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1 Fabrication of Electronic Conponents in Plastic
This invention relates to the manufacture.of .
el ectroni c devices with conmponents enbossed in a

Cireuit boards. In some 5 aspectsr the i nvabBRIININN
provi des nethods of formng an el ectronic devi cggf.

plastic. In another aspect, the | nvention is an

el ect roni ¢ dqyjiae.(h TR ASGRECLNGL R LhS, bvent i on.

Background to e |1 nven are
traditionally nmade on a pri nted CI rcuit board (PCB)

Vﬂh@sr Everfod QE!I'afé@StoSHﬁhnﬂﬁufgag{/és ﬁg%ﬁgglc e\;laagewnh components

strate and are connect frac

gsserhdn & Ripstic sybstraiegpsteashef coppentionel mimed gisquet b0§r® In some
mq&adtst ﬂleaﬂﬁaﬁlentﬂﬁ@vl&ésaﬁéth@d‘d 6f fbﬁﬂﬁfg%"’él&&dﬂl@devwe in plastic. In

RhhFAb YT RE Bion 10 e bBhinAqUes rmed sescaBate Biiesntion.
assenbly which nmeans alternatives to solder are

mgﬁ%@ugﬁt@@?@fn@énﬁ&,?‘) require the use of recycled or

rec astics and bi odegradabl e plastics.
ﬁ’lcb‘é)‘?lYé‘ieé grg tzadifsanally anadesenl 4 prietedctircoiti beardr@CB) where

Hhﬁbé%f bu:thddlscclﬂﬁé/ ladBSredUb tRe RBOHIMAL axficpraréjébrﬂﬁcfeh By metal tracks
acka} %Eﬁn ronl c corrponent s has not been
Shrsiieheno

stse ‘possibility is to encase the
conponents in the poI ycar bonat e but nobst enbossing

S 0 I Joper a ed and ress re and
tﬁgp rrgglggta %ﬁlgat (L;t? ﬁe¥ varts Itgsem@ ClFEray it opromgNts in a
pretécoiverpgckagpeRésent guidelinas ir Bumbe tdfmnmfatse off #dadl fedest@chniques in

adetSordi® EQ@mbg) Hvh ic‘ﬁurllqt:éﬁs {lteﬁﬁﬁ Esokcl 'scﬂgert Qr% L eﬁ&? S'Scianc?ards also

Sunmmary of Invention In cg
Feﬂ\‘}gﬁf}}edﬁe pEregyeled RoEscytlalle P}ﬁsﬁf@ aad bigdseradaiie plagbes ce
in plastic, in which a) one or nore electronic

are ed i.n € Or nore recesses in
F ﬁln?%[?:%ffa él EFB'&T Psfdein ‘%ﬁ?trs)mé Ia%%f"rlFFSQPI%%‘é%ftslh%§ method
fordusing dti inr paczklagmgealestrdr?d c@mnél’ge K3enét bB& &leveloped. One
astic.substra
B ARE S o el FPREIRR, by 10 PPt st embossing
wiaphings psg, mh@bbyper@e@lamg)remreomm cemprnateree hiet orlenivariables
@&H@@B@'&Bﬁtr@i% ﬁlﬂ?orﬁlll}e 'f]}{é Gidttle @"\otfI tHF eﬁagals also adds to the
itry between eet an erm)p astic

é!été tynf gontrolling the process

Summary of the Invention
In a first aspect, the invention is a method of forming an electronic device in plastic, in
which

a)  one or more electronic components are placed in one or more recesses in a
thermoplastic substrate;

b)  electrical connections and circuitry are deposited over the one or more
components on the thermoplastic substrate; and

¢) bonding a sheet of thermoplastic material over the circuitry, thereby
sealing the one or more electronic components and the electrical connections and
circuitry between the sheet and thermoplastic substrate.
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a second aspect, the invention is a nethod of formng
an electronic device in plastic, in which a) one or
nore el ectronic conponents are placed in one or nore
recesses in a thernoplastic substrate; 5 b)
el ectrical connections and cinrcuitry are deposited on
a thernoplastic sheet; and c) the ther m)pl asti c
he 0 _co
wgé%gﬁh%b&é’gﬁ%%&g ntgo(r%llsltsb ??\[/gen fi%’gnglg oeﬁ%c rt°§" %Hmleﬂ’éplasuc
dp phight ry and to seal the one or nore electronic
CONPORENt Snddithnbhel@nBficrd
[ :rgwgf l{%tweeneet heﬁgﬁeg@oggﬁg%%ﬁ% ﬁhgllr%rjr%rp astig oo na
t)é/° ﬁ‘ir%te’pr ocess is applicable with nost

rmul dapl ecletteicaaphastiossachaailie, £t dBgIsted bRt thermoplastic sheet;
ossed. Preferably the plastics are bi odegradabl e,

recycl abl e and/or bi oconpatible. No chem cal solvents
or sotder thedh@moplstid substnae jrr tmmeed toethd shdeetocdongpléte the electrical

REIcRE6NS §et9v§ accoag?dr?%}{?qn?gﬁg Uc§1jc 1’tr ellrfcfsz or %yl% ¢ P or more

devi ces forne con
FlecHompPRPAREYE and s dmtrlﬁ@slonfméwd%pm@ptreldtrylhemmrtye sheet

ARy tHeehd laetiesustietd as flexible ink or flexibl e
tape. 20 The el ectronic device may be an el ectronic

product having the one or nore electrical conponents
dhts prioecselie@pplicable wish et In@tﬂﬂd%lﬁithéhﬁ@plhdtfc}i ch§4ﬂ1@bﬁ®emg hot

feﬁl@[ﬁs)%&’ rﬁrgfé?gdlg ghqbglgglti a?ygﬂ)td?gr?!ﬂa%l cfy&\/atb;]eoancﬁnglpjompatlble

circuit ohe 0
@@ﬁnp&ha@i\fm@ of sqi@fnalwm used innths prpyesadhdrthaglrcult package is

COMAUCTA KBntaBRRR]Y, éléctl%queﬁé\n&b s3fophas tac?gﬁlngtnhowtﬁeh melfd also

preprinted circurfry to t strate
SoRdBIm Ne\R epxirorrentalgngslingt ed with addi ti onal .
conductive tracks to 30 create a nultilayer circuit

PP ietonaPr ReurLhey haFatbln SRR BRbederels ape.
connections to formactive and paSSI ve
The electronic device may be an electronic product having the one or more electrical
components and the electrical connections and circuitry isolated from surrounding
environment.

The deposition of the circuitry may be by any one of the following:
1)  screen printing of conductive inks
1)  adhering conductive tapes
i)  adhering a plastic film with the preprinted circuitry to the substrate.

More than one sheet may be used and printed with additional conductive tracks to
create a multilayer circuit board. One or more circuit components may be formed by
printing different materials over the electrical connections to form active and passive

circuit components,

The thermoplastic substrate may heated and then embossed to form the one or more

recesses for the one or more components. The thermoplastic may be a Polycarbonate.
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circuit conponents. The thernoplastic substrate may
heated and then enbossed to formthe one or nore 35
recesses for the one or nore conponents. The

t hernopl astic may be a Pol ycarbonate. 3 1n one _
exanpl e, the equi pnent required for carrying out this
process is: a) a hot enbossing machi ne having a forner
shaped for each particular circuit to be assenbl ed b)

th stand | oadi ng of
Syl B R 5 S b9,
conduél i ve hai kem,bqssﬂugtmgclmre hagtgtad 6mmef shamedhéeri engh particular

RO Ed hv/RséAbeqor preprinted film Instead of an
enbosglng nachlne the recesses may be machi ned out of

the pPhst pE¥K aaéupﬂf?gewhgleuvrlﬁtﬁt@dﬂ@cmﬁh lgading ptcampangnts

| aser cyrac b]rhmhﬁgreeﬂ_ Fﬁbﬁnfek fSUbririnR! tRel w6 RthchYe §AM &rcult@y or a station
vepti.on are jd r circuits. Although

tﬂra FYIg, pqnelu 'i’ve t&P‘T“i’ Qfﬁll"tnt?(g{)t{‘%pal r their sealed

modul ar form makes themrel atively easy to replgce: In

el ectr ViGe :
?ogrt%g[jgfaé}i gfr?lg[)ssntél ﬁmab}ﬁ)é@ '?lrlét E&aés@s g{bty lLe ?hlafz}gl E 8tgl}$dplastlcs
ASiHg any smsahbet@gn@@e lm&mhng)iasanmmmmhg Tlnn/elmctultrs produced by this
Nevrkntibiatel ﬁ%l%@[ﬂ% §§w91f citdifs | IQ }?cﬂr%hqne Wrddits"RWaRBcutt to repair

escri ped refer to the anyl ng

%weﬁgg mqvgﬁ‘ M?@hma‘eg‘? E?IE relatiyqly sy 4¢ é‘@la&epr ocess
flow chart accordlng to an exanpl e gf this ?O h
Y on; ur e hemati.c .di of the
47 S Aot e pSstion To on EfeP SO 0HiET Bmed wgear g e dhe method
of thelfostiansestnidaspefhe hot enbossi ng machi ne preferably
uses a pneunmatic press which is electrically 25

ulated to control the applied pressure. The

&egwdrléessrlatlea of thedmyemtio®e enbedded heati ng

Noﬂﬂﬁﬂﬁi%g eﬁa&ﬁ[@ecffathé‘ hifv RO qu‘illn%(v f’ m:gc?ilbéd t\&nﬁl Rfatee to the

erature w.t grnocoup es and
nBVﬁPWBﬁdB?“Pﬁ%‘%V’F@nruntll t he preset tenperature
set t | Figarear eillmetiiates/ @dprodess THew esHags 8¢ddgding 1©a4n ieREmPL of this

II’R/GB 101, st ages

Figure 2 is a schematic diagram of the process of an example of this invention.

Best Modes of the Invention

The hot embossing machine preferably uses a pneumatic press which is electrically
regulated to control the applied pressure. The pressure plates incorporate embedded
heating elements. A temperature controller controls the plate temperature with
thermocouples and limits the activation of the system until the preset temperature

settings are achieved.

The embossing is carried out in two stages
1)  Instage ], a die and substrate are aligned, held together and placed on the
bottom plate.

2)  The top pressure plate contacts the die and substrate and preheats it to the
set temperature.

3)  Regulated pressure is then applied by the top plate to emboss pockets into
the substrate.
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1) In stage I, a die and substrate are aligned, held
together and placed on the bottomplate. 2) The top
pressure plate contacts the die and substrate and

preheats it to the set tenperature. 35 3) Regul ated
pressure is then applied by the top plate to enboss

pockets into the substrate. 4 4) The electronic
conmponents are then applied using a pick and pl ace

machi f I aC| th nents. 5) In

srage . the Qi ko BrdRatepisoBeBa D tries ¥ pick and place
SRAS meé@ecqmsﬁctig cm|g|the Campmlenisheet of the sane

pl ast 5? afn Etgge §uﬁl%td’o%p%nel$[s ’%ﬁe &HB&Q ﬂ%té tﬂé’l al?os?rate using a thin

pol yc rbonate sheet” iscut to size an

SRBGshe of thosamempdastie as thesslstiata nto t he sheet as

descri bed above to accommpdat e the conponents.

FoI l, owi ng nt o e conp onents. the contacts
dSh°WPcu.f:‘?r‘§5e ﬁ%%a}?rﬁhﬁ?tela SBh RoRiED 2Ph e eSS B Roothed.

é’ndk@smstpms@i llnBJ the siaeet heddsbiittedabb ottt dcvemindldate Ahd @igfonents.

cut steel shimis used as a mask for the conductive

ink. Alternatively the circuit is screen printed on a

follawimgdhe plaserent if ithmendnnoinents threcantastsaanidscirepitiynis ecreem printed

oh® GeRapeits afd tsﬁ‘l?stﬁtébl%ﬁ%% Hlexible E_El?dlﬁﬁ§@m lasgr cut steel

device is then ned to t hot enbossi ng mac
ts%‘nh'dﬁ‘é?‘gasaa @6%@” HOBHUGYEINK he circuitry. The total
process is schenatlcally shown in figure 2 20 (a)
sse nbossed into the asti.c substrate ( A

ARREESy HSBUOR 5Fo Buded oRe TUmpdieRrs s vifiehe contacts
htﬂl@é On(thfacomnﬂmmtiulvéletsumtm are printed onto the
substrate (d) The cover sheet is pressed onto the
substrate to seal the circuit. 25 Bare silicon die has
Ble Asssubledderiseliy theptsetymed to thepios smbossamgimattene to adhere a cover
sheRebvdr ¢ circu@pnect ions to the pads on the die have
been made using screen printing. To reduce the cost of
printing circuit tracks and assenbly reel to ree
fhe tttapsoaeayislsehematically shown in figure 2 :

(a) Recesses are embossed into the plastic substrate
(b) A pick-and-place robot places the components into the holes
(c) Conductive tracks are printed onto the substrate

(d) The cover sheet is pressed onto the substrate to seal the circuit.

Bare silicon die has been successfully embossed in plastic and the electrical

connections to the pads on the die have been made using screen printing.

To reduce the cost of printing circuit tracks and assembly reel to reel printers may be
used.

Indicator lights can be enclosed in the plastic without the need to bring them to the
surface as most plastics are translucent. Antennas can be printed and sealed as the
material is highly insulating with very low loss (lower than standard fibreglass
materials). EMC shielding can be incorporated using multiple layers of conductor
covered material in the embossing process.
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used. 30 Indicator lights can be enclosed in the

pl astic without the need to bring themto the surface
as nost plastics are translucent. Antennas can be
printed and sealed as the material is highly
insulating with very low loss (lower than standard
fibreglass materials). EMC shielding can be

i ncorporated using multiple |ayers of conductor 35

%%Yé?ﬁaﬁ@l tal ccﬁ'ltaétpfo% %gtt%neftog rcag%e q:cf: ggﬁlﬁgvl%aaltéglége?ilwnes or

el ectrlc contacts
SPTR5RIOR §1ns4Q prodruda figim the edge oftbe m&ﬁdpacbage&artpd)acmg through holes

FM ﬂierplﬁlﬁlcfcro@@ seet ﬁ/‘ﬂg:‘ﬁ Wil élE)%V ﬁ1% guaﬂz%@%?te JR e%)[w into the next
aC|n qh holes 1In
gaé/e{:/ﬂ“ Cp- FMélﬁ} 5" bRards G?iab%made upiagtﬂes tholef teclwmiquet Standerd PCB
design sbiny e/ canr baweed bilihd 8%k £03hddIamaNTRE BRI, of existing
Jol 6|{HS hol Echnlg1 t andard PCB 5 design
SO#LFV\IEtII‘ e 5 S gh:[? &y Blerg{are syt s are the sane. The
transfer of existing CIrCUItS to the nem1technEIogy
l: as nk i s

e LORLENTE Pt B0 ik i BRCHRYT HEMANE ofRRuude iSpeovement (g
sifsiehting) dr\l@l}lgdhﬁ hcﬁgarnh@esm@proemo&sxmge ink oc pase isdlexndeded when
ﬂébklbkérplms n@atérfal PArs @sé@t%qﬁé’dde@ %mb (flﬁéuﬁé(' e (Hl'c?lé co?nponents

are used to praoduce flexible circuits
E‘fcﬁ‘é‘aﬁ ?Slsi%fﬁ«pfaﬁ%%iogs %’19&%“%1%8 glegients sar be priplad iduong tlmnsiage of the
p®nessng el enents can be printed during this stage of
the process. The circuits may be manufactured in any
shape - 3D curved edge edges are possible 15 using an
Ehe eirevals maubel mendfacisedom :d@sshgped 30 gurdbﬂ b@@ éclg%s are possible

SEEREMBNAGHE 3nd Lo gg%g%m i adefl St %S&H@I Higeshe

e uces the volunme of e goo S
usual three |ayers of packaging (bare dle

"Ellib’:ﬂn@&tbs Q))f thi® iAVRLbA ré’%‘c@shth@afoﬁm% &1 elegt 2{3‘ b?jreﬁiﬁcmg the
Sompgnen Q%éprlnte nts can ein e AL
br %cess %aﬁﬂ’go@a@a 1F1 GBogRclpirgne qngcinl whigh bare die,
eTh@Salammwm]bonmst adg;ﬁﬁlﬁécﬁt@dﬁd)ﬂénfsh@nplﬁ@ GRARIA TB@ IbPocess can
J19V ﬁ eigv than t produced in th

st an abg égg ré?ﬁ system and the wet/dry etch PCB
technology 25 This technique is applicable to snal

’ﬁ{eefﬁﬁcflﬁlrﬂ 'o@ WS %ﬁéra%e'&q}l tf?@n@%oés‘gﬂ'ﬁﬂﬁ 1111\516%’[1%'1 ?ﬁcltg{ljl?lg:les§ than that

S rom the environ é%are
ﬂ‘?‘{caéﬂ‘bt be gtanfayd spiigerellogsyptemeanid shewewdry etanPE atchnology.
| oss such as sensors used in watering systens, sports

]q-f'ilé f%chnique is applicable to small electronic devices that need to have the electronics
isolated from the environment. They are particularly suitable for low power
applications with low heat loss such as sensors used in watering systems, sports data
loggers, internal medical monitoring devices and for microfluidic biological devices.
The technology can be used for support electronics in microfluidics applications with

the fluid channels being manufactured during the hot embossing and sealing process.
The technology can be fully automated using reel-to-reel machines.

From the above, those skilled in the art will see that the present invention provides a
low cost embossing and assembly process. Those skilled in the art will realize that this
invention maybe implemented in embodiments other than those described without
departing from the essential teachings of this invention.
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| oggers, internal nedical nonitoring devices and for

m crof l ui di ¢ bi ol ogi cal devices. The technol ogy can

be used for support electronics in mcrofluidics MCSLLP
applications with 30 the fluid channels being

manuf act ured during the hot enbossing and sealing

process. The technol ogy can #e fully automated using

reel -to-reel machines. Fromthe above, those skilled
ciAiRgsart will see that the present invention

provides a |ow cost enbossing and assenbly process.

Those skilled in the art will realize that this 35

inveng hmhdfwtzsnmg g m%etr&@lc u@v@amgm% NfhSyvigker than

t hose . describ f out. artlzg f qbfhe essentia

t eactngL 8f°rt“fﬂr§ *RVEHE F%‘H PPlagedan QST mEre Fecesses in a
thetrhepdastic shlpstrateng an el ectronic device in plastlc in

V\'hl Cl'bga) e?&%‘l(%'i Cme%tlglllse&ﬁ({ gﬂéﬁtrf%@%q%lte %rvgr Hleac():nee: or more

%Qj’éi%qnie&ttsém ﬂéﬁ) théU@QﬂlﬂﬁtlééPb%r@Wné@d i ons and cir cw try are
deposd)t ed)oﬂﬁﬁl@ s h@e@nsf (ﬂ{enﬂBﬁlﬁstlcC Q{Ht)&ﬁ? ver Qe tc'ﬁ‘@ultry, thereby
g gg astic substrate and c) bond |n§ a_sheet
Aol B8¢ € HERoriearoris SPmpRients A gleciivgl eppnections and
emmlltr)n‘getwhm thasheut andtheredastic QubLragOnponent s and t he
el ectrical connections and 10 circuitry between the
sheet and thernopl astic substrate. 2 A nmethod of
7 or miAgnethvdafdemiog pe elgetvorde de¢wiceingdastic, iniwhiehhi ch a)
one Qf) e ofhRrd El@&k&n@ %Hi‘ﬁ%}\%ﬂfs%rés"%ﬁc&il i3%56 o lig'nog{teecgsrses ina

nore recesses In a thernopl astic substrate;
Breenlastig subsYaifect i ons and circuitry are deposited on

a t haynoplagidat caimeetions apddireditr} Afe déib@ﬁfﬁdﬂir@@ih'eﬁnoplastlc sheet;
s bstrate is bonded to the sheet to conplete the

ectrical connections between the conponents and the
ci r cwt r yhathdrmeplsstialsubdtatedn bowded o the sheéteﬁbﬁmpletb the electrical

&)‘Bﬂpé?ﬁﬁgtb% Wl &0 %oﬁ']ggﬁirﬁé %’iﬁ‘(ﬁ ﬁkgeoapcgﬁtﬂg %ﬂ? itk %%1 {he Qne or more

CIrCUItr etvveen t
@%@pr%f@npcalent& andt the ¢lestrical e¢rmectiang anldamwumr}obetzlecm the sheet

Mal tBtHeRRosl@PRSUbREtLT reuitry is flexible. 4. A
nmethod as clainmed in claim3 in which the deposited

circuitry is flexible ink
3. A method as claimed in claim 1 or 2 in which the deposited circuitry is flexible.

4, A method as claimed in claim 3 in which the deposited circuitry is flexible ink
or flexible tape.

5. A method as claimed in claim 1 or 2 in which the electronic device is an
electronic product having the one or more electrical components and the electrical

connections and circuitry isolated from surrounding environment.

6. A method as claimed in claim 1 or 2 in which the deposition of the circuitry is
by any one of the following:

1) screen printing of conductive inks

i1)  adhering conductive tapes

iii)  adhering a plastic film with the preprinted circuitry to the substrate.
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25 or flexible tape. 5. A nmethod as clained in claiml

or 2 in which the electronic device is an electronic

product having the one or nore electrical conponents MCSLLP
and the electrical connections and circuitry isol ated

from surroundi ng environnent. 30 6. A nethod as

claimed in claim1 or 2 in wilch the deposition of the
circuitry is by any one of the follow ng: i) screen

-pr ' ntA g—%th%d “soé“%ﬁl%h'll\{ %lalrﬂ kls’or n) wﬁ%ﬁeorn'enog rﬁ?org dclflrgﬁiit \égmponents
aese éﬁmeﬁtbercprmhng diffqrynttr@at@mﬁs gwﬂnq dedricajicgnpgetions tp, foym active

ﬁﬁ&ﬁgﬂwﬁﬁnﬁhabﬂﬁgn&ﬂsc|aln11 or 2 in which one or nore
circuit conponents are fornmed by printing different
materials over the electrical connections to form

&act i Ve meshnd msl&im&i o claim tl ot AROMdithstheXh8moplaret Babstrate is
| ai | in which the ther astic
B8 Ao Bn sl sty el o B Sl Teods B0 R b Sz oy more

<@ﬂKWBﬂéSrecesses for the one or nore conponents. 9. A
method as clainmed in claiml or 2 in mhich t he

thernopl astic is a 10 Pol ycarbonat e. A net hod as
¢ ai Mednsthod| 3t glamedt 1o ¢laimyyi eh 4 He wh@hokhenﬁ?e@noplastlc is a

Potgassmatear e  fornmed by |aser machining. 15 11. A

met hod as clainmed in any one of claim1 or 2 in which

nore than one sheet is wused and printed with

dddi tA orethodcandannedvim tlaimc K sort 2 i méacletle one o1 mayerecesses are

ﬁhﬁ&#%&mQQQﬁﬁmﬁn . An electronic device f or med Che

according to t thod as clained in any one of
precedi ng clainms. 20
11. A method as claimed in any one of claim 1 or 2 in which more than one sheet is

used and printed with additional conductive tracks to create a multilayer circuit board.

12. An electronic device formed according to the method as claimed in any one of

the preceding claims.



