A METHOD OF MOULDI NG FI ELD OF THE | NVENTI ON [ oom The present invention

rel ates generally to a nmethod of noul ding. BACKGROUND [ 0002] El ectronic

i nterfacesoans/semweonly used in a wi de range of appli carcoss20nemconsuner
products includi ng conputer systens, game consol es, electrical appliances,
i n-vehicle systens including autonotive consoles or central stacks and
wheel nounted controls, portable devices including audi o devices,

mul ti medi a pl ayers, cellular phones or the like, to industrial control
consol es, switches, or the like. Wile nechanical buttons, swtches,
contacts and the |ike have AMETHOD OFMOUEBDINGI connection with
conventional electronic input devices, there has been a shift away fromthe
use of nechanical buttons, switches and the |ike toward | ow activation
pressure HHERDOFITHE ENEBENZIOMNuUch sensitive switches. Integrating touch
sensor teg¢hnol.ogiesyinto i nput deviges in ¢ ect | it h ducts such as
t ouch pani?g?ﬂtguc-‘§3¥8¥ﬁgﬁ“ﬁﬂ§°%aﬁéff%?vﬁaﬁéOSéH%ﬂaiﬁ%?ngﬁﬁke has

i ncreased due to the devel opment in capacitive sensing technol ogi es. Such

technologhga?ggﬁﬁégéhy | ocate. the area of touch sensitivity within the

bounds of on on a panel of a device such as a display or the
l'i ke, whi ¢boozln be Ele@asmic dhasfaces areé | conomonljeusddién @andide sramige eof | ocat ed

over a display.. [00p3]1t will be apprecia however that, while advantages
onn bo ga REHRABGRE o GO dHOBEE: hEpEmE RO, A B 1 oone
and flat panelles, sjetirical gadiancsy iravehitle gy dtams dnduding satohartive rbegiat i ng t ouch
sensitive technol i nt,o jooul ded . arti gl es. ently, .r ir dl egs of the
desired sﬁéﬁgr%i(ﬁ s?%g(s g *é‘?eijﬂi’éma%iﬁaﬁ“ﬁ% Pﬁ%@ﬁ%@%‘%é&“@@‘%{‘ﬁé‘l ¥ed for a
fl at ar ea detices, whiltimedia ptdyersyweeltllan phoneshos elnsiike,vie indpstrialevnteel can be
nmounted. The el ectrqnics an | ast.j C rts ar enerally then assenbled to
forma prdé8 m?gﬁﬁﬁF?ﬁﬁtﬁﬁgkgpﬁgn Igg aBFa@ﬂgg eﬁﬂ%&e¥ﬁ?gﬁﬁ¥ﬁﬁ , test,
final assehblike hdvengpicdliHeeanded Mecdnnketionwitk Bosentohdl \elecarordnpute requi r ed
to be flat, because there are.generally no known {ouch ensor .sw tches and
or of her - BETHTH LA TFOLTTA S0 SRS Lo s SRR, PP E SR & shaped
st ruct ur e andvthé ke eotard Now \activdtiont fressupel cdrhaslogiel siveh & wash s¢3d4] [ n recent
years, due to the devel opment of ‘betfer, printin t hodol ogi es .and i nks
with speciHitChenap i GHETALeHO LS Bh (ot lgRer ke Tl dere 1 BRCH P | nser
moul di ng @itHpradinosessk s hewdh pasis, usedh icpedi@Nuidcdpacieive kegpadsemslor devi ces
ctrol.urni nescent nol ogies in

and |ighti .devi ces, e. Si el .EL ech

o nee o P e BReasa el D gy fam n b P R Bend et heshRORRE P

EAPCN poL atsacle t@_ﬁﬁﬂlbgiei gfx’féral_isy caeithe ea ofinghch fslendiiii\K@r \i.riglhiﬁ t?i} }aammist i c: es. .
ter the rintin an or n FQCcess,1s C et e a marticle 1's

O oduced. Rt PRt s et fith BRac Sy B ey of ekt Bmish B Heoul ut ng

processes gld@@,lpwtilagﬁhﬂ oy e ke mndds bftem ihcated toker ndikslayi ng processes..

[o003] It will be appreciated however that, while advantages can be gained
by the use of touch sensitive controls on computer screens and flat panel input
areas, certain limitations exist for integrating touch sensitive technology into
moulded articles. Currently, regardless of the desired shape of the device, the ‘
design is predominated by the need for a flat area into which or onto which a
touch sensitive input device can be mounted. The electronics and plastic parts
are generaHy then assembled to form a product requiring multiple steps of
suBassembly integration, test, final assembly, final test and the like. Touch

sensitive areas are required to be flat because there are generally no known touch



[ 0005] For exanple, resistive and shielded elenents are disclosed in
I nternational Application Publication Nunmber WO 2009/ 128856, and a

capaci ti weoMzBro8s di scl osed in International ApplicaricescReRloneadi on
Nunber WO 2008/ 131305 to Haag, et al. While Haag descri bes various
configurations in which filns using conductive inks can be forned, the
probl em of cracking during formation is acknow edged. Haag fails to
describe how to sel ect variables associated with the ink avoid cracking.
Haag avoi ds spanning the inks within the sensing zones and does not propose
t 0 subst asthsriswitshésvanduorahheniinabsed tahadlogy that camb& readilphdeglaeed | ke in

t hose zones, 006l Still further, while. capacitive switches and |ighting
mtor i al o /ASIBEh s vttty B0 RE L BB RS Known Couch
sensitive elenents and lighting into film structures has posed chal | enges,
al t hough conventional FI M capacit,ive tqQuch,panels are available, in
2- di rrensi.gﬂap‘ﬂ" or mnI%Flrﬁeni V%ﬁ%ﬁms dag, té’sgﬁ?wb‘ll‘{))'gﬁpmﬁgft%f ?’ﬁ&?r RIRE % a prior
?rlt t ouch mheﬂolggﬁes la]hcm irﬂc’srxbitl@lsbéﬁéal fh@clutdns I@aaelas ]E:osxlﬁhmﬁ{?e inks) sttt f or mabl ﬁ
il m 105, graphi c | ayer,. 10 nd a rality o ayers 101, 102, 103. The
ol ur a1 vy e G e g by Brodes Bk hchgRed sAARRRIGETE AR | ntod on
]Ehe gl’apﬂis@ndogyﬂéyiﬂ;&‘l_dr{fl flhiing H@ﬁ@e}isl,se.gsglsirlig)r@ectrmenﬂ gl_ylg)lrs formed
rom such conductive inks are ner a ritt a re susceptible to
G acki ng. At o e Grea SB0E ardoic i ket du Procetaiay beehsnmmry oF
THE | NVENUsédNté Qﬁf_é?ﬂdrathegaaaegt:s dueh ]@5 a swiE:hfaé e tlaeﬁma@intb HRmi Miem.i_oE
proposes tQ mnimse.the pr em of cracking in e conductive tracks in
cont our ed sﬁqﬁ?gplfﬁﬂﬁ%.a“%h?‘gnﬁﬁ% maeﬁéstlﬁem%m}gﬁ%’a@%f lahgrmt?f@‘:]@l Ectronic
i nt erface peadude@, "¢ epradtbd afilimt Vigtiglesl/ @h bé efurther esbieytedned Ghotdfigf act uri ng
can be nore cost-.e‘ff(gictj ve. .éOOOB!Ad_n an_enbodi nent, a conductive ink or
paste | ay@rosessesincudigsniestian P OF thepnaiogming IFQCESS®S orm a proximity or
touch sensing layer. A transparent grounding |ayer including conductive ink

and prinmer._are printed on the touch sepsjing. l.ayer for grounding.. A lighting
layer is BPPARkd arkPTcErERPIS FERSIRcalsl ShirlisdqtIempals AlerisaAsta | ayer may

ai d afl_he_simfermtdm;enApgcdatibﬁyen}omOﬁr Nt;(in‘ilftri wolhabbgn.zﬁﬁb@, ga_haurafli ng Iaygr
may elimnate. or mnimse interference between the touch sensin ayer an
the I1 ght CABRTEeTitchnls direliied ciniermgtigha tﬁ?@ﬁ&amévﬁv_@ﬂpwu Begundii ng
O B AR gl e 8. A s e ik Syapfomn e

pr gpos eg aﬁ%éh@@%&%%ﬁqn%@%%e Lcan 8! %ormed,t € pro lempo cracE(mg uring

formation is acknowledged. Haag fails to describe how to select variables
associated with the ink avoid cracking. Haag avoids spanning the inks within the
sensing zones and does not propose to substantially solve problems associated

with cracking and the like in those zones.

[0006] Still further, while capacitive switches and lighting materials have
been used in electronic devices, integrating known touch sensitive elements and
lighting into film structures has posed challenges, although conventional FIM
capacitive touch panels are available in 2-dimensional form. FIG. 1 shows an
assembly of parts that make up a prior art touch panel 100. In particular, touch
panel 100 can include a formable film 105, a graphic layer 104, and a plurality of
layers 101, 102, 103. The plurality of layers 101, 102, 103 ‘may consist of

conductive ink printed on the graphic layer 104 to form a touch sensor zone.



a filminsert noulded interface and a controller, the interconnect sel ected
fromthe group consisting of: a conductive ink circuit or pig tail, an

ani sot ropiwo 203n@gmki ve fil madhesive on a side wall, papealrisehoi2@oesrdl/ or
dose to an appearance surface, - an ani sotropi c conductive film adhesive

on a side wall, parallel to and/or close to an appearance surface with a
conpression | oad, an ani sotropic conductive fil madhesive behind a
decorative surface, ~an ani sotropic conductive film adhesive behind a
decorative surface with an el astoneric fastening, an ani sotropic
conduct i veHbbver ddh@s ifvenddnfrémSiude coaddctivp eilpeddigetéally dhgloandhase to an

appear ance surfigfe, acg. el ast oneri.c -connect or . behi n‘gla %eCOflat I ve surface,
and S EAPRIEIREFICE e %‘in“(‘}ﬁpg?cﬁése&?v&f}s;acg%? PREC 1R SDSHYY or cl ose to
an appearance surface. [own]In a third aspect the invention proposes a film
I nsert noul ded el ectronjc | wi th touch and/or proximty sensors
I ncl udi ng %MM@R%Q&E@%fM&ﬁ% c feedback selected fromthe group
consi stingoeby] | | ghtrl fi@er tdrhie i$ € fizQTaSpechBESHVE It proposee B Miinitdiseshol d,
stiffness/ detents, .viscosit /darTBi ng, .roughness/texture of the_ sensor,
pul ses, W@P&?ﬁ%‘}‘“&ﬁ%‘éﬂﬁgé‘h e£Raat e&fﬁ‘?gg FaAonEred 8gnsing zones. This

may have the advantage that the electronic interface can be more attractive

and/or user friendly and/or manufacturing can be more cost effective.

[o008] In an embodiment, a conductive ink or paste layer is printed on a

- substrate film and cured to form a proximity or touch sensing layer. A
E tfansparent grounding layer including conductive ink and primer are printed on
‘the touch sensing layer for grounding. A lighting layer is printed and cured after
the grounding layers. The primer layer may aid adhesion between each layer and
provide insulation. The grounding layer may eliminate or minimise interference
between the touch sensing layer and the lighting layer. The transmissivity of the
conductive ink, grounding and/or primer can be set so as to allow a quantity of

light from the lighting layer to pass through.

[o009] In a second aspect the invention prdposes an interconnect between
a film insert moulded interface and a controller, the interconnect selected from
- the group consisting of: '

a conductive ink circuit or pig tail,

an anisotropic conductive film adhesive on a side wall, parallel to and/or
c]oée to an appearance surface, |

an anisotropic conductive film adhesive on a side wall, parallel to and/or
close to an appearance surface with a compression load,

an anisotropic conductive film adhesive behind a decorative surface,

an anisotropic conductive film adhesive behind a decorative surface with
an elastomeric fastening, |

an anisotropic conducfive film adhesive on a side wall, perpendicular

and/or close to an appearance surface,



[owW ]In a specific expression of the invention there is provided a nethod
as clainmed in claiml. Enbodi nents may be i nplenented according to one of
clainms 2 wo2088/0588812] | n an enbodi nent, a surface charaptersicvizmoean be
achi eved by pre- processing the filmor by surface coating, eg: Spray,

di pping or a m xture integration such as addi ng of master-batch prior the
pl astic noul di ng process. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0013] I n order
t hat enbodi ments of the invention nmay be fully and nore clearly understood
by way of non-limtative exanples, the follow ng description is taken in
conj unction wi hﬂelab@nﬁa@ﬁ:@ﬁﬂﬁétyd)ﬂgzhﬂfdaa/ﬁmmdv@ sukhed)ahd ke reference numeral s

designate simlar cor.respondi n ons ortions, and in
which: FIG 1 AR %356?185?%&? ‘TCH%H éhpP?E?ﬁl%L 32%%5%? ADE G 2A s
a per spectdp‘;s@aruh@/g@fac@ t ouch panel asserrbl y having a 3-di nensi onal shape

FIG 2B is a part cut-out view of the touch panel assenbly; FIG 2C s a
cross-sectional view of the touch panel assenbly;

foo10] In a third aspect the invention proposes a film insert moulded
electronic interface with touch and/or proximity sensors including haptic
feedback, the haptic feedback selected from the group consisting of: lighting of
the. sensors, mass/weight of sensor threshold, - stiffness/detents,

/ viscosity/damping, roughness/texture of the sensor, pulses, waveforms,

vibrations and any combination thereof.

foo11] Ina specific expression of the invention there is provided a method
as claimed in claim 1. Embodiments may be implemented according to one of

claims 2 to 18.

[0012] In an embodiment, a surface characferistic can be achieved by pre-
processing the film or by surface coating, eg: Spray, dipping or a mixture

integration such as adding of master-batch prior the plastic moulding process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] In order that embodiments of the invention may be fully and more

clearly understood by way of non-limitative examples, the following description is

taken in conjunction with the aécompanying drawings in which like reference

numerals designate similar or corresponding‘élements, regions and portions, and

in which:

FIG. 11is a diagram illustrating a prior art touch panel;

FIG. 2A is a perspective view of a touch panel assembly having a 3-dimensional
- shape;

FIG. 2B is a part cut-out view of the touch panel assembly;

FIG. 2C is a cross-sectional view of the touch panel assembly; \

FIG. 2D1 is an exploded view of the touch with regular FIM panel assembly

~ having the various layers;



FIG 2D1 is an exploded view of the touch with regular FI M panel assenbly
havi ng the various layers; FIG 2D2 is an exploded view of the touch with
rever sed wokbpaisetosassenbl y having the various |ayers; PCE&SGIf12/080339
perspective view of -an electronic apparatus; FIG 3B is a perspective view
of an electronic apparatus; FIG 4 is an expl oded view of an
el ectrolum nescent layer; FIG 5 is an exploded view of an electronic
apparatus in accordance with one or nore enbodi nents; FIG 6 is an expl oded
view of a connector assenbly; FIG 7A is an exploded view of an el ectronic
appar at us RIG. abcoisdanepladedhviemef dhe touch withadversed FIMnmdnet assgmbly i ght i ng
| ayer and a tou[ﬁh sensar eI ayer; FIG 713 is an expl oded view of an
el ectroni (,h ?ﬁf’&a St ™% or dance with one or nore embodi ments i ncl udi ng a
t ouch sensG. Ayea perbpéstive Gewnfan explooitegpuratug; of an el ectroni ¢ appar at us
I n accord(a)&;e }Q’i-t h_one Qr -nore em%%g:' rrenctas irrgi | uding a lighting |ayer;
FlGs. 8- 10 5 > SHPYRFE dky AR Bgm PBFOUY view of the pig tail
i nt er connelE, 44 &sexplddeti4icar of axgiécrdamitiessent dayer;part cut-out views of the
ACE on s dgnalil vy BYBEE P ieh R d8&rdnd afRERt AN G 8ot i BSul Dighgonnect

more embodiments;

FIG. 6 is an exploded view of a connector assembly;

FIG. 7A is an exploded view of an electronic apparatus in accordance with one or

more embodiments including a lighting layer and a touch sensor layer;

FIG. 7B is an exploded view of an electronic apparatus in accordance with one or

more embodiments‘includihg a touch sensor layer;

FIG. 7C is an exploded view of an electronic apparatus in accordance with one or

more embodiments including a lighting layer;

FIGs. 8-10 are exploded views and a part cut-out view of the pig tail interconnect;

FIGs. 11-14 are exploded views and part cut-out views of the ACF on side wall,

parallel to (Close to) appearance surface interconnect;

FIGs. 15-16 are an exploded view and part cut-out views of the ACF behind

decorative surface with elastomeric fastening;

FIGs. 17-18 are an exploded view and a part cut-out view of the ACF behind

decorative surface interconnect;

FIGs. 19-21 are an exploded view and a part cut-out view of the ACF behind

decorative surface with elastomeric fastening;

FIGs. 22-25 are exploded views and part cut-out views of the ACF on side wall,

perpendicular (Close to) to appearance surface interconnect ;

FIGs. 26-27 are an exploded view and a part cut-out view of the elastomeric

connector behind decorative surface interconnect;

FIGs. 28-29 are an exploded view and a part cut-out view of the elastomeric

connector on side wall, parallel to (Close to) appearance surface interconnect;

FIG. 30 is a schematic diagram of the haptic functionality; and

FIG. 31is a flows chart illustrating a process for manufacturing a 3-dimensional

shaped film.



FI Gs. 15-16 are an expl oded view and part cut-out views of the ACF behind
decorative surface with elastoneric fastening; FIGs. 17-18 are an expl oded
vi ew and wopar30ssws- out vi ew of the ACE behi nd decor ati PeTSG26121060379

i nterconnect; FIGs. 19-21 are an exploded view and a part cut-out view of
t he ACF behi nd decorative surface with elastoneric fastening; FIGs. 22-25
are expl oded views and part cut-out views of the ACF on side wall,

per pendi cul ar .(Cl ose to) to appearance surface interconnect ; FIGs. 26-27
are an exploded view and a part cut-out view of the el astoneric connector
behi nd decorative surface interconnect; FIGs. 28-29 are an expl oded vi ew
and a par

o (G Osetqlgyhfﬁbﬂkgwi,ﬁpﬁ el astoneri c connector on side wall, parallel

appearance surface interconnect; FIG 30 is a schematic
di agr am ofloofyd@ haptincanf embédioreat,id trine A0 dwded irtide induding caltants

illustrating a process.f manufact ur,i n 3-di mensi onal shaped film

DETAI LED ESERPBIPENE GOTHTTR M ot et 5 T D R RS ¢ of o

i ncl udi ng indideswrmosidad ipang 2oe having ai fanctivmahlayer FdLsuehasamdelzBricdl t ouch
panel assenbly zpo.includes.a nmoyl d nel. 201, having a functiopal |ayer
D05 such e p afy patiRidk By abhd AR ioBRIWIR 682, ot Sl et ) onal
| ayer 202 corfigured ao pasd dlowoadditjona dlegibility ahd vadrkabiligoehildé manitaibigxi bi lity
and wor kabj | i.t% Mhi | e [lIEi ntai(gi ng. chaf, teristics such as condaﬁgti vity. FIM
T ocess es SHRCEBMET YL b dORRICURI e T RREEHR Ao CHBEIORNE B55hMecor at i ve
printed sprintihg deasratiee desighst cheagqaioyativieeprinted sudal candyetiseddd,applych as by a
sil kscree rintin rocess or .inkj.et prdnting. Q15] After the .printing

ot ocess £ orS twabtanl FhBRGEE Hheh 05 pLiliERlinstiing prock of Bl

printing.

foo15] After the printing process for the functional layer 202 is completed,
the functional layier 202 can be formed and worked, such as moulded into the
moulded panel 201 to form the touch panel assembly 200. Initial forming or
shaping can refer to processes that are used to shape the film permanently
include processes such as high pressure forming, thermoforming and the like.
The formed articles can then be subject to additional moulding such as injection
moulding processes that can be used to over-mould the formed films into a more
conventional plastic package. Connector areas may be left exposed or un-

encapsulated.

[0016] ‘ FIG. 2B shows a cut-away section of the touch panel assembly 200 |
of FIG. 2A. In an embodiment, the functional ink layer 202 can be printed with a
plurality of electrodes 203, and a plurality of traces 204 connecting the electrodes
203 to form an electrical circuit. The functional ink layer 202 can be a touch

~ sensor layer and/or lighting layer. The functional ink on the functional ink layer
202 has an ink material characteristic which cén be set by controlling an

 admixture of the ink and one or more additional constituents according to a
specific ratio or ratios, so as to enable the functional ink layer to be shaped while
maintaining an acceptable level of conductivity after the forming. If the

functional ink layer is a touch sensor layer, this acceptable level of conductivity. is

6



the functional |ayer 202 can be fornmed and worked, such as noulded into the
nmoul ded panel 201 to formthe touch panel assenbly 200. Initial formng or
shapi ng oao 2088/0887080 processes that are used to shape treTiSG2om2pesaTanent |y
i ncl ude processes such as high pressure form ng, thernoform ng and the

|i ke. The formed articles can then be subject to additional noul ding such
as injection noul ding processes that can be used to over-nould the forned
films into a nore conventional plastic package. Connector areas may be |eft
exposed or unencapsul ated. [0016] FIG 2B shows a cut-away section of the
Itouch gggﬂraﬂg%ﬁﬂbﬁh, _'ychZQ% t@_hchls&;soleetalh_rs ia@-t(?rmcwnmeiné ,calbd‘lglétfyumﬁ:gi_eonm i nk
ayer can printed with .a plurality o t rodes ,.and a

bl e al | £y TGeoRaBE 18655 Te BrieDEne g o n it esepraBli v agd PTSMIT AR % ect i cal
circuit. Fagefinnbidhahalightike lagstesan2ddt Bght. be a touch sensor |ayer and/or
l'ighting layer. The functional ink on the functional ink |ayer 202 has an
ink material characteristic which can be set by controlling an adm xture of

the ink apgo@ne or FIGr ecatidivi h @8@lonabvisivi A-uehérs FAGC @BJlivigrethe doidheci fi c
ratio or rati os, as to eng}b&éeq he functi onal !ll’lk | ayer, t o, be shaped

whi | e i REGGASHEPRAR 290 Caping POGa dasAERTVELaYer poapriated Mtheor ni ng. 1 f
the funct ffalos] MfunlcByRdl ihlSlagerl AUCRhRRREN be hay@dh sehfirdapeeeplaal)j& | evel of
conduchwiiébﬁﬁﬂaraneln ich the touch sensor _retains its touch

sensitive? ayeR204. { Thejoueh srospiaysr saricap dpscpntigured ppd applind 4sayer, this
accept abl an|guelicdfcieandtiat indddes] fordexadipl dapadibiv€ Bwitbiges! daphblengf | ayer can
emt |ight. [0017]§5IG 2C shows a sectlorl)g)l_ view A-A from FIG 2B, where

t he toucthT&ﬁté‘Pg‘a éﬂ%ﬂ?‘mcﬁ%ﬂff’i‘ﬁ%‘i’%a’é JqCt SHED A% 2 TNEGE COMSE i€ | ayer 206
printed ogohth& bt |proRidfity ahdreftct | vdl ai itdtayan p@forwhifGhctiord € a2 touch
sensor |ayer, 207 .and/ or | i ghting I_g%:r 588 'Ifh%vtouch sensor | ayer 207
can be cof¥echired S&’FfélhéB% A% rfanasyvitihe @ sHARLIWIESH, @ pugh PREPN SWRERGes, for
exanpl e, eARRE liké, Weitls WrdatlyaedaaidoRl o f andiettRCdliniigiatok RERYSihd padBaci t ance
when an object such as a finger gﬁg)es into contﬁct or proximty thereto.
Such a swPbidh € BROFTI ORI eKRIPRSIHeoPRPILE - aSWbe FPieh Spswivitdhes 68h PSs a rotary
swi tch, awgddlflaised\Vint Béine dappiiiicddUishié a§Wint €dichOpardede for WRhwablidis great |y

reduced friction and the elimnation of Vi ng parts, which can becone an
expensi vewaﬁ%s|rp%31lne§u<9ﬁ§%me§°er?§&rt kg Heotecopige ShageIleatked in hone

appl i anceﬁudﬁl&?&eﬁé, PRl ﬂﬁbl%, panghls dfeQil’ceéjétﬁ:BV@,SP&ﬂé ,mcyhﬁl%fﬂmemhi nes,
coffee makers, and the || ke Erhot ocopi ers, space, heaters, alé?l 0 systens,

and the | fhelikeyand aBjosneiigielestrogiss ysiems sielsas auhip sestemmeheadlesdad  he | ke,

and aut ompgntYsls Sbeabd,OfyrC xaaySik eREhimUEhe 2sn@bdisRicRY StTeNFartifdrdl @& and
controls | ocated,.

for exanple within the central stack. ln particular, the
funct i onafuncHrRdpE 2y9b20¢ (14 the ck seRser ehe 877 P%@/g)r theliehsing layert he
l'i ghting bagetar?B88adéaital®udifVdnfigagiRaus! e feileddHfLE thRelBmAsioRA i Nto a
t hr ee- di nensi onal shape, includi ng contours th’ﬁ; span, sensi ng zones,

wi t hout cPhaRe: Mg ushngganieuis $eatispan RePsinesZoRes QA Lracking or iotRerpese t he
pur poses @fsidedtcdle iR Htegi®Fifbt theGulrpdtal oPlouti SerdsbK @miftH@1Bhi or fRt t er

illustrate the configuration of noulding process prior conpletion of touch
panel ass@%ly, FIG 2D2 shows an expl oded view of a touch panel assenbly
200 having a 3-di nensional shape; arranged or structured in reverse FIM
configuration. [0019] The touch panel assenbly zoo has a fil msubstrate 205.
The decor 829333 i nk Toahatteroillystiplg ther epdigneiion phquidiag progesa Yy i nted on

the film completion of touch panel assembly, FIG. 2D2 shows an exploded view of a
touch panel assembly 200 having a 3-dimensional shape; arranged or structured

in reverse FIM configuration.

[0019] The touch panél aSsembiy 200>.has a film substrate 205. The

decorative ink layer 210 and a functional ink layer 202 are printed on the film



substrate 205. A thernoplastic nmoulding 209 is noul ded on the A-surface of
the filmsubstrate 205. [0020]FIG 2D1 illustrates an expl oded view of a

t ouch pangb 2assrgteky 200 havi ng a 3-di mensi onal shape; ipgT/Sego2ane3rd M
configuration. The touch panel assenbly zoo has a filmsubstrate 205. The
decorative ink layer 210 and a functional ink |ayer 202 are printed on the
filmsubstrate 205. A thernoplastic noul ding 200 is noul ded on the
B-surface of the filmsubstrate 205. [0021] Decorative graphics 210 and a
decorative |layer 206 can be printed-on the film 205, or the functional ink
| ayer 202 sgbstrire 2phi A thermioplasticl nowldirgmodie aonddéd/en theyersuiZile. of e some

i nst ances,_..the. el ectrodes 203 are printed with transparent conductive ink,
such t hat [BRPST&eR08nspar ent and conductive. The traces 204 are

transl ucent or opaque. [0022] To better understand how various |ayers can be

conbined to foyma ctignal article .FIGSs and 3B illustrate an

el ect r oni d°9pPhr at uél%géblﬂgwrﬁgeszimﬁ{ﬂkﬂ'ﬁ#g’ie&’nojﬁ top %L?:SS? . an
enbodi menthavibigea gldiaiensiohsl epapay af usuBROFIM Soafigiutice dTiatrich 3thhel ncl udi ng
a functional ir]k Iaq\;gr, \Aﬁﬁlgh igs not dir, ctclh}a/F shown. . The printed and forned
fil m subst® ¥ AP DbBahguile FubgTalE 395- HAGederoratie ifSnaYera?¥h 2882 306, The
functi onalfuaéteaal #k3layatQfo@ay grintedan ke fiby sabaedtt @vEed PrithbpRsissoci at ed
wi th the 3-dinensional sﬁ%ﬁe. Ea;h 0 thghfgﬁ%ti nal areas 303 and 306 can
ncl ude a BORRIBGR0 R GOHEA O3ghe SrariagBtinedts SuPEauSPRRe 11 m | ayer 302
can be forned after printed a decorative ink |ayer and functional ink |ayer
on a plastic filmsubstrate. .materi%i \é\gCh .CO atibée V\fbth the film
substrat e (097 be usReFOFHF e RSAPRIFH B HhRL 8 Aeearative, idyer 206 Gin By pripted

t her mopl asgnl tendhebbdfl 6t thechnetiongl RN Mear bonaie be pRinted dREctlyaad thidre | i ke.

[ 0024] As shown in FIG 3B, the electroni¢c apparatus 300 can b r.ovi ded
With a SurSHBNERIVEEREP; St SOBE aStaRAerathe SEFTqdsS ROSAAMELITH di 11 er ent

transparent conductive ink, such that they are transparent and conductive. The

traces 204 are translucent or opaque.

[0022] To better understand how various layers can be combined to form a
functional article, FIG.s 3A and 3B illustrate an electronic apparatus 300 having
a 3-dimensional shape according to an embodiment. The electronic apparatus
- 300 has a moulded panel 301 including a functional ink layer, which is 'nof
directly shown. The printed and formed film substrate can be moulded so as to
have a functional area 303, 306. The functional areas 303, 306 may be spanned_
by a contoured portion associated with the 3-dimensional shape. Each of the

functional areas 303 and 306 can include a backlighting area 304 and symbol
305.

[0023] The film layer 302 can be formed after printed a decorative ink layer
and functional ink layer on a plastic film substrate. A material which compatible
with the film substrate can be used for moulding processes, such as for example

thermoplastic materials including polycarbonate, polyester, and the like.

[0024] - Asshown in FIG. 3B, the electronic apparatus 300 can be provided

with a surface characteristic of a surface 307 in accordance with different



applications such as anti-mcrobial, and the |ike. For exanple, the surface
characteristic may be configured or nodified by applying an i ndependent

filmlayewosumnsemsfor exanple, through a spray applicapcescbizionnsrs
application, or by integrating a chem cal characteristic into the materi al

itself as an adm xture, on a nolecular level, or by applying materi al

i nside the nould cavity or thernoform ng equi pnent that can be used to

i nfuse a chem cal, such as an antim crobial agent, hydrophilic or

hydr ophobi ¢ agent, or the like, into the material during form ng. [0025]A
| ayer of rmppBleativhs 3hith rayaménapbiaddand thedikeur Ferc ex@0ples tlod safadey sprayi ng
or the lik as shown in view 308, nay,.be, enbedded withi{n the rface 307
f or exarrpIcgéliaﬁteélsﬁf)Inéaé'uF%Fo?ﬁ%“ﬁg(?(% ,m%dég%dnﬁmpP R w%?mﬁ;ﬁnt ?g’ﬁ‘ be

appl i ed asayersegaasfer exinggeathecudh h sptayaplioatidd) dilmuaiphicati@d) dradsy shown in
vi ew 310. .Various di f.i ions w.ll be appar. o those.skilled in the
art. For é&tﬁﬁﬁ?‘é‘,g a@&?‘éﬁﬁgﬁﬁm eg\é}g‘%ﬂ?t%ﬁﬁl rg%ﬁflglglgﬁe{félﬁ a&&@mm}fﬁ%; °B& ni xed
into the mesledulithdevdls eiselsy | applyiag i naeatl onndidul thengnguldc esdtyof ot he

el ectronic, a ratus 300. Alternativel t he. surface charyacteristic can be
ass0ci at edPSIHOIINE: S BeRt, thah fpn Restded 1oy infRg § COUBBAHGHED £F 14 | ayer

[ 0026] The aatigieobRd cigehe chyldussiilioval hyslroplesbec lagster o€ ahe flilet Heto tircl ude an

anti-fingerprint. progerty, an ol eophobic property or the |ike, through
surf ace nd’&f?tfe‘f‘@éi(“ir&%&o%?%tgr eating the surface 307 of the electronic

apparatus 300, such as-by applying an ol eophobi c chem cal, additional
roperties can be realized. For, exanple, a,coating can be used to create a
Earg surfiegzgn théA‘gp’élb?f(rjlaﬂ‘ie?a%é?n&llfsa%&)?ﬂthléeg?uf%'cgé’tg?ﬁﬁc BdVst ance to
wear, ScCr gpfdyeisy, oradhd likbead shoom inGAev 308, maybe enmbdoidelswithin tilesarfadeed, the
surface 307 ?f t he ?I ectroii clapIE@rat-us 00 can.be coated ¥)vith 5 | ayer of
ant i nmi cr oBCZICLGEMPS Bhd Rpett, ar YU 08 sSNOWIVB VY5a%Y ORGP 2RP Wdnc

pyri t hi ongshasqAragdantegraed i@ lavdkeor ahe Berfagpideds Showas ih oridév Ishom cr obes,
fungus, bacteria, or the Ii,lf% %reatl¥ reducff.ﬂg the risk_of cross

cont ani nat4a5upmqdipcations yall g abprent fe.tosp skillsd oo eHObFARRIE pl e
users. Anigdtbdddfcd irafphpgiidatioh, SiahAgdne nagibeeme@dantotthe régin tiagas ased he

el ectronig aratus PC./SB 2 0 1u9 300 by.m xi ng the antin crgbial agent
“hto the 18 MU mOYHIETRDECE PbRe RGBS 200, ALCTREDE: opr ay on

surface 3QHe ofirfideechatfRedristiei can dRPAEAkAtEd 33 HEnae@idl icRiracteristie ofraeuf act uri ng
process by |ntegrat,] nq the agent into filmsubstrate and the |ike. The

surface cardeperdenti@riaYsieat ed for easy cleaning by coating the surface 307
with a layer of hydrophobic materials |ike fluorine chemstry or aliphatic

urethane or the |ike. Hydraphobi ¢ _surface characteristics cause water to
easily rol Po%thf théﬁ%ﬂtﬂlﬁ"é{‘égew&ﬁé‘lw{@a Sé"g’ﬁ?i?aéfﬁr ﬁ’é‘iéﬂj&‘?f)l@g’rdr%iaé’s away the
dirt and ohfieingeeftimnbropeityf aOolddpoBiRPeropeip 08Ahe Jlkef adugh QRARD f f er ent

| ayers can be_ i ncorporat ed |l[11to fl|m§ strate that can be forned and
moul ded. & 1%%?§lopa3‘é(rt§ea§‘ﬁéﬁ S3rtare 387 8 ﬂﬁé’ie&frgﬂlciaﬁp?‘iaé?s 3P0 FH show a
l'ighting Ib3)eplyd an GRdpREbic WheRbcal, MdditRondt BrdfRAsdsaal beskapged OF&e used in
manuf acturing of electronic prﬁsdqtéicts as described_herein, The |ighting

|
| ayer 400 %#RPKe pFoatingnFan et 1S9di Bhersale @1 Bardnpurtace ot the ¢ tronfe
el ect r ol unibpaseeoo Ras &l @6edsinY 1eEkRASE R Wear Wegathes, Addheigtet he |1 ke.

[0027] | In some examples, as described, the surface 307 of the electronic
apparatus 300 can be coated with a layér of antimicrobial agent. An agent, such
as a silver based agent, a zinc pyrithione based agent, or the like can be applied so
as to kill microbes, fungus, bacteria, or the like, greatly reducing the risk of cross
contamination or infections for. articles that are handled by multiple users. An

antimicrobial effect can be achieved on the surface on the electronic apparatus



[ 0029].An exenplary lighting | ayer 400 using AC el ectrol um nescent (EL); the
Il ighting functional |ayer can be configured a transparent conductive ink

401, a phosphor ink layer 402, three |ayegg-apd:abeyg pf: di gleectric ink

| ayer 403, a second conductive ink |ayer % 4ﬂﬁpa‘*ﬁ‘tj%’/§n@|§ ?w@éﬁ%@ﬁiﬁn&ﬁi nk
405. The phosphor ink [ayer 402 is sandw ched between thes'ediductive ink
| ayer 49do and riitnglicR ekttt orbBis] | A¥RE 1403 BT SAGL an el ect r odes
cause t%e at?}%Sphorgji nk layer I‘402 ta% ?%Ilé%sg .i%%tn \%ééd]nqgﬁala @‘é?ﬁé&f} ve

cur r ent mogldipp preetss Phe ditest phisy aussurfice|sayeof the 2lecamnieapriratedon t h any

phospho rial Jike zinc sulphide or.the like, that wll release |ight

when anérelr%élﬁri %élthgu @ﬁ’?ﬁ tUring Kprocass he featating ithe |agpnt inbm g pri nt ed

with angubdtiekeanditheilide. t e shﬁfa@@@@@tﬂebﬂuﬁh@rtﬂi‘eﬁbd%ir‘”ebﬁ%%gﬂi%n The silver
e

conducti ve, i nlillayefr 404 acts as_the second or back electro r“the EL
| ayer u¥HDOENG RETIaSh AR With of lavies cafr hediophohia maatepalksetike plliorime i s
printe i DOHEL V8, o I t the silver

ci rcui '?(%}%Y‘Igl%‘%r?% E?i jh\eég‘? ilgﬁ m)ul(5 i‘ﬁlge lglr%d %gﬁiéﬁé}ﬁoéﬁ ¢ 8%%%%Tlﬂ¥a‘ég?éﬁ§?%ry t ouch
sensor ¢aewateriosasilyrelheff thesfiifger eftheiarticlel et iodsingandati@casaypr | nt ed
usi ng ct%réoéﬁgi Ve i nks, such Si I%gr conductive ink, PEDOT conductive ink,
and t he o, Ang ek confaminantfram the aPDataiup 3oRsrfacan act as a sensi ng
zone whereby, for exanple, as in the case of capacitive touch sensor, an

el ectric fi ﬁ:l d can_be applied there across that will experience a charge
capacit chandiiffaresrt lavers gge befiacorpreated ntiosa Plraselbstratetthat aaartge of t he

|l ectri 8l ' [ . t . with.th [ Th h '
ol et 11 2 PP R B o SRR eihuad thHFe PR BB By 316 dr bitbcessor.
[ 0031] Thewn Lightingluyet geby tdrybefortte] ttenSPAIREsIGRANBUEHS ¥Sbb Dked BYET Wi | |
allow light.fromthe.lighti n% Iaéer to pass through the gl astic films and
pr ovi demgn\s,.ﬁag = ?fﬁ:]?gg??’&d] phugts 3§ slescrpprd hexere  Vhe lighsng hayeradicon | ayer s

separ at@nt he drismeb]e0 I - % yash i its be en
differ entn ly cﬁhar ged P'gjg/herlfsk%%llnt% %@ﬁ&gﬁ’ %{%r ggiﬁéﬁe‘géétﬁ(glp E"f‘ﬁsécﬁPguf? ng | ayer
i s pririledralimnescertanspaniodER ondtht ke i nk that will not inpair the

transm ssivity of |ight produced by the lighting | ayer and yet shield the
electrical field generated by the lighting | ayer so as to prevent electric

field ilooep] er ence dennglaintghtds laee fJobeutiapact Lle¥GoRRATINE A IRE);

[ 0032] %GE 1'51.| | I ustr.atagﬁ an el ectroni c apparatus 500 according to’’an
enbodi TBALIERHERE Tupeenal davergamheacenfimped agnprspaeentoforsluctive ink 401,

Fil m 1 nsgrd lidi nd: & _gonnect.or assenbly 507.
The FI 1 by b Pnc S aae o aOBRRY et o A SRR B e aBT s
502, a sgediut eendustivayek 1563 408, hodaremspamarnt privier ifk04os.aTHE phpshing | ayer

to, )4 I ) 505. - | ded th | astic 506. Th
connecink SRl Ape Ml icRld BENRH e G Qi ACER faver tastic Angesbsor | ayer
504 t o dicleetriceinfalayF 908l whictha&did 68ldrnetlebfidled gat;igec?ﬁez bpll)%)eﬁ&}\rﬂﬁl‘ﬁgh a

physical platformsuch as a printed circuit boar ich can
al so ac@Bimdlat & oteheasec dighbneher suchltermativpowarrehnvier applidchr [Thevi di ng

P act i &oPuoroal bl oy e Ly b pptNeg il amycetiisphat mateiet BRE e
accor dantphige ph thetitdj tettwill wiensbdight odictiesh efe@frical current is applied,
The dielectric layer 403 is printed with any dielectric ink that is compatible with
EL application. The silver conductive ink layer 404 acts as the second or back
electrode for the EL layer used for the conducting of electricity. A transparent

primer is printed over the silver conductive ink layer to protect the silver circuitry
during injection moulding and handling.
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exanple, with a thickness of less than 5mm ovegr . the filn 5?2,_‘ he film 502
can be nmade of a plastic material including p%@gﬁrg&ﬁﬁ sFéfC))ﬁ{} ﬁzg
pol yet hyl ene terephthal ate (PET), or any ther WDEQ‘[ astic mteri %hgt;;ghat can
wi t hstand the processing paraneters in sone mangfacturi-ng: p’ﬁ.oéq@fsf?s*es t hat

I ncl udes injection noul ding, thernoformng, high pressure form ng,

hydr of o[¢e41g), andah r@gﬁ{pmguhgidﬁgsﬁsggﬁgys&scaﬁr %oﬁ@gﬁﬁ@%‘lﬁ?@% ers can

include pressure, tenperature, and cycle tine. | so acts
as a sublstirades and trapes printed usgngeo wetinkse sink as aticerfcomductivainkd, nks or

past es t.| ye saconductive inks,. |lighting.inks or the

li ke, mﬁ#?pﬁg%ﬁﬁg&ﬁge%ﬁt 8R$§&%I$ﬁenﬂ'éec%9r5ﬁc\?é’el%%F&g’ééo FRECHeEd at i ve
layer 58& &naseasingoiond wherebly] for efarislepadtin el dﬂﬁB'ﬁY&?ﬁéiti]?BecoﬁéWCt i onal
i nks can be pl‘l&t@ ither side of the film502. The touch sensor |ayer

ed, of G . :
504 canS%eFfde F‘E@t&%@é@nmahﬂéﬁq thezse acme thet wilbexperiange cortuuge i ve i nks
to for hbd | tanes h ngli y-er 510 | LNuted with
2"t r anoiERihec KRafis VAREe DIRHIIOR Bph T PReREMR i P, BF LG
t r ansmi elstivict feldforl ingdiregr oehiaetdwith theesenkigipt o1, | Fherchange yetelantdit shi el d
ge

t he el eglyi cof.i el erated. by energizing .the lighting |ayer so as to
pr eventﬁﬁgﬁltvgl}]ftég%%g%%%%?# B}éﬁlﬁ%tef‘]?ﬁ?%%t ?g?lﬁr?‘ﬁéo‘geéﬁ%i ti ve sensing zone.
[ 0036] The lighting | ayer 505 can be made up of different functional

| ayers:, transparent conductive ink Layer, lighting el ement Layer, silver
conduct iR84 nk | aﬁ'@( higodzansmissivii e the fieansphegrdrcobdaciive trielayeowll

electro gaeNall e high dransmssivity of the
Fouch soras Pept Benf UREHERMEIARP T ButunBlsh THF phorl SHnSTRR B8idad be
readi | yvisibdé bh@icton twi eveser, Wislepthatvatiols ghtséﬂ@ﬁohahégérs\/\féé ara®l egse |ight
when an.el ectryi cal current is applied. W 2013/058708PCT/ SC2012/ 000379

[ 0038] Tﬁlé‘cﬁ%? ensand peereat %&56%0%%0%1%@ etvggeny diféerently rehargedvi des

layers. It will be appreciated that the grounding layer is printed with a
transparent conductive ink that will not impair the transmissivity of light
produced by the lighting layer and yet shield the electrical field generated by the
lighting layer so as to prevent electric field interference being induced into the

capacitive sensing zone,

[0032] FIG. 5 illustrates an electronic apparatus 500 according to an
embodiment. The electronic apparatus 500 comprises of a Film-Insert-Moulding
Technology (FIM) part and a connector assembly 507. The FIM part includes a
transparent moulded plastic section 501, a film 502, a decorative laver 503, a
touch sensor layer 504, a grounding layer 510, a lighting layer 505 and an over-
moulded thermoplastic 506. The connector assembly 507 can be configured to
connect the touch sensor layer 504 to an external driver or a controller that is
accessible through a physical platform such as a printed circuit board or the like,
which can also accommodate other components such as a power inverter for

providing power to an lighting layer 505 or the like.

[6033] The transparent moulded plastic section 501 includes a layer of

moulded plastic, which in accordance with embodiments, can be provided, for
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structural strength to the FIMpart. The thernoplastic noul ding 506 has
openi ngs 511 for the traces 509 to cone out. The substrate has a front
surface awmo2a13nas8tossurface, either the front surface or PChsGhalosas f ace
can be printed with |ayers of decorative inks and cured to produce the
desi gned graphi c. Conductive ink can be printed over the graphic layer to
produce the capacitive sensing zone. Layers of dielectric can be printed
over the capacitive sensing zone and a layer of lighting material printed
over the dielectric layer. The lighting |ayer along with the other |ayers
wher e appreapnphi @ithanthixknessrdfdedsahai gmine oerlthe fitm $oar dhetfiim 4d2ugannat e t he
region of .the filmswtches or o heﬁ rea that.re uiﬁﬁg backl.i ghti ng. The
funct i onalPez8HAei Pindc RIpstR sRatsEay; IBcluding s pelveaspanate > MR <Bdsted shape
vi a hi gh peephthataté QPETNYor ingwHetrhoplagtic andtetifie thatkewn andhstanideeid on

nmoul ded to produce the final roductf After which g connect or. ﬁuch’as a
tail conndCPEFSING PATANYSHABSOBY BrOREUFPRLIOCS P a2 GICHRR Ieft301 FI G 6
i s an explagding] eMerafof@meiapnaigho praaswentyrinieg) Ohytreforinyy 4rel amseenbodi ment .
The connect or assenblg 600 ¥ES a connector 6o0i, -a connécéor hol der 602, a
printed ciPRUMNELPEPESEECE) TRY APTOERSHEC (RAFIBEE L R p U9 bPE S finect or or
the |ike. tdhpeaonressiddyclealnter 602 has a pair of plate holes 607, each

pl ate hole 607 for receiving a screw 606. The printed circuit board 604 has
four PCB hol es 605, each PCB hole 605 for receiving a screw 606. [0040]In
an enbodi 18B44] condrietfilvesos akeschl® 4 aib¥adtdfor the paiatidgof dé@raties during
printing. .These gonductiv traces can, be connected to outer .mafing

connect i oftEoRRg ‘.mcﬂoeélvlrﬁ‘? g 1RastesSUGR 3sr ORABEYEPRSEE SORIPRR WESi ¢

moul di ng 326tih@ ifkstor 2h€10kY) A cab bk, used ehform the ZebsraticOnRpacicy. e as to
connect co ductivg traces with e erqsl copqﬁﬁtigﬂ\pohﬂ%zw A series of
conduct i ve&lerTaERs daeR 5% CARSINE e BrPIFALY | 9t nflenepativen! ®be colnected to
a printed fghdtionial inke @k8l b6 Pintdden BEBedilié of iRNfilhagbL£NThe thlh fehbbpart usi ng

a conventional fastenin thog sucg aa by a screm/g%G., [0041] FIG 7A
shows an eREELO4TAR BHNAE £{SEEOFBH53R @B &F%Cﬁs 599 RTERH SiNFeANduTe

el ect r oni GnidppIHEh UsHaltRRegRftchve six sections including a film702, a
decorative layer 703, a touch sensor |layer 704, a grounding |ayer 708, a
lighting layer 705 to forma lighting area, a noul ded plastic 706, and a

connect or [3gg6nbl y TiR7zieandingUaRE 16 iS PRMEST with Atax§Rreal caduvgve Or

controller yunted o circuit platformsuch as a printed cjrcuit board
(PCB) , maeﬁqaoﬁ#nwem&tﬁvi W@d‘%"ﬁ“ﬁa’é tb%WélPS?lﬁé'éf}Wé’?hsgt P19 “F‘?‘L%Y H[6’0042] FIG
7B shows ajphfihgtiyePRng y2PRAll ahitsd THO clRE@R! fild Geheratddl ByrepeisBiY theThe
electronlﬁ_ﬁgpa atus 710 has a_tngnsggéént nDuLde Last%F section 701, a
film 702, lighHBg kst $a3s to pyeyeny puerterenes framemedp F%“x?]érltor £ CARAHINRA ded
plastic 7Q@psiaggb@. connector assenbly 707. Notably absent in electronic
apparatus 710 is a lighting layer 705. A backlighting function can still be
provided in the electronic apparatus 710 using an external |ight source
(not showppogsich asriel BEktifMdyet Ros5di0®8 fbdDup of |difbéresc aniohhlght i ng,
CCFL, or the l'ike, as woul d be appreciated by one of Ordlnary.ﬁklll in the
art. [0043Meresy RDSBAGRS eanduRdye dpbclavshi IISaBREr slemeny 2bastc sildfTng to an
enbodi menteondhi@ivelificay@ni ¢ apparatus 720 has a transparent noul ded plastic
section 701, a film 702, a decorative |layer 703, lighting |ayer 705, a
noul ded pl astic 706, and a connector assenbly 707. Notably absent in

el ectroni gogppar at Ushe/dlch Serdof RYEN56LRSBE o @lechiOde fordleAciroal | Nput
function may be achi eved .t hrough use of _a nmechani cal smntgg, hﬁptlc i nput
devi ce, oraPPH@tYSQR0. Thsddgieiransmpisgivity obidefoidientprilayes 594 abPyaHslt wi t h
embodi mentggym Ttl'ﬂaeliéﬂtﬁiggh}‘kﬁl5b§ﬁ§ e FORIGALIBIE ith b vitSves ONthe i@ BBgftaRC! | bed

herein and used_as a backlighting source for the nechanical sw tches or
butt ons. layer will release light when an electrical current is applied.
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[ 0044] The i nterconnection system consists of the cable and connector on
both ends. A conductive ink circuit (C1C) is the nost straight forward
met hod siwoeot3nasfosl mis a printed circuit, this is theprexiSensi2onoa$ t he
circuit like a "Pig Tail". The end of the "Pig Tail" may require printing
with carbon ink to protect the ink surface for abrasion and nol ecul ar

m gration. [0045]This nmethod can be applied to both regular and reverse
FI M desi gn. However, the effectiveness of the design depends on the
flexibility of the "Pi g Tail"™ and it is proportional to the thickness of
the fil m useg8] The Thei @eﬂfabplhstinewdaldﬁmg be6 tes layred! phsed thon nrtm'dper oduct

Troter [oorePuRR.biBlect Ip, BOPMLpAL> I, RN ENMA RN Bog Bl £°r T e

Circuit ( I%B@)ungasutfer ﬂwﬁchcbmsdw taigmdatmw\ﬁmmbstratedm alfuartdurfibmambnnect ors

bri dgi ng het he f an FC C.C ebra ctor or
ACF (Ani soatl?opl C I|m\c/h<-:(-:"% ﬁgt Slrfcgg?&}é%;)a(:k aﬁ%yaflibcl ? ypes, the
Pressure Yayess of d&eoMlvemksein@Rﬁﬁe)d tmrpxbﬁecerﬁplthsﬂgned grﬂphm \Kmndﬁlﬁwle?] The

connecti on bet e tai F nd uire a |l ow
i nsertion olF V\Ee Pnggr |eron f%g%hm?zf_yefjoomo%uﬁ{ eocr?%g%? I%ezro&ﬁ or bonded
on t he PCR.aydisef Bieddctrid mnlbﬁmxﬂa&loeemthy capdodtiveadensiag yoieart a dayet yf soI dered
to the P machanlcal nor rec t cle can be cri
ety shfRE Bt (RineBl B AREREC lavk® S TREMGN G FReRRoBE WIBT S | et
sol dered tthe tduberPEEererwlp)éramdopmtta dahebeh eanddr toonreatee a Right s[oﬁﬁc4a810The

e Io t|on f the.t t 0 connect

i nt erconnegt _de el al.so des .t

to. the_peatiumiiaie 8 sB5R oL e AR tchEs SRk Bos At MnhEna: can

serve thi m&umﬂmahﬂéldeﬁldﬂmm themwbe tifeccuk ana foramesl mnﬁthrere]tebmdisslmfpe@mnect ion

are shown .|, des r|b in eta|I

0040] Fi o HPhs st foPmiey bty eyl o 2 kel R E i, B iea on. A
produce the final product. After which a connector such as a tail connector, zebra

connector or the like, can be attached.

[0039]  FIG. 6 is an exploded view of a connector assembly 600 according
to an embodiment. The connector assembly 600 has a connector 601, a connector
holder 602, a printed circuit boérd (PCB) 604. Connector 601 can be a zebra
connector or the like. The connector holder 602 has a pair of pléte holes 607,
each plate hole 607 for receiving a screw 606. The printed circuit board 604 has
four PCB holes 605, each PCB hole 605 for receiving a screw 606. -

_[0040’] In an embodiment, conductive traces are formed by the conductive
inks during printing. These conductive traces can be connected to outer méting
connection points. A cavity 511 can be created in the thermoplastic moulding 506
to fit a connector 601, such as a zebra connector so as to connect conductive
traces with external connecting points. A series of conductive fingers can be
- printed on the film 502 can then be connected to a printed circuit board 604. The
PCB will then fasten to the FIM part using a conventional fastening method such

as by a screw 606.
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formed film802 with decorative 804 and functi%yqu. _85(;); i nk printing on the
top appearance surface (non-printed surface or fsﬁrﬁ@cgﬁ i}ah@u %@s@%}le;nm%
injection noulded with an opaque plastic 806 on the printed side S
(B-surface) of the film This opaque plastic 806-serves as -a structure for
PCB 807 nounting as well as the light blocker t©06‘in Fig.i'o when an

ext er nal094ght sobilee 7806hows Engelestibaiklapphtraua poaphémrgingntedann t he

decorat | 4 ] " Pi il 803.is the extended rt from
the t 11 iboHBEsy S cletRniabbrashh dod Fap ok bt ShobibFo S0PEEa B85, The
ext endegopps deosratifve llingerf Fd N s BIuch @BsbhiyeeH0qs hi @ouadidy ia?éhi nggthe
printed,.sensi E%’ switch ci rm{l% 805 to theOHE&B 807 when the free end engages
to the HEAHBE{ayer 308 to &prmelightingarep #m & plaste 760, sod ajcongettaer ed on

t he PCB ' .

[0051] AL oAt 7L PP R B o BB BB Len ¢ e
printing cictd phtfotm suchmsamgrindtd oivedit thoatd¢PCBY, whidhdizngh®9eowille¢h is the
opaque ﬁlﬂ stic over the t{&g@%arent pl astic 905. The "Pig Tail" 902 bridges
the pri BOWECH VETFE o ‘and the PCB 907 through connectors 908

sol dered on the PCB 907. This configuration is showin Fig 9. [0052] A

conpl ete interconnection systemusing the pig tail is shown in Fig. to _
Tr anspat@2lpl astFG.1082 shewsnpacelestronisulapparatust Heo padaordingsto face of t he

printed_ filr t , d stic.nmoul ding 100 ich.is opaque -
and serslfgg 0gisrﬁa ?I::}%t agﬁggélecr %@%&9&07 Pé 4P g Upgigpar ‘%O@@Pﬁ?\ggﬁ%ﬁ*%ati on of
ACF is sdution yoiF dilin 708, faodeedstative Magatbsss,ah eohidR 2setsbP 18Re05, 1 ye 1103
and functi ?(il %04 ink layers has a transparent plastic injection noulding
not on PRUEEHPIRSHeZPAne 8 sPRAsEOT AsTehly TOTniosahly abeerdrinalentrdmee) and

issubs&yfr@ ' M e pl i printj. si de:

(B- surfgce) %@gg%%%ﬁi}t@s@%gug'pljgst?a;%}:(hg?{gggg%rn&ggna anastlﬁ?h%t ure for
PCB 110Browidert iimghaselesirdniasappdraght 7bd askey ah3@Geimal FHightlSowoe nan

external, I ight source (1307 s [ ' 3) is beipng utiljized to provide
backl i gﬁl[“f %‘J&?} a&rlé%’rjh %&BPE %@@esﬁ{dﬁ, é‘é%r@ﬁ%‘%qc\?élﬁ & CLIdgor the printed
conduct likg ahasias bk bprafisteRditdl dbraikes sRiIBh thpgrf | ange mo. The exposed
portion of the film s printed conductive traces tin serve as the term nal

end. A flexible printed circuit 1107 or.fl exi bl e cabl e i s attached to the
Lorm ologDi, L oM ACK e BTG, RLthe LhorL RS e,
LI F sol debediment. hehPGRctifific apPhr20d 3058408 Rk PRk 2hBARRA Y lastic
section 701, a film 702, a decorative layer 703, lighting layer 705, a moulded
plastic 706, and a connector assembly 707. Notably absent in electronic
apparatus 720 is a touch sensor layer 704. Instead, an input function may be
achieved through use of a mechanical switch, haptic input device, or the like.
However, it will be noted that in accordance with embodiments, the lighting layer
705 can still be contoured as described herein and used as a backlighting source

for the mechanical switches or buttons.

[0044] The interconnection system consists of the cable and connector on
both ends. A conductive ink circuit (CIC) is the most straight forward method
since the film is a printed circuit, this is the extension of the circuit like a “Pig
Tail”. The end of the “Pig Tail” may require printing with carbon ink to protect

the ink surface for abrasion and molecular migration.
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[0054] Al ternatively, the transparent plastic §204/cat af $bihe milfided at &
.the printing side of the filmand foll owed by the 2nd noul ding 1205 whi cﬁ
is the opaque plastic over the transparent plastic.: The expose portl on
1210 of the films printed conductive traces 1211 serve as the terminal end
of the part. A flexible printed circuit 1207 or flexible cable attaches to
the term nal. end through ACF 1206, either PSA or thernoplastic adhesive; on
one endlOo®E ot heFhigmactiorican hyapplied tohotle vemdat and 1@@9se ElMdhleaignzl F, LI F

sol dere . i;Saconfi-quration i s show i.n. Fi . JOO55]A
conpl et gog%tv %1?335%# ﬁggn%%rsqfetr%%u@%gﬁ%k] H%Ee @S &P e\/\ﬁ%”fl,ﬂﬂﬁ%%ﬁljt%& [Pt‘% (cl ose
to) apptail’aackitsspfamationabiooe thitknegsof the ffmldsedl "HRS PREEnE]” Rleadd | ¢ 1302
is inj ectioa muldg%%ﬁgtq%g priinted surface of the printed filmsubstrate
1304. Aodhedeniens ArAguarsysteRh desien so shaidhe rindueaystem ean a | i ght
bl ocker mbaPbnfitmhémhlalgaunagedED 1307. Fig. 14 shows the concept of ACF

and FPC or FFC assenbl ed together. [0050Fi g. 15 shows the conbination of

ACF PSA application and el astoner connector application. A formed film

bstr hth de [ d fungtio 504.i nk, l.ayer as .a
f lrjafls pgﬁog)rﬁ@ ]pl ast@g&i%tr‘rﬁlu\gglﬁlggﬁ%aﬁfeﬁ]ifbxegﬁif%]ﬁgﬁbﬁtoﬁ ‘%’8 16&%%@5’%&(?\‘5‘3“%ur face
( non- prRRG)ngnshe ised torbridgeubétacen flnd and IssthdequenidnhehRyt deM Yﬁgrh, an
opaque pl astic 15%@(10n ah printing_side (B-surface) of the fil r% hi s
opaque lgqt&@ffﬁcthfS sép e&%?Fé\: $tr BREuean ther ap@ebusb ronmechor i oy A4F wel | as

the Ii i er ; i | : rnal ljight source
(1607 SRmIROEEE! ol Ot Tith | MIGEeSE) ACE I il 0o | BB B T ve
| ayer . PressuriesSeassiveifidhesivied PSA) ot ¢éhlercondastid adhdshaces are partially

‘exposed at the flange of the part 1506. The exposed portion of the filns
printed conductive trace 1504 serve as the termnal end. A flndble printed

circui t{oba@8 or fliaxidhrectiall berdbaghedatl I e P ghd%g B ACF .on

@
one end and the of her end engage to'the connector 151 el t her or LIF,
on t he Teapiresylow InspBypIEere| insersion foseraddF ars0¥) iconpéaiopdolderddg of t he

.FPC 15 FEC. ;1.Ehi | & r 9 provides a. spring,conpression
on theq%\)é{ G tgﬁ tIZ%A!P?%?aP}lﬁeoelﬁ étez:ﬁ%ﬁ enég&ﬁeﬁ’%’n gﬁlfnag’é’?&bﬁg@ﬂ%& Yer m nal
elnd ?f _&oﬂr&rﬂdabcthelal R%.tAlxﬁ%zaﬂchltﬁiﬁ_cﬁodélmtcid?rrﬁlglaga@kf &Epo%%ﬁnﬁpeﬂhe

el ast oner ce can he constraj ned via a holder fromthe opaque

ol st | CHRSRARNENE BaS G ke 56rhah th el eBERC ARchEREICAD benGraphn e

pl ast i @dmbdit@melﬁ@ﬁ-o@}'@:gg&dhﬁfoﬁ@h&ﬁdgkeﬁtEE@ . FFC 150 8 engages to the
connector 1512 such as ZIF, LI F sol dered or bonded on the PCB 1511. [0058] A

conpl ete interconnection systemusing the ACF on side wall,
[0048] The interconnect design also includes the location of the terminal to
-connect to the PCB. There are three locations, directly behind the film that can
serve this purpose. The detail of the locations and methods of connection are

shown in Fig. 8 to Fig 39 and will now be described in more detail.

[0049] Fig 8 shows the “Pig Tail” with a front injection moulding design. A
formed film 802 with decorative 804 and functional 805 ink printing on the top
appearance surface (non-printed surface or A surface) and subsequently injection
moulded with an opaque plastic 806 on the printed side (B-surface) of the film.
This opaque plastic 806 serves as a structure for PCB 807 mounting as well as the
light blocker 1006 in Fig.10 when an external light source 1007 in Fig 10
backlights a graphic printed on the decorative layer 804.
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parallel to (Close to) appearance surface with ression, Load , _

i nterconnect is shown in Fig. 16 [0 059]Fig. 17%@%% mC@%@I%@’ét'}? y
of ACF application. A fornmed filmsubstrate 1702 with decorative 1703 and *
functional 1704 ink layers has a transparent plastic injection ngulding
1701 on the top appearance surface (non-printing éurface or ‘A-sufface) and
I's subsequently noul ded with an opaque plastic 1705 on the printing side
(B—surff\ce) of the film This opague plastic 1705 serves as a structure for

PCB 170l9958dunt i n“éh%‘lépiﬁﬁalﬁ”aﬁ@&iﬁém exlendad pericironside filor substeste 8oaal | i ght

source 4 d ' : i ' d : or atid.ye l.ayer. The
pri nt ed‘%g%ﬁ tg iI\l;éeé_atc“r%i g@g@@% %a?gé{kﬁgrﬁgar’fh} %ﬁg%@g‘g pg?ﬁ?ﬂé)fbtgglﬁ]g? t he
decor atseree hajlsr cameshiow ¢mbriddifig tRbprimpdsessingsiviten dfcuithgof ikd Bhe print ed
conductf) g tracgs é}?{?ﬂ serve as the termnal end. A flexibl elgéi nt ed
circuit (;’4( &FP7or0en t8 egélﬂnga%qsttg CONRREE &% RBher Al orLétighhesck 1706
ei t hegonefior tSv Rl @bl 'Y 8p~a tlﬂae% i 9;;3%8; the
connector (1709 'either%%g?ng@@m%gpae{tgga%ﬁh?he 8@?@8@ Slé%%A
conpl et@é? ®iecti on system using the ACF behind decorative surface
haeR &

I nterconnect is shown in Fig. 18. [0061] Fig. 19 shows the conbi nati on of an
ACF PSA application and el astonmer connector application. A forned film 1902

with defomsal i ve 146&natdelyr jthe 3ransPatddtlplattidigioslbarf BRCkioaRld 408 i nks
c injection noulding 1901 on the top

LS%?Q? ﬁ?&?@é&;ﬁ&? ?ﬁ% J%’r ?pllﬁﬁ? ?f%go‘éfﬁﬂ foyctheond. mopidieg oodnwhich dutwequent | y
moul dedopichi® FisPafe Adhifard SOBIRRC . PP Iatt B L briies fld M
| printed switch circuit go4 and the PCB go7 through connectors 908 soldered on
~ the PCB g07. This configuration is show in Fig 9. |

[0052] A complete interconnection system using the pig tail is shown in F}g
10. Transparent plastic 1002 is injeétion moulded at the printed surfaée of the
printed film substrate 1004. A second plastic moulding 1003 which is opaque and
serves as a light blocker 1606 for an LED 1007.

[0053] An application of ACF is shown in Fig 11. A formed film substrate
1102 with decorative 1103 and functional 1104 ink layers has a transparent plastic
‘injection moulding 1101 on the top appearance surface (non-printing surface or
A-surface) and is subsequently moulded with an opaque plastic 1105 on the
printing side (B-surface) of the film. This opaque plastic 1105 serves as a
structure for PCB 1108 mounting as well as a light blocker 1306 in Fig 13 when an
external light source (1307 shown in Fig 13) is being utilized to provide
backlighting for graphics printed on the decorative layer 1103. The printed
conductive traces 1104 are partially exposed at the flange 1110. The exposed
portion of the film’s printed conductive traces 1111 serve as the terminal end. A
flexible printed circuit 1107.01" flexible cable is attached to the terminal end
through ACF 1106, the other end of the flexible printed circuit or flexible cable
will engage to the connector 1109 such as ZIF, LIF soldered on the PCB 1108,
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[ 0062] Thi s opaque plastic 1905 serves as a structure for PCB 1910 nounting
as well as a light blocker 2001 in Fig.20 when an external |ight source
(2002 showo 2018/05818 z0) backlights graphics printed in trhe/sdecarati’ye

| ayer. The printed conductive traces 1913 are exposed with an opening 1912
at the back of the decorative |ayer. The exposed portion of the films
printed conductive trace 1913 serves as the termnal end. A flexible
printed circuit 1907 or flexible cable attached to the term nal end through
ACF PSA 1906, and the-other end engage to the connector 1911, either ZIP or
LIP, on the PCB 1910. [0063] An el astonmer spacer 1908 is placed on top of

the FPC 1

conpr essi SO « ne “MiekiAs: e FRGA0R Mk 0 NP, TR,

term nal emdprmdng $ide obrhrddm md followed by thor 2rl%]=n10ulﬂm sagswhinkis dwacer 1908
b t h t t 05

" ndependenpagl PRS0 o aC AR e8RS R ARy SuPLRR bSiR bR B8S” T

ot her endfibf’ stmmtEd’@oﬂl&ﬁlilvertrﬁié@ 1engseges as ¢he henuopanact of th]egﬂzartsAch as ZIF,

LI P sol dened: o AR edaan i ARt LORRA & hoTRbAhe daraRAnect | on

system usin i Ve surt Ooneric °rastening
inter connaﬂF 12965 itlven PISIA &t @srmﬁﬂastudacﬂ&swﬁ 065 eyl Th@ oﬁhmwmdamﬁt her

fi f
Gocor ot venSBe3o s iRl iR G2 A T el RERR I PR BB Tt o

i njecti oncmﬁgwamxgnzzﬁdwmml?tghe top appearance surface (non-printing surface
or A-surface) and is.subsequently noul ded with an opaque pl astic 2205 on
the printing side of the film This opaque plastic 2205 serves as a

st ruct ur e[dag5]PCB zﬂQaﬁnplemmergomBacmm bystesn ubiag [AGFhn sileekly p&4ld i n Fi g. 24

when tern ht sqQutce.2402 in ts a raphlc

e ea ofb Bie R0 aphifhed QRS S 585w b R L BAT MG TIRELT  Lces
2204 are pgod isaidjsctioxpaseldedtat tthe psinted waifdce 27 Gbe pThEedaﬁhnsmbs’qnaﬂetl on of
the films i pted co tlve rac ves as e ter end of the
oare ATt Radh R B PR mibE50s ey RS pPET ind PEhE AN BR 0 P
term nal bhakéhrymégior Aght &idde LEDt 1300 H’ighqrshbbveﬂhmMmpi of A0Rasdve; the

ot her end a to t ctor 2210, either ZIF or LWor the |like, on

SR04 M ibrodef Fils

the PCB 2 Ar ent pI astic 2304 on the appearance surface
of the film .

[0056] Fig. 15 shows the combination of ACF PSA application and
elastomer connector application. A formed film substrate with decorative 1503
and functional 1504 ink layers has a transparent plastic injection moulding 1501
on the top v appearance surface (non-printing surface or A-surface) and is
subsequently moulded with an opaque plastic 1505 on the printing side (B-
surface) of the film. This opaque plastic 1505 serves as a structure for PCB 1511
mounting as well as the light blocker (1601 shown in Fig 16) when an external
light source (1602 shown in Fig 16) backlights the graphic printed on the
decorative layer. In this assembly, the printed conductive traces are partially
exposed at the flange of the part 1506. The exposed portion of the film'’s printed
conductive trace 1504 serve as the terminal end. A flexible printed circuit 1508 or
flexible cable attached to the terminal end through ACF on one end and the other
end engage to the connector 1512, either ZIF or LIF, on the PCB 1511.
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can al $o be noul ded at the printing side of the filmand follow by the 2nd
moul di-ng which is the opaque plastic 2306. The %’%@SGWDQ{ {i o of ;i?gj S,
films printed conductive trace 2303 serve as the term nal end: 6f “the’ part¥
A flexible printed circuit 2308 or flexible cablezattached to the:term nal

end thrw ACF rzf%’(@?Y i ther PSA or thernoplastic adhesive; the ‘of er end
engage o he co glagﬁnﬁgﬁﬁ?acgrtlﬁ%‘? 15213{30@5)09”?91)@{ tha &P 1608 onFFde PCB
2309. Thhis ebepdigt 5pdde® 5t ' ' ] A conpl :

s honbugsplansos stk R RS S  o 1

i nt erconnection systemusing t ACF~on *si
to appedPinte uhdngies ithe epomehbetwien BfeowmniinalFenms of e $25u]dEQYRB) Fi 9. 26

h i . e i t lication. Af d fil
3605wt PRt B ol PEUTELC 1 5RB “Bisoalar imeragacer haao sanrhmspar ont
pl ast i cconsjreinedoria mohbiden §rodd e @pafﬁlhﬁ?}lfagﬂcr:m wggmfﬁfg{] {Iﬁfei)&ﬁgg -printing

u

op astic

surfaceatct),h A-surface) d i s subsequen g

2605 orf 518@:%?10?1&3 tg iéﬂlg% opug plRgide masdingea 505! The Fitties epgdasfube pipast i ¢
f [ t he light_ bl ock

2701 1 1 B g e Ot R BB MM I iE Flacreardtondgei o o

gr aphi @Iﬁhﬁrﬂcéﬂlﬁjﬁ-the decorative layer. The printed conductive traces are
partially exposed 2608 at the back of the decorative |ayer. The exposed
portion of the films printed conductive traces 2609 serve as the term nal
end. Anfoek8bt omen ecHPRCERérc : ra,;co tor,. .connects the
print ed ccl%ucti ve traces 26098t§§&%t¥102#%%é@§12§g%gta\}1‘§0g@%?Heél Fa‘@é\ meric
connectPdraligs @ (Closere) eppearanrgeurfadeawithCordpreseiont D@a@ﬁﬁ@ft%nﬁle?tsitsi ¢
nmoul di @Eo&ﬁ@éli%lﬁn i ndependent hol der attaches to the opaque plastic
nmoul di ng 2605 shows in Fig. 26. [0069] The Zebra connector 2606 is a zero
insertion force connector that does not require soldering that provides a
conpl i i (t) sJurfac -1 0-surface conpressi on connector when deflected between
opposi g 2 ror - Fifadé Sg’é’éﬁ’sp%%qtb?mgqnfﬁlﬁstimikﬂféapplé@ﬁtiams Arfgrigegposed of
al't er n@itmngibsaves j noneenducti ve siljcone rubber.

O e Do RS RURF el FaB e e T g

Silicone rubber js the base nater
pr oper Fiagspargnkplaskt injeativhimyuldiigectoi eathd aly é;b;béairéﬂceaﬂﬁtgéc{é%g or
et-11

per f or e | c nd vi bration. It also provides a gas e seal to
pr ot ec?}ﬁ ? Eggc%ﬁfgabgt 5%33}"153@1@%8.) f"ﬁ%?@]ﬁée%‘éﬁﬁﬁ’cm%dtéy@h aprphgte of tiny
conducplastc paos balths peirgher S84 (1 AN r . Wthin each of the

conductj ve | ay%r s, the cg%ug?i(%gu%fglrc%fﬁg fg?lgg]{}}%s PRAYLSARESI8A7@Bnduct i ve

p?t Pﬁ . Seﬂfﬁ ? ) tﬁ'ErP_CBJé’@IfOE é’ﬁ?&m%/momyiag asg&aa&l _dgshe{ﬂilgﬁﬂ' b8k, P! . co?t act
a ears HRSH: i.le conduct jve | ayers ensures contac :
bet v_vee?l ma:f} lﬁ %altfct{s% bﬁ% iegfﬁﬁ%%&?%mg&ﬁf% 4 %E?Bi’éc pEbiesh@n thredewmrdtive i ve
| ayer slajen printatbtdretuctiibesResbdd BFEpA RS i t e thousands
of con &ﬁ%l ve aths ensure reli agbrlwé 4él ef?ri_ca?y%ggﬁ%?c%&g#baf%ﬁ%% conpl ete
i nt er cONNECt 10 y§§sﬁse oY Wy 17He Eheierpased potdomedt tite film’s printed
conductive traces 1704 serve as the terminal end. A flexible printed circuit 1707
or flexible cable attach to the. terminal end through ACF 1706 , either PSA
thermoplastic adhesive; and the other end engages to the connector 1709
ZIF, or LIF soldered on the PCB 1708.

either

[0060] A complete interconnection system using the ACF behind
decorative surface interconnect is shown in Fig. 18.

[0061] Fig. 19 shows the combination of an ACF PSA application and

elastomer connector application. A formed film 1902 with decorative 1903 and

18




behi nd decorative surface interconnects i s showi'ii h/ Fig. £2%. + [[0G72|W R s / ¥
met hod provides many options to locate a suitable_ area for intergconnect. It
has better nechanical stress control on connection area.:C.anpi ngifbrce is
control | ed by screws, [0073] Mother application of elastoneric connector is
shown iﬁﬁmﬁl@nf’i&%A inks r$,ilam ssrbsspaaeet phastic deection invail@B@31ganhn

functi I 04..i e ) transparent plastic . injection ul di ng
2801 o%’?‘ hggﬁoépg%ﬁggg%n%:@rfg ff g"?ﬂgﬁpgpﬁ?’rﬁ?%goguf&f Cﬁﬁ ﬂpgﬁﬂﬁf ace) and
I S subsmdpsequidiylynmetiditdl withhagbpapadyastR! L on285pRAAPSIdY b9 side
(B-surface) of the film This opaguqul ast@52805 sg;r’vesf gsla gftq?}tégtme for
PCB 2808"hounting as well as the |ight blocker 2901 when an external |ight
source 2902 backlights a graphic printed on the decorative |ayer. The
circuit printed conductive traces 2804 are partially exposed at the flange
part 2d0962The exijiosetbaumet plastiof 190 seivayl aspa i stkestueoTEHCPER 1§ fACES
serve as ﬁge term ﬂal ePd tﬁg}ﬁgl astoneric connector 2806, such as Zebra
connect'BPUHRE As prell as. gk BCEOPhE! BIE 7R ddhediony a¥lervd lishicewr@sos to

t he PCE2280&hbivaciesFigi be¥ bhyklights g8l é&ﬁ‘ﬁﬁ% PR he
constrained_via_a ho deryon thge o%a ue p.asteirdc nou %e%c%a%%g@ygxﬁﬁg}%

i ndeperfyéied kendugtiveanrees 191chean expostd wWinguepehis igiomtit Rgk2§05.

[ 0074] A i r nection _syste i t he .,El ast oneri ¢ connect or on
i de vl CERAE IV SHRSELNEE OIS RE R 1k St PuEled HOMessNAGBH 5. Shown

i n Fi g.1929 sefv@@ aS]thbitermiidiesdprofiedsl pRAKORIEANToLS o TRAtISe 251 t 2D €

area for .
attached to the terminal end through ACF PSA 1906, and the other end engage to

the connector 1911, either ZIF or LIF, on the PCB 1910.

[o063] _An elastomer spacer 1968 is placed on top of the FPC 1907 or FFC.
This elastomer spacer 1908 provides a spring compression on the PSA 1906, i.e.
enhancing the contact between the terminal end and the connection FPC 1607 or
FFC. The elastomer spacer 1908 can be constrained via a holder on the opaque .
plastic moulding 1905 or an independent part 1909 attached to the opaque
plastic moulding 1905. The other end of the FPC 1607 or FFC engages to the
connector 1911 such as ZIF, LIF soldered or bonded on the PCB 1910,

[0064] A complete interconnection system using the ACF behind
decorative surface with elastomeric fastening interconnect is shown in Figs. 20
and 21,

[o065] Fig. 22 shows another configuration of ACF application. A formed

film substrate 2202 with decorative 2203 and functional 2204 ink layers has a
transparent plastic injection moulding 2201 on the top appearance surface (non-
printing surface or A-surface) and is subsequently moulded with an opaque
plastic 2205 on the printing side of the film. This opaque plastic 2205 serves as a
structure for PCB 2209 mounting as well as the light blocker 2401 in Fig.24 when
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interconnect. It has better mechanical stress contgplson.conngct L.?og a
Cl amping force is controlled by screws. [0077] Hapthw%‘ ene’fbfa wiake /
advant age of our sense of touch by applying forces,.vibrations, -an
notions to the user through a device. Touch is the:first sense to devel op

when we are born and the | ast sense used before death. It is zo ti

faster @Raxtenng| dight Moureeeg46p inohig. rspbscldights imgeapdie iprinteitdn the devi ce.

Humans
250Hz) .

around exgdsed 4thahe tdide nwbll | 268VThe. efRRES] boRidc ofeaRbask’ Capat used as

r.ea

&

R

[

nes

BEorti S RO R hB BN R, Feh oGt R en Rapeopt e

o

an effectiye node of conmunication using the vibration alarmwth varying

f r equeneSPRHIFEVE AFSES 2RDdBerYesns B tepminalend efthe parbph iflszipe ipfvimtah
] i enc a
touch (tactile) sensation a%t%E)%?]rggIrtoﬁggﬁﬁﬁg}rg%t‘%&c%ﬁﬂ%%flﬁﬂé&ﬁﬁzgﬁf

appl i catitlersPSA or thermoplastic adhesive; the other end engage to the connector 2210,

tactil e p8Rp308! Hr ALPHE La

either ZIF or LIF or the like, on the PCB 2209.

[0066] The transparent plastic 2304 on the appearance surface of the film
can also be moulded at the printing side of the film and follow by the 2nd
moulding which is the opaque plastic 2306. The exposed portion of the film's

d.
| yi ng
6S

printed conductive trace 2303 serve as the terminal end of the part. A flexible

printed circuit 2308 or flexible cable attached to the terminal end through ACF
2307, either PSA or \thermoplastic adhesive; the other end engage to the
connector 2310, either ZIF or LIF or the like, on the PCB 2309. This

configuration is show in Fig 23.

[0067] A complete interconnection system using the ACF on side wall,

perpendicular (Close to) to appearance surface interconnect is shown in Figs. 24

& 25.

[0068] Fig. 26 shows an example of the elastomeric connector application.
A formed film 2602 with decorative 2603 aﬁd functional 2604 ink layers has a
transparent plastic injection moulding 2601 on the top appearance surface {(non-
printing surface or A-surface) and is subsequently moulded with an opaque
plastic 2605 on the printing side (B-surface) of the film. This opaque plastic
serves as a structure for PCB 2607 mounting as well as the light blocker 2701 in
Fig. 27 for external light source 27(52 in Fig. 27 backlights a graphic printed on
the decorative layer. The printed conductive traces are partially exposed 2608 at
the back of the decorative layer. The exposed portion of the film’s printed

conductive traces 2609 serve as the terminal end. An elastomeric connector 2606,

- such as Zebra connector, connects the printed conductive traces 2609 to the PCB
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[ 0079] The Haptic Technol ogy Spectrum may i nclude Mass/ Wi ght
Stiffness/Detents Viscosity/Danpi ng Roughness/ Texture Pul ses Wavef or ns

Vi br at i ongoSbisusgmgeous Conpound Effects [00So] The surf aee/sehoi2/n80379

el ectroni cs apparatus can be designed with various contours to represent
certain predeterm ned function fromthe printed film A single touch on the
round recess area W ll activate the touch pad on the filmand the specific
signal will channel to the controller through the interconnection. The
recess at the rotary area guides the user's finger around the touch pads
which is Iz&b@tted;ebeﬁlmwladn@ném asnheatoe 2606ican Ibarcbystriihed vacessddar@a for the

sl i der- are |des finger nove al on A t he control

par ameterst ﬂ“%a Sp‘éé?o‘gﬁ’é‘gc&r(?f’élﬂr ﬂ?“ﬂ%@egwg‘%& ?ﬁ%ﬁl’eﬁ A2t g%me time
the user cgagheplastibotlditghr@ssdststsiviieFigra&peci fi c desi gned protrusion on
the surface so as to recogni ze the specific function of the touch area. A

detention can be added to the surface to provide better recognition of

touch pad [be68} i on. Theé gek@ cdhA¥GoL 6o &t £ Béroanskriioh ¢bico Rahndbagi that f eedback
when a fin rf;?er touches, t he iurfacgﬁt [008 An audi g, devi ce can be.  added to

the syste 0§§ HB‘U rFFﬂWQe S prov1 s a “compliant surface-to-surface
compression connector when deflected between opposing mirror-image pad

patterns. Elastomeric connectors are composed of alternating layers of
conductive and nonconductive silicone rubber. Silicone rubber is the base
material because it has excellent aging properties, chemical stabilify, electrical
reliability and superior performance in shock and vibration. It also provides a

gasket-like seal to protect the contact surfaces.

[o070] The conductive layers consist of tiny conductive particles dispersed
in silicone rubber. Within each of the conductive layers, the conductive particles
create thousands of conductive paths. Therefore, each conductive layer provides
multiple points of contact at the substrate interface. While the conductive layers
ensures contact between mating pads, the non-conductive layers isolate the
conductive layers from each another. These multiple layers coupled with the

thousands of conductive paths ensure reliable electrical connection.

[o071] ‘A complete interconnection system using the elastomeric connector

behind decorative surface interconnects is shown in Fig. 27.

[0072] This method provides many options to locate a suitable area for
interconnect. It has better .mechanical stress control on connection area.

Clamping force is controlled by screws.

[0073] Another application of elastomeric connector is shown in Fig 28. A
formed film substrate with decorative 2803 and functional 2804 ink layers has a
transparent plastic injection moulding 2801 on the top appearance surface (non-

printing surface or A-surface) and is subsequently moulded with an opaque
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t he back of the opaque plastic noul ding. The buzzer will be activated when
the finger touch the surface at the area where the touches pad is |ocated.
WO 2013/ O86208RE3708C2012/ 000379 [ 00 82] When the finger PETSE201200037DUChI NQ
the touch pad surface, the mcrocontroller generates a PWM signal to drive
a buzzer-to produce an audi bl e feedback to user. The audi bl e sound can be
pre-programmed with nmusic, song or any warning sound to alert the user. The
sound turns off automatically when the finger nove away fromthe sensing
area. [0083]Simlarly, other haptic devices, such as a vibrator can be
mount ed aplastie28as &n tie privetingradp@-pirdae) of the dilmi This ophguplhstes2&asom
vibration _can be felt b h on the
surface of*tHe® SeFeScIiurc%lﬁf¥éér g%%a%%?urg&\}ﬁtﬂggélwgltagaggq%g%gfoglr%%9 fhted so

t hat addi when ahmwbmaiklghbsumngxmbdakhgumagmﬂuc fihetediolnrthe decoa:amzebe a DC

notor wt nbal an unt er wel ed on.the shaft en the

i nger "t ottt Tharat papfrofotvetie, Bbes 260 Rk, BRretf SRt MY ooat eq.
t he m cr oflange phitex8oasi Iﬂhesambsﬂd pcbrtlk)heofnuhbcﬂlnﬁmprlwtteincdrhhacﬁvmgecesl eaves the
touch pad, the tor wi.| n,of f

ut onati cal L illustrates

the. 1 o psatc M herBlial o0 oAk, SaRiBp e aReets AR ki 35, Zbtnor
|'i ghting oonisetdr, will beatised tb chmsd:ct ateelmxmedfcemchmtwemfsem(mtuoahs PCBr form ng
and noul di2$g r#_(%08 rAt 3]1%‘ t1 go rlm subsi s t totSLzafroma roll
form The2PPPHAGHAFYPe TR Fl4sEomeric, Supe §°5on PEFSHRTN Yhidckness
vari es fr adolder baSthiecohqhe rphstfﬁhaosldlﬂgeeog |om|ashnm]fepémdamt dwohdtrrz80z | ncl udes
gl ossy-gl oss | ossy-matt nd ot her special texture such as
bushed Iiﬁg?‘&tef}gg%eﬁpa@ﬁ@lafﬁa E% ?% (graphic) inks layer are printed
on B-surface ' _

[o074] A complete interconnection system using the Elastomeric connector

on side wall, parallel to (Close to) appearance surface interconnect is shown in

Fig. 29.

[o075] This method provides many options to locate a suitable area for
interconnect. It has better mechanical stress control on connection area.

Clamping force is controlled by screws.

[0077] Haptic feedback takes advantage of our sense of touch by applying
forces, vibrations, and/or motions to the user through a device. |
- Touch is the first sense to develop when we are born and the last sense
used before death.

- It is 20 times faster than vision.

- No need of continuous user interaction with the device.

- Humans are highly sensitive to vibrations up to1000Hz (most sensitive at
250Hz).

- The user can interact with the real environment and people around

rather than the mobile device.

[0078] Haptic feedback can be used as an effective mode of communication

using the vibration alarm with Varying frequency and sensitivity. Haptics involves
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of filmsubstrate. The decorative inks are specially formulated for high
pressure thermal form ng and neanwhile able to withstand thernopl astic

i nj ecti orworoidissmswi t hout bei ng washed-of f. [0087] At 3P8I/SGR012H8®&7¢ he
electrical or functional layers may include touch sensor 3131, |ighting
3132 or conbination of touch sensor 8r lighting 3133. At 3131 the touch
sensor functional layer is printed using electrically conductive ink/paste,
i ncludi ng transl ucent and opaque. The touch sensor functional |ayer
consists of traces and el ectrodes. The trace width may be >0.2MM or >0.3nm
at bendi ndotly psepretceplivey and caetild essasesi ng concent oditls tothiers sepsesanat Bteher trace

par anet ers,. i 1 NS 0 C ng. ; a and/ or

el ect rode§((c:1_<£311‘r{1@3bglh 3 Eﬁéle@ {;yellfszb e&ae&ga: §%§Q§%%§)ﬁa§]ﬁj§t§é{}% r lélgé}gglth{&d\%‘gtr}ll ce

El ect r oni elektrbmics applicationd.n order to thicken (not wi den) the trace, the
sane trace can be printed two | ayers and above. The curing process needs to
conpl ete prior the subsequent printing of new | ayer. The thickness of each
| ayer varileg79lr om &hedidptic/Torhndlogy8Rjeatrusl daytindutlé ghti ng | ayer is printed;
for example if EL iﬁags%%hgsed as a |ight source, the printing includes a
transl ucent conductive , phosphor 402, dielectric 403 and conductive

el ectrode-404. [ 008%ifinessgD8®ntshe t ouch sensor and lighting require a

groundi ng | ayer in .plock the interference generated by |ighting
| ayer; otherw se tﬁ}e}%oé%a%@ﬁs%r will not be able to function:. The

groundi ng-l ayer colsiughsessfTextuneansparent primer and conductive trace
(translucent or op . The transparent prinmer may protect agai nst
cracking as well as preventing conductive trace wear and oxidation. The
pri mer may be the S¥aeefdramsd |y or sane manufacturer of the decorative ink.
The prinmer insulat e\\ﬁbm%lobgws transm ssion of |ight, adheres two
i nconpati ble | ayers, protects the conductive trace fromwear & corrosion
and adheres the priSamihgndomy €ompodndiilffecisng | ayer. [009 o] At 3140 after
printing and curing the functional |ayer, one to two |ayers of prinmer are
printed on top. The prinmer may provide a protection to the functional |ayer
and enabl ¢ostolong Aleesirtave beft tee plettrenitsinpphotad chayter desighddhenitiopl asti c
moul di ng ,Iv'zrilf[iglisf Etfours to represent certain predetermined function from the printed

film. A single touch on the round recess area will activate the touch pad on the

film and the specific signal will channel to the controller through the

interconnection. The recess at the rotary area guides the user’s finger around the

touch pads which is located below the rotary area. Similarly, the recess area for

the slider area guides the finger move along the slider to vary the control

parameters. User can feel the contour of the surface and at the same time the user

can feel the roughness/texture or specific designed protrusion on the surface so

as to recognize the specific function of the touch area. A detention can be added

to the surface to provide better recognition of touch pad location. Fig 30 shows

the detent and frictional haptic feedback when a'ﬁngér touches the surface.
[0081] An audio device can be added to the system by mountihg a buzzer at

the back of the opaque plastic moulding. The buzzer will be activated when the

finger touch the surface at the area where the touches pad is located.
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[ 0091] At 3151 reqgul ar shaping or formng results in a printed film
substrate with B-surface or printed surface in contact wwth the form ng

t ool and wohe13ntskm®ms si de of the filmsubstrate exposed POTISIGgOI2pESISUr €
air. The filmsubstrate will be formed to create the desired shape or
contour. In order to mnimze the trace circuitry print mark reveal in
A-surface, glossy-matt filmsubstrate with thickness 0.25mm and above can
be used. [0092] At 3152 reversed shaping or formng is the opposite to
regular formng, so the printed filmsubstrate is forned with A-surface or
non- pri nt feb8&]r f acWhen tlnfiager Wsi hénart bre tduwhirignthet woth gad surfacet ther si de of

the 111 m SHR3L ARSI SRSANLL O UL LOSHAR Fhlye DL stbgipate w11 be

formed to crea aeor our ormn
t hi ckness feaflbéidk tmlsaxb%eaudlbﬂessamnﬁﬁnmbamﬂe@b«)gremnidd@@ﬁi ﬁmslcssmglcar I ayer

conducti ve trace W.th (g algxg‘:t}h% hl‘}(‘l)e%un t,ElF' fpglﬂgma ce%rlﬁrg\ivﬁl ﬁlf any

any warning oun O
cont our ed s}én3| ng egl S nay V\A ce ness [0) m SUbSt rate.

For doubl éngayeovecawnyfodih vkee senaing aned.h a trace width of 0.3 mm the bending
radi us can be slightly reduced. For tighter geonetry thicker traces or nore
trace layers may be required. [0094] At 3160 the forned fil msubstrate is

si ngul at efoaB3]t ri mmmlmday d)@hérr}mqitis dedcéspsiuh ammﬂbmtbrican bbmdurmjte&bati on noul d

cavity. eS| dfor d |Im|s nsert i nt ction nould

For the « s bkl SBHRTsRE myRIaBE g G R ol Grbe R oo

over noul dt}regﬁmnnmwhem 1zeouchesl @aémlm; omlthemurfag;e phrhesleotrofics appmms by usi ng
reverse fo ng filmsubstrate .3 ast. rial 1s ihnjected

into the P‘?%‘ﬁfed eol(?lﬂll PRS- 83?%%&0 glfﬁ n@){l ﬁ??&g@i 8% f%lbfjal ly, the

t her nopl aathievedaTae ivilratarrcanhbvesa DG geotos withaas pabaaiced rcanatemwemghtt her mal
plastlc mater n ret avoi d _decqgrative ink
Puashe of £ Aotph ap fndSpidt WARR e Afeel Rafnt] B sbfts inEH8hEaflS e

appropri at}&i tuclhpaéis oateds thieheiceoatratlenvwill switdihouthe hetoadadudieal y cur ed.

the finger leaves the touch pad, the motor will turn off automatically.

[0084] FIG. 31 illustrates the FIM process to produce electronic apparatus
suCh as a touch sensor, lighting or both. It also illustrates different configurations

for forming and moulding.

[0085] At 3110 the film substrate is cut to size from a roll form. The film
substrate can be of polycarbonate or PET. Film thickness varies from 0.175to 0.5 -
mm. The surface finish of film substrate includes glossy-glossy, glossy-matt,

matt-matt and other special texture such as bushed line.

[0086] At 3120 the decorative (graphic) inks layer are printed on B-surface
of film substrate. The decorative inks are specially formulated for high pressure
thermal forming and meanwhile able to withstand thermoplastic injection

moulding without being washed-off.

[0087] At 3131 to 3133 the electrical or functional layers may include touch
sensor 3131, lighting 3132 or combination of touch sensor & lighting 3133. At 3131

the touch sensor functional layer is printed using electrically conductive

24



WD 2013/ 058708PCT/ SC2012/ 000379 [0096] At 3182 reverse FIM or overnoul di ng

I njects thernoplastic material into the mould to fill the A-surface of the
film Typwvoabiwsstore t hernopl astic material for this st&ge/sSiG2012/000379
transparent/translucent thermal plastic material; the thickness is |ess
than 3nm [0097] At 3191 a second thernoplastic nmoulding is injected over
the first nmoulding |layer. Typically the znd noul ding i s opaque. The

sel ective area not noul ded with opaque plastic allows |ight to pass through
as backlighting for touch activation points or |ighting feedback from an
LED. [ 009&kApasd,9pcludingiophastent and opajexTbd touchBsegwof funetiosdiayar to 3191.
The 2nd mul di.n opa I i | d f the

t ranspar e SPRsSY gf ﬂrﬁc ﬁle&lscg%ﬁe [ veq{ggga‘}l (ir?[(})lﬁﬂ %ﬁﬁeaggﬁ%ﬁto%‘ig ( rﬁ'ﬁlegﬁpl astic

al | ows | i bnding quas&ettchnrgugfeaasddmn&llnggm i prgdtﬁcchr desdgn: landcothenttraze poi nts or

Ilghtlngfeedb ckfro an LED. A 9 M | et ed.
Dependi ng 8ﬁmbei FPerent Péad’ufnrlrélrlrlLEI ?}?l E%%pl |§fca |on ::1[%31 a%lgﬁgj%lQZ or
3182 can blectrode tambeé sivagmsef e.gl é‘xAt—sl@nnmnafananadthg Ad\an&1 Blectrheicconnect er

is attach t ot ec ni r at us,_anpgd conne e h [ 00
am Wil e g&é%ﬁlaﬂﬁy g‘hﬂ%‘%’ ??’8 tEICEgIg??(%iV?ﬁ ﬁlépgl YA gltr’ﬁ/enrb?gtnac acge en
descri bedpsainttd tWwakiyest @il abdvewThe cbeingl palecest neetﬂsbly) ¢dmmietesp<mdﬂ ’éxd in the
t echnol-ogy .concer ned t hat man ns_or L cati v.al vi ng
parti cul a?’l uRRELEH P} n%’lgeor%lﬁYVa%{Ye(S Ehé& roufcemc)hi Ya8r &1 egggo%? t8 Ad may be
made w thaut, deviating fromthe cl a| Is.

[0088] At 3132 the lighting layer is printed; for example if EL is to be used
- as a light source, the printing includes a translucent conductive 401, phosphor

402, dielectric 403 and conductive electrode 404.

[0089] At 3133 the touch sensor and lighting require a grounding layer in
between to block the interference generated by lighting layer; otherwise the touch
sensor will not be able to function. The grounding layer consists of a transparent
primer and conductive trace (translucent or opéque). The transparent primer
' may protect against cracking as well as preventing conductive trace wear and
oxidation. The primer may be the same family or same manufacturer of the
decorative ink. The primer insulates, allows transmission of light, adheres two
incompatible layers, protects the conductive trace from wear & corrosion and

adheres the printing layer and moulding layer.

[0090] At 3140 after printing and curing the functional layer, one to two
layers of primer are printed on top. The primer may provide a'protection to the
functional layer and enable strong adhesion between the functional layer and

thermoplastic moulding interface.

[0091] At 3151 regular shaping or forming results in a printed film

substrate with B-surface or printed surface in contact with the forming tool and
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CLAIMS: 1. A nethod conprising: patterning one or nore electrical |ayers
on a substrate; shaping the patterned substrate into a 3-di nensi onal
cont our, wbepns/aistoRe contour including a significant chaogscGzen2gnesddent in
or adjacent to one or nore sensing areas of the electrical |ayer, and
over-noul di ng the shaped substrate, wherei n degradation of a trace in
the electrical layer at or adjacent to the one or nore sensing areas during
shapi ng and/ or over-noul ding is substantially mnimsed based on: the width
of the trace, the thickness or nunber of |ayers of the trace, the bending
radi us of théetheraside df hbe nfltresulbdtrabd expesetlrtmc bighapbsoure aaipr Theefilmver | ayer
on the t " 3G6strate will be formed to create the desired shape or contour. In order to
minimize the trace circuitry print mark reveal in A-surface, glossy-matt film

substrate with thickness 0.25mm and above can be used.

[0092] At 3152 reversed shaping or forming is the opposite to regular
forming, so the printed film substrate is formed with A-surface or non-printed
surface in contact with the forming tool and the other side of the film substrate
. exposed to high pressure air. The film substrate will be formed to create desired
shape or contour. For this forming method, the thickness of film substrate is

- 0.25mm and above.

[0093] For single layer conductive trace with a trace width 0.3 mm; the
bending radius of any contoured sensing regions may be twice the thickness of
the film substrate. For double layer conductive trace with a trace width of 0.3
‘mm; the behding radius can be slightly reduced. For tighter geometry thicker

traces or more trace layers may be required.

[0094] At 3160 the formed film substrate is singulated or trimmed to
desired size to be mounted in the injection mould cavity. At 3170 the singulated
formed film is inserted into injection mould for the thermoplastic moulding

process.

[0095] At 3181 regular FIM or overmoulding can minimize unpleasant
printing marks on A-surface, by using reverse forming film substrate 3152.
Thermoplastié material is injected into the mould to fill the B-surface of the film
substrate. - Typically, the thermoplastic material for this stage is
transparent/translucent thermal plastic material; the thickness is more than
1mm. To avoid decorative ink “wash-off”, the gating locating of the injection
mould should be appropriately chosen and/or ithe decorative ink should be

adequately cured.

26



2. The nmethod orclaim1 wherein the wdth is >0.amm 3. The net hod of
claim1l or 2 wherein the nunber of layers is a double or triple layer. 4.
The net howloah13asg7opr ecedi ng cl ai m wherei n t he bendi ng r &dirss2012/084379 east
two tinmes the substrate thickness. 5. The nethod of any preceding claim
wherein the material is silver paste which is highly conductive, ductile
and/ or has a high bonding strength to the substrate. 6. The nethod of any
precedi ng clai mwherein the priner overlayer conprises a first transparent
priner |layer on a first electrical layer, a second electrical layer on the
first trarfspgglent pAtizI8s rdveyeFIdNet ovemacwldihgtinfospheremdplgticneatetialyer on t he

second el ectrjcal | [ . The th of..clalm further c rising

pat t er ni ng"® i W&“@yg"cﬂli %ﬁIA'ISHEfg% 8ﬁ%%@1@e@%ﬂlﬁgb? atﬁgﬁgf?%?ﬁggr%}cner | ayer,
wher ei n t hgatbridlSfor theGoapd idrtcarisparedt/etadshicetathetrayleplasicemaosnialgtheed f or
subst ant i aJ@lﬁg‘E di fflergﬂt electrical functions and the first electrical |ayer
bei ng at It e B EiSAP Y3 nsparent. 8. The nethod of claim 7, wherein
the second electrical layer is a grounded shielding |ayer and the third

electrical |ayer is a electrolumnescent (EL)..layer, alfernati current
ol ot rof uPhEdcent Akent ¢ sehgit Tefmpaane ioplaipd B iscled Gt dbs B ( b
L\Eyer, or ﬁﬂcslg@iﬂgQajzeEDr&ﬁhﬁD) tHeagrel mouding he opRiueo Thefselesveparaedstng cl ai m
erein the bstrate 1s >q.23 or between 0.175 to 0.3 .to,. The net hod

of any pr SRR R A T TeSH APt R e el f or i ng
Wi t h r egultédchQictivausy 5ante o ligtitigebdback iffonT e LEBt hod of any. preceding claim
wherein the over-noulding is film

[6098] At 3192 thermoplastic is injected on B-surface, similar to 3191. The

2nd moulding is opaque but moulding-is on the opposite side of the transparent

moulding. The selective area not moulded with opaque plastic allows light to pass

through as backlighting for touch activation points or lighting feedback from an

LED.

[oo99] - At 3193-the FIM part is completed. Depending on different
requirement and application; 3191, 3181, 3192 or 3182 can be the final stage of
electronic apparatué. At 3194 the connecter is attached to the electronic

apparatus and connected to the PCB.

[00100] While exemplary embodiments pertaining to the invention have
been descfibed and illustrated, it will be understood by those skilled in the
technology concerned that many variations or modifications involving particular
design, implementation or construction are possible and may be made without

deviating from the claims.

27



insert noulding with regular or reverse configuration, and conprises
injection noulding a thernoplastic |layer of >nmm or between 0.8 to 5 nm
12. The mwohots/870any precedi ng cl ai m wherei n the over - moumisdedi2goizserate i s
an electronic interface including touch and/or proximty sensors. 13. The
met hod of claim 12 wherein the touch and/or proximty sensors include
hapti c feedback sel ected fromthe group consisting of: lighting of the
sensing area, nass/weight of sensor threshold, stiffness/detents,
vi scosi ty/ danpi ng, roughness/texture of the sensing area, pulses,
wavef or s CMAIMSt i ons and any conbi nation thereof WO
2013/ 058708PCT/ SC2012/ 000379 14. The nethod of any precedi ng claimfurther
conprising formng an interconnect fromthe electrical layer to a
controllen, thamethed canpesihg:sel ected fromthe group consisting of; a
conductive ink _circuit or pig tail an _ani ropi ¢ conductive film
adhesi ve on a 8 gghrglqn,eOﬁgl}(%FFgeFtr{C(%llgﬁecff(gP acsluésztg&tf"b an appearance surface,
an ani sot r opi cslapntitieipatefriedmubsthas inte agrdmexistbealedntourpahatdiethe o and/ or
cl ose to an earance surftac ith a conpression.load,, an ani sotropic
conduct | v2opRRRERIRNSE o SHpIAERy Mdledn RETRO R F Pt ¥ BRI OF 1 O ¢
conduct i veefisihgradhelthe elebeitaNdyear, atetor ati ve surface with an el astoneric
f ast eni ng, an ani shottég%}ilac eﬁ% luctive filmadhesive on a side wall,
per pendi cul ar aa76? 81 s §PEN 4 pea?’ance surf.ace,

wherein degradation of a trace in the electrical layer at or adjacent to the

one or more sensing areas during shaping and/or over-moulding is substantially
minimised based on:

the width of the trace, |

the thickness or number of layers of the trace,

the bending radius of the trace,

the material of the trace, and/or

a primer over layer on the trace.

2, The method of claim 1 wherein the width is >0.2mm.

3. The method of claim 1 or 2 wherein the number of layers is a double or
triple layer.

4. The method of any preceding claim wherein the bending radius is at least

two times the substrate thickness.
5. The method of any preceding claim wherein the material is silver paste
which is highly conductive, ductile and/or has a high bonding strength to the

substrate.

6. The method .of any preceding claim ‘wherein the primer overlayer

comprises a first transparent primer layer on a first electrical layer, a second
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an el astoneric connector behind a decorative surface, and an

el astoneri c connector on side wall, parallel to and/or close to an

appear anceoor¥mEe®s 15, An el ectronic interface conpri SCmEG2e12000879 ol | er,
and a 3-di nensional contoured over-noul ded substrate manufactured
according to the nethod of claim 14, wherein the interconnect is

configured to connect the electrical layer . to the controller and the
sensing areas are configured to provide user input to the controller. 16.
The el ectronic apparatus of claim 15 wherein the 3-di rensi onal contoured
over - noul ekdtriabityenvs thadirsidesnspasentfaroner hyenend @i scond trahFparthie

el ectronic in the surface characteristic is
antim crotg)rl e%‘%%é%ﬁt {)Se%l%@ ‘/JI%CEm e(%drophobl c. WO

2013/058708PCT/SC2012/000379 18. The el ectronic apparatus of claim 17
wherein the \sug{_‘g %?etﬁ&? bf %lta?r{llés,tf‘u?thers cj)ljnp%lggpl 'tt%gmngprﬁxrcﬁ&% frlcgl’ or

m xture 1 ntegr
layer on the second transparent primer layer, wherein the first, second and third

electrical layer are configured for substantially different electrical functions and

the first electrical layer being at least partially transparent.

8. The method of claim 7, wherein the second electrical layer is a grounded
shielding layer and the third electrical layer is a electroluminescent (EL) layer,
alternating current electroluminescent (ACEL) layer, direct current

electroluminescent (DCEL) layer, or organic LED (OLED) layer.

| 9.  The method of any preceding claim wherein the substrate is >0.25mm or

between 0.175 to 0.5 mm.

10. The method of any preceding claim wherein the shaping is high pressure

thermal forining with regular or reverse configuration.

11.  The method of any preceding claim wherein the over-moulding is film
insert moulding with regular or reverse configuration, and comprises injection

moulding a thermoplastic layer of >1mm, or between 0.8 to 5 mm.

12.  The method of any precedihg claim wherein the over-moulded substrate is

an electronic interface including touch and/or proximity sensors.

13,- The method of claim 12 wherein the touch and/or proximity Sensors
include haptic feedback selected from the group consisting of: lighting of the
sensing area, mass/weight of sensor threshold, stiffness/ detents;
viscosity/damping, roughness/texture of the sensing area, pulses, waveforms,

vibrations and any combination thereof.
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19. A nethod for manufacturing a shaped film the method conpri sing:
applying a functional ink |layer on one of a plurality of filmlayers; the
functi onavoi2nis/dssgeer havi ng an associ ated function; PCTISGROM2r0g037HM e
plurality of filmlayers into a 3-dinensional shape with a contoured
portion, wherein the functional ink |layer in the contoured portion retains
a |l evel of conductivity such that the function can still be perfornmed after
the formng. 20. A nolding process for manufacturing a nol ded el ectronic
article, the process conprising lying a functional ink |ayer on
one of a phur aThe medfodfdflany Peq@edlsg claira fﬁﬁﬁ@tqmsmgﬂorma;g@n havi ng an

associ at e% %%Pﬁ{iéc? ?ré)m the elecf(r%am;%gr %@an%‘fltef QH@L téﬂagmlfe%g&g %chi t he

plurality o I mensi ondl I mensi onal
shape havufnmgldlecgmm)mwtlpglofl on; subjecting the plurality of film

| ayers to an i cti I £ Q y inserting the plurality of film
RESilc eﬁ’i‘i%ﬁmagﬁgfﬁgﬁa serting pruraltty .

layers into an I'njection he forming, and injecting plastic
resin over theamphuisatiropiy cofidfdtivenfilmyasthesise ons: side el nparalidltdeidpérast i ¢

| ayer over, wherein the functional ink |layer in the
cont our ed lﬁ)tggfl%dnéﬁgfig%ﬁﬁé&rf? evel of conductivity such that the function

can still be parfnisotedpiafcordudtive filmradhegivand 2t dide wall epdraldel tonwind/qr ocess.
21, A L LlOLBYe e 08 L O1g L D4850 Jodljginst onal shape with a

cont our ed® por I C Substrate; a functional
ink layer on theamlb@rmmpbmcuvgﬁbEadMSWe behindfadespiasivalsuifade, | ayer having

o assoc at ed, LRk i VAT iR RHeke SRR | MR U 2

di mensi onal shape W a con oure por ion unctiona I'dyer in the
an elastomeric fastening,

an anisotropic conductive film adhesive on a side wall, perpendlcular
and/or close to an appearance surface,

an elastomeric connector behind a decorative surface, and

an elastomeric connector on side wall, parallel to and/or close to an

appearance surface.

15.  An electronic interface comprising:

a controller and

a 3- dlmensmnal contoured over-moulded substrate manufactured
according to the method of claim 14,

wherein the interconnect is conflgured to connect the electrical layer to the
controller and the sensing areas are configured to provide user input to the

controller.

16.  The electronic apparatus of claim 15 wherein the 3-dimensional contoured

over-moulded substrate includes a surface characteristic.

17.  The electronic apparatus of claim 16 wherein the surface characteristic is

antimicrobial, oleophobic, and/or a hydrophobic.
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contoured portion retains a |evel

can still

3- di rensiwoabiissmed nol ded panel

be performed. 22. An el ectronic apparatus conpri sing:

panel conprising a functional ink layer; the functional ink |ayer

associ ated function;

functional ink layer to a printed circuit board; wherein the

functi onal

such that the function can be perforned.

18. The electronic apparatus of claim 17 wherein the surface characteristic is

film applied, spray applied, or mixture integrated.

19. A method for mahufactufing a shaped film, the method comprising:
applying a functional ink layer on one of a plurality of film layers; the
functional ink layer having an associated function; '
forming the plurality of film layers into a 3-dimensional shape with a
contoured portion, wherein the functional ink layer in the contoured portion
retains a level of conductivity such that the function can still be performed after

the forming.

20. A molding process for manufacturing a molded electronic article, the
process comprising:

applying a functional ink layer on one of a plurality of film layers; the

‘functional ink layer having an associated function;

forming the functional ink layer and the plurality of film layers into a 3-
dimensional shape, the 3-dimensional shape having a contoured portion;

subjecting the plurality of film layers to an injection mold process’ by
inserting the plurality of film layers into an injection mold after the forming, and
injecting plastic resin over the plurality of film layers so as to form a molded
plastic layer over the film layers; _ |

wherein the functional ink layer in the contoured portion retains a level of
conductivity such that the function can still be performed after the forming and

the injection mold process.

21. A multilayer film for forming into a 3-dimensional shape with a contoured
portion comprising:

a thermoplastic substrate;

a functional ink layer on the thermoplastic substrate; the functional-ink
layer having an associated function; and wherein after the film is formed into a 3-

dimensional shape with a contoured portion, the functional ink layer in the
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contoured portion retains a level of conductivity such that the function can still

be performed.

22, An electronic apparatus comprising:

a 3-dimensional shaped molded panel with a contoured portion, the
molded panel comprising a functional ink layer; the functional ink layer having
an associated function; ’ _

a connector assembly configured to connect the functional ink layer to a
printed circuit board; | ’

whérein,the functional ink layer in the contoured portion has a level of

conductivity such that the function can be performed.
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