IN-SITU MELT AND REFLOW PROCESS FOR FORMING FLIP-CHIP INTERCONNECTIONS AND
SYSTEM THEREOF Field of Invention 5The present invention relates generally to a method for

packing semiconductor components or devices. More specifically, the present invention relates to a
method for fabricating a flip-chip semiconductor paickage. Background 10Semiconductor packaging

typically involve m @o 1 Ico g tor co r%}a ice, far example a
semiconductor csﬂﬁi% kgg(% éﬁ@@ﬁf{?&%&g §§ﬁ9%£§%%§ igl]fjb Lte supports the
semiconductor chip and fabNiTdi8s O MNTENHONE AN INGYS TRMVSEHEREAMEOr chip. In addition, the
device carrier comprises external connections or terminals for electrically connecting 15the
semiconductor chip to an external circuit. A known method of semiconductor packaging, more
specifically a Fielkhetila¥éatining a flip-chip on leadframe (FCOL) semiconductor package, employs a
plated leadfrappe. Adeadfiaregisma Rafiamedsheetef mﬂ@éh5d1¢o$h§s‘é_1&§@§émacwmﬁaa§ typically 20
copper, is commonly plated with one of silver, nickel or palladium. Plating is necessary to prevent the
sheet of metafSFRATGRIGINHE Vise i piosrisiEcathrabe BrEFNHRTESMeriisagerae8ohen
employing wirgdrapdiagnge'dipcaly Rinwheandignxaded. The pattern of the sheet of metal provides
a leadframe for forming the FCOL semiconductor package. 25 Typically, leadframes for forming FCOL
semiconductor packages have leads with inner lead portions and outer lead portions. The inner lead
portions are aBstkgeeuda pattern with interconnect locations on the inner lead portions matching
pattern of pads_formed gn a surface of the semiconductor chip. Solder bumps or balls are deposited
30 on thqupac(}?sse ]conﬂd o ac{( b mv%?ve eﬁ{'ap ﬁ%ﬁlg\% 0 fhe%socl)llsdrég bl?mps facilitates

ormed on th suﬁ%gg oftf'ﬁécgl iconductor chip:
bonding of thegaidendfitts semjonntiuctofdahis.with thenpbudfrasemjcvphecspedificatytvithathe

interconnect Igealions AL e ineeLlead Pacipas ot ihe ) ?Lﬁ%t%pports the semiconductor
chip and faciiitates a convenient handling of the semiconductor chip. In addition, the
device carrier comprises external connections or terminals for electrically connecting

15 the semiconductor chip to an external circuit.

A known method of semiconductor packaging, more specifically a method of forming
a flip-chip on leadframe (FCOL) semiconductor package, employs a plated leadframe.
A leadframe is a patterned sheet of metal. The sheet of metal, which is typically

20 copper, is commonly plated with one of silver, nickel or palladium. Plating is
necessary to prevent the sheet of metal from oxidizing, and to provide a surface onto
which solder will adhere or, when employing wire bonding, gold or aluminum can be
bonded. The pattern of the sheet of metal provides a leadframe for forming the FCOL
semiconductor package.

25
Typically, leadframes for forming FCOL semiconductor packages have leads with
inner lead portions and outer lead portions. The inner lead portions are arranged in a
pattern with interconnect locations on the inner lead portions matching pattern of pads
formed on a surface of the semiconductor chip. Solder bumps or balls are deposited

30 on the pads formed on the surface of the semiconductor chip. Reflow of the solder
bumps facilitates bonding of the pads of the semiconductor chip with the leadframe,
more specifically with the interconnect locations on the inner lead portions of the

leadframe.



2 The semiconductor chip is then placed on the leadframe with the pads of the semiconductor chip
abutting the interconnect locations on the inner lead portions of the leadframe. Assembly of the
semiconductor chip and the leadframe is then heated to an elevated temperature to refiow the solder
bumps for forming solder 5 interconnects betweenihe semiconductor chip and the leadframe. The
heating of the assembly is typically performed in a heating chamber or gven. The resultant

semiconductor 5aSRRSE B SERISWIHGA thiassl £ (e FersTasmicihdbtidrpadal®. 10current
heating processesdaduatiovingdhetsgldre hiuspsascoesartibas aboveiharaddgnennsidered to be

significantly time consuming, thereby impairing fabrication or ufacturing efficien d throughput
of somiconoubTs SRR AR SEEIENL o oA e ST ) BT e

ition, coeftricient o therna expansion € SEémiconductor
chips 15 generalndiffevstixbne@pdraoirthede adftameaborsolder sulvspsatés. Acoorndinghidelifferential

expansio OCﬁ%{E:?clBﬁB‘é"&?'Be%é?ﬂ%é%’e’?%%%%& P%%@a%ﬁ?éﬁgﬁfﬁﬁqu ﬂk%t?ggsmmv of the

semiconductor chip and the leadframe Is heated. The differential expansion between the
semiconductcsetipPiindstHpicaldfrareréosaddise reshlignaientechedivewanhd Boldesubamps on the

pads of the semigandiietor ShiRsRNE AR 20sSRIgeHbUMIPS o the inperdend portionagkihe leadframe,
thereby resulting in impaired or malfunctioning solder interconnects between the semiconductor chip

and the leadfi&e8uch mis-alignments and impaired solder interconnections are especially prevalent
with semiconductor chips or packages having a fine pitch, 25The increasing functionality, speed and

portability of modern electronic devices have resulted in.an increasing neeg}f r more electronic
Compontits 1 LIRS BERHE A T3 U B QB P S REE GGy aErion of the
pitch or distarieebetnwednzdiabenigalisaotieieciticatintercprinaets, amehivetpvidndhgsalder bumps
formed thereon, of4h migenductor ehip is increasingly im nt. in,the 30semiconductor industry.
However, the %§Sé%§l §§§ﬁ%9rm fg%%\ngg%g? é%tp%s gl%]rX (e)@;t%%%{a %lr(f{[p(ea ceoshnects of the semiconductor
chip increases risk, and occurrences, of bridging between the adjacent pads or electrical

interconnects; theggli.resiiingiinelaciicahshactingsich Gerrespondipalvning ilsieRsag sk, and

occurrences, of electrical shorting between adjacent pads or €lectrical interconnects adversely affects

the reliabity &sacitiiitg BethdRibricdfedehficlidiamispaEkayes substrates. Accordingly,

differential expansion occurs between the semiconductor chip and the leadframe when
the assembly of the semiconductor chip and the leadframe is heated. The differential
expansion between the semiconductor chip and the leadframe can cause mis-
alignments between the solder bumps on the pads of the semiconductor chips and the
20 solder bumps on the inner lead portions of the leadframe, thereby resulting in
impaired or malfunctioning solder interconnects between the semiconductor chip and
the leadframe. Such mis-alignments and impaired solder interconnections are

especially prevalent with semiconducter chips or packages having a fine pitch.

25  The increasing functionality, speed and portability of modern electronic devices have
resulted in an increasing need for more electronic components or elements to be
integrated into the semiconductor chip. Accordingly, reduction of the pitch or distance
between adjacent pads or electrical interconnects, and between the solder bumps
formed thereon, of the semiconductor chip is increasingly important in the

30 semiconductor industry.

However, the reduced pitch or distance between pads or electrical interconnects of the
semiconductor chip increases risk, and occurrences, of bridging between the adjacent

pads or electrical interconnects, thereby resulting in electrical shorting.



5Accordingly, a person skilled in the art will appreciate that an improved method for fabricating flip-chip
semiconductor packages capable of addressing at least one of the above-identified issues is needed.
Summary 10 The present invention provides an exemplary method for semiconductor component or
device packaging for addressing at least one of the above-identified issues. In accordance with a first
aspect of the present invention, there is disclosed a method for device packaging, the method

comprising hdaiFgReedfaborbriéterasdcisko At tBRTpePARIFS TR SBORIEENRRIBINdevice

comprises a plgiRb piRunBEicLERs:@asbcaf e Rltalaf BMMEISHUSIUIRS RAMPIEFing a solder
portion. The figst femperature is at least the melting temperature of the solder portion of each of the

plurality of butp 8RS THREMTSINORAftiA#®r comprises heating a substrate to a second
temperature, the substrate comprising a plurality of contact pads and spatially 20 aligning, through the

use of an.alignment.means, the plurality .of bump structures. itl%the lurality of coptact.pads
subsequesnt tr?écﬁgé{P% of't eerssoépr#ﬁ%%&/dbncttg? gv‘l%'(liepgﬁ%lr?ﬁg Su %ttr%'?elfnfﬁ%@aen%%ﬂgéﬁor device is
disposed awalgtreatitieiplobipaterderiny terapird aktheaysdrsd cdnddewimgantibe toaedirdetemperature
and at least oge of the semycductardeyice and the substrate is subsequently displacable towards
the other 25thereof for abutting each of the plurality of bump structures with a corresponding one of
the plurality of contact pads. In accordance with a second aspect of the present invention, there is
disclosed a S)ﬁ;ﬁmlggg, packaging a device, the system comprising means for heating a 30
semiconductor device to a first temperature. The semiconductar device comprises a plurality of bump
structure), eabRSOPTRET PR Bf WS TTEY BEhBALIAG LOSSHTUPPEHRH. HBPfSfemperature is
at least a meltingdemparkigiaoftheldeldarcpontion ohecatihofibecplisaifieOfdsuenp structures. The
system further comprises means for heating a substrate to a second temperature, the substrate having
a plurality 4 of contact pads. The system further comprises an alignment means for spatially aligning
the plurality ofibaenprédangetenésanitit tispgsiurbility pfesemtactqptids, sbirsegdewntaiel heatihgdof the

semiconductor davige. andhe sURStralg NG AERAENIHGIY ARviss i dlsRaRsskaway digm the

substrate during heating of the Semiconductor device to thes first temperature. Heating of the
semiconbuctocaeviaaite the fiegtitentyererndes isn spia igse spluetiporidusposrartiiehaltily point for

being at a moliemphassring %Jg@%ﬁr&f &Bﬁlﬁﬁﬂ}ig%@ﬂ&&?E)Qﬁ%ﬂﬁ?@&%ﬁ@?téh&?@#ﬁﬁlﬁeiS
rdas |

subsequently displaceable towards the other thereof for abutting each of the plurality of bump

structures wittS 2 bSREsBSHEMNGIS ISR BIRAIRS sPidshBeRvadY Tarticbs slupitngtone of the

bump structures. The method further comprises heating a substrate 10 a second
temperature, the substrate comprising a plurality of contact pads and spatially
20 aligning, through the use of an alignment means, the plurality of bump structures with
the plurality of contact pads subsequent the heating of the semiconductor device and
the substrate. The semiconductor device is disposed away from the substrate during
heating of the semiconductor device to the first temperature and at least one of the
semiconductor device and the substrate is subsequently displacable towards the other
25 thereof for abutting each of the plurality of bump structures with a corresponding one

of the plurality of contact pads.

In accordance with a second aspect of the present invention, there is disclosed a
system for packaging a device, the system comprising means for heating a
30 semiconductor device to a first temperature. The semiconductor device comprises a
plurality of bump structures, each of the plurality of bump structures comprising a
solder portion. The first temperature is at least a melting temperature of the solder
portion of each of the plurality of bump structures. The system further comprises

means for heating a substrate to a second temperature, the substrate having a plurality



10 semiconductor device and the substrate is calibrated for controlling displacement of the at least one

of the semiconductor device and the substrate towards the other thereof. Brief Description of Drawings

15Exemplary embodiments of the present invention are described hereinafter with reference to the

following drawings, in which: FIG. | is a partial method flow diagram of an exemplary method for

fabricating a fIiF-chip semiconductor package according to an embodiment of the present invention; 20
[

FIG. 2 is a pattidioptatieBadovitiayisdim ol xeRRITEGS s @ RiGHIRStb Mbes prscerdiabyprocess
performed in gigigROhRRXRRIBIBRHRABRARENKGH the plIiifiin3arieARdl¥alaiessthgesieps of the

exemplary semiconductor chip processing 25process of FIG. 2; FIG. 4. is a partial process flow
diagram of ar &GRS bR BTBEE SRd Bty SRt d i S SR BE S @HTSlary method
of FIG. 1; 30RkGidpastal il sisaiestheatapsdafitichexampifgsidstaieptocessinapmeess of FIG. 4;
5 FIG. 7 llustyates the.sieps ol e exemplans T ansiet process aLF1G, 6, FlG, 8 s parta
process flow dﬁagran?of‘lan exemp%ry onalng process per SrnEd s Seporihe exenmplary method
of FIG. |, FIG figastddei Gor8idril us teatdsnih isggpsro fioh éexe miplany lbonding . pfoceskof BIE. 6; FIG. 10

§T§W§.a partigh fRIMulR {ohNABRAYIRG HiZRIPER L ARISNT SHENG I, cxS IRlaM Ponding process of

the other thereof for abutting each of the plurality of bump structures with a
corresponding one of the plurality of contact pads. Thickness of at least one of the
10 semiconductor device and the substrate is calibrated for controlling displacement of
the at least one of the semiconductor device and the substrate towards the other

thereof.

Brief Description of Drawings
15 Exemplary embodiments of the present invention are described hereinafter with

reference to the following drawings, in which:

FiG. 1 is a partial method flow diagram of an exemplary method for fabricating a flip-
chip semiconductor package according to an embodiment of the present invention;

20
FIG. 2 is a partial process flow diagram of an exemplary semiconductor chip

processing process performed in a step of the exemplary method of FIG.1;

FIG. 3a to 3h illustrates the steps of the exemplary semiconductor chip processing

25 process of FIG. 2;

FIG. 4. is a partial process flow diagram of an exemplary substrate processing process

performed in a step of the exemplary method of FIG. 1;

30  FIG. 5a to 5i illustrates the steps of the exemplary substrate processing process of
FIG. 4;

FIG. 6 is a partial process flow diagram of an exemplary flux transfer process

performed by a step of the exemplary substrate processing process of FIG. 4;



FIG. Il shows a partial process flow diagram of key steps of the exemplary method of FIG. 1:  FIG.
12 shows an exemplary temperature profile during the exemplary method of 15FIG. 1: FIG. 13 shows
a partial cross-sectional view of the flip-chip semiconductor package fabricated by the exemplary
method of FIG. 1; 20FIG. 14 shows an exploded partial cross-sectional view "A" of the flip-chip
semiconductor package of FIG. 13; FIG. | 5a to 15b provides a diagrammatic overview of pitch
compensatior Betwdbiitssrsdhbeiams o bhrrassamvedorormestormapes sebiSteaté: of the flip-chip
semiconductor 25package that is fabricated by the exemplary method of FIG. 1; FIG. 16 shows a
partial system diagram of an exemplary system for fabricatin%] a flip-chip semiconductor package
according to afﬁcér%H%&iﬁ%ﬂi‘@@?@%r@%@ﬁﬁﬁ%ﬁﬁgﬁﬁﬂﬂ@ Ay SPRATS SRR ARIENTBShetric views of
exemplary bonch steges @t the aypmtaniaysteantot FIG. 16: and 6 Detailed Description Existing
methods %or fabricating flip-chip semiconductor packages typically position solder bumps formed on
pads or pillars of a semiconductor chip onto contact pads formed on a device carrier (for example a
substrate) befel@. e adi fgiheddisemably tbé SitheSeheieandpkigr iehigiangtcevioe €acrier to reflow the
solder bumps and form solder interconnects between the semiconductor chip and the device carrier.
This heating process is typically time-consuming, thereby adversely affecting fabrication or
manufacturind ¥#ficl@nelycarsd ahpetiigh plorof thefdliprehipesemibiemdesarsnp dekageduthdstheg methods
also commonly ipvalve ysefcaasidermipiR;fgrce for abutting the 10 pads of the semiconductor chip
with the contact pads of the device carrier in order to create a reliable solder joint. Accordingly, the
considerdble force used can result in damage to the semiconductor chip or device carrier during
heating theresfitn adeilion, syistingrehausdarfaarcating fiRmehipresisapareciathaghkages have
been associafﬁéwith a problem of electrical shorting between adjacent interconnects 15 formed
between semic ductor chips and device carriers. This problem of electrical shorting between
adjacent interconnects is especially prevalent with semiconductor chips and packages having a fine
pitch. Furthermore, an accurate positioning or alignment.of the.semiconductor chip in relation to the
Gevice cartier feire R S b e e T PR B o e
difficult tb>achid¢e.120 Accordingly, the present invention provides an improved method for packaging
semiconductor devices, more specifically an improved method for fabricating semiconductor flip-chip

packages, which is caﬁable of addressing at least one of the above-identified problems,
FIG. 13 shows a partial cross-sectional view of the flip-chip semiconductor package

fabricated by the exemplary method of FIG. 1;

20 FIG. 14 shows an exploded partial cross-sectional view “A”™ of the flip-chip

semiconductor package of FIG. 13;

FIG. 15a to 15b provides a diagrammatic overview of pitch compensation between
solder bumps or interconnects formed on the substrate of the flip-chip semiconductor

25 package that is fabricated by the exemplary method of F1G. 1;

FIG. 16 shows a partial system diagram of an exemplary system for fabricating a flip-

chip semiconductor package according to an embodiment of the present invention;

30 FIG. 17 and 18 show partial isometric views of exemplary bond stages of the
exemplary system of FIG. 16; and

FIG. 19 shows a partial isometric view of the water cooling mechanism of the

exemplary system of FIG. 16.



25For purposes of brevity and clarity, the description of embodiments of the present invention provided
hereinafter is limited to methods for fabricating or manufacturing a flip-chip semiconductor package. It
will however be understood by a person skilled in the art that this does not preclude the present
invention from other applications where fundamenggl principles prevalent among the various
embodiments of the 30present invention such as operational, functional or performance characteristics
are required. PeiaHesBrspraptithethod 100 for fabricating a flip-chip semiconductor package 10 is

provided accarging forimembedimantahihgipiese stinveniithoAvnethed dowdiagrmsf the
exemplary method 100 is shown in FIG. 1. 5In a step 110 of the exemplary method 100, a
semiconducto?’ Qiégnﬁ?sc%%%%gﬁt%dﬁr?fcgg?éﬁfj ﬁé?@l‘ﬁfﬁ’&‘fﬁ%t@?’ﬁéﬂﬂ&‘i%‘?@?‘e@ﬁple, and will
hereinafter befoafeded todasia sefmeqhsiuatanphip idbdeateradihictheapreopssisgabiher

semiconductap chip 12 oreuts Ma petfarmance of an 19, exemplayy. sericondystor g processing
process 200 that 15 provided by the present invention. A process flow diagran of the exemplary

semiconductonchiprpeste ssingqor doe sendoonidistoowhiin e!ﬁchthz. dinvacst.epﬁdrlo Biﬁﬂén_baeﬁeg]plary
semiooncuctan SR PIOGSARING PiRRER A0l 4367 ANAUG0r SN RBIRYIARA JFreferably. the

semiconductor chip 12 is provided on a chip tray 14 or chip container containing multiple

semiconductdPEnipseang wdlisarnesopierl deeruehip 2fhresefipighipasriseadyciorpragkietares 16 formed

on a surface thekeab LR AU SBHERYHES 1o dvelaiakly CHUMBESSR: FSReIb PR ERMIE a solder
portion 20 formed at a free end of the metalﬁgﬁt 18. Solder type used for the solder 20portion 20

includes! hut RefbE TR SIS T Al RithdPaifoestprda S e Aaitr SATRRARIAGEN), the bump
structures 16 arasimiléidsidhatdet pdiar. dnpsiag dasertedimniSpaieatappliaation09564,382,

which is incorgaorg%tg%dtig g %églslggrgcgi%tso%ri ?tlll?)nor device carrier during heating thereof. In
addition, existing methods for fabricating flip-chip semiconductor packages have been
associated with a problem of electrical shorting between adjacent interconnects

15 formed between semiconductor chips and device carriers. This problem of electrical
shorting between adjacent interconnects is especially prevalent with semiconductor

chips and packages having a fine pitch. Furthermore, an accurate positioning or
alignment of the semiconductor chip in relation to the device carrier during formation

of interconnects or solder interconnects therebetween can also be difficult to achieve.

20 Accordingly, the present invention provides an improved method for packaging
semiconductor devices, more specifically an improved method for fabricating
serniconductor flip-chip packages, which is capable of addressing at least one of the

above-identified problems.

25 For purposes of brevity and clarity, the description of embodiments of the present
invention provided hereinafter is limited to methods for fabricating or manufacturing
a flip-chip semiconductor package. It will however be understood by a person skilled
in the art that this does not preclude the present invention from other applications
where fundamental principles prevalent among the various embodiments of the
30 present invention such as operational, functional or performance characteristics are

required.



25 by reference. Alternatively, the semiconductor chip 12 comprises bumps or solder bumps formed
on contact pads (collectively referred to as a pad array) formed on the surface of the semiconductor
chip 12. The bump structures 16 are for mediating electrical communication of the semiconductor chip
12 with a substrate 22 or external circuitry. It will be understood by a person skilled in the art that
alternative bump 30structures or electrical interconnects can also be used for performing the above-
identified funchidrismaRBBuREhafuEr&y fabrigatpgte [Sersftersmitondnipn paviraad chip tray 14.

Preferably, the,tansdendoqkitt; apPURSyRSHHILAY SHGlieNpRERICkiNgHRANeSeRIEORNduRLor chip 12,
and for securing the semiconductor chip 12 to the transfer tool 26. The transfer tool 26 then flips the

semiconductdPRMY Hsc¥eppley Dethed ) YdssdetBinthidmiconductor chip 12 at 5 a pickup

position for subsequent pickup by, or transfer to, the chip pickup tool 24. It will however be understood
by a perspn s |IIedt|n tﬂ%% ttmeaé }\itglne1 tlransfer to&%ﬁ?zr&nagﬁ)e aliernatglel.ﬁ displaced or rotated for

: . 48 a ethg 1CORGUCIOr deVICe.or cOopponent 1s.
dISpIaCIng an posﬁ%nlng e sem|c8n6|%c orc fhlc ness or elgh% OIP e semiconductor

chip 12 is thepmeessdrdhinsenstep @8trRivieralbl{ortheasgriticontwitohebipa ft2r isctrafesfedred to a
height calibra@&:sﬁ%glﬁh%%%wmiﬁ@easuring the thickness or height of the semiconductor chip
12. The thickness or height of the semiconductor chip 12 is measured using an encoder (not shown),
which is coupled to the chip pickup tool 24 for determining spatial position 15 thereof. Preferably,

calibration of !*?%f@!&iﬁﬁi&l@’;ﬁ’ré@@ésﬁ‘fgiéfﬁﬁéfg&mg&]Qﬂc%ﬁkﬁ%@wgc@ﬁ%lﬂz%@%ﬂ%{c\é%PEnat a point of

contact with a first vision lens 30, which serves as a datum plane, followed gssémeasuring additional

encoder VAIUSS SWRUH P EBHERAURIRT SR RIRSAEEINGRTGE SosHioMat! bR YARFSEX ISR 8R! 30. 20The
semiconductomehipich? is pleecesiantaigidpamlignad dhpistenadRoMrgspRaclisalysihe
semiconductor chi;s) %% IS orientatecizﬁ adJrigned for corresponding to a slot (not shown) formed on a
chip preheat g{%ﬁj@ 28. f‘uses%%‘gﬂil i é orientating of the semiconductor chip 12 is facilitated by use
of the first vision lens 30. The first vision lens 30 enables vision correction or vision alignment of the

semiconductoy_chi fpre b iti aon,th ip preheat stage 28, | sequent step
540, he semione o A 1 o S s e
semiconductoteshijgnduesoprafierabiy pratisdd dntferahdy. frermsensaniecthiphindBaarsage 8. The

semiconductog¢fipuh s praferalio el A nening i INGENRRIRRRI AR 2P NaCUUM or

suction. Alternatively, the semiconductor chip 12 is held or secured to the chip preheat stage 28 by
mechanical m¥AHEORIPERE AN By Grtfbe cOmRTERBRANP structures 16 formed on a surface

thereof. Such bump structures 16 preferably comprises a metal post 18 with a solder
portion 20 formed at a free end of the metal post 18. Solder type used for the solder

20 portion 20 includes, but is not limited to, metals and metal alloys such as silver and

tisn.

Alternatively, the bump structures 16 are similar to that of pillar bumps as described
in US patent application 09/564.382, which is incorporated in the present description
25 by reference. Alternatively, the semiconductor chip 12 comprises bumps or solder
bumps formed on contact pads (collectively referred to as a pad array) formed on the
surface of the semiconductor chip 12. The bump structures 16 are for mediating
electrical communication of the semiconductor chip 12 with a substrate 22 or external
circuitry. It will be understood by a person skilled in the art that alternative bump
30 structures or electrical interconnects can also be used for performing the above-

identified function of the bump structures 16.

In a step 220, the semiconductor chip 12 is transferred from the chip tray 14 to a chip

pickup tool 24. To perform the step 220, a transfer tool 26 or gripper is used to pick



9 The semiconductor chip 12 placed on the chip preheat stage 28 is then preheated to a
predetermined temperature in a step 250. The predetermined temperature is for example 200C. The
preheating of the semiconductor chip 12 is performed gradually by displacing the semiconductor chip
12 across a series of heaters 34 towards a bond 5gtool location. More specifically, the semiconductor
chip 12 is attached to a preheat buffer stage, also known as a turret, which is rotated for displacing the

semiconductdPchifp SR SerIus e e ia s i RdhteUm S HE nisterabhn e HRsS18) donvection

heaters. Temgsirdtika@figashsieatarfadprigrefapadly serasehiingeevidg INceimesntaddiemigng of the
semiconductor chip 12 it progresses from one to a of the 10 he s.34 along,the series.
ianting of S TUSTRRAISY R 1o R et T e B e e oneueton.
convection orseadiatidnctbucthp preferddaiccthe teribe rars wircthehdreatexd8d @arhipd kKapt constant or

can be varied ired. i f Icanguctor chi | an also be
referred t%b as%ﬁ%#ﬁ%ﬁ“@ﬁéﬁ%%%@gﬁég‘ r%?goomacﬁ%@iﬁbgi% %@%L@é&s rtg%(ipn%?a%es thermal
shock to the seithioreiseter erdpraeod biik bersanddiSedod By arpErddheskiiséiiaple2armiiat preheating

profile of the gemicAnANCIOURIACLE 6RRREATHIRAIASHEIHI S:hY-AllR g & QRgwkdpore of the
temperatures of the radiation heaters 34. It will also be understood by a person skilled in the art that

preheating pr6‘f‘i’|%b?fthe semiconductor 20 chip 12 can be adjusted as required by altering speed of
displacement of the preheat stage and/or spacing between the semiconductor chip 12 and the

radiation heaters 34. Control of the speed af the chip preheat stage 28 and contro| of preheating of
the semibnaclbF I ES DA LN s TS B DRwars T3 AL bSOty mentioned

the chip prehé‘aéfsta@lg,&&isaﬂiﬁ@a@mﬁdo@d@therbmimthﬁ@hﬁMib@ﬂm sta 258. At the bond
looltocation. MG SEISCRLSIPLE N ARIARICKeY o 3LANCIERARINRFIER2G0. The

semiconductor chi IS preterabl or secure he bon y vacuum or suction.
Alternatively, thisksemicohdigbtoricthip semiscndigtor skipuledsontveusehdsiosl@eehyodtedhanical means,

30 for examplg, by driRRRA(RGLSRAWNINPERIETRRRtIS PoRddoal 3G in resalad,and paintained at a

predetermined elevated tem&eratgre prior to pick up of the semiconductor chip 12'in the step 260. The
predeterhfinedhtssAparsiarabiy-sderiing elif iy iRy BibaghsderiRmgkEbEdigéreadifortions 20 of

the bump strugiukes dcctoe piedaterpinedeiavated amprratiaRidhe ongtanidaisfor example
260C. It will h0\${ever be un ?rsto by a per,so%%dlled in the art that the predetermined elevated

temperature BRSO FEiPR Sy IR AN B DAL AMGeSHn U A VPSS B understood
that the temperadigrenot thege positioned on the first vision lens 30.

20 The semiconductor chip 12 is also orientated or aligned in the step 230. More
specifically, the semiconductor chip 12 is orientated or aligned for corresponding to a
slot (not shown) formed on a chip preheat stage 28. The positioning or orientating of
the semiconductor chip 12 is facilitated by use of the first vision lens 30. The first
vision lens 30 enables vision correction or vision alignment of the semiconductor chip

25 12 before being positioned on the chip preheat stage 28.

In a subsequent step 240, the semiconductor chip 12 is placed on the chip preheat
stage 28. More specifically, the semiconductor chip 12 is preferably placed on the slot
formed on the chip preheat stage 28. The semiconductor chip 12 is preferably held or
30 secured to the chip preheat stage 28 by vacuum or suction. Alternatively, the
semiconductor chip 12 is held or secured to the chip preheat stage 28 by mechanical

means, for example by a gripper (not shown).



5 bond tool 36 can be adjusted, more specifically increased or decreased, as required after the
semiconductor chip 12 is picked up thereby. Control of temperature of the bond tool 36 can be either
manually or software controlled. The semiconductor chip 12 is then heated by the bond tool 36 to a
chip processing 10 temperature in a step 270. During the heating of the semiconductor chip 12 to the
chip processi%%temperature, the temperature of the bond tool 36 is preferably maintained at the

predetermined 1 A5BEFARIHS I FoF R Blacst S80be Brgrareiyt srethbipibebashertetipdrature is
Eufficiently higi%ﬁyieiaﬁmaagtﬂwgﬁmifgm@méyéﬁmlm.t@iégg}yrmﬁé@@ggﬁﬁﬁwq QOfgpn§ 20 of the
umps structures 0 nt .semjconductor chi .In ition, the chip progessing
temperature SRS ALY CLRE SRR EnB RS HARIA R 4o ORI ETLERG 30 the burmp
structurdesf16 @:l ﬂi@mci:digmosd:iqiﬁﬁ}phaﬁe cHipel Beazmsatuseie_?‘_ ﬁlﬁamd Iéob‘@ﬁlrda ba&nu?rir(]ad as
required after mico tor chip 12 Is received thereby..T ariation or, alteration of the
tem peratére ot%%ﬁel% %%%0(51 too %6383%%3 e%‘féc%es ﬁéﬁﬁég}lﬁe??h%gép I?n%&x?n%@%eg Eoerasgaeqéﬁ(ﬁed in the art.
In a step 280,W&bﬁﬁﬁt@@ﬂ&%ﬁ?@twmim&atm fop @m@weg th@ﬁ@lmjpim@wsﬂmneq above a
second vision egs; 38,11 greandvisionleds 38 fapilitales . s iransiptionalAnd.fapgyiar alignment

of the semiconductor chip 12 relative to the 25 substrate 22. More specificai!:é, the second vision lens
38 facilitates RepieFanSratRsHalEh ATocaHRy bRt lidhissre Grably DuRIp SEUBINES B smpRdemiconductor

chips 12 relati@dadenthpadmleAublemphsiructutes @isadnannas niereonnasts)fomed on the
substrati 22. 30Con%ple¥ion of the step 280 refferably completes the semiconductor chip 12

processiny protaes 06 IPMIhiIEY Sl BE tn e SER B FRPESH BRI iR THE A other
semiconductaseckiifacie roeekamgsieisanthédchnigues tivayob esd dditio allyhpe piefsss by the process
200. 11 The exe EQlae% meett%od}l1 % :I rt@grc cogéq(rés§sasg%golrzcg o{) rocessing the %ubstrate 22. The

step 110 and &S ePp aoreeg?e era fy performe s?r?lrhsﬁaneousﬁ/. HEPRaive )9“ the ‘step 110 and the

step 120 are performed sequentially. 5The substrate 22 may be a carrier, or a part of the carrier, for

the semicondyélor GhiR 2. RIRHIAIMEY sdhe. SHARHAIER? AV he eadinge. Rrelpraly. the

processing of the Substrate 22 occurs via performance of an exemplary substrate processing process
300 provided BYntHdI¢H suBktaentibheaspiiead vl dilgrantesiugss exshipianesibetmite processing
process 300 igRhRwWHe Ekaedndiltor chip 12. It will be understood by a person skilled in the art

that preheating profile of the semiconductor chip 12 can be adjusted as required by
altering any one or more of the temperatures of the radiation heaters 34. Tt will also be
understood by a person skilled in the art that preheating profile of the semiconductor
20 chip 12 can be adjusted as required by altering speed of displacement of the preheat
stage and/or spacing between the semiconductor chip 12 and the radiation heaters 34.
Control of the speed of the chip preheat stage 28 and control of the preheating of the

semiconductor chip 12 can be either manually or software controlled.

25  Aspreviously mentioned, the chip preheat stage 28 is displaced towards the bond tool
location during the step 250. At the bond tool focation, the semiconductor chip 12 is
picked up by a bond tool 36 in a step 260. The semiconductor chip 12 is preferably
held or secured to the bond tool 36 by vacuum or suction. Alternatively, the
semiconductor chip 12 is held or secured to the bond tool 36 by mechanical means,

30 for example by a gripper (not shown).

Preferably, the bond tool 36 is preheated and maintained at a predetermined eievated
temperature prior to pick up of the semiconductor chip 12 in the step 260. The

predetermined temperature is preferably sufficiently high enough to melit the solder



In a step 310 of the exemplary substrate processing process 300, the substrate 22 is provided.
Preferably, the substrate 22 is provided via a substrate magazine 50. The substrate 22 is then picked
up by a substrate pickup tool 52 or device and transferred onto a flux stage 54 in a step 320. The
substrate 22 is preferably held or secured to 15 thgyflux stage 54 by vacuum or suction. Alternatively,
the substrate 22 js held or secured to the flux stage 54 by mechanical means, for example by a gripper
(not shown). RPEILREF S0t RIEE PHIRGRRDM gg&fﬁ@fiﬁ?éeﬁﬁé}?ﬂ fletvaldiemBa AR & i transfer 20
stage 58 ontangudaicesaf toe subgiras@Z,. mavdispeaiiealy onerthebond pagdsdkiithe substrate
22. The step 330 is preferably effected via an exemplary flux transfer process 400..A process flow
dimgram of SRS ARy TP T B A0 EHBUUR FoFIES 0t & e DR e
exemplary flux¢tbodsfevabireness 4#0Meaaprddetelairds gudeatitpwf fhak 156 isnthspewrsadd dre the flux

transfer agq, % I i'éiii ROQ" NS AGGRL COMPUSES AN JPGLe TRlE! ii‘ésr%{ ghgmicals, which

} U
are known to a person skilled in the art. In a step 420, a tampon tool 60 Is pressed onto the flux 56 on

the flux transféiesttigesg8icPrdfstabBhithE2tanmipeirdod 8B 1sprdseeobriothpdaseoivifiea 30

predetermined REESSHER Anfih 82k tReampenr4aal8Q i3 fiRitig and conforms to a pattern formed on
the flux transfer stage 58. Preferably, the pattern formed on the flux transfer stage 58 corresponds to a

pattern of holes or structures (not shown) formed on the flux transfer stage 58. Preferably, flux 56 is

contained withiRe theri@lgguetostelgiuressfasencist aadhs tux toaasfesistage b&hip drhesgattern of holes
or structures formed on the flux er stage 58 can he determined and uired using
i L e G & 4

ltered as re
techniques kri‘S\’R/%eié“gepE‘rééF?% H e Bidtes 611)7’ ?ﬁ’é”ﬁ?i HHS b%{g &t E¥F§&Bres on the
flux transfer spage S8igocngspatnds viithapattesniaf dothd pads 164! fosrest dershy sudistaaied22. A portion

of the 5 flux 50 agheres:(0,1 is AISEAURRY e .02, gl e tampen (ool aguhen,i i gressed onto
er )

the flux 56 on the uk transfer stage 58. Preterably, the pattern ot holes or strLFcftures on'the flux
transfer stagepB8¢ssiiaéempsrsdufsrifossiiicisgtind ahx oohgameteire defropaniieciuxcmanside stage 58 onto

the bond padggaqf theisHbsHAG ©ier RAlbR! werdsibepaernaihples endhsluxiransier stage 58

preferably enhances 10accuracy of flux transfer onto the bond pads 64 of the substrate 22. In a

subsequent stEpESBd4HE AR IPolT tddI B TE WigheCBIPpIaIGEHITEE PBVe E S ibstdtEbl. Preferably,

the tampon togiffieiéaRliaRac M ReStioRathin platienstadhiebens Parstadfermpdianrdhessurface of the
substrate 22. |n a step 440, the tampon tog|. 1560 is then displaced for pressing ontq the surface of the
B e Rl o F LR Fhe'h

substrate 22 & BpleRiRG 56 B?églgﬁfé%ture 0 ond too] 36 can be varied as

required after the semiconductor chip 12 is received thereby. The variation or
alteration of the temperature of the bond tool 36 can be effected using methods known

20 to a person skilled in the art.

In a step 280, the bond tocl 36, with the semiconductor chip 12 attached thereto, is
positioned above a second vision lens 38. The second vision lens 38 facilitates x, v
translational and 6 angular alignment of the semiconductor chip 12 relative to the
25 substrate 22. More specifically, the second vision lens 38 facilitates x, y translational
and 0 angular alignment of the bump structures 16 of the semiconductor chips 12
relative to bond pads 64 or bump structures (aiso known as interconnects) formed on

the substrate 22,

36 Completion of the step 280 preferably completes the semiconductor chip 12
processing process 200. It will however be understood by a person skilled in the art
that other semiconductor chip 12 processing steps and techniques may be additionally

performed by the process 200.



Pressing of the tampon tool 60 onto the surface of the substrate 22 preferably causes a transfer of flux
56 from the tip 62 of the tampon tool 60 onto the surface of the 20substrate 22 in a step 450. Although
only the exemplary flux transfer process 400 is described above, a person skilled in the art will
understand that other methods and apparatuses fan transfer flux 56 onto the surface of the substrate

22 may be utiliged for performing the step 330. 25 For example, the transfer of flux 56 in the step 330
may be effectl eb?‘?&‘é% B 190 SRS SPER A GRS bi0rREmroaesstreahst HRstaKsfer
preferably enabledruteplignmesmidaiet psayidesia srorerenduish flpsritansier pracessdoty.

parallelism/flainess because of the soft-pin design, Alternatively, the flux 56 may be directly dispensed
30onto the su‘rl{ia%ren%%‘iﬁé’&%sstﬁ%g @ﬁr.uft)t\k/]\ﬁlf% s% Deart?rﬁ%r% ogg %?léelﬁgé(arg%h skilled in the art that the
flux 56 may comprise any one or more of fluxing materials or agents commonly known to a person

skilled in the af. 13, Fhe. Ml transfer process 490,537 AlSeRRSURStIed it

: s _ na?%gfcgi o-flow
underfill The no-flow underfill can be transferred or dispensed onto the surface of the substrate 22 via
methods know#- tO S paEsEH shifeghpie atrrsrteampléame Reefooblindurimtasrsyine directly

dispensed ontgdhgnsibistratecég-byinse-Rimaredie Mot SPANN LR ARIER 340nthersulistrate 22

comprising flux 56 on the surface thereof is transferred from the flux stage 54 onto a substrate preheat

stage 66 (also ¥AGRAY Hed Rl GBS Hre ISP H ke brivviatsh oy aldimettatt BieKes T2, Preferably,
the substrate prefnes pRcREL poispredeatsdandrramtained at a predetermined elevated
tempera{ldre, for example I50C. It will be understood by a person skilled in the art that the
predetermined elevated temperature of the substrate preheat stage 66 can be predetermined and
varied as requiredstusgirig tedhhigeresriptowrubstitaeegrtodSshing step:3580théhsuhbitate 22 on the
substrate pre -Siag I d jti mperature. The transition. temperature of the
substrate 22 ?gﬁqﬁ%asé?é%%lg? %en?j’;%s Sf%%%é?\%?lé%}e;&ég%%(? jugrégoﬁ“ Egﬂgttr%r%afgnééﬁ %Bbﬁﬁe substrate

22 on the substksteaisréhéathstapeled vabbe eiliiermaitkaiyion Seranaey icortrdliuasOEHe transfer of
flux 54 occurringdn figxSieRS30iMavaiematiygly fepedrMrd A Lbly held or secured to

15 the flux stage 54 by vacuum or suction. Alternatively, the substrate 22 is held or
secured to the flux stage 54 by mechanical means, for example by a gripper (not

shown).

In a step 330, flux 56 (also known as fluxing agent) is transferred from a flux transfer

20 stage 38 onto a surface of the substrate 22, more specifically onto the bond pads 64 of
the substrate 22. The step 330 is preferably effected via an exemplary flux transfer
process 400. A process flow diagram of the exemplary flux transfer process 400 is
shown in FIG. 6.

25 In astep 410 of the exemplary flux transfer process 400, a predetermined quantity of
flux 56 is dispensed on the flux transfer stage 58. The flux 56 or fluxing agent
comprises of one or more materials or chemicals, which are known to a person skilled
in the art. In a step 420, a tampon tool 60 is pressed onto the flux 56 on the flux
transfer stage 58. Preferably, the tampon tool 60 is pressed onto the flux 56 with a

30 predetermined pressure. A tip 62 of the tampon tool 60 is elastic and conforms to a
pattern formed on the flux transfer stage 58. Preferably, the pattern formed on the flux
transfer stage 58 corresponds fo a pattern of holes or structures (not shown) formed on
the flux transfer stage 58. Preferably, flux 36 is contained within the holes or

structures formed on the flux transfer stage 58.



the substrate 22 has been transferred onto the substrate preheat stage 66 and heated to the transition
temperature. In a step 360, the substrate 22 is transferred from the substrate preheat stage 66 to a 25
bond stage 70 (also known as a bond plate or holder) using a substrate transfer tool 72. The substrate
pickup tools 52 and 68 and the substrate transfer tppol 72 may be the same tool. The substrate 22 is
preferably held or secured onto the bond stage 70 by use of a vacuum or suction. Alternatively, the
substrate is heRf JPEEEL &t RIES (e BRISPERJB 5D P8 8 Ak FABEREEEF mEaff® oPnechanism.
Preferably, theés3gwaedunmdenstelionris aippliedst spasifjoaripmwdetermpeadpgsilians arthe substrate
22 held onto th nd stage 70. More preferably, the specific positions do not correspo §l to bond pad
64 locations o%%k%gﬁkr)@r%tet P ﬁ%‘lgniso?o r??éa\sle% 5%?8?%%1%(% otl’ %gﬁf)}l(ng o fcre tﬁééstg te 22 when
the substrate @2tisspatedith galrafefdplyd thelboh dostageoriths pleheatéd. sndomminteited at a
predetermined ele ratyre, . tarmineghelevate uge of.the.pond stage 70 is
for examrgle Z%Olg)lc.y ?@égﬂgfe(?mﬁiﬁejagggv%ee?ftg{gg@r%rlgé%%h%‘f&%qé%gges?%hggr{ ti)(i)es selected and
varied as requifededstiEp teeHHg desoRrIBoVH WY Bapeisairekifiddire ieretdrt. T prtiparaflieles the bond

stage 70 can Be githar-manually isefinae sentrolied. dEhetarepstatisenlie hong.stage 70 can be
selected and varied depending on numerous factors. For example, the temperature of the bond stage

70 can be selSeRsEFIRY @ﬁﬁe‘tli‘gedféﬁéFfﬁlﬁ&ebﬁt?ﬁ%ﬁi%ﬁrﬁ%imco?‘{ﬁ‘zR"%Sﬁ%ié? BSF%SﬁEbEU%‘F\ the bump 10

structures 16.1Peferablydiheéqmpenasdie rk the oM siRge e infoIptaipRchal aMaampesature that is
incapable,of melting the solder pprtions 20 on the gu p structures 16_of the semiconductor chip 12,
and incaf)oablea%%ur%a%?/n ziﬁ?ﬁiﬁrﬁg%%?aé? tpce)r%?)rhspf So{srr%ﬁfet 5 t§ﬁ‘ﬁ&‘mes 16 of the semiconductor
chip 12 at the molten or liquid phase. Further preferably, the temperature of the bond stage 70 is

maintained at;a 15 ure loyver t Iti oint of the solder .portians, 20 of, the bum
i E%'E%ﬁﬁéﬂ% £Jopsr than he melinad P
structures 16 of thg se icondJu tor chip 12?T%e temperatlusrg éﬁﬁ??e %oﬂ%gg%%%% %%‘éen{mrther depend

on activation teiseratidelotrabiiunths: emeenimptétperigned of tvsitionfidwn ueldefilitgien the no-flow
underfill is usegd,in plaseLfdhsivr RAlhedennrratiyeaktbe bondistags 1.canbsasied as

required after the bond stage 70 receives the substrate 22. The variation or alteration of the
temperatdre Ahé& btish HpRerd Loh hEcaTBE N Gsitg rithsesHndin 1ePsiiatrsdh $Kkilked in the art.
The bond staggedf:dsniiasionpeediend peiscing or preventing heat dissipation from the substrate 22 to the
bond stage 70. Preferably, the bond stage 70 is designed such that copper traces, 25 which may be
present on the substrate 22, do not come into contact with the bond stage 70 so as to minimize heat
dissipation or PeatitgssEdicAdtepnativel yhithetbh dndsstége oi0te slgsigned SpalianbBscthieeeal in contact

with the coppe[ traces ate cansiructed fr m#ea insulating materjals including, put not limited to,
ceramic. 30Theasubstrate %oéﬁ%ﬁgg gﬁt e%ork\]gl é%glé)egl]/ 0ios(:ft en ??Jortﬁkgr %a%%ed (f?yt ond stage
20 substrate 22 in a step 450,

Although only the exemplary flux transfer process 400 is described above, a person
skilled in the art will understand that other methods and apparatuses for transfer flux
56 onto the surface of the substrate 22 may be utilized for performing the step 330.
25
For example, the transfer of flux 56 in the step 330 may be effected by screen printing
or pin transfer techniques or methods. Use of pin transfer preferably enables auto-
alignment and provides a more robust flux-transfer process for parallelism/flatness
because of the soft-pin design. Alternatively, the flux 56 may be directly dispensed
30 onto the surface of the substrate 22,

It will also be understood by a person skilled in the art that the flux 56 may comprise
any one or more of fluxing materials or agents commonly known to a person skilled

in the art.



70 to a substrate processing temperature in a step 370. The substrate processing temperature of the
substrate 22 is preferably lower than the chip processing temperature of the semiconductor chip 12.
Alternatively, the substrate processing temperature of the substrate 22 is equal or similar to the chip
processing temperature 15 of the semiconductor ¢hip 12. Preferably, the heating of the substrate 22
to the transition temperature in the step 350 reduces time required for the further heating of the

f

substrate 22 thhfh&tBanSEe Pirscessfifycrmperfureb ek dre of RertehyerdEilt the bond
stage 70 is prefRrabljidnraintRiteccat teaprefetalvinpsaalayatesirnpaiatwehioasxample 200C. In a
step 380, a thé%ness or.h iga%t&of the substrate Zlﬁ ea ured.ai_ld record?d b%ea sueastrate thickness
measuremen 6’|““74{“8Fh8§§) fH8 ha EGBSRaTEHERATYS MtasTfeMaiPtsol 4?)?" 8?%1ny
determines thenthidkihessyobh diglatipf dbpesisbstoate 22 Mtwithteclerenosd¢ood datesdieéfiored by the
bond stage 7%}1%%%5‘?” preferably, the substrate thickness measurement tool 74 measures thickness

of the substrate 22 excluding the bond pads 64 and flux 56. Preferably, the substrate thickness
measurement tool 74 further measures at least one of thickness of flux 56 on the substrate 22 and

height of bond,pads 544@I5Q kioWR: 25 coniaeiRAfRu{0fRer AP ii.toahstialeasshedond stage

70 is then positioned below the second vision lens 38 in a step 390. Preferably, the second vision lens

38 facilitates Af9BREORBOTRES HaprifoNarErNE PrehrglirreniGhrmin BroR® SSISSHUREE relative to

the semicondyeine£hyRid 3 MaderPoyspamifiealpitihaseeond. vaiandensi38 daslitataseharitranslational
and T angular %i;%n%gent of the bond pads 64 formed on the substrate 22 relative to the bump
e

structure’s 16 f df TRENSE BIUEIBIEHID 122 FRESKETIFGigIBrrIEh TR ditdialtively be
referred to as adagieuplouk-dowriltameradiosdaellitating pédeastbilledfix, shérams|diiondeand T
angular alignmleergjte%%%e _b§tragg Z%Grelati e to the §5 se 'c&gdu}petigéa grhip 12. é%w{i}lérpobvgever be

) g
appreciated b{/) a person ski ed In the aK tha rtﬁheox, y transla ional an ?iﬁéeular alignment of the bond

pads 64 formadednithmisehstdter2 relmivetd thmd aripistvacinesnlid forrmed on the semiconductor
chip 12 can be effected by a third vision lens (not shown) or other alignment means known in the art.

30 The processing of the semiconductor chip 12 in the step 110 and the processing of the substrate 22
in the stép 128pepisped it Berfibortiticior ¢hifd 2 ate Habettate g2 B ribdisdiag thetebetween in

a step 130. Prefatably. dhs-bensing hetwesndhe-spriacndsctns shinda andihesubstite 22 in the

step 130 occurs via an exemplar _ ,
and is turther varable, as required. Control of heating of the substrate 22 on the

substrate preheat stage 66 can be either manually or software controlled.

20 The transfer of flux 34 occurring in the step 330 may alternatively be performed after
the substrate 22 has been transferred onto the substrate preheat stage 66 and heated to

the transition temperature.

In a step 360, the substrate 22 is transferred from the substrate preheat stage 66 to a
25  bond stage 70 {also known as a bond plate or holder) using a substrate transfer tool
72. The substrate pickup tools 52 and 68 and the substrate transfer tool 72 may be the
same tool. The substrate 22 is preferably held or secured onto the bond stage 70 by
use of a vacuum or suction. Alternatively, the substrate is held or secured onto the
bond stage 70 by alternative mechanical means or mechanism. Preferably, the
30 vacuum or suction is applhed at specific or predetermined positions on the substrate 22
held onto the bond stage 70. More preferably, the specific positions do not correspond
to bond pad 64 locations on the substrate 22. This is to prevent deformation or

warping of the substrate 22 when the substrate 22 is heated.



16 bonding process 500 provided by the present invention. A process flow diagram of the exemplary
bonding process 500 is shown in FIG. 8. As previously described the second vision lens 38 facilitates
at least one of x, y linear 5 and T angular alignment of the semiconductor chip 12 relative to the
substrate bond pad locations. More specifically, thetsecond vision lens 38 facilitates at least one of x, y
linear and 0 angular alignment of the_ bump structures 16 formed on the semiconductor chip 12 with
the bond pad$ BF RGO I8l i HBhTARAIBABCHA: LESELSEN S DBSHRIAS and aligns
the semicondueiiperanip: 1 Ziabpusidhensiubstedieatsd posifanedooithtbend siage 70.Preferably, the

positioning of the 5?9388‘@ tor chip 12 .above the %ubstrate 22 i?tibe %E]ecp 510 a}gg%sl he bump
0 :

structures 16 oF the semicondiictor ¢ ?H“i’iewﬁ SYRS DAY 55121 g ?hbe Wisérate 15Preferably,

the second visﬁbwﬂ@sr@&ﬂaicﬂitaste@_aiméﬁmiﬁgn@hai@uﬂ @om_mte Wstamimﬂdﬁérsémmnductor chip
12 and a numpgp gl ielFGRaR AXep NI TBRINgANRCORIGAN S oRIESRANERgvith the bump

structures 16 of the semiconductor chip 12. In addition, the se vision lens 38 further facilitates a
definition of a second coordinate system of the substrate 22 and a number of reference vertices

coinciding 20 and eapfigiiativaiiosarrengding with-the hend pads 4 gfidhesspbisiraies2. Preferably,

the second vision lens 38 is coupled or electrically communicable with a programmable controller (not

shown). The Pr8BFRRH AT T AR SHRPR S FRTREMS BIUGahthieP iy sini i thefirle%eEoordinate
system and thasecenrd cepediate sysiemnin gldition Hae sagragmmanlecooptialier enaples alignment

of the firgf coordinate syst ith the second coordinate system for sybstantially.coinciding each of
the num Eér of trréufetlfé%scigaiﬁerr]g}%ﬁwya Q5 QRSN Sﬁéggfﬁ%qﬁ e?l of tefer8 éléeénear?iées to thereby
enable or aid apemtate tspatidhedigihmefinafitie bhum@diryetuias 26 of the isenmpicanductor chip 12

30with the bopg @a{ﬁé Q2108 AP tT ,%nd?r%&%eﬁgmé‘%%ﬁ@%%ﬁ%nch%ﬁels%lﬁé}srﬁ%ng&l'fs bipeessing
temperature prefera Iy maintains the so Ir portions on the bump structure thereof at the
molten or liquith prfakemnp structures 16 of the semiconductor chip 12 at the molten or liquid phase.
Further preferably, the temperature of the bond stage 70 is maintained at a
15 temperature lower than the melting point of the solder portions 20 of the bump
structures 16 of the semiconductor chip 12. The temperature of the bond stage 70 can
further depend on activation temperature of the flux or on curing temperature of the

no-fiow underfiil (when the no-flow underfill is used in piace of the flux).

20 The temperature of the bond stage 70 can be varied as required after the bond stage 70
receives the substrate 22. The variation or alteration of the temperature of the bond
stage 70 can be effected using methods known to a person skilled in the art. The bond
stage 70 is designed for reducing or preventing heat dissipation from the substrate 22
to the bond stage 70. Preferably, the bond stage 70 is designed such that copper traces,

25 which may be present on the substrate 22, do not come into contact with the bond
stage 70 so as to minimize heat dissipation or heat losses. Alternatively, the bond
stage 70 is designed such areas thereof in contact with the copper traces are

constructed from heat insulating materials including, but not limited to, ceramic.

30 The substrate 22 positioned on the bond stage 70 is then further heated by bond stage
70 to a substrate processing temperature in a step 370. The substrate processing
temperature of the substrate 22 is preferably lower than the chip processing
temperature of the semiconductor chip 12. Alternatively, the substrate processing

temperature of the substrate 22 is equal or similar to the chip processing temperature



In a step 520, a first phase movement or displacement of the bond tool 36 towards the 5 bond stage
70 occurs. Movement of the bond tool 36 towards the bond stage 70 displaces the semiconductor chip
12 attached to the bond tool 36 towards the substrate 22 on the bond stage 70. The first phase
movement of the bond tool 36 in the step 520 is phgferably performed at a fast speed, which can be
predetermined and is further alterable as required. 10 In a step 530, a second phase movement or

displacementf e 1EHEPIBESS felihertolvaferetie Hinbstiye 90 B8 HEIEVEMEN LR the bond tool

36 towards theabgifigrsiagperAsisplacesdp e serinradusierehindlrattaeadie thadhangrtool 36

towards the stligbstrz%tet 2t2 o%th kt> nd sgatge 70. The second phase movggent of l,zoe nd tool 36 is 15

preferably at a %Ics);\‘/lvesr%ﬁee ag co?nﬁlér%aa £ t%@‘fﬁ%stl%a{gg' B tﬁéeBo% tool"36. The slower

speed of the rmettant36Ohingdhé segeont) phasefnavbmentminihizeshiskrefignolténcdr liquid solder

wicking of splée}gplépe%ggrﬁ\gg cent %g@%aﬁgqgﬁﬂ)qu causing unwanted electrical shorting. 20The steps
ositioning of t 3

520 and 530 facilitate a semiconductor chip 12 and the substrate 22 at a bonding
position in a step 540. It will be appreciated by a person skilled in the art having the disclosure

provided by thge ygm@%%qmg&mta%qig@w Rlrass ohbmovemeRuahdisRiagement of the bond

tool 36 relative to the bond stage 70 may be effected. Movement of the bond tool 36 during such
additional 25 PSEEE ofiRENSH Rt O FPa5tdF of'sIBRSFdBbedEa s Wsipardidengse speeds of
either the firsihpaga-RUEBEMdbibRatep RAGAMhaResHnaRasaMaYRMNERLiIbilastep 530. In

addition,qulove.tentfof the bond tool 36 délrin suc&gﬁa%ditcionarl{gh ses o&frﬂovement may be towards or
away from the B8ng STSSE 76. 3CAM R SHRHn G pBsitN rditoifen BrHgt A5 hottfons 20 of the

semiconductaubhtipid 2lcoktast seavespending boddmpadsred dfithessukginate Qibsitie S8paration or

spacing betweeq the semiconductor, chip 12 and the substrate 22 at.the bonding position can be
referred to asggcrt])%ﬂaf’diﬁ%n%%nélggdﬁ:é%vna%% aﬁ g’épgéagﬁolﬁ%fgf%aﬁbeye 1%1%?%&%6%1?% & bond
distance is dersasirasceantbis fifthathearmgdeuss riggisdopasddtbnkesthitkhessobthehsubstrate 22

as measured inhe step %ﬁphﬁgﬁmwﬁ%&ﬂw%@%@@m%&{y&@&rﬂﬁﬁ%ﬁ%&?%Of varied

based on height of the semiconductor chip 12 measured in the step 230. The height of the
semicon]cﬁJcto?“BS&‘I@rfﬁ i2is preferably taken to comprise height of the bump structures 16 formed
thereon. An exemplary calculation formula for measuring and managing bond distance (and distances
between the semiconductor chip 12 and the substrate 22 during the steps 520 to 540) is shown in FIG
10. It will be aeiberé’(?f& SURERAL thhe PRR SARHIES s P LEREIGr YREPBIHY toi™8 HiRatds the bond
stage 70 durirfgetieez 319, fitet phase dsidskeesnd phdsettmavérmeninofdhe, stepsshiZidandf3D respectively
is carefully detern]irrleﬁiand 5?'8193 d fo% 0 itiaging ttlg‘g Qg&}p structur%s 16 0 thelﬁgmig}%nductor chip

angu NmMen su raic € MICanauctonr chi .
12 onto corresp%namg Bond pads b4 0f the sdbstrate 22, Height or thickness of semiconductor chip or

die (Hd)38 meastifew durithg ﬂ%%lépYili5>123¢)1Sl—@gfwiiirtﬂ;ﬁsmeSSZthh’ei@nﬁbsmdtéﬁ (kguismeasured
during the step;gfeRISieAD o aenrogida-Rldispiacetshtal the pamiconduophip 12 during
the steps 520 and 530 is known as actual stroke. The actual stroke is calculated using the exemplary

calculation forffiuFES sHoffmsF e, 19, Prafaedigionstaetdal sthskeetordibisiatedepy sebtracting Hd
and Hs from argirianes BeightEowbhichék apeigRidown camera for facilitating at least one

of x, y translational and © angular alignment of the substrate 22 relative to the
25 semiconductor chip 12. It will however be appreciated by a person skilled in the art
that the x, y translational and 8 angular alignment of the bond pads 64 formed on the
substrate 22 relative to the bump structures 16 formed on the semiconductor chip 12
can be effected by a third vision lens (not shown) or other alignment means known in
the art.
30
The processing of the semiconductor chip 12 in the step 110 and the processing of the
substrate 22 in the step 120 prepares the semiconductor chip 12 and the substrate 22
for bonding therebetween in a step 130. Preferably, the bonding between the

semiconductor chip 12 and the substrate 22 in the step 130 occurs via an exemplary



20 between the bond tool 36 and bond stage 70 or between the semiconductor chip 12 and the
substrate 22, and adding a predetermined compression offset value (i.e. Actual Stroke = Hf - Hd - Hs +
compression offset value). The compression offset is added for overcoming any co-planarity variances
from the semiconductor chip 12 and the substrate j32. Management of the bond distance (and
distances between the 25 semiconductor chip 12 and the substrate 22 during the steps 520 to 540)
enhances actiESREE IR PEY HEHHY i REEP L ADLE e Adhnton doetshaginme Kd the
substrate 22. ckaeyplandbaalisoroctihetoanehsiag e FadGespectively maintain the semiconductor chip 30
12 and the substrate 22 at the chip processing temperature and the substrate processing temperature
respectively. Temperature of each of the bond tool 36 and the bond stage 70 is preferably carefully
controlled and\smeged ddeinglibeé threttroddl 06ioAeex M plaijttempdraturaprdfileydirdag the method
100 15 Shown i Gndder W3 ERERAR NG ACIBRAIAY B ) 3350 8H DG AL IBAIAC Agghthe bond
stage 70 can be carefully and accurately measured, monitored and regulated as required during the
method 100. Préferabnsidxennestifnt msiaresanésispthiere thacitiintes of leagved ehecbond tool 36

and the bond }st%@a?oaﬁerr@smrnﬁa@ggrigrnﬁé}l@%@ﬁ%maadmn%gam%eé 5 9f {gRamigoRgiuctor chip 12
and the substrate 22 respectiveé during the bondin‘s\g%I process 500. In addition, the control and

maintenance STHHROTEHTRS SRR S BitB4Rn ontherdbRd ysraskeaibetidb e Stage 70 helps control and

maintain temperature at junctions between the solder portions 20 of the bump structures 16 and the

bond pa?l(? 64I 1OS,€\es Rreviou ly d scrltg

sly de d, itis im ortant to set and maintain the Eﬁm erature of the

bond tool"36 f&r he&king the serﬁllcct)%caugtgro o lfbnigntoaalgﬂ?f%faeﬁetwlﬁ?&a%tﬁ% fBt @ESV%elting the

solder portiontien sitestimiplspasttiores 6 thersoll angdd ndintiinihe delgesiporiiones2thef the bump

suctures 16 of N SRNIGOBANCES GBIRd 4t g daholten,Cllaud phage, faIRigfahiy, fe bond stage
Ing

70 is designed and structured for preventing fast heat drainage (i.e. for retai eatt grewithin).
Preferably, théitettiestbeyel 7o comisainderton thsulatimghaye b8! qudpletofftbeetebsiratrcdporated
therewithin. The insulating 20 layer 76 helps slow heat drainage or heat transfer through the bond
stage 70. This is to say, the insulating layer 76 prolongs retention of heat within the bond stage 70.

Preferably, hddtfeehfedhFitseride Bonn aydS derlinesits SEnbivpaha &t e fiRitons between
the solder poréiansn2ér eidRentiumna Rt ckiEe s21 ancthinsbostkprés &40t hpsubsimtend? at a
sufficiently high‘;%m eratx{)q for maintaining the %older 25°Eortions 0 at the molten or Jiquid state. The
insulating laycP RSN AR L BSTRERGES A1 bR SHBE LS AL I ANERT ARy, the
insulating layd27 Gisdiiade, aha snatetiaidhavings S biutherrfialcanductiviiyitRretérakbcoadvater-cooled
setup or mec*l%@%é% elgyls%e%?léplﬁg %%k;s ?ag%asﬁg gengr%ber of reference vertices coinciding
20 and configuratively corresponding with the bond pads 64 of the substrate 22.
Preferably, the second vision lens 38 is coupled or electrically communicable with a

programmable controller (not shown).

The programmable controller is preferably programmed for defining the first
25 coordinate system and the second coordinate system. In addition, the programmable
controller enables alignment of the first coordinate system with the second coordinate
system for substantially coinciding each of the number of reference axes with a
corresponding one of the number of reference vertices to thereby enable or aid a
accurate spatial alignment of the bump structures 16 of the semiconductor chip 12

30 with the bond pads 64 of the substrate 22.

The semiconductor chip 12 is preferably at the chip processing temperature and the

substrate 22 is preferably at the substrate processing temperature. The maintenance of



30 for reducing or preventing heat dissipation from the bond stage 70 to the other components. The
water-cooled setup or mechanism 610 preferably comprises at least one plate positioned adjacent a
surface of the bond stage 70, and at least one pipe connector 612 for circulating fluid through the at
least one plate to thereby reduce heat dissipation from (or insulated) the bond stage 70. 20 In a step
550, the semiconductor chip 12 and the substrate 22 are maintained at.the bonding position for a
oredietormnel S GEHIES HifeybIGATF B e S OIEHEORET GRS ERBHREE formation
between the sehiicpodiseto? ChipdiZbant tequstiated2oMothespetiticatliig e garsiconductor chip 12
and the substrate 22 are 5 maintained at the bonding position for a predetermined time period to
facilitate sufficient bonding between the solder portions 20 on the bump structures 16 of the
semiconductdn etrfsrl 228l filnet blagsd padenBaicitiisrdatsonerteo? ZhePrefidrabohs theveedsidenductor chip

12 and the S%Hiai&%z A SLIANINILOAPANGING L QdMpRliatyr e during dResiep qalk Mpre

specifically, junctions between the bump structures 16 of the semiconductor chip 12 and the bond

pads 64 of théigpipetrdhs sprdsangrsiRiriinie tRetrsharhy thahriatord Huongdiehaspbsseie The bonding

temperature duripatbesieraR07s Mrfersbnhetveaiie shiR-iateas empeiatuig,and the substrate
process temperature. More specifically, the bonéiin temperature is lower 15than the chip process
S

temperature andRIGRERHRSH BB frARS" SRS %mp@%&ﬁ&f%%%m JO36 HERTeleases the
semiconductaiehipld 2seedoaitbe substrate 22 in a step 560. Preferably an air purge by the bond tool 36
occurs (ﬁore the release of the semiconductor chip 12 onto the substrate 22 in the step 560. The air
purge facilitates 20 removal or detachment of the semiconductor chip 12 from the bond tool 36.
Preferably, prissutepofihen arcpudgehiscontrethed: for gisplamtimyaphiicabion efenfdatédpressure onto

the molten solder HEFENPANEED F0SSEMICORILLIAT CHmLLANA NG SHRSUAIG 2. Mge specifically

between the bump structures 167of the semiconductor chip 12 and the bond pads 64 of the substrate

22. The soldefiznie 8- asdisusipietndenive ship Ghatkehigshiicbadoatbioshity 1owards the bond pads

64 of the substiig2then selidifiesd completiagsthehending bebresnithesemirgngdystor chip 12
and the substrate 22. Performance of the steps 110 to 130 of the exemplary method 100 facilitates

bonding 30 offis&EbiNiabhalereh w5 ertRer e isstadisriss ¢ A RECH bR SEiconductor

package 10. Apantal eross-sgriddnal viewmehthedtliip whipustipicenduciad parkagadrsshown in FIG.
13 and FIG 14. This is alsko to sa that Ehe, 1 - . .
minimizes risk of motten or liquid solder wicking or splashing to adjacent bond pads

64 and causing unwanted electrical shorting.

20 The steps 520 and 530 facilitate a positioning of the semiconductor chip 12 and the
substrate 22 at a bonding position in a step 540. It will be appreciated by a person
skilled in the art having the disclosure provided by the present description that
additional phases of movement or displacement of the bond tool 36 relative to the
bond stage 70 may be effected. Movement of the bond tool 36 during such additional

25  phases of movement may be of faster or slower speeds as compared to the speeds of
gither the first page movement in the step 520 or the second phase movement in the
step 530. In addition, movement of the bond tool 36 during such additional phases of

movement may be towards or away from the bond stage 70.

30 At the bonding position, the molten or liquid solder portions 20 of the semiconductor
chip 12 contacts corresponding bond pads 64 of the substrate 22. The separation or
spacing between the semiconductor chip 12 and the substrate 22 at the bonding

position can be referred to as a bond distance (also known as a separation distance).



In a step 140, the formed flip-chip semiconductor package 10, more specifically assembly of

semiconductor chip 12 bonded with the substrate 22, is transferred or offloaded from the heated bond

stage 70 to an offload stage (not shown). The flip-chip semiconductor package 10 then cools to room

temperature on the offload stage. 5 Alternatively, ttge flip-chip semiconductor package 10 cools to a

different temp%?é;?grggéwipic is lower than the temperature of the bond stage) as required while on the
1y,

offload stage: shond AISENGR 18 SHEHBIBHARY SAYE YU AR SHEH Eh d%sied as 10
required for faeilitetithiskost ofatcadlingrothesflip:ahip s amico sdp Ao askag edferdiie, cooling of the

flip-chip semigonductor package.10 be,effected naturally. Alternatively, th coogn of the flip-chip
semiconductc?f1 %%:?(%%e‘?%%gy Sefénegfeéi %?/r?gpc?gd %Bn%%?ﬁgntbgg%%iinal? F%?I%Fce() C%F\vection
cooling, fluidsseforcerdwmiste dhiprtl gasesssrechimsheitstagein (s Pormipeghtoviahassteidlipdobipr

semiconductqy, nagkage 10 far, A5efferting e crelingdnersah Aismativelidne flinshigy

semiconductor package 10 may be transferred to one or more intermediate stage (not shown) before
being transfelfsérBhto/thets fipRlarstagicuinErerApR A tEnpersing offth emafsginadianedstage is

between the tgmpriaiiar ofithnQ bend-stagr wORkehthr iempgraloref the oificadstage. Further

preferably, maintenance or cantrol of the temperature_of the intermediate stage facilitates controlled
cooling of the P enipesimtonduitior Bhdkalevib bl d loring obfirg s tHeetiptaithéemiconductor
package 10 canderaither dphitaiheor sofiwasacaniroiadwahiAttobgh anlyethe eéxempkary method

100 for f%)ric?.itisrgtgr;]]Dt %gié)-c%p serg(i:lé:onductor ‘packa%e% %reovided Q%agn rryg(adiment IS ?Iescribed above,

i
i .secon ase movement s respectiv S
a person skilled’ inthé art will"tin tand THA Vahous modifieations 8%e stepg, orthe éequence

thereof, of anyanefelor dmﬂﬁ&hegpdos&seé ZOO,pB@'ﬁpgﬁfg a_thcl Bompngyubmmdé nghbeut departing
30 from the sqgpe Al NERERETLIBNENLRARSHAPRIIed RA0e ALl Wil Al .appreciate that the

steps of the method 100 represent steps in a gen od for packaging a semiconductor
component or device, for example semiconductor chips and transistors. 22 In the exemplary method

100, the SoI_dqwgﬁi%9%@&@sm@fbéémm&ew{%%%mf@qﬂimghﬁe%@mégomqam&@pl2 is
maintained in the molten or liquid phase by thermal management of the bond tool 36. However, it will

be appreciatetBy 9eoh SRmErh (Hethft HESHRICHE YideI SRRSO WL e 8 &Nt description
that the soldep&Reatigns2rathedusinisiisctmes 16 farneadiamthetseangontusiarchip 12 may

slemaivly b paengdl) g soldphaserioue I g e SCer L0 240 e
semiconductorxehipi4?2 askwheltediduning poshioning 67dhd ¢ehPnedanbiictor chipd Z@atkhesbonding
position in thecﬁ&ﬂa?éiob};‘gubtracting Hd and Hs from a reference height (Hf), which is a height
20 between the bond tool 36 and bond stage 70 or between the semiconductor chip 12
and the substrate 22, and adding a predetermined compression offset vatue (i.e. Actual
Stroke = Hf — Hd — Hs + compression offset value). The compression offset is added
for overcoming any co-planarity variances from the semiconductor chip 12 and the
substrate 22. Management of the bond distance (and distances between the
25 semiconductor chip 12 and the substrate 22 during the steps 520 to 540) enhances
accuracy and stability of bonds formed between the semiconductor chip 12 and the

substrate 22.

The bond tooi 36 and the bond stage 70 respectively maintain the semiconductor chip
30 12 and the substrate 22 at the chip processing temperature and the substrate
processing temperature respectively. Temperature of each of the bond tool 36 and the
bond stage 70 is preferably carefully controlled and managed during the method 100,

An exemplary temperature profile during the method 100 is shown in FIG. 12.



It will also be appreciated by a person skilled in the art with the disclosure provided by the present
description that the exemplary method 100 for fabricating flip-chip semiconductor packages 10
enables accurate positioning of the bump structures 16 of the semiconductor chip 12 relative to the
bond pads 64 of the substrate 22 during 15 heating for reflow of the solder therebetween to thereby

aid formation of accurate and reliable interconnects befween the semiconductor chip 12 and the
cubstrate 22 R, TEATTEGROUEST EH LI LG MO b REE NATR iorent
coefficients otiduiival:adprostar! {Ch&yasCompareddasl bsgidtesi orscanersd ddridgating of materials
with different CTEs results in differential thermal expansion thereof. Accordingly, the heating of the
semiconductonrwétﬁ?ﬁi fg%r%e ﬁléa%%bé%afgrg?%ﬁ%a %r}téagﬁ &in %?lﬁ%rt'g%jﬁgf%?égr%%ﬁ %afga%sion between
the semicondtjm_bpxaxhtpdzfamditthe bobdtiags 20 cinraspeefingy eraibiosiﬁtﬁen{labm%seht_ invention,
pitch compengatipn ereussghiPeiend A4S UBSHRIR 2R NG RIEhEOBRRRARAtION 25

between the bond pads 64 of the substrate 22 is preferably calculated and determined for the

offsetting diffé¥erersl tHErMaddiiirhdisncpatinbarths sinasn o Cisrenps e EPfredupttrate 22 due

to their differaptial srefficientsaf thersakiexpansiondeT Ededharg by SnaHe-agsysalie hending, or
interconnect formation, betwegfn thf bump,strut%tuér;s 16 of the semiconductor chip 12 and their
iy 023 sy

correspondind BE AR &4 & BOBigPs HiBP SHIHLEy ARBHEP RIS Rsation

between the ls@nd pads 64 of the substrate 22 is performed for preventing electrical shorting between
the interﬁ?nnects formed. A partial diagrammatic overview of the pitch compensation of the bond pads
64 of the substrate 22 is shown in FIG. 15a and 15b. 23 Alternatively, pitch compensation is
performed betiepmthvestudescstradturas Bpoftine semicornt uctotahiphd 2eMpeagitchadddhpensation

between the UM, sHuGyies Le:0f e SRIIGARALGIOLENP %?a@&ff‘cf@ﬁﬂ?')ﬁi&ﬂ'@%?@%&@d determined

for offsetting differential thermal expansion between the semiconductor chip™12 and the substrate 522

due to their diffsrastiBichefidaitBBH eI R pem SIBISTETE thermasr dikinapaiyingeh

compensatiO%&?deﬁF{Qﬁmgg dor bothethehyarstiratiures A 6,ef dheissmicanduston ehip 4 as well as for
the bond pads 64 of the substrate 22 for  offsetting the differential thermal expansion between the

semicontuctdPehiB t2ligHl PBME substrate 22 due to their differential coefficients of thermal
expansion (CTE). The above described pitch compensation process or technique preferably ensures

recise o eSS ETANAE o eseneobg, g 7 e HbREaG 27 mor
drainage (i.e. for retaining heat therewithin). Preferably, the bond stage 70 comprises
an insulating layer 76 coupled thereto or incorporated therewithin. The insulating
20 layer 76 helps slow heat drainage or heat transfer through the bond stage 70. This is to
say, the insulating layer 76 prolongs retention of heat within the bond stage 70.
Preferably, heat retained within the bond stage 70 maintains the temperature at the
junctions between the solder portions 20 of the bump structures 16 and the bond pads
64 of the substrate 22 at a sufficiently high temperature for maintaining the solder
25  portions 20 at the molten or liguid state. The insulating layer 76 preferably comprises

air pockets or air bubbles therewithin. Alternatively, the insulating layer 76 is made of

a material having a low thermal conductivity.

Preferably, a water-cooled setup or mechanism 610 is coupied to the bond stage 70
30 for reducing or preventing heat dissipation from the bond stage 70 to the other
components. The water-cooled setup or mechanism 610 preferably comprises at least
one plate positioned adjacent a surface of the bond stage 70, and at least one pipe
connector 612 for circulating fluid through the at least one plate to thereby reduce

heat dissipation from (or insulated) the bond stage 70.



15 and the bond pads 64 of the substrate 22, by the exemplary method 100. In addition, the above

described pitch compensation process or technique preferably minimizes alignment or bonding offset

between the semiconductor chip 12 and the substrate 22. A person skilled in the art provided with the

disclosure of the present description will understand that the modifications to the pitch compensation

process may also be c%gge Owithout departing frgm the scg&e of the present invention. An exemplary
a

system 600 of apFPatad I pSEREEINY AE SR ARG S asRERas comfsonaha it &'scifically an
exemplary systeidifgrjaditicatiog thedi-chipisemitondureiod packagsl Gidalser piavidad by the
present inven(ign, The.Sxsmplary 2bsystem 000.js shown.in FIG. L6, Ths, sxermplany sygfem 600
comprises means for performing the method 106 4% described above. More specﬁical y, the exemplary
system 600 ctmprhstratmBandoisrspesitraiingianse o uturioreivpth i s 106ttt 20 afthe method

100. steps 21445 2P0 AARESAAARS12RS, 40,390 LINGRIE6SS 005 SIFRR 410 0 450 o

the process 400 and steps 510 to 560 of the b%rocess 500. The means referred to above are for

example compHHEIEE, tevtinsehsimests BF aplssrarosionswificn dhe Shmpedrastrednfiguirét using

techniques kngwiRdadaderspip skilled dn-thehartadd446r RERBsesOb glarity and brevity, several key
components of the system 600 will be further described below. It will however be appreciated by a

person skilled in the art with the disclosure provided by the present description that this does not limit
the scope of theGysiBmiGOcavaraetiy pipsentinyanrtianshAs Jraviashementioneditae system 600
compris% means forLPgr{Prmin%]%:he ste8§02]191t0 280 o}thﬁ process ZOg. Prefer%bl){), the system 600

comprises a semmeondic (l)lFigﬁip eoder gantry 802 TERY T8r *aéﬁﬂgﬁll%sthgt‘év eeﬁ 210 o'THBPoviding the

semiconductortmioipré? | 4 0T Tthe Wmn@@@ﬁuﬁhet%andpﬁsé&ndqm fdr@ﬁel%sfubsga:thess or height
of the semicom%m{gﬁme%%oﬁaﬁtg@m e%ﬁ@&ﬁ%ﬂg{g‘ﬁ%%i%!Cﬁ%eéén‘a{n%et;ﬁ%&%ﬂ

semiconductor chips~12 is effected or facilitated by th pickup tool 24 and the encoder information
as described aWoRe. thewilthowBvier elarbhe chatig sy thepshiprprocess temperature and the

substrate process temperature. More specifically, the bonding temperature is lower

15 than the chip process temperature and higher then the substrate process temperature.

The bond tool 36 then releases the semiconductor chip 12 onto the substrate 22 in a
step 360. Preferably an air purge by the bond tool 36 occurs before the release of the
semiconductor chip 12 onto the substrate 22 in the step 560. The air purge facilitates
20 removal or detachment of the semiconductor chip 12 from the bond tool 36.
Preferably, pressure of the air purge is controlied for preventing application of
unwanied pressure onte the molten solder present between the semiconductor chip 12
and the substrate 22, more specifically between the bump structures 16 of the
semiconductor chip [2 and the bond pads 64 of the substrate 22, The solder between
25  the bump structures 16 on the semiconductor chip 12 and the bond pads 64 of the
substrate 22 then solidifies for completing the bonding between the semiconductor

chip 12 and the substrate 22.

Performance of the steps 110 to 130 of the exemplary method 100 facilitates bonding
30 of the semiconductor chip 12 to the substrate 22 for forming the flip-chip
semiconductor package 10. A partial cross-sectional view of the flip-chip
semiconductor package 10 is shown in FIG. 13 and FIG 14. This is also to say that the
steps 110 to 130 of the exemplary method 100 represent steps in a method for

packaging the semiconductor chip 12.



15skilled in the art that alternative mechanisms may be used for measuring the thickness or height of
the semiconductor chips 12. The system 600 also comprises heating means, elements or devices for
preheating the semiconductor chip 12 during the step 240 and for further heating the semiconductor
20 chip 12 to the chip process temperature in the 8tep 270. It is important to note that that the chip

process temperature is preferably suffigient high enough to enahle melting of solder_portions 20 on the
bomp structul B BeE ol it A AEHER 3PS SR RGO the b BTG A further
heating of theasemidpnductaicshijndidrisigihEl bofivedredontrokebsanimandyéllyraoditraltedrusing
techniques knawn to aperson skilled 25in the arf, In additign, the_system 600 further comprises means
for processing(;|)(%'ﬁ/%aéfff{)aﬁf(r)gﬂtet(?les,1 ec?rleﬁ%kr) &%ﬁﬁa&?r?eo s['g)e%% %E;%O?c&) §%§¥|S(én?rk{]es%€r‘g?zist§k§0% PThe system
600 preferablyhipmis@@acm&@ed‘é@dép@amﬁy B04dor {sroptdifgive mgff&@zzamthe step 310.
30 The systern A0 (RS LROMPUARSPRRORIR dFaRsiaRing Loy iof aniitiens uhapale.R2 in the step

320. As previously described, flux transfer may be performed by use of the tampon tool 60 for
transferring fl(XBedEpoditedBn the tRmnsaisie Cstdsebssb ARt s upttine Yhilateiaively, the
system 600 caitienppsize other means or mechanisms 25 for transferring flux 56 onto the substrate
22. Further alternatively, the system 600 comprises other means or mechanisms for transferring the
no-flow underfill in place of flux onto the substrate 22. 5The system 600 further comprises the
substrate thickrgss:bheasaremestaaal 04,tas shitwud NdetGmbh ter measliethgitbevtiieknass or height

of the substrate 22. It will.be.understood a person.skilled in the art that alternatjve ans or
e e B B B S B BRI o
600 further cohhprisedimgafirnbeniéankirelementsioridevickdge pfehwating thesebsaaralR? in the step

350, and for furiher, ealing,the, skisblTAlR. 22 10.Hie SURSITRIE RIOGRSS JETPEIAIYE ditdhg step 370.

Preferably, the substraté 22 is heated by the bond stage 70 to the substrate process temperature. The
bond stage 7®YsferssihprstysHacerdtngeted forcRicHaRsE RS enEREselvetiamplRbrANd of the

substrate 22 13 p0silansiReraens Filapdd 8Rdrid Ghe I8=bRY SR handisiagen @ designs. The
bond stage 70 can_.comprise air pockets 606 for facilitating heat retention within (i.e. prevent heat

dissipatibn frorHftHE&MESEANBSBCHRE hond stage 70 preferably comprises vacuum grooves 608. The
vacuum grooves 608 facilitate application of vacuum or suction for securing the substrate 22 to the
bond siage 70A1-trer}ga§r\1a y,etﬁg %ip—chip semiconductor package 10 may be transferred to one or
more intermediate stage (not shown) before being transferred onto the offload stage.
Preferably, the temperature of the intermediate stage is between the temperature of the
20 bond stage 70 and the temperature of the offload stage. Further preferably,
maintenance or control of the temperature of the intermediate stage facilitates
controlled cooling of the flip-chip semiconductor package 10. Control of the cooling
of the flip-chip semiconductor package 10 can be either manually or software
controlled.
25
Although only the exemplary method 100 for fabricating a flip-chip semiconductor
package provided by an embodiment is described above, a person skilled in the art
will understand that various modifications to the steps, or the sequence thereof, of any
one or more of the processes 200, 300, 400 and 500 may be made without departing
30 from the scope of the present invention. A person skilled in the art will also appreciate
that the steps of the method 100 represent steps in a general method for packaging a
semiconductor component or device, for example semiconductor chips and

transistors.



20 position of the vacuum grooves 608 is predetermined so as not to coincide with positions of copper
traces present on the substrate 22. It is important that the system 600 is equipped and designed for
thermal management of the each of the semiconductor chip 12 and the substrate 22 during the
method 100. 25 More specifically, the system 600Xomprises means or mechanisms for thermal

management.of the semiconductor. chip 12 and the substrate uring the exemplary bonding
orocess 500, FHBTR R RN i B TS B By e BF B RSt LD software
programs andmihnuatocombeianttgl iPpistrasikiacw 1o thepexdan skiligdidptacabl Tleensystem 600
preferably enabl 0 i b t e maintai in the molten
state before t@@%&%ﬁﬁéﬁﬁ(ﬁg gﬁ%bf%??é(%?égqa%%% tﬁ?ﬁr’i&#ﬁ%ﬁ%ﬁa@ %Zp ?ggé?e%g?ﬁ%r enable bond
formation betiteths #it ayving Seudiiplessis piadided bpribepprgscsy dithivisebsiratthe30ld8 The system
600 further coimpises:d WalRE %%HPQ%&EF@”R‘W&F&@%;?ﬁﬂW@elﬂiEd%u%%rTJ}‘@p"‘@t%@O0|ing

mechanism 610 comprises a pipe connector extension 612, a chiller plate 614, a substrate table base

insulator 616,24$BF &k tr1BUNa BeddRiti e He alase 2tiop Farerduy it heatisPE S6IHE Hechanism

610 can be cauplediie hiadiengbcstade: 1QSenat laastree pifaelitatipomrulaioarandrepoling thereof
In other words, the water co Iin%fmech nism 610 acjlitates thermal management of the
ci

preferably fe (
bond stage 7081t \$APES 8o 8t ﬁcﬁoérscgﬁ’sﬁﬁeﬁein%‘f {4 tHERnBS9BHE B0 Hifther 10
comprises meanscardpewso i thetisidps dhigheexempléry hepndidg process 500. Preferably, the
system Ef 0 comprises the second vision lens 38, also known as the look-up/look-down camera for
aligning the semiconductor chip 12 relative the substrate 22 in the step 510 of the exemplary bonding
process 500. Mund! sfrechfcaiiyctirseddnondarksioidinst 38 thaiitatsth dbediatesigmingy gethe bump
structures 16 6f (3 bR SEIFRBTHSIAr ARAZMERIRISGRERP 106 RANdAds A ApLbR substrate 22

It will be understood by a personskilled in the art that alternative alignment means or méchanisms

may be utilize¥ Bi- Uit BosioP anapirigrasepisapsitnmagrakhs femmed wirese Kemliconductor
chip 12 with the:beadPadses tnimed andhe WhslaiendZpa20 by addilioguibe.sySterueap enables

careful or accurate management of bond distance between the semiconductor chip 12 and the
susbratd 22, IV RERTI00 HAHAE (REARS PRI ASTFY ANCRETLIE 8 Subtitfdisplacement
magnitude of edieblefithechrstephasernovbmentiandithesesipn phase:movemenr of the bond tool 36
towards the 25 bond stage 70 in the steps 520 and 530 respectively. Control or management of
displacement magnitude of the bond tool 36 towards the bond stage 70 preferably depends on the
actual stroke Vaverdiicukreehbyutive extdpaplany foheu keshovwduinide| G:vi@sInhetiredidords, the
calculation of thigkness or height of g%ggﬁh% icdgng&%%&pig)lgi@&ga{&e subsiratg 22 enables

management of the displacement 30 magnitude of the bond tool 36 towards the bond stage 70 during

the step3%20 Berlizgeragairaitasiib BBkdcaistahbe sauliedn tHEwemRomauBidrcaRiRsioand the
substrate 22. Rraferahly.dherdispiacampeniraagnitdaiaiiae-Renditoob 7 danardsthadend stage 70

during the steps 52Q and 530 paositions the bump structures 16 of the semiconductor ,chi% 12 in contact
with the bond H&?é"‘éh%ﬂ'ﬁﬁé% gﬁ%&téakgl_ermai expansion between the sermiconductor chip 1

and the substrate 22. In a preferred embodiment of the present invention, pitch

compensation oceurs for the bond pads 64 of the substrate 22. The pitch compensation

25 between the bond pads 64 of the substrate 22 is preferably calculated and determined
for the offsetting differential thermal expansion between the semiconductor chip 12
and the substrate 22 due to their differential coefficients of thermal expansion (CTE)
to thereby ensure accurate bonding, or interconnect formation, between the bump
structures 16 of the semiconductor chip 12 and their corresponding bond pads 64 of

30 the substrate 22. Further preferably. the pitch compensation between the bond pads 64
of the substrate 22 is performed for preventing electrical shorting between the
interconnects formed. A partial diagrammatic overview of the pitch compensation of
the bond pads 64 of the substrate 22 is shown in FIG. 15a and 15b.



27 The system 600 further comprises means for offloading the formed flip-chip semiconductor
package 10 during the step 140. As previously described, the flip-chip semiconductor package 10 is
preferably cooled on the offload stage (not shown). As described above, it will be understood by a
person skilled in the art that the system 5 may corpprise alternative cooling means and mechanisms

be used fqr cooling the formed flip-chip semiconduict 10. F le, the system 600
can comprise AT SF0tePY T SREERT Yorkoa LGB S e IR SO ASH Hickage 20,

Control of thesemiding!afttineigrnh2diip hil smnﬁemmﬂuntpemha@e Bimayrirevasilitted by use pf at
least one of comRy(er.soitware g ManuplerAdmechanical MeAns ASINGNR 1o, feRen skilled in

the art. As pre\_/lous y'mentlone | e unaerstoo y a person S_ In the art wi e disclosure
provided by tiefisresesit esupiptinanhian thetwiserrike comipondustoothatederid dictisebsyrstern 600 may

be variedswhilg gfill @0aRiNG PEERMaRGEQEiteot i StERP kbAH90h4@ pEjhe method 100. This is to say,

the components, tools or apparatuses of the system 600 used for performing the steps of method 100
and the steps of each of the processes 200, 300, 400 and 500 may be varied, shaped, dimensioned

and configuregageairagivsinggrahbishes diownstaarparsartskiled iRtiharmptselctnthe foregoing

manner, an exemplary method 100 and system, 600_for fapricating flip-chjp semicongductor packages
orovided by 18 BrAGE ARG RO et B S PABRE 6 DU SARAE RIS exempiay

method 100 asttksysiend 0lifarmiads chedesdriogaabny bemndmilicbe mivdadstaadchipal pessbn skilled in

the art tq pe wilhin & Jie,seape.0f he piesept.venion, L il alsa s understeqdpy a person skilled
in the art that the present’ invention is not limited to specific forms, arrangements or’structures of the
embodiments described above. It will be apparent to a person skilled in the art in view of this

disclosure thapnumerous changes andiormadifisations.ean hemade withert-departing from the scope

and spirit of the invention. 30 tlliii )
precise or near-precise bonding between the semiconductor chip 12 and the substrate

22, more specifically between the bump structures 16 of the semiconductor chip 12
15 and the bond pads 64 of the substrate 22, by the exemplary method 100. In addition,
the above described pitch compensation process or technique preferably minimizes
alignment or bonding offset between the semiconductor chip 12 and the substrate 22,
A person skilled in the art provided with the disclosure of the present description will
understand that the modifications to the pitch compensation process may also be done

20 without departing from the scope of the present invention.

An exemplary systemn 600 or apparatus for packaging a semiconductor device or

component, more specifically an exemplary system for fabricating the flip-chip

semiconductor package 10 is also provided by the present invention. The exemplary
25 system 600 is shown in FIG. 16.

The exemplary system 600 comprises means for performing the method 100 as
described above. More specifically, the exemplary system 600 comprises means for
performing any one or more of the steps 100 to 140 of the method 100, steps 210 to
30 280 of the process 200, steps 310 to 390 of the process 300, steps 410 to 450 of the
process 400 and steps 510 to 560 of the process 500. The means referred to above are
for example components, tools, elements or apparatuses, which are shaped and

configured using techniques known to a person skilled in the art.



10

15

20

25

30

24
For purposes of clarity and brevity, several key components of the system 600 will be
further described below. It will however be appreciated by a person skilled in the art
with the disclosure provided by the present description that this does not limit the

scope of the system 600 covered by present invention.

As previously mentioned, the system 600 comprises means for performing the steps
210 to 280 of the process 200. Preferably, the system 600 comprises a semiconductor
chip feeder gantry 602 used for facilitating the step 210 of providing the

semiconductor chip 12.

The system 600 further comprises means for measuring thickness or height of the
semiconductor chips 12, Preferably, measurement of the thickness or height of the
semiconductor chips 12 is effected or facilitated by the chip pickup tool 24 and the
encoder information as described above. It will however be appreciated by a person
skilled in the art that alternative mechanisms may be used for measuring the thickness

or height of the semiconductor chips 12.

The system 600 also comprises heating means, elements or devices for preheating the
semiconductor chip 12 during the step 240 and for further heating the semiconductor
chip 12 to the chip process temperature in the step 270. It is important to note that that
the chip process temperature is preferably sufficient high enough to enable melting of
solder portions 20 on the bump structures 16. Control and maintenance of the of at
least one of the preheating and further heating of the semiconductor ship 12 is either

software controlied or manualiy controlled using techniques known to a person skilled

in the art.

In addition, the system 600 further comprises means for processing the substrate 22,
or performing the steps 310 to 390, in the process 300. The system 600 preferably
comprises a substrate feeder gantry 604 for providing the substrate 22 in the step 310.

The system 600 further comprises means for transferring flux 56 onto the substrate 22
in the step 320. As previously described, flux transfer may be performed by use of the
tampon tool 60 for transferring flux 56 deposited on the flux transfer stage 58 onto the

substrate 22. Alternatively, the system 600 can comprise other means or mechanisms



281641(4 Claims 1. A method for device packaging, the method comprising: heating a
semiconductor device to a first temperature, the semiconductor device comprising a plurality of bump
structures, each of the

25

for transferring flux 56 onto the substrate 22. Further alternatively, the system 600
comprises other means or mechanisms for transferring the no-flow underfill in place

of flux onto the substrate 22,

5  The system 600 further comprises the substrate thickness measurement tool 74, as
shown in FIG. 5h for measuring the thickness or height of the substrate 22. It will be
understood by a person skilled in the art that alternative means or mechanisms may be

used for measuring the thickness or height of the substrate 22.

10 The system 600 further comprises heating means, elements or device for preheating
the substrate 22 in the step 350, and for further heating the susbtrate 22 to the
substrate process temperature in the step 370. Preferably, the substrate 22 is heated by
the bond stage 70 to the substrate process temperature. The bond stage 70 is designed
and constructed for facilitating thermal management thereof, and of the substrate 22

15 positioned thereon. FIG. 17 and FIG. 18 show exemplary bond stage 70 designs. The
bond stage 70 can comprise air pockets 606 for facilitating heat retention within (i.e.
prevent heat dissipation from) the substrate 22. The bond stage 70 preferably
comprises vacuum grooves 608. The vacuum grooves 608 facilitate application of
vacuum or suction for securing the substrate 22 to the bond stage 70. The shape and

20 position of the vacuum grooves 608 is predetermined so as not to coincide with

positions of copper traces present on the substrate 22,

It is important that the system 600 is equipped and designed for thermal management
of the each of the semiconductor chip 12 and the substrate 22 during the method 100.
25  More specifically, the system 600 comprises means or mechanisms for thermal
management of the semiconductor chip 12 and the substrate 22 during the exemplary
bonding process 500. Thermal management may be facilitated by use of one or more
of computer software programs and manual or mechanical input as known to a person
skilled in the art. The system 600 preferably enables the solder portions 20 on the
30 bump structures 16 to be maintained in the molten state before the semiconductor chip
12 is displaced towards the substrate 22 to thereafter enable bond formation between

the bump structures 16 and the bond pads 64 of the substrate 22.



5 plurality of bump structures comprising a solder portion, the first temperature being at least the
melting temperature of the solder portion of each of the plurality of bump structures to bring the solder
portion to a molten state; heating a substrate to a second temperature, the substrate comprising a
plurality of contact pads; and 10spatially aligning tb& plurality of bump structures with the plurality of

contact pads, wherein.th miconductor deyice is disposed at a g ance from t%q ubstrate
during the he sl g SHHe L HCDN G Heu b B 1o 2R (IR TBTAITI S DAt U o e
semiconductdPddbicevatad thelisghstetanbeing A sdmplaced pipvardsntheothesttienedfsubsequent the

heating of the, j r.deyi I Ing 4 p i tye €With a
correspondingﬁoﬁrilgelJ %?%ﬁg?o%raa ity%ﬁai%Eﬁﬁ%ﬁ%s%%ﬁ%%e%ét%ﬁ?ﬁﬁ% gﬁ% ,%%gar?lrng the substrate

comprising: 7@%tﬁ@tﬁ@&f@§ﬁa@qwat@é&9ﬁ@&mﬁ@m@lﬂ@%b@ﬁ@lwéﬁdﬁerﬁl@k@lbéing lower
than the first tefaPeTRINF ¢ Rad GRS BRI %m&ﬁ%égs%%%}e@f.amﬁh@%srmwer than the
0

melting temperature of the solder portion of each of the plurality ump 75structures 4. The method
as in claim 2, RirtAaRESATGIARechanisia A Ling rabhsfashdiyr iHbcsmd compgerrialiteeand the
substrate towasds éagother thereof for abutting each of the plurality of bump structures 30with a
corresponding one of the plurality of contact pads to thereby obtain a semiconductor device package
therefrom 5. The method as in claim 4. heating the semiconductor device to the first temperature
comprising: 1E14dill tile appreciated by a person skilled in the art that the system 600 further

10 comprises means for performing the steps of the exemplary bonding process 500.
Preferably, the system 600 comprises the second vision lens 38, also known as the
look-up/look-down camera for aligning the semiconductor chip 12 relative the
substrate 22 in the step 510 of the exemplary bonding process 500. More specifically,
the second vision lens 38 facilitates accurate aligning of the bump structures 16 of the

15 semiconductor chip 12 with reference to the bond pads 64 of the substrate 22. It will
be understood by a person skilled in the art that alternative alignment means or
mechanisms may be utilized by the system 600 for aligning the bump structures 16
formed on the semiconductor chip 12 with the bond pads 64 formed on the substrate
22.

20
In addition, the system 600 enables careful or accurate management of bond distance
between the semiconductor chip 12 and the susbtrate 22. The system 600 comprises
means for controlling at least one of speed and displacement magnitude of each of the
first phase movement and the second phase movement of the bond tool 36 towards the

25 bond stage 70 in the steps 520 and 530 respectively. Control or management of
displacement magnitude of the bond tool 36 towards the bond stage 70 preferably
depends on the actual stroke valve calcuiated by the exemplary formula shown in
FIG. 10. In other words, the calculation of thickness or height of each of the
semiconductor chip 12 and the substrate 22 enables management of the displacement

30 magnitude of the bond tool 36 towards the bond stage 70 during the steps 520 and
530, as well as the bond distance between the semiconductor chip 12 and the substrate
22. Preferably, the displacement magnitude of the bond tool 70 towards the bond
stage 70 during the steps 520 and 530 positions the bump structures 16 of the

semiconductor chip 12 in contact with the bond pads 64 on the substrate 22.



29 heating the semiconductor device to a third temperature, the third temperature being lower
the melting temperature of the solder portion of each of the plurality of bump structures; and

gripping the semiconductor device with a gripper tool, the gripper tool for heating the semiconductor
device to the first temperature. The method as in €faim 5, heating the semiconductor device to a third

cloments. 1o REatue e o8 Ao BB A e arati S0t Rrore W ediroas the heat
profile being comirolductor prekhgal Heduimue dhittie:sdrfic dnduetor iy itesdotk thirfifechgerature. The
method as in QA e REARE ERE.SRMICHAMEIR dEMIGEHR AdIIAJEIREIATUS MERES, somprising:
described above, it will be understood by a person skilled in the art that the system
5 may comprise alternative cooling means and mechanisms may be used for cooling the
formed flip-chip semiconductor package 10. For example, the system 600 can
comprise a fluid system for effecting forced cooling of the flip-chip semiconductor
package 20. Control of the cooling of the formed flip-chip semiconductor package 10
may be facilitated by use of at least one of computer software and manual or

10 mechanical means as known to a person skilled in the art.

As previously mentioned, it will be understood by a person skilled in the art with the
disclosure provided by the present description that the means, components or
elements of the system 600 may be varied while still enabling performance of the

15  steps 110 to 140 of the method 100. This is to say, the components, tools or
apparatuses of the system 600 used for performing the steps of method 100 and the
steps of each of the processes 200, 300, 400 and 500 may be varied, shaped,
dimensioned and configured as required using technigues known to a person skilled in
the art.

20
In the foregoing manner, an exemplary method 100 and system 600 for fabricating
flip-chip semiconductor packages provided by the present invention is described.
Various alterations or modifications to the exemplary method 100 and system 600 are
also described above, and will be understood by a person skilled in the art to be within

25 the scope of the present invention. It will also be understood by a person skilled in the
art that the present invention is not limited to specific forms, arrangements or
structures of the embodiments described above. It will be apparent to a person skilled
in the art in view of this disclosure that numerous changes and/or modifications can

be made without departing from the scope and spirit of the invention.
30



disposing the semiconductor device on a plate, the plate being displaceable ' ng the
semiconductor device across the plurality of heating elements. The Mmmmw" im 7, heating the
semiconductor device to a third temperature further comprising: miconductor
device in one of rotationally and linearly for disposifig the semiconductor daviee on the plate in a
required orientatjon; and 25determining height of the semiconductor device with reference to a datum
defined by the Bf&. 9.The method as in claim 4, heating the substrate to a second tempe}ature
comprising: 30disposimgthod fuhbtvate poladirg Helderththbdirsplisiater for heating the substrate to a
fourth temperature, the fo rtgy emper ' w second t e : disposing
the substrate on a second ho lc%lgrn &b%é%qﬁ%%ﬁd&gé&gugét‘}r%t%e r‘%egacrr%ingﬁ E%Z f[c%ﬁ#ré%@r?l%eﬁgfure, the
second holder for heamiirgiecsubbtrate tonme yagcnel weakipepdtbranpreteuntensogass wf ¢heim 9, further
comprising:  depggiting JusingPasnt oI UG R INOLePPAgbRAtE WRER MR SHstrate is
disposed on the first holder, the second temperature being lower than the activation temperature of the
fluxing agent. The nf&thddtalsast éﬁ%ﬁn‘?‘9‘,‘fﬂ#tf‘%¥‘%ﬁﬁ‘ﬂﬁs‘ﬁ%‘:’f‘e soldehserting &f 1826 8hébanderfill

material onto the plyialltpleantastpacsmh@nothe swsiiate jodispaseehenethadiest holder, the

second temperature being lower the %uring temperature of undertiILmateriaI. The method as in claim 9,
further Comprising. heatmg a subsirate 1o a second temperature, the substrate comprsing a

plurality of contact pads; and
10 spatially aligning the plurality of bump structures with the plurality of
contact pads,
wherein the semiconductor device is disposed at a distance from the
substrate during the heating of the semiconductor device to the first
temperature, at least one of the semiconductor device and the substrate being
13 dispiaced towards the other thereof  subsequent the heating of the
semiconductor device for abutting each of the plurality of bump structures

with a corresponding one of the plurality of contact pads.

2. The method as in claim 1, heating the substrate comprising:
20 heating the substrate to a second temperature, the second temperature

being lower than the first temperature.

Lad

The method as in claim 2, the second temperature being lower than the

melting temperature of the solder portion of each of the phurality of bump

25 structures
4, The method as in claim 2, further comprising:
displacing at least one of the semiconductor device and the substrate
towards the other thereof for abutting each of the plurality of bump structures
30 with a corresponding one of the plurality of contact pads to thereby obtain a

semiconductor device package therefrom

5. The method as in claim 4, heating the semiconductor device to the first

temperature comprising:

e

AT -

+GO00D2*



determining height of the device carrier with reference to a datum defined by the second holder
subsequent the heating of the substrate to the second temperature. The method as in claim 4. spatially
aligning the plurality of bump structures with the plurality of contact pads comprising: defining a
first coordinate system on the semiconductor deviée and a plurality of reference axes intersecting and
configuratively correspond}ilrég[.withﬂtlhe IuralitXuo{ tgu({ng strlthtur%c,; " defintinl% asec ng coordinate
system on the substrate and 3 Piurality OF Farerance Verices coineiding and-configtratively
corresponding with thepurtatitybehgdnteot phads:tithemposirate patd soldaligmimentbeeficst coordinate
system with the sec c i ) tially coinciding each of the plurality of reference
axes with a 30 corre%%%%gﬁggggﬁ%ﬁﬁg}ﬁ%%% reference vertices to thereby spatially align the
plurality of bump structure SHPBNE B pReraiRgIneOn tetgsarrsthen st fohparRegiyla device, the
system cgmprising: {3y eai RS FRI BRANNGE ASRDIBARAUEIRtASNHRRTR 2 first temperature, the
semiconductor device comprising a plurality of bump structures, each of the plurality of bump
structures comprising a solder portion, the first temperature being at least a melting temperature of the
solder portionsof eacthef tleehpluralitynof lalmnp Stietstngetéo hringothmsoldae postian to @iraolten state;
means for heating a substrate to a second temperature, the substrate having a plurality of contact
pads; and  meanS TR EPETIRHGHIY the plurality of bump structures with the plurality of contact
pads, wherein the semicphdugtothdestoedsndispasedata aistance friomlihe siibstrate during the

heating of the semicgn or ice.to the fir r t f the i uctor device
and the géarrier device egi%a éﬁégp\ﬂa(%gogtolgv%ééa%%ﬁiaggﬁ%ﬁ%ﬁgoﬁ%%s%%%feﬁ% %hg%ﬁggﬁ%gof the
semiconductor devidbersagtesfirsthiehprdrangdd dobangitapriodieh dbtherphusdlibpainsumip Structures with
a corresponding one,of {he Al B RECRMRCHRRAS mbBRSYstem as in claim 14, wherein the second

temperature is lower than the first temperature. The system as in claim 15, wherein the second
temperature is lower than the melting temperature of the solder portion of each of the plurality of bump

structures. The systameamémelaing b SHEResCoRMINEING: seriRABSIOF displgcing atdaast one of the
semiconductor device and the device carrier towards the other thereof for abutting each of the plurality
of bump 'structures WitARS BB SEEIFEIHYBRE B¥the plurality of contact pads to thereby obtain a
semiconductor device packhgetherefromemiconductor device on a plate, the plate being

displaceable for displacing the semiconductor device across the plurality of

heating elements.

20 8. The method as in claim 7, heating the semiconductor device to a third
temperature further comprising:
dispiacing the semiconductor device in one of rotationally and linearly

for disposing the semiconductor device on the plate in a required orientation;

and
25 determining height of the semiconductor device with reference to a
datum defined by the plate.
9. The method as in claim 4, heating the substrate to a second temperature
comprising:
30 disposing the substrate on a first holder, the first holder for heating the

substrate to a fourth temperature, the fourth temperature being lower the

second temperature; and




3018.The system as in claim 17, further comprising: a gripper tool for gripping the semiconductor
device the gripper tool for heating the semiconductor device to the first temperature. 19.The system as
in claim 18 u her comprising: 32 a plurality of heating elements, the plurality of heating elements
operable for generating a heat profile thereacross e heat profile being controllable for gradual

heating of the semiconduc&or device;hteo gughird temperature(‘l t[?éaléhird tggwqgera% e‘]}%g lower than the

re b
melting temperature of the sl,stﬁagp%ortlon 0 treaé%ho% ﬁ’SCBRJra. Y 8 BORG St S he system as

in claim 19, further cemprgitg: fourth platpefeludisfesing tiiehsdinidon duatiop diev b acnegs the plurality
of heating eIementsﬂ{eosg‘:]cm&'li@n%gé%.as in claim 20, further comprising: means for displacing
the semiconductor device one of rotationally and linearly for disposing the semiconductor device on
the plate in a predetermined orientation: and 15means for determining height of the semiconductor

device with refgrenceqo AediwmR Gefiaes DyiRRPIAIRpA%nLhe system as in claim 17, further
comprising: a first holder for heating the su%strate tg a fourth temperature, the 20fourth

temperature being lower tHERSEOMR TP a4 aRL 0518 b6 ol ok Afof iR tiendiiBfate to the

second temperaturesubstrate is disposed on the first holder, the second temperature being lower

than the activation temperature of the fluxing agent.

10 11, The method as in claim 9, further comprising:
depositing at ieast one underfill material onto the plurality of contact
pads when the substrate is disposed on the first holder, the second temperature

being lower the curing temperature of undertill material.

15 12, The method as in claim 9, further comprising:
determining height of the device carrier with reference to a datum
defined by the second holder subsequent the heating of the substrate to the

second temperature.

20 13, The method as in claum 4. spatiaily aligning the plurality of bump structures

with the plurality of contact pads comprising:

defining a first coordinate system on the semiconductor device and a
plurality of reference axes intersecting and configuratively corresponding with
the plurality of bump structures;

25 defining a second coordinate system on the substrate and a plurality of
reference vertices coinciding and configuratively corresponding with the
plurality of contact pads of the substrate; and

aligning the first coordinate system with the second coordinate system
for substantially coinciding each of the plurality of reference axes with a
30 corresponding one of the plurality of reference vertices to thereby spatially

align the plurality of bump structures with the plurality of contact pads.

14. A system for packaging a device, the system comprising:



and means for disposing the substrate onto the second holder subsequent the substrate reaching

the fourth temperature. 75 23. The system as in claim 22, further comprising: means for depositing

fluxing agent onto the plurality of the contact pads when the substrate is disposed on the first holder,

the second temperature being lower than an activation temperature of the fluxing agent. 30 74.The

system as in claim 23, wherein thF f%urth tem eratur$ IS lower the activation ter%peratu%% of the fluxing
% g

IS RiMi%e? SETSPRTHGIOm4VICe 10, AT (OBSIaIS, 15 underfill

agent. 25.The system as in caim
material on onto the sglaradityhuotdh decirt achnpadsny hepithd subStrateisidispose cah thfetfiest holder, the

second temperature g oy 8l A ind RTRSIAMLR o1 he wnderil material, 220, The system as in

claim 22, further comprising: means for determining heig evice carrier with reference to a
datum defined by théxegcrd$isideraeibseaammetabusestinbe ofalderdpottercafriesclo afetlsecond

temperatyre. 1027. ThesigtemaniseiaimddoBRIPeR ok SRAtaIYAlIgRRethgplurality of bump
structures with the plurality of contact pads comgrismg:
means for heating a substrate to a second temperature, the substrate

having a plurality of contact pads; and
means for spatially aligning the plurality of bump structures with the
plurality of contact pads,

10 wherein the semiconductor device is disposed at a distance from the
substrate during the heating of the semiconductor device to the first
temperature, at least one of the semiconductor device and the carrier device
being displaced towards the other thereof subsequent the heating of the
semiconductor device to the first temperature for abutting each of the plurality

i5 of bump structures with a corresponding one of the plurality of contact pads.

5. The system as in claim 14, wherein the second temperature is lower than the

first temperature.

20 16.  The system as in claim 15, wherein the second temperature is lower than the

melting temperature of the solder portion of each of the plurality of bump

structures.

17. The system as in claim 15, further comprising:
25 means for displacing at least one of the semiconductor device and the
device carrier towards the other thereof for abutting each of the plurality of
bump structures with a corresponding one of the plurality of contact pads to

thereby obtain a semiconductor device package therefrom.
36 18 The system as in claim 17, further comprising:
a gripper tool for gripping the semiconductor device, the gripper tool

for heating the semiconductor device to the first temperature.

19.  The system as in claim 18, further comprising:



means for defining a first coordinate system on the semiconductor device and a plurality of reference
axes intersecting and configuratively corresponding with the plurality of bump structures; 15means for
defining a second coordinate system on the substrate and a plurality of reference vertices coinciding
and configuratively corresponding with the pluralitgdf contact pads of the substrate; and means for

aligning the first coordinate system with the second coordinate system far suhstantially coinciding each
of the plurality of referenceaaégga\‘/\%?h ﬁé&?’?&&&oﬂﬁmﬁ‘gneﬂbﬁ tﬁ@‘{ﬂm}hlﬂ 8?‘?‘3’?&&&%‘38\%%&% to
thereby spatially aligipttebiplUialipemdrinimgpastiemtured:vitththenpioralitifeoheaniaefipadeing

controllable for gradual heating of the semiconductor device to a third

temperature, the third temperature being iower than the melting temperature of

5 the solder portion of each of the plurality of bond structures.

20.  The system as in claim 19, further comprising:

a plate for disposing the semiconductor device across the plurality of

heating elements.

10
21, The system as in claim 20, further comprising:
means for displacing the semiconductor device one of rotationally and
linearly for disposing the semiconductor device on the plate in a
predetermined orientation; and
15 means for determining height of the semiconductor device with
reference to a datum defined by the plate,
22, The system as in claim 17, further comprising;
a first holder for heating the substrate to a fourth temperature, the
20 fourth temperature being lower the second temperature;
a second holder for heating the substrate to the second temperature,
and
means for disposing the substrate onto the second holder subsequent
the substrate reaching the fourth temperature.
25
23 The system as in claim 22, further comprising:
means for depositing fluxing agent onto the plurality of the contact
pads when the substrate is disposed on the first holder, the second temperature
being lower than an activation temperature of the fluxing agent.
30
24, The system as in claim 23, wherein the fourth temperature is lower the

activation temperature of the fluxing agent.

25. The system as in claim 22, further comprising:



LA

10

27.

33

means for depositing an underfill material on onto the plurality of the
contact pads when the substrate 1s disposed on the first holder, the second

temperature being lower a curing temperature of the underfill matenial.

The system as in claim 22, further comprising:
means for determining height of the device carrier with reference to a

datum defined by the second holder subsequent the heating of the device

carrier to the second temperature,

The system as in claim i4, the means for spatially aligning the plurality of
bump structures with the piurality of contact pads comprising:

means for defining a first coordinate system on the semiconductor
device and a plurality of reference axes intersecting and configuratively
corresponding with the plurality of bump structures;

means for defining a second coordinate system on the substraie and a
plurality of reference vertices coinciding and configuratively corresponding
with the plurality of contact pads of the substrate; and

means for aligning the first coordinate system with the second
coordinate system for substantially coinciding each of the plurality of
reference axes with a corresponding one of the plurality of reference vertices

to thereby spatially align the plurality of bump structures with the plurality of

contact pads.



