention; Fig. 7 shows an econonic |ayout of the

substrate housing the el ectronics in batch processing

for the first enbodi nent of the invention; and Fig. 8,

which is conposed of Figs. 8(a)gand 8(b), shows an

i ndi vi dual substrate housing the el ectronics as wel |

as the spacer elenment after substrate dicing.Detailed

Description of the enbodi nents A first enbodi nent of

t he |nvent|on wi | | nOM/be d scrlbed with reference to

ot 3 £ Shereteness, this

partlcular enbodlnent |s |Ilustrated with a MEMS

m cr ophone devi ce. However, the invention is not

i W ﬂreﬂembodtnhentrcsfstpemwemind wiﬁmrpv\ob@ desaiipgd withirefesence to

f th f k h
VERISS AP Holrdhe S8k ok coffretaiasaotme pottdhlar aBE3uGlent is
5 gyﬁl%ﬁgfgﬂ- R‘H% l\?IEMJE? mi€fo ghﬂ%%v@ﬁd@@v&%e\ﬁm@ﬁldﬁé not

epropose int ut ur Referrlngflrst’lyto Fig.
1, limitetirinthis respectsaimavmany athec applicatishg of thenhveatien exist, for

f RF fil
ool oo R o B b
1(BhcsBRMefRry, %o’gé‘%n@% &n) ®akssd I\I{EMBCHES\}“@S which may

mount ed componert s i's a cross-sectional
vi be praposed Ini the fatuse. i n Flg 1(b). Fig. 1(c) is a
cross-sectional viewin the line B-B in Fig. 1(b).

10Flg 1(d) shows the reverse side of the board fromthe
vi Wéfé’lfrlnﬁ' fisthlfdFig. Tha shidetreas hdwhas wingtoen ASIYJET and passive
9, 11 on7its two mmjor faces, and three vias, pla
andopipagests ase gntapaditpys for RE sisshiltaring) ammur&gd On an FR4

| ak[))%lnlc echnrcu;t board 5. Fig. 1(b) shows a view of the board looking toward the

mounted components. Fig. 1(a) is a.cross-sectional view in the line A-A’in
15  Fig. 1(b). Fig. 1(c) is a cross-sectional view in the fine B-B’ in Fig. 1(b). Fig.
1(d) shows the reverse side of the board from the view of Fig. 1(b).

The FR4 board 5 has copper layers 9, 11 on its two major faces, and three
vias, plated and plugged as inter |éyer interconnects. The vias labelled Vce
20 and Vout in Fig. 1(d) connect signals Vcc and Vout to respective circuitry
paths on the upper surface of the board 5, also labelled Vcc and Vout. The
another via 13 connects the Gnd signal on layer 9 to layer 11. The vias are
connected on the lower surface of the board 5 to LGA pads 7 (plated with
Ni/Au, that is nickel, gold or an alloy. of the two) through the routing trace.
25 These pads 7 are later connected to an external printed circuit board (as
described below) for communication of the signals Gnd, Vce and Vout.

Layer 11 carries a peripheral layer 15 of thin plated Ni/Au. This layer allows a
ring-like spacer 17 to.be soldered onto this plated layer 15. The spacer can be

30 either a metal frame, a solder preform or a metal plated plastic frame.



and Vout in Fig. 1(d) connect signals Vcc and Vout to

respective circuitry paths on the upper surface of the
whoaeds$B2s al so | abel | ed Vcc and Vout. The anot PET/SG20@5/000034

13 connects the Gid signal on layer 9 to layer 11. The

vias are connected on the |ower surface of the board 5

to LGA pads 7 (plated with Ni/Au, that is nickel, gold

or an alloy of the two) through dghe routing trace.

These pads 7 are | ater connected to an external

printed circuit board (as described bel ow) for

communi cation of the signals Gid, Vcc and Vout. Layer

11 [ | pher fthln t dNi/ U,.
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g oget her through the via 13, and in use are connect ed
to a large which acts as a sink to shield t
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expl ai ne ater
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1Pr e?@hﬁﬁ@g%g%ﬂ)géﬁderﬂf l%’ee{::?ﬁ é@ bg%rglhgﬁfsf\ll\égéglﬂé\glbé Br soldering
or wwotatesspumding pads eepblwﬂemgubakdsteon the flex

substrate. A conventional SMI process is used to nount
the capacitors 3. As the ASICdie 1 includes a fewl/O

POfA%o%R/eﬁnéﬁélaéMYngMcéﬂ @%s‘éﬁttBWﬂo%tE’cHﬁ%ﬂf&?&é@h(&%sgthe ASIC

process can be use nount the ASIC c
act dieel metddisen fevel/Qgporiswat 4irelativelydangespitahe stamaliadd #ip, chip

1€ or PSSR aPR PR K BaHREBi A0ia SBR 1 iehdlipectiye gurface facing
Thi §o8 IEEBLY @S tHY Bd%rdi5), and with its electrical contacts contacting

corresponding electrical contacts on the substrate. This assembly technique is
commonly known as the flip chip technique. This approach minimizes the real
estate of the FR4 board 5 consumed, and thus minimizes‘ the packaging size

20 and hence saves on material cost. A solder mask layer is commonly applied
over the Cu surface to protect and isolate the Cu plane and circuitry. For
simplicity in drawing, - the solder mask 25 is only shown on backside of the
FR4 substrate in Fig 1.

25 Turning to Fig. 2, a flex assembly is shown including a flex substrate 31
formed of polymide. This flex substrate 31 has a much lower modulus
(typically 5 GPa) than the FR4 PCB (typically 25 GPa), and so offers stress
relaxation and minimizes the interaction of packaging stress or environmental
induced stress with a MEMS device 33 mounted on it. The flex substrate 31

30 includes an opening 35 (normally a circular or square shaped opening) that



commonly known as the flip chip technique. This

approach mnim zes the real estate of the FR4 board 5
wa@oms8®as and thus mnimzes the packagi ng siEP€T/aGzh05/000034

hence saves on material cost. A solder mask |ayer is

commonly applied over the Cu surface to protect and

isolate the Cu plane and circuitry. For sinplicity in

drawi ng, the solder mask 25 is ggly shown on backside

of the FR4 substrate in Fig 1 . Turning to Fig. 2, a

flex assenbly is shown including a flex substrate 3 1

fornmed of polynide. This flex substrate 3 1 has a nuch

Iome ically 5 GPa) than the F PCB .

(¢ y Bt Pyletalcull, Scdivste Bnsroblonmetsussionaleigovihthe MEMS

andqygiipgéezes the interaction of packaging stress or

envi ronnental induced stress with a MEMS device 33

nounted on it. The flex substrate 3 1 includes an

3 | h d .
opeAithds BAnE PSP RV eR e Hef bubbratd Bl SRnag aerasp the opening
Hr e35 4R hisol dHHRIES h GV!I Iayet B9 tYEAS stB¥trs 33 T}’t’t\xst g‘%eadhesive

adhesi ve | ayer 37 on the flex substrate 3 1 exten
acrl@ygr Bhdagpedualgises asaw@plmtwtladalermpmem dralfer eagironmental

o oG8 o A e MBS BB o
envineehariehiny Eﬂﬁéﬁlﬁglth@ Roief 35 Hﬁoﬂ?ﬁ%@bbﬁ@gde B %Eff?re laminating

structure in can be fabricaled by hani ca
punteRi (Gig 39héltﬁ613élve5\ lesebablation prpegssrianebg used é6 oerove the

t I bl at i
10,7 Rt B8 e aSi60V0E s e BidtnEhe gpx base
55 ¢cﬁé\81n©a§ébeth@dbbﬁ¢aabd avpe &%Hlﬁ%@EtandTr@%dc\)egé sible
core 3 1 eases the fabrication of the opening 3

r enfevlshieafihenessuhiusr adestingsthefpastarmancewfithe MEMS device 33.
affecting the performance of the MEMS device 33.
Alternatively, this adhesive |ayer 37 can be renoved

to thaﬂﬁelyfpﬂh% séinsgive \dyey 39fcdrse I\&N&«&ﬂ@ RoVide kidre
the source of the physical ghenonen
5  sensitivity of the MEMS device 33 to the source of the physical phenomenon
the MEMS device 33 is measuring. This can be achieved by mechanically
punching the opening 35 through both the substrate 31 and the adhesive
layer 37. Alternatively, the adhesive layer 37 can be omitted completely, so
that the Cu layer 39 is formed directly on the flex substrate 31 (so called
20 “adhesiveless flex substrate”), and then chemical etch or laser ablation can be

used to produce the opening 35 in the substrate 31.

Optionally, a protective soldermask layer 44 is formed over much of the Cu

layer 39. |
25

The MEMS device 33 is then attached to the flex substrate 31 with a non-

conductive adhesive 41. A low modulus adhesive would be preferred for

stress relaxation such as a silicone base adhesive. The MEMS device 33 is

then wire-bonded by wires 42 to fwo Ni/Au plated pads 47 and 49 formed on



the MEMS device 33 is neasuring. This can be achieved
by nmechani cally punchi ng the opening 35 through both

wWo b@ossdssirate 3 1 and the adhesive |ayer 37. PCT/SG2005/000034
Alternatively, the adhesive |layer 37 can be omtted
conpletely, so that the Cu layer 39 is forned directly
on the flex substrate 3 1 (so called "adhesivel ess
flex substrate"), and then chenycal etch or |aser
abl ati on can be used to produce the opening 35 in the
substrate 3 1. Optionally, a protective sol der mask
| ayer 44 is fornmed over nmuch of .the Cu | ayer 39. The
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as a silicone base adhesive. MEMS device 33 is

then wi re-bonded by wires 42 to two Ni/Au plated pads
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3 shows showthe flex asse
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¢ cSBRHIG | BSRR Fso e pf BRI SETHIRS B> GND pad s
t helgeetdrrieted tl*frou@le tiié eandudiiverspiaeeBtd thesperiphery of thB flex
or conductive_ adhe ., Jhus he. G\D pad, s al.so
coSHbealg Qherdl?gﬁu Aer é%agldcfh%é%%kﬁw Slpégﬁ'hg] and the Cu layer
10 per39QE§5@he?ffoﬁﬁ‘% Hdr8day Hgéé rfé\I EM%hleTchﬁg %é é%ﬁfbﬁsﬁion is shown
11 conductive spacer | ayer
t ogephme dvarma Iayé&ar%dalylcbme b&)a s[Merma@{ @If the. klrmh typically
|n%%|on .S shomn in place over a |ayer 25 which
oY@ GIEUtREsk of the kind typically formed over
CI rcwtry The mai n advantage of this architecture is
the isolation of the MEMS assenbly fromthe SMr
pr ammausadvardag@ ofthi$ archtitegbiraris thsf isplagionof theiMEMS

15t hy assembly from the SMT process used to form the structure of Fig. 1. This thus
allows each to be fabricated separately using specialist equipment and

personnel.

The package structure also offers further miniaturization feasibility. This is
20 because its thickness in the z-axis (i.e. the up-down direction in Fig. 3) is
reduced by the use of the flex substrate 31 which typically has a substrate

thickness of 0.1mm or smaller.

Turning to Fig. 4, the second embodiment of the invention-is shown. This is
25  generally similar to the first embodiment (and the samé reference numerals
are used to designate some corresponding items), but has the difference that
the MEMS device 33 includes electrical contact pads 51 on its surface which
faces away from the flex substrate 31. These pads 51 are connected via
solder balls 53 (or other conductive elements) to a conductive path formed on
30 the FR4 substrate 5. This makes the wires 42, and the electrical contacts 47



all ows each to be fabricated separately using
speci ali st equi pnent and . personnel. The package
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feasibility. This is because its thickness in the
z-axis (i.e. the up-down direction in Fig. 3) is
reduced by the use of the flex substrate 3 1 which
typically has a substrate thickypess of 0.1 nm or
smaller. Turning to Fig. 4, the second enbodi nent of
the invention is shown. This is generally simlar to
the first enbodi nent (and the sane reference nuneral s
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away fromthe flex substrate . These pads
corfierPrding!sol der bal |'s 53 (or ot her conductive
el enents) to a conductive path forned on the FR4
substrate 5. This makes the wires 42, and the
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30

be preformed solder, or solderable conductive material. Alternatively, the
conductive spacer 17 and the connecting element 23‘may be attached to the
flex substrate before mounting the MEMS device 33.

Fig. 5 shows the attachment of the flex assembly to the other assembly. This
attachment may be made by soldering or using a conductive adhesive.

Fig. 6 shows how, once the MEMS package is completed, it can be then
surface mounted onto a printed circuit board 59 in'a system product.

To further minimize the cost for the FR4 board, a number of vias on the FR4
board can be shared. This is illustrated in Fig 7, which shows an assembly
which is a variant of that of Fig. 1 and which is used to form a further
embodiment of the invention. Again, items of this embodiment corresbonding

to items of previous embodiments are given the same reference numerals.



surface nounted to the FR4 substrate which is
pre-printed with solder. As nentioned before in

WO edoatssest o Figs. 1 to 3, the connecting el enkar/SERB05/000034

may be prefornmed sol der, or sol derable conductive
material. Alternatively, the conductive spacer 17 and
the connecting elenent 23 nay be attached to the flex
substrate before nounting the MMS device 33. Fig. 5
shows the attachment of the flex assenbly to the other
assenbly. This attachnent may be made by sol dering or
usi ng a conductive adhesive. Fig. 6 shows how, once
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board, a nunber of vias on the FR4 board can be

shared. This is illustrated in Fig 7, which shows an
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frontside for electrical isolation. Furthernore, the

spacer elenent 17 is also designed differently, as

shown in Fig 8(b). The spacer el enment can be assenbl ed

on the F i: . . i dai 0.
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grounded for” EM shi el di ng. t hough only a few .
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. det ai s $ SO

sc%@g %ﬁkﬂ%ﬁ\?‘%bﬁgﬁp}agﬁbagﬁwﬁ\{%nﬁeﬁ% Mt it th B8 respect, and
conveniently two or more MEMS devices may be mounted on the flex

substrate 31.
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1. A MEMS package conprising: at |east one MEMS device
| ocated on a first flex substrate, and one of nore
el ectroni c conponents | ocated on a second substrate,
the two substrates being electriygally connected and
j oi ned nechanically in parallel, sandw ching between
them at | east one electrical connecting elenent, a
conductive spacer elenent, the at | east one MEMS
devi.ce and the one or nore el ectronic conponents. 2. A
paci;@éﬁaccordi ng to claim1 in which the conductive
spacer el enent has a w ndow surroundi ng the MEMS
device andENS pakae emmpristhgct roni ¢ conponents, the
conductive spacer elenent and conductive |ayers on the
two substrates together providing EM shielding of the
MVENB devat:l@aah@neﬁ(bc-l\dﬁéiawcqmpateéi Qe arfissh ftexcamssiedeand
3. A package according to claim1 or claim2 in which
one or r :
i re bondaof HEFR e tuBEbeds 1pAael i, 5L sibbirate
el ectrical connecting el enents being provided to
Srovi de theectwd c ssubstratkect ibeing atehecthiedliyeenoehectedi cahd  joined
contacts on, the flex substrate in el ectrjcal nt act .
wt (RCERENIBPI Th aiaeln GaBEMEbEb ReTHESTE heac o Teast one electrical
pr%rﬁ%ﬁﬁg BT CaNEbriRiREYE %tzo%ceﬂ-eleﬁnﬁﬁekcﬁae least one MEMS
i n which the

according to claiml or claim

devilervice angrthe esemrenore eleckoric@omparentsont act s
facing away fromthe flex substrate,

2. A package according to claim 1 in which the conductive spacer

10  element has a window surrounding the MEMS device and the one or more
electronic components, the conductive spacer element and conductive layers
on the two substrates fogether providing EMI shielding of the MEMS device
and the one or more electronic components. '

3. A package according to claim 1 or clairﬁ 2 in which one or more

15  electrical contacts of the MEMS device are wire bonded to the flex substrate,
the one or more electrical connecting elements being provided to provide
electrical conduction paths between electrical contacts on the flex substrate in
electrical contact with the wire bonds and corresponding contacts provided on
the second substrate.

20 4. A package according to claim 1 or claim 2 in which the MEMS device
comprises one or more electrical contacts facing away from the flex substrate,
the one or more electrical connecting elements being provided between the
one or more electrical contacts and corresponding contacts provided on the'

second substrate.



the one or nore electrical connecting el ements being
provi ded between the one or nore electrical contacts
wan@eossseespondi ng contacts provided on the seBONEG2005/000034
substrate. 5. A package according to any preceding
claimin which the conductive spacer elenent is
conposed of netal. 6. A package according to claim5
in which the conductive spacer qbenent is formed of Cu
and plated with nickel and gold 7. A package according
to any of clains 1 to 4 in which the conductive spacer
element is a plastic frane plated with nickel and
gold. 8. A package according to claim3 in which the

el et ri cAl padiagscacerydinigeifeany Pagecding diainpit ihichs the conductive

pac R e R PoPlss Bl G ol mi n wni ch the

second substrate is a FR4 printed circuit board or a

fl e8. subat packagenacdesding tn dlaisul Btinng/hichrithar chedctive spacer
and conductive layers on one or_both of its major
- sur elemant 13 formedyalickyd gadRidted ity nickehard gl edi ng

claimin which the flex substrate includes an aperture

ermtti pg '(ﬂla?ja LOR : I : ;
?hewenvi 'So%érlren eoé‘%%q?glggfﬁe %agﬁggaéﬁ%ﬁ.tsf p@@{ﬁ‘éﬁg% conductive
accspatiarglement &i arptbati€ tnantes platedrpith iiciel andagtiési ve

tape layer carried on the flex substrate and extendi ng

across the aperture. 12. A thod.af form a NS ,
pacgag_e fohf @%@m%ﬁw itﬂgCQ{m!%dEt ng?@ ﬂ%@t%{)p@econnec’ung
on élefﬁérﬁé ard 8idey %ét’fbﬁh&’ sAlBebIAdRESVE br RGE solder balls.

el ectroni ¢ conponents on a second substrate,

connecting the two substrates in parallel by joining
t he9subsfr paekage agcowhing doi aay spyecedingl eleimt in which the second

10° Ubg‘ﬁgsetl}a?é igaé]%z‘f mrﬂﬁeé%%&%ég}g%} Ig\eﬂex substrate comprising an

insulating laminar body and conductive layers on one or both of its major

surfaces.

10. A package according to any preceding claim in which the flex substrate
includes an aperture permitting interaction between the MEMS element and

15 the environment outside the package.

11. A package according to claim 10 further comprising an adhesive tape
layer carried on the flex substrate and extending across the aperture.

12. A method of forming a MEMS backage comprising:
mounting at least one MEMS device on a first flex substrate,
20 mounting one or moré electronic components on a second substrate,

connecting the two substrates in parallel by joining the substrates to a
conductive spacer element, the substrates sandwiching between them the
MEMS device, the conductive spacer element and the one or more electronic

components.



MEMS devi ce, the conductive spacer elenent and the one
or nore electronic conponents. 13. A nethod accordi ng

WO 2006/08382% 12 i n whi ch the conductive spacer el POERG2008800034
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a w ndow surroundi ng the MEMS device and the one or
nore el ectroni c conponents, the conductive spacer

el ement and conductive | ayers on the substrates

toget her providing EM shielding of the MEMS device
and the one or nore conponents. 14. A method according
to claim12 in which the conductive spacer elenment is
first connected to the second substrate, and

igb%i‘qu tIy o necte négof:rc]: n&l:rﬂ ! fl\«ﬁllcghq'lqtﬂ,é%n%uctlve spacer
Co%ﬁ%hf’ ﬁa§ Q\ﬁﬁd&}ve&ﬁfbgj ﬁbé tHeSY\/IE?MEnSQ\tn@Q érﬁi EH?—:eone or more
first flex su strate subsequently connect ed

t helaetitanicl cstmmneatse the&onAunhBtmsplae&ro&iemermg and aﬂmfuntlve layers
aim,1

of oot Putistiatgs R SlavidiBy ECsh B Lo BIVENS Rvice and

| NGhalBpe drahbid'€ombbReands bet ween one or nmor e
el ectrical contacts of the MEMS device and

cor r espondi ngmcont acts.on the flex substrate, and said
st d¢-. of Acormlﬁ d ragcording ules claimed 2i irc | whish Heovdomdugtive spacer

FomiaelE. & OB EohEel olF LBIEEL2aRFHER! "ot Slbscauenty

el e@hheRld t@qnbaﬁéﬁlemamaié ex substrate in
electrical contact with the wire bonds, and

correspondi ng contacts provided on the sec
sutslﬁ r athe. mefnoda agserdiag alec sl d 2 & cWBiCFh 1@ iGPNAHCEYe spacer

%J%?Et ﬂgcflr%‘? 8&%&#&?%"% Kirsfe S(b%hﬁ‘é{réfecaénd subsequently

ng away rromthe flex s tra
St g@nnected to the second substrate.

16. A method according to claim 12, claim 13, claim 14 or claim 15 in

which:

said step of mounting the MEMS device on the flex substrate includes
forming wire bonds between one or more electrical contacts of the MEMS

device and corresponding contacts on the flex substrate, and

' said step of connecting the substrates includes providing one or more
conductive interconnecting elements which form electrical conduction paths
between the electrical contacts on the flex substrate in electrical contact with
the wire bonds, and corresponding contacts provided on the second

substrate.

17. A method acéording td claim 12 in which the MEMS device comprises
one or more electrical contacts fécing away from the flex substrate, said step
of connecting the two substrates including providing conductive paths
between the one or more electrical contacts on the MEMS devices and

corresponding contacts provided on the second su.bstrate.



of connecting the two substrates including providing
conducti ve paths between the one or nore electrica

W@ obAasisss on t he MEMS devi ces and correspondi NBCT/SG2005/000034
contacts provided on the second substrate. 18. A nethod
according to claim 17 in which the conductive paths

are provided by solder balls. 19. A nethod according

to any of clainms 12 to 18 in mh'§h t he second

substrate conprises an insulating | am nar body and
conductive |l ayers provided on one or both of its nmjor
surfaces. 20. A nethod according to any of clains 12

to 19 further including form ng an aperture in the.
f1 eb8.subStnathed agcomdingethsdpiat ddr th whpigh the Handpetive paths are

fur I ] ovi di ng an adhesi ve tape on the :

fl eézjla@fjgbgbybés@rj%tg%&%he aperture and adhesive tape

bei ng positioned such that the adhesive tape extends

ovef9.t heA apethiodr accétdingAtarehiast aaimes dingp 1@ anwhidh the second

clains 12 to 2 1 in which the first and second .
subdibslels GRBPEYRM RN elsHIAtRT 1afBingReRodY RBASFORgictive layers
se ; ' j ody conpri si ng

i DA 2T 636 B bBiPoRR ot it eRTY it her

including a step, follow ng connection of the first

an®G ec dhdnathbd taczbeding ¢6 asiyraf wlaitrisnt tdvd Sfadhet inclugtinmg forming

t he indiyi dual ckage., 23. A nethod according to
cl AhPRug thgﬁl’ex&&%ggf& o the singulation step, the
second substrate is electrically connected to other

secpnd swbsdthal %_%c@ﬂﬂﬁg?“té‘ e 20 uRthieh mc%’c%% @go\\’lhfé‘rgaan adhesive

and during the singulati [ I Vi

a

) 1 ONn stepthe Vi as ar
| edapagoneiipecliéxiblevisabptyats, othe @apestued andt adhesiventape being

10° Ubﬁc’otsrit%n%%' such that the adhesive tape extends over the aperture.

22. A method according to any of claims 12 to 21 in which the first and
second substrates are connected at a time when at least the second substrate
is a portion of a body comprising multiple second substrates, the method
further including a step, following connection of the first and second

15  substrates, of singulating the body to form the individual package.

23. A method according to. claim 22 in which, prior to the singulation step,
the second substrate is electrically connected to other second substrates
contained within the body by vias, and during the singulation step the vias are

divided leaving respective via portions on each of the second substrates.



