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1 IN-SITU MELT AND REFLOW PROCESS FOR FORMING FLIP-CHIP
INTERCONNECTIONS AND SYSTEM THEREOF Field of Invention 5
The present invention relates generally to a method for packing
semiconductor components or devics. More specifically, the present

IveSiTUrRies taRReddw aRoeting AdR-FORRENICONDWEIOH 1P
package. Background 10 Semiconductorogacka ingé_typicall involves

encapsulatir‘bl E%NB‘ECSMMD@ taripthd R Ice, for

example a semiconductor chip, within a device carrier or substrate. The
device carrier or substrate supports the semiconductor chip and facilitates
Figld ofJaNRMH$hndling of the semiconductor chip. In addition, the device

Tlféaflﬁi@é&ﬁn]ﬁ{ziéﬁi:‘oﬁxtélél@h CQ&H&QQH'?% O} tﬁf&ﬁ@@|3fd§9r@@Eﬁﬁigadhfniconductor
connecting 15 the semiconductar chip to an external circuit. A known

CORBINGR ISP ARIAETTAMARSF SREREHE. s @ SpeifiRXAYtioPistatg & @ method

fofaumingtiadliprepipngnaadisamne idrskhsemiconductor 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

Bgm@ﬂflmluer, nickel or palladium. Plating is necessary to prevent the
sheet of metal from oxidizing, and to provide a surface onto which solder

Semirg Tor, RORHEEIAICYMER Wire BBRATRY, OIEABPERWAIUAT catPBiine 2

sehoesiefhcldiecpaiipieaf tiedhart abmeiahiprvidesnideadii@stedtap, within a
forming the FCOL semiconductor package. 25 Typically, leadframes fo
ey S IEE O3S WRT AL LR (5 eI ST i ?éréﬁ%woriﬁr?h? fejconductor

chppditngéncheutercinadiontioasdihe dimes leaddpadicns atepamangedion, ahe
attern with intergconnect locations on the inner le%]%g)orti ns maf chin

p .
Aoy T AU P SREPREYH S B SOPRRL P08 LEMIRRIdOEPRiE Sigapecting

thoweniisodlbedls akgpdepasiieea) oinciiie 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

A thevintenganoé of laeaitondioihea dhaghlead porjeoiiohiile leatisamefo?ming
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
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.

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
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.
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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 efevated temperature to reflow the

TIROld@hRYAMRR AR (HRING SRIFE5IRNICHORNC PRAMBERHIE the pads of the

semiconductor chip and the leadframe. The heating of the assembly is

sep iRty SR SRUH RS DR RIRERrBF A0S, O sesnfadgad portions of
thSGEAPAALCINBRABKAGE IR TaH; i HNNGE EhipriBs IBRifrérlis then heated

semiconductor package. 10 Current heating processes for reflowing the

tos3iief BUmS dSAREERBEd Q0aFEIavE Db NBIHRPE o foF péorming  solder

inRIEIESE b SN EROMS RHNBotaa ceky dRpaiiinthéalRHERERAR OThe heating of the
manufacturing efficiency and throughput of semiconductor packda{(};gs. In

assaiaRigniscoumicadt BFTHREMS dXpankf3He R BP e YeEBndRGoFesultant

seahipndbotgepacriydifteradiony ldwaf thateagtiramegoFotDer setasibatftor
Accordingly, differential expansion occurs between the semiconductor

PaEKA$SEnd the leadframe when the assembly of the semiconductor chip and
the leadframe is heated. The differential expansion between the
semiconductor chip and the leadframe carlffause mis- alignmlﬁgts

CHLHIRTE SBRREP IS GHINEBaS SPIRE SUImedAaUERST DS &N have

beliecdd saddar hubeps @nfibeninnaneadRonings kiosyleaghrme fibeyn or
resylting.in impaired or {ﬁlfun tioning solder interconnects between the
m ‘#ﬂéEBHH}%:? ‘Bﬁﬂ*}%ﬁﬁ‘in X SR AIRASKASTS and

impaired solder interconnections are especially prevalent with
semiconductor chips or. packages having a fj itch. 25 The.increasing | .
I A BT S Be Bt ST e SR HBR B chips
geiesbitedditfan ificreasing needHorisadraslectopniticenpbsets O ccordingly,
.elements to be. integrated into the semiconductor chip. Accordingly,
e AP o BF TEISER TtV B AR e e SR tpe when
thinkescomne oisihand haivweko e bipldad hhejead fanmet thenednThé thigferential
semicon%gctor chip is incr.eas(ig1 Ity imc%]?rtant in éhe 30 fsemiconductor )
CXRHLR,. BNV h e FRETRIS %R«Eh Ryi€fh B dERRIEHMS, FaTy cause  mis-
al @lecticabictieceanhestddet thanpemriabo gadioo Tip acreasesciiakeldps and the
currences, of bridging between the adjacent s or electrical L
s e P b B e SR 3 e i o ReHiipe o
intpa et rraseduisiioand cobdureneesyofcete ticivalcshdrtingriedwdertor chip and
the leadframe. Such mis-alignments and impaired solder interconnections are

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

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

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.
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adjacent pads or electrical interconnects adversely affects the reliability
and quality of the fabricated semiconductor packages. 5 Accordingly, a
person skilled in the art will appreciate that an improved method for
fabricating flip-chip semiconductor pa%ckages capable of addressing at

cdersponafiinenaboueaidentifiedaiss WRe s aRRdedr SlueRanshbRihB&etween
present invention provides an exemplary method for semiconductor

adiaehideRtOLIaeies! HEICRRRRS o RAIPe s off Ibsdelakilbptard quality of

th@ppecidentifiad issietor paagagedance with a first aspect of the present
invention, there is disclosed a method for device packaging, the method

comprising heating a semiconductor device to a first 15 temperature. The

ASSRIGNHULRESSYIgaICQMArtEESA RIUTalEYrediRteiR: s U GHHpeSy @PATRGbd for

the plurality of bump structures comprising a solder portion. The first

fapaieaise dliRs chanpTaYsP IR RL Rt FeRTRabic b rifssing Al o of the

abeashhitigepligsakityiofdeysdp structures. The method further 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
Suatgnapgnt means, the plurality of bump structures with the plurality of
contact pads subsequent the heating, of the semiconductor device and

ThE PEEHLLARECHIS SEMIESARICESPRIRIAGE RGNS P RIS YR AR gomponent

orsivsteecittsing oeatingeitbasemicandycier sayieadentitetirskues.
temperature and at least one of the semiconductor device and the
substrate is subsequently displacable towards the other 25 thereof for

Inaleutiitgneachitaf £ plupdity of thepiesinuchivensivviliRedy daeunding Mehod
of the plurality .of contact %?s. In accordance with a second a%%ect of the
fop flexis RAGKHHIBR; %Péefﬁ SEIBYBE A4S PorPYERAGISE B o st

teSyiamreOMH indgctirRBofatchtrtintgnristssepnicsingustouapwaadmadjisich
ft%mgi‘;?tﬁre. gl}e semiconductor device com;iéises a.plur@?ﬂ%/ f bump
Ol AU e RER B e BIUPARR BB Bt SR TE S U i g%StstSfBB?ramre
is portéan theenfickingnpepatngdsot leasb Riengltnpieofperaiuwe wkthurality of
b soldetr Pfortion ZTEeach ﬁf (tp% %Igrality of bumpgstrtuctures. The s sttem d
YR EaHiBHs A8 nhRe R GO hRS G RIS rara 0% LUt teSePatsiem
teihye:gishely adec havbogacp kvalpyisin®f copitastipads. thetsysiemsfuniidespatially
comprises an alignment means for spatially . aligning the plurality of bump .
o R B T A DERBI AT kel LGt BER e ! oimp et
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
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
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
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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 5 first temperature. Heating of the
semiconductor device to the first temf)erature enables the solder portions

oft@saaeh gzﬂ@inmoagtst@ﬁlbﬁim&t sompliess phaseichhR @t aastoms: epiglly
semiconductor device and the substrate is subseciuently displaceable

alygigdbe Pt BST 1B Eititing B ARR R AEBIAFARY o B ubsequent
thSHUSHNE S WHE RnefirrReAAIRY &N enaf dlieshBiialit, of ofiast RRRRtor device

~ Thickness of at least one of the 10 semiconductor device and the

is difpareereayaiiaraiha FoPHsHE difribedicpintsenidht stmirendueiasdsyicoto the
fitecsappianrd ugtatide \Jeeharentii® sehstatR iy asdsd e e ibaipdhaiedbnables

Brief Description of Drawings 15 Exemplary embodiments of the present

theRldeoPPE ansde iRy é%?é?tvmhb?&%r%r?c@?éﬁﬂé’%ﬂ%vﬁhg at least one

ofHANMB@Se dAdBIEHh dEVEze il alRastiBtmethe d dinqdi@gramigfladtable towards
exemplary method for fabricating a flip- chip semiconductor package

the, b dh BBy Grhe brise RIURIENLSh: BEnRIGEE H atith 2

coPFERPIMRVOAEAGT ane i@l exesn RIiiASEPAC MTIMEIAENIRN HrOSRSIAY of the
process perigé)r(ned in a step of the exerq@gig method of FIG.1; FIG. 3a to
fi

sepcapdyciosdavicerand trenbsiar dharg uattdo I aBrelipg fitmiagsmynt of

theaplesassef 61Ghe skificshdsctopaitiacprasesaélandiagearsvalras the other
exemplary substrate processing process performed in a step of the

thefe@hplary 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

B lpgibess flow diagram of an exemplary flux transfer process performed by
1R RERATRREN Whstrate processing process of FIG. 4 5 FIG. 7

Exbugirate siite siepstobihReagxeseptdny fitotans wsprivea st ef ffter 6y i G.
%is a arﬂglrféﬁcess flf?w diagram f.a}% exemplary bonding process
eSSBS I U S F AR géﬂwé{ “fhethod of FIG. 1, 5 FIG. 9a to FIG.
9d illustrates the steps of the exemplary bonding process of FIG. 6;
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;

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

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;

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;
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FIG. 10 shows a partial formula for managing displacement height during
the exemplary bonding process of FIG. 6; 10 FIG. 11 shows a partial
process flow diagram of key steps of the exemplary method of FIG. 1;
FIG. 12 shows an exemplary tempergture profile during the exemplary
FIoethodefadS thiGieps bihd SxehpiveaRar iahsrassrsestiasiatidew: 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
Flihedlip-chintise pHeQRIVIIRT Rackag® OfiF e hpial) GordR D IRR RIPYitdited
. adiagrammatic overview of pitch compensation between solder bumps or
injp eRRrHBe A Grethe fatd of the flip-chip semiconductor 25
package that is fabricated by the exemplary method of FIG. 1; FIG. 16
shows a partial system diagram of an exemplary system for fabricating a
Flfip22 i %ﬂéd%ﬂ&&%ﬁ%ﬁ&@é alctsr g Rizan RendioginTertsiahklC- 6
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
FiShows aourtiah ie8FHatriloTRMWAof o Itk o ohing! A1 ERNahiSMES] tiuring  the
ex@XRPIAYRISEEpIcRE | 6f HIg: %; Detailed Description Existing methods for
fabricating flip-chip semiconductor packages typically position solder
bumps formed on pads or pillars of a semiconductor chip onto contact
FIpads dJesmed suitaipvcsssadied(igraxanple agihstiate)kaipraneating of
the assembly of 5 the semiconductor chip and device carrier to reflow the
Flgblél'er bumps and form solder interconnects between the semiconductor
chip and the device carrier. This heating process is typically
time-copsuming, therepy adversely affecting fabrication or mapufacturin
FILtdR 30 Shch i FOCEMULY o IRELLER B QBN AUHAGCHEF SRERRR. method of
FIBXisting methods also commonly involve use of considerable force 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
FIchngdgrableafpredalisecscanciesiil iew of the flip-chip semiconductor package

fabricated by the exemplary method of FIG. 1;

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

package that is fabricated by the exemplary method of FIG. 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;

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.
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damage to the semiconductor chip or 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 fhterconnects 15 formed between
D&RiMeapekiFiptiehips and device carriers. This problem of electrical
shorting between adé?_cent interconnects is especially prevalent with

Exdgting shetheds: fanfplrigatinsafiagb sty adistopRERkaegsRaRifplfe pasition

soREGUBAIEROFIEARINGOpaai IR 9fdha senicanmiesercaipronselstioRtads
the device carrier during formation of interconnects or solder

formedcon edtyifferaBisiVdeh SRS & bu el tofanhsoting ghe assembly of

thASERIEHdGtHe P aeN INEn URRiBF oY IfgR AR il @l @ rm solder
ackaging semiconductor devices, more specifically an improved method

e RE R RE it SRIBLE T SEN PR RAGEC RS RE Rt biEhgt heating
praéelessingptigastone Rhthigniabovadaentifigdpsenlencdad Fhbrication or

urposes of brevity and clarity, the descri%tion_ of embodiments of the

m%ﬂé TR SHHGITROVIBE o HEHs R e! s i8Ry 48 M STHY BRI FabRASHAGSS:

E-@5tianHEaeddEings AdbRnelin s emisiendisetor paskagtbiewikboveevdiubghg the
understood hy a person skilled in the art that this does not preclude the

P MEIATRIIBH R SR ANRCatRIHE L PRER fURG SREREAFBHCHIgEIer to

crédevaleniadre aagdtieg viatioNscerdpadimeanis e diderabl @ Rsenuiddestioresult in
such as operational, functional or performance char cterisﬂgg are

danaghrd. PeANBYEMOHEY mEHL 5L OB Yttt Hgp efe thereof. In
adsoicanakitighpabkag el Gisiiaviotid-ahGoseing dadu terPacripeiat been

the.present invention. A method flo iagram of the exemplary method
oSOl i POt AT SFUNE cRUN VRO T apnecs
fosaBd aptaueioscasivinali oo rHIpnant ide pikecessris. THassprobtemosiCtdEctrical
device,is for ex%w le, and will hereinafter beég{‘erred to as,.

ShQER GITHUET8r WHATTS. BISRANIS St PRSCEENETBY s h%c&%{f%‘?““or
chipipahd gaeusgsdahaeligrmamee piten Eoréxemanasersiaesdustelitiohipg or
rocessi rocess 200 that is provided by the present invention. A .

o R ERC NP GBI e R LB BRI EHTY BB gmation
offiroeesaQk isrsihdien intértoniZedr ehstelpeRilé:oictieatxebeplififycult to achieve.
semjconductor chip processing process 200, the 15 semiconductor chip .
ARG, Brerty e P AT Clr B 1o TS e Pickaging
semiconductor devices, more specifically an improved method for fabricating
semiconductor flip-chip packages, which is capable of addressing at least one of the

above-identified problems.

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
present invention such as operational, functional or performance characteristics are

required.
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on a chip tray 14 or chip container containing multiple semiconductor
chips 12. The semiconductor chip 12 preferably comprises bump
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

AR SRSl 2] themedal osba SareRiET YD el ipsedl F R SRIBIR HRAGIRN 10 is

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

prawgetnasseadingiventhadimentuclibe DeesratsinRIt thA: srgheg flow
diReARD AHhEegeRpedy ihdifoRaEN apRNGAtiPRIe/D64,382, which is

incorporated in the present description 25 by reference. Alternatively, the
semiconductor chip 12 comprises bumps or solder bumps formed on

InGONGC PO@T (Roleivab-yafRiRd 1S AspREBHAIOLHRTIBEROBrtBEmponent is

surface of the semiconductor chip 12. The bump structures 16 are for

Prcsdfistingh e RepRAN RS dTICRibr O tauRniaBA QUL e B Y Rireferred

toSdbsUaiacdddiceitenigl ircuitry. 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

Prefeighiyethd Hroocassig 22 (beisenicead uatprichechdsisitl posfeiee Jeam an
the chip tray 14 to a ChiE pickup tool 24. To %erform the step

220, a

CXEEIRSIEY 158158 M YR FRIPIIOSET HeETERTES U 09@%%1?1?&%&1?&%\”&??&%%“
inframdhechyptay tidwPdeierahlyfthe Erasianipakrfic dries BEeP Proesssing

suction for picking.up.the semiconductor chip 12, and for securing the
prg‘é?ﬁ?&%dﬁ&lb?v&ﬁi]ﬂ%ﬁOthe transfer tool 26. The transfer tool 26 then

flips the semiconductor chip 12 180-degrees vertically to position the

semiconductor. chip 12 at 5 a picku sition for subsequent pickup by, or
IngBeniier M G DER SO RO RSB sl 20 the
sepgesatuskitathip theaptdhaledePteansisls o 26nivy doetattelifatizalyprovided

displaced or rotated. for displacing and. positioning the.semiconductor chi
ony Chh AN, P RETIAESE B UM IAH NSy SRS R B shps 12 The
semizaadietbincaiptep paderdigfesalyisthesamiapnduaion 6Hi@hadon a surface

G O HOTNE 7 " SRR SHE L T Hh R e G R ghicer
poofithe2sefmiadditciaiehgnd 2 fisheeasur o disig Suidencpste n{ed foshbevsylder
hich.i d to the chip.pickup tool 24 f termini jal positi
POl T LRSte i SSIOHRHEN S A PIoRGAIGLI T R potonneg nd

tiby first reading

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
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
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
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back an encoder value at a point of contact with a first vision lens 30,

which serves as a datum plane, followed by measuring additional

encoder values when in contact with a reference gauge positioned on the

first vision lens 30. 20 The semicondfictor chip 12 is also orientated or
wplignedhir shuier dap- MarensRecHinplivajhesseniconsiyciar chinstd ol 26

orientated or aligned for corresponding to a_ slot (not shown) formed on a
ADPRES IASHERY QEaYSon. FPREISEEIE A NRF SrBtRRARHg M ihd SciprtBr dsersing
theéRimioisdirciitatag by wusenefithesfstaision lens @laskhetisstoyigion faps the

30 enables vision correction or vision ali%nment of the semiconductor chip

sepycpndystgrebgifg pritieHees o ki prstion hiagenygondugtor chip 12 at
a PUREBPRMUSEBr24BsE18csepieabeter ¢hiRsie td PiaceRippiheshid] 24. 1t

preheat stage 28. More specifically, the semiconductor chip 12 is

wilkbravssy PrardristrakbaisPrssatetkBlsdHa tiegh bRkt dfagefogoghed may
besgBigandeIstaispiBedoisrorater b iRpldcar Sohagssyiedim s Chimpenator

stage 28 by vacuum or suction. Alternatively, the semiconductor chip 12
chip {éid or secured to the chip preheat stage 28 by mechanical means, for

example by a gripper (not shown). 9 The semiconductor chip 12 placed
Acaj‘ri[;%he chip preheat stage 28 is then preheated to a predetermined
t

BBPSEURE g iah BB PAGINE AR d SIS RGREUES fol Exlfmpie’O-
PrefQ4bly hadsehaatitaabihdipemicondhstiarahip 1 héspedalibietdonraddaliyiot
by displacing the semiconductor chip 12 acrgss a series of heaters 34
Shfb‘Wcér QBB b9 ?%PfSRABFg’ﬁb‘QEif af%f; HREPLEORASTIUERSP cHip The
thitZrgsattadnaghiood pekeaicbudienstags abasknesnras asidpeh wHyeheiS (not

rotated for displacing the semjconductor chi across the series.of . .
SR 55 T E NI S0 BARRTAL I o e P REMHG spata positon

thdreoTpPreferd B ealihrhvatier Jeishipaiplaly qeseidparomigel ibemrRtediding
ating of the sqilmiconductoréchip 12 as'gl r ressesérom (hne 0 another
3

h
ba8§t?'}?e AEEHSA AORY RS SEpaL! Pl ftheBeffitondietsr chip™s @°

a daay penbeitss edayy besiicateaddtiahltasicone ohkeBIG, contact with
nvection or radiation. Furtger greferably(, ﬂf temperature of each
A a5t

Cc
3 §3LGIRAICS SRS BASKEELA AR P AR Fas required. The gradual
preheating of the semiconductor chip 12, which can also be referred to as
15 controlled preheating, of the semicondyctor chip 12 reduces or
T SRA LT AT ek o R0 sl Hor s LM 230 More
spatidieestpoti oyea persirtekilkig in2theoaiénthet prehiéatsiofprebiecspoding to a
sl&ezgg)?%ﬂggv%t)%o% dloznca{’Jl Qh?pe pargilue%%esctiagg E%Q lfﬁ%dpgg/itioning 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

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
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).
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altering any one or more of the temperatures of the radiation heaters 34. It
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

TIREIWARDABERERIGENAUSI BNiR Ui dNchtPRFslatiR heatareRbrehiédlo a
of the speed of the chip preheat sta ﬁe 28 and control of the preheating of

Predetesansied HaUMSRERD 1 tatieBe Tithel RiaRtRdRjsMEmy BRSNS, for

ex@mpIs POBVOUEH: Mentignad otha ChimpihrRiGEH A0 It PSHRERA gradually
towards the bond tool location during the step 250. At the bond tool

byjslisplaningthe SARUEPRANGISF ChiB 12 rpidrets iz 1B BoBlsie 16SP3EH & bond
to§IelB0%§@nTNﬂ)&e§ib€@ﬂdM¢§0ftl€@ l&ﬁl&&ﬂﬁ@f@f&bﬁp helek qraertied © pgheat

bond tool 36 geeacuum or suction. Alternatively, the semiconductor chip

bufieisiagry PFRsBarsy td RIS SEUH TR SRk AR sy gRpductor
chexampler6ys arripRess (8othshrwn 4P rafesaibytdhReszond HRIFSAHS, convection

preheated and maintained at a predetermlned elevated temperature prior

h%eﬁ?ckTﬁBlB‘ffﬂ%Bfﬁe‘?ﬁu%‘ﬂﬂBE&S?Y At PIRITRPLYeRrob e govide incremental

heafﬂ@etﬁrmm@srﬁemﬂmaﬂ@trebuﬁppn@fq@bdyps@@@%ﬂﬁm hogBQUGhERHRIEHT the
the salder 10 portions 20 of the bump structures 16. The ]Z%redt termined

hegletatdfengy fﬁ?@%ﬁﬁ@l%ﬂﬁ BT B ROMERL PR f Whitters may

bmt&m‘aamméd)bmmjw skilledtishtbe adiskisht®irther preferably,
predetermlned ele ted temper }t\’/ﬂ? can be adjusted s required by
t HE’EHB‘H?W&PE% e AR MRl 56 BSRMRE B DS HRatthas reqmred

temperature of the 5 bond tool 36 can be adjusted, more specifically
or decreased, as required aft r the semlconduc or

incre

T A T SF 0 Eeo ot ST AR L B e BB sy ed to a
coltilodie dn prahatyigr, &ﬁﬁtwareeﬁﬁetﬁﬂimOrT beiseIDiconaisstor Aipihdtts thefmal

heated by the bo dtool a chip proce temperature.
S RO R ol PRSI EnS P boprecBrgtied it 08 ar
thmrcpeﬁs&ﬁggt@m*ﬂéa&ﬂrmetbaﬁﬁmwmﬂelﬁp the bmﬁd@dﬁli?s@e@ pretefidhiy by

maintained at the ?etermlned tem ure or ex AZ% b
a %%%|y%gfeﬂ?§ t@&é%ﬁﬂ%eféFH‘i? 8‘% aé ke
urﬂﬁﬁﬁoﬂlwrwpetwmﬁtﬁillza in tﬂearﬂbyamglah@th@ @@Mﬂé pﬁ thensmteidbeor

s structures 16 formed on 5 semico 12, In ditio
b R e R A

stﬁgﬁlﬁﬁd!ﬁﬂ@ibﬂg(blﬁ@fep@n‘,llhersﬁrﬁ(b@idhet(bwh@ Stzuntdn(hs rﬂiﬁlaﬁdiheheaters 34,
Con?rlcg?gfo tlil %lfl)lge ?%ﬁe-g %tper e%{as la{é% Bgtgr?dbc%rr]l ro of %he preheatﬁ?’é Ig the

semlconductor chip 12 can be either manually or software controlled.

As previously mentioned, the chip preheat stage 28 is displaced towards the bond tool
location during the step 250. At the bond tool location, 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,

for example by a gripper (not shown).

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

predetermined temperature is preferably sufficiently high enough to melt the solder
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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
tool 36, with the semiconductor chip]f)z attached thereto, is positioned

pARONE R FFGREBMISHAIRDSSB1 d NEnsgreastaAsipR NS 3R daciiiRiasute Y the
translational and O aniular alignment of the semiconductor chip 12

b 4604 16 théoss #2055 sl doavsrienhs, hdesiesd aX AR ensidded

infaRiliatamx e trrosatianatdaneva B gtalc-alignnent & HIRubYIMBs required by
structures 16 of the semiconductor chigs 12 relative to bond pads 64 or

meslRels StRckRRENAE RAbwH 28k SAtEdEr ferhEFoheranasrEtEeT the
bodd- B0ICRletenafifiedsteR 28H arafesabmeigtes dbgreased, as required

semiconductor chip 12 processi,n%?process 200. It will however be

affeh dhrstodr By Herdipskiid hicksd 4R hesethErrbRlicdHamagrMsiof she

bRPERIT DG AleRANE nehnidyeas sxdwvacadditiemally performed by the
process 200. 11 The exemplary method 100 further comprises a step 120

of processing the substrate 22. The step 110 and the step 120 are

Thy etenaliydetierongs stmulipneasslyd Kitainaibwlote stepal dkippeothesing
step 120 are performed sequentially. 5 The substrated22 ma)ébe acar ierh_
teRIPEIHYFE OF thetdaridr [P e RGRARRIOEDE SR cPBuatRr IR &ty iqutRe chip

prévisiiiecdd siayile thdeatifamarLseidwbhndheoprassibgeblinaaintained
s%xstrate 22 occurs via performance of an exemplar ﬁubstr t
atp %@E;e

e .
RS IrBISEs 1SR itie dOby TR Eséht tiorf I dBG1050 1P
proiRgedn @hiperaxemiplaiyrisihaly Aty PreeasSNgLIRCeSHi30RdSSHOMMIpIN 2 to

FIG. 4. 10.In a step 310 of the exe ary substrate processing process
R S e e il R e e
seMigcandubsiratRipragazinaditidhethsubsipaeolsisipaprpicke@dpiypieferably

bstrate pickup tool 52 or device and transferred onto a flux stage 54 in
s R DR D3 Sk ) b B LB e S ures
1 6stage: ol rvacliquidplaisetiDhe Adiapeadivedyo e Sobdttate 22 dsniedd aitied as
secured fo the flux stage,54 by mechanical means, for example by a. ..
eI GO o SUISE S8, e Boaieh R U oo g or
alisrindnstariedtéiapeatiivx dfansteind tool 36 can be effected using methods known

to a person skilled in the art.

In a step 280, the bond tool 36, with the semiconductor chip 12 attached thereto, is
positioned above a second vision lens 38. The second vision lens 38 facilitates x, y
translational and 0 angular alignment of the semiconductor chip 12 relative to the
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 (also known as interconnects) formed on

the substrate 22.

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.
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20 stage 58 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 |4 shown in FIG. 6. 25 In a step 410

TIRS ERerEYRMRIRh X UanefalcPIQaREA9Q adyedetsr rﬁi@@@s@lﬁgﬁﬂé\’s@ﬁsuate

flux 56 Is dispensed on the flux transfer sta%e 58. The tlux 56 or fluxing

22agEhe SHRpriLesBroneoritidréiRatisialsdrehbmrReIOI MR IRl ians s Y-
ARAARIENEKIYRE 1In0thsPte Kicp StBPALPeddAMRABJaEMIs 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

Tif $hpstampon o8l 69 dsalasticorndtheRSPImRSciReerpasta iRimeshandide chip
flux transfer sta%e 58. Preferably, the pattern formed on the flux transfer

1512488 isHe IPORBRSIRLE g2itdAY Gerbleadsigifudiirisahlst disoRpRgessing of
théosmeghen2thectiu transéefoshagr S8f Rieier i luuae 4% GRotaIRatk process

within the holes or structures formed on the flux transfer stage 58. 12

S0P R RURErn B S X BB IRYEPES Rorh &GOSFsthE M xtrgiare A dlie S RRlpry

substraletersabisi @pebadtereehas drawiresl FIgNg techniques known to a
person skilled in the art. Preferably, the pattern of holes or structures on

the flux transfer stage 58 corresponds with pattern of bond pads 64
Infarsega 300 thetbeksiais 47 Metio pafcheihoflppo &6 A8her astoudkigite 22 is

picked up by the tip 62 of the tampon too] 60 when it js pressed onto the
Prﬂwg%.% Srehe i ?P§n§+8§t§%gfg%25§. PRSIy AR B1ag8reRs of - The

suBbtuaitIDes] O thhepileke i apHgrastaparatt isiclaiprivonad tardeciabizing theffexed
56 transferred fram the flux fransfer stage 58 onto the bond pads 64 of

g T 53 Bl Sorcd S BaRE o ROES i e U e hapd o

thstage Stgreserably snhancessubfi@ccunasyafvibly traasissaate teibdrdd or
pads 64 qf the substrat . In a subseguent step 430, the tampon ool 6

seRi St G TR 200 BIRLETA o (B G, BetcHHpe (o

shtaoh %0 is aligned or positioned in relation to the bond pads 64 formed on
the surface of the substrate 22. In a step 440, the tampon tool 15 60 is

then displaced for pressing onto the surface of the substrate 22 at a
Inprea@tepific speet@raopressutexiipessing of thadtmpd fréaobdieniansfer

the surface of t esutgts rate 22 reé rably causes a. transfer of flux 56
SR G 83 G105 Tt 50 AR B SUALY B boRd Pt 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.

In a step 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
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 to a pattern of holes or structures (not shown) formed on
the flux transfer stage 58. Preferably, flux 56 is contained within the holes or

structures formed on the flux transfer stage 58.
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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 beé utilized for performing the step

THR3Paderi Wreksrples theutansfefopiildx &b iRthustams3der Besg can be

effected by screen printing_ or pin transfer techniques or methods. Use of
defirard AP EHEBR LRS- tEHHANSA kAN ProvicRE seintiidled in the

arfOPuStlisfraisfaseaess iasiparadelismfiiainess thecause@htte stage 58
soft-pin desj%n. Alternatively, the flux 56 may be directly dispensed 30

coghep MR M Rrhef handirieds £2. IR e SR G Sdd b H i irihe
fupkilgchithéhe att trakthe-Kek &6 BiasheapPsisrany entpeh e hndndt is

materials or agents commonly known to a person skilled in the art. 13

PresseoRi e sfirprs s dbe 4 ity sesubSufuirdarahity (e mitsRafibgles
orUielesiites TdiE the-fiow taskadillsean B3 tiansierredQr disneosedentRdMix 56

surface of the substrate 22 via methods known to a person skilled in the

trapsfeersddiam s, T4 HEMEW Sthsderi PRiGy5ePand AR iispeh L R e 22-

InStthstraied? Dy Yeeoh dNesdiconaic F16RAMAYFIN RastePS3PR Dy enhances
substrate 22 comprisin% flux 1‘&'%‘(()Sﬂon the surface thereof is transferred from

acagy,0 Lo ER RO T S Uisshend Pen8acsi s B8 TaIS Fknown as a
substrate preheat plate or holder) by a substrate pickup tool 72.

Preferably, the subsfrate preheat 10 stage 66 is.preheated and
In A RSt at%%e%%ﬁemﬁntéal@?@vm %Qnﬁ) Lg0ed. fErPasEse FRoYs. the

subiseriltdoeoumeeistond ilyeapassandsiibedinlizaarbihgdsitenpicdatanivned the
elevated temperature of the substrate preheat stage 66 can pe
LR R L RN Rt APSc QSHG Geci RyB LR An g too
601 5sIntRestedi sphiehefsubsisain 20amthd suhstate prefieatsiagato 1 at a
ated to gﬁtran ition terg%erature. The transition temperature of the

h
prefstmiaed sRes] BRINIeSSNE: and is further variable, as required. Control
of heating of the substrate 22 on the substrate preheat stage 66 can be

either ually or softyare controlled. 20 The transfer of.flux 54 accurrin
PAEITE S L T ARV B BERE AN SHE IS B B s o
trdie et ivdlithiersd oo the spbsratetheehegisiagel @antdeatedittice of the
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.

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

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.
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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 andthe substrate transfer tool 72 may be

THBEISeMB RS pldRessulfiale A20Dereisakivdaldionseshesbonithfderfill.

bond stage 70 by use of a vacuum or suction. Alternatively, the substrate

The RRiY Yaderbl eptdefesbirtrdiapdisns iy drandbesriachahtbgsubstrate
2oM@ans &hsae chaniaMiP refRiably st 830 Magiu BHOIFCHQIB I8P Rke thatflow

specific or predetermined positions on the substrate 22 held onto the
uﬂé%#éilsfa@% 59 dieTEYorHferashy, feosHicRRPHEYtiors o st ebitedgsdify (not

shtsgnd pad 64 locations on the substrate 22. This is to prevent
deformation or warping of the substrate 22 when the substrate 22 is
heated. 14 Preferably, the bond stage 70 is preheated and maintained at

Ina Rfgsistrribadiierated dampRiatUmRx [FieoRretelierminercaley alethnsferred
temperature of the bond st’:%%s 70 is for example 200C. The

frofe s dNiTiaee Rt 408 @HhsHaieraTsheAk Y S dglse Eanpes a substrate

preetacigskabenaiiad s 4 eabitedeUsitlgiiren T e dfeRbIy Ieha ABEaNe preheat
skilled in the art. 5 Temperature of the bond stage 70%;% be either

Stz Malfy B BEHAh AN IRIBIRIBCTRE TeRPLTITRRAGT thE ol (Sagerayre. for

ex@aiplee sslectett andivadedndepgnsingor MemenouRifREOS. ther art that the
example, the em%?{ature of the bond stage 70 can be selected an

PrEdISUBHEARIME SH AT BBt Yt dh8 sO1BETBrmSAC3b Shdhe Ui be

pré@esdrhiihieesnlic.aneefasablyitbe isimp eraibieuef fiewand wage. 70 is
maintained at a temperature that is incapable of melting the solder
portions 20 on the bump structures 16 of the semiconductor chip 12, and

Inincapabksof mairidningte saldgepaibonse Greticinatapgmpetisidiied 16 a
of the semiconductqr, chip 12 at the molten ortli uid phase. Further
A SRS B A R BRI, 8 A S VARG AR o Beysglected.
ani@mparahereanedidhan thguineltirgppaiilt of thatsgldef partiobstZ@eof2hen the
E mp structures 16 fthePse iconductqr chip J}Z The tem@er ture of the
SUBH %Pé&%e%bs@% g %8%]%?{&1&?% X AhOR tEAB &IPS SF the flux or
on curing temperature of the no-flow underfill (when the no-flow underfill
is used.in e qf the flux). 20 The te rature of the bond stage 70 can
i AR St S AP SR P ALEIVBL e LS ansg e
thd kebyasiatZhhok ditenadiam i tbd deto pes atrarafetechendtgiage d0ddasated to

effected usin me%hods known to a person skilled in the art. The bond
the transition tertiperature.

In a step 360, the substrate 22 is transferred from the substrate preheat stage 66 to a
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
vacuum or suction is applied 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.
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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 contalét with the bond stage 70 so as to

PretipIvethesbAlissinatinm 9 pherhiegsaa. Mdiatamively s the Renchiatro8 KRted

is designed such areas thereof in contact with the copper traces are

et d o Hieimitndurlg st iR siRiba R, Bt hebdnitees 10 s for
exBRIpIRROBC The.spoatieithar PeRitisRadanptheihenst #edR (P& semn can be

further heated by bond stage . 70 to a substrate processing temperature in

selecldhandorarind adbeiriteddrsisSH RRTISIAN I bf irRESpEitied bbthe art.
ToRRptesARY deWRhanshgCIR Riacessied niSMPRYaHES Bl Hh€ controlled.

semiconductor chip 12. Alternatively, the substrate processing
temperature of the substrate 22 is equal or similar to the chip processing

THengaapatbfed D fofih e semigand yetaraah i 1cb] sl wialyy dhedhaapaeinfe on
the substrate 22 to the transijtion temperature in the step 350 reduces

NYRSECHS AR08 T th & RIRIIEr s MPTRTHE Qs heabRas0 bl apected

anldr GeRRSINgelMEaatsiiete inexSienn3 76F Tie stempepaftitmoiihechond bump
stage 70 is £refe bly maintained at th&é)redetermined 5 elevated .
: step

SURGHBES atfr rﬁfﬁg%&@ SemecUcs BB FoadnitgRedl & Hulttisethat 2

teSipositate Ratis MeasatRbanttIese tHeddea pouldsikate trakbessnp structures
asurement tool 74 Br apparatus. The substrate thickness

m sub .
1%92&@%.5&% (SBIRhraBRY dRTAR PFe%fstWélfﬁPdRthsﬁlBrsﬂlé‘ﬂrR(B’f% 20
orStHeshiaE® 2Zutuvein sederancertocardaiiiot cebnerpyhhembad stiigaid Bhase.

Fuyrther preferably, the substrate thickness measurement tool 74 .
FUher PSR of B LA ath 20° eRENSHiNGHhe Rorld pRESi@inhat o
teitipraturP refetablyathehsubstiaie Joknesshenesigurepoedioal(y 4 fuibeump

measures af. least one of thickness of flyx 56 on the substrate 22 and
Sl ohip SUE BTGk O s AP B Oh S PO g0 can
fusthbsidaperiPo hethatidstagpefatisdhgmirofiiionedbelonmghespeande of the

vision lens 38 in a step 390, Preferahly, the second vision lens 38
R SO P SETB YRS K070 67 EMSSIE BNGHant of the

substrate 22 relative to the semiconductor chip 12. More 20 specifically,

the second visipn lens 38 facilitates X, y translational and

LR

The. S I ear%%‘l\{?lar e 70
BGitHRSH SRR NSS4 Yor AR SRR LU 39961 Mnvand §é
rebtineg thtryatistesdl 8Xomhed ainthe senlcondoctof thipehzhefiarseedtid bond
sta\llé%|98 cl:%pl%g %?fected 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,
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.

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
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alternatively be referred to as a look-up/look-down camera for facilitating
at least one of x, y translational and 0 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 thel§(, y translational and 0 angular

ofalignRenteh daerbiongipads G4JRIAAY, ARdhe: SRS HAe 22 iBLNINE 1 thE the

bump structures 16 formed on the semiconductor chip 12 can be effected

UraRSIHQRiEPURSTSHEHE Rt SRott) EHBtRR RGN hTERHS IHENAT heatipg of

th@rsuBRtkie progesaieg ebtiaseprsandustokaipprdiddd the mierdpOoBnd The
the processin% of the substrate 22 in the step 120 prepares the

BRI OEt R e pE2 SR tHE JopRErAtEDY BrBEHRRg dhdhepRisHsEHTned

clévatepdsPehiiafer ablvxthepnonging between the semiconductor chip 12
and the substrate 22 in the step 130 occurs via an exemplary 16 bonding

process 500 provided by the present invention. A process flow diagram of

Inthet@xegoplaryiSanding MEESsaAe isisanenn ke Buie RIRMEUSNed by a
described the second vision lens 38 facilitates at least one of x, y linear 5

SUBHERES aHYEHAF SigRFRSHCBI e ©oMiconalABPYRIPS 2 RatBstE R thickness
méwalwa&m?ﬂ7@@%@@@19%'@@@@%3@%@1&;{'@@@elra&ﬁgﬂﬁo\fiﬁiﬁ@dsmﬁzz

facilitates at least one of x, .y linear and 0 angular alignment of the p
il S FERS 1 6o M (84T }Sotr'?Su\%‘?&pcﬁ?&ii@itﬁ‘iﬂ@%d?’f&fﬁ?%rg’sihe
suttraed oickhie subsiiaiecd@nl GdolatepdlGdhethgi’ o Bthpositonse 22

and aligns the semiconductor chip 12 above the substrate 22 positione
xglitiRzb R ?edﬁar@?eﬁd}ﬁ% aésitraﬁf.hﬁbaﬁﬁyfhéhgeﬂiﬁégmc&%fgness
méiiprddcnpavelte suhstiaiacdurdhe stan He ivMsciRBUATIIStr SelWeshe

6 of the semiconductor chjp 12 with the bond pads 64 of the substrate

Sub3138 PRI T S R o NG B eRL BTN B rsihe
subowseinate system of the semiconductor chip 12 and a number of

reference axes intersecting and configuratively corresponding with the

bump structures 16 of the semiconductor chip 12. In addition, the second
Thishondestsed 87 futshefasiliaiiasa blabinitibs sfoaseotiich taor 3R ateasytsier90.

pd th suk setrate 22 and a numper. of referen e vertices_coinciding 20 a gnd 0
CLBr Ao QO U RE t1eHUAH S B the SUBSIAE 80

anuéferdidyntbe sechirdsulsiontdens 3848 eoupldd ecralectidoatiyr chip 12. More
spgg{ggeltﬂg,ict ke):lesggi(mcfi % Sri%%r?erplgn ggl%a%ﬂﬂgtcélsleg,(@ogrggsol%righal and 0 angular
alignment of the bond pads 64 formed on the substrate 22 relative to the bump
structures 16 formed on the semiconductor chip 12. The second vision lens can
alternatively be referred to as a look-up/look-down camera for facilitating at least one
of x, y translational and 0 angular alignment of the substrate 22 relative to the
semiconductor chip 12. It will however be appreciated by a person skilled in the art
that the x, y translational and 6 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.

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
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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 dfstem for substantially coinciding

bo%@ﬁk%qfrm@s@@mﬁfo@ﬁd@aeaﬁﬂ@@ LMW AEATRSROBINA ARRIAEERS of the
number of reference vertices to thereby enable or aid a accurate spatial

eXgRHARE ROBS e aRsEs SOCRTRR B BAHHE 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

ApPREFEIaBHY A aira e Siratec R BsigRd R mseraliater it leaslRBR hde Yofinear
and 70 HiSRMICRACUGOLCHIP dehtsheuehip BrgressingtempelatUighstrate bond

preferably maintains the solder portions 20 on the bump structures 16
pagh lagastons i arrotRSS e At dRSHSSen YV g eS8 éaﬁrﬁf%%@eleast one of x,
y mavamemd op displaeenagphebiie domektanl3p towaidscthe &> ReRétage the

70 occurs. Movement of the bond tool 36 towards the bond stage 70
seqligaadedanehir oy tkidoadipats Ghiemaer ot sURY 636 towards

the substrate 22 on the bond stage 70. The first phase movement of the
bond tool 36 in the step 520 is preferably performed at a fast sp%ed,

In\AritaR cAR-BReRaBLAathitfeBosHIPRs AL RIS SRACORYGIRSF D 1 gPove

thstab5ishte 2 36sMEoRbASH: MHRVBoMANtas ARl Rceraabtyofiiiejoenibiont 36 the
further towards the bond stage 70 occurs. Movement of the bond tool 36
SCBIARANTIRE 5B 1St 70 %\gpﬁa%&afﬁe eﬂﬂic@ﬁdﬁ%é&@paﬁ@au%h@amp

stictheebondtan oeviatasdhensubsiate B2 Bonthpadownd stape siBsifie 22.
second phase movement of the bond tool 36 is 15 preferably at a slower

speed as compared to the first phase movement of the bond tool 36. The
Prefevubhyspedseédhe bsshtaehs6 &luteigithessecuithploase Mo veieidordinate

minimizes risk of molten oy liquid sqlder wicking. or splashing to adjacent
YRS ABG "6 SRRLATIY S0 Bl ARt ERERRREA SHOTRRG: S0 HRepane and
cobZigand B0 datciipdadingositb nirtbahih staamiasniducfaheRgmlchamettbechip

sybstrate. 22 at a bondjng position in a.step 540.. It will b reciated by a
12 R e e O e et I piGR B BHUTBReRbArceond
codediedptioysthat odddstionatptadeied mavaibend drdisphreeraritesfcdiaciding

IS 00l S gae o e bond sipos TR beieeres MOSRSR ..

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
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

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
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25 phases of movement may be of faster or slower speeds as compared
to the speeds of either 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 ;}ﬁases of movement may be towards

th@kanayfiatidhenhpnsl stageck ROALILE hanginsRePHABANG MAERNR the
liquid sqlderr%ortions 20 of the semiconductor chip 12 contacts

soldsr BSHRIRG BBAE RIS iEss bEieErel s theiadisnentighidmhase.

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

Ing-35pat; %li@féh@é*)?el@oﬁ?&%‘?éﬁmiﬁﬁ’éaﬁﬁﬁana%féh%@qgch&%‘rﬁﬁ%ﬂa&ﬁ% the

bosdWiiRr varakia-asvequiredibesest eodhadbickpaswefdhensubsii@tae 70
as measured in the step 380. Further preferably, the bond distance is

dispiees desmicrBriohake bagtadihiadht BPrddoskatidanatisdiccapstrate
22lghmeasshediiy e steR 434 phaschaighhehing senmisaneduitos mahipsled 1520

. preferably taken to comprise height of the bump structures 16 formed
is (HHEER AREIIMBhA datethaRerorhist f8R Me2LET g e thanddingrther

alfeeale distaqges(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
appreciated, that the magnitude of displacement of the bond tool 36

Inteweids 3beabeidrtataséhdiidngiboldifpricphase antseandopn3sefurther
movement of the steps 520 and 530 respectively is carefully determine
toyﬁadggf&ct’é)&qfoﬁ%fsi‘f@ﬁﬁfwm\fﬁ@@@éﬁgiﬁ% eg@é%ﬁebq%d%%fmd
stafy 7 1 Aiope @ofiespanchngueanct hipd 264 aflibe tsuhs bairl 220 1H6Ight aids the
hickness of semiconductor chip or die is measured during the ste )
s E e QI HAECL o L1 S AP G} R RGO B PR i
prefepd§Qit Psrieeablycdihasoagpitideotitispiagamennofeatnt of the bond tool
emiconductor chip 12 during the steps 520 and 530 is known as actual
GRS, TRk e L e S TRe ool it i crent
mioiifiuta asksbowolienFSlidoidRigiRiahlykihe actphishirpks isdgaleilbted pyds

subtracting Hd and Hs from a reference height (Hf), which is a height 20
O C AL SR e 537 G5bF S5 2] BT mge 70 or between the

semiconductor chip 12 and the substrate 22, and adding a predetermined
e EhS  BIe F oIS
substiplerElitt vabiantieg poshitheisemiepns®idr ahip b2appektied ystrgierson
Skl%%é({w 1%” erzpr q;[a%firtlgetgg " 1scciigg%?g ep 891 e(:jcis{)ayn(%ﬁg Breégye%te Qléggription 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
phases of movement may be of faster or slower speeds as compared to the speeds of
either 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.

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).
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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 tool 36 and the
bond stage 70 respectively maintain the semiconductor chip 30 12 and

PritfersbIRS iRl SLdalitie 6HIR REAGATHAY IBIREFAMER anchile SURKIAE based

processing temperature respectively. Temperature of each of the bond

onyde Aeichitithal HahaSEige 77 iasoiateraisy warksuiighdRthotiechsr greferably,

thénanagediduinng the methad 10RmhRaxenPlanEnpRSsAtWE HKefiBt of the
during the method 100 is shown in FIG. 12. 19 Preferably, the

serRicosRife iR dh BFFE Hhi 10 P50 214 tHhndsiEktRfe D tempigpnductor
chegrefully preagayraiRin measwipdseneninred and sesipaied asrEeuréstmed

during the method 100. Preferably, the control and maintenance of the

thesshPeratureoiRiath 6 GHREHIhd 58I Y6 Hid HEBOHE stdge anaging bond

disarespandiopierslesstharnaal manreemeiroighexsamicerRdudoate 22
chip 12 and the substrate 22 respectivelé during the bonding process

dustg fhcatfaRionZthi® cotitlolsaitP Maiftehiih dd) of e e Rip APRIGFLL ek dhthe
m&nthri®enditpm denandohth ®eBaStage3 60heHRescoRtEhandRaTidiiring the

temperature at jun tic&ns between the solder portions 20 of the bum
d’

p. )
firstrROASFe 8k SSHAN PBB I PRVENEYH. ¢ RS SteRioudly Adscnbdgshertively is
cali®puktanéttortpieanshdaisiairdhetepparating ahéhBubnetealad fob of the

heating the semiconductor chip 12 to a sufficiently high temperature for
SCHLRING ther $618 &?owgﬁwé&ﬁnb%ﬁmﬁeﬁﬁéy f%a??eﬂé‘&%tf ito
maintain the solder portions 20 of the bump structures 16 of the

semiconductor chip 12 at the 15 molten or liquid phase. Preferably, the
G GBS BLHEESHASH GRiDr B0 16 (HEN PG e e e step

23raineight (ioe. fiockatiniog theasibearewitiz). Rrelessbiyd taerbandhstags 7$80.
BT RS S 8 coupl rcle tenpolet, e e
stéprisferaittr68ghsthadvandssiagal KokbisTisctactaay sthkénisWaiopiey esing the
oS eTion S s i Lo Sope 0, EETRY e o
cajntliendpeiveartiiielsolded poriwns 206 e btsighsiteurdsdbiaacheight
b 0hacs B4 oL SRSIFIRZ2 A & RN N IR B8 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 22. Management of the bond distance (and distances between the
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 tool 36 and the bond stage 70 respectively maintain the semiconductor chip
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.
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25 portions 20 at the molten or liquid 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-coolgd setup or mechanism 610 is

prefupied iBdhenhrnshsiage HRh3 fak 1icios] SRigy eRdiBeneahge 70 can be

dissipation from the bond stage 70 to the other components. The )
cajiFidly sl SERIP b IRsRRHERisRPB O pctR g BT RS ds HtiTed Jung the

méla positered AacrotaftifacR Ghifddane sage: 1onpochallgast g of

pipe connector 612 for circulatinBr fluid through the at least one plate to
the-Rappiord Afcanhiha bragisiesn i sriprsiingeaiadheraplgaargeogent
oflthd SteR&RAute sepcondhgteiChipstkARNIbthessethntsafeddddi@he bonding

maintained at the  bonding position for a Eredetermined time period to

PrigERe by LA Hiitte CONHRY SR TBHAHBASF nte oS HRBRCaHStGh cach of

thoeyRe IS samicandusiy s 1A andpsha substadeAnMl €emperature at
. specifically, the semiconductor chip 12 and the substrate 22 are 5

JURSHERS Y SR ReBOIRh § B eTor 1F i RtRe AU tirfe 49¢riBa bond pads

e4facilitate sufficient bonding between the solder portions 20 on the bump
structures 16 of the semiconductor chip 12 and the bond pads 64 of the
substrate 22. Preferably, the semiconductor chip 12 and the substrate 22

Adigdiought tesadiyadings ithipmper asuset dudngihtasteh&vnMeitire of the
specifically, junctions pbetween the bump . structures 16 of the
boghed &f&&%ﬁ&@%ﬁ%@%bﬂba 441 ﬁq%lﬂf[f‘agﬂ%&zgél grgperature
fobiatigihtehtheohinghingi tenopatt bigGusing the Steptb&Qofl hadandingitain the
mperature during the step 550 is preferahly between the chip process
SolGFRGBHANS AP IR0 Ee fooTB ORIt g o (he
mnebendingdtiengerature 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
Profifatityeferaltyran @igpurgeiyi¢highondidatdt nealrob gieretha defeaskeat

of the semjconductor chip 12 onto th bstrat 22Bin the step 5 @ The .
13 e CH SELE 58 P OOt B RFRBD B LSS SRSl eppriss
anl th§ioanitiael hand7® eodple P ndtetabyr presspreariithkeadmnpiige Be insulating

controlled for preventing application of unwanted. pressure onto :ﬂ_}e .
B A LS 8 LEHPRCE LCIep L S, This i 10
sag bolstraie122t; npoley sp eifinallyrpstweetitie b atstrutinresel 6@idheage 70.
Prggt%agﬁ‘rgge u%grr garﬂpe %v?tﬂgntt ee %rrll Fs"‘E‘a%Se crjlflehhn a?rLllsb ﬁgga%grr%pzér;lrt?l?e 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
portions 20 at the molten or liquid 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 coupled to the bond stage 70
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.



10

15

20

25

30

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 exemplal?ypmethod 100 facilitates bonding 30

In%f e setvicarduaiRioahiRb? thihe sURatiatesgssipiEorming heitinrdiRt the

semiconductor goit{ckage 10. A partial cross-sectional view of the flip-chip .

bondinE ARNIHLLSr PicRagE IS ERed ARSI 199 iR dliarebyaatiang & afagilitate
susAYithabiRistensiddindR? fthaisxaspiNam metbadidQUIRRIESEIY 12 and

steps in a method for packaging the semiconductor chip 12. 21 In a ste

the sepstattrmalerfoshifisaiiddn dartsopderagshin, L iard disetiheisnts 22 are
mASSEARYAY20fthenicANdY CHYsRIYR Terbpndedewithitnel Substpéeidd tis facilitate

transferred or offloaded from the heated bond stage 70 to an offload

suffiedeni honding P tHesa s s SeRTIIuLR B St NG 15 HEH Sobfs 16 the

sefPRBhiRMBLEAIPre2amdhacibaag siage. & Akeinativelyazhe flip-chip
semiconductor package 10 cools to a different temperature (which is

lower than the temperature of the bond stage) as required while on the
Preffinalysidgachieteialivribeitenpai@itcesabihatoffoad.stagesmay B®onding

controlled and varjed as 10 required for facili} ting controlled coolin% of
R B S0 s difRor Packigye Becife gbolm’gc%?‘%ﬁ Aiyphe bump

stsrereonadustanpackagmdicoayp effaateechoaisiialpadAbervatielyibtitite 22
oling of th fl'go-chip semiconductor package 10 maxﬁgee effected b

& y
TS RERERb Y BB RSP S s RECHER 2Bl RORLn g mperature
dueample ingrt 558ses suthasnivagesn isiuoedhiovRidehscfipehiad the

emiconductor package 10 for 15 effecting the cooling thereof. .
SR EH AR5 SHE PRSI s RRR AP ok RS i B sl wer
thi@ arechip protedstenipediaie stade dhat thba W) aetaradgiog:tnaiperatire.
onto the offload stage. Preferably, the temperature of the intermediate
stage is between the temperature of the 20 bond stage 70 and the
Thempatataie3of e efflaadsstag schivshengefegbly2 snaintenauteersie 22 in a

S el e mEeae e el onicle
seafitoadliprahdhipenicandticicubpackade 10 tanslep sdbeTheantipllycorfacilitates
rersn(())f\t/a aroer ((:1%{12;[5 yr?ectlit of the semiconductor chip 12 from the bond tool 36.
Preferably, pressure of the air purge is controlled for preventing application of
unwanted pressure onto the molten solder present between the semiconductor chip 12
and the substrate 22, more specifically between the bump structures 16 of the
semiconductor chip 12 and the bond pads 64 of the substrate 22. The solder between
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
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.
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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 arfy one or more of the processes 200,
In390t40q andBOGInAYD aiMHHD VﬂEHﬁéBrﬂﬁiéﬁfiiQﬁc@&%@%}hﬁ&@oﬂ%&hcally

the gresent invention. A person skilled in the art will also appreciate that

aspEnR Y SPIMSMEHALY TBI rbhrRARAIENR thea YbAER mretibif4ppferred or

ofFIBEHADINGA tREMIGRRIYEHI GapPTestar Sese s KRR wn). The flip-
semiconductor chips and _transistors. 22 In the exemplary method 100,

chipeseBigar RS REIB SR Hethehfe s dedne 1emBrREdc & fhs offload stage.

ABSMIEQBHELEERIEBIRKEE isiMadniaioee padkexenpitesdn 1isiklighPhRse tthhperature
thermal manaﬁement of the bond tool 36. However, it will be appreciated

(el peAoavFelifgt the fREBFEHURHHY ths derfbstiee by gauiEsy hdile on the

oflRgaMgescription that the solder 5 portions 20 of the bump structures 16
formed on the semiconductor chip 12 may alternatively be maintained in
the solid phase prior to, and during the steps of 510 to 530 of the bonding

PrEfocess. thdthismgreenitessolierdraians: 2L ahtie o sbleduiag ddried as
formed, on the semiconductor chip. 12 are melted during. positioning of the
reguired 4y LHB i‘%“gf’%fél BBH%WB&%@W]H"EH&%B"S‘ cipp paglifiee 10-
TiIsebEnappratiaterh kyip Rersiedmkiled Pathagtivithihediselosdienaturally.

rovided by the presenf, description that the exemplary method 100 for
Alsgaiaiig s cap ?ﬁi&tﬁﬂfgm&%&%ﬁé@@%%%@%@mbe cifected

bypRstidnibgvet i busnip Strustesrs d 60 dheosarpitpRd dicias claipekdmple inert

relative to the bond pads 64 of the sulystrate 22 during 15 heating for
ARG B AT EBREEr thEPIHRSONT Stﬁlé*rﬁ‘}ii P HBH%foé&%Jéﬁ%ealr?dfor

cffeliafialivtesenngeaisebrtween the semiconductor chip 12 and the
substrate 22. Generally, semiconductor chips (and other semiconductor
devices) have different coefficients of thermal expansion (CTE) as

Akeipare, tehsuliptieligs witastas aiOpadaiiegl of mmateytaltamstbrabiffesesiic or
CTEs resu tin diffegeﬁntial‘?therm [{xgﬁnsiont thegeof. Acco%in%%ﬁpthf ¢
MAEAY B sEitRedRat SW&HiE SRR e EHISLHATE 9 CRtAIPad stage.
Predgstalbdyinigsfengritauirermat exeansiindebweentifiey semicorthieiotallipf the
bl TS PR R 2 RIS RS LTRSS reterably.
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.

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
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.
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compensation occurs 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

Intthéhsiediiere niiaheabicienss At YA RXPROEIR berhp tHAHRIEPY formed

ensure accurate bondinﬁi or interconnect formation, between the bum

| we p
OnsHRGCHERESONE W Ok & el e ShENdERGH Befip™ Sha Bl UoiFkup dhaRs P Shermal
mPage e 3AHb 8 sHbeisRtss 2 B oeber prafe rbiypibe At anpeaiasatianed

. between the bond pads 64 of the substrate 22 is performed forﬁ)reventinlgg1
er

indl gt vty dieleRremEonidsbSHHOe @R deserirtigy) that the so

poagiammattienevenipWwehdheRiteh eompensating ainthefRoePadsH6/homay
the substrate 22 is shown in FIG, 15a and 15b. 23 Alternatively, pitch

altespaprisatiomuensii thestlidatse Bk istdidrsiog shsriges of 510 to
538eomigRMEbHERIGhiFcdR. TheRiGRCanpRIdatisn halwee bt BUMP structures

structures 16 of the semiconductor chip 12 is preferably calculated and

16y dosrmith et dPORSBHANG fiiRTeritiRl terdhalBRiShsiun beRRsdiopag of the

sehRBdILARAELIE NPl hamdibm sybsiiateib Be stép sacdheir differential
coefficients of thermal expansion (CTE). Further alternatively, pitch

compensation is performed for both the bump structures 16 of the

It semiglenducippeiptd® we wedtasm fakithd home pads B4 okt dubstsaeridied
for offsetting the differential thermal expansio

ion betweenthe . . . .
bYsEHiiCORRTILLT SRRy 2 A 1bPerae A Eﬁfe%alaﬁf@.t&ﬁiélm-chlp
sefqedicients phikesal xpasIsioatéGrife)pdditoabayefiasdibes Pittures 16 of

compensation process or technigue preferably ensures_ precise or :
(05 SRS B0 THIRgl BeTVREYF o LenTRshditiol bl 1S AHertHe 22 during
hegtibgtraiac Aawnaotaessngdifiaalycbetwmasndshdoctypist foctuesnlof at theate and
emiconductor chip 12 15 and the bond pads 64 qof the subsfrate 22, by
e GBI Eat SE00 TP SCRIBH e Lty HRLH Bl 22
compensation process or technique preferably minimizes alignment or
bonding offset between the semiconductor chip 12 and the supstrate
el Bor STISHHANE SRR B e SR BF Vs pradghy ieren
codéelciaption wiletinderstpmebibiat (&M oglificatipasctd tbespibstrates or carriers.
compensation proces also one 20 withqut departing from the .
G R R Sent LR A i o,y LT o A o
thpeokaging alsehyicthieduciongeyite: oencetipbwent chipre2spetidieallybstnate 22

RSP R L Rnn (e p-eaue somieaducior popiegeAd 1o

\lll (led e present Inv e exee np ary

and the substrate 22. In a preferred embodiment of the present invention, pitch
compensation occurs for the bond pads 64 of the substrate 22. The pitch compensation
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
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.
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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 6Q0 comprises means for performing
any one or more of the steps 100 to 420 of the method 100, steps 210 to

ARS-ZARR O e QeSS AR HEPP3AR IR PBERELRA RN B6ATS 800N FHAPH HFohe
to 450 of the process 400 and steps 510 to 560 of the process 500. The

seHisaRduERIrfddPid bbb Bifeh ierBREMPIOESFIHIGARITS, Fowme, EdsTers b of
th@PRARBIRR YIS SRaprdeaily configuied BsinddeshnideoKnavebtting

to a person skilled in the art. 24 For purposes of clarity and brevit

diffeirapit ik hr EBth SEREMO B €S i SO RNBetoR erlc?ege%éé substrate

22halews thukiowemel ke RpraaiAiz e PerseRBillecriny 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. 5 As

FuitBMiQiehhmeelignaehthefysiemi 69 scosnoised feansiiehdeiRpitdctures
the steps 210 to 280 of the process 200. Preferably, the system 600

locehrisaniseashsi iR by s esdar fisrhrneoadsdeefohrarftlmg 22 for
offfasteniLai ot pinitingthel semisanductacehimd 2R Jiesystenpb0D and

further comprises means for measuring thickness or height of the
the sieeAac: MRS DI By O IS ALHEBR DS PIBRIBS T

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
Tl}?m%&)’é‘r 8858%%‘? cPAER BYPAPHRIRON 1 BIRRSHS i tﬁ?&l&ﬂ%m ?é?h&i\? sures

priaehanisaspiealsdbdiskeibeimeasiing:the shikloiesshigr Ieiglat wkthebstrate
semiconductor chips 12. The system 600 also ¢ rises heating means,

22 51 FBEREOF BReHIE APPSR RRIY SFRDCHAHG She 12
ansteiie B @pddobiusthie Radting it seynike rdeieisiary Oneliip d. 2010, theaddipion,
r cesséem %ature in the step 270. It is important to note t%at]; at the .
thgrﬂqBOE{Fo &% PR T PR RO SRR ALR UG PR Al mizes
alipating of weldekpartiarntsa0:on the duivpsiudtiuespl 62 @antiel andtrate 22.
maintenance of the of at legst one of the preheating,and further heating of.
A TR LRUEARS SR 3 AP COIEBnf b G S AT o il
uncleriralle chsing nechfiigitieaknotve pitch perspenskil@dprocess may also be done

without departing from the scope of the present invention.

An exemplary system 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

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
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.
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25 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 substrat& 22 in the step 310. 30 The system

FRRUIRE LERIBRLSEIBRANS fQEHamstey it lon GRstenthe, sihslatesla be

in the step 320. As previously described, flux transfer may be performed

fughsidesnrthed Retopor ool g rerrabsrapRiy s Sy dapdsne ddlch i art
willaiséedistage R8paiadthie s ubstitadr . Rliaipatvelyatie S YRI&MMEO0Aaanhe

comprise other means or mechanisms 25 for transferring flux 56 onto the
scepbStriie 25198 ANG FAYRIRTHRN BRFSTHEBYSRIN600 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

AsrRERAeus Rsatipnsh b fodsEm RO G AAWMATIFFE MBS foF RESEMIAG the steps
2 thigkres s Pihbgighiced te sestiatey2 Zadtsyitclecomdensieies bysamrEsRictor

skilled in the art that alternative means or mechanisms may be used for
“hiRedEEHTg BB RHESY S n&Rgn B tHaUE80dhateSD. 260 spERsifiBBothe
sefHitbpawasiiges 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

Tisubgétaie QisheaieddypithesbpRanstage Meataiting Shlkiale PFaaesst of the
temperature. The bond stage 70 is designed and constructed for .
SCRAISHRAH &fh@}m%ﬁr%aﬁ%? il IRERBETY of dhe dhisshate 9 hpight of the

sepnsiiRinetthdipen 2Rk fict @b faciitiskdayy exertfapidopdsiage 40d the
de i%ns. The bond stage 70 \%Z)n COIEpri air pockets 606 fqr faéc'litatin

o SO AR 4T & AR Fre i SO AR S APRTE LB P& p5rson

skilheel ot skagent Sl ferafeirabiye demighisaaiabe U DfoonRa B e the thickness

acuum grooves, 608 facilitate application of vacuum or suction for
Ori@é@?fﬁfﬁh% WHSRAtHCo H%??ond 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. |t is important
T R L OaR 60 PR Sk A GHHET? BrAccn AeRIEIRGHGE the
seafitoadrelr ohthd S@Wﬁ@n@qmpdﬂp dzdefod finehsu ﬂhstraﬂt_lg Az duniigptiiRictor
EOO .25 More sngeC|f|caIl)é,ith sgtsetS%SOR comBrlses means

meltg]Od t t t rtant t t trttht
Chﬁl?e o %%’fB,P{ﬁgFﬁ%a mperature’in the 18 important to note that tha

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 controlled or manually 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
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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 knowf?to a person skilled in the art. The

fobYEIRMARPIRferaP bnanaRles the 0lder PeHIRRSRG-eNithe, 3hBUem 600

structures 16 to be maintained in the molten state before the

CoOBRRRSSRIEIIREH oL InechrpRe fPtadsrtHe hpaatiow sleraeisrRiace

ofgnabipand fepmationbetween the bump structures 16 and the bond
pads 64 of the substrate 22. 26 The system 600 further comprises a

water cooling mechanism 610 as shown in FIG. 19. The water cooling

THHESRRMISBDO L e RUES SR BR: GRBRESLOHIBIERSIOhOkdrém RO PIAIE as
614, a substrate table base insulator 616, a hot plate 618 and a cartridge

shRwadp 659: Phdrsrasgurpashehidonss thaekighthsit bstfrise?Colibréd be
urlgetbe fopd Hpdags JQifed af thastane: aftasiiatingolisWation RE:s6R0MAY be

thereof. In other words, the water cooling mechanism 610 preferably
u%ﬂﬂ&%ﬂ@%&?%&ﬁk@%@hb%ﬁﬁ@fﬁﬁﬁauét%@ée?&- It will be

appreciated by a person skilled in the art that the system 600 further 10
comprises means for perfo,rmirbg the steps of the exemplary bonding

Tl SXESEsRf) TBrerd SBIYPIHE SEERP BB THHEER Y S8t Usirheating

théegsbstaSKnoMHE asdhes Jookrndp oo kueiman leamesatfer aliging the to the
Eemiconductor chip 12 rel.atiée6 the §ubstrate 2§ in the ai)ep 510 of the
su A }

SRR B G YR &3 re shECHARIK, THh SUOSEBHAi S kY

theBdagiltates aceuhateudigniogottie tbipg BlkiCtireHdhdaltilae 1O is designed
semiconducgoar c%%il.Z with %efere ce to the bond ?a;&s 64 of the supstrate
Md g

ng LRSI ot el R R SR AR e et 22

palgheefidreans 1as. NTeshdRIEMS Sy e itiptthbydhe Systero ae8des. The
d.on_the.semiconductor chi

aligning the bump structures 16 for . plz. .
BTG 10t B Pl Rl 5 b G BRAGH SAMS T KGTIGR o e
préysienh&@Odenaplascaief) ahacousiataragehze bbad bangedirtapesferably

between the semiconducé%oc ip 12 and the susbtr&%%The Sé;stjm 600 ¢
COUUMIBFs 8 HIEL YO Cortrolliny ATERE HE V%P IS AR ©
vanagnitudadioaach efdinendinbephdseate@E mwaht doddheagecnd phabgpe and

mavem n%of the bond tool 36r§t{§) ards the 25 bond stage 70 in the st%ps i
Poéﬁb’%n‘%?é B rESPELFERY \Edntrol Sr ?ﬁ%%%wﬁt 8¢ @ not to comcide wit

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.
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
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.
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displacement magnitude of the bond tool 36 towards the bond stage 70
preferably depends on the actual stroke valve calculated by the
exemplary formula shown in FIG. 1Q. In other words, the calculation of
thickness or height of each of the sefhiconductor chip 12 and the

TIRVUBRHSHE AR ehrhles sanags menief Hasdisriacamenh 3 naggitide Bf FIG.
the bond tool 36 towards the bond stage 70 during the ste%s 520 and

1% Jtheqw 3111599 iHE BRANSEAE OB i REM RBHIEQL LR P2 £1d- 2

chierspagirete, 22ubseiesabhle thadisplasemens, magnipisle of thamboanchieflge
70 towards the bond. stage 70 during the steps 520 and 530 positions the

hegiemn 2 fErlivEd e et L ARlBIsatreIRRIR £2 QrFeb hgeewatrdi thehend

stRRAFORH0f 1ogssUhsbatRdRadifg TheuRNRIeMEQR S &R &eBIPIISBther words,
means for o_ffloadigg the formed flip-chip semiconductor package 10

they igr thecdias 1ENNSEr&KAB s erabbyibadlitpssniBeempy Lenigmanted the

bdddckage7b0 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 comprise alternative cooling means and mechanisms

It RalY be uppetioitc@ NG thersien e fipishiResarnigandueter Raskame Yarther
For example, the systﬁﬁr{n 600 can comprise a fluid systeé)n far effecting
O,

CORIREIGC O SPIHREHIY RS Brnitaraabdlle sEeRRELOoRdRE ISP S00-
PreaeliBy oftibi e faumedold R isenicoretstarpackagas1i8, naay keown as the
facilitated by use of at least one of computer software and manual or 10
IO%W@W%aﬁ’yW@aﬁ&lagrﬁn n QIB%rg%‘FI SRS MR B E S bﬁemwy the
subRtioned ihwilkeuodarsteesbyppersadiskilescinsse@mwit dheifically,
y.the present descrj

disclosyre provide ription that the means,
SRR CBret A eGSR 0 e G BRI TG 16 Of the
segfiehiig perdaiprenedtfdferdicstepsd bordo g3 elitbe thvethberdQ02 X Niswill
is to.say, the components, tools or apparatuses of the system 600 used
PR oS08 SR Ot TG et G S OFf dhecns or
mErbaasassZ80b3aRi 400 bndi08 stay beovasied;shiagekk slimpnsiooges 16
and configured as required using techniques known erson skilled in
o B R RABg RAcl  STREIR G BETF PR syt
22600 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
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
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 calculated 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
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.
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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, arrangemer?rt% or structures of the embodiments

TidessHRes povaunil benannatenidand PBFSYFRKkIlath Ihe@Hhed Vigy-chip
of this disclosure that numerous changes and/or modifications can be

serpisqadnRios eakp N Hans the sEeBpk Gndsspiftisrhe dRteHsh tpflip-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
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

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
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 techniques known to a person skilled in

the art.

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
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.
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