1 Title Electronic Device in Plastic Cross-Reference to Rel ated
Application(s) 5 This application is related to International Application
No. PCT/ AYRQOB/Be926 (G iffith University) and corresp@f@iaigogramsed AU
Pat ent Nos. 2006265765 and 2009233620, and clains priority from Australian
Provi si onal application No 2010904840, the contents of which are herein

I ncorporated by reference. 10 Technical 1Field The invention concerns a

met hod for formng an electronic device in plastic. In another aspect, the
i nvention concerns an el ectronic device fornmed according to the nethod.
Background ofitlthe Art 15 El ectronic devices are traditionally nade on a
printed circuit board (PCB) V\hq;l@ctmgﬁpgﬁlqtgn as chips are adhered to
the substrate and then connected by netal tracks patterned on the
substrate. For sonme applications, there is a need to encase the electronic
conponent s iCroas-Referant ite RelataslkApplicaion®CT/ AU2006/ 000926 di scl oses a net hod
for formaqg 0N ' ' I @ e ' I 9\ onents
and ci rod, (g el gy 8, nfbripli Appftatth 2l bEPILA0G06R8T
mechani cal {(ith. DoNesey) Mt Eomeseondingn BrnisdnbnBAest Npe 200626576 #0d | n
one or nDre 2000233626 iafid aclkifer PHRiptiGS fidin SMbSHaliak eProM3ionhle Gpplicaibn CNoCUi t 1S

t hen deposit t hermpl-asthc_sheet .or over,the.one or nore

conmponent s. #ﬁg@g%ﬁé‘}%ﬁg "sotfiwzncgik%eel?er‘flg 58S W)’tﬁf?ﬂlge‘t her mopl asti c
substrate to seal the electronic conponents and electrical circuitry

bet ween fohe TdeRhieRIdiaat i ¢ sheet and substrate. Since this nethod is

| ead-free, it _also.reduces the . cqst of .manufacture, and.environnental inpact
of the manuf HERRYERIGT SAPseras meud Kor,fOrINeE AR LPei PRI dey e i Bipgtls: 1 apather

mat eri al s, cdhepdct e invention caems an blectrdnkedenivie fomitdsicireding tanthe ustémddi n t he
present specification is not to be taken as an adm ssion that any or all of
these matters formpart of the prior art base or were conmopn gener al

know edge i Background ofitheArt, ant to t he present invention as it existed

before tise [Hleawonicydelides ¢ traditionallyamade ontdipinR@ MilcGidthoard (FIB)Swherki t ut e

Sheet (Rul ‘ | tjion A di ng _t first
mopect -t hercainbatnts bhf o2 IR ek Blneledio Y SR o WREC L flecstt By il
pl astic, corifsekspatigmed ondhegubsterte. For)sopieapplieptions theraisi anesd tp omcastt thei n
recesses in etectrBfit 0BMpsHRhistn & PR¥CHRS fackage.

Qe

20 PCT/AU2006/000926 discloses a method for forming an electronic device in plastic in
which electronic components and circuitry are sealed and proteéted from environmental
effects and mechanical impact. One or more electronic components are first placed in
one or more recesses in a thermoplastic substrate. An electrical circuit is then
deposited onto a thermoplastic sheet or over the one or more components. The

25 thermoplastic sheet is bonded with the thermoplastic substrate to seal the electronic
components and electrical circuitry between the thermoplastic sheet and substrate.
Since this method is lead-free, it also reduces the cost of manufacture and
environmental impact of the manufacturing process.

30 Any discussion of documents, acts, materials, devices, articles or the like which has
been included in the present specification is not to be taken as an admission that any or
all of these matters form part of the prior art base or were common general knowledge
in the field relevant to the present invention as it existed before the priority date of each

claim of this application.
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5(b) depositing an electronic circuit over the electronic conponents, or
onto a thernopl astic sheet; and (c) bonding the thernoplastic

substr at evai2012/ask®0t her nopl astic sheet in a thermal bon®CHEAUERIDNEES8t 0 seal
the el ectronic conponents and the electronic circuit between the

t hernopl astic substrate and the thernopl astic sheet, 10wherein the nethod
further conprises providing a thermallyconductive |ayer on the

t her nopl astic sheet and/or substrate such that heat applied during the

t hermal bonding process is distributed substantially uniformy across the

t her nopl ast i Sumieryt ofthe Inventiodst rat e overl aid by the thermally conductive

| ayer 10 1 ackLiohahstoons ect DR ORAIERhERHA furtSThs AEAUASI SAG 15 11

I s an advantage ¢ n a nore unirorm fon’i s
achi eved acrip®lastic gpmprsing the steps ¢fer nopl asti ¢ sheet or substrate overlaid by

tlhle thermally CO(?Win‘é%ldcﬁUlﬁ&cqr%[ eﬂ@%llﬁ&;sfs&ﬁpbm%ﬂﬁﬂ)d : 1hsﬁfcc‘sasy&3&t,ive ! ?%er
al l eviates a prohl.em observe 1 an el ectronic device forned usin e
net hod dfs:cl osed&)nﬁwlmw%@‘bﬁﬁ%weﬁ&e EICSITARC COmRONERIS, oI Qiyte goni c
devi ce conprtheawplsticshedt andni ¢ conponent having a | arger thermal mass than
that of other CO(@%ﬁd}ﬁéthettﬁlﬁ'm;EwﬁrsuﬁﬁﬁféWh fﬁ@%ﬁerﬂgﬂﬁtﬁl sh¥et Ml 2 fteRha the

tenperature profile across the 1 hernoplastic zagﬁ-et or substrate to be 25

bonded. In t4onding process e seqlthe sierironic ompRnents and the plectranic cifsyitdetweeat nor e
uni form y achothsrmdplastie nibstate antl thegrecmeplastioshseng of t he t hernopl astic sheet
and subsf{yate w | ..‘ﬁ?ﬂ{e | | ' VGl ni of

t he e:Jecl'ttdr onj cwcg@rgﬂg%netg% H@\HOE ar 6%&@{%&%}3@{&@ &%ﬁgk? %%Jrﬁgtéﬁ l%égghéuct.i ve

| ayer al so 1A% theroeplastic shepicand/r shbstrate) suedy that heaseapplied during theethermalt r oni ¢
device to i rondivig phesebs Wi Eistiibaéd substantallyt RafoHaR) &doRAhe HRShbSIRIte sheaponent s

and circuitr | ect r.oni vice. At,least one.of.the electronic
conponent s n%lij/j8 Egﬁbg_g?]tgé)'? e-’risaéén)g?' ﬁe&@er&n& 8%%"&‘?%%‘8@38 far?é‘!‘ﬁ%ﬁ"’?fhg}g Pfj her
conpri se patthemeplagtic sheetandsubstraty. conductive | ayer to reduce distribution
of the hgat applied during the thermal bonding process to the

' o . : h A
heat -sensi t ' g’nS agxpan 29 %?tthe rSnlé %&Itkalljttaem%reegttlifo(rg%e%t %?s)&ib%gon LiJs achieved
~ across regions of the thermoplastic sheet or substrate overlaid by the thermally

~conductive layer. The use of the thermally conductive layer alleviates a problem

observed with an electronic device formed using the method disclosed in
20 PCT/AU2006/000926.

For example, if the electronic device comprises an electronic component having a
larger thermal mass than that of other components, the larger thermal mass generally
disrupts the temperature profile across the thermoplastic sheet or substrate to be
25 bonded. In this case, the thermally conductive layer distributes heat more uniformly
across the device and improves bonding of the thermoplastic sheet and substrate
without significant plastic deformation in the vicinity of the electronic component with
larger thermal mass. The thermally conductive layer also has a second function during
normal operation of the electronic device to improve heat dissipation from the sealed
30 electronic components and circuitry of the electronic device.

At least one of the electronic components may be a heat-sensitive component and the

method may further comprise patterning the thermally conductive layer to reduce

distribution of the heat applied during the thermal bonding process to the heat-sensitive
35 component.
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3 The thermally conductive |ayer may be thermally drivable with one or nore
of the sealed electronic conponents to regulate tenperature to sone or part
of the el\woupwis¢dodevi ce. The net hod may further conpri £ETRIRAIING128Re
thermal |y conductive |ayer to the thernoplastic sheet or substrate, or
both, either during or before step (c). In another exanple, the |ayer may
be both thermally and electrically cond@3ctive. In this case, the nethod may
further conprise patterning the thermally and electrically 10 conductive

| ayer to function as an el ectromagnetic shield for the seal ed electronic
conmponent s kg thermally sanductive dayex mapbethermglly dsivgble jwith eneor merccefthery to

package the stfledTBIdctRInRCEInPonents 8 icgBlatetepdraiRY B1s8mS br Phid of theatétuBiR
el ect rorragn)e#el c conpatibility. In this case, the thermally and 15

el ectrical | y¥6fiducting I ayer is a multipurpose |ayer for uniform heat
di stribution during the thermal bonding process and for integrated heat

di ssi pat ison TRImEhEd iy TRHHEE kSmﬁmeeBﬂ{dﬁ&hﬂiérih@HndWr&ﬁa'd QRe! Ak @k the
el ectroni c dgevi ce, I h d erectrlcal y

| f the er 1s both thermall n
conduct i ve, eTmORBstrFhesty sy 'i"ftﬁé’t’b?g" %‘Hﬁb&‘f’g@ %ﬁ?ﬁ%éerﬁ?ﬂﬁ)‘t he thermal |y and

el ectrically conductive layer to function as an antenna that is inductively

coupl ed to yhe,sRa! «S&m‘ﬁke?ﬁer ltggér%%)sf)é;/ Uétlh ttﬂ%}g{aﬁ% al%]gle%cém{/ gc{ngtxctm.e eal ed

el ectroni c conponents. ~Aldlvan fllg‘)leo | 'ot necess provi de a
separ at e antthifsaseo thecwathod @y fuptherrompsise pattarnipgithe theymally. andreleatieally ase,

the therigel Icgndiuttlve layet kd Galctiyn @Rl Udlédtdthabmetier shicld Forithet deRldl RAkBohidYEr foOr
uni f orm heat__di tribut i ol dur i@%’tt he thermal bondi ng process. During nornal
0] e

operation of °T'RE"Y, seagle Sirigd the thermally and electrically

conductive |ayer serves to dissipate heat and as an antenna. 30 The nethod
may further ciEmbicdBstpaittismdk Micdsbiy |8 %Rbkdee tHe ToinfRY ﬂ@eﬁdﬁfé d&liceY trs Yl
i nformation. Thet' a gr n&g coppri se at, | east. gne _of .the foll ow n[g:
al um ni um f SFpara Egﬂé fo peligve CEE??H‘%%WE‘F F‘i’}%l?a,t‘bﬁ‘rw- e dus case.ihsthempally@d duct i ve
pol ymer sl5 3sleSuivally tcondncting ddyef iRulaemiliipufpc¥eAldyer for uniform heat distribution
during the thermal bonding process and for integrated heat dissipation and
electromagnetic shielding during normal operation of the electronic device.

If the layer is both thermally and electrically conductive, the method may further

20 comprise patterning the thermally and electrically conductive layer to function as an
antenna that is inductively coupled to the sealed electronic circuit and/or one or more of
the sealed electronic components.

Advantageously, it is not necessary to provide a separate antenna or component in the

25  electronic device. In this case, the thermally and electrically conducting layer is a
multipurpose layer for uniform heat distribution during the thermal bonding process.
During normal operation of the electronic device, the thermally and electrically
conductive layer serves to dissipate heat and as an antenna. -

30 The method may further comprise patterning the layer to display textual or visual
information.

The layer may comprise at least one of the following: aluminium foil, copper foil, -
printed silver, printed carbon, and conductive polymers. '
35
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WO 2012/ 054960PCT/ AU2011/ 001288 4 According to a second aspect, there is
provi ded an el ectronic device formed according to the nmethod according to
the firstwagpeds496Bri ef Description of Drawi ngs 5 Non- | iPRIFAUIGLIIENESPI e( S)
of the method and el ectronic device(s) formed using the nethod will now be

described wth reference to the acconpanyi ng draw ngs, in which: Fi g.
1 is flowhart of steps of an exenplaryd4nethod for formng an el ectronic
device in plastic. Figs. 2(a) to 2(t) are a series of

cross-sectional view of a first exanple of an 10 el ectronic device during
its formati okccording torg gpsondgspget,t therg (if proxided an gleetranic devicerformedsaseerdingal vi ew

of part of ao#iRGAGHOEIROTIL 16 thedistalspeet.r oni ¢ device for selective thermal
distribution. Fig. 4(a) is a pictorial exploded view of the second exanple

in Fig. 3(f). Fig. 4(b) is a top view of the second exanple in Fig. 3(f).
15Fi gs. 5( a)Brief Desciptiorcofddasdngsect i onal view, pictorial exploded view and
top view @f ; QY € 0 LA gl td er mal
distri but%)on&&mhftgléi‘ qc);or glel?ss) ,(g glre lgéstﬁgigﬁ ?oe@egﬁse\élb g(%v%? (Sza pu?t,l?ls\(%g%pl e of
an el ect r onieethed vl bedegeribed refprencs tpAhe accompanying drawings, inwhicl: 7 s a
top view of a fi Figh leix@opckarodf stepsadfemt exemplarylmethod fod fobmingtdnedieaplohic 20 and

el ectricall Y3eGRE L%.t%e' | ayer al so serving as an antenna. Detail ed
Description AR ex ary nmethod for forming an electronic device in plastic

will now be expl Higsedanta B(f); aeear senige of eroshgectionahwieay of a fiostiexamplg. of mna| ong
Wi t h varijpusl®xofibldedcsMamg itsTofmation25 2 to Fig. 7. The steps are

aBol L cable, 19 ST st TRE Gkl MLEL G Bl BRI SARRR™ ©
of an electronic device for selective thermal distribution. _
Fig. 4(a) is a pictorial exploded view of the second example in Fig. 3(f).
Fig. 4(b) is a top view of the second example in Fig. 3(f). ’
15 Figs. 5(a) to 5(c) are cross-sectional view, pictorial exploded view and top view
of a third example of an electronic device for selective thermal distribution.
Fig. 6 is a cross-sectional view of a fourth example of an electronic device with
a thermally drivable layer.
Fig. 7 is a top view of a fifth example of an electronic device with a thermally
20  and electrically conductive layer also serving as an antenna.

Detailed Description

An exemplary method for forming an electronic device in plastic will now be explained

with reference to the flowchart 100 in Fig. 1 along with various examples shown in Fig.
25 2 to Fig. 7. The steps are applicable to any suitable thermoplastic material such as

polycarbonate by adapting the pressure, temperature and process time parameters.

First, an incoming thermoplastic substrate 200 is cut to size and its edges smoothed; see
thermoplastic substrate may be polycarbonate sheet of 5 mm thickness. Quality

30  checks are performed and the thermoplastic substrate 200 rejected if it fails the check;
see steps 110 and 120.

Recesses 210, 215 that are shaped and sized to receive electronic components are then
embossed into the thermoplastic substrate 200; see step 125 in Fig. 1 and Fig. 2(b). A
35 quality check is then performed and the embossed thermoplastic substrate 200 rejected
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First, an incom ng thernoplastic substrate 200 is cut to size and its edges
snoot hed; see thernoplastic substrate may be pol ycarbonate sheet of 5 mm

t hi cknessWOQut 5496030 checks are perforned and the ther ROPIAARII1IN0E$BSt r at e
200 rejected if it fails the check; see steps 110 and 120. Recesses 210,
215 that are shaped and sized to receive electronic conponents are then
enbossed into the thernopl astic substratse 200; see step 125 in Fig. 1 and
Fig. 2(b). A 35 quality check is then perforned and the enbossed

t hernmopl astic substrate 200 rejected Substitute Sheet (Rule 26) RO AU WO
2012/ 054960PCiH/failpthe thenk) seeostep 130. Alteraptively, 1this step RS mayebesemitted 3fthe

Al t er nat i velr¥cesdel 250,21 § Bre p2& for¥d, REcHOAH &sir@dnjkétiohhﬁbdldiﬁ%sses 210, 215 are
pre-forned, such as using injection noulding. A hot enbossing nachine can
be used for the enbossing step. The machine preferably 5 has a pneumatic
press that i het eottossingumhaghineecpn|betusel fop thecambossing $tep. A Imazbing peferably and

top and BOt tRg, PhesdHcHrek W s QERASHTdepi1ibd tlﬁ&hhﬁﬁm@ﬁgﬁd&t ﬁcss@te and
tenperature controller cont roln??ét he B!@@tg t_emi]grat ure t'her nocoupl es
and |imts tPR 28eihaam Bresyre plptes, prpeddeq nvith heptingpplementsy dnmirmperaiire
tsﬁt ti ngls a { eonitdllee varirolsitie flateaermpdrytureawidi themcbupledangllma?ﬁb wtt)ik'ft:dnhﬂ'
ernopl ast i _ r L ced on the bottom
p utﬁe aytggieu(tﬁh% v te}ﬁéxqm&ggegﬁr{ég aFaa@ﬂue@éda

pressure plate. op ‘press hen contacted with the die and
t her nopl astic substrate 200, and preheats it to a predeterm ned

t enper atgr e.Geneglly,ad €id iPfisaliphed WsthitheMediipldsaé sibstrith 200,3R 1SRRI P! at e
to enboss the recesgs Stt210 215 |%to.r§h§ substrarﬁ% 23?. As . shaqwn R Fig.
2(by | the r Fased gL HeRonom pred? Rlale o Thetop hrpssprs blateyis shencomasiAdarmy B ¢ he
si ze of the di¢ awst thermeplastiopsubrtrates200s entl prabsats iteb ecpredsiérminadniompenatuse. 220,
ol ace. mach; noruitPresdfe SIMGRTPIRIL e GHIRSER peldio Ehpsk e MeBeP 2Rl To-
press the elrbgétiPtBrﬂ‘E s@@ﬁﬁﬁ%@ﬂt 5“{:52%@}"@25‘%3'&@4%”?%?%%&»%?i"éays}tﬂygt rate
20 200 slo t hiifferentegpths dopehiding bn the sizh ef the pectrenic Eanponasts akedwn in Fig. 2(c).

A quality check is then performed and the thernoplastic substrate 200 with

el ectroni c conponents 220, 225 is rejected if it fails the check; see step
140. Next, electronic components 220, 225 are placed into the corresponding recesses 210,

215 using a pick and place machine; see step 135 in Fig. 1. Heat and pressure are
applied to press the electronic components 220, 225 into the thermoplastic substrate

20 200 so that they stay flush to the upper surface as shown in Fig. 2(c). A quality check
is then performed and the thermoplastic substrate 200 with electronic components 220,
225 is rejected if it fails the check; see step 140.

Following placement of the electronic components 220, 225, electrical circuitry 230 or
25  conductive tracks are deposited. The electrical circuitry 230 may be deposited over the

electronic components 220, 225; step 145 in Fig. 1 and Fig. 2(d). Alternatively, the

electrical circuitry may be deposited onto a separate thermoplastic sheet 240; see step

150 in Fig. 1 and Fig. 3(d). In any event, a quality check is performed and the

thermoplastic substrate 200 deposited with electrical circuitry is rejected if it fails the
30  check; see step 155. '

Any suitable methods such as screen printing and ink jet printing may be used for the
deposition steps 145 and 150. Flexible conductive paste or ink may be used to form
flexible electronic device when flexible thermoplasti;: material is used for the substrate
35 200 and sheet 240. Some components such as resistors, capacitors and sensing
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Fol | owi ng pl acement of the el ectronic conponents 220, 225, electrical
circuitry 230 or 25 conductive tracks are deposited. The el ectrical

ci rcui t rywo2012/@yobe deposited over the el ectronic conp@AENR0DA0]28225;
step 145 in Fig. 1 and Fig. 2(d). Alternatively, the electrical circuitry
may be deposited onto a separate thernoplastic sheet 240; see step 150 in
Fig. 1 and Fig. 3(d). In any event, a qéality check is perfornmed and the

t her nopl astic substrate 200 deposited with electrical circuitry is rejected
if it fails the 30check; see step 155. Any suitable nethods such as, screen
printing anclameatsraay @sq ba prinjechduringahis stage phihe prasesse g laseri cyhsteql shim 845 and

150. Fl exi bliged&nthaskifyehe asddactdve inbk may be used to form fl exible
el ectroni c device when flexible thernoplastic material is used for the

substrate 35 200 and sheet 240. Sone conponents such as resistors,
capaci t or s dihgn sremthermpl onding proress.She thermichlastic Slget BEY isthen\yonded with the

stage of | haramOp i SRie] 200 Boo Tl fhe Al OclRGRY, Z30CHnd HecEnt°
conductive iR P"W%Onzgsagﬁw%ﬁs‘e B&?&%@”}ﬁ{n %’t’%‘é"é’? S&}iée‘i ﬁ%ﬁ%i“a@g'i ]tc sheet
240 i s then Thentbethoplabtic sHeet 40 isegenenally significanths thiriee thAGhé thetrmeaplastioe

| ectri | ' |t L C.x ; 220, 225 bet th
ool S Y S i G, 20 220 b e

sheet 240 an see S eé;; 1. The thernoplastic
sheet 240 is generally significantly thinner than the thernoplastic

subz trate ZPcheﬁhullgoo%fﬁd&tiﬁe rﬁmbr 250 iimeysom% avithake ma;hfbpfdsﬁ@&heﬁtmo/hgm ernmal |y
conductive layer i s then bonde t e 4 her | asid C eet usi ng
heat and pr émggtu?:g-!;zprggséuestsg% ST?O%anﬁ& qi?'&i%‘s 3’?*2?‘%2@#3‘? t%‘frf'r}aj]lyThe
thermal |y conodustive/ayéra2p@ris a®d sich thetdwatanplied duringithe theemqd (bondinglprocesy t he
ther mal bond A@tribuRE ffte LdifdHndy 5&5&4&@%&(&{%@@5&%@5& SebOXD dvflAi@y Of the
t her nopl astlﬁre hee%5 240, ov.er alﬁ%‘{i)\/b‘é e th.ergall onduct#?\éle | ayer 250. An
adhesi ve badReheanally; condniive javengp- an adegive backed afpmipiyny forl 3y BoRwhct i ve

| ayer 2503. las thichtbermelyrporelustiveiayer 250:i g. 2(f), the larger electronic

conponent 220 such as a Conputational Logic Unit (CPU) generally has a

| arger thermal mass than the spaller .
In the example shown in Fig. 2(f), the larger electronic component 220 such as a

Computational Logic Unit (CPU) generally has a larger thermal mass than the smaller
electronic component 225. The larger thermal mass disrupts the temperature profile

20 across the thermoplastic sheet 240 and as such, without the thermally conductive layer
250, temperature distribution around the larger component 220 will be uneven, leaving
adjacent region labelled ‘A’ to be hotter than distant region labelled ‘B’.

With the thermally conductive layer 250, heat applied during the thermal bonding
25  process is distributed more uniformly across regions ‘A’ and ‘B’. Advantageously, the
layer 250 allows heat flow and the bonding temperature of the thermoplastic sheet 240
to be relatively uniform, thereby improving bonding of the thermoplastic sheet 240
with the substrate 200 without significant plastic deformation in the vicinity of the large
component 220 (region ‘A’).
30
During normal operation of the formed electronic device 260, the thermally conductive
layer 250 has a second function of improving heat dissipation from the sealed
electronic components 220, 225 and electrical circuitry 230 to the environment.
Advantageously, the core temperature of the electronic device 260 during use is
35  generally lower than in conventional circuit boards or electronic devices without the
thermally conductive layer.
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el ectroni c conponent 225. The larger thermal nmass disrupts the tenperature
profile 20 across the thernoplastic sheet 240 and as such, w thout the

t her mal | ywoentstdve | ayer 250, tenperature distributi oRCIAIRNI/00NSS| ar ger
conponent 220 will be uneven, |eaving adjacent region |abelled 'A to be
hotter than distant region labelled "W Wth the thermally conductive | ayer
250, heat applied during the thermal borpding 25 process is distributed nore
uniformy across regions 'A and 'W Advantageously, the layer 250 all ows
heat fl ow and the bondi ng tenperature of the thernoplastic sheet 240 to be
rel atively uniform thereby inproving bonding of the thernoplastic sheet

\2“42| \r/]\ﬂl :S E)PGIt Mﬁeaﬁxﬂe%%d‘ﬁhét Qﬁézig%tﬁ/'e A é‘Tlh addition |tlﬂ§ﬁ1é1‘fnaﬂ fceﬁdr%ﬁ{'é)ﬁyérn the
oper ati on ofispﬁ’éay?l?frg‘??é‘a Mlﬁ}e&h‘?’?‘%éﬁ"cﬁgm 2%%9 W%Y?@Fﬁ%}""&%ﬁﬂ@&%ﬁ ve

| ayer 250 halistabigivaatudng thedbéromal windingprooess gAlse,asteps i1 66 a1 70in Fig.dneanhe
sealed elLCtye0 rﬁbxﬁ%ﬂ&?@ﬁa‘f i€ Sherfrafly SUAIERE! fabdi225E i Behddd WA el ! 1

envi ronment . Advant ageous e core terrper ectroni ¢ device

260 during Ubgmoplastic ﬁe?r4 lin ¢ singlesten: hARen#tivelyn therthermally cendustive laymsar ds or

el ectroni ¢ d¥0inesbep é-bmaedmmthéwwbwdtéyom@ﬂmwevmw&o step! DY intRag.e Sheet
(Rul e 26) AU 7 It should be understood that alternatively or in

addition, thé thernmally conductive |ayer 250 may be bonded with the
t her nopl astic substrate 200 to achieve nore uniform heat distribution

during tige tdeldispthebNae rfEﬁx%eiﬁsstepé\'ISS”an&tIWEndLﬁQ BRAedlActioRicFdddicel can 5
be conbi ned ch th{a %Pf gleggﬂa cong%tlve | ayer 250 is bonded with the
t her nopl astl Jhisiseted Mgt fajls eStB3* Al ternatively, the thermally
conductive layer 250 nay be pre- bonded with the substrate 200 and/or sheet

240 prior t &QehlcBie LS tl(;'n 10 Quality checks are perfornmed in steps
165 and 170 "an ronic device 260 is rejected if it fails
the check; g%éeggpexmle g%mscﬂm@ﬂvh%qnﬁmﬂva layeri wilk now be exnlained withnpl e of
}: he tgernigl ::ryfefmadmmlgza hﬁd/&‘ﬁg\rllu I |Slmﬂwl)b&he>éwcﬁbxﬂ6di§gi8& f36@5ha%|€tf ehgace to

[ an t n ice ha ar
el gct ronic Ce'(l)&troﬁ‘ic c?lln g%gl{ %yq %‘crggessggﬁtg S% llﬁ;a%fcgﬁ,ongl LEPPBH (ﬁ% g?fént 325
in recess 313515&*16 elgctsical PM“)CB?Q:EﬁaiqdynME’aS@dsubﬁmhéﬁm amet 340.
substrate 3Qgovaier, meﬂan%ﬂaecddawm nédﬂgzﬂ@éix&f-s&!sﬁﬁ«& cOmpsneROHROBENT 325

is a heat-se S|t|vec on at hsalower ea tolerancethanthe
| ar ger el ectai' il rée%tﬁ%gﬁéﬁﬁl argere Tectronic °°mp°“em
20

As shown in Fig. 3(¢) and Fig. 3(f), the region around the heat-sensitive component 325
is labelled as ‘D’ while ‘C’ is the region around the larger component 320. During and
after the thermal bonding process, region ‘C’ is of a higher temperature the larger
thermal mass of the larger component 320. As such, although the method in Fig. 1

25 generally occurs at a much lower temperature than that of traditional soldering
techniques, the heat-sensitive electronic component 325 may still be damaged during
the thermal bonding process.

To reduce thermal flow from region ‘C’ to region ‘D’ to reduce heat exposure to the
30  heat-sensitive component 325, the thermally conductive layer 350 is patterned in step

180 prior to step 170 in Fig. 1. Specifically, the thermally conductive layer 350 is

formed with a cut-out hole 355 that overlies the heat-sensitive component 325 when the

layer 350 is bonded with the thermoplastic sheet 240; see Fig. 3(¢) and Fig. 3(f). The

cut-out hole 355 can also be seen in partially exploded view in Fig. 4(a) and the top
35 view in Fig. 4(b).
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20 As shown in Fig. 3(e) and Fig. 3(f), the region around the

heat - sensitive conponent 325 is labelled as 'D while 'C is the region
around t EOlRargs#Is8onponent 320. During and after the tRETHAdI200E0EESRQ
process, region 'C is of a higher tenperature the |arger thermal nass of
the | arger conponent 320. As such, although the nethod in Fig. 1 25
generally occurs at a nuch |l ower tenpergture than that of traditional ,
sol dering techni ques, the heat-sensitive el ectronic conponent 325 may still
be damaged during the thermal bonding process. To reduce thermal flow from
region ' C tlkherpatiemed thormalty canductiveheydr 350 peduces exmstraef3be hemtisersitivei t i ve

conponent 3 ' Jdaver (S tter ' ep 180
prior to s':g)gmﬁ%ﬁit ?}ﬁ‘%&ﬁﬁk Itéfnﬁe?ﬂ%!éﬁdggﬁtl&ﬁ th ﬁeeé(tﬁﬁecr mﬁﬁyﬁsgéﬁgﬂnc‘%eﬁ/té%l ayer

g. 1. Spec|f ']y, t C )

550 i s for méth i op-sensiive ommpofsis Sgmay la%fnush/&sqg fheg that seqyirsd Jorehoadiogy e
conponent 32ihdwhigrth¢ periphenyeof ré&fién {13 witisbeisbndéd. Nintthe plobess, e hedsémsitiBeet
240; see ¢Fi ol -0 hol e 355 can al so be seen in
parti al | y5 e%[g{ngé‘g%‘t @ﬂg%ﬁflt%sﬁ%éé hﬁ'(lgﬁee%{%g%wﬁ%ﬁtt op 35viewin Fig. 4(b).
Substitute Sheet (Rule 26) RO AU 8 The patterned thermally conductive
llayer 350 I eSifl@s t RO Firdt Cex@npld) &thé Grattehd ThérindRy CRORBRIHOE t layes 5340 alsh e

henp ot anal ¢ feiHtalsiE pierd nitelm el Piliiburion i egich' T shetehymprats badinest

bondi ng and thmthermodastiershedted4p with rthgisubrstrat®) 308i inl thiseregiond eDurihg) nbineal

process, ot Ngpbaabs sLHRI diddi8nie. deofw%@,n&egahérﬁé& ulelrmm; é@ﬁbﬁ%ﬁéﬁ‘s&&e
Lt ned ther y

environnent., Simlar to the first exanpl e patte I Ty |
conduct i ve |fagfiptesoslegtive, thegmal) foss, fgam fthedarger, spmpenenh 20 i &&iamH€lon i n

regi on ' C, Hdwevebyinterpegion @) ibaodovered fbytlhger 350 tho htasthsitivehoaipond® With

t he substrat ' PR A =To] ' o) 1 eration of, the

el ectronic 32\5/?%%&3%{:&?%@ ‘%’gﬁq er r?gg”[ ck‘%e?'n%a({f{@é lggnraﬁc@ﬁn@éeql%/éé ' B‘Jgﬁh
facilitates seleptivétyi efethermeal lass isolsrportartnfor eystemy pasformamqgeobrsause3the heat-r egi on
' C . HowsvefsensitivaC Comifietn 326 orﬂf RAtions VALSEActENly! Wh8A cbefhting 'R lower

heat - sensi tive cqn;ponent 325 i's less affected by tenperature fluctuations
of the | ayerte‘g%eﬁagﬁd region 'C . Such selectivity of thermal loss is

i nportant for system performnce because the heat- 15 sensitive conponent
325 only fumdai9ng sicld 68 AGEP fHat MWAER it | AFigt Fi Eﬂggi €.
Finally, it hog’l d?be, noj. @d thgt, al t Olljgﬁgls(?ml iIsﬁq:sf o%na\)()aiﬁﬁ IE—'Fg %tﬂ%nd Fi g.
3(e) that tFEcEicalgicpity 33015 deposited ente thethermoplastic-theef 349 acerrdingde A6p| ast i ¢
sheet 340 ad6OrinliFig 1,dt sloajl be understood that the electrical circuitry 330 may also be

deposited over the electronic components 320, 325.

A third example of the thermally conductive layer 550 is shown in Fig. 5(a), 5(b) and
5(c). Similarly, the electronic device 560 has a larger electronic component 520, a
25 smaller electronic component 525 and electrical circuitry 530 sealed between a
thermoplastic substrate 500 and thermoplastic sheet 540. However, instead of
patterning the layer 550 to have a cut-out hole, the size of the layer 550 is reduced so as
not to overlay the heat-sensitive component 325 to reduce thermal flow to the
component 325 from the largei' component 330.
30
Thermal Regulation
The thermally conductive layer 650 may be thermally drivable to regulate temperature
of some or all parts of the electronic device 660 during its normal operation.
Temperature regulation is important in applications where temperature of an electronic
35  component needs to be strictly maintained within an operating range.
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20150 in Fig. 1, it should be understood that the electrical circuitry 330
may al so be deposited over the el ectronic conponents 320, 325. Athird
exanpl e ovorhr/SH®Pmal | y conductive | ayer 550 i s shown PAETRAUZ011B0EB8S 5( b)
and 5(c). Simlarly, the electronic device 560 has a |arger electronic
conponent 520, a 25 snaller electronic conponent 525 and el ectri cal
circuitry 530 seal ed between a thernopl @stic substrate 500 and

t her nopl astic sheet 540. However, instead of patterning the |layer 550 to
have a cut-out hole, the size of the layer 550 is reduced so as not to

overl ay t he Hoegxample: diig. i6showsarfawibrexaspls of an electranéc devine680 haviogwa liquitihe
conponent  32pystal Apla) RLED) S6reert 675 ARA heRmidn (ROthERREIIRic RatkthRtdoprandNe
thermally cq &u tive |l ayer gBtmaey 2 gjlgr |1y drivable tqQ regul ate
terrperatureég : itd %‘?’“é‘tﬂ ag SEregp 5?1 1 It‘g?{“f’é‘l‘ﬂia“ ?FP’é’emg’G@"‘?i‘ﬁ?%SWQ its
nor mal oper deatand eXensyier edidir By segoundingahe displayrwithtathérmally agluctiat lagsds wher e
W thin e opey LArpEsBE bk Eueinelip RATRLof FRIRS Aypfichipbfihe i €20 TL 0T
Fig. 6 showdo Hoperthetemparapireoihe hDecren f3hi ¢ device 660 having a |iquid |
crystal display (LCD) screen 625 seal ed between the thernoplastic substrate

600 d 640.p Lt | t a screern. 625 fails t nction ..

sati gp act or yT hﬁt}ené@eg%ﬂr%‘)’(@éug%ﬁx}é) aﬂlgg) c%nﬁg%eo AJELPUNE }i%tleﬁ&o 3§}’°§"@>’r llltéﬁr ng the

di spl ay wi t Isoelingrievien (s shaymsod theenchrby demper8Be sensor 2 ddsiatsnof the pade a

ey i s s taigan G ooty hop e sienrasan) Sk a1
enperature Screen : .

corrlrgi sts of ﬂge ?ag&qgﬁ'%g‘e ally f%’f“’tg’ﬁéﬁ‘??:g&g%% F]FF@F%(FB’HWH@SQ’@W"@% (not

shown) and tthese mp&yn&aregxaﬂaifthee:ixswiﬂsmmﬁﬁ@.laﬁh&(hr ea of the pad

-

The temperature regulation pad 615 is positioned to be in close thermal contact with the

15 thermally conductive layer 650. The temperature sensor 620 in the temperature
regulation pad 615 provides feedback to the temperature control circuit so that the
thermally conductive layer 650 is maintained within the operating range of the LCD
display.

20 If the detected temperature exceeds a predetermined upper limit, then the peltier
cooling device located in thermal contact with the thermally conductive layer 650 can
be activated to reduce the temperature. Similarly, if detected temperature is below a
predetermined lower limit, then the resistive heater coupled to the thermally conductive
layer 650 can be activated to raise the temperature of the display. In this way, the

25 temperature of the display can be maintained between the recommended operational
limits, -

In another example, printable voltage controlled visible display layers are known to
operate in a relatively restricted temperature range and as such, the same thermo-
30 regulation system as described with reference to Fig. 6 can be implemented here.

Other Applications
In other applications, the thermally conductive layer may also be patterned according to

step 180 in Fig. 1 to serve as an electromagnetic shield, antenna and/or information
35 display.
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10 615 is designed to be sufficiently large to ensure sufficient thernmnal
coupling between the pad 615 and the thermally conductive |ayer 650. The

el ectri cavocoms¢rhons bet ween these conponents are par PCHARNE/ 001288 Ui t
connecting |layer 630. The tenperature regul ation pad 615 is positioned to
be in close thermal contact with the 15 thermally conductive | ayer 650. The
tenperature sensor 620 in the tenperatune regul ati on pad 615 provides
feedback to the tenperature control circuit so that the thermally
conductive layer 650 is maintained within the operating range of the LCD

di splay. 20 (rf t EecttemagneticlShieldper at ure exceeds a predet erm ned upper

limt, then glb@ropfighdtRr libiliey 1§ @\h46r 1sQfedih @tbctrbnits Maifthoti@D et h the
thermal |y conduc{hiégl*el c;g%gégo@clﬂgq% r<31(§sti ,a?&c?h?rgwglducecﬁéaﬁ%ggreature.

| ]

Simlarly, ig§ng@ ?fgﬁat‘%ﬂ’ﬁb}"@fsa et regie gmission g} Keus @rpdugtay othery ¢ |

t hen the regredictse aitkthe effectoefthe eadiatioh o€ othee produtty of godiiplodie. Thereare650 can
be activate .Al . | ) 0Lt hj the 25
Compor at o o iefpfidhal Sedufioht TRRRRUE B lonlinhfleibnal, sdaio Hrkeal Rt o

oper ati onal §mifed fom a deyigen The eonventions] method of redyriag radietad smissions i toed

vi si bl e di spdnalosé ty dévicein@ paryor full cORRicBAL (cledtrt ahSlofap@itiv) &fadr i cted
tenperature range and as such, the sanme thernp30 regul ati on system as

described with reference to Fig. 6 can be inplenmented here. O her
Appl i cat i ondn somp etpctrenic dpyitésc #tis desirable e mihigriseathe pffecs rod mearby @bjectyon may

al so be pat tke A A&mERY Rbrabieristics Bf th8 Cirduitry For eantyfle, 3 LY@ and &y stems
el ectromagneti.c. shiel d, an%lg;]ga and/ or infornmtion 35display. Substitute

Sheet (Rul e %) neeipaaic 3 oragie) Irequeney frragmilies dhepdipten-ipetiormidnes; san jbe

conpat i bi | i tsgvérelydmpairal by sieupresence b€ at niearblycsbjevh nEdragxanple, tlenslictawaviee
eneral ly def| i X t | b SHLQN r

roduct on. GORer Fadidied B Poclyiak MerhE S refjoct I 8 (Bl ppA O oF

product's on 9Pisst isgeestrdcvery qipserte thy antennp, This effect eambe minimisad ifche antprnah

speci fy 150w jgdedigred it rfidté effitientlpihen tstated at @ diked Aistiicé Fom & SBtAcAgVi Ce.
The conventic%lqglcﬁge%rh?lg ﬁlf eredum ng radi ated em ssions is to enclose the
device in a parti 4 PR conduct i ng (electric and/or nmagnetic) shield.
In sone electronic devices, it is desirable to mnimse the effect of

near by obj eqhSarthe? Cappli€atioaditie KPS QondRAVAALRE | Shy CalsdToe t flEctfidaligUi LTy
{ranam tLer CoPREYScnd: Pufsd: o AR BhnpReuimatarty sHEH Fod B ene.
presencelof eectremagnetiofieefotmanke rof ehe refecaronit Ihievici:.cr&waammpdmﬂf thieaeliimaed from
Focet b AR P oS et Bl ot 1
ant enna patterned to cover one or more sides of the electronic device. In this case, the layer
also functions as a ground plane. An additional effect is that the radiation exposure of
the user is reduced through the incorporation of the electromagnetic shield.
25 ‘
In relation to the second example in Fig. 3 and Fig. 4, it should be noted that
electromagnetic shields designed for electromagnetic compatibility must be large in
size compared to a free space wavelength. If the thermally and electrically conductive
shield has a cut-out hole with dimensions less than 10% of one wavelength, the leakage
30 - of radiation through that hole is generally very small and the shield can be considered
to be intact.

(b) Antenna

In a further application, the thermally conductive layer 750 may also be electrically
35 conductive and patterned to function as an antenna, such as a resonant antenna to

improve electromagnetic performance of the electronic device 760.
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15 is designed to radiate efficiently when |ocated at a fixed distance from
an electrically conductive ground plane. In another application, the

t her mal | yWoaatS#960e | ayer may al so be el ectrically con®@CGEtAU2e1140288
patterned to function as an el ectronagnetic shield to i nprove 20

el ectromagneti c performance of the electronic device. For exanple, if there
Is arequirenent to shield one or nore pi des of the el ectronic device, then
the | ayer can be patterned to cover one or nore sides of the electronic
device. In this case, the layer also functions as a ground plane. An
additional effect is that the radiati on exposure of the user is reduced

through the Fop eRdrif¢,3s! sHBwR fin FIRE 76118 Qhye? T8O e batferr! &8 almedtrderl find &bAk! ON 10
the second exanple in Fig., 3 and Fig. 4, it should bg ot ed t hat

el ectr orragné"megy%ﬁ'ﬂa% fsd’é‘d‘g‘é’é’F‘é'rf'é’leFﬁrg‘O &lectrenie, campenent %‘gﬁ%’i‘ﬂ prtveanythe, st pe
| arge in si zkermopipsticestiedt G4@afd ebsteatn?00. VERe ahwltipiirpose lldyet incthisleasernat byly and
electricall : ' £ - ] Laensi ss than
T0% of oe AR okl HBL A Bs6 tha i, IS oo bl RER ESE
general |y v&%@@rﬁf?fpwn@ theipdectrpnie [dgvies A6 G, hecthermatiy aad) elegtrisally gondugtive ( b)
Antenna | Nay@r 750 fabititatesninifofd tefral didhebution irBilel WeiRiBNSRURE seaRdlcRé@bnid 50 By

al so be electrical conducti.ve and patterned.to functi.on as an_ antenna,
such as a rées® a%f‘ l Z%‘f‘g‘r‘]’ eare&i)c“f%e?tov‘é’o %‘F%é%‘ﬁ%%ﬁ&ﬂ%ﬁ%gieé‘??‘&? RAPRAYF t he
el ectroni ¢ dé%i Peritg@orngu bese j afuthe eBietrenic (dRuice 709) tiROlager 7301 séives exanpl e, as
shown i noFi @ntedna.t he | ayer 750 is patterned as a nmeander |ine dipole
antenna that is inductively coupled to el ectronic conponent 720 seal ed

bet ween the thernoplastic sheet 740 and substrate 700. The rmul ti purpose

| ayer in thilswilhde apptecintedythat fhecanténhat?e minebealf wHnsddr sHapés of waresl ok 0SS,

but al so ser, : ' o) ] ctronic
devi ce 760, pgﬁegnﬁ%@%g 'Pg‘ﬁgn téﬂ%lts{r?iaga if %%%Sas@%ggﬁé%@g%gﬁfﬁ%?l I tates
uni f or m t he RERY & consumsdtin the radio eluityj ci nity of the seal ed el ectronic
conponents 720 whil e reduci ng heat exposure to other seal ed heat-sensitive

conponent s 5. I ng narmal use of the electronic device 700, the |ayer
750 serves ﬁ) angﬁfmaan %ﬁﬁngylt w Il be appreciated that the antenna 710

may be of prihatthermgiy serdustiverayersmay ajsathecpatiethed o fdisplay Wisnab andhdextuah nost
el ectroni ¢ seinfdifonUsiich @s h Beind o HEBARIBAEBE ORI ctBRR dBVick.S ThO EsBdoA N t he
radio circu In%a'y be printed onto the layer during step 180 shown in Fig. 1.
20
Other Advantages
The method, in one or more embodiments, offers a number of advantages. For example
in some applications, the method reduces the cost of production and reduces energy
requirements for manufacturing and disassembly. Since the electronic. components and
25  circuitry are sealed from the environment, they are protected from environmental
degradation over time. Conventional circuitry design tools and screen printing

techniques can be used.

The method is also lead-free and compliant with the Directive on the Restriction of the
30 Use of Certain Hazardous Substances in Electrical and Electronic Equipment
(2002/95/EC, ‘RoHS Directive’) and Directive on the Waste Electrical and Electronic
Equipment (2002/96/EC, ‘WEEE Directive’). The amount of waste generated in the
method is generally much less than that produced in the standard solder reflow system
and the wet/dry etch PCB technology.
35
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15 (c)Information Display The thermally conductive |ayer may al so be
patterned to display visual and textual information, such as a brand or

i nf or mat i WO 20f2/650el ect roni ¢ devi ce. The informati on MRETRAA2P11/081288 ont o
the | ayer during step 180 shown in Fig. 1. 20 O her Advantages The net hod,
in one or nore enbodinents, offers a nunber of advantages. For exanple in
sone applications, the nethod reduces tfpe cost of production and reduces
energy requirenents for manufacturing and di sassenbly. Since the electronic
conponents and 25 circuitry are sealed fromthe environment, they are

prot ect ed f furthernthe oathodtalso thpyovadaori smpbfies recycling «fothe exlkctronial devicecui try

desi gn t ool %ﬁd’éﬁ SEiroﬁé'g?a&BIerGr' msc&ﬁ;ﬁhmbqa&ﬁm ﬁ@tl@ﬁaaiéﬁﬁﬂ e JEed.hagei s al so
| ead-free a gg{} Wthtew@ﬁe%lve on he r|C|on ofthe 30 Use
of Certain EEFZ’&P Bls g cbss up Qrp; thg | th %fﬁ’d’P ts\‘llf‘HFtE g FMYEnt
(2002/ 95/ ECelectrotiS chinpaehis\aad kireuitty Bbrr recycling. Similatly, thé gHeemdllyeewnduaiae and

El ect rongci WL@% h%‘ﬁ’gg‘%‘%{éﬁaﬁ’%g% Directive'). The anpunt of waste

generate 'S ge much less than that produced in the
standard sol der refl ow system and the wet/dry etch PCB technol ogy. 35

Substitute 3heeietiddusa ;ﬂﬁhblRQS Ahhu &lzctﬁuﬁdwoesmenéeattbqﬁv@i@@om ﬁwes or

simplifies re ronjc device ra a

bi oconpat i bI*® ﬂé’fﬂ?’ﬁ% (iugglitw@so af &r he &0 ‘5‘3"’3%’ edcf"ﬁ%sr ysheet
may be unseahitable fop lnw pawer hpplmmra’smﬂtlowjtm losst Ewh s senpwy usedlie a\tateong c

co F‘;SQ?%S 3 r{;iée :T%wé% Hﬁﬁﬂ"; 18 &g&§QMﬁnggxed§‘amoﬁftbﬂn Hmcés %gg%lt&a/ﬂ@@gdggt ive
smal | el ect rbﬁﬁ?%caél VIS t e"ﬁg’é?ff fi}“ﬁégé‘“}e ss“’@&n‘i?o?ﬂé’ﬁ'leg during

embossing process. The electronic device may be formed in any shape. For example,

three-dimensional curved edges are possible using external mould and custom designed
jig during the embossing process in step 125.

15
Variations
Besides aluminium, the thermally conductive layer may be made of copper, silicon
carbide, metal alloys, printed silver, printed carbon, and conductive polymers, polymer
and ceramic composites.

20
Electrical conductive polymer, such as PEDOT:PSS, may also be used for the electrical
circuitry. A layer of the polymer may be deposited using techniques such as spin
coating and patterned to conform to a shape required of the electromagnetlc shield or
the antenna.

25
Although the examples have been shown to have a larger component and a smaller
component, it should be understood that multiple of such components may be used and
the thermally conductive layer may be patterned to control temperature of the
components according to different circuit designs and applications.

30
Laser machining may be used to form recesses in the thermoplastic substrate. The
deposition of the circuitry may be also be performed by adhering conductive tapes to
the thermoplastic sheet or over the electrical components placed in the thermoplastic
substrate.

35
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and electrical circuitry isolated fromthe environnent. These devices are
particularly suitable for | ow power applications with | ow heat | oss such as
sensors EOaQoi2seberi ng 10 systens, sports data | ogger PCTiAlRerN@I288edi ca
nonitoring devices and mcrofluidic biological devices. For exanple, fluid
channel s may be fornmed during the hot enbossing process. The electronic
device may be formed in any shape. For exanple, three-dinmensional curved
edges are possible using external nould and custom designed jig during the
enbossing process in step 125. 15 Variations Besides alumnium the
thermal |y ccFaeughowtshis apesification the woediconiprised pprevariatiorsisacinasC'aothpribes” oret al

al | oys, pri anpﬁglﬁqem BE lnftieRodd o APl tﬁmcﬁ@faﬂ%%'s&%edpaé#mnﬁ%%éfym

and ceram c conposi ectrical uctiv PSS,
may al so be StEDe oF BBV ?ﬁféer%qn&zw?w or s{epy bt Ra} themcw@p obany otkersismanbr  may
be deposi t ednwkgérog step,wh Rrapp®F eletheits, difite§drs or A€t i Ng and patterned to conform
to a sha requi red of the electromagnetic shield or the antenna. Although
t he exanples have been shown to have a Igﬂﬁer conponent and a smal |l er

conponent , il vathdg appissiateddor pereeng skilled ¢ japs| thatofuneageys vesiationseandéornay be
used and t henédifi¢atiBhd ha§ BaChade! t6€tht InRAtioRYs oAl B n@écxﬁ@ emBBdiffehts

tenperature of t nponents accor to.diff u esi ns and
appl i cati ons’! El Eg‘ﬂ"” 2} ht? &llbe ghﬁg'é‘(fnflﬂn %EW&@@%%@@ rTﬂ Sent

t her nopl ast iembodinsentsaare, thfteéord,epobe tomsidensd inhall céspexts hs )dlus&gtnieea:ﬂl s@ be
per f or megy byedgfifel Ny conductive tapes to the thernoplastic sheet or over
the electrical conponents placed in the thernoplastic substrate. Substitute
Sheet (Rule 26) RO AU 13 Throughout this specification the word
“conprise", or variations such as "conprises" or "conprising", wll be
understood to inply the inclusion of a stated el enent, integer or step, or
group of elenents, integers or steps, but not the exclusion of any other

el enent, integer or step, or group of elenents, integers or steps. 5 It

wi || be appreciated by persons skilled in the art that numerous vari-ations
and/ or nodifications may be made to the invention as shown in the specific
enbodi nents without departing fromthe scope of the invention as broadly
descri bed. The present enbodi ments are, therefore, to be considered in al
respects as illustrative and not 10restrictive. Substitute Sheet (Rule 26)
RO AU
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14 Cains: 1. A method of formng an electronic device in plastic,
conprising the steps of: (a) placing electronic conponents in recesses in a
t her nopl a80i2012805%0r at e; 5(b) depositing an el ectroni c @CTAJI201180E88t he

el ectroni ¢ conponents, or onto a thernoplastic sheet; and (c) bonding
the thernoplastic substrate with the thernoplastic sheet in a thernmal
bondi ng process to seal the electronic gpnponents and the electronic
circuit between the thernoplastic substrate and the thernoplastic sheet,
10wherein the nethod further conprises providing a thermally conductive

| ayer on theChhes:nopl asti c sheet and/ or substrate such that heat applied
during the thermal bonding process is distributed substantially uniformy
across the thernopl astic sheet and/or substrate overlaid by the thermally
conducti ve llayer A methgd pf forming apglegirerjc devieeria plasee. eomprsing the stepeef: and

substrate. 15 2(a)phRingRIddR6nio torfipctets In robkisésah A tirmbRlasic sQhfraftf t he

el ectronigc conpo (3n S I.s a heat-sensitive cg@:)olnent .and the met hod further
conpri ses patter ﬂ? n‘&p?%té“gt %F%ﬁﬁ'&'ﬁ EEANt Yer e fleCrEqnic ¢OmRARERIS: fFi QP Bput i on
of the heat thgrpioplastickheé¢tnapdt he t her mal bondi ng process to the

heat - sensitive c : | : '

thermal ly cqnd _cmg&lﬁa gﬁ %%%m t§ %l(aa% %ﬁ%&?&\%ﬁﬂegﬂ%ﬁ%ﬁ%ﬁgﬁ%tﬁn%}%gg? t he
seal ed el ectﬂ?%#l‘i“& P ¥iplsthe slecisonie serapqnspisand ithe elegtepnicosircuirbepigen of t he
el ectroni ¢ dbethesnopkdstiéd substatermiidihe thetmeplastiosheet,2 or 3, further conprising
bondi ng e ther ' . .1 he asti heet or

subst ratlttg,‘l or bo?ﬁj?ljeé tﬁgglgﬂlgé lrﬁlxﬁlﬁl' gérﬁé)résfgg?réb@fng% tfl‘%)‘{.)ahy conacugt'sw AET Bt hod of
any one of tthe thermeplastisgshestagndéor suhetrate suehnthat hgatrappliedh dutingthet thermall | y and
el ectrical | yoopding peddeseis diftributetP siBRtabiiallyoinifordlyaRess e tthopIadtRRr shedtNd

patterning tarrll of sfb%{}?tle loxer?ariléj by the thermally conductive layer to facilitate bonding of the

thermoplastic sheet and substrate.

15
2. The method of claim 1, wherein at least one of the electronic components is a
heat-sensitive component and the method further comprises patterning the thermally
conductive layer to reduce distribution of the heat applied during the thermal bonding
process to the heat-sensitive component.

20

3. The method of claim 1, wherein the thermally conductive layer is thermally
drivable with one or more of the sealed electronic components to regulate temperature
to some or part of the electronic device.

25 4. The method of claim 1, 2 or 3, further comprising bonding the thermally
conductive layer to the thermoplastic sheet or substrate, or both, either during or before
step (c).

5. The method of any one of the preceding .claims, wherein the layer is both
30 thermally and electrically conductive.

6. The method of claim 5, further comprising patterning the thermally and
electrically conductive layer to function as an electromagnetic shield for the sealed

electronic components and electronic circuit.
35
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el ectrically conductive layer to function as an el ectromagnetic shield for
the seal ed el ectronic conponents and el ectronic circuit. 35 Substitute
Sheet (RWO 2BBJ0SR@AU 15 7. The nethod of claimb5, wheCEAU2HU/M0IRSE
conprising patterning the thermally and electrically conductive |ayer to
function as an antenna that is inductively coupled to the sealed el ectronic
circuit and/or one or nore of the seal egsel ectronic conponents. 8. The

met hod of any one of the preceding clains, further conprising patterning
the layer to display textual or visual information. 9. The nethod of any
one of the ptecedibagnethadiafislaimifewbeérsintfhuher sgmprisiugipatiening thr theomally ande of

the fol | ow Ngectddalt &kdﬁ@?nfe%}er t& RIREHdn Js%'anteﬁﬁé Mhed irdubiiRly ¢ dix?leﬂtt@%ec ar bon,
10 and conduct ic forned

An el ec ni ce.n
accordi ng t c¢3f °18€F§’“(‘)°f°‘{°mé a’ﬁ&%’c‘é&%&“&? %ﬁr‘ﬁ% @gﬁéﬁ’?‘ﬂ? & {“S( Rul e 26)
RO AU
5 8 The method of any one of the preceding claims, further comprising patterning

the layer to display textual or visual information.

9. The method of any one of the preceding claims, wherein the layer comprises at
least one of the following: aluminium foil, copper foil, printed silver, printed carbon,
10  and conductive polymers. ‘

10.  An electronic device in plastic formed according to any one of the preceding
claims.
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