A MEMS PACKAGEUSI NG FLEXI BLE SUBSTRATES, AND METHOD
THERECF BACKGROUND OF Tt E I NVENTION (1) Field of the
wo pooeitiden The invention relates to processes POI/1B2006/001966

packagi ng MEMS devi ces, and MEMS packages produced
using the nethod, and nore particularly, to a nethod
of packagi ng MEMS devices using a flexible, fol dable
substrate. (2) Description of the Related Art
M cro-el ectro-nmechani cal systens (MEMS) devices are
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pressure, acceleration, sound, or light, into
el ectrical signals. Each type of MEMS device interacts
with the world i n a different way, and demands custom
or al |east senPA¢StHHRPIRIEGHYMEGNKIObhs. So-cal | ed
systero-in-packags techniques attenpt to form an
entire mcrosystem - which could include a

' . comuni cati ons conponents, actuators
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a S0 M Rldegnoe for commercializing nost MEMS
devices. The term'' MEMS package" is used in ibis

docunent to inply a package

(2) Description of the Relate_d Art

Micro-electro-mechanical sysiems (MEMS) devices are known which 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 at least semi-
custom packaging solutions. So-called syster-in-package techniques attempt to form an entire
microsystem — which could include a microprocessor, commumications 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 diffevent from ICs despite sharing
some fundamwental processing technologies. Packaging is the biggest challenge for commercializing
most MEMS devices. The term “MEMS package” is used in this document to imply a package

tncluding at least one MEMS device.

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,



including at | east one MEMS device. A MEMS device
m ght function perfectly well in the controlled
wepwroossent in which it was created. However , PCTIEB2006/001966

device can be a real viable product only after it has
been packaged wi t hproven performance in a package. For
exanpl e, the packagi ng stress can distort the
sensitivity and the performance of the MEMS devi ces.

evi ces inclyde delicate novable structures which
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60 percent. of tine cost of a MEMS device, and
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recogni zed that a | ow cost packaging solution with
envirqupbaisds wchs exdsic yadksgerstretiest with speciatipedssaribly tedheiqofs avEMBque
devices, A variety of packages are known for packagi ng
packagipg metegalmﬂuﬂmd @Rfﬁ\@MS dfhr@eff ﬁmkéfdumsuusnﬂb fespgmpible for at least
oac i ng technol ogy"”, T. Hsieh et al,
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MEMS devices.

A variety of packages are known for packaging various MEMS products. “The introduction
of MEMS packaging technology™, by C. T. Hsich et al, Proceedings of the 4th Intemational

Svmposinm on Electronic Matetials and Packaging, 4-6 Dec, 2002, pp. 300-306, 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 TOS header is commontly fabricated ftom Kovar alloy to

reduce the thermo-mismatch between the packaging material and the silicon ctched devices.

“A pew approach for oplo-electronic/MEMS packaging” by R. Keusseyan et al,
8-31 May 2002, pp-

Proceedings of the S2nd Electronic Components and Technoloay Conference, 2



exanple with reference lo its Fig. 3) various netal
packages, such as TOS (or round) headers, and

wheioretd3by and pl at f or m packages. Metad packageGI/IB2006/001966
provi de good heat dissipation capability and shi el ding
of electrical radiation. The TO8 header is comonly
fabricated from Kovar alloy to reduce the

. -l henp-rai smatch between the packaging material and
the silicon etched devices. "A new approach for
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architéctures. An exanple of a ceram c package is an

I R bol oneter which is produced at high processing

tenperature in a vacuum seal environnment. "Chall enges
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Interfaces, 14-17 March 1999, pp. 4 3-47, conpares
14-17 Maeh 189%app 4 B-4Nicblpdred (B3 engpletvithiréfBreiriedo itddig ICIQ pokagesd

and MEMS pressure sensor packages. Plastic/lead frane
MEM pretsatg esisapeckogesrisstiy/leadfdnmypackapes ateGopankBgimppyedid IC

commonly cl assified as pre-nolded and post-nol ded
packagingdng gesmonThedasdifitd emenweldbisniesnmplied pabime Ghaditerence
post - nol ded packages i's that pre-nol ded packages
betwegn iopided aad pertiaglied prstiazes in Sumis-mgded paskigewrapnipe apackze

MWhich the 1Cis. placed and then covered with a sealin
body n&cévﬁlmg a hc.ﬁow cayity into w!%c the TC 1s placed and then coverad with a sealing cap,g

whereas in post-molded packages, the package body is molded over the assembly afier the IC has
been attached. Both these alternatives apply also to MEMS devices. For example, a post-molded
package can be used for ICs or wafer capped accelerometers, while a pre-molded package can be
used for a pressure sensor or microphone packaging. The plastic package offers a low cost
packaging option. However, the required mold tooling is often expensive and time conguming,
making it inflexible to meet fast changing needs from end-users” applications. Others key issues are

that the plastic has very poor matching of thermal expansion with silicon and is also susceptible to

moisture ingressiomn.

Wafsr level packaging (WLP) is a niche method for MEMS packaging. It involves aa extra

fabrication process where a micromachined wafer is bonded to a second wafer which has



whereas in post-nol ded packages, the package body is
nol ded over the assenbly after the |1 C has been
w@rdoaohsel Both these alternatives apply al so POI/NBEMS/001966
devi ces. For exanple, a post-nolded package can be
used for ICs or wafer capped accelcroneters, while a
pre-nol ded package can he used for a pressure sensor
or m crophone packagi ng. The plastic package offers a
| ow cost packagi ng option. However, the required nold
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moi sture ingression. Wafer |evel packaging (WP) Is a
contpipinpiéonrasd fherpe fighaaelivise pacssayttvg. WLP is disebpddn 4Consideragons for
fabrication process mhere afnlcronachlned mafer is
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Jan, MP, fpS1-6i scussed in "Considerations for MEMS
packaglng", Bi ye Wang. Proceedi ngs of the Sixth | EEE
CPMI' Conference on High Density M crosystem Desi gn and
Packagi ng and Conponent Failure Analysis . 30 June-3
July 2004, , 160-163 and "Overvi ew and devel opnent
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Minervini discloses & MEMS microphone package in which a MEMS transducer element, an IC die

and other capacitor components are located on a first multi-layer FR4 printed circuit board (PCB).
A, second olti-layer FR4 PCB {5 used as a cover. The two FR4 boards are spaced apart by a third
FR4 board, whfch. is cut to include 2 window which is placed around the components on the first
PCB. Thus, the fhree PCBs cooperate to house and shield the transducer element, the IC die and
other capacitor componeuts. Compared with plastic/lead frame packages, such a package enables a
larger batch operation, requires minimal hard tooling and has better maich of thermal expansion
with end nser’s PCB. Nevertheless, the mixing of the transducer element, the JC die and other
electronic contponents on the sarne Fﬁﬁl PCB substrate still presents diffienlties in opetating a high

vield assembly process. Furthermore, a multi-layer FR4 PCB iz not a cheap packaging material.



Reich] et al, The: 14tb IEEE International Conference
on Mcro Electro. Mechanical Systens , 21-25 Jan 2001,
w@p701B61 U. S. Patent 6,781,2Sl to Mrervini anPCTIAB2006/001966
Pat ent Application No. 2002/0102004 Al to M nervini
di scl oses a MEMS m crophone package in which a MEMS
transducer elenent, an I C die and ot her capacitor
conmponents are |located on a first nulti-layer FR4
printed circuit board (PCB). A second nulti-layer FR4 .
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apart, athird FR4 rd, .which is cut to include a
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rate to house a

v Sk it PRETEPAREAUTAE B SHEME Moy ol 6 AP B e oined
rech BT i e TN e CRUREY 8 0 BAASLRELL £ty o

dRages, a pac age enables a

electrggle E%Eé?ﬁ C:{ﬁx%#sr 8% MPIARL HRkEH 9! 'ﬁﬂ! ranme ?nge Pilgtrical

ter her mal 'expansion wth end us

comebmgeeiéntea%setﬁg»mmaméh 1Onelel %OIJ@aaﬁ&H&@Jmp%Le%m{\ween them.

he TC di e and other el ectronic conponents ‘on
The awmg’&& & Retbaians tdd Jlmdagseﬁ eRLSindivhd MEMStde@8e LR be dealt with
operating a.oigb yieid assenbly process. Furthernore,
and pafornet deparhtaly dlomRdprbBécEs foSmtaitingotdteadpndaedtdaics\@mponents, thus
mat eri al . PCT patent application PCT/ S&0Q/ 000034
makinfgi thee dbsemnblp clidyrand high@008d.pilovdvere sntacoméchiog thrrtoo palsitageis a
in which at | east one MEMS device is nounted on. a
challepgipgiaslé | ex substrate, and one or nore el ectronic
conmponents are nmounted on a second substrate. The two
substrates are then joined nechanically in parallel
with a spacer el enent between them and connected

electrically by ginmiaARY OF THE INVENTION

A principal object of the present invention is to provide an effective and vety
manufacturable method of producing a MEMS package incotporating 2 MEMS device and one or

more other electronic circuits.

Another object of the invention is to provide a MEMS packages.

Yet another object of the invention is to provide a method of producing a MEMS package

using a flexible and foldable subsirate.



el ectrical connecting el enents. The substrates

sandwi ch the spacer elenent, the electrical connecting
web@mnss; the MEMS device and the one or air ePCT/IB2006/001966

el ectroni ¢ conponents between them The advantage of
tins nethod is that the process of nounting the MEMS

device can be dealt with and perforjnmed separately

frotn the process for nounting other 1C and

el ectroni cs conponents, thus maeking the assenbly

easi arfurtacbbircttfdhe ipventiab, is iowedse MEME prckageriedudineg flelible and
two substrates is a challenging task. SUMVARY OF THE
folflableNTPBRI®A pri nci pal object of |hc present invention

is to provide an effective and very manufacturablie

met hod of producing a MBMS package incorporating a

MEMS device and one or. nore other elect ic circuits,
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kages.. Yet..anat object o he jnvention is to
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flexi ble and fol dabl e substrate. A furtfter object of

the invention is to provide a MEMS package incl uding a
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is to provide a nethod of producing a MEMS package

folalcsdbageandOAED Rivkks) of a flexi bl e and fol dabl fi
substrate and a rigid substrate.
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Yet another object 15 to provide a method of producing 2 MEMS package including a

wultiply folded flexible substrate.

Yet another object is to provide a MEMS package including a multiply folded flexible

substrate,

In accordance with the objects of this invention a MEMS package is achieved, The MEMS
package has at least one MEMS device located on a flexible subsirate. A metal structute surrounds
the at least one MEMS device wherein a bottom surface of the metal structure is attached to the
flexible substrate and wherein the flexible substrate is folded over a top surface of the imetal
structure and attached to the top surface of the metal siructure thereby forming the MEMS package.

The metal structure can be in the form of a meial cap or a metal ring.

Also in accordance with the objects of this inveniton 2 method of producing a MEMS

package is achjaved. A least one MEMS device is mounted onto a flexible substrate. A bottom



A still further object is to provide a MEMS package
i ncluding a conbination flexible and fol dabl e
waawsnt@se and a rigid substrate. Yet another POI/ER006/@®1966
to provide a nethod of producing a MEMS package
including a nultiply folded flexible substrate. Yet
anoi her object is to provide a MEMS package including
a multiply folded flexible substrate. In accordance
with the objects of tins invention a MEMS package is
sufEdaiofy ethial TRRnIMENRRAEKDIR ﬂh&&ﬂeﬁdubit@@%hr%@m@ﬁ%@t least one MEMS
device located on a flexible substrate. L netal
desics, UTHelTeriba subarards follded oedr 2 tdpeasfhce@il the MEMP stl@Mir€ £hd attached to the
wherein a bottom surface of the nmetal structure is
topirrfachefdhd metblseudiire Xickdbe fewing thedtBVE packadrer ei n t he
flexi ble substrate is folded over a top surface of the
nmetal structure and attached to the top surface of the
metal structure thereby form ng the MEMS package. The
rretal structure can be in the form of a net al cap or a
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folsdggbl&}jg{g i{hgr{f])nt‘,‘t&@hed to the flexible substrate
e

surroun | east one MEMS device. The flexible

substrate is folded over a top surface of the netal

structure and attached to the top surface o f the

nmetal structure thereby form ng the MEMS package.
BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part of this description, there is shown:

Figs. 1 and 2 schematically illusirate in cross-sectional represeotation steps in 2 first

preferred embodiment of the present invention.

Figs. 3A and 3B schematically iflustrate in cross-sectional representation two alternatives in

the first preferred embodiment of the present invention.

Fig. 4 schematically illustrates in cross-sectional representation another step in the first

preferred embodiment of the present invention.



Optionally, rigid portions of a rigid-flex substrate
may be | ocated over or under the flexible substrate in
wao op7andebot t om portions of the package. Opti oP@l/iB2006/001966

the flexible substrate may be folded from nore than

one side. BRI EF DESCRI PTION OF THE DRAWNGS In the

acconpanyi ng drawings formng a material part of this

description, there is shown; Figs. 1 and 2

schematically illustrate in cross-sectional _

r ePieesuhmpticaly Musipies yysrogs-pechanal ssprescatatiansusfapronouniing of the

of | he present inventjon. Fugs. 3A and 3B . .
Pad@%q#é\wg daigeyrepqriing iorths Brst Relfereskeanbedisienignf dte present invention.

representation two alternatives in the first preferred

enbodi nent of the present invention. Fig. 4

fZ@?@%\L@H%% ek R B R RGO F Bpmarist e e
' i ion. Fig, 5 . o
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F—F’fﬁa@{d%%ﬁtﬂi%méld{egﬁ%ﬁnémumi ng of the packaged MENMS

devi ce accordi ng first preferred enbodi nent of
the present invention. Figs, 6A 7A and 8
schematically illustrate in top view the front side of

t hEd. bB&h&ﬁ@scﬁ%;ﬁMx? Bustfatcl iR Roplvidet bRR stk 5Pt ALRALR G ate of
in Fig- 6B and Fig.8 are the cross sectional cutting

the ihve®. K- F', based on which Figs. 1-5 are drawn. Figs.
6B and 7B schematically illustrate in top view the
back side of the flexible substrate of
Figs. 9 and 10 schemarically illustrate in cross-sectional representation a second preferred

embodiment of the present invention.

Fig. 11 schematically illustrates in cross-sectional representation surface monating of the

packaged MEMS device according to the second prefetred embodinent of the present invention,

Tigs. 12 and 13 schematically illustrate in cross-sectional representation a third preferred

embadiment of the present invention.

Fig. 14 schematically illustrates in cross-sectional representation a fourth preferred

embodiment of the present inveation,



the invention. Figs. 9 and 10 schematically illustrate
in cross-sectional representation a second preferred
wepmodiosent of the present invention. Fig, 11 PCT/IB2006/001966

schematically illustrates In cross-sectiona
representation surface nmounting of the packaged MEMS

devi ce according to the second preferred enbodi nent of
the present invention. Figs. 12 and 13 schenmatically
illustrate in cross-sectional representation a third

pr efriegs.riédne hbitl it i top Fictvile furtpesTérddrvdbdiin@rt.of e Greschd

schematically illustrates in cross-sectional

inpeapiere et inditated taFige uf et ISraet the erony seitoaad urtg line$ F4hdased on
&resent invention.Figs. 15 and 16 illustrate in top

whirlelies héalddercrigsmef er red enbodi nent of the present
invention. Also indicated mFigs. 15 and 16 are |he
cross secti onal cutting lines F-F |, based on which

% nd 17 are drawn. Fig. 17 schenmatically
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FYEUBREFERRED EMBODI MENTS The pr esent
i nvention proposes a nethod for packaging a MEMS
device as well as one or nore el ectronic conponents
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nore passiv

The present invention proposes a method for packaging a MEMS device as well as one or
more electronic components (typically, an application specific IC (ASIC) and one or more passive
components). The MEMS device and 1C device are first assembled on a flexible substrate which
has an elongated portion, The MEMS device is wirebonded directly to the IC device to minimize
parasitic effects, A metal cap is applied to encapsulate the deviees, or in the alternative, a meta) ring
surrounds the devices. The elongated portion of the flexible substrate is folded over the mstal cap
or ring and attached on the top of the metal cap or ring to complete the package. The meta) cap or
ring and the metal layer on the flexible substrate are electrically connected to form a Faraday cage

fot electromigration (EMI) and radio frequency (RF) shielding.

A first preferred embodiment of the invention is illustrated in Figs.1 through 8. A second
preferred embodiment of the invention is illustrated in Figs. 9-11. A third preferred embodiment of
the jnvention is iflustrated in Figs.12-13. A fourth preferred embodiment of the invention is

Mlustrated in Figs. 14-17. It will be understood by those skilled in the art that the invention should



conmponents). The MEMS device and 1C device are first
assenbl ed on a flexible substrate which has an
web@ngaBedporti on. The MEMS device is w r ebondedI/1B2006/001966
directly to the C devjce to mnimze parasitic
effects, Anmetal cap is applied to encapsul ate the
devices, or in ihe alternative, a netal ring surrounds
the devices. The elongated portion of the flexible
substrate is fol ded over the netal cap or ring and
ngtt tediotited tocthe MRS raipropifone fryiceniltusikateldaphe dramingdisties, but that the
.conplete the package. The netal ‘cap or ring and the
inventioh chrakreappléng te menyf dihex piplieatignsifen tgleping pikerdypse of WIBMS ldgvice
connected to forma Faraday cage for electroraigration.
SROIIOF PREgses SEREERS POPHSERfURiTE RYTORAY S SRl 8 o AR thenMEMSdevices which
n{Jr%ferred _en;?o@i ment of the invention is illustrated
UiaR CEPESSHd PHPOURE 8. A second preferred enbodi nent of
the invention is illustrated in Figs. 9-1 1. Athird
preferred enbodi nent of the invention is illustrated
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the invention can be applied to many ot her
fidppbyiec 24 inbd sofper npAC kefgt Y 20d Relonthpesdal TAMEM: @y ilSer may be
such as pressure sensors, accel eraraeters, gyroscopes,
pelpidhidro polyethpleno péigimiddEWENdeaty aes fhuire bthplaye (RIFRY, apdied crystal
in the future The first enbodi nent of the invention
polivingr (8D be Wetsthoivbdu Rid. t thisr &k eplderc esivtive Fayps sicht by o ugterlay or
8. Referring now nore particularly to Fig. 1, there is
Phopsgasitive i epery Whighy b eatterpedaith gxpepures on wire bonding and electrical joining

areas. This layer is shown in the top view in Figs. 7A and 7B. The polyimide layer 24 is between

about 12.5 and 100 pm in thickness. Such a core film of the flexible substrate 10 has a much lower
modulus (iypically 5 GPa) than a FR-4 printed cironit board (PCB) (typically 25 GPa), and so
offers stress relaxation and minimizes the interaction of packaging stress ot environmentally
induced stress with a MEMS device mounted on it. The flexible substrate 10 includes an opening
11, known as an environmental hole. This may be a circular or square-shaped opening that allows
external fluid, acoustic energy or pressure to interact with the MEMS device 1o be mounied
thereover. The opening 11 also serves as a via hole connecting the metals on both sides. The

flexible substrate 10 includes an elongated pottion 12.

10



(2M.) flexible substrate of the present invention. The
flexible substrate 10 is fornmed of the core filmlayer
wQooan3eppper nmetal |ayers 22 and 26 on bot h BCTER006/001966

The core filmlayer may be polyi m de, polyethylene
polyi mde (PET), poly tetra fluoro ethylene (PTFE), or
liquid crystal polynmer (LCP). ) Not shown in Fig. | is
the sol der resistive layer such as a coverlay or
phot osensitive epoxy whicjh is patterned with
expdtul 2gero? and 26 als driakidng tha g aed setomi of e Jegiblaicorg film layer 24
areas. This layer is shown in the top viewin Figs- 7A
usigg ddizBve Ttrdhgsivk-iesnipmmatimytenhniguesi Yebblayweed? 2ab 86itve pRfdEably
and 100 nm in thickness. Such a core filmof the
coweém;n&a Bpsrrie &or virehenging. WelcH sribed. Thseapngslayer is typically 25
ically 5 GPa) than a FR-4 printed circuit board
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rel axation and mnimzes the interaction of packaging
cai be Wik, grhee s vickalietse iabqpt § penfeiddend thegyedina Rﬁ’ldalaWEhﬁS 3
device nounted on it. The flexible substrate 10
mMﬁmmu@@%n%wn@@@hpﬁ@uma, known as aft environmenta
hole. TMs may be a circul ar or square-shaped opening
that allows external fluid, acoustic energy or
pressure to nteracx with t
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Is typically 25
A solder mask or solder resist 28 is now formed on the metal surfaces 22 and 26. The
péttcmed solder resist will prevent soldering ou this area. The solder resist may be a coverlay or
photosensitive epoxy and have a thicknesg of about 10-40 um. The patterned solder resist is shown
on the top side in Fig, 7A and on the bottom side in Fig. 7B. The patterned solder resist is not

shown in the cross-sectional view, but it is understood to be there as shown in Figs, 7A and 7B.

Referring again to Fig. |, on the elongated portion 12 of the flexible substrate are formed
vias 30, plated and plugged as interlayer inferconnects, as shown in Fig. 6B. The vias will be
connected to surface mount pads that are later connected to an external printed cixcuit board, for

example, as described hereinafter. Openings 32 in the meta) layer are algo shown in Figs. | and 6B.
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mmin thickness, but can be nore or |ess, depending on
the application. The surface finish netal can be
woRdoaal03wher e the nickel |ayer is about 3 mm tPCTKB2865001966
the overlying gold |ayer has a m ni mumthi ckness of
about 0.35 mm Fig. 6A shows a top view of tine top
side of the flexible substrate 1.0. The top netal
| ayer 22 has been fornmed and patterned on the
polyimide material 24, as shown. Top netal |ayer 22
fti§ S}méﬂ 15 &R HRRRRARhAMIL Qurﬂ!c@%n@&xt BldsAWl b WsRieNRlon 1l o% osfiBside of
shows a top view of the bottom side of the flexi Fe
theSpdkla b4 868 1k QnvishMehtnglen 0! Ne@iaeihakolk Ay gko sthes &laSa to
conprising copper with plated NVAu. The cross
int&esunedd Rgbr Riaglitage 2601 | ow | ine F-F shown in Fig. 6B
and Fig. 8. A solder mask or solder resist 28 is now
formed OR the netal surfaces 22 and 26. The patterned
sol der resist will prevent soldering on this area. The
sol Beferingsivs to Figp, hepasivosammoagpisoie WM Ddraiess quid fhe 1C devices are
epoxy and have a thickness of about 10-40 nm _The
rogyBied @tﬂﬁ &g ﬂ%‘PHé}ib“F@% 1 Q¢ OgeMEMS Wavies 0t one wta%algq tafémit dpvico 42,
ndg on th bot%on1s i de

Fig Fi
o3 e R goe et TeSret. 1 EhGrond e ot desMEMS package of e
{ d {
mv%é&oi%S%ﬁ&ﬁcﬁ atafaai one %l\g%%w% bu 1f1t§1?ci,ree gu %18 %ﬁ? laev’g:e may %e
mc}migs { rn%?lgmgllreg%% 0391%&0'118 nsblg‘l‘?as(?é 45,3 dl?,&:n ggﬁméuoa specific IC

(AS'@) Qﬁci «5?'1\5% mb@:tpggs% @&ﬁ&h@nts azh MG&& E,Elg;or, ﬁlﬁuct&h@r other passive
Vi as be connected to surface nount pads that are
deJ{:i@eI By IRQRIERE 80hd acRide EXLET s Plob RicRGf Glefekible sR4telwith
or

assembled components.

The MEMS device 40 is attached to the flexible substrate 10 with an adbesive 36. A low
modulus adhesive would be prefierred for stress relaxation such as a silicone based adhesive. Any
IC device 42 is attached to the flexible subsirate 10 using an adhesive in a die-attach process. Any
passive device 48 {s attached to the flexible substrate by a surtace mounting technique (SMT). The
TC device 42 is then wire-honded by wires 44 and 46 1o a bond pad 45 on the MEMS device 40 and

10 pad 47, respectively. For example, pad 47 may be for connection of the 1C to VDD or OUT.
Now, as illugtrated in Fig. 3A, an adhesive layer 52 is placed on the elongated. portion 12 of

the flexible substrate. The adhesive 52 may be a film, tape, or liquid paste. A metal cap 54 is

attached to the flexible substrate by a conductive adhesive or solder 50, Alternatively, as showa in

12



exanpl e, as described hereinafter. Openings 32 in the

netal |ayer are also shown in Figs. 1 and 6B. It is
waeeoovioosbli t o the i nveoation that the surface nRPCHIB2PEA®1966

will be positioned on the opposite side of the package

from The environnment hole 11. Note that the hole 11

al so serves as a via to interconnect |ayer 22 and

| ayer 26. Referring nowto Fig. 2, the passive
.conponents, the MEMS devices and the IC devices are
FigndRuibeaete) sens4 inattaphed k9 e Bedtibwbsugtedy poondyadvengivBive or solder 50,

deyi ce 40, one integrated circuit device 42, and one
Theyadbesivedayge ¥4 & aloopd og i of the mstel oop &6 Theymeigl loap fyay comprise copper, a

CoRPGLAIFY S8 SR AEY. PN MR A SUbe B o ace BRSRE ™ Thanet
devi ce be incl.uded. On o e .

BBl ST A S35 BBty g s

ini%ﬁéﬁ% Jg&ﬁfﬂl‘? an trzﬁlglﬁlczln&ldﬁg.l ﬁxe(xﬁslété % ﬁ?neg i%eg ?ngﬁcdﬁg gﬁ él?g?@ls%b%trate

nents su as a capac or,

wa@itdgsx{dgaaﬁaa}}egvé %g&&&,@mﬁmtsﬁg%ny fled sl t1e SPREKAYS

shows a p view of exi bl'e suBstrat & wt h

coRBSRR befbof AFRANANLS/e odRMENG HBMLER AR aliBesREL ’@Eé“ﬁ;@.ering

to the flexible substrate 10 with an adhesi ve 36.
attdcBMedi Ry bélgord 81 eShgesolietiAbvbe hpraf asthed Thofeml dap 8Scapsulates all
rel axati on such as a silicone based adhesive. Any IC
thedievicaen 42 flesibRistlatite dTHemetshep S ead thé wesiubst Rabwethd Qexible
usi ng an adhesive in a die-attach process. Any passive
sulgizatt teard 8edtdoatly tawdved i forrh hEarfdap xidolfe BMIRST shigldnby a
surface nounting technique (SMI. The TC device 42 is
then w re-bonded by wires 44 and 46 to a bond pad 45

on the MEMS device 40 and
Referring now to Fig. 4, the clongated portion 12 of the flexible substrate 10 is folded over

the metal cap 54 and attached to the metal cap by the adhesive 52. Tt can be seen that the OUT pad
60, VOD pad 62, and GND pad. 64 are located on an opposite side of the package frowm the
enviromment hole 11. This is itoportant in the next step in which the packaged MEMS device is

surface mounied to an application PCB, for example.

Fig. 5 fllustrates the packaged MEMS device 70. An application PCB 80 is shown having
pads 82 for connection with the MEMS package 70. The MEMS package 70 is surface mounted on
the PCB 80 by solder bumps 72, for exarmple. Flux generated by the solder reflow process would
be detrimental to the MEMS device. Since the environment hole is located on the opposite side of
the package 70 from the pads 60, 62, and 64, the flux will have much less chance to enter the

environment hole to damage the MEMS device.
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to pad 47, respectively. For exanple, pad 47 may be

for connection of the ICto VDD or QUT. Now, as
w0 kdoastsat ed in Fig. 3A, an adhesive |ayer 52 PGI/B2aa#®1966

on the elongated portion 12 of the flexible substrate.

The adhesive 52 may be a film tape, or liquid paste.

A netal cap 54 is attached to the flexible substrate

by a conductive adhesive or solder 50. Alternatively,

as shown inFig. 3B, the netal cap 54 is attached to

the flexible substrate by a conducti ve adhesi ve or

sol der 50. The adhesive layer 52 is placed on top of

t h&heredcatd epatpditnt oFite praserd inverdion willbeclosrpibédswitioefpese, o Bigs. 9-

copper alloy, an alumnumalloy, an iron alloy with
10.sBlegeepndinebodimeat beginainghs sage p}d&heﬂ'll@shﬁm w Fagsnb@rdlz ThaMENS

formed by either eleciroless platin pai nting, or a
devicgmand ethel eonip 831igee 2 dronigr aio tBf fierdife ?“ﬁft@&’t 10on

nol di ng or transfer nolding. The netal cap 54 nmay be

attached to the flexible substrate with a conductive

ad %\L \éﬁ I ﬂg)el def,ezal ﬁ%:@fﬂfi%c %,Iaaf YPQ(F!; rslgg % i %@%@&{f?@%{/ .t‘g;l%ﬁ substrate 10
to s%%? eg he dm? retsag Hé’rq%t tf‘h& 116&8 rtlmg gglqlﬂ&e}ché/dem ‘?\1‘1%)%1?31\/ %ﬂbs‘ﬂﬂ?vﬁﬂ} z

coﬂ’dﬁn{nk)? %(])ﬂhg% evé) Lol 2 geu{‘égt?]mg o Jﬁg r@% Sl?m Sk @J)ﬁﬁn&hon of

I CeSs strate. errea

a c&ﬁ R:1198 acHRGve 3 Sol BB LA alrAN- %nd\?t@uvé’ Mpthe T llxeesiSld@Jnfg attachment may be

ubstrate 10 are electrically connected to forma
dm{%%&agﬁgyamsmh@@ oEMbiBeattide! di ng. Referring now to
Fig. 4, the elongated portion 12 of the flexible
substrate 10 is fol ded over the netal cap 54 and
attached to the netal cap by the adhesive 52. It can
be Regering tvatto Fhe 1 QUF gradatglporighi phibe BexiblayishaD O puigided over

64 are |ocated on an opposite side of the package from
thetnipgal ving 56 and attached to the metal ring by an adhesive 55. Now, all vias dre made in the

sidewall to intetconnect the electrical leadouts on the frontside metal 22 to the VDD and OUT pads
on the backside metal layer 26. For sinplicity of illustration, only via 36 and the openings on the

roetal layers 34 and 35 are shown.

1t can, be‘seen that the OUT pad 60, GND pad 62, and VDD pad 64 are located on an
opposite side of the package from the environment hole 11, This is important in the next step in
which the packaged MEMS device is surface mounted 10 an application PCB, for example. The
metdl ring 56 along with the metal layers 22 and 26 on the top and bottom of the flexible substrate

are electrically conmected to form a Faraday cage for EMI/RF shielding.



envi ronment hole 11. This is inportant in the next
step in which the packaged MEMS device is surface
worwivedet o an application PCB, for exanple. FPQI/IER006/001966
illustrates the packaged MEMS device 70. An
application PCB 80 is shown having pads 82 for
connection with the MEMS package 70. The MEMS package
70 is surface nounted on the PCB 80 by sol der bunps
72, for exanple. Flux generated by the solder reflow .
pr diigds ileswrhtes thepadieterd MishtSalevibo7tt han AvElBldeRAR 80 is Siaaadhaving
the environnent hole is |ocated on the opposite side
pads B2 frgompracicagdth 7 MEWS petkezqid d ThEUEMEDackegel 76i4 surfaaemounted on
flux will have nuch | ess chance to enter the
thedGB; 80w sRlder hraire 74 for @sivtitfe Flrrsenaains taahs soldemeBow aioesewould
nt of the present invention w,i| be described

embodi
be (RS P MEMS feier ¢ Simesghe eptommiag! e, g e s o
. beqins e s ust, ted|
the pacheptey et oo b St BB e S B iR Ria o EfRg e
s ur th Ie substrate 10. Now, i nstead
q“@?”?h%ﬁgﬁgﬁ%m?ﬁ%ﬁ?hhﬁéé V%%a nmetal ring 56 is placed
on the flexible substrate 10 to surround the devices
40, 42, and 48. The netal ring 56 is attached to the

fl e’?‘ﬂe?la SastRSLLANR W1 B ife Iﬁ'&% e bAteR 286 BESS HtherBainjaturization
sol der (elUtectic PbSn or any |ead-free SnAg, SnAgCu

fea%mar TR R ReikOR BEkRssGONG Batik Y. Beesiwialiettion al Figd, 4 and 10) is
wi th a non-conductive adhesive. The sol dering

red@éci G HERRE off TRy fidxéh kb aratey! 0 which Gypiaiboiiad @ sulisedit tinkasss diabout
bar method. Referring nowto Fig, 10, the el ongated
0.1pat driseallerl2 of the flexible substrate 10 is fol ded
over

The third emabodiment of the invention will be described with reference to Figs. 12-13. 1p
this embodiment, a rigid substrate is combined with the flexible substrate of the invention. For
example, a rigid FR-4 substrate is uged. "FR" means Flame Retardant and Type "4" indicates
woven glass reinforced epoxy resin. Fig. 12 illustrates rigid FR-4 layer 100 lamninated to portions
of the flexible subsirate 10 underlying the components and at the portion of the substrate that will
overlie the components after folding, Fig. 13 shows the package after folding. Metal ring 56 is

shown, A metal cap could alternatively be used in this embodiment.
The foucth embodiment of the inveution is ilustrated m cross-~section in Figs. 14 and 17 and

in top view in Figs. 15 and 16, Fig. 15 shows the top view of the top side of the substrate and Fig.

16 shows the top view of the botiom side of the substrate. In this embodiment, the flexible
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the nmetal ring 56 and attached to the netal ring by an

adhesive 55. Now, all vias are made in the sidewall to
w0 niogosrnect the electrical |eadouts on the frPONBE@01966

netal 22 to the VDD and OUT pads on the backsi de net al

| ayer 26. For sirnplicily of illustration, only via 36

and the openings on the netal |ayers 34 and 35 are

shown. |If can be seen that the OUT pad 60, G\D pad 62,

and VDD pad 64 are |ocated on an opposite side of the
subgrzptsda fpbdef! rigwp sides. S imetibemp ot miel tinglidused i thisiesbodiment. Fig.17

inportant in the next Step ia which the packaged MEMS
shopys {he peckpue afiegr e nounted to an application PCB, for

exanpl e. The netal ring 56 along with the netal |ayers

22 and 26 on the top and bottom of the flexible

suhstrate are .el ectri |y connected tqg forma Farada

c ag@e PSP BRI R %‘ﬁ?"%ﬁ‘sﬁ%’&g BR522°s pstng fqpihls spbeiwies frel methods of
mwﬁﬁ%gage%egEgﬁﬁqgvice 71. An application PCB 80 is

SHGWh navi-ig pads 82 for connection with the MEMVS

package 7 1. The MEMS package 7 1 is surface nounted

on the PCB 80 by sol der bunps 72, for exanple. Flux

genepRicatk B¥entifeha 8Lk RhnOWoRh SRERS RN B Rerence to the

detrinmental to the MEMS device. Since the environnment
prefRftbEerniRdiRE8 iRE:oO M Wil 8: pRIRABLE By SbAakOEd R PAGKIGROUS changes

) fromthe pads 60, 62, and 64, the flux will have
in fotuCdnd ld@sits hdyade aeade Gitkinl edpating frem Welspinin el scby@l of this dnvention.

damage the MEMS device. The package structure 70 or 7

1 of the present invention also offers further

mniaturization feasibility. This is because its

t hi Wheéslaimedifte z-axis (Le. the up-down direction in

Figs. 4 and 10) is



reduced by the use of the flexible substrate !0 which
typically has a substrate thickness of about 0.1nm or
wa@pa7iesl The third enbodi nent of the inventi oPCTB20064/®1966
described wth reference to Figs, 12-1 3. In this
enbodi nent, a rigid substrate is conbined with the
flexi ble substrate of the invention. For exanple, a
rigid FR-4 substrate is used, "FR' weans Fl ane
Ret ardant and Type "4" indicates woven gl ass
1. AdVIBMSmeddzemonyisingesin. Fig. 12 illustrates rigid FR-4
| ayer 100 | am nated to portions of the flexible
substrate 10 underlying the conponents and at the
por #l55 o MENS depissiopaitdenpiigxitigpybstagiend i e t he
conponents after folding Fig 13 shows the package

afte Jth%tuxg sm%/g.‘ln EE{IJ]% 15 st onc { gg\@%ce dwq%mm a Q%E) n surface of

cou ernati e use

saifl QLE @mmpqu ﬂamed Qé il @mhsm @ﬁHs{réw @@%&LM%&@ %@f&e Dibgtrate is

cross-section in Fi gs. In top viewin

folfiddGver 4 BpaRfhach®f sdtl ehotall Qr@ﬁﬂe%d taﬁeﬁ:h&cpﬁ MideWPdur b RE R metal

si de of the substrate and Fig. 16 shows the top view

str@xfurd MErelOfofraiAR SidMERIR phdk@aesubstrate in this
enbodi nent, the flexiblesubstrate is fol ded at two
sides. The netal cap or netal ring is used in this
enbodi ment. Fig. 17 shows the package after folding.
The present invention provides MEMS packages using

exi.bl e subst aqﬁ es .and rret.god of manufacturing these
2 ”@%&ﬁ%@%% B G | TR B RA GG PR e f PPoes oo
an glum}%m fﬁ‘igy,%% Su‘%n allay w1¥¥1' so emﬁ£ Setal s e1sht gp apt ¢ with a metal finish formed
by either eleciroless plating or painting, or a conductive composite material formed by either

injection molding ot trapsfet melding.

3. The package according to claim 1 wherein said flexible substrate comprises a core film with
copper layers and solder resistive layers on both sides of said core film wherein said core film
comprises polyimide, polyethylene polyimide, poly tetra fluoro ethylene, or liquid crystal polywer,

and wherein said solder resistive layers comprise coverlay or photosensitive epoxy.

4. The package according to claim 1 wherein said metal struclure comprises a metal ring
sutrounding said at least one MEMS device wherein said metal ring may comprise a copper, a

copper alloy, an aluminum alioy, an iron alloy with solderable metal finish, a plastic with a2 metal
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preferred enbodi nents thereof, it wll be understood
by those skilled in the art that various changes in

wo eoorosn3el det ai | s may be made wi t hout departi nBCT/IB206/001966
the spirit and scope of the invention. Wiat is clained
is:1. A MEMS package conprising: at |east one MEMS
device located on a flexible substrate; and a netal
structure surroundi ng said at | east one MEMS device
wherein a bottom surface of said netal structure is

Grasht famied by teithes &lectrdidse whatidgeor pailpsiig; at Acartthtivh &neiofiteSRdtdial formed
flexi ble substrate is folded over a top surface of

byéthat injestiah melding or timefemmoldiagt ached to said top surface
of said netal structure thereby form ng said MEVS
package. 2, The package according to claim1 wherein
said netal structure conprises copper, a copper all oy,
an aluninun1alloy, an iron alloy with sol derabl e netal

W{hg('? e%céﬂ cg'ﬁé t'o%la% Il Q/h@mﬂgﬁl@hwrﬂhpgu%gmg O(Exgl:ghg CDQ‘X rﬁés ah’l?c[ta! layer

ess plat ing or painting, or

h&GOVBOSH t»ﬁwﬁm &fd .ﬁétalfxwv@%deaefo@%dIamegge bh@mwm &wag and said

or transfer ding. 3. The package according to claim
m@éal‘ﬁﬁ@fo%htﬁersp?dvﬂﬂefﬂl\@éhxbﬂdﬁg%ﬂ@ﬁﬁa& Rh® oS OVBKKYSEe COre
filmwth copper |ayers and solder resistive |ayers on
both sides of said core filmwherein said core film
conpri ses polyi m de, polyethyl ene poiyimde, poly
tetra ftuoro ethylene or liquid crystal polyner, and
sol stive Iayers [of0) i se

zﬂ;‘ e}%ﬁ)%fgs g%lﬁ inEitQ, m 4{)\% rein sajd 1meta) 1ing 1s attacHPJ to zaid %exﬂSe bu%g/tratc by

a conductive adhesive or a soldeting material comprising eutectic PbSn or any lead-free Sng or

SuAgCu, or by a combination of a conductive adhesive ot solder with 2 non-conduetive adhesive.

7. The package according to claim 1 wherein said metal structure comprises a metal cap
encapsulating said at least one MEMS device wherein said roetal cap may comprise a copper, a
copper alloy, zm alurninum alloy, an iron alloy with solderable metal finish, a plastic with a metai
finish formed by cither electroless plating or painting, or a eonductive composite material formed -

by either injection molding or transfer molding.

8. The package according to claim 7 wherein said flexible substrate further cotaprises a meta) layer
thereover and wherein said metal layer below said at least one MEMS device and said metal cap

together provide EMIJ shielding of said ai least one MEMS device.
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4. The package according to claim1l wherein said netal
structure conprises a netal ring surrounding said at
wo e@3niosre MEMS devi ce wherein said nmetal ri ngP@EIB2006/001966
conprise a copper, a copper alloy, an alum num all oy,
an iron alloy with solderable netal finish, a plastic
with a netalfinish formed by either electroless
plating ot painting, or a conductive conposite
material formed by either injection nolding or
transfer nolding. 5 The package according to claim4
wherein said flexible substrate further conprises a
netal |ayer thereover arid vvherein said netal |ayer
9. Hisonrekagn dcdoudingposidin Tawhdrdnstid mvial MEMS atteshied b0 envbostioncpf said
metal ring together provide EM shielding of said at
Qexilde sybstragpd salfRettopeylece of gid nid CHRRERyBAEEFREESHS: 9rgoldering, of
claim4 wherein said netal ripng is attached to said ‘
a @F@Wtﬁneofs EApdGiine @diFsive of SRR e hapegRetiyp adhesive, or by a

sQl deri ng teri conprising eutectic.Pb or any
cop B PO A e AT e o P B OHE TR S cof 5
conducti ve adhesive or solder with a non-conductive
adhesi ve. 7- The package according to claim 1l where' m
said nmetal structure conprises a netal cap
encapsul ati ng said at | east one MEMS devi ce wherein
10.Sak plackEdeabcotify: aliint D pérkis eaidmetsipae is,attachedppad flatible yybstrate at
a n alumnumalloy, an iron alloy with sol derable
saifvigp alrfefe pfisgld metal plodg e edhwbivdh a nmeAai fini sh forned by
cither electro Jess plating or painting, or a
conductive conposite material formed by either
injection nolding or transfer nolding. 8. The package
according to claim7 wherein said flexible substrate

11.f Wctﬁé@zagg Q%Hirﬁgeﬁx Qaifet %rﬂJe)aX(ﬁﬂprising oue or more electropic components

located on said flexible substrate and within said metal strueture.

12. The package according to claim 11 further comprising wire bonding connections between said

one or more electronic companents and said at least one MEMS device.

13. The package according to claim 1 wherein said Jexible substrate comprises an opening hole
permitting interaction between sald MEMS device and the environment outside said package

wherein said opening hole also serves as a via connection for said metal layers on said flexible

stubstrate.
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t hereover and wherein said netal |ayer below said at
| east orie MEMS device and said netal cap together
w@e@viods6EM shi el ding of said at | east one NMBMI/IB2006/001966
devi ce. 9. The package aocncording to claim 7 wherein
said metal cap is attached to one portion of said
flexible substrate at said bottom surface of said
nmetal cap by a conductive adhesive, or soldering, or a
conbi nati on of conductive adhesive or soldering and a
non- conducti ve adhesive, or by a conbination of a
conductive adhesive or soldear with a non-conductive
dhesj ve. 10, The pac according to claimy7 wherein
14. Bhg kg Afeopdis e Slagp { 53‘%@@ CHPERE T RRMpTE LG B8 i Qpter surface

orofs L MR YLACE D Ly SuEb ) el oy BARER! M ot
ﬂexﬁn?J%Bén%{epﬂmp&g o%@ni re el ectronic conponents |ocated
exi su

on ‘sal )strate and within said neta
structure. 12. The package according to claim11l
further conprising wfe bondi ng connecti ons between
said one or nore el ectronic conponents and said at
| east one MEMS device. 13. The package according to
15. Theatienkabe edrerdgignio slaind! fhesih bidflevips subsitate Ty commisesa npid layer
opening hole permtting interaction between said MEMS
lamigatgdl tog Teyiible Inver afereinghifelding sorties Bdlesiblegnptie Rifgfeportions are rigid.
wherei n said opening bole also serves as a via
connection for said netal |layers on said flexible
substrate. 14. The package according to claim 13
further conprising surface nount pads on an outer
16. Bid deBi6i@e RooriBlato Eihi] Pl RRE i By dhDGHSHBs SH-4 layer.
surface nount pads are | ocated on an opposite dde of
said

17. The package according to claim ! wherein said flexible substrate may be folded from at least

one side to be attached to said metal shucture,

18, A method for fabricating a MEMS package comprising:
mounting at [east one MEMS device onto a flexible substraie;

attaching a bottom surface of a metal structure to said flexible substrate surrounding said at

least one MEMS device; and
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flexible substrate from said opening. 15. The package
according to claimlwherein said flexible substrate
wo enovheeconprises a rigid layer | am nated |, oP@EI/IB2006/001966
flexible layer wherein I he folding jiortiowis
flexible and the other portions arc rigid. 16, The
package according to claim 15 wherein said rigid |ayer
conprises a FR-4 layer. 17. The package according to
claim1 wherein said flexible substrate nmay be fol ded
f r dridiag spid Astible febsyiid ovirg thieswafacnelired rosdal shiiduraendaitaching said
structure. 18, L nmethod, for fabricating a MEMS package
fledbimrpbptesteds saiding itifasg o bipid tetad strusiise MR Baving s NEY Syackage.
flexi ble substrate; attaching a bottom surface of a '
metal structure to said flexible substrate surrounding
said at | eas one MEMS device, andfolding said flexible
substrate over a top surface of said nmetal structure
19.21d @LhcC Eﬂc&ﬂi_ngaﬂodcﬁﬂne X8 RinreBmURSE FRtaP st@n&dicBmp@Rs a metal ring
surface of said nmetal structure thereby form ng said
surifbindoask &deast be Mies et shdavbddinlissig haal ol dhmp8ses copper, a
wherein said nmetal structure conprises a nmetal ring <
copperatioy rad iatugpinmen allogt ad ieastiiop mbth MiiBatdewmiewEiidsid 2 \phaicevith a metal
said nmetal ring conprises copper, a copper alloy, an
finigh fomdaeiulm eithérarlectraliess plaing af bagtingi orts codwtiratsivepositst radterial formed
finish, a plastic with a metal finish formed by either
by dithecitiedipe swldinestritmppfatmaditgit i ng or a conducti ve
conposite materia! formed by either injection nolding
or transfer nolding.

20. The method according to claim 19 wherein said flexible substrate comprises a core film and
metal layers and wherein said metal layers above and below said at Jeast one MEMS device and

said metal ring together provide EMI shielding of said at least one MEMS device.

21. The method according to claim 18 wherein said metal structure comprises a metal cap
encapsulating said af least one MEMS device wherein said metal cap comprises copper, a copper
alloy, an aluminuma alloy, an iron alloy with solderable meial finish, a plastic with a metal finish,
formed by either electroless plating or painting, or a conductive composite material formed by

either injection molding or transfer molding.
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20. The nethod according to claim19 wherein said
flexi ble substrate conprises a core filmand neta

wo 2002003and wherein said netal |ayers above anPCTEB2006/001966
said at | east one MEMS device and said nmetal ring
toget her provide EM shielding of said at |east one
MEMS device. 21. The nethod according to claim 18
wherein said netal structure conprises a netal cap
encapsul ating said at | east one MEMS devi ce wherein

22. SBicOndiR abcotd@t; 6 QIR 2 SHEr60 BREHexile SORRAE cothphids,a @ film and a
alumnumalloy, an iron alloy wth sol derable netal

methl layes hod @hepdimsid wetalilivar Belavedand atfidas cmb MENMSacidyané sdid ektal cap
cloctroless plating or painting, or a conductive

togetharprside EMisbidding bf shidmtieaht tnyp MEMREevitenj ect i on nol di ng
or transfer nolding.22. The nethod according to claim
2 1 wherein said flexible substrate conprises a core
filmand a netal |ayer and wherein said netal |ayer
bel ow said at | east one MEMS device and said netal cap

23. }\E%/g&%ﬁ)slag%%%g c@%e 19 Q’ !319 lsé:l]acg{(]:%Irt ?ﬁdé)gttr%g C({ 1?9?2&3 fgtgl? meetal layer
on X‘QE k&FRe SBd ﬁi:xfbllcerﬁdmmaﬁalﬁ %%ﬁﬁ&x?ﬁt@ta?%f@? bh ﬁ%&t&ﬂn %ugﬁcep@r{sgih flexible

| ayer on a top surface I"exi mat eri al and
maf@@dit om netal laysr on a bottom surface of said
flexible material 24. The nethod according to claim23
wherein said flexible material conprises polynide,
pol yet hyl ene polyimde. liquid crystal polyner, or
pol y tetra fluoro ethylene 25. The net hod accordi ng

erel a op. and hottom netal | ayers
24. C'fg')ﬁ,p %%B rgh giamn ﬁz w‘zergm said flexible matenal compr¥ses polyimide,

polyethylene polyimide, liquid crystal polymer, or poly tetra fluoro ethylene.

25. The method according to claim 23 wherein said top and bottom metal layers comprise copper

plated with nicke! and gold.

26. The method according to claim 23 further comprising forming a solder resist layer on surfaces
of each of said top and bottom metal layers and patterning said solder resist layer, and said solder

resist material coprises coverlay or photosensitive epoxy.
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plated with nickel and gold. 26. The nmethod accordi ng
to claim 23 further conprising formng a sol der resist
wo 200201861 sur f aces of each of said top and bot PCIBEBGHI01966
| ayers and patterning said solder resist |ayer, and
said solder resist material conprises coveday or
phot osensiti ve epoxy.27. The nethod according to claim
18 further conprising nounting one or nore electronic
conponents on said flexible substrate and within said )
el mathed, apogrding aolaiphid FERoWrREEE: diodyingoond e momgelectronic
after said folding said flexible substrate, further
COBRARF S PG F%VF%Fﬂﬂtﬁﬁﬁlgﬁﬁmﬂﬁﬁ SIYSHEE. on an out er
surface of said flexible substrate opposite from said
at | east one MEMS device; and attaching an application
printed circuit board to said package at said surface
nmount pads. 29. The nethod according to claim 18
28.UMt hrethod apiding itd\Gaina Nafid ki) @ldingl o/ bR ¥@strdtS, fBrther comprising:
flexible layer of said flexible substrate wherein the
folding portion is flexible and the other portions are
ri gi Movidipg surfaes melh odls 28 @b PRy feas of baid fredble whlestrate opposite from
S iﬁ rigid |layer conprises a FR-4 material. 3 1. The
Sfﬁ‘i‘i‘t %0388%@%'%&11 | ai m 18 wherein said fol ding of
said flexible substrate is nade from at | east one side

to tﬂt@ch‘in% ?glb;gx%atl%fn pﬁﬂl:cgciﬁ% glolardsls Lafs galélza%é at said surface mount pads.

29. The method according to claim 18 firther comprising laminating a rigid layer to a flexible layer

of said flexible substrate wherein the folding portion is flexible and the other portions are rigid.

30. The method according 1o claim 29 wherein said rigid layer comprises a FR~4 material.

31. The method according to claim 18 wherein said folding of said flexible substrate is made from

at least one side to the top side of said metal structure.
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