WO 2009/039554PCT/AU2008/000333 METHOD OF FORMING LOW PROFILE WIRE BONDS
BETWEEN INTEGRA | ED CIRCUITS DIES AND PRINTED CIRCUIT BOARDS 5 FIELD OF THE
INVENTION TRE VEHtoH relates to the field of integrated circuits. In pe{)r?izjﬁlg‘}?‘}[%%g‘?ﬁVention is
directed to the wire bonds between a circuit board ang the contact pads on the integrated circuit die.
10 BACKGROUND OF THE INVENTION An integratéd circuit fabricated on the silicon wafer is often
referred to as a 'die’, For the purposes of this specification, the term die will be used as a reference to
an integrated circuit fabricated on a wafer substrate usm%gé 6)gﬂraphlc the well known etching and

deposition techiLEY LB SR UEEE FHEE AR OEHEHL 1B BRIy FRNI THEGRACT B5dies are
electrically connected to printedi RicaLTH oaEgsADARIWDRDC IREMTB GRS are very thin wires -
around 25 to 40 microns in diameter extending from contact pads along the side of the wafer substrate
to contacts on the printed circuit board (PCB). Wire bonding is a widely used electrical interconnection
technique bécalifd - &f thel Sirdldty Bhd &t uracy of modem wire bonding machines, commonly referred

to as wirebonders. 20Tpe M&ﬁ%@f@&é&am@&@W@Mimmatmmc%m@ﬁl%gmﬁoaﬁwre from
conductors on tlge F;Cél?% the cQ n? E ads on.an. g% é}fgat%dhcwcun die. Wire,is fed thrqugh a bonding
o e M BEHPESTPE HEAt SR iP5 Soniad! Bts 16 Bk the wire to the

tool that uses some combination
bond pads via agelitidthase welding process. The two most common types of wire bonder are

25referred to as wedge bond and ball bond. These refer to the bonding tool and the configuration of
the wire bond itself. With bothoa/é)es of wirebonders, the individual wire bonds extend in an arc from

the bond p(lﬂi o@ﬁ%ﬂﬁ{% YRR @ﬂﬁt%ﬁhl@?&he conductor on the PCB. This is because wires from
the contact pads to tharFH@B:arei niade tongerthannetessanfdoiattanifadate chatigeson the gap

between the PGR ang i0s RANLS RAAS.ALE 43 IBGIRRl30 EXRANFIN.ARXID s GTIRenents and so on.
circuit fabricated on a wafer substrate using lithographic the well known etching and
deposition techniques commonly used in semiconductor fabrication. Integrated circuit {(IC)

15 dies are electrically connected fo printed circuit boards by wire bonds. The wire bonds are
very thin wires - around 25 to 40 microns in diameter - extending from contact pads along the
side of the wafer substrate to contacts on the printed circuit board (PCB). Wire bonding isa
widely used clectrical interconnection technique because of the speed and accuracy of modern
wire bonding machines, commonly referred to as wirebonders.

20

Wirebonders are automated devices that weld small lengths of wire from conductors on
the PCB to the contact pads on an integrated circuit die. Wire is fed through a bonding tool
that uses some combination of pressure, heat and/or nltra-sonic energy to attach the wire to the
bond pads via a solid phase welding process. The two most common types of wire bonder are

25 referred to as wedge bond and ball bond. These refer fo the bonding tool and the configuration
of the wire bond itself. With both types of wircbonders, the individual wire bonds extend in
an arc from the bond pad on the integrated circuit (IC) die to the conductor on the PCB. This
is because wires from the contact pads to the PCB are made ionger than necessary to
accommodate changes in the gap between the PCB and the bonds pads due to thermal

3G expansion, flex in the componenis and so on.



WO 2009/039554PCT/AU2008/000333 2 To protect and strengthen the wire bonds, they are sealed

within a bead ofOe 09)(/}{3(9:aued encapsulant. The top of the wire arc is often 1'?1bog€;[0300 microns above
the contact pa‘gs a‘ff’houg some wire bonding may extend even higher. AR nasfﬁ%}ss?aggests, the

encapsulant needs to encapsulate the full length of the wire so the encapsulant bead will extend 500
5microns to 600 microns proud of the contact pads.. If the die is purely an electronic microprocessor,

there is itle need to keepiasesaptrahal e encansulans heed dlnensions.anexer e die s 2

micro-electro mechanical systems (MEMS) device with an’active upper surface, it may be necessary

or desirable to TOBPTYTheldetRiosthivade srteiia Bits 16 sasrasaasts hittranetPsurface. One
such situation agpiegHeoinkjei-prisihieadsy Hrenpraximiphalf thetrininmesigto the arzgielatray
influences the pri ciiality, SiTUaA, 8 cleaping shrfasdswiped aqioss fe nofzigs, the bead of
encapsulant canehamper the wiping CONtact. nother pro lems arises because of sides of the
encapsulanf beaticesis o Eraigprs oaeled tharoplc e technique for depositing the encapsulant
involves extruding it from a needle directly onto the line of wire bonds. The encapsulant volume and

placement on the die Etggg.ve% accuratfz. Variations in the Pr% ssure. from the ?umﬁ or slight
0

non-uniformities in the Spedd SPHE HESHiE AT 9B LSVt Ll Ml Rt tHE ctive surface to

be reasonably 20ciwbkeds Axthailgidéced thmcbsiasidletstraifht didias wobedsiremestipsphced from
any active parts;on.theaetive) surfaceito comiariably aceemmodate the perurbations. gpacing the

electrical contacts away from the active portions (say for example, inkjet nozzles) of the active surface
uses up valllabE RS 4P SEHIES At nuas s HOFBLY BitRethsLi eSS rasttated from a wafer

disc. 25 situation applies to inkjet printheads. The proximity of the print media to the nozzle array
influences the print quality, Similarly, if a cleaning surface is wiped across the nozzles, the

bead of encapsulant can hamper the wiping contact.

15 Another problems arises because of sides of the encapsulant bead are not straight. One
commonly used technique for depositing the encapsulant involves extruding it from a needle
directly onto the line of wire bonds. The encapsulant volume and placement on the die is not
very accurate, Variations in the pressure from the pump or slight non-uniformities in the
speed of the needic cause the side of the bead contacting the active surface to be reasonably

20 crooked. As the side of the bead is not straight, it has to be generously spaced from any active
parts on the active surface to comfortably accommodate the perturbations. Spacing the
clectrical contacts away from the active portions (say for example, mkjet nozzles) of the active
surface uses up valuable wafer real estate and reduces the number of dies that can be

fabricated from a wafer disc.

25
In light of the widespread use of inkjet printheads, the invention will be described with
specific reference to ifs application in this field. However, the ordinary worker will appreciate
that this is purely illustrative and the invention is equally applicable to other integrated circuits
wire bonded to a PCB or other support structure.
30

SUMMARY OF THE INVENTION



In light of the widespread use of inkjet printheads, the invention will be described with specific

reference to its a%)ﬂ!ig(/:(%'gsosg in this field. However, the ordinary worker Wigca%ggtr}%cﬁiaggﬂtsh?t this is purely
illustrative and thé IRVanton is equally applicable to other integrated circuits Wite bondad to a PCB or

other support structure. 30 SUMMARY OF THE INVENTION WO 2009/039554PCT/AU2008/000333
3 According to a first aspect, the present invention provides a method of profiling a series of wire

bonds between aline glusnniges PAe 814 dienAtha sarEsAANANg 2RLALEARANSIRTS.n & supporting

structure, the method compriSing the steps of; electrically connecting each of the contact pads on the

die to a correspBHaY & PSS FORRRG redetar ittt & FeRpReElBY F@hond, each of the
wire bonds extendigidn an ayef@mikecaniatt pathtd theyetndubtar:angd, pushing on each of the

wire bonds individually, t¢ rgcgilaeg& (t:hgn G and 1gcleacsétifa%k|ﬁa gg%r%etag wire | Pr%@%nsdﬁr?b that the plastic
deformation maintains the wire bond In-a llatter profile shape. The st ngt of the wire bond is

Imown to bé relefderpsaidiic SnprtBrerels it gremestiorcarthoifeseh ohtinpptigarts work has

found that the witeendstrusturerisiohusiepaug miawithstangd@ certain degree of work hardening
from plastic deformation, The arc of m_[\e wire b(“)fﬂd C lé]gbe deformed into a flaéte{ g)rofille without
i1 S emléa u r]'t )

compromising the eIe%‘frslhcl%? f%cc%cr}\lnoec f:o\ﬁ“{/evilfﬂ .al'lﬁéo,&%&i’é%ﬁ SHB6V re?é?tlaﬁced USSN

11/860,539 (OuwfDoskkt MRNOGBUS) kitblogessia defohmitjoe fomsimuthamaolslyd pushinigrsome or all of
the wire loops i@mﬁ;e shape.
10
The strength of the wire bond is known to be relatively small; of the orderof 3to 5

grams force. However, the Applicant's work has found that the wire bond structure is robust
enough fo withstand a certain degree of work hardening from plastic deformation. The arc of
the wire bond can be deformed into a flatter profile without compromising the electrical

15 connection with the PCB. The Applicant’s above referenced USSN 11/860,539 (Our Docket
MPNOOSUS) discloses a technique for simultaneously pushing some or all of the wire loops in
the line of wire bonds. This so called gang wire pushing techmque is effective but further
development has shown that individually collapsing each wire bond is more controlled and
gasier to implement in a high volume manufacturing process.

20

Preferably, adjacent wire bonds in the line of wire bonds are sequentially pushed. Ina

further preferred form, the step of forming the line of wire bonds uses a wirebonder that has a
bonding tool for moving between the contacts pads and their respective corresponding
conductors, and the line of wires bonds are sequentially pushed by a wire engaging structure

25 onthe wircbonder. Preferably, the wire engaging structure and the bonding tools are
configured for synchronized movement. Preferably, the wire engaging structure pushes the
wire bond immediately adjacent the wire bond currently being formed by the bonding tool.
Preferably, the wirebonder is 2 wedge type wirebonder and the bonding tool is a wedge with a
wire clamp at a distal end such that during use, the wire clamp holds a piece of wire in contact

30 with one of the contact pads on the die to form a weld connection before moving to the
corresponding conductor on the PCB to weld the other end of the wire and formal wire bond,

and the wire engaging structure has a wire pushing surface that contacts the wire bond, the



the line of wire bonds. This so called gang wire pushing technique is effective but further development
has shown that individually collapsing each wire bond is more controlled and easier to implement in a

high volume Yo AT process. 20 Preferably, adjacent wire borfd<ARANEYRE D wire bonds

are sequentially pushed. In a further preferred form, th step of forming the line of wire bonds uses a
wirebonder that has a bonding tool for moving between the contacts pads and their respective
corresponding condugiore. apcihe,ine of witgs ANds e, sequentialy pehed by, wire gngading
structure 250n the wirebonder. Pre ral%?y, the wire engaging structure and the bonding tools are

configured for siprieprentivaenhnbisrieras PrefssbniGHiE wire eribadidy sescndr®@pushesithe wire bond
immediately adjagantthenvire bandesu antisReingdoinsdducthebarding tookPreferakly, the

wirebondir s e type vrebonder and he bopdng ool e werige iy awire camp at adita
R hold ife tact 30 Wit 'SRe’sf the contact

end such that during use, the Wiré clamp S a piece of wire'in con
pads on theSdietho forrrapwielel dorifiatition beforedobnimeothdhedmespemdhmgdsadneustor on the PCB

to weld the otheiend afthgyise areh.ioumalkuire hend,aRd e M@ee@gggmgcﬁg‘%coweﬁ#&s a wire
pushing surface_ that contacts the wire bond, the WO 5009/039554PCT/AU2008/ 0333 4 wire

pushing surface 98 EH TS AL 1B foM11C SARFF DR the WAESERISh ARt T 28Bedt to the
movement of thémwedge towards the IC die. In a particularly preferred fowl, the wire pushing surface is
between 50 microns to 400 microns closer to the PCB and the wire clamp. In some embodiments, the
line of wire bonds does not extend more than 150 microns above 5the contact pads of the IC die. In
preferred embodimentssfhshlingeafontite hands deesidanexiendrmanalithasnbRmicensatye the

contact pads of {oe.lf dig: 0 PASHIAY PIRlesd form: dhe.uite bandsare, aftaghed Lo ine contact
h b y the contact pa%s are spacrf'-)]ﬁl from the

pads with a bond strength greater than 3 g force. 10Prefera

corresponding dBtitietAscorr IR POBIBYRSFEnBRDE Mreme erhadiesnprdie el fermsureEontact

pads are betwegrdurnmang 84T an theicormespadi neueRilctars QR tha R&Es drsome
embodiments, thg PCB. has a su Qort gﬁru&:tur anrgt e flex PCB ?nq’ need to the supﬂoort structure
adle j@C t e ae ][e g.l i% S_,If [+

such that the coftuc Btr%eﬁ?g LajAcERT theCon %g%pl g8n ?fg%‘?@. n pgﬁ} Oﬁé%%“ﬁ%cﬁsfﬁents, the

support strifcturéirareantise hig: heo sty isgdze the. suppobing thddiesutieceia datitigrabishek surface in
contact with theghip mounting area and an active surface opposing the back surface, the active surface having

the contact pads, and the chip mounting area being raised relative to the remainder of the

support structure such that the contact pads are raised relative to the conductors. Ina

particularly preferred form, the support structure is a liquid crystal polymer (LCP) molding.

20 Preferably, the active surface has functional clements spaced less than 260 microns from the
contacts pads of the die. In a particularly preferred form, the die is an inkjet printhead IC and
the functional elements are nozzles through which ink is ejected. In some embodiments, the

support structure is a liquid crystal polymer (1.CP) molding,.

Preferably, the wire bonds are covered in & bead of encapsulant, the bead of

25  encapsulant extending less than 200 microns above the active surface of the die.

Preferably, the wire bonds are covered in a bead of encapsulant, the bead of
encapsulant having a profiled surface that is fiat, parallel to and spaced less than 100 microns

from the active surface.

Preferably, the line of wire bonds are covered in a bead of encapsulant, the bead of

30 encapsulant having a profiled surface that ts flat and inclined relative to the active surface.



chip mounting area and an active surface opposing the back surface, the active surface having the
contact pads, and the chip mounting area being raised relative to the remainder of the support
structure suchWﬂafP?%s%%tact pads are raised relative to the conductorg?m%ﬁ'ﬂﬁ%ﬁgrly preferred
form, the support structure is a liquid crystal polymer gLCP) molding. 20 Preferably, the active surface
has functional elements spaced less than 260 microns from the contacts pads of the die. In a

particularly preferred fgo, Jie die {%.2dnidetariniead|G.and the,unetional.clemants arg nozzles
through which ink is ejected. 1h some em “oélments, the support structuré is a ﬁ(ﬁu crysta% polymer
(LCP) molding. @1 epoxpsfeialiiat s drixfteopisrdsiarecesdered in a bead of encapsulant, the bead of
25encapsulant extenquegejlrgbs t!ﬁan ZQQOI%Ecg?nC% aeb ve mjee, C '\égcgusrf ce %f ter]ggadier tbrPreferany, the
wire bonds are covered in a bead %Fencapsuﬁan{ the bead of enc pgl%htt ﬁaV|n3S%aBrofW§d surface
that is flat, parakerneanepispabest tessconthIBCTHisrGAS frovhahengietide surface. Preferably, the

line of wire bonds are covered in a head of encapsulant, the bead of 30encapsylant having a profiled
t? e g?%%&%&ﬁ?e%éﬂgr%&?c% S bR ALIB08/000333 5

surface thaf'is flat an(}nlﬁalne refative
Preferably, the witéhboprsare dovérad ¥ mlsend fofreicapselant. the encapsulant being an epoxy
material that is thixotropic when uncured. Preferably, the wire bonds are covered in a bead of
encapsulant, the encapsulant being an epoxy material has a viscosity greater than 700 cp when
uncured. 5In a particd&lc%m%fﬂiﬁq@ﬁ??‘fﬁépﬁ? niifeuEreR ‘%VFHB%?é‘H’ii%%aﬁYffﬁlé@gﬁrcﬁrthat during use the
nozzles are lessithairiQ@mmicctmsafr ot papaitpativith condAcesrdingtatedéconthaspect, the
present in\é%ntiqgi_lggg}{égp&gﬁwﬁgpnder for electrically connecting an integrated circuit die with
conductors on a printed circuit board, the 10 wirebonder comprising: a bonding tool for attaching

wire bonds from the iritejiditedost-EivereBgnd-e oo Eivstor tHeepiRteiscei - distbbard; and,

conductors of the printed circuit board; and,

a wire engaging structure for deforming the wire bonds.

15 Preferably, the wire engaging structure pushes on the wire bonds to plastically deform

them.

Preferably, the wire engaging structure is configured to push the wire bonds onto an
adhesive surface positioned between the integrated circuit and the conductors of the printed

20 circuit board.
Preferably, the wire engaging structure is flexible relative to the bonding tool.

Preferably, the wire engaging structure is configured for synchronized movement with

25  the bonding tool.

Preferably, the bonding tool moves from the integrated circuit to the conductors when
forming one of the wire bonds and the wire engaging structure has a wire pushing surface
positioned 1.0 mm to 1.6 mm behind the bonding tool with respect to its direction of

30 movement when forming the wire bonds.



a wire engaging structure for deforming the wire bonds. 15Preferably, the wire engaging structure
pushes on the wire bonds to plastically defol them. Preferably, the wire engaging structure is
configured to &%ﬁ“?ﬁ@?’\?ﬁ% bonds onto an adhesive surface positioned BSW@ﬁgfﬁgﬂﬁ:}?egrated circuit
and the conductors of the printed 20circuit board. Pregerably, the wire engaging structure is flexible
relative to the bonding tool. Preferably, the wire’engaging structure is configured for

synchronized rf‘_o"em%%tfé!%fég? ?%Ehﬁtg’%lgj?&&%’ | Preferably, the bog’gggésaop | moyes from the
integrated circuit to the con gc'gors_when orming one of the wire Bonds and the wire engaging
structure has a WirETSUSHiG ‘Sdftauerons rdlisnaant dornothaserneritsatiifrdaHubibatimgiteol with

respect to its dirgetierRf.30, rarvarasidwhenJentingdhewireibondse Wdling tool is a wedge
2009/039554PCT{&A,U200 /OOO%S?A.G | CFreLe{}?t?I&/, the integrated %:ircu}ilt Fl'e is.mounted fo a
\te and the wire pUShing stiface” U IhicTohs Eics&r Y8R supporting

supporting surface and the wire pussrt’nng Strface IS B8 ittons 154
surface thart thesdtstiinig: sl ofthe ferztivlypatireonihe ldisrtd éoris awvkdgensgentirdbonderandithe bonding

tool is a wedge Withaondre, iR Bt o distat 8Rchaue MiRAt L uRngr UeytRa ks GlagR: hglds a piece of

wire in 5contact with one of the contact pads on, the die to form a weld connection before moving to the
corresponding g&#ﬁﬁ%ﬁ%ﬂ%"*ﬁ@ﬁ@@% &8 R B oEh Y B EHAl B AP ASTRSE Rt & Bbnd.
Preferably, the wirerpibshingtsudace is formed from a material that has a hardness less than that of the
wire bonds.

10 Preferably, the wire bonds are formed from lengths of wire with a gauge between 15

microns and 75 microns. In a particularly preferred form, the gauge is about 25 microns.

In some embodiments, the wire bonds attach to respective contact pads on the IC die
and the wire bonds do not extend more than 150 microns above the contact pads of the IC die.
15 Inpreferred embodiments, the line of wire bonds does not extend more than 50 microns above

the contact pads of the 1C die.

Preferably the contact pads are spaced from the corresponding conductors on the PCB
by more than 1 mm. In a further preferred form, the contact pads are between 2 mm and 3 mm
20 from the corresponding conductors on the PCB. In some embodiments, the PCB has a support
structure and the fiex PCB and need to the support structure such that the conductors are
adjacent the contact pads on the die. In particular embodiments, the support structure has a
chip mounting area for supporting the die, the dic having a back surface in contact with the
chip mounting area and an active surface opposing the back surface, the active surface having
25  the contact pads, and the chip mounting area being raised relative to the remainder of the
support structure such that the contact pads are raised relative to the conductors. Ina
particularly preferred form, the support structure is a liquid crystal potymer (LCP) molding.
Preferably, the active surface has functional elements spaced less than 260 microns from the
contacts pads of the die. In a particularly preferred form, the die is an inkjet printhead IC and
30 the functional elements are nozzles through which ink is ejected. Tn some embodiments, the

support structure is a liguid crystal polymer (LCP) molding.



10Preferably, the wire bonds are formed from lengths of wire with a gauge between 15 microns and 75
microns. In a particularl Preferred fool', the gauge is about 25 microns. In some embodiments, the
wire bonds att (912?89f%3‘s}lﬁi§ctive contact pads on the IC die and the wire PoHALYBREEtend more
than 150 microns above the contact pads of the IC die. 15 In preferred embodiments, the line of wire
bonds does not extend more than 50 microns above the contact pads of the IC die. Preferably the
contact pads are spaced from the corresponding conductors on the PCB by more than 1 mm. In a
further preferred form, the contact pads are between 2 mm and 3 mm 20 from the corresponding

conductors on the PCBcdst&aime LaMaasjine ks plaeR GR-has arsuippost stettedtiesanckthe flex PCB and
need to the support structure such that the conductors are adjacent the contact pads on the die. In

) dom%msmg . . . . .
particular embodiments;’the support structure has a chip mounting area for supporting the die, the die

having a back surface;imgentast svithitie sl Meunting aigac.anddan active surface opposing the back
surface, the active surface having 25the contact pads, and the chip mounting area being raised

relative to te remaindarofethersuppore stibicturerslicrefnerdimsosomtacrpatisdrerdisétheelative to the
conductors. In a;pagticiarisspeefesred form, the support structure is a liquid crystal polymer (LCP)
molding. Preferably, the active surface has functional elements spaced less than 260 microns from the
contacts pads of the digzlpoadpelditidetycpradermgdddrod thhecdiecigah inkjetpristivedidd C and 30the
functional elemeptg aisdegzles through which ink is ejected. In some embodiments, the support
structure is a liquid crystal polymer (LCP) molding. WO 2009/039554PCT/AU2008/000333 7
According to a third aspediztive présepbvinventibeprovices ancalegisanicidevicespomnipgising: an
integrated WCU@OQ&%@PE @,@péﬁglity of contacts pads; 5a printed circuit board with a plurality of
conductors corresponding to each of the contact pads respectively;

the wire bonds are secured o the adhesive surface.

According to a fourth aspect, the present invention provides a method of reducing wire
bond loop heights in wire bonds electrically connecting an integrated circuit die with a contact
15 pad to a printed circuit board with a conductor, the method comprising the steps of:
mounting the integrated circuit die such that the contact pad is spaced from the
conductor;
posttioning an adhesive surface between the contact pad and the conductor on the
printed circuit board;
20 attaching wire to one of the contact pad or the conductor;

drawing the wire towards the other of the contact pad or the conductor,;

allowing the wire to contact the adhesive surface; and,
attaching the wire to the other of the contact pad of the conductor to form a wire bond

25  adhered o the adhesive surface and a point intermediate its ends.

These aspects of the invention are placed on the realisation that wirg bonds can be
adhered to an underlying supporting structure without detrimental effects to their bond
strength or function. Adhering the wire bonds between their ends provides a reliable and

30 control production in the wire bond loop height. The resulting wire bond heights can be



wire bonds electrically connecting each of the contact pads to the corresponding conductors; and,

an adhesive surface positioned between the contacts pads and the corresponding 10conductors;
wherein, the Wird B81EEate secured to the adhesive surface. Accorﬁ%éﬁ%ﬂg’% ﬁ%ﬁsaspect, the
present invention provides a method of reducing Wiregbond loop heights in wire bonds electrically
connecting an integrated circuit die with a contact 15pad to a printed circuit board with a conductor, the

method comprisingthe, 3teps &fﬁieveg%}Pédﬁﬁmgtb‘!ﬁsif&tﬁ%%%&iC%t‘){ﬁe%%&%@_ L fhg,eaotact pad is

spaced from the conductor; positioning an adhesive surface between the contact pad and the
conductor on th&pifbadk ersthebbarromaneipafyciiediscaress theildreressitediitie conductor:;
drawing the wirgitenvangdsidhenotherafdbencantaiat-pack anthryconductpi:-alpwingdheryimndo contact the
adnesive surface; and,. .., #taching the wite 19 the et ofthe contagt pad of the conductor to
form a wire bon éﬁ acfﬁereof {0 the Adhesive surface and fpom intétmediate its ends. These
aspects of the invention are placed on the realisation that wire bonds can be adhered to an underlying
supporting structure without detrimental effects to their bond strength or function. Adhering the wire

bonds between their éAd3aprdvitiesmbestitbredaridl Sthednnd| e dduetiomid ydhwiverdondttoop height.
The resulting wigerRnshheightz 8RN B8he bonding tool. The applicant has found that wire bond is will

typically allow the wire to touch the surface between the die and the conductors on the printed
circuit board as the bond is being formed. Once the wire has been welded to the contact pad

10 on the die, the bonding tool draws is towards the conductors on the printed circuit board. Asit
is drawn across the gap between the die and printed circuit board, the wire drapes downwardly
and rests on the underlying surface. The onty once the bonding tool has welded the other end
of the wire to the conductor, and the wire clamp immediately behind the bonding tool breaks
off the feed wire by pulling until tensile failure, does residual tension in the loop cause it fo-

15 bow upwards. If the wire 1s brought down to touch an adhesive surface before the ultrasomic

weld on the printed circuit board, it is not able to bow upwards.

Preferably, the wire bond is moved into contact with the adhesive surface by a

wirebonder is the wire bond is being formed.
20

Preferably, the adhesive surface is one side of a double-sided achesive tape.
Preferably, the wtegrated circuit die and the PCB are mounted to a supporting structure such
that they are adjacent and spaced from cach other. Preferably, the PCB is & flexible PCB and
the supporting structure is a liquid crystal polymer (LCP) molding. Preferably, the integrated
25 circuit die is mounted to the supporting structure by a die attach film, and the adhesive surface

is provided by a portion of the die attach film.

BRIEF DESCRIPTION OF THE DRAWINGS



WO 2009/039554PCT/AU2008/000333 8 smaller than that achieved by inducing plastic deformation
as the individual wire is unable to spring back up when the wire engaging structure disengages. It will
be appreciateav 915‘{"5@5?%ally deforming a wire bond also involves initiaﬁ?éﬁ?ﬂg%{ﬂ‘i?ﬁéforming the
wire. The elastic deformation is removed when the wire pushing structure is retracted. 5 The wire
bond can be adhered while the bonds are being formeéd by the wirebonder without any modification to

the bonding tool. The appligant s puncngl e Rondds. il ypicelly allow (e wire g touch the
surface between the die and the conductors on the printed circuit boa d’as'the bond is eing formed.
Once the wire h&&asHwWatdsEPIPtHEOHECRSad TBI8H the die, the bonding tool draws is towards the
conductors on the printed circuit board. As it is drawn across the gap between the die and printed
circuit board, the wire é%lﬂpels.dowgwagdl and re%tso the underlying surface. 'fl'he only once the

3 ﬁ SC em(a:l 18 %/ resentalion

bonding tool has wel e othat en S\wire 16 thé Conatic oﬁrancﬁefﬁlél%vuﬁeméfg%m' amediately

behind the Bondigty tdohtrmakstodfwire et wire by pulling until tensile failure, does residual tension in
the loop cause it to 15hgw.unwardRnifdbewiteadrPsatidumics U Ro-adhesive surHace before

the ultrasonic weld on the grinted‘circuit board, it js nat able to bow upwards. Preferably, the wire

bond is moved iFt8 BSHPLER {ith IS HGKELHE YA EY KRB SHder is the wire bond is being
formed. 20 Prefer&ligyctiichatihesiiE surfabangiongsidetoicasdd izl ensifed:adivediveniape.

Preferably, the integrated 9&8&%&%@@9%&%&%%&@@ fngunted to a supporting structure such that they

are adjacent and spaced from each other. Preferably, the PCB is a flexible PCB and the supporting
structure is'3 liquid crisIp SR REP e B TReIHiFrTRRimIg! we houslaaa watize b Bstis mounted

to the supportingetirmetisre by a die attach Film, and the adhesive surface is provided by a portion of

tzhoeogi/g ; 9tt5a502|; g”;/fﬁggg%%%%ﬁ;%%%@ t%'%&'&'p%uﬁz%é’é’d %Ig’g 1 reV\c/i%)cti{)ns for plastically
deformed wire bonds;

Figures 6A to 6C show the encapsulant bead being applied to the wire bonds using the
15 profiling blade;
Figures 7A and 7B show the profiling blade being used to control the encapsulant bead
front on the surface of the die;
Figure § shows the wire pusher mounted to the wirebonder;
Figure 9 shows the wire pusher and the wire bonder in profile; and,
20 Figure 10 shows the wire bonds adhered to the LCP molding between the die and the
flex PCB.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

25 Figure 1 shows a common technique used for applying a bead encapsulant to wire
bonds. A dic 4 is mounted to a supporting structure 6 adjacent the edge of a flex PCB §
(flexible prmted circuit board). The die 4 has a line of contact pads 10 along one edge and the
flex PCB 8 has corresponding bond pads 12. Wire bonds 16 extend from the bond pads 10 to
the bonds pads 12. Power and data is trangmitted to the die 4 via conductive traces 14 in the

30 flex PCB 8. This is a stmplified representation of the dies mounted within many electronic
devices. The printhead IC dies mounted to the LCP (liquid crystal poiymer) moiding to
receive print data from an adjacent flex PCB, as described in USSN 11/014769 (Docket No.



9  Embodiments of the invention will now be described by way of example only with reference to the

accompanyinqv%rawings In which: Figure 1 is a schematic representation of a common prior art
: 009/4 95’@4 . . . PETJ’AUZOB 000333,
technique for applying a' 5 bead of encapsulant to wire bonds;  Figure 2'1s"a’schematic

representation of a die mounted to a supporting strucfyre with chip mounting area raised relative to the
flex PCB mounting area; Figures 3A, 3B and 3C are schematic representations of the encapsulant

bead being profiee fites desitsaabaos sinaamaveahlebiads. 1 ioMES 44 gD are schemati

representations of e bonds being profiled by plastic deformation;  Figures 5A and 5B show the

encapsu.lant b3 HEIG ARSI NS o PO EE R et AraB Sl b g e may alpgdgraeusisdio 6C show
the encapsulantibess faeihgapphadidotthesirediangsousing the 15profiling blade;  Figures 7A and
7B show the profiling blade being used to control the encapsulant bead front on the surface of the die;
Figure 8 shows the wire pusher mounted to the wirebonder; Figure 9 shows the wire pusher and the
wire bondefin profile;TAad 2P 26 shHS the lRifobemdasadhet ddne!tien Rt iRg between

the die and the fadP CRo eBEa}EAlL;&@iDﬁs%&EdEﬁrdeld&&lB&Eﬁ@BRE@r&M%@- C?iﬁéﬁéﬂéf S 25Figure %l
shows a common technigue ysed for applying a bead encapsulant to wire bonds. A dig 4 is mounte
102 aupporting SN e s GHIRC EACEAL BEGHer & N LR B (OSTE B ICALREE BO A8 The cie 4
has a line of comautspluis290radong ore ddge amebiheriei PBBdghersaonteypdidirghigbed pads 12.

Wire bonds 16 extend fipmdheipond Rads: 18 ladheRondspads d-Powsh ardfala.sdrapsmitted to

the die 4 via conductjve traces 14 in the o ,
10 bead. The height H of the bead 2 above the die 4 is usually about 500-600 microns. In most
clectronic devices, this docs not pose a problem. However, if the die has an active surface that

needs to operate in close proximity to another surface, this bead can be an obstruction,

ELEVATING THE DIE RELATIVE TO THE FLEX PCB
is
Figure 2 shows a stepped support structure 6 that has raised the chip mounting area 26
relative to the PCB mounting area 24 (or at least the area mounting the PCB bonds pads 12).
With the die 4 on a raised chip mounting area 26, the arc of the wire bonds 16 are lower
relative to active surface 28 of the die 4. In fact, the end of the wire bond 16 attached to the
20  contact pad 10 can be the apex of the arc (bearing in mind that the wire bond arc is infended to
accommodate some relative movement of the die and PCB). When the wire bonds 16 are
covered with encapsulant 2, the bead has a reduced height H above the active surface 28 of the
die 4. If the bead of encapsulant 2 uses two beads of dam encapsulant 24 and a fill
encapsulant 22, the positions, volumes and viscosities of the beads need to take the step into
25  account. Bead heights less than 100 microns are casily achievable, and with additional
measures, such as wire arc collapsing and bead profiling (discussed below?), bead height of tess

than 30 microns are possible.

With the die 4 raised above the flex PCB § by 410 microns, the height of the wire
30  bonds 16 above the die is about 34 microns. With the die raised 6 10 microns above the flex

PCB, the wire bond height is around 20 microns, Raising the di¢ even further has shown tittle



30flex PCB 8. This is a simplified representation of the dies mounted within many electronic devices.
The printhead IC dies mounted to the LCP (liquid crystal polymer) molding to receive print data from
an adjacent fl&%@g?‘%séescribed in USSN 11/014769 (Docket No. \A}qur/AU:zousmoos 3
2009/039554PCT/AU2008/000333 10 RRCOOLUS) 'ﬁcorporated herein by cross reference, is one
example of this type of die mounting arrangement. Thée ordinary worlcer will appreciate that the die
may also be moynted diterlyio. HAIFRGR withases armed dharean :2The wike hands 16 are
covered in a bead on encapsulant 2 to protect and reinforce the bonds. The encapsulant 2 is
dispensed from%'&sehRYaEEBIE RS directly onto the wire bonds 16. Often the encapsulant bead 2
is three separate beads - two beads of so-called ‘dam' encapsulant 20, and one bead of fill 1
encapsulant 22 ) I ( F Iscosity.than the fill encapsulant 22, and
serves to form aS %%gﬁ%]ﬁ%%%gﬁﬁﬁ%@%% a%%f(g[“i{)\lé%% e height H of the bead 2 above the die
4 is usually @bout 500-600 microns. inmost electronic devices, this does not pose a problem. However,

if the die has an activeigidace {hat BRRORIRRATAE: NKEIAsSRFREWINY ip3nstbelutace,dhis bead
can be an obstruction. ELEVATING . THE %E R-EI%IATN TO 'H%}E FLE@{( PC__:E%%%? Figure 2 shows a
e ENis Rive B IRE

stepped support SHUCHNS B THar AEL AR 5 oG aPs s 28 1t B"'mounting
area 24 (or at |e3sothdcrpanrocmingnticehRCB dohd grpaldes bR Mthmihe dieods tie divdized chip
mounting area 26,:theal & QfiRgwireRaNds 18.arsdowertelatiye 4o aativesutiacedg.of fhe die 4. In

fact, the end of the wire bond 16 attached to the{ 20 contact pad 10 can be the apex of the arc (bearing
in mind that'the WiPsB AR ISR ENHEH B UBLD IMBIRIE2Eb el it YRBsTER TRt die and
PCB). When theangietbdnets thé ded.covered with encapsulant 2, the bead has a reduced height H
above the active surface 28 of the die 4. If the bead of encapsulant 2 uses two beads of dam
encapsulant 24 and a fill encapsulant 22, the positions, volumes and viscosities of the beads need to
take the step into 25attotiftrElaY FatyhiedsH Pl tpoinmipidsté eadifpadnidgusie, @dd with
additional measyies, sughtasiwirenaitacolbpaingandheadaraiting(dissussedelavrl-pead height of
f;z rt: f‘)'f‘ ti% Tvz%‘ég‘p%ﬁ‘e{%}%%éﬁ%%su YN Ng:de LIRS L RRNE NG o4 RGE 8Dy gt microns, the

from the discharge needle, or profiled by the blade 30, the material should not flow under its

own weight, but rather hold its form until it cures. This requires the epoxy to have an uncured
viscosity greater than about 700 cp. A suitable encapsulant is DYMAX 9001-E-v3.1 Chip
Encapsulant produced by Dymax Corporation with a viscosity of approximately 800 cp when

20 uncured. The blade 30 may be ceramic (glass) or metal and preferably about 206 microns
thick.

it will be appreciated that the relative movement of the blade 30 and the die 4 can be
precisely controlied. This allows the height H to be determined by the tolerance of the wire
25  bonding process. As long as H is greater than the nominal height of the wire bond arc above
the die, plus the maximum tolerance, the encapsulant 2 will cover and protect the wire bonds
16. With this technique, the height H can be easily reduced from 500-600 microns to less than
300 microns. 1f the heights of the wire bond arcs are also reduced, the height H of the
encapsulant bead can be less than 100 microns. The Applicant uses this technique to profile
30  encapsuiant on printhead dies down to a height of 50 microns at its lowest point. As shown in
Figure 3C, the lowest point is at the encapsulant front and the blade 30 forms an inclined face

32 in the top of the bead 2. The inclined face is utilized by the printhead maintenance system



30 bonds 16 above the die is about 34 microns. With the die raised 610 microns above the flex PCB,
the wire bond height is around 20 microns. Raising the die even further has shown little WO
2009/039554%%%%?&%/000333 11 or no further reduction in wire boﬁgﬂé}&ﬁ?%ﬂ?‘?:&ep of 710
microns having a wire bond height of around 20 micr NS. SHAPING THE ENCAPSULANT BEAD
WITH A PROFILING BLADE 5  Figures 3A to 3C shiow the encapsulant 2 being profiled with a

profiling blade 30, The. SHARRALL SHUCWE. & i@a@@ﬁﬂe fﬁéﬁnﬂggo&%%g&@erm&ﬁlhﬁiga@ésceﬂiéhe wire bonds 16

above the die 4. Befpre' thé epoxy encapsulant 2 has cured, the profiling blade 30 moves across the
die 4 and wire DBHERN S piEEarhirb pamibakeghbiinhmergeieasE cadetbida O B0 digistes the top
of 10the bead 3@da:itsiencRER s smiomanflatiopaurtage B2:thaids ahasignifisaetytreduced
height H above (g dic . .. e engapsulant head 2imay be & plurally el separate heads as shown
in Figures 1 and 2, or a sm% e bead of one material. However, orclose dimensional controf of the
profiled 15ehcapuiiiane ehebande&psuiemtyvatanasetised should be thixotropic - that is, once deposited
from the discharge needle, or profiled by the blade 30, the material should not flow under its own
weight, but rathgr hold its form until it cures. Tﬁis req%ires the epoxy to have an uncured viscosity
greater than ab bt gﬁ@ﬂ%ﬁ‘l?gb%%{ﬁcaﬁ% gﬁlt)i% YMAX 9001-E-v3.1 Chip Encapsulant produced
by Dymax Corporatiofigritts 4/viscésiby ofapprokirivatsly800vepingibn2itendurae bdide blade 30 may

be ceramic (glagg)ar /melaland Breferabiy. A arh 280, MaEaNs Lhick o bl deyapRigciated that the

relative movement of the blade 30 and the die 4 can be precisely controlled. This allows the height H

to be deterMinetByethunpEsMea SR ioire sbiokdhy pscrds band ryeaenarss Graditr than the
nominal height eéthetivgarband, alrc wibobe: itk et ba ! uadives max by teleranceddhehendapsulant 2 will

cover and protegl, e ire.RaNISLE, I sehnigue. e Deaicanessasiifeguced from

500-600 microns to less than 300 microns. If the heights of the wi arcs are also reduced, the

height H of the &lEsHEEdMHEBRaBEdRrFlebsthhl? 200 E s TrheuR fre b eisasitradechnique to

profile 30 encapsutadton REMheadGiesisowmhieahaight of SAunisiensatitsdasesigainticAs shown
in Figure 3¢, the lpwes %int is at t?%enca sulant fr n% and hg blade 30 folrms an inglined face 32 in
Ofg\?ﬁ CIUTES. ona < reas 1‘rS en&a}bosu?n 15 a%]g 163 convemjional wisdom 15 ©
the top of the bead 2. The inclined face 1s utilized by the printhead maintenance system
avoid any contact between the wire bond arcs and other solid surfaces.

As shown in Figure 4B, the arc of the wire bonds 16 can be collapsed by a wire pusher
34. The wire pusher 34 displaces the wire bond 16 enough to elastically and plastically
20 deform the arc. The Applicants have shown that contact with the wire pusher 34 can cause
localized work hardening in the wire, but as long as the pushing force is not excessive, it does
not break. The end of the wire pusher 34 is rounded to avoid stress concentration points. The
wire pusher may be a stylus for engaging single wire bonds or a blade that pushes on multiple
wire bonds simuitaneously.
25
Referring now to Figure 4C, the wire pusher 34 is retracted and the wire springs back
toward 1ts original shape to relieve the elastic deformation. However, the plastic deformation
remains and the wire bond height above the die 4 is much reduced. Testing has shown that an
initial wire bond loop height of 200 microns can be reduced to about 35 microns using this
30  technique. Tests have also shown that the pull strength of the plastically deformed wires

remains at about 3 to 5 grams force.



WO 2009/039554PCT/AU2008/000333 12 when cleaning the paper dust and dried ink from the nozzle
face. This illustrates the technique's ability to not just reduce the height of the encapsulant bead, but to
form a surface“fﬂzﬂ'?%{ﬁgﬁ%’rform functions other than just encapsulate th’é%f%%’gﬁﬁg?lﬁhe edge profile
of the blade and the path of the blade relative to the die can be configured to form a surface that has a
5multitude of shapes for a variety of purposes. PLASTIC DEFORMATION OF THE WIRE BOND

ARCS Figures 4A 10 4f s ﬂ%s%%?m%%%%%% f:?cro!%’ﬁ%%&@&% C%ﬂf»&rfe‘@!hrr%?&)@%%m@g“re A

I
shows the die 4 connected to the flex PCB 8 via the wire bonds 16.3W ile the 10 stepped support
structure 6 has [8Werdy 4perrery AT OTare RiFbiEbhe Hitderihparedodadimpelssbriy structure, the

wire bonds still haveanatual tengenicyito toaws Upiataisitatherthiam.dswwardsdayatrdsdthe corner of

the step. The wires 16 are typically about 32 microns in di ter and have a pull force of about 3 to 5
grams force. Th\éq%aﬁ o%‘e@s%%@%ﬁ% relslooa{&%eéee%ggrf o% r%)lrgc‘aa<§;1(?I<ret%£§s(:onnection to the contact pad 10

or the bondyad 12. Given the fragility 150f these structures (one of the reasons encapsulant is

applied), conventional\wigsdemiis-ig.Rvaidanyicontachbetween the.wisenkend afgssapdether solid

surfaces. As shown in Figure 4B, the arc of the wire bonds 16 can he collapsed wire pusher 34.
The wire ushoP e RIS th e (68 BT EARFR DERde sy bt

d&form the arc.
The Applicants havesfigwrethatoontictWithithesuirepiehier 84 cascganse, ibealimetawork hardening in

the wire, but as long a8 ARaAYS WG IREGEFiIDANBXERSH VR HiAORSHBPERLGRK, dh& Ak the wire

pusher 34 is rounded to avoid stress concentration points. The wire pusher may be a stylus for
engaging sifgle sHire pmub iy eidieldegp BeishivdiePrtirpie it Boldeigmtitaneously. 25

Referring now to Figure 4C, the wire pusher 34 is retracted and the wire springs back toward its

original shape to relieye, (¢ elastipelomation Hawe e plasis delgimatan emains and the

wire bond height abovethe die 4 is much reduced. Testing has shown that an initial wire bond loop
height of 200 mit¥rs EaryEhadsedeEBEUT 35 Pfitioadivdivghtisostiebrmighrye thssts Kave also
shown that the puiltisteengih @t thedplasticaylyodatarmee WS ginal undeformed wire ioops.

15

APPLYING ENCAPSULANT WITH PROFILING BLADE

Figures 6A, 6B and 6C show the application of the encapsulant bead using the
profiling blade 30 instead of a discharge needle (see Figures 1 and 2). As previously
20 discussed, the flowrate of encapsulant from the discharge needle can vary and this gives rise to
large variations on the position of the encapsulant front on the active surface of the die 4.
Consequently, any functional elements in the active surface of the die need to be sufficiently

spaced from the contacts pads 10 to allow for the meandering encapsulant front.

25 Applying the encapsulant with the profiling blade avoids the problems caused by the
flowrate fluctuations from the discharge needle. As shown in Figure 6A, the bead of
encapsulant 40 can be formed on the profiling blade 30 by simply dipping it into a reservoir of
uncured encapsulant epoxy. Of course, the bead 40 may also be formed by any other
convenient method, such as running the discharge needle along one end of the blade 30.

30

Figure 6B show the blade 30 having been lowered to touch the bead 40 onto the die 4.

When the encapsulant material touches the die surface, it wets and wicks along the surface



remains at about 3 to 5 grams force. WO 2009/039554PC.T/AU2008/000333 13 The collapse of

the wire bondswig %}Qgcfosngtsralled and leaves the wire bonds somewhat ranlg&r‘nl zcilmesf%{}lggg. However,
pushing the wire BORAE Bléser to the die provides more uniformly shaped ot psea wire bonds. The

Applicant's work has shown that engaging the wires qg)out 200 to 300 microns for the die provides the
best results. 5 As shown in Figure 4D. the die 4 and the flex PCB 8 are mounted to a fiat support

structure 6. As disgussed.abaye, dhis meaps dhe cpiginariaap.aeiaht gl ihe Wirs hand.aic is much

higher - approximately 400 microns above the die 4. Consequently, the wire has more plastic

deformation whéfiaEH&8 1€ LoHApE &R MEihFd pdshedliiearddotise i ppifdantdaoresults show
that the residuatteapdieighitpadted poshiagols dlbiaUi20 50 MICFRAS 30, sPrigdy esbhcarTR3BIsow the
collapsed wire ds vered with.an encapsulant bead 2. Even with ad prafiling prior to
curing, the heig%gtenﬁeg?lf%g%seg) rg'eg%/% i tgecflréclgsr%ﬁ%ﬁ gggst %Ene{hog %ﬁéﬁg ngé%%%ﬁf/e%mé%capsulate
the original Sindéfoamses haretobiygs 16 smpie WnNSENEAPSIORNT: WY B R RICHIGIBLADE

Figures GA, 6Bang-6Cshawibe; applicationmaf the encapsulant bead using the profiling blade 30
instead of a discharge needle (sec Figures 1 and 2). As previously 20discussed, the flowrate of

encapsulant from the discharge needle can vary and this gives rise to large variations on the position
of the encapsulant frolitgrthé(adtiveisurfade gt Hie WeCodsayientizmme fbnetional elements in

the active surfagg.gfjihe.digmeed dnRe-sufficieaivizracad fromdlie sauiagisiagdsdy to allow for the
meanderinC%encapsulant front, 25App yinP the encapsulant with the profil&g blade avoids the

problems Calusetfsy e HRRA SRR BRhYHE aiS (hege e adiebRE Shewh ffEigure GA, the
bead of encapsitantetOcan Feformect, s tiedp sdfitinddobacet30lmersumipd viidippidgrt into a reservoir of

uncured encapsylant GpaR {fEAWSFdfo BEAAAC A AlSe LR IRmad Y AR QPR GgRYenient
method, such as running the discharge needle along one end of the blade 30.
6C is subsfantially lower than that of Figure 6B.

15 ENCAPSULANT FRONT CONTROL

When the encapsulant material is dispensed from the discharge needle, minor
variations in the flowrate can cause the bead to bulge at points of higher flow. Consequently,
the side of the bead that confacts the active surface of the die is not straight, but has significant
perturbations. These perturbations have to be accommodated between the contact pads and

20 any functional elements on the active surface. The spacing between the contacts pads and the
functional eiements consumes valuable ‘chip real estate’. The Applicant has previously
developed printhead dies with a spacing of 260 microns between the contact pads and the first
row of nozzies. Better controf of the encapsulant front reduces the space between the contacts
and operational efements, and so the overall dimensions of the die. Hence the design can be

25  more compact and more chips fabricated from the original wafer disc.

As shown in Figures 7A and 7B, the profiling blade 30 is used to control the front 36
of the bead of encapsulant 2. The blade 30 is positioned over the die 4 fo define a gap 42
between its lower edge and the active surface 28. As the discharge needle 18 dispenses the
encapsulant material 44, it flows onto the active surface, one side of the blade and a fillet of
30 the material extends through the gap 42. Becausc of the flow restriction created by the gap,

flow variations have a reduced effect on the dimensions of the filiet that flows through the



30  Figure 6B show the blade 30 having been lowered to touch the bead 40 onto the die 4. When
the encapsulant material touches the die surface, it wets and wicks along the surface WO
2009/039554PCTIRUYB0¥/000333 14 while remaining pinned to the edde S HE BRGE The blade 30 is
held at a predetermined height above the die 4 and moved over the bead 2 to flatten and lower its
profile. The encapsulant displaced from the top of the bead 2 by the blade 30, spreads over the PCB

side of the bead, g, Iti5. Nt relevant i ihe %%%S%t‘&‘é‘éi% PIRGIR IR RN the FGR lagmecessary.

5As long as the ' wire bonds 16 and the bonds pads 12 are covered, any additional encapsulant on the
PCB 8 surface i&hbit¢fethmental. In Figure 6C, the wire bond 16 height has been reduced by
collapsing the arc in age ggpce ith gm}qu ﬁlli Scisser above. As pr viously discussed, the
bead 2 10deposited by tglge |§g’h§?§§2§e&(ﬁ fﬁoeteﬁ%rfoot%e aésglléeat%é% er %é%a Mfg%gﬁhg 16 once it has

been collapsed cFiphErhbre Hvacsiddes Seredinsespidigghtreldseintectrrsdite Thavidaded Contacting wire

bonds 16 when ggfiling theencrpsdlant 2dHensaths headmrafiigdsEigwe B issubstantially lower
than that of Figure 6B 1?&_50% APSULANT FROI\tIEI' CQO TI?1t Lenca \Q{Egﬂjghg encapsulant material is

. encapsuig & 1m place and flattens the profile ad 2 gvi WIT!
dispensed from tlhepalsc%arge need €, minor varia IoRs N the Towrate can calse the'béad to bulge at

points of highertfiods. l8onsequently, the side of the bead that contacts the active surface of the die is
not straight, but has significant perturbations. These perturbations have to be accommodated between
the contact pads and 20any functional elements on the active surface. The spacing between the

contacts pads afgh thesfuRclioRakelemenis:consHMAS WalHRkISrghip real estate’. The Applicant has
previously developed printhead dies with a spacing of 260 microns between the contact pads and the

first row of ozzles. BEttereeSratrd P ohdhve: mnhapsufanmmw@lue&mmhg spacd tbetw‘_@émdhe contacts
and operational,glementy. andispdbe eyeial dnansions.otihe.dis. Henerdbe.dasiansan be 25more

compact and more chips fabricated from the original wafer disc. As shown in Figures 7A and 7B, the
profiling blade ko e SR HBEASE BEFORMATION OF THE WIRE BOND ARCS" section above.

Firstly, deforming the wire bonds as they are being attached by the wirebonder is more time
efficient than pushing the line of wire bonds as a separate production step. Secondly, it has
15 Ybeen found that individually engaging and deforming each wire in the line of wire bonds

provides uniform results in terms of wire deformation and bond strength.

Figure 8 is a schematic perspective of a wirebonder 46 forming the individual wire
bonds 16 between the contact pads 10 and the conductors 12 on the fiex PCB 8. The printhead
20 IC 4 is shown adhered to one side of the dic attach film 38, In turn, the die attach film 58 is
attached to the LCP molding 6. Laser ablated holes through the die attach film 58 feed ink 10
the array of nozzles 38. The LCP molding six has a stepped surface 60 so that the printhead IC
4 18 raised relative to the flex PCB eight. As discussed above this helps to reduce the height of
the wire bonds 16.
25
The wire bonder 46 is commenly known in the industry as a "wedge type” wire
bonder. The wedge 48 receives a stock of feed wire 56 at its tip. Using some combination of
pressure, heat and ultrasonic energy, the end of the wire bond 16 is welded to one of the
conductors 12 on the flex PCB 8, or one of the contact pads 10 on the printhead integrated
30 circuit 4. Figure 8 includes an enlarged inset showing the connection between the wire bond

16 and the conductor 12. The end of the wire has a flatten section 54 created by the tip of



of the bead of encapsulant 2. The blade 30 is positioned over the die 4 to define a gap 42 between its
lower edge and the active surface 28. As the discharge needle 18 dispenses the encapsulant material
44, it flows onfg(%ﬁ%gga{%:ﬁssésurface, one side of the blade and a fillet of 30tHE HAIEISF&ktends through
the gap 42. Because of the flow restriction created by the gap, flow variations have a reduced effect on
the dimensions of the fillet that flows through the WO 2009/039554PCT/AU2008/000333 15 gap.

Therefore the encapsmlant ot 36 aiRsalk careseond g, inc.ALINRIQNE POR BDILG blade 30.

As shown in Figure 78, the profiling blade 30 is already in position to profile the encapsulant bead 2
once it has beeHSAEPRHSEPTASHIthe TS Rk G et Be TS 151308 Sordsrd phd RBiresdNer the die 4 in
a direction awaydimntflesiozziamadbnl hisdeepsihe-encapstiant okt spplass.anddiattens the
profile of the encapsulant bead 2 over the wire honds 16. COLLAPSING THE WIRE BONDS ARCS
WITH THE WIREBONDLR A T B Bl § i NS AL il each of the
wire bond afcs Uginbottel (rabye Freiien THsvpiees, e\ nsva cagharr aieciuov el thaotsehiaitthe sirown in
Figures 4A to 46o£le96r186d1i0:thand HeASbHoPERQRMATIRM QEWHEM REBQMR-ARES" section
above. Firstly, deforming the V\ﬁfri? bonds as _theg/tﬁlr l:%girﬁg_at é%led ‘ y[the Wirlebopd_er,is more time
efficient than puShAIRg the TR of Wit BendL 4% s s%%%rﬁ BRSO St BREERH I Has 15 been
found that indivighaddlyné Hgapisigamm deformimgsgachwirerinSthe lime ibftivirebbords! fravides uniform
results in terms ofvirg.deiprmation 8 bond SEeNItnec (HIOHES &1 Ar3thelaleRe siRective of a

wirebonder 46 forming the individual wire bonds 16 between the contact pads 10 and the conductors
12 on the fi8x PEBE. HRBPANIELY SIOAY BsdiRnTdimerder eyuhecsiyadlire e Bach film 58. In

turn, the die attaehidillir 5Bcibest results were achieved with the tip of the wire engaging structure 50
positioned 1.2 mm to 1.5 mm behind the tip the wedge, and 100 microns to 300 microns below
the tip of the wedge. This configuration gave wire bonds 16 less than 50 microns above the
nozzle array 38, each with a bond strength between 3.5 g and 5 g

13
The wire engaging structure 50 is formed from a material with the surface hardness
less than that of the wire. This avoids surface indentations on the wire which may later

become stress concentration sites.

20 ADHERING THE WIRE BOND TO ReEpUCE LOOP HEIGHTS

Figure 10 is a schematic section view of another technique used to reduce the height of
the wire bond loops. An adhesive surface 62 is positioned on the LCP molding 6, between the
contact pads 10 of the printhead IC 4 and the corresponding conductor 12 on the fiex PCB &.
The Applicant has found that a wirebonder will usually allow the wire bond 16 to drape

25  downwards and touch the surface between the die and PCB while the wire is bonded to the
PCB conductor. Once the wire has been welded to the contact pad on the die, the bonding tool
draws it towards the conductors on the printed circuit board. As it is drawn across the gap
between the die and printed circuit board, the wire drapes downwardly and rests on the
underlying surface. Once the bonding tool has welded the other end of the wire to the

30 conductor, and the wire clamp immediately behind the bonding tool breaks off the feed wire

by pulling until tensile failure, the residual tension in the loop cause it to bow upwards. By



attached to the LCP molding 6. Laser ablated holes through the die attach film 58 feed ink to the array
of nozzles 38, The I?gg_molding six has a stepped surface 60 so that the printhead IC 4 is raised
relative to the\ﬁé:iuig gréﬁéht. As discussed above this helps to reduce tﬁ%% Aé%??# SFthe wire bonds 16.
25 The wire bonder 46 is commonly known in the indlu}stry as a "wedge type" wire bonder. The wedge

48 receives a stock of feed wire 56 at its tip. Using some combination of pressure, heat and ultrasonic

energy, the e”dpQJjH&%H%?g@ﬁ@gé@ﬂﬁa%%gf%ﬁ% G GRNAHCIOS 2 @ NG HEX PRy 8, or one of

the contact pads 10 on rinthead integrated 30circuit 4. Figure 8 includes an enlarged inset
showing the conA&HBABERRERPHEAN iPIsSAEcTS'8Md the conductor 12. The end of the wire has a
flatten section 54 created by the tip of WO 2009/039554PCT/A1)2008/000333 16 wedge 48. Adjacent
to flatten section 54 is a neck portion 52 where the wire 16 transitions to its circular cross section. This
neck section of the wiredsdvatiecharnleneohagdhpdriias ladb prenentaiplastipdeformatigmedn light of the
greater propensity.far pIastic, deformation at e neck partion, 2., e wire bpnder, 48 3 fifed with a wire
engaging structure 50 pushes on the Ewire bond 16 in this region. However, the wire engaging
structure 50 to Hstddpftadt e Hire bonds 16 too close to the neck portion 52 is this can break the
wire. The skilled worker will appreciate the work hardening increases the brittleness of the metal. The
applicant's testing has found that positioning the wire engaging structure 50 so that its tip is
betweenl.0mm andl1fipmbetind.thr driabthedvedas (wWith respesiitaits Mavermeatfiam the die to
the flex) 10 and 5 .microns to 600 micréons t%ﬁlowd}tpettj of g\lﬁ%\ged e rodgces suitable results. In
particular, the best reEUftE Ve e athievag ity the |1ﬁao1 R WA 8%@&5%?& ?H’c?ﬁfr@’% 36’ sitioned 1.2
mm to 1.5 Him betine thebiipdhevenedg egraem. 100 microns to 300 microns below the tip of the wedge.
This configuration gave wire bonds 16 less than 50 microns above the nozzle array 38, each with a
bond strength between 3.5 gand 5g 15



The wire engaging structure 50 is formed from a material with the surface hardness less than that of
the wire. This avoids surface indentations on the wire which may later become stress concentration
sites. 20 ADHERING THE WIRE BOND TO REDUCE LOOP HEIGHTS Figure 10 is a schematic
section view of another technique used to reduce the height of the wire bond loops. An adhesive
surface 62 is positioned on the LCP molding 6, between the contact pads 10 of the printhead IC 4 and
the corresponding conductor 12 on the flex PCB 8. The Applicant has found that a wirebonder will
usually allow the wire bond 16 to drape 25 downwards and touch the surface between the die and
PCB while the wire is bonded to the PCB conductor. Once the wire has been welded to the contact
pad on the dig, the bonding tool draws it towards thE® conductors on the printed circuit board. As it is
drawn acrosgzhﬂ&é'\ﬁgp between the die and printed circuit board, the wire drapes downwardly and rests
on the underlying surface. Once the bonding tool has welded the other end of the wire to the 30
conductor, and the wire clamp immediately behind the bonding tool breaks off the feed wire by pulling

until tensile failure, Anaedsid GAPIORERSha s aHe SRR Es P BRI R AREORRPIIRE Pads
2009/039554RGIAUZQDE/ 0P bAding skionirgradhesiy @2 algionalteleantachdetween the wire

and the LCP 6, the wire bond 16 is unable to bow upwards to the same height. The adhesive
surface 62 nfR§BRLERIBREISRR I EHEPSPEdhesive paste or resin jetted 5 onto the LCP 6 when the die
4 and the flex 8 aresfadcdlyitoanddishoplchestithexdensicpetithendiesadiadh &lm 58. The

invention has been described hergin by way of example only. The ordinary will readil ognize many
variations an%ofﬁ%ﬁﬂggﬁ‘gn O\?V%‘i’ 48 'M%%%%?P Fﬁgrcf ?ﬁé%%fﬁt‘%‘ﬁ‘d%@% (%ﬁbo %gt?r%g%c(lzinventive

concept. 18@adloAkSwite Aondstmdasidingfiiranasefies dhavirentanigeddateegeniinetof, contact pads
;on a die, an &orresponding set of conductors on a supporting structure, the method comprising the

‘steps of: electtrically connecting each of the contact pads on the die to a corresponding conductor

on the supporting sBufting: anigalyes et hredsoind e it laprs H BIRureadfhding in an arc
from the confggtRatiEReHROREUEIR HBAE such that the plastic deformation maintains the

wire bond in a flatter profile shape

wherein the electrically connecting step uses a wirebonder that has a
bonding tool for moving between the contact pads and their respective
corresponding conductors, and the series of wire bonds are sequentially pushed by
a wire engaging structure on the wirebonder, the wire engaging structure and the
bonding tool being configured for synchronized movement such that the wire
engaging structure pushes the wire bond immediately adjacent the wire bond
currently being formed by the bonding tool.

2. A method according fo claim 1 wherein the wirebonder is a wedge type
wirebonder and the bonding tool is a wedge such that during use, the wedge holds
a piece of wire in contact with one of the contact pads on the die to form a weid
connection before moving to the corresponding conductor on the support structure
to welid the other end of the wire and formal wire bond, and the wire engaging
structure has a wire pushing surface that contacts the wire bond, the wire pushing
surface is adjacent to, and 1.0mm to 1.6rﬁm behind the wedge with respect to the
movement of the wedge towards the die.



pushing on each of the wire bonds individually to collapse the arc and plastically deform the wire bond
such that the plastic deformation maintains the wire bond in a flatter profile shape wherein the
electrically connecting step uses a wirebonder that has a bonding tool for moving between the contact
pads and their respective corresponding conductors, and the series of wire bonds are sequentially
pushed by a wire engaging structure on the wirebonder, the wire engaging structure and the bonding
tool being configured for synchronized movement such that the wire engaging structure pushes the
wire bond immediately adjacent the wire bond currently being formed by the bonding tool. 2. A
method according to claim 1 wherein the wirebonder is a wedge type wirebonder and the bonding tool
is a wedge such that during use, the wedge holds d%iece of wire in contact with one of thé’ contact
pads on the die to form a weld connection before moving to the corresponding conductor on the

support strucfure towelehthepeuRRASERmYitenand fara ahwise iea donnd deegvies engaging

structure has a wire pushing surface that contacts the wire bond, teg‘%/véiﬁ% pushing surface is adjacent
to, and 1.0mBXRY BieNs BERiAa HRITRRBRANA 1R SRRIAG R HE ‘of the wedge towards the

die. 1900 3. A method according to claim 1 wherein the line of wire bonds does not extend more than
150 microns above the contact am the die,, 4, A me Ho .according to claim 3 wherein the line of
wire bonds doOes n& @ﬂ%ﬁ&s ﬁ\%ér3 ] E i IIBY%H@ gbeéi\}/é Re contac e&%ggéf?ﬁgsd?gﬁ 5. A method
according to etéénd Inotectieim the wiceobo ke \wr éhattatiact wathecd dneadiepads with a bond strength
greater than 3 g force. 6. A method according to claim 1 wherein the contact pads are spaced from
the corresponding conductors on the support structure by more than 1 mm. 7. A method according to

claim 6 wherdin thé\doathet paserdiaddarmain bwherandiemirerkamdtarediesheadm@onductors on
(the support stEdelfeads with a bond strength greater than 3 g force.

6. A method according to claim 1 wherein the contact pads are spaced from

the corresponding conductors on the support structure by more than 1 mm.

7. A method according to claim & wherein the contact pads are between 2 mm
and 3 mm from the corresponding conductors on the support structure.



