A h ™ METHOD FOR PROTECTI NG ELECTRONI C CI RCUI T COMPONENTS AND
ASSENBLIES USI NG A METALLI ZED FLEXI BLE ENCLOSURE

BACKGROUND OF THE | NVENTI ON 1. Field of the Invention 5 l}ﬂgg' O5’he
invention relates, in general, to an assenbly usi ng an encl osure f )
provi di ng | ong-term environnental protection of and el ectromagnetic

I nterference shielding capability foH_eIectronlc devi ces. 2.

Rel ated Art 10 It is well knowmi to those skilled in the art that
the contents of a package can be protected fromthe envi ronnment by
packagi ng the contents within an encl osure conprising nmultiple |ayer
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factors suchcapabylibyi fer electronic devices.

2. Related Art _

10 It is well known to those skilled in the art that
the contents of a package can be protected from the
environment by packaging the contents within an enclosure
comprising multiple layer polymeric sheets with at least one
metallized layer. Many examples of protecting the contents

15 of the package can be found in the food processing industry,
the medical industry, the construction industry, and the
like. Basically, protecting products from atmospheric
gases, water vapor or radiation to prevent spoilage or
corrosion of the contents is universally employed for a wide

20 range of products. As a result, the materials used for the
multiple layer construction and composition of the package
have been well developed.

Similarly, a printed circuit board (PCB) including
.components such as integrated circuits (ICs) is subject to

25 degradation from environmental factors such as corrosive
gases, water vapor and particulate matter. Electronic
products using PCBs have primarily been located and used in
controlled environments where the degree of environmental
degradation to the PCB is minimal. However, electronic

30 products are increasingly being deployed in uncontrolled
environments, such as in the automotive'“ and
telecommunications industries. Furthermore, electronic
products are increasingly penetrating the consumer market



tgasbs, wat er vapor and particulate matter. El ectronic products using
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interference (EMI) shielding capability. While effective to
a certain extent, diffusion of these species is difficult to
prevent and under certain conditions even exacerbated.
15 Expensive gaskets and other sealing methods are required to
provide adequate environmental protection. Thus, rigid
enclosures are generally adequate for protecting powered
electronic prbducts over the period of several years only
when properly designed and when expensive precautions are
20 taken.

Encapsulation of electronic components in terms of
electronic packaging is a foundation of the semiconductor
industry. However, conformal coating of the PCB or sub-
assembly with, for example, a urethane or silicone compound

25 1is not <capable of providing 1long-term environmental
'protection. Polymeric material compounds can provide a
diffusion barrier to chemical species. In practice,
however, cracking, incomplete coverage, environmental
impact, and cost :are issues impacting environmental

30 protection of electronic componenfs using wurethane or
silicon compounds. Also, the expense required for spécific
component and fixture design for large electronic products
that fapidly change can negatively effect high preduction

volume encapsulation production.



el ectronic products over the period of several years only when properly
desi gned and when expensive precautions are 20 taken.

Encapsul ati on of electronic conmponents in terns of el ectronic packagi ng
is a foundation of the sem conductor i ndustry. However, confornal )
coating of the PCB or sub- assenbly with, for exanple, a urethane or
silicone conpound 25 is not capable gf providing long-term

envi ronnent al protection. Pol yneri c® material conmpounds can provide a
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conponeRy | g¢elen@f RiiWRsembly (circuit board) and electronic product
level. To accomplish effective EMI shielding of an
electronic product or between sub-assemblies within the
product, it 1is necessary to provide shielding plates,
separate devices and ensure that all joints of an enclosure
15 are conductively sealed. Generally, the most cost effective
EMI shielding and environmental protection of electronic
products has been to house the product within a metal or
metallized enclosure (for example, a conductively coated
plastic enclosure). However, conventional methods for
20 imparting conductivity to the surface of plastic parts, for
example, electrochemical plating, metal sputtering, and the
like, are often economically prohibitive. There is a need
to provide EMI shielding capability for electronic products
in a manner that is both low-cost and amenable to high
25 wvolume production.
' Conventionally, multiple layer enclosures
consisting of a metal foil or a metallized polymer sheet can
be used to provide EMI shielding of electronic products.
Such multi-layered enclosures are disclosed in U.S. Patents
30 Nos. 4,965,408 and 5,005,106 and incorporated herein by
reference. A ﬁultiple layer enclosure including conductive
fibers is disclosed in U.S. Patent No. 5,436,803 and herein
incorporated by reference. Related constructs of multiple
layer enclosures for the purposes of providing static
35 protection of electronic devices are disclosed in, for



assenbly, such as between certain regions of a PCB, but also 10 at the
sub-assenbly (circuit board) and el ectronic product | evel . To
acconplish effective EM shielding of an el ectroni ¢ product or
bet ween sub-assenblies within the product, it is necessary to provide
shi el di ng pl ates, separate devices and ensure that all joints of an
enclosure 15 are conductively sealed. CGengrally, the nost cost effective
EM shielding and environnmental protection of electronic products has
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di sclosed in
and incorporated herein by reference.

However, it is evident from the examination of

these disclosures, that the method of sealing and providing

15 for electrical interconmnection is specific to the design of

the electronic product, and in particular, to the design of

the connector. Thus, the related art is directed ‘toward

enabling assembly to printed circuit boards with extended

wires or to printed circuit boards with edge-card or

20 connectors that extend across an entire dimension of the
printed circuit board edge.

Moreover, in both U.S. Patents Nos. 5,436,803 and

5,005,106, for example, the purpose of the enclosure is to

provide EMI shielding in a flexible structure does not

25 accommodate separable connectors. Furthermore, the related

art does not address providing a hermetic seal to ensure

long-term environmental protection of the electronic

product, does not address the design of the flexible

enclosure and does not address an appropriate sealing method

30 to provide the hermetic seal. Typically, hermeticity is

defined as a helium leak rate of not more than 1 x 10°

cm’/sec. Here, we use the term to generally define very low

permeability. In addition, the metallized layer of ‘the

enclosure is usually exposed on either the inner or outer

35 surfaces of the enclosure to effect grounding or énhance



‘4 ; exanple, U S. Patents Nos. 5,180,615, 5,175,033, 5,091,229 and

5,043,195 and i ncorporated herein by reference. Thus, t he construction
and conposition of enclosures for providing bot h envi ronnment al .
protection and EM shielding capability 5 are well known to those skilled
in the art. Furthernore, the application of enclosures forned
fromsheets of material consisting of pokyneric and netallized | ayers,
to inpart EM shielding capability, is known in the art. Application of
these encl odrRfudt oM Hllrewd¥ €4 Hhrin Rl teBRALh RAdHCE S s
di scl osed, for exanple, In U S Patents Nos. 5, 436,803 and 5, 005, 106
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pur pose of the enclosure is to provide EM shielding in a flexible

structure does not 25 accommpbdate sepa_rable connectors. Furthernore, the

rel at ed art does not addreysgAN\ORITHE aNVENTEION Seal to ensure
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one metallic layer.

Another object of the invention is to provide a
method for 1long-term environmental protection "and EMI
shielding of an electronic product that is both cost

20 effective and amenable to high wvolume production.

_ Still another object of the invention is to

. provide a.method for assembly of a multiple layer flexible

. enclosure to an electronic product that incorporates
separable connectors.

25 ' Another object of the invention is to connect the
metallized layer directly to the electrical ground of the
PCB circuit.

To achieve these and other objects, the invention
is directed to a metallized flexible enclosure made from a

30 multiple layer sheet of material. The multiple layer sheet
of material includes at least one polymeric layer forming an
outer surface of the enclosure for providing diffusion
barrier properties, at least one metallic layer adjacent to
the polymerié layer for providing electromagnetic radiation



‘5 conduction. However, in harsh environments, exposed netal

surfaces will corrode. Thus, it woul d be advantageous to
provi de a metal lized flexible enclosure and a nethod for providing 5
both | ong-term envi ronnmental protection and EM shiel di ng of el ectronic
products that is cost effective, anenable to high vol une production and
Is suitable for use wth separable cgnnect ors.

SUMVARY OF THE | NVENTI ON 10 An object of the inventionis to

provi de a ed fI encl sure f ferd env: ro ni al
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Incorporatesyround of the electronic product or assembly. Thus,

environmental protection and EMI shielding of the electronic
10 components of the PCB is performed while enabling access to
the PCB's separable connectors.

The invention is also directed to a method for
providing long-term environmental protection and
electromagnetic interference shielding of an electronic

15 device having electronic components and separable
connectors. The method can include the steps of (1)
providing a multiple layer sheet of material having at least
one metallic layer, (2) forming the sheet of material into
a tubular structure, (3) inserting a PCB having electronic

20 components into the tubular structure formed from the sheet
of material, (4) indexing and positioning the PCB such that
the separable connectors are positioned under openings in
the sheet of material, (5) exposing the separable connectors
through the openings in the sheet of material, (6)

25 compressing the tubular structure against the PCB to form an
adhesive bond between the sheet of material and the PCB, (7)
connecting the metallic layer of the enclosure to the
electrical ground of the PCB, (8) crimping or connecting the
edges of the sheet of material to form a metallized flexible

30 enclosure, and (9) hermetically sealing the enclosure.

Using the above-described method, an assembly
using the metallized flexible enclosure provides long-term
environmental protection and EMI shielding while surrounding
the electronic components and maintaining access to the

35 separable connectors.



'separ abl e connectors. 25 “Another object of the invention is to

connect the netallized |ayer directly to the electrical ground of the
PCB circuit. To achi eve these and ot héer objects, the invention
is directed to a netallized flexible enclosure nmade froma 30 nmultiple

| ayer sheet of material. The nmultiple |ayer sheet of material includes
at | east one polyneric layer formng an 5 outer surface of the enclosure
for providing diffusion barrier properties, at |least one netallic |ayer

adj acent to t he pol YRBEEC drity ebthér ars@éuilsnga:&ieaa{zaﬁeaaefsl Gff agh@gtion
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of the nuﬁtlpm@emhy@m sheet of material to the electrical ground of the
el ectroni ¢ product or assenbly. Thus, envi ronnmental protection and EM
shielding of the electronic 10 co -onents of the PCB |s per f or med whi |l e
enabl i ng access to t ARG D 3 ‘ Ol The
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refer to like elements and wherein:

10 , FIGURE 1 shows the metallized flexible enclosure
and an electronic device according to a preferred embodiment
of the invention;

FIGURE 2 is a cross sectional view along plane II-
ITI of Figure 1;

15 FIGURE 3 is a cross sectional view along plane
III-IITI of Figure 1;

FIGURE 4 is a planar view of the multiple layer-
sheet of material according to an embodiment of the
invention;

20 FIGURE 5 is a cross sectional view of the multiple
layer sheet of material of Figure 4;

FIGURE 6 is a cross sectional view of the multiple

. layer sheet of material of Flgure 4; and

FIGURE 7 is a cross sectional view of the

25 metallized flexible enclosure and an electronic device after
assembly using the preferred method of the inwvention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Generally, the invention is directed to an
assembly including a metallized flexible enclosure that
30 surrounds and attaches to an electronic product to provide
long-term environmental protection and EMI shielding
capability. ‘'Figures -1, 2 and 3 show the assembly 5
according to a preferred embodimenﬁ of the invention.



15 device having el ectronic conponents and separabl e

gonnectors. The nmethod can include the steps of (1) providing a

mul tiple | ayer sheet of nmaterial having at |east one netallic |ayer,

(2) formng the sheet of material into a tubul ar structure, (3)
inserting a PCB having electronic 20 conponents into the tubular structure
formed fromthe sheet of material, (4) i ndexi ng and positioning the PCB
such t hat t he separabl e connectors ar &2 posi ti oned under openings in

t he sheet of material, (5 the s r.able.co ctors t hrough the
openings in the sheet &% #é?g g# %ﬁ%ﬁg gsépﬁ URR FLIRHSHEEIN et ur e
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and t he PCB, onnectin netallic |a t he closure to the
el ectri cal F%g%ﬁhﬁPi?hgrFfi?é%ﬁéf%HGQﬂﬁqﬁ§°5F égnne%? ESof
t he sheet of 2wet ehicdludeq f ol aerBiple| ZeprésexEdt e pith eri@isaﬁm@n aagd( 9)

h t |y I th I d bed
Tot hod,  a SERERRATALY RRP TS TR FORRPST S Bncl DO RPOTEIE
| ong-term cennecbnnsnaae merman&ntiyzaht&EhbdshonhdctgmsWuﬂmrSMﬁEMHMdlng

the el ect oniug 1CRIRRNGHY e 1dadB! BRI 13095 dhdd O eePBEEOLS
These and ot kércusdpebeardnd mﬁmgé'éieofcﬁhé-o canj b@eﬁﬁb@ﬁcarceddelgdn'gbed
or apparent fc(:ﬂ%n@?oﬂ&i'ﬂ dﬁ&i Neftizhed 2 ﬁsﬁigﬁ Q é%ﬂ%d& 50 is

conjunction wth the annexe dramnn S, ose preferre
enbodi neaPs gﬁaﬂhd both around a perlmeter area 30 and to a PCB area 60

surrounding the separable connectors 20 to form a
substantially hermetic seal. The perimeter area 30 and the
PCB area 60 are such that a metallic layer 52 (Figure 5)
within the multiple layer enclosure 50 forms an electrical
15 connection at the perimeter area 30 and the PCB area 60. A
provision is made for an electrical connection td an exposed
grounding pad 40 on the PCB area 60. Openings 70 in the
metallized flexible enclosure 50 enable the separable
connectors 20 to extend through the metallized flexible
20 enclosure 50 to facilitate interconnection access.

The metallized flexible enclosure 50 is bonded to
the PCB 10 at bonding areas 75 jmmediately surrounding the
separable connectors 20 or over the entire PCB area 60 to
.provide an environmental and hermetic seal. To enhance EMI

25 shielding capability, the bond surrounding the separable

| connectors 20 can be made such that an electrical connection
is made between the metallic layer 52 (Figure 5) within the
metallized flexible enclosure 50 and the bonding areas 75
that surround the separable connectors 20. This can be

30 accomplished by a conductive adhesive as explained below or
the like. Alternatively, other adhesive materials and
composites can be used that are laminated or printed onto
the multiple layer metallized flexible enclosure 50.



‘5 invention. BRI EF DESCRI PTI ON OF THE DRAW NGS

The invention will be described with reference to the foll ow ng

drawi ngs in which |ike reference nunerals  refer to like el enents and
wherein: 10 FIGURE 1 shows the netallized flexible enclosure

and an el ectronic device according to a preferred enbodi ment of the

I nventi on; FIGURE 2 is a Crgss sectional view along plane II-
Il of Figure 1, 15 FIGURE 3 is”a cross sectional view along pl ane
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net hod of the inventi DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS £lexible encm@éﬁ%ré‘Pl%}m{%anm P& i1 @ande&ides tleosely
assenbly i ngywih Neh& {RESHHAT CEombSXeRtS £0C] Oﬁaralbbaeséa bedlckOuUngR and

attaches to an el ectronic product to_ provide ong-term envi ronnent al -
protecti on &RFlMunehi 80dierR alsephsi |3s5embled gfesconfopmynep 3 tigow t he

assenbly 5 topdgyggﬂyrgftghéiﬁmﬁﬁgﬁﬂegdﬁg@y@dggﬂifﬁ t he invention

10 Figure 3 shows a cross-sectional view of the

assembly 5 across the plane III-III intersecting the

separable connectors 20. The metallized flexible enclosure

50 is shown to be bonded to the PCB 10, both in the location

_ immediately adjacent to connectors 61, and also over the PCB
15 area 60 extending the width of the PCB 10.

The detailed structure of the metallized flexible

enclosure 50 is shown in Figures 4, 5 and 6. The enclosure

50 is formed, preferably by laminating multiple layers 53

and 54 of polymeric materials selected for various desired

20 barrier properties to the pertinent environmental threats,

such as corrosive gases and water vapor. Polymeric

materials such as polyethylene, ionomers such as SURLYN®,

. polyvinylidene chloride, and polyethylene terepthalate

(PET), can be used. Further, one skilled in the art can

25 'appreciate that additional layers such as 56 and 57 of

polymeric materials can be incorporated to address specific

environmental threats, physical integrity or for

manufacturing efficiency. The inner polymeric layer 54

preferably is an electrically insulating thermoplastic

30 material such as polyethylene that can also be heat

sealable. Other appropriate materials well known to those

skilled in the art can also be used. This prevents

inadvertent electrical connection of components within the

sealed enclosure.
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assenbly including a printed circuit board (PCB) 10 having

In Figure 1, the assénbly-S I ncl udes an el ectronic

or separabl e connectors 20. Separabl e connectors 20 include, for
exanpl e, press-fit pin insertion and 5 threadedly engaged nal e/fenal e

connectors.
connectors,

connectors to a circuit board. Furthd®, the PCB 10 can be fabricated
usi ng conventional nethods. A netallized flexible enclosure 50 is 10

Non- separ abl e connectors are permanently attached
for exanple, sol dered wire | eads or adhesively joined

det achabl e

seal ed both around a pé&pi Addékien cto Fthaymelymeriprchayers B 54, H& @odndi ng
the separabl S7CO'&ﬁ%CEn@'E§.la.QzEQ fF9EwiBle entiBsli2B! 58! LycAEHER! a‘e i%agt The

perimeter area 30 and PCB area 60 are such that a netal | ayer

one; inﬁtﬁltlﬁ@ niPYREl 52 amsmdasm:étrsmf@ms E}ﬁtéllléé-tzleﬂcal

(Figure 5)

52

15 connecti 0@1@5: bhe Qﬁé}é@&f‘é 5§ a3 ﬁ@@aﬁ.&?cpggyai'engsgr eldespggﬁgs' on

is nade for

an_e ectrlc connection to an expos groun I Ng pa

t he PCB aPeaadsbaroperi rgsdiffysiomeL thepepviroapentalkBireatfol ¢ighe a50
enabl e the separdfdite Sgwe&ﬁ@rﬁaeert QapdenGrdriaain sheeABbabs | ERe

flexible 20 engl osure

to facilitate jnterconpection access.

The netal | i z&€81eLE4Rg| Eoknerd KGR L and BBEGEHaﬂoc°mP°PﬁBtPcélldF&9u56nd|ng

areas 75 i nmgdi.at ey prdkidenddeguklie dlff&e@ahabheraeﬁrn9@bgé&taasor theer

the entire PCB a ro an nV|ron ta and ernet sea
o ernance EREtasiin Levsr 52 Ahaid e HeRBthhEART Y S5 At ne PAE BeRRabi
connect o8 2@ndaprbeidede subbtahaﬁaanyehmpérmeableodmefnsﬁbn baktiewde

bet ween t he tall.ic |ayer 52 (k
encl osure 50g§ﬁd ?l'h]e b5§

5
T T RPN T - VAR T

connectors 2Qamifiatedcafioile with a thickness greater than 0.35 mils.

15

20

25

30

Alternatively, a metal film can be deposited on the surface
of the polymer layers by, for example, evaporation methods
and other means known to those skilled . in the art. For this
application, the quality of the metal layer with respect to
the diffusion barrier properties is more important than the
absolute thickness of the metal layer. For reference, a 1.5
mil thick foil of aluminum is considered to provide a
substantially impermeable diffusion barrier.

To provide additional diffusion barrier and EMI
protection, more than one metallic layer may be incorporated
into the metallized flexible enclosure 50. The metallic

layer 52 preferably is made from aluminum because of its low

‘cost and wide availability. However, it should be

understood that other electrically conductive metals such as
copper, nickel, or the like, can also be used.

- In Figures 4, 5 and 6, the outer polymeric layer
53 adjacent to the metallic layer 52 can be patterned to
expose specific areas of the metallic layer 52. Exposing
areas of the metallic layer 52 enables formation of a metal-
to-metal contact for providing both enhanced diffusion
barrier properties and EMI shielding capabilities of the
metallized flexible enclosure 50. It is envisioned that the

t he met al | J Ieéible



*30 acconplished by a conductive adhesive as expl ai ned bel ow or t he

Jike. Al ternatively, other adhesive materials and conposites can be
used that are lam nated or printed onto the nultiple layer netallized
fl exi bl e encl osure 50. 9

Li kew se, mechani cal fasteners or other netal bonding met hods can be
enpl oyed. Figure 2 shows a oss-sectional view of the

encl osed PCB 10 across the plane II-11 through the assenbly 5 5 as shown

in Figure 1. |nqthi di e |lize exi.bl e.encl osure 50

surrounds t %é%ééqﬁs) 1%%% F?‘s? g%%oé%l ?’%é&%vl(ﬁ q:thrﬁee ff)thl'b'gf"lﬁﬁg %8%%%%’?\? 5 11.
As di scussed.bapposetheides SBcbbsthe méktalin zdd Elexibiecshtbdstive cBMf or m
to the tapo. f inte ent s 0 Fjogure 3
shows a cr os@- s%{ctaalP oryne 1?/1"2 relfvl o‘?éjt#e]&t C%%I%e%‘g%ac]?%%sc?rh%ecpﬁ%ﬁe #‘P’I -1
intersecti n@d ) hén indeparidddentcoomecbntinfBusTherarss as9i addnl eoprdsed

Cmed at ol y SIS ah TS BSRALLiere Brexihir srcgosiee o ped 45t 60
extendi ng tHeocatidtnobft brePGBolifiding pad 42 on the ¢;amileed Howestere of
Lhe, metal 11 a5 e iy cSACLERYLE, b0 LT A Sifa B B S T
and 54 of palomekinitrexd et abspesirgt thef metadilicudasresi 5&d i20 orldar ritex
8;225”53 %%#@/%gcﬁﬁef&%%sg‘;%g?ge% thoeaithe intAGEicH <SR RSI Ve
: 10 practiced by exposing the metallic layer 852 at other
locations.
The locations for exposing separable connectors 20
can be formed by, for example, punching out the openings 70
in the polymeric.layers 53, 54, 56 and 57 and metallic layer
15 52 and subsequently laminating the patterned polymeric
layers 53, 54, 56 and 57 against the metallic layer 52 of
the metallized flexible enclosure 50. Also, the openings 70
can be formed by cutting appropriate holes with a die prior
to formation of the metallized flexible enclosure 50 into a
20 tubular structure. Alternatively, the polymeric surface
film can be printed onto the appropriate locations using'a
liquid adhesive that is subsequently dried or cured in a
well known manner.
' Althoilgh Figure 4 shows a single metallized
25 flexible enclosure 50, it is possible that the method for
assembling the metallized flexible enclosure 50 can be an
economical semi-continuous process. Specific methods for
fabrication of the metallized flexible enclosure 50 and
expedients for providing the openings 70 in a semi-
30 continuous process are well known to those skilled in the
_art.
A method for providing the assembly 5 according to
the preferred embodiment of the invention will now be
described.



material $ such as pol yet hyl ene, iononers such as SURLYN err],
polyvinylidene chloride, and polyethylene terepthalate (PET), can be
used. Further, one skilled in the art can 25 appreciate that additional

| ayers such as 56 and 57 of polymeric materials can be incorporated to
address specific environnmental threats, physi cal integrity or
for manuf acturing efficiency. The ipper polyneric |ayer 54

preferably is an electrically insulating thernmoplastic 30 material such

as polyethyl ene that rRéfdrrMehowerdefig, 7, SEfé Hbeal (IS LRREOPI4 at e

materials well known to those, skilled in the art can _al so be used.
Thi s prevent@®closyrg R, i8nfirEcEPFREF 88nAedibsh 38 ifhH e Rt n
t he seal g N i9RUlBing the PCB 10 and the separable connectors 2¢

In addition to the polynmeric layers 53, 54, 56 and 57, the netalljzed
flexible enctHsdreeFFehclBles e &é@ Rhe ShovRy| | Ehpayrgtabligedosed

within the nEleatibZedenclodlexifi ecsiist Dsak ectbbbe Theyds All) cthayBind?
provi des both 5 a harrier to_diffusian he envjro nt al thra?r?ésj) such

as cor r RS Fad@yeEnd4nat dr the perbe iRt Lt oS T
shi el ding fathd heubéB pO1gneri Nheerab3coNpNYHeS,ibLuIy Hetribed) - tHS
provi de adequate diffusion _barrier properties, the netallic layer 52
shoul d be sBRYARY day@Ere, éé'oF"p%ﬂc]ﬂ‘b‘E%spoﬂfY‘%cpf“é‘\FFHéaé EhREtGMRikg | y
i nper neabl e fi{déb iRl el at th&Epetihetdreas@d 3ohanaetRé! bepl ay&y 52
s pref elroablélo 'a For lgx%lgfee ,d él‘?el linv}nxetxh So]?ymtecxl-( nlea'lsysex9 r5e4ataer{d ttq'?en ootit3e5r mls.
polymer layer 53 can both be made of a thermoplastic or
other material that is heat sealable. . Alternatively, the
adhesive may be printed onto the surface of the multiple
layer sheet. The polymer layers 53, 54 can also be
15 eléctrically insulating, thereby preventing the metallized
layer 52 from forming an unwanted electrical connection to
external or internal parts, for example, the active
electronic circuitry on the PCB 10. .
Next, the layers 52, 53 and 54 of the metallized
20 flexible enclosure 50 are directly bonded along seam 80 by
thermal bonding to form both a metallic bond and a polymeric
seal to provide a complete EMI shielding capability and a
hermetic seal. Alternatively, the metallic bond at the seam
80 can be formed by thermal or ultrasonic bonding with
25 compression. The polymeric seal can also be formed by
thermai compression. In addition, corrugation can be
incorporated to enhance the metallic bond strength and the
metal-to-metal contact of the seam 80. The width of the
seam 80 is selected to provide the desired performance. One
30 skilled in the art can appreciate that alternative bonding
locations and schemes can be used.
Then, seals in the perimeter area 30 (Figure 1) at .
the ends of the metallized flexible enclosure 50 are also
formed by similar methods to those described above for the



- Alternatively, a netal filmcan be deposited on the surface of the
.polymer layers by, for exanple, evaporation nmethods 15 and other neans
known to those skilled in the art. For this application, the quality of
the netal layer with respect to the diffusion barrier properties is
nore inportant than the absol ute thickness of the netal |ayer. For
reference, a 1.5 ml thick foil of um numis considered to provide a
20 substantial ly inperneable diffusion barrier. To provide
PO onel QebhUgon BLESIcA oklace off PhESHLOM: D" faydinnpoRsaBal |1
rhe ggtalIiperfokmpdrg&?mp:hﬁenabl&ylsonaeetingntheumenahibecéayeroﬁz|ts
ow cos | hgee

under st ood ?Ha%&gt ﬁ:\gre orPd ET cgﬁdyd%%sncfuct < OS s s%%‘bﬂ%gs bR tgger
nkckel, or shdelsi I58 anﬂltthﬁtﬁa%s%% for exampler lmnthﬁgﬁﬂégaﬂe gfand 6,
the out et pal Yy, | - Shyadl 3450t rha adrld s n be
patterne é exp%s g%%m S reas of he %%%cFﬁ%c f%yer 21°%%p%§|ng
areas of f t hehaeoaem.ng$ ay@rt@ sidgls 58 ﬁ@firr‘éheoﬂr%#s PhAns -determtléleﬁet al
contact for

b A E?ﬂﬁ%c r and
EM shleldlngrca abi |t|es 0 éﬁb&%{i I|zedl¥%§§#%§e gﬁgpggﬁﬁgégo | t
i s enV|S|onE§Ith§hlﬁﬁ§lng capability, n%?a]%?c:qﬁﬁhﬁah%?(xﬁ? bgaafboéed in

the fol | oW pgnkendbudnmetal -tb)-meRB2Sedasi deduhd ehet perimeskli a€dthkexi bl e

encl
20, osure 5fiexlblé)enclo Uz Ion ?fsad] gg%r{gé hgoégggéag gwggﬂvgﬁgors

metallic layer 52 and the PCB electrical grounding pad 40 is

provided by the region (opening) 42 in the inner polymeric
layer 54 within the flexible enclosure 50.

Next, the electronic device is indexed and

15 poéitioned such that the separable connectors 20 are

situated under the respective openings 70 in the metallized

flexible enclosure 50. In the preferred embodiment of the

invention, the sides of the tubular structure are then

pulled outward to cause the connectors 20 to extend through

20 the openings 70 in the metallized flexible enclosure 50. A

heated platen (not shown) with cavities enabling recession

of the separable connectors 20 presses against the

. metallized flexible enclosure 50, and compresses the

. metallized flexible enclosure 50 against the PCB 10 td form

25 the adhesive bond. At the same time, the electrical

connection between the metallic layer 52 and the grounding

pad 40 can be made by thermal compression bonding,

mechanical fastening, by using a conductive adhesive or the

like. Then, the ends of the tube are crimped and sealed, as

30 previously described, to form the- metailized flexible

enclosure 50.

Rather than have the metallized flexible enclosure

50 fit loosely around the electronic product, it may be

desirable to have the metallized flexible enclosure 50



3) inintermttent or continuous areas 59 al ong opposed 5 sides of the

.hetallized flexible enclosure 50, and 4) at the | ocati on of the
grounding pad 42 on the PCB 10. However, one skilled in the art can
appreciate that the invention is not linmited to exposing the nmetallic
| ayer 52 in only the regi ons nmentioned above and that the invention can
be 10 practiced by exposing the netalli | ayer 52 at other | ocati ons.
The | ocations for exposing separable coh%ectors 20 can be forned by,

—
-

for exanpl e, nchi ut the op i s.7 in_the 53,

54, 56 and g?gg nggaoP?c gﬁﬁn?&bgn j@ﬁ%ﬁ§¥n§%,nat,§%hﬁh

Ezzitt;arned Pﬂ_lawmrajt;ion wﬂt?;'lear shéﬂ;ec!izlbl&ﬂidemndoﬁhagpresslbhe metelrind | ayer
o] e_mmeta e l.e e

can be for mEGPhy"TITi ﬁg aﬂ}% AN ’&Chffée%f%f heﬁ‘E§85u§:Qe Pt ngi-egg

formation ohgbmaguﬂﬁﬂélzadefhailwcmpamdnmaukﬂ50 mun;mEZﬂhetsbaﬂang

t t Al t t ;
ont o't heSapBRSis A e St e fRId GFLEEIBEY | 8if1osure 50, R AT58" bl o
subsequent | padkifédiled witkdan ninert gasel sukchoas mitmegen gas, or with

Al t hough Fi e S d I [
S p055|ble%#% Féfhggﬁgfﬁvﬁm$Qhﬁlqg%%?%%géln%ﬁoﬁghﬁg?g epgggkgsgﬁfféq a
encl osure 5Chearinfernal cQﬂ@ﬂEﬁﬂ@%lléenlI@oﬁﬁﬂhdﬁhﬁ’hb%c@§§1rébé6

met hods for mofv%bré.\gﬁiéﬂe ofif hesTRigal &1 Zatddnexichl ev&@ﬁﬁﬁs%&léo thed

expedi ents for provi openings 70 in a sem-,30 continuous process
are welﬂoknGWH@PBeFﬁﬁséngk?¥lQ&FQ%?%#%Q theplectronic pro uc?\ﬁﬁ&qﬁiiq

provi di ng t heaasmithe metedqidiedy flexiblel Raiclosterr.ed enbodi ment of the
Inventlon w i now beIn ngggéIQGdthe inner polymer layer 54 of the
metallized flexible enclosure 50 is thermally bonded to
cause the inner polymer layer 54 to melt directly to the PCB
15 10 at the PCB area 60 (Figure 1) along the edge of the PCB
10. However, it is envisioned that other adhesive systems
and methods can be employed. Foi example, a heat sensitive
adhesive material can be applied either to the metallized
flexible enclosure 50 on top of the inner polymer layer 54,
20 or an adhesive can be applied to the PCB 10 at the
-appropriate bonding location. Alternatively, it may be
preferable to bond the metallized flexible enclosure 50 to
the PCB 10 at locations adﬁacent to the connectors 61 rather
than over the entire PCB area 60. Furthermore, one skilled
25 in the art can appreciate that the metallized flexible
enclosure 50 can be bonded to the PCB 10 at other locations
not discussed above.

The heat generated by the electronic product can
be essentially contained within the metallized £flexible
30 enclosure 50. As a result, the ambient temperature within
the metallized flexible enclosure 50 will increase. The
temperature within the metallized flexible enclosure 50 can

be controlled to prevent adversely affecting the electronic -
components. In addition, the thermal gradient between the



12 Referring nowto Fig. 7, the netallized flexible

.enclosure 50 is first formed as a tube and the electronic devi ce

i ncluding the PCB 10 and the separabl e connectors 20 is inserted into
t he tube. As shown, the netallized 5 flexible enclosure 50 conprises

three layers: 1) the inner pol ymer |ayer 54, 2) the enbedded netallic
| ayer 52, and 3) the outer polyner |layer 53. As previously descri bed,
t he pol yrer Iayers 53, 54 include p nmeric material that can be

formed into a th ter area and the PCB_grea 10 60. For
exanpl e, t heuﬁ%%r a% ﬁﬁgﬁg gyg @e a%]ge’fﬁ%eoff’é: °S“r80r“§m‘§?n| 2FeYe 5% can
bot h be madearof auid:tte:rarrqal a@os:ltmive igesiinerter itd tile iindmweds sesff abl e.

Al ternati veI anl?gheglxﬁﬁ g5 yn‘erg]FI Qsﬁgront OIxtlh%liﬁ Ao sOfwﬁ%}ge

mul tiple yer s ee ayers
el ectri cal | \e*¥¢e38ive nfeathekeby wongeyn, ngmwieammm iLpad efflcr:agretclxaz

fromforng ng:e%ﬁb\!v'ﬂ‘f@nﬁﬁg ﬁleﬁ@.t F:'aﬁa|bé3QI§I=§‘d?t ' OfofOexampél e%nq{eaq._r éﬂ{l@r nal
parts, for exanple, the active el ectronic circuitry _qn the

Next, the |2\t 8bownR} gifuskesk axkerhaly F9,Eheopetadliged %m% 50
are di rect | yerorsloghr&l 809 caaaBedttdached tHEr SRE bongiregskd faainkel th a

netallic bond and a pol yneric seal tqQ provide a (Ii}i npl ete, EM shi el di ng

capability &ff% genezﬁgln.ﬁ;gt FerpeRent 40 e‘?‘t}?atp%lw tRERaFivelYondet the
seam 80 nfeih 16 A MR, &Y Sheddi| b reddders UH Cpmmy\ﬂdﬂs@ﬁssed
COTDY eSO o B PELAEL £o3E2l coleal o0 e LOLTEH B pootlel o
enhance t he sipflal | iThondisd mengd 1 iarell (flexibl aRirdd tdsuretsd maitiadds of
desi rod por PorHERSER ARFIOPSRTARERE T HE BT oPie SHRFELRArEr fot (oo
al ternative sHgB1didhgand 1ﬂu§mtabrmmuhenﬂmrm acfaragsenlsled.5. As such,

the metallized flexible enclosure 50 provides long-term or

15 prbduct lifetime environmental and physical protection for
the PCB 10 where the only access to the PCB 10 and the
internal components 11 is the separ;ble connectors 20.

While the metallized flexible enclosure 50 can be
removed for repair or end-of-life processing, it is not

20 recommended because removal of the metallized flexible
enclosure 50 can coinpromise the long-term environmental and
physical protection of the PCB 10 and the internal
components 11. Furthermore, to ensure the integrity of the
environmental seal, it is recommended that mounting methods

25 for the assembly 5 that can puncture the metallized flexible
enclosure 50 should be avoided. 1Instead, sliding mounts or
compressive mechanisms (not shown) are preferred methods for
securing the assembly 5 to the electrical system (not
shown) . '

30 While this invention has been described in
conjunction with specific embodiments, it is evident that
many alternatives, modifications and variations will be
apparent to those skilled in the art. Accordingly, the
preferred embodiments of this invention as set forth herein



Then, seals in the perineter area 30 (Figure 1) at the ends of the

nmetallized flexible enclosure 50 are al so formed by simlar nethods to

t hose descri bed above for the 13 .
seam 80. Electrical contact of the netallic |ayer 52 can be perfornmed by
mechani cal |y connecting the netallic |ayer 52 during the bondi ng process
or by exposing openings in the- sides, 58 and the areas 59, for exanple,

in the surface of 5 the inner polyneric1 ayer 54. The spacing and

di mensi ons of t he nLng 8 S
det er ni ned bﬁ'nttr?él%%e gﬂi %kﬂggggggﬁv ?’Iegtulliér&grrghtsg frﬁn %ce

EM shi el dlvmrrambldhalngesi tmaz desi made e Wwils ﬂ\te deparing i ﬁﬁ@ﬁ‘s the

nmetal -to-ne e r t 1 | geifhhegenshosthe.

Al so, el ectérél con‘?%ct é;é\;vegﬁ/et Efem e{r%r‘gét%ﬂlzjl:ﬁ %aég/e?éSZ and the PCB

el ectri cal §¢bhﬂuim@ phaime. s provi ded by the region (opening) 42 in
the i nner polyneric | ayer 54 within the flexible encl osure 50.

Next, the electronic device is indexed and 15 positioned +such that the
separable connectors 20 are ~ situated under the respective openings
70 in the netallized flexible enclosure 50. In the preferred enbodi nent
of the invention, the sides of the tubular structure are then

pull ed outward to cause the connectors 20 to extend through 20 the openings
70 in the netallized flexible enclosure 50. A heated pl aten (not shown)
with cavities enabling recession of the separable connectors 20 presses
agai nst the



‘nmetal lized fl exible—enetosure50,” and conpresses the metallized flexible
encl osure 50 agai_nst to form25 the adhesive bond. At the
sane tinme, thej} I ﬂh@ﬂ'ﬁﬂﬁﬁ@“onnect ion between the netallic |ayer 52 and
t he groundi ng : made by thermal conpression bondi ng,

mechani cal fastening, by using a conductive adhesive or the i ke. Then,
the ends of the tube are crinped and seﬂfr d, as 30 previously described, to
formthe netallized flexible encl os Rat her than
have t he rre dé Jl exible enclosure 50 fit | oosely around the

el ectroni ¢ produ it nay be desirable to have the netallized flexible
encl osure 50 . An electronic assembly, comprisingconformto the
shape of the internal conpoglerﬁrsirgtjed Vg s £ bgg}aatw@]syvl j%}ll aﬁ&d

bl adder or conpressible mater.ial can cause the netall)zed

encl osure 5FIPIRYFLES . arhg%tlr%"tr’tqﬁ;|§ﬁ‘§%’i‘$la‘&$m§1§1¢°nﬂ%¢m® t he

sealing 5 praggss, the netallized flexible enclosure 50 can al so be _
backfilled with an inert gas, such ni . Or W dry air to
provi de non-corrosive atnosp her’i‘%ta@g]srfdﬁé gtef%&"absletheerf T nents
11 It may @d»rstr;ahmmbasmrl'mbl ®CBy theemoetadbbbzedt flexilslag mc/]amum to
vacuum pack onents and/or outgassing the el ectronic product

/

prior to |ng e nmetallized flexible enclosure. In
Figure 7, the i nner pol ymer | ayekaymrsfof molymemicinataxigl exi bl e

encl osurg 50 is thermally bondedy¢t Qeast one metallic layer electrically
connected to the electrical ground of the PCB, and
openings that allow the separable
connectors of the PCB to extend through the metallized
flexible enclosure,

15 : wherein the metallized flexible
enclosure is hermetically sealed, the metallized flexible
enclosure including an environmental protection capability
and an electromagnetic interference shielding capability
while enabling mechanical access to the separable

20 connectors. ' '

2. The assembly according to claim 1, wherein
the metallic layer is disposed between an electrically
insulating inner polymeric layer and an outer polymeric

- layer of the metallized flexible enclosure.

25 . o 3. The assembly. according to claim 2, wherein
the inner polymeric layer adjacent the metallic layer is
patterned to form a hermetic seal and to expose the metallic
layer, which enables the metallic layer to electrically
contact the electrical grotind.

30 4. The assembly according to claim 1, wherein
the metallic layer is substantially free of pin holes and
provides a substant_ially impermeable diffusion barrier.



‘cause the i nner polymer layer 54 to nelt directly to the PCB 15 10 at the
. PCB area 60 LELguLef%}—arUﬁq”Fﬁe edge of the PCB 10. However, it is

envi si oned t hat ot her m mmsystems and nethods can be enpl oyed. For

exanpl e, a hea \“\“\1
t he netallrzed
54, 20 or an adﬁesrve can be applied to the PCB 10 at the

dhesive material can be applied either to
e encl osure 50 on top of the inner polyner |ayer

appropriate

bondi ng | ocati on. Alternatively, it n% preferable to bond the .
netallized flexible e clos re | ocat i ons acent to
the connectors 61 rat 4%%f¥iﬁﬁﬁ-t%£ %ﬁ? ?e OFHES 6BF° ¥% ﬂ%rnnre,
one skrIIedeﬂﬁlronméntaltpmaﬂeapnpacamdaelentndmagngtﬂd|zedeffexeb¢e

encl osure 5%h£2fdfﬁgb08§edaﬁo é#ﬁcgﬁgh%g aélgé 8?%ﬁ8nselect9

di scussed & genera

e electronrc product

can be eemponéntts \anshsepayellai cnnne«t:h@rswetrére |ﬂﬁe¥@1fllléﬁldbﬁéegeble

encl osurg %? éeég* rlggﬁ anbi ent tenperature within
exr%?%

netallized osure O mrll I ncr ease.

t he
nper at ur e wthrn

the metallized flexible endl BdWFalEEY ok lavers %gh??er% l?om%F%Veﬂt
adversel y aféechisgidiiey &ifFusidnCbarriepnpossetsied rtoadtiet menall heedher mal

gradi ent be

h .
i nsi de and %ﬁg’gtﬁai}egf ef‘ﬁ:é‘oﬁugﬁ’bl ew%%?]o%ur te:h§0 énéer%: aslelrlvzed

flaxible
an

addi tional enslosucei msediemmaticallie segledsbyt at leastasnsamf, thach as
water vagor 1ur£P%E¥tHft}99ér§hgfepolym@ffésﬁéﬂérféﬁt is a concern,

nechanrsns

at least one metallic layer disposed between

15

20

the plurality of polymeric layers for providing diffusion
barrier properties and electromagnetic interference
shielding capabilities to the metallized flexible enclosure;
wherein the metallized flexible enclosure
provides environmental protection and electromagnetic
interference shielding to the electrical components while
enabling mechanical access to the separable connectors.

6. The metallized flexible enclosure.according
to claim 5, further comprising openings for exposing the

separable connectors.

7. The metallized flexible enclosure according

to claim 5, wherein the metallic layer is substantially free

25

30

of pin holes and provides a substantially impermeable

diffusion barrier.

8. The metallized flexible enclosure according
to claim 5, wherein the metallic layer is made of aluminum.

9. The metallized flexible enclosure according
to claim 5, wherein one of the plurality of layers comprises
an electrically insulating inner layer capable of being



5 renoving the-heat can he used For exanple, a heat sink (not shown)
.Situated external to the netallized flexible encl osure 50 can be

250 Cermat (MMM .7, o™ e2oss oon S orboned ao” ' -

previ ously di scussed 10" t® fhcilitate heat transfer either with or without
a heat - sink. Thus, the netallized fi§X|ble encl osure 50 provides a
substantially permnent and inviolable ntai nment for the PCB 10 and

i nt er nal co h xi bl e
encl osure 5 p%%g?%gglqégg' erm or %%eé@ uctd?v%e% %%g§%€¢%%%ﬁg %ﬂ% and
physi cal prateteash ¢pe metaihéCPtEYQU mhere the only access to the PCB 10

and the i nternal conponents 11 is the separabl e connectors 20.
Wiile the netallized flexible enclosure renoved for repalr or

end-of -1i fe processi ng?-itThe ﬁSFa lz?@c%ﬁﬁﬁhﬁ%ﬂ BRELOZUT R eABTIF LRIt he
netal | i zed tbexillim 5, ewltépsitiethe tapeesnPfoPcigmditid angtdridl are

envi ronngnt al .and si_c rote on of. the PCB 10 and t.he . nter |
components 139808 1af riBash SO FERbER U O TEolp AR LA PR
seal, it ispodyetthghded, thaiom@marsng metlhodny?idene t kbhlagddebl yasdt hat
can puncturﬁaiﬂgtﬁg g#gléggegLﬁéig encl osure 50 shoul d be avoi ded.

un

| nst ead conpre55|ve mechani snms (not shown) are
preferred nethods for securing the assenbly 5 to the electrical system

(not shown). 30 11, A md¥héde fdﬂ‘“p&oﬁe@t@.ﬁb' 8A elastrpecassé&esryi bed
I n conjunct W th SpeCIfIC enbodi nent s V|dent t
al t er nati ve$B€ hrﬁaﬁ‘gca‘t PEIR sk %"Hﬁ%"\lﬂ I {P@ a‘ébtb%r%ﬂ?cFBO?the
skilledidon thmpanénts Andorséipaylaple tdomnec tmref,ercambreindiiondy nelnd ssbépshi s
I nvention a3f§et forth herein
forming a sheet of material into a tubular
structure the sheet of material including at least a
metallic layer;

15 inserting the PCB into the tubular structure;

indexing and positioning the PCB such that
the separable connectors are positioned under openings in
the tubular structure;

exposing the separable connectors through the

20 openings in the tubular structure;

compressing the tubular structure against the
PCB to form an adhesive bond between the tubular structure
and the PCB; '
. connecting the metallic layer to a circuit

25 ground of the PCB;

forming a metallized flexible enclosure by
crimping or connecting the sheet of material; and

sealing the metallized flexible enclosure to
form a hermetic seal,

30 whereby the metallized flexible enclosure provides
environmental protection and electromagnetic interference
shielding to the electronic components while providing
access to the separable connectors.



16 are intended to be illustrative, rather than limting. Various changes
. may be made w thout departing fromthe spirit and scope of the invention as

defined in the f I
17 VE CLAI I\/II I"mll(]i!ﬂj(ulllml An el ectronic assenbly, conprising:

a printed circuit* bcar incl udi ng conponents, an electrica
ground and separabl e connectors; 5 and a netallized
flexible encl osure for contalnl%% the PCB, the netallized flexible
encl osure nNeric

conpri sjng,
material, 10 129 ne methed| of s F15AR v alaﬁ/‘frt&fe@e‘%'ﬁ%ﬁ*’?‘%al ly
connected tthe hetep exft nacaiumglemhdabing hehPGRibudat structure to press

openi ngs thalg aé‘]ﬁ%éPesEﬁE?ﬁE@Pé g?%aem?n&?é:tﬁ%%ﬂ'oﬂ{@ Etbdfesed €nd

t hrough t he et exi osur e,
wherein t he netallized flexible enclosure is hernetically seal ed,

the metallized flexibi®, The method of claim 11, further comprising
5 the step of backfilling the flexible enclosure with a gas
during the sealing step.

14. The method of claim 11, wherein the metallic
layer is connected in the connecting step by using a
conductive adhesive. ' '

10 15. The method of claim 11, wherein the tubular
structure is sealed in the sealing step by using a
corrugated tool.

16. The method of claim 11, wherein the tubular
structure is sealed in the sealing step by using heat.

15 17. The method of claim 11, wherein the tubular
structure is sealed in the sealing step by using

ultrasonics.

18. The method of claim 11, wherein the metallic
layer is connected in the connecting step by wusing

20 ultrasonic bonding.

19. The method of claim 11, further comprising
the step of folding the sheet of material over the PCB prior
to the sealing step.



enclfosure including an environnental protection capability and an
el ectromagnetic interference shielding capability whi | e enabH#4;
mechani cal access to the separable 20 connecto The
assenbly according to clai-m1, wherein t he net Fﬂﬂ@ﬁﬂ%&%' BEIS sed
bet ween an el ectrically I nsul ating inner polyngric 1 8 ter

pol yneric | ayer of the netallized flexi ble enclosure.
The assenbly according to claim2, wherei t he inner polynerlc Iayer

expose. the et ol MEBHOD F0B, EROTRATING, KLERERONAC AERLOER, CouppRmRgE "¢ 1°
electrically ammssmmmmmm | MEFALLEIZED FIEXIBLE mcnosm The

assenbl y accgﬁgbgg“% claiml1, wherein the netallic |ayer is
substanti al | pi n hol es and provi des a substanti al
i mper neabl e di ffusi on W rasgembly for protecting the aCQ?VGA?HEE%Hqﬁ%%d

flexible encl Qsidneit@Vb® B eleP¥bh I8 VBRIt IfHRC then eAiironment and
el ectromagneticinterference , shjielding of an electr8n|§ cirguit

electronic ekepigramaanetan Wprigrencon@tor s A a¥i ?ﬁF?* bIe

5 encl osure GfE¥d Skh@: assembly is formed by providing a metallized
flexible enclosure around the electronic product, such as a

printed circuit board, and subsequently sealing the
10 metallized flexible enclosure, such that separable
connectors can be readily accessed without violating the
integrity of the seal. The metallized flexible enclosure .
includes multiple layers of polymeric materials that provide
diffusion barrier properties and a metallic layer that
15 provides both diffusion barrier properties and EMI shielding
capabilities. The multiple layer sheet is patterned to
optimize the diffusion barrier properties and EMI shielding
capabilities. Further, the multiple layer sheet enables
efficient, high wvolume production. Thus, electronic
20 products can be provided with an assembly having an
environment protection capability and EMI shielding
capability amenable to reliable and cost effective high '

volume production.

This Sheet Has Been Replac
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a plurality of layers of polymeric materi al for providing diffusion

barrier properties to the nmetallized " flexXible enclosure, wherein the
nmetallized flexible enclosure is hernetically sealed by at | east one of
the 10 plurality of layers of polynmeric material; ‘ at

| east one netallic |ayer disposed betwee the plurality of polyneric

| ayers for providing diffusion - barrié properties and

el ectromagnetic i nterference shiefﬁfﬁﬁ.c&ﬁabilities to the netallized
fl exi bl e encl osure; 15 : ﬁherein the metallized flexible

encl osure- provi des environnental‘pl tection and el ectromagnetic

interference shielding to the elegfrical cefrents while enabl i ng

mechani cal ‘access to the separabl e™eQnpe 0 The
metal | i zed flexible enclosure accor g¢ng further npri sing
openi ngs for exposing the ) Sepa - 7. The

metal lized flexible enclosufje z
metal lic layer igppubstant] Y free of pin holes amdlp des a
substantially jep S [gsion barrier.
netallized fkéiib osure according to clah§§5, wh
metal lic |ayer ™ : <M.

fl exi bl e encl gs '
of- layers cap
bei ng




19 adhesively bonded to the el ectronic device and exposing the at

| east one netallic |ayer. 10. The netallized flexible
encl osure according to claim5, wherein the |ayers of polyneric
material are ‘5 made of at | east one rren?/ of the group consisting of

pol yet hyl ene, I ononmers, . pol yvinyliden 3:h|oride and - pol yethylene
terepthalate. - 11. A nethod for protecting an electric
assenbly ~i ncl udi n%a printed circui tfFIGrd 4-CB) hayjng el &t ronic 10
conponent s and separ alig_connectors, conprising the step N

UDUI d Vigls.

OCT Y t_Of
tallic |ayer;* 25 =

formng a sheet of mat
mat eri al including at ljeg

)
a

inserting the PCB into |t r structure; K4 |i ndexi ng
and positioning the PCH t he separabl e connect ﬁﬁg %50

posi tioned under opening t he tubul ar structure; %9 k

exposi ng the separabl e jcg@gqict ors t hrough the 20 openings i a@ﬁe t ubul ar .
structure; _ conpressing the tubular structfd¥d agai nst the
PCB to form an adhesivg Qaq between the tubular structure gaﬂa d the PCB;
connecting the nmetallid I§r to a circuit 25 ground of theR4B; :
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formng & netallized flexible enclosure by crinping or connecting t he

sheet of material; and sealing the netallized flexible
encl osure to forma hernetic seal, 30 S whereby the netallized
flexible enclosure provides envi ron al protection and :
el ectromagnetic interference shieldrﬁg to the el ectronic conponents
whi | e provi di ng access to the separabl e connectors.

20 ~12. The nethod of claim 11, further conprising- t he
step. of vacuum | ami nating the tubul ar structure to press t he tubul ar
structure agai nst the el ectronic conponents. 13. The met hod
of claim1l, further conprising 5 the step of backfilling the flexible-
encl osure with a gas during the sealing step. 14. The

met hod of claim 11, wherein the netallic | ayer is connected in the
connecting step by using a conducti ve adhesi ve. 10 - 15. The
met hod of claim 11, wherein the tubular structure is sealed in the

sealing step by using a

FIG. 7
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cofrugated tool . 16. The pethod of claim 11, wherein the

_ t dbul ar structure is sealed in the seallng step by using heat. 15
17 The nethod of claim-11, "wherein the tubul ar structure is sealed in

- the sealing step by using ul trasonics. 18. The met hod of
claim 11, wherein the netallic | ayer is connected in the connecting
step by using 20 ultrasonic bonding. 21 19. The nethod of claim
11, further conprisin the step of folding the sheet of material over
the PCB pri or QR EQR, BRQFEGTANG ELECTRONIC CIRCUIT COMPOMENTS

AND ASSEMBLIES USING A METALLIZED FLEXIBLE ENCLOSURE
ABSTRACT

An assembly for protecting the active electronic
5 components of an electronic product from the environment and
electromagnetic interference (EMI). A method is described
where the assembly is formed by providing a metallized
flexible enclosure around the electronic product, such as a
printed circuit board, and  subsequently sealing the
10 metallized flexible enclosure, such that separable
connectors can be readily accessed without violating the
integrity of the seal. The metallized flexible enclosure .
includes multiple layers of polymeric materials that provide
‘diffusion barrier properties and a metallic layer that
15 provides both diffusion barrier properties and EMI shielding
capabilities. The multiple layer sheet is patterned to
optimize the diffusion barrier properties and EMI shielding
capabilities. Further, the multiple layer sheet enables
efficient, high wolume production. Thus, electronic
20 products can be provided with an assembly having an
environment protection capability and EMI shielding
capability amenable to reliable and cost effective high '
volume production.

Fig. 1

REPLACEMENT SHEET|
15 JUL 997




