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(57) Abstract: A method ot and system (200) for

EIB.2 manufacturing an electronic device (300, 300", a

e curable conductive adhesive for use in the same,

A1 20 5 Shir ; i o and an electronic device (300, 300') are disclosed.

T Eﬁ s || L cmo C‘? The method includes printing a conductive adhes-
e e P21 B ive onto pads at ends of traces on a substrate (310,

T 360), placing one or more components (320, 340,

340, 350, 355) having a non-standard size and/or
shape (e.g. circular, oval or rectangular with roun-
ded corners) onto the pads with the conductive ad-
hesive thereon, and after the component(s) (320,
340, 340', 350, 355) have been placed onto the
pads, curing the conductive adhesive at a predeter-
mined temperature or with light having a predeter-
mined wavelength (band). The one or more com-
ponents (320, 340, 340", 350, 355) having a non-
standard size and/or shape may be an antenna
o (320), a sensor (340, 340") and/or a display (350,
e s 10 oy e : Y 355). The electronic device (300, 300") may fur-

ther comprise one or more additional components
(330, 335, 370) having a standard size and/or
shape on a second subset of the pads. The addi-
tional components (330, 335, 370) may be an in-
tegrated circuit (330, 335) and/or a battery (370).
The system (200) comprises a printer (220) con-
figured to print a conductive adhesive onto pads at
ends of traces on a substrate, a surface mounting (SMT) machine (230) configured to place one or more components (320, 340, 340/,
350, 355) having a non-standard size and/or shape onto the pads with the conductive adhesive thereon, and a curing station con -
figured to cure the conductive adhesive after the component(s) (320, 340, 340", 350, 355) have been placed onto the pads. The SMT
machine (230) may include a nozzle head having a surface with a shape identical to or configured to match a shape of the component
(320, 340, 340", 350, 355) it picks up.
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ELECTRONIC DEVICE AND METHOD OF MAKING THE SAME USING SURFACE MOUNT
TECHNOLOGY AND AN ANISOTROPIC CONDUCTIVE ADHESIVE USEFUL IN THE METHOD

CROSS REFERENCE TO RELATEDR APPLICATION

[pl61y This application clatms the benefit of US Frovisiomal Pat Appl No
5 63301243, filed on Februsry 29, 2016, incorporated herein by reference as if fully set forth
herein.

FIELD OF THE INVENTION

§0602] The present invention pencrally relates to lotegration and asspmbly of
electronic deviees,  More specifically, embodiments of the present invention pertain to an
W clectronic device and & method of niaking the same using surface mount techhology, as well

as an amisotropic conductive paste {(ACP) useful in the method,

DRISCUSSION OF THE BACKGROUND

0631 Components to be placed and mounted onto a circuit board offen have a
non-standard size and/or shape. Some components may also be temperature-sensitive andior

flexible, Nonstandard sizes and shapes, temperature sensitivity and Hexibility can result in

Sk
Ly

challenges when placing amd mounting components onto a cireuit board using equipraent

destgned for assembling standavdized components.

{0004 However, processing using standardized surface mount fechnology (SMT)
assurnes that the components are rigid, have standard shapes, and are compatible with
28 conventional soldering temperatures.  For example. in pulsed heated soldering, the thermodes
that appi}- the heat must be perfectly parallel to the component, and therstire may not be

uxefil for zoldering a flexible component

IR This “[scussion of the Background™ scetion s provided for background
information only.,  The statements in this “Discession of the Baokground™ are not an
25 admission that the subject matter disclosed in this “Biscussion of the Background™ sectinn
constitutes prive art o the present disclosare, and vo part of this “Discussion of the
Background™ section may be wsed as an adoyssion that any part of this application, fschuding

this “Discussion of the Background” section, constitutes prior avt to the present disclosure.
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SUMMARY OF THE INVENTION
{0805} The present invention refates to electromic devives, methads of manuvtaciuring

the same, and an andsotropic conductive paste (ACP) usafid in the msthods,

{8067} In one aspeot, the present invention redates to a method of manufacturing an
electronic device, conprising priting a conductive adhesive omto pads at ends of fraces on a
substrate, placing one or more components having a pon-standurd size andfor shape omto the
pads with the tonductive sdhesive therson, and after the component(s} bave been placed onto
the pads of the subsirate, curing the conductive adbesive at a predetermined temperature or

with light baving a prodetermined wavelenpil or wavelength band.

{6008} Iy varipus embodiments of the present nvention, the conductive adhesive &
cured at the predetermined temperatore, which may be in the range of abont 38 °C 1o 148 °C,
The conductive adhesive may be an andsolropic conductive paste {ACPY.  The ACE may
include one or more polymerizable monomers, one or Mmore co-monomers and one or more
conductive filamestis or particles dispersed ur the ACP. The co-monomer(s) may be co-
polymerized with the polymerizable monomers. In addition, the co-raoneomer(s) may bave g
foromula with af least three fwotional groups thal are ce-polvowmnizable with the
polymerizable monomer{sy. In some embodiments of the present nvention, the ACP may

further include a thermally activated inttiator,

{0009} In some embodiments of the present invention, the conductive adhesive may
be cured upon irradiation with light having a wavelengthowithin a predeterntioed band, For
expmple, the light may be or comprise ultreviolet Hedit,  In addition, a nowp-conductive
adhesive may be dispensed. onto one or more predetermined locations of the substrate other

than the pads. One ov more components may be placed on the predeiernnined locaticods).

{8018} fn various embodiments of the present invention, the subsirate may include 8
printed cireuit board (PUR).  In other embodiments, the substrate may be flexible. For
sxample; the sabstrate may comprise 3 plastic shees or fil, paper, 2 metal il or film, or a
combination thereof. Alternatively, the substrate may foclude a flexible material secured to 3
rigid substrate, b1 which the flexible material comprises a plastic sheet or film, paper, a svelgl

foil or film, ora combination theveot.
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0011} in further embodintents of the present inveniion, one or more additional
compongnds having a standard size and/or shape may be placed onto a subset of the pads.
Alteenatively or in addition, one or more additional components may be placed onto the pads

gsing a standard and/or uncustomized surface mount technology (SMT) machme.

k¥

§6812] Generally, the SMT machine may inchide a substrate bolder or glany, a
gantry, and a tape-and-ree! slation. In some embodiments of the preseat invention, the gantry
may include piok-and-place machinery, in which the gantry may be configured to pik up,
sphionally nspeet, and place the components on predetermined locations on the substrate.
The gasgry may inclade & plurality of nozeles attached {0 & plolter or plotice-like devies that
(0 can manipulate die noszles in thees dimensions. Hach ezl may be independently rotatable.
At least one of the noszles may have 2 surface with & shape idestical 10 or configured o
mateh a shape of the component it picks up. Alternatively or fn addition, at least one of the
nozeles may have a surface that extends below an sppeomost sorface of the component. The
gandyy oy also inclade 3 pharality of robotic heads configured o work independently of

18 each other

{0813} o some embodiments of the present nvention, the SMT machine may nchude
a caimera ov other mspection equipment.  The camera or other ingpection equipment niay
inelude a camera configured to conductautomated optical fnspection {AGH. Allcratively oy
in additon, the SMT machine may inclede a convevor belt along which the subsirate fravels.
20 The SMT nachine may further inciude g plurality of conveyors that may be configured fo
simultaneousty producs a pluratity of the same ordifferent products,
ELTE S Fusthermore, the method may inchude fnspocting 8 rotational posttion of the
component(s). In some embodiments of the present invention, placemest of the

corponent{s) onto the substrate may be epected: After curing the conductive adhesive, the

[
Y

5 substrate may be cleaned. Altematively or in addition, one or mere of the compongnts may
be cleaned.  The method may further inchude testing the electronie device.In another aspect,
the present invention relates to a system for manufacturing s electronie deviee, comyprising a
printer configured (o print & conductive adhesive onfo pads at ends of traces ot a substrate, a
surface mounting machine configured 1o place o or more components having a8 non-
3¢ standard size and/or shape onte the pads with the conductive adhesive thereon, and a curing

station, configured to cure the condective adhesive affer the componenifs) have been placed
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onto the pads of the subsirate.  In addition, the systors may include a feeder configured lo
feed the substrate into the printer, and/or a coliector configurad to receive the substraie from
the curing station. The SMT machine may be a standard and/or uneastomized SMT machine.
For example, the SMT machine may include a substrate bolder or clamp, a gastry, snd a tape-
5 andereel statton,  Furthermaore, the gantry may ocluds plok-and-place niachinery, i which
the pantry iz configueed to pick up, optionally inspect, and place the components on
predetermined loeations on the substrate. The pantey may nchade o pluradity of nozeles
sttached 6 a plotter or plotterslike device that can mandpulate the nozzles i three

dimensions, Each nozele may be independently rotadable, At lcast ong of the nozzles may

18 have a surtace with ashape identical 1o or conlfigured 1o match o shape of the component i
picks up.  Alternatively or v addition, at least one of the nozzles may have a surface that
gxtends below an sppermost surface of the component. Furthermeore, the gantey may melude
s plurality of robotic heads configured to work tndependently of each other.

{0615} The SMT machine may fugther include 2 camera or other spection

15 equipment. The camera or other inspection equipment may conprise 3 camera configiwed to
conduct automated optical inspection (A, Alo, the SMT machine may include a
comvevor belt, along which the substeate tavels. The SMT muchine may forther telude a
phuraiity of convevors and be configired to simaltaneousty produce g phirality of the same or
difforent produets.

20 80 fn various embodiments of the present invention, the printer may nchude a

sereen o stencil printer. The prister may be contigured o print the fraces and the pads on
the substrale. In addition, the printer seay nclude a glue-dispensing machine configursd to

apply a non-conductive adhesive o the substrate.

H617] in further embodiments, the curing station may include an oven or heater. The
25 oven or heater Is configured 1o heat the substrate, the conductive adhesive and the moe

more components 10-a tenperature sufficiently high to cure the conductive adbesive.  The

temperature maybe, for examyple ghout 58 C o 140 °C, Aleinatively or additionally, the

curing stations may include a source of UV radiation,

{0018} invel another aspect, the present invention relates to an electronie device,
30 comprising a substrate having a pluralily of traces thereon, each of the traces having a pad at

one o more ends thereof, one or more components having 8 nos-standard size and/or shape,
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and « cured conductive adhesive betwoen the pads and the one or more componenis. Each of
the one or more components i on a fiest subset of the pads. The cured eondustive adbesive
clectrically convects one of the pads o a corresponding terminal of the ane or more

components,

{8018} In addition, the device may include one o more addiional components having
a standard size gnd/or shape it & second subsset of the pads. Typically, one ornore of the
componerts arg selecied from the proup cousisting of a sensor, an antenna, and a display.
Furthermaore, one or more fayers of the sensor, the antenna, and/or the display may include a
printed material, A plorality of layers of the sensor, the antenna, and/ov the display may
inclade o printed laver. Generally. one or more of the additivnal components are selected
from the group consisting of an integrated circudt and « battery.  Onge or more fayers of the
wntegrated oircuit andfor the battery may inclode a printed msterial. Forthermore, a plorality
of layers of the integrated eircuit and/or the battery may include a pristed fayer.

{80261 in vartous embodiments of the present invention, the substrate may inchude a
printed cirenit board (PUBY. Alernatively, the subsirate may be flexible. For example, the
substrate may inclode a plastic shest or filoy, paper, a metal foil or film, or a combination
thereof. in 3 further alternative, the substrate may include a flexible material secured to &
rigid substraie, in which the flexible material ncludes a plastic-sheet or film, paper, 3 metal

foil or 8im, g a combination thereod.

{6021} Generally, the conductive adhesive may b an mnisctropic conductive pasts
{(ACP), The ACEF may elude one or more polymerizable monomers, one or more ¢o-
monomes, and one or more conductive filaments or particles dispersed in the ACP. The oo
monamer{s} may be co-polvimerized with the polymerizable monomers. I additiosy, the co-
monomers may have a formula with at least three fmetiona] groups that are co-polymerizable
with the une m more polymerizable swonamers. The ACP roay further inelude a thermally
activaied initiator,  Allernatively, the ACP may include a radiation-activated ioitiator. The
radiation may be orcomprise ultraviolet light

0032} fry other embediments of the prosent invention, the devics ey inelude a non-
conductive adhesive on one or more predetermuned focations of the substrate other than the

pads, The component{s) may be on the one or more predetermined locations.

PCT/IB2017/051112
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{6623 Yet gnother aspect-of the imvention relates to arcanisotropie sonductive paste
(AP the curable conductive adbesive), comprising an-initiator that iy thermally activated or
activated upon irtadiation with light having a wavelength within a predetermined band, one
or mare monomers that are polymerired by the activated initiator, one or more go~-nonomers
5 that are co-polvmerized with the monomers, and elastic conductive filaments or particies
dispersed inthe conductive adhestve. The co-monomer(s) have a formula with at Teast threg
fanctional groups that are co-polymerizable with the monomer(s) by the activated initiator.
The conductive adhesive i curable at a temperatie of 150 °C or less. For example, the

songductive adbesive may be curable af a tfemperabire 0f 8G-140 °C,

16 (6824 in various embodiments of the presgnt wvention, the elastic congduetive
flaments o particles may include elastic particles coated with an clementsl, conduative
metal or alloy, The elastic particled may inchide a polvmer having a Youne s ssodelus of
abott 3.3 GPaor less. For exaniple, the Young's moduiug tuay be 20GPa or kess, The elastic

particles may include polvethylens, polypropylens, polystyrene, & rubber, poly{sthylene-

L

ving! svetate), @ blend or copolymer thereof, or a siticone polvmier. The elastic particles nay

be coated with sibver, gold, copper, nickel, or aluminem,

160251 The mitiator may be prosent I oan amoupt of from 0.1 &y 10 wide. The
monomer(s) may be present in an.amouant of from 10 40 70 wite The one or more co-
monHmers iy be prosemt i an amoant of from 0.1 fo 18- wite. The conductive filaments of

20 particles may be gresent in sn amount of fro | o 20 wits.

{8826] The conductive adhesive may ferther miclude a solvent. The-solvent may be
poosent i an amount of from 10 & 70 wit¥e, The solvent may be selected fram the group
consisting of alkanes, vycloalkanes, alkanes substituted with one or more halogen atoms,

cycloalkanes substituted with ong or more balogen stoms, arengs, srengs subsiihuted with sue

4%

25 or mue alkyl, alkoxy andior wlogen atems, sthers, cyclic ethers, esters, ghvools, giveol
sihers, glveol esters, angd stloxanes, For example, the sobeent may be g CoDio albane, 2 Cs
Cioeyveloalkanie, a Ce-Cio areng; a Co-Cip arene substituted with 1 0 3 Or-Cy sl groups,
{-Caoalkosy group or § 1o n halogen atoms {where n s the sumber of carbon atoms in the
areng), @ CaCho dialkyl ether, a Co-Cr gyclic ether a CCrs alkylaryl sthier, g Ci-Chs diaryd

38 ether, g Oi-Ca arylaralkyl ether, & CoaCis diaratkyt ether, a G alky! ester of a Ti-Cy

athanunic or Cr-Cie aralkanoeis acide 3 Co-Co alkylene glycok 8 £04-Co monos or.diatky! ether of
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a OO alkylene glveol, and a O1-Cy alkanoie ester of a €1-Cy monoalky! athier of 8 Colle
alkylene glveol.

~

(80271 b various embodiments. the monomer(s) may be selected from the group
consisting of alkenes, cycloatkenes, and aryl alkenes, any of which may be substituted with
5 ongor more halogen andfor alkoxy groups:; acryiates and methacryiates; epoxides: epoxides
suhatituted with from one or more halogen atoms, alkoxy groups or alkoxy-subsiituted
atkyleneoxy groups: and glyeidy! ethers and esters, For example, the monomen(s) may beaa
Ce-Cho alkene, a Ge-Cre oycloalkene, a Ca-Cro aryl alhene, 8 Co-Cry alkene substifuted with

ongor aore Balogen andfor Ci-Cy atkaxy grogps, a Ce-Crp vylnalliens substifuted with one

ped

or more halogen andlor C-Cy alkoxy groups, a Cs-Che aryl alkene substituted with one or
more halogen andfor €-Ca alhoxy groups, a TrCy ester of acevlic vy moethacrylic acid,
ethylene oxide substituted with 1 w4 O-Cro alkyl, anvl and/or aratky! groups, or ethylene
oxide substituted with 1 or 3 Cr-Ca alkyl groups, one of which is further substituted with #

Lo alkoxy groupor a O-Cs alkoxy-substitited Co-Cr alkylvacoxy group.

15 {028 by further embodinents, the co-monomer(s) may be selected from the group
consisting of esters of di- and #riaceylates and methaceylates.  For example, the co-
monomer(s) may be selected from the group consisting of €F-Cs asters of Co-Cir di- and
triacrylgtes and mcthacrylates, and i pasticular, from the growp consisting of OOy ssters of
CrC triacrylates and GioQu timetheorylates.  The co-tionamer(x) may provide =

20 predetermined amount ov level of shrinkage after curing.

{0029 The vonductive tilaments ar particles may nclude 8 particle, powder, flake or
needie of an clemental, condactive metal or & conductive allov, The elemental, conductive
metal may inclinde sibver, copper, nickel, or titandom.  The conductive alloy may include

silver, copper, steel, nickel, or titentam,

Q)
L

0361 The present wvention advantageously avoids the high cost of foll-sysiem
assembly (pick and place) associated with high-end SMT machines. The present method can
be implemented using basic andfor standard, low-vost machines widely available using
standard SMT services andior processing. The presemt invertion also avoids the relatively
high temperatures associated with solder and solder reflux provesses, and addrosses

iy

3 chortcornings of nozzles with standard chapes and SMT equipment that is incompatible with
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flexible components. These and other advantages of the present investion will bocams

readily apparent from the detailed description of varicus cotbodinwuts below.

BRIEF DESCRIPTION OF THE DRAWINGS

0431 FHE L s 2 flow chart for an exemplary method of plaging components on a
5 substrate aceording to smbodiments of the present invention,
0032} FIG. 2 is.a block diagram of an exemplary system fov placing components on
a substrate acowrding 1o smbodiments of the present invention.
{4033 FIGS. 3A-B are block dingrams of exemplary smart fags or smt fabels
according to embodinients of the present fnvention.
10 [6634) FIG: 4 15 a block diagram of an exemplary inteprated chraut 1 asefud inthe
smart tags or st labels acerrding to one or maore embodiments of the present invention,
{6035 FIGS. 3A-D are views of an exemplary noezle useful i the SMT maching of

FIG. 2 aceording to one ot more ernbodbuents of the present invention.

{8036} FIGE, 6A-D are views of another exemplary nowzie usefd in the SMT

G
24

sachivie of FIG. 2 according to-one or more embodinents of the present invention.

BETAILED DESCRIPTION

fBO37Y Reference will now be made in detsil fo various embodiments of the
invention, examples of which are lostrated in the accompanying drawings. Whils the
wvention will be deseribed in cowjunction with the following embodiments, it will be
20 understood that the deseriptions are not intended o Hmnit the invention o these embodimenia,
On the contrary, the invention is tnfended to cover altersatives, modifications and equivalenis
that may be becluded within the spivit and scope of the invention.  Furthermore, in the
following detailed deseription, mumerous specifie details are set forth in order 1o provide a
thorough understanding of the present fnvention, However, it will be readily apparent to one
25 skilled 1o the art that the present invention may be practiced withmat these specific details. In
other instances, well-known methods, procedures and components have not been deseribed 1n
detatl 50 g not to aanecessarily obscurs aspects of the present invention. Furthermore, i

should be understond that the possible permistations and combinations described hereiny wre
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not meant fo Himit the invention.  Specifically, variations that are not ncomsistert may be

maixed and matched as desired.

FOOAR] The technical proposalis) of embodiments of the prosent Bovention will be
fully and clearly described in conjunction with the drawings in the following erbuodimerds,
5 i will be undersiond that the descriptions are sot infended to ot the fnvention to these
cmbodiments,  Based on the deseribed cmbodiments of the present dnvention, other
embuodiments can be obtained by one skilled fn the ant withowt creative contribution and are

in the scope of legal protection gives fovthe present invention

{6839 Furthermore, all characteristics, measures or processes disclosed in this
0 document, except characteristics andior processes that are mwtustly exclosive, can e
combined in any manner and inoany combination possible,  Any characteristic disclosed in
the present specification, claims, Abstract and Figures can be replaced by other equivalent
characteristios or characteristics with similar objectives; purposes andfor {unetions, unless

specified otherwise.

1S [0 For the sske of convendence and simplicity, the terms “conductive adbesive Y
“anisotropic conductive paste,” “asynumetric conductive paste,” and “ACP” are, in general,
interchangeable and may be used interchangeably beretn, but are generally given their ant-
recognized memnings. Wherever ove such term s used, # alsoencompasses e other ferms,
i addition, for conventence and simplicity, the teoms “part,” “portion,” and “region™ may be

20 wsed interchangeabty bot these terns ave also genersily given thelr art-recognized meanings.
Algo, unless indicated otherwise from the context of ity use herein, the terms “known,”
“trsed,” “given,” “certain® and “predetermined” generally cefer o g valug, guantity,
parameter, constraint, condition, stale, process, procedure, methud, prasctics, of dombiration
theveot that is, I theory. variable, but s fypically sot in advanee and pot varied therealter

23 when'in use.

{8041 The present invention advantagsously enahles manefacturing of cheetrical
devices wsing  flexible components anddor components having @ non-standard  sixe.
Furthermorg, the present mvention allows conventional and/or standardized SMT machings
to be used instead of expensive, high-end machines, thereby reducing the cost andfor
3¢ proccssing time for manufacturing cettain elegtrical devies in addition, the presemt

fmventios . advantageously reduces the manufacturing lime since conventional or staddard
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SMT machines {which are ublquitous and widely available at many compasies) can b ased.
Even further, the present process can advantageously use an ACP that van be cured at a
temperatie of 140 °C or less, a temperature at which beat-sensitive components andfor

favers can be protected. Also, the present system and provess can avoid use of expensive

5 thermodes by selecting an ACP binder that contracts of shrinks upon heating andjor
activation
An Exemplane Method of Making sn Elecironic Device
jOU42] The present invention concerns a method of manufactuning an eleotionic

device, comprising printing a conductive adhesive onto pads at the ends of traces on a
10 substrate, placing one or more components having # now-standard size and/or shape onto the
pads with the conductive adhesive thercon, and afler the component{s) have been placed onto
the pads of the sebstrate, curing the conductive adhesive at & predetermined femperature or
with light having a predetenminesd wavelength or wavelength band, In various embodiments,
the predeterntined temperatore is 140 °C or fess, and multiple components ave placed oto the
15 subatrate using a conventional SMT machine that may have one or more nozeles that have
been maditied for the nonestandard size andfor shape of one or more of the nudtiple

SORTPONSHLS.

{6043} FIG. 1 shows a flow chart 100 ootlining an exemplary method of
manufachuring an clecironic device. At TH), the mathod starts, and at 120, a conductive
20 adhesive is applied to the pads at the cuds of traces on the substrate, for exanple using a
sereen printer.  Allematively, the conductive adhesive may be applied to the pads by
stepefling orsyringe dispensing. The substrate may be, for example, & prinded civeutt board
(PCR) ur other substrate that cary be processed in cobventional SMT equipment.  In some

preferved erbodinents, the substrate bas a planar or subsiantially planar uppermest sarface,

8]
=S

and the traces are prinded (e.g., soresn-printed) therson using a conductive pasts.

{0044} T various embodiments, the conductive adhesive s an ACP. Tn some such
embodiments, the ACP can be custon-designed for a specific {o.g. low) curing feraparaturs,
stch ag 140 °C or fess (eg, 804140 °C): In general; the ACP comprises (1) & conduglo, () a
binder (e, a curable polymer), and (i) a solvent.  The conductor may be a paticle,
30 powder, flake or needle of an elemental, conductive metal or alloy (e, silver, copper, steel,

nickel, ritanjum, i), or a padicle conted with an elemental, conductive metal or alloy,

10
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particularly a relatively elastic particle. For cxample, particles such ay silica, alumina, an
clastic polymer baving a refatively low Young's modulus (g, of about 3.5 GPa, 2 GPa, w
less) such as polyethylene, polypropylene, polystyrene, a rabber (eg, polybutadiene,

polyisoprene, a polyaciyiate, @ copolymer thereof with one or more atkenes or alkadienes, a

L

blend thereof with one or more polyalkeney or polviatkens-atkadieng] copolymers, o),
polviethylens-vinyl avetate), a blend or copolymer thereo!l, a silicone polymer, ete., coated
with an clemental metal such as silver, gold, copper, nickel, aluminum, ete. may be suitable
for use in the pregent AQP. The conductive particles may be present in the ACE in an
amwunt of Fom 1o 20 widh, The binder may be prosent By anamount of fro 10 1o B0 wi¥d,
0 and the solvent may be present in an amount of from 10 to 70w, The ACE may focther
comprise a curing agent {e.g., a conventional thermad ov radistionsinduced curing agent), in

an amount of from 8.7 16 16 wibs

R4 5] The binder may be & monomer that is polymerizable by thesmal or radiation

(e, UV light) curlog,  For exemple, the monomer sy be selested from the group

P
L2

consisthsg of alkenes {eg. Co-Ciy alkenes, cycloalkenss and wyl alkenes, which may be
substifuted with ong or more halogen and/or Cr-Ca alkoxy groups), acryviates and
misthacrylates (e, CeOr estors of acivlic andior methacylic acud), epoxides (e.g., sthylenc
envicde substitated with 1 to'4 Ci=Che alkyl, aryl andfor aralkyl groaps, which may be further
substituted with from one or more halogen atons andfor GGy athoxy groups or Th-Ca
23 alkoxy-suhstitutad £2-Cy alkyilencony groups, glycidyl ethers and exters, eic), The ACE nay
also be custom-designed for a particular amount or level of shrinkage, for oxample by
specifving certain  binder compoments {eg, CieCo owsters of CeCo di- andfor
trif methiacry lates, which may be present tnmyamoent of from 8.1 10 10w}

{0046} The solvent may be selected from one or moie alkanes (2., CGe-Cri alkanes

and eveloalkanes, whicly may be substitated with one or mote halogen atoms), arenes {o.g.,

B3
s

Co-Chro grenes that my be substiuted with one o wore Ci-Cs alky! or alkoxy groups-and/or
halogen atoms), ethers (e.g., Co-Cie dialkyl or cyclic ethers, Co-Cie alkyvl aryl, diaryl, aryl
aralkyl or diavalkyl ethers, ei‘z.'}, estors (e, O-Ca alkyt gsters of Uhi-Cs alkanoic or Cr-Cio
aralkanoic acids), glycols (e Cr-Cs alkylene glyools), glyeol ethers {e.g., T0-Ca tono- or

36 dialkylethers of Cr-Cs alkylene glycols, such as glyine, diglynwe, ote.), glven] esters{eg,, T

T alkanoic esters of Gi-Ce manoalkyt ethers of Co-Cy alkylene glveols), siloxanss, ete.

11
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B047] At 130, a non-conductive adiesive may optionally be dispensed onto the
substrate in one or more predetermined locations.  The nos-conductive adbesive Is not
necessary when the components are adhered to the tape in the tape-and-reel station {e.g., 238
i FHG. 2) using a display tape, which can be transferred with the component to the substrate
5 1o keep the component from moving, However, when such a display tape is not present, then
a non-conductive adhestve can be apphied {e.g.. by sereen printing) to one o more locations
within the pads on the substrate to hold the component in place prier to curing the conductive

adhestve

I6048] At 140, the covpodent{s} are picked up asd placed on the subsirate in
1 predetermined locations, such that the cleetrical terminals of the component(s) contagt the
pads on which the ACP has been printed.  For sxample, a conventional pick-and-place
machine may pick up, nspect, and place one or more components having an reguls or now-
standard size sndfor shape as well as more conventional SMT conponents onty locations oo

the PCH that have begen programuwed o the pitk-and-place owaching.  In some

15 embodiments, the components may be prepared on a roll {e.g., 8 conventional tape rolf) for
picking and plasement {e.g., by the conventional SMT equipment).  In ose such example, ¢
display tape (which by alrcady sticky) may be o remain on the component, and the
component will not move when placed on the sebstrate (s, privs to suring the ACPY in such
an example.

20 18049 In the preseat rovthod, one or more pick-up oozedes i the pick-and-place ¢

ST eguipmment 1s changed and/or designed to bave the same or substantiadly the same shape
#s the component it picks up. For example, oneor more conventional piek-and-place nozales
in a conventional plek-and-place / SMT machine may be designed 1o match the size and
shape of the respective componeat, I some cases, the component may bave an brregudas,
25 non-standard o nov-planar ssrface, i which case the pick-up ool {e.g., nozede) may need 10
contact andéor reach a swrface below the bighest surface an the component. For example, the
components are flexible in some embodiments. However, the components may be rigid or

st iy other embodiments.

Rt At 150, the component placement {o.g., the rotation of the component andfor
30 #s location on the pads andior on the subsirate is optionally Inspeoied andfor verified. In

one exanple, the inspection comprises Auwtomated Optical Tnspection {AOL), using s machiw
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that includes a camers and that verifies correct rotation of sach componant and corredt
placemernt of the componenis 'on the pads of the substrate.  Although inspection or AQL iz
conducted prier to awring the eondeetive adhesive i the exemplary method 100 of FIG.

aliernatively or additionally, #-can be performed post-curing,

10051 At 164, i is dotermined whether the rotation and placement of the component
o the substrate ¥ correct. This can be done by visual mspection (e.g., using a camers in the
pick-and-place / SMT equipment) or by AQY, as described above, AL 165, if the component
rotation and placenient is not cerreet, the component can be lifted Trom the sidstrate and ve-
placed on the substrate.  Optionally, addiional conductive adhesive (g.g., ACP) may be
printed onto the pads on which the component was incorrettly placed. I the conponent
rotation and placement is correct, pressure-may be applied {0 the component. When a sticky
display tape-is on the component doring placement, additional pressize may not be necessary

to kesp the component from moving aller being placed.

{08521 After ¥ has been determined that the: component rotation and placement is
correct, all of the remaining components are placed in their predetermined locations and
inspected, then the conductive adbesive (eg., ACP) is heated &t 3 predetermined temperature
for a predeterined fength of time w170 o cure 3% in some examples, the conductive
adhesive s beated o 2 femperature of 140 °C or keas {oug. 80-140 €Y. Although the tength
of curing time may be empitically determined for & given composent, substrate and
conductive adhesive, the curing time may be from 1 second to § minnies or mors. In sonse
embodiments, pressure 1§ also apphied to the component during heating to facilitate curing.
The pressave in such entbodiments may be greater Ban 8.1 MPa ez, 2 015 MPa), and up 1o
U MPa, 10 MPa or more. When ouring, the binder(s) in-the ACT may causes a predetermuned
amount of shrivhage, which can foree the binder into the two opposing surfaces, thus
improving electrical contact and mechanical stabifity.

HE IR The method 100 may fwther comprise cooling the assembled alsctronic
device, cleaning the substrate and {optionally} the components at 180, then optionally
packaging and/or shipping a plaralily of such electronic devices. The method 100 then ends

af 190,

13
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An Exemplary Svatem for Making an Electronic Revice

FOGS4] The prosent invention also concerns a system for mannfacturing an clectronic
device, compeising screen or steneil privier, the pick-aad-place / SMT machine, and 3 curing

aver. ln one examiple, the curing oven coroprises a conventional reflonw soldering oven,

{00588 FIG, 2 shows an exeraplary sysiem 200, inchading a foeder 210, a printor 220,
a SMT machine 230, & curing station 240, and 3 collector 230, The system 200 atlaches o
or more components Baving nonsstandard sizes anddor shapes (s well as standardized
componentsy toa substrate, stch s a PCB. Alternatively, the substiate can be flexdble (e.g,
g plastic, a-metal foil, ete)), andamay comprise s flexibde matesial scowved (o o rigid substrate
for SMT processing {e.g., for placing and/or mounting the componenix on such a flaxible
materfgl). I embodiments in which the adhesiveds awed st 2 temperastare of 140°C o loxs,

the flexiblie substrate/material can be or comprise polysthvions terephthalate (PET).

{056} The feeder 210 foeds the substrate with electrical traces therson and
connection pads & the ends of the traces 1oto the printer 220, The printer 220 may comprise
3 sereen or steneil printer, and i configured to.apply a conductive adbestve (a.g. the ACP 10
the subsstrate onthe pad locations, The camponents may be temporarily adbered tw the PCB
using the wet conductive adbesive paste itselll or by using small blobs of a separate adbesive,

apphied bya ghe-dispensing machine in the printer 220,

8087 The SMT (surfice mount teehoology) machine 230 is 2 robotic piaching o
systern that places components onfo the sabstrate v predefermined locations,  The

»

conyponents include those having non-standard sizes andior shapes as described hersin, and
mway also include more conventional surface-mount devices (SMDs) The SMT maching 230
comprises & vamerg or olher ingpection equipment 232, a substrate holder or clamp 234, a
gantry {nchuding pick-andplace machinery) 236, and 2 tape-and-reel station 238, bt one
smbodiment, the inspection cquipment 232 comprises a camera configured to conduct

aytomnaled optical nspection {ADLD) of the components on the substrate.

{OBSR] The gantry 236 is a subsystem that picks up, optionally inspects, and places
the componenis on predelermmingd {e.g, progravuned} locations on the sebstrate. The pick

and place machinery i the gantry 236 isclodes a plorality of norzies (oo
© (4 > £ &

L

a projection-like
device with a patuymatic section cup or similar opentng at an end theread) attached to g

plotter-like device that can manipalate the noszles scowately in three dimensions, Fach
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nozzle may also be rotated independenthy. At least one of the pick-up nozzles 18 changed
andfor designed to have the sarae shape s the component it picks up andfor to bave a surfhoe
that extends below an uppermost surface of the component {see, e, FIGR. SA-6C, discussed

balow).

{0059} in further eobodiments, a single gantry 236 may inchude nwltiple noszles
with separate andfor independent vertical motion, which enables picking up and placing
nutbtiple components on a single frip 1o the lape-and-regl station 238, For example, one or
more nozzles with standard shapes andlor sizes can be used: for placing: components that we
rigid og sfiffl Buch rigid or s componends may aldo have 8 dandard shape andior stee {eg.,
for placement using a standard nozele). Also, the gantry 236 may comprise a phurality of
different robotic heads (with corresponding software) fo wnk indopendently of cach otherfo

further increass the throughput of the SMT inachine 234

Hi060] The tape-snd-ree! station-238 is located alony the front of the SMT machine
23¢. Ahemmatively, the fape-and-reel station 238 15 located slong the back of the SMY
machine 230, The components may be supphiad on paper or plastic tape, oy one of more tape
rects that are loaded onto. a feeders mounted iy or 0 the SMT machine 230, Ahernatively,
the components may be wranged in one or more trays which are stacked in a compartment in
the tape-and-reet station 238, and are supplied to the substrate in the holder 234 by the pick-

and-place viachinery in the gantry 236,

18061} In one embodiment, the SMT maching 230 further inchudes g convevor belt,
along which blank POBs (Le, PCBs with slectrical traces and pads thereon, but withont
components thereon) travel, and a PCB clamp (ot shown).  The conveyor belt passes
through the middle of the machine. and the PCR clamp s in the center of the machine. The
PUR s clamped i place by the PCB clamp, and the norzles pick op tndividual comporents
from the feedersfrays {eg., in the Epe-anderest section: 238), rotate them 1o the correst
orientation, and then place them on the appropriate pads on the PCR with high precision.
Some SMT machines 238 can have oudtiple conveyors (o simultanecusly produce multiple

products {which may be the same or different),

{8062] As the componght s carvied frony the tape-and-ree] section 238 {or other
component feeder) to the PCB i the POB clamp, it may photographed or imaged {e.g., from

helow or shove). The sithoueite of the componerd Is inspected to see i it ix damaged of
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missing (e, it was not picked op), and any registration crrors in the pickup process are
measured and compensated for when the component is placed on the PCB. For example, i

the component was shifted 025 mm and rotated 10% when picked up, the pickup head cap
sdiust the plavement position fo place the component in the soneet location on the PCB.

& Sonie SMT machines bave the optical mspection system 232 on a robot arm and ‘caw casry
aut the rmeaswrements and caleulations without losing time, thereby achivving g lower
derating factor, When the optical inspection system 232 is mounted on a bead, it caw also be
used to capture details of the non-standard component and save the details to @ memary or
database for future use. fn addition to this, software is commercially available for monitoring

10 the production and interconnection database (Le., of the producticn Foor to that of supply
chain) i real time.  An optional separale camera on the pich:and-place head{s) can
photograph fiducial andfor alignment marks on the PCB fo messgre #s position on the
conveyar belt accurately. Two fiducial andfor aligianent marks, measured in two dimensions

each and usually placed diagonally onthe PUB, enable the ovientation and thermal expansion

(¥

of the PCR fo be sweasured and compensated for as well, Some SMT machines are glso able

to measure PCB shear by measuring a third fiducial andfor alignmens mark oo the PCB.

{8883} The curing station 240 may comprise anoven ar heater for curing 3 theemaliy-
curable ACE, andfor & source of UV radiation for curing 8 phote- or radiation-carable ACE,
o the case where the curing station comprises an gven of heater, the oven of heates beings the

¢ assembly (L, the subsirate, conductive adbesive and components} up to a temperatars high

Fyo

enough 1o cure the adhesive (e, itlate polymerization of heat~-curable monomers in the
adhesive using a thermally a‘eactiv@ initiator).  For example, the curing temperature may be
frenm 100 2C 1 200 °C, or any value or range of values theredn {e.g., 100 7°C 10 130 °C), but in

one embodinient, the maximum curihg Eemperature can be'as ow as 148 °C,

33 {obed] The collector 250 stores the aszsembly while the assembly cools, sind places the
manufactored assemibliey inte a contaings or other arvangement for safe and casy handling
and/or shipment. When the assembly has cooled to ambient temperatiwe, it s finished and

ready 0o,

Exvmplary Blestronic Devices

30 j008S] FIGS. 3A-B are block diagrams of exempluy devices 300 and 308" made

using the prosent method. Referring to FIG. 3A, an aotenna 320, an integrated cwewit 339, a
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sensor 340, and a display 350 are placed or mounted on a substrate 318 (e.g, wsing the
method of FIG. 1 described sbovel,  The antenna 320, the sensor 340, and the displyy 350

may have'a non-standard size and/or shape.

[8066] For example, the antenna 320 shown in FIG. JA swy comprise a spival or coll,
and therefore has a substantiafly circular peripheral edge.  However, substantially strught
fraces estend from the ends of the spiral o voll 1o the infegrated circuit 3300 In such
emhodiments, an insulator (not shown) must be formed between the Joops of the spiral or coil
aind. the trace connecting the lnner end of the antenma spiral or coil o the integrated circunt
330, Fabrication of an antenna having an insclation layer in a predetermined location on of
over the loops of the spiral or coll may be easier on i substrate separate from the substratg
{e.g.. PCB) 310, In various embodiments, the antenna substrale may have a non-standard

shape as showiin FIG. 34,

oy

{0067} Alternatively, the antenna 320 can be formed directly on the sobstrate 31
{c.g., ab the same time and wbsing the same materials as the metal traces). In one such
alternative entbodiment, the anfenna 32¢ may be formed as a single-layer spind or coif (ie.,
without the traces extending from the emds of the spiral o cotl to the nteprated clrcuit 330},
and the integrated circuit 330 {which may be formied by thin-film provessing andfor printing
on an insulative substrate) may have bonding pads or conpections o the antenna 320 through
the substrate in locations corresponding to the ends of the spiral or el In such an
embodiment, the insalative substrate for the integrated ctreuit 130 may functions as a strapor
inferposer, crossing aver the loops of the antenna spiral or coil and insulating the loops of the
antenna spival or coil from the bdegrated ciccuitry 330, Alematively (e, Ina face-down
arrangement), the infegrated circnit 330 may be coated with an insulation or passivation
faver, and the bouding pads or connections 1o the antenna 320 pass through the insolation of
passivation layer,

JO0GE] The sensor 340 may alse have a nosstandard size andfor shape. For sxanipde,
the sensor 340 may comprise @ continuity sensor {see, a.g., UK Pat Appl. Noo 14820.378,
filed August 6, 2013, the relevant portioos of which are incorporated herein by reference),
which can be placed on a part of a packaging label that has an frregular shape andfor noo-

standard size. Alleenatively, the sensor 3140 may compnse = chenvcal sensor that provides
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optimal performance andfor sensitivity when it has a sorestandard shape (e.g., ciresly or
oval)
16069 Among other functions, the nfegrated circnit 330 in FIG. 34 exiraets power
from the: signal recedved by the antenma 320 and provides the power 10 other contponenty in
the devige 300, Thus, the mtegrated cireuit 330 may comprise 2 rectifier, inaddition to wiher
fogic (see the discussion of FIG. 4 below). The display 350 may be or comprise a singles or
mubi-color clectrochromie or LEDY {e.g., ovganic LED) display receiving ong or more singles
or mult-hit datz andlor comdrol sigealy from the inlegrated coireglt 3300 In sobe
embodiments, the display 350 may be printed ou a flexible substrate prior 1o mounting ot
the substrate 310,
{0070} Fhe sensor 34} provides a sepsing function, and sy determine {3} the
presenve or absence of one or more chenicals i the enviroument in wiich the device 300 is
placed, {bya conthusly andfor security state of a package o which the device 300 is attached,
{¢} 2 temperature of the environment in which the device 300 is placed, {d) a freshness state
of goods in g container to which the device 300 is atleched; ete. Thuw, the sensor 340 may
comprise one or more chemical sengors, continuily sensorg, tomperature sensors, humidity
sensoss, tmers, efc, and the integrated cironit 330 may comprise one or more comparators,
each receiving one loput from a corresponding seosor 340 and another put corresponding o
a threshodd value for coumparison with the input from the sensor 348, The threshold valie(s)

miay be stoved in a memory in the integrated civeuit 330,

{871 The exenplary device 304 of FIG., 3R inclodes a battery 378 and
quadrilateral subsirate 360, 3 sensor 330 and a display 355 with non-standard shapes. The
sabstrate 3608 can be flexible {og., a plastic, 2 metal il paper, a laminate or wother
contbination thereof, efe.). However, if the substrate 360 cannot be flexible (e, the SMT
machine can process only righd substrates), the sobstrate 360 wmay comprise a flexible
material secured to a rigid substrate for SMT processing, and the components can be placed
andior mounted of the flexible material.

{08721 in the device 300, the battery 378 supplies powsr (o the integrated chouit 335,
the sensor 330" and the display 385, so the battery 370 may be centrally ocared on the
subsirate 360 {e.g., so that nowe of the fraves from the battery 370 to other components on the

e

subisteate 360 cross over another trace). The integrated efvaiit 335 is subslantally the same
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as or simibar to the iegrated oircuit 330 in FIG. 34, except that the idegrated cirenit 333
does not provide poswer fo sther components in the device 308, The senser 340 g
substantially the same as or similar to the sersor 340G i FIGL 3A, except that the sensor 3487
secetves power from the battery 376, The display 3553 is substantially the same as or similar
o the display 350 in FIG 34, except that the display 335 receives power from the battery

370 and may have different dimensions.

{0073} FIG. 4 152 block diagram of an exemplary integrated cirewdt (10} 400, suilable
for use as the inlegrated circuit 330 in FIG. 3A. 1 is well within the level of skill of ane
skilled in the art o modify the integrated civonit 408 for use as-the integrated eiveuit 333 in
FIG, 3B, Optional components in the exemplary integrated cironit 400 can be omitted from

the integrated cireuits 330 and 335 in FIGR. 3A-R.

{6074 As shiowr o FIG. 4, the 1C 400 may include one o more seisors 410, an
optional threshold vomparator 420 receiving information {e.g. a signal) from the sensor 410,
an optional pulse driver 440 receiving an output of the threshold conparator 430, a memory
460 storing {1} sensor data from the pulse driver 440 andfor (i) identification code, one or
more bit ines (BLY 472 for reading data from the memory 460, one or move sense anmplifiers
{SA}Y 474 Jor converfing stgnals on the bit Line(s) 472 to digital signals, one or more optional
fatches 476 for temporarily sforing data from the sense amplifier(s) 474, and 3 fransmiiter
{&.5., modulator) 490 configured to output data {inchuding identification code) from the
device. The exemplary 10 400 in FIG. 4 also containg a slock 450 configured o provide a
timing signal (e.g, CLE) that controls the thming of cortain operations in the 1C 400 and a
memory tining control block or cixcnit 470 that controls the Unung of memory sead
operations.  The modulator 498 also recetves the thning signal (CLK) from the clock cirouit
430, or a stowed-down or sped-up variation thereof. The exemplary 1 400 also includes a
power supply block or circuit 480 that provides a direct current signal (e, VOO to varisus
cirewity and/or circuit blocks in the 10 400, The portion of the memory 460 cominining
dentification code may be printed, as may other layers andVor blocks of cireuitey i the 1C
400 {e.g., the power supply 480, which may be or comprise a full-bridge or half-bridge
vectifier). The IC 400 may further contain a receiver {e.g.. 8 demodalator), one o mare
optional rectifiers {o.g., a reptifying diode, one or more halfbridge or fulb-bridge rectifions,
ete.}, one o more optional ening or storage capaciiors, efe. Terinaly in the modulator 490

and the power supply 480 {which may comprise a halt-bridge or full-bridge rectificr) ave
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comiecied to ends of the antenns (e g, 8t Coill and Coll2), The memory 460 and-threshold

comparator 420 are pwticularly asefid for entbodiments that include the sensar 410,

{6875] The memary 460 may contain 3 fixed number of bits.  In some
tmplementations (e.g., when the 1€ 400 is part of an NFC and/or RFID tag), the memory 460
may contain m™2" bits, where ot ds a positive tateger and » is an integer of at feast 3 (e.g., 24,
32, 48, 84, 128, 236 vr more bits).  Some bits are allocated to overbead (non-payvioad) data
for foroat identification and dats integrity {CRCY checking. The paylvad of the device (eg.,
clectronic device 380 or 300" in FIGE, 3A-B) consumes the remainder of the bits. For
example, the paylead can be up to (-p)* 2% bits, where p is 3 positive integer < m {e.g, 96

bits in the caseowhere m*2% = 128 bits and up o 224 bits in the case where m* 2% = 2536 bits).

[076] The payload of an NFC andfor RFID tag can be allocated fo variable amounts
of fixed ROM bits {which are generally - but not abways ~ used as a unique identification
number).  When priot micthods are used in manuiicioning NFC and/or RFID tags, Hexible
andior non-standard substrates cav. be used, but-the ROM bits are permanently encoded and
cannot be clectrically modified, Any payioad bits that are not allocated as fived ROM biss
can be allocated as dynamic sensor bits. These sensor bits van change values, based ona
sensad nput, Different sphits or allocations between ROM and sensor bits are indicated by
data format bits that ave part of the nonspayload or “overhead” bis, generadly in the first 2®
bits (br 2™ bifs, where g b 8 positive infeger < n, duch as 16 bifs. is the case where m¥32% =

138 or 256) of the NFC andlor REFUD tag mamory.

Exemplary SMT Nozzles

{8877 FIGS. S3A-D show various views of an SMT nozzle 500 suitahle for use in the
present method, FUHS. 3A s bottowm view of the nowzle 5300, The fead portios 530 of te
nozele 300 that contacts the component bas a length L, a width W and a shape matching or
substantially matching the shape of the compovent 1o be placed on the SMT substrate. The
sarface of the nozzle head 330 has a raised bead, edge or rimt 510 around the periphery that
ensures contact with the peripheral surface of the component, even if the component is
fexible anddor has a non-planar surface topography.  The nozzle 500 may be adapled for
plasement of & component having 2 rectangular shape with rounded somers, such as the

displays 350 and 355 in FIGS. 3AB. The nozzle head 530 also includes.a series of holes or
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openings 5208-320n configured 10 hold the compouent onto the vozele 586 vpon application

of a vacuum through the heles or openings 5320a-320n,

{078 FIG. 3B shows a side view of the SMT nozzie 300, including the head S30,
the raised bead $10 thercon, and a conventional connecior or locking portion 340, The
sonnecior 540 connects the sozzie 308 10 a wand or similar placement device iy the picks
and-place machivery {o:g.. it the gantry 236 in SMY machine 230 in F1G. 2. FIG. 5U shows
a perspective view of the SMT nozzie 300, cluding the head 530, the raised bead 510
therson, and the connector 540, The ozxle head 5330 frther focludes an opening 513 in an
end or side surfice thereof for atachment of a connector to-a vacuur source, such as a pump
{not shawn)., The opening 313 is in gaseous comumuiication with the holes or openings 320a
S20n. FIG. 5D shows an end view of the SMT nozzle 300, fncluding the bead 330, the raised

bead 510 thereon, the opening 315 therein, and the connector 340

{8079} FIGS. 6A-C show various views of another SMT noxzle 500 saitable for use
i the present method. FIG. 6A s 2 bottom view of the nozzle 600, The norzle head 630 that
contacty the component has @ Jength LI, g width W1 and a shape matching or substantinily
matching the shape of the componsnt (o be placed on the SMT sebstrate: The nowzle bead
630 has a plurality of raised surfaces or edges 610a-b on peripheral surfaces of the nozzle
head 630 that cosurc contact withe peripheral surfees of the component, even if the

compobent & flexible dndior hay a soneplatiar surfoce topography. Bl of the raised

surfaces 610a-b in FIGS. 64-C haz & width W2 and 2 lengih equal 1o the width W1 of the
nozele head 630, although other dimensions may be suitable for other embodiments or
vartations. The nozade 600 may be adapted for placement of & component having a square of
rectangular shape with reised and/or uneven: topegraphy i a central region thereof and
bonding connectors {e.g.. conductive bumps, pads, solder balls, ete.) on opposed ead regions
thereof, such as the integrated cireuit 335 and the battery 370 4a FIG. 3B. The nozzle head
638 also includes 3 hole or opening 620 and an array and/or grid of slots gndfor grooves 623
configured to hold the compovent onto the nozzle 600 upon application of a vacuum through

the hole or opening 6340,

{6080] FIG. 68 shows a perspeotive view of the SMT nozzie 600, inchuding the head
838, the raised surfaces 81a-b thercon, the opening 620, the arvay andfor prid of slots andior

grooves &25, and g conventional connsstor or locking portion 630, The connector 640
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connects the nozele 800 to & wand or similar placement device in the pick-amd-place
machinery (e, it the gantry 238 in SMT machioe 238 in FIG. 3). FIG. 60 shows an end

view of the SMT pozzle 600, including the head 630, the rmised surfaces 610a-b thereon, and

the connector 640, The nozzie 600 may further include 8 vacsum connectorfopening {not

(%3

shown) in gaseous communication with the hole or opening 620 for attachment of a
connector 1o @ vacuwn source, such as a pomp. The vacuwm conpector/opening may be nap

end or side curface of the nowzle &40 or m/through the connector 640,

10084 The present invention advamtageonsly avoids the high cost of full-system
10 assemnbly {pick and place) associated with high-end SMT machines, The present method can
be implementad using basic and/or standard, low-vost machines widely available using
standard SMT services andfor processing.  The present invention alse aveids the relatively
high temperatures associated with solder and solder reflior processes, and addresses

shurteomings of nozeles with standard shapes and SMT equipment that is beompatible with

o
[543

flexible components.

{6082} The foregoing descriptions of speeific embodiments of the present fnvention
have been presented for purposes of illustration and deseription. They are pot intended to be
eahangtive or to Hmit the lsvention to the precise frms dischosed, and obviousky many
maditications. and vactations ave possible dn light of the above teaching. The embodiments
M ware chosernr and desoribed in order to best explain the principles of the invention and Hs
practical applisation, 1o thereby enable others skilled iy the art to best atilize the invention
and variogs embodiments with varions modifications as are suited to the particular use
contemplated. It & intended that the scope of the invention be defined by the Claima

appended hereto and their squivalents.

j
¥4
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AIMS

What is claimed is:

i.

i3

)

:.J

A method of manufacturing an electronic device, comprising:

aj printing a conductive adhesive onto pads af ends of traces on g substode;
b) placing oneor more compoanents kaving a non-standard size andéor shape onto

the pads with the condugtive adhesive therson; and

after the component(s) have been placed onto the pads of the substrate, curing

5

the conductive adhesive at a predetermined temperature or with lght having
predetermined wavelength or wavelength band.

The method of claim 1, wherein the conductive adhesive is cured at the predetermined

temperature, aad the predeteomined temperature s in the range of from 50 °C o 148

O{i’-

The mwthod of clagn 1, whereln the conductive adhesive i3 an anisotropic conductive

paste {ACP}, comprizing:

a} one or more polymecizable manomers;

b} one of more co-monomers that 15 co-polymerized with the pobanerizable
monmners, the sne ormote eo-owaomers having g formula with at least three
functiona! grosps thal are co-polymerizable with the oge or more
poivmerizable monomers; and

&} one or mors conductive filaments or particles dispersed i the AUE.

The method of ¢laim 3, whereln the ACP funher consprises a thermally activated

initiator,

The methed of clabin 1, wherein said substrate is flexibie.

The method of clatm 5, whereln satd subsirafe comprises a plastic sheet or film,

paper, 3 metal foil or Blm, ora combination thereof:

The method of claim 1, wherein szid one or more components are placed onto the

pads wsing a slandard andfor oncustontized swface moww technology {(SMT)

machine.

The method of claim 1, further comprising hspecting a rotational position of said one

or e somponents anddor a placement of said ong or more components onw the

subsirate.

A systers for manufacturing an electronic device, comprising:
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5
£,
24
SR
12,
1513
14,
20
15
23
16,
17

) a printer configured to prist a conductive adbhesive onto pads at ends of waces
on a substrate;

b a surface mounting maching, configured 0 place one or more componsats
having a pop-standerd size andfor shape onto the pads with the conductive
adhesive thereon; and

o} a curing station, configured t© cure the condective adbesive afior the
componeni(s) have been placed onto the pads of the sebsirge.

The system-of olain 2, further comprising & feeder vonligurad 1o feod satd substrate

into said printer, and a collector configured fo recetve said substrate from said curing

station.

The system of clams B, wherely said SMT -maching comprises a substrate holder or

clamyp, a gantry, and a tape-and-reef station,

The system of clatm 9, whereln said SMT machine further comprises & smmera or

ather Inspection equipment.

The systern of claim 2, wherein said printer comprises a screen or stenetl printen

An electronic devive, comprising:

a} a subgstrate having a pluealily of races thereon, esch of said traces having a
pad at one or mors ends thereaf]

) ane of e contponests haviag a soea-standard size andior shaps, wherein
cach of the one or more components is on a fivst subset of the pads; and

o) g cwed conductive adhesive between the pads and the one or more
compuonents, the cured conductive adhesive slectricatly connecting one of the
pads to s corresponding terminal of the one or more components.

The device of ¢latm 14, funther comprising one or morg additiosal components having

a standard size and/or shape on a second subset of the pads.

The device of clain 135, wherein sald ong or more compunents are selected from the

group consistng of @ scnsor, an antenna, and a display, and said one or oo

additional components are sclected from the group consisting of an integrated cireuit

anda battery.

The device of clatim 16, wherein ong o more layers of said sensor, said anlenpa,

andior said display, satd integrated cirouit andfor said battery comprise 3 printed

material.
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18 The device of claim 14, wherein satd substrate is flexible.
18, The device of clainy 18, wherein said sabstrate comprises a plastic sheet or film,

paper, @ metal foil or fikm, or a combination thereof

20, The device of claim 14, wherein the conductive adbesive Is an anisotropie conductive

i paste {ACE), comprising:

al one or more polymerizable nonomers;

B one or more co-monaoers that i3 co-polymerized with the polymerizable
mononiers, the dne of mote ee-wondmers having 4 formiula with gt Teast three
fupctional  groups that are co-polymerizable with the ong or moe

1 polymerizable monomers; and
) one ot move conductive filamends or particles dispersed in the ACP.
21 A curable vonductive adhesive, comprising:

) ag fnitiator that is thermally activated or activated wpon isradiation with light
having a wavelength within a predetenmined band;

I35 b} one or more monomers that are polymerired by the activated initiator;

oy one of more co-mononiers that are co-polymerized with the menomers, the
one or more co-nonomers having & formula with ot least three fonctional
groups that are co-polymerizable with the one or more monmners by the
activated initiator; and

20 i} elastic conductive fHaments or particles dispeesed in the conductive adbesive,
wherein the conductive adhesive is curable at a teraperature of 150 °C or less.
22, The conductive adbesive of claim 21, wherein temperasture is 80-140 °C.
23 The conductive adhesive of claim 21, whereln said olastic conductive flaments o
particles comprise elastic pasticles coated with an clomental, conductive mstal or
23 altoy.
24; The condietive adbesive of ¢laim 21, whersin said initialor 13 presest in an amount of

from ¢} to 10wl said one of more monoimers are present inan amont of from 10

to M v, said one or more coamonomers are present i an amousd of from 0.1 o 10

wite, said conductive filaments or particles are present i an amount of from 1 o 20

36 wi%s, and g selvent inanamountof from 110 70 3w,
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b2
LA

The conductive adbesive of clatm 21, whereiny said obe 6F More cOMMONORILLS arg
selected from the group consisting of O1-Cy esters of Cr-Up wiaerylates and Cro-Chi

rinsethacrylates,
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FIG. 1
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1, 2, 5, 14, 15, 18(completely); 6, 19(partially)
See the subinventions in items 1.1-1.3 below
1.1. claims: 1, 2, 14

A method as in claim 1 or a device as in claim 14,
wherein the conductive adhesive is cured at a temperature
from 50 °C to 140 °C

The technical effect is associated with the use of a
(relatively) low temperature for the curing process. The
problem to be solved is how to bond heat-sensitive
components.

1.2. claims: 5, 18(completely); 6, 19(partially)

A method as in claim 1 or a device as in claim 14,
wherein the substrate is flexible and comprises a plastic
sheet or film

The technical effect is associated with e.g. a substrate
exhibiting some resistance against moisture. The problem to
be solved is how to provide a substrate not degradable in
humid environment.

1.3. claim: 15

A device as in claim 14,
further comprising one or more additional components having
a standard size and/or shape on a second subset of the pads

The technical effect is associated with a multi-component
device, allowing for increased level of device integration
thanks to interactions between components in a single
device. The problem to be solved is how to increase device
integration and hence allow for miniaturisation of a
finished product having functionality related to a plurality
of components.

2. claims: 3, 4, 20-25

A method as in claim 1 or a device as in claim 14,

with details concerning the composition of the conductive
adhesive,

as well as a curable conductive adhesive as in claim 21

The technical effect is associated with e.g. the amount of
shrinkage of the adhesive. The problem to be solved is how
to control the mechanical stability of the bond provided by
the conductive adhesive.
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3. claims: 6, 19(all partially)

A method as in claim 1 or a device as in claim 14,
wherein said substrate is flexible and comprises paper

The technical effect is associated with a particularly cheap
substrate. The problem to be solved is how to select a
cost-effective substrate.

4. claims: 6, 19(all partially)

A method as in claim 1 or a device as in claim 14,

wherein said substrate is flexible and comprises a metal
foil or film

The technical effect is associated with a conductive
substrate. The problem to be solved is how to provide a
simple substrate allowing for conducting heat and/or
electricity to and from the component.

5. claims: 7, 9-13

A method as in claim 1,

wherein the component(s) are placed on the pads using a
standard and/or uncustomised SMT machine,

as well as a system as in claim 9

The technical effect is associated with automatisation of
the manufacturing process. The problem to be solved is how

to efficiently and reproducibly manufacture the electronic
device.

6. claim: 8

A method as in claim 1,

further comprising inspecting a rotational position and/or a
placement of the component(s) onto the substrate

The technical effect is associated with monitoring the
bonding process, allowing for correction (adjustment) of the
position of the component if needed. The problem to be

solved is how to improve the yield of the manufacturing
process.

7. claims: 16, 17

A device as in claim 14,

wherein said component(s) is(are) a sensor, an antenna or a
display,
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further comprising one or more additional components having
a standard size and/or shape on a second subset of pads, the
additional component(s) being an integrated circuit or a
battery

The technical effect is associated with the possibility of
extracting or providing the sensor, antenna or display with
power by the integrated circuit or the battery, as well as
with controlling the functioning of the device by the
integrated circuit. The problem to be solved is how to
provide a multi-functional device in a single package, with
coordination of the components provided within the device.
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