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THE I NVENTION Field of the Invention [00021 The invention rel ates
generally to the field of semFIGOORPIhRFcoRRbdion RARIIA.-BRan MAfe Particularly,
the invention relates to the joining of the sem -conduct or Chl p and a
substrate using a flip chip process. 15 Description of the Related Art
100031 Traditionally, sem -conductor- chi ps have been electrically coupl ed
to electri cal traces on a subst r at@ORNRIGH T MOTIIEr connects that are

sol dered o gﬂd to top area of a chip and soldered to trace pads
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Essentially, the active surface of thé sem conductor chip is flipped over .
to face the substrate and the chip is sol der ed directly to trace pads

| ocat ed ad acent to the 25 active surface. The result is a nore conpact
and spacel®fficient package. BACKGROUND OF THEINWENTIONC cessful and
effective met hods of electrically connecting a flipped chip to a substrate
Utili zes contf—‘éﬂi&ﬁd@!ﬂ-&@&e chip connection technol ogy (the C4 process
devel oped by @OEL ratl on of Santa Clara California). Details of this
process will SCI’I Blrﬂém‘ﬁ\ﬂl’w[f"ﬁget“é‘?ﬂ)‘ oribefiele of semigoaductorghipef | v, the
process consi gdckagdig. 3ora pRriyilagy, fR!ifRnidireR &

flux is appl |§d§ tggﬁgat Iegst oﬂ%/of t.he surfggied;[h?ﬁ% &éf‘%eﬂﬁ;‘gg’?‘f“é‘g’f ate the
surface from PR aWepRis usingadlipsin Pweesan adhesi ve | V\D 02/ 080263
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Description of the Related Art

(0003] Traj\l_:fitionally, semi-conductor chips have been electrically coupled to
electrical traces on a substrate via wire inicrconnects that are soldered on one end to the
top area of a chip and soldered to trace pads on the substrate that surround the chip on the

20  other end. These types of interconnects are not pérti;ularly space efficient, requiring area
. for both the footprint of the chip and a trace pad perimeter. To more efficiently utilize the
) substrate surface and facilitate smaller chip packages, the flip chip interconnection process
was developed. Essentially, the active surface of the semi-conductor chip is flipped over
to face the substrate and the chip is soldered directly to trace pads located adjacent to the

25  active surface. The result is a more compact and space efficient package.

{0004) One of the most successful and effective methods of electrically connecting
a flipped chip to a substrate utilizes controlled-collapse chip connection technology (the
C4 process developed by Intel Corporation of Santa Clara California). Details of this
process will be described below with reference to figure 1. Briefly, the process consists of
30  applying solder bumps to pads on the substrate. A flux is applied to at least on of the

surfaces to be joined to isolate the surface from the atmosphere and provide an adhesive
) } _




PCT/ US02/ 08903 force to hold the chip to the substrate during the process.
‘The solder is then re-flowed. Finally, a wash and bake cycle mal5H8 X205
to clean the PALRAFE263[ 00051 An epoxy under-fill is applied beicweembRs
active surface of the chip and the top surface of the substrate to
surround and support the solder interconnects. Under- 5 filling
significantly increases the reliability and fatigue resistance of the
package's interconnections. The under-fill helps to nore evenly distribute
stress caused by fbhekd Rl e cl trai dif.ferences,in
coefficients of thernal expag??gﬁg%&ggéggﬁégﬁpgﬁﬁéh@ﬁisf)ld%fdﬁlt U BP9 sde
across the entird @ awashand peke cople prazbel vsedbstieat the pdckagehe gap  bet ween

t he i nterconnect e@ G‘gi p ang substrgﬁ'{te were not under-filled, the stress
woul d be 10 carri®d y t he P EPRYWETfilk inppplisdbetween the agtive surfice of thethipand

resul ting in prenisttopeurfe kPge subbidd (W BrrodrRWRY Sippoft theQBRET infe onﬂaﬁ. Under-
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substrate surfaces MERENTANLinkreRses {oe aqliabifitnand Sajizye eesistancecaf theepaphageat ur e

del ani nation of dntbrooecionsr TRomdereNIERI ISR nbed &Sy i siEhukd kil dd aP{eQ b}éﬂ:cﬂﬂﬂhpr
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more of the int ?Jdgg&ns?rclts. Acc'%{fﬂ ng,:] ,, one-of t )
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af fected sight fi canitd by thy reldvieel it solef tHitérSShnt Qs WBREPMSul r om
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chiemi cal def | uxi Ag" 20 ﬁ&ﬁ"%ﬂﬂ@“ﬁr ﬁ’ﬁf'@é’,ﬂd 1@ perforgspropaalyeit muyst berwaliaadhered |
absorbed wat er ftooina chiiy gndaubbiateBeiscas. eEveRB Yhih ﬁhﬁo?ﬁ%@(eﬁhué&wﬁuseElc%ﬁﬁe have
been devel oped t(pc?t .C(%J’TH| ?tglqué ol %t‘gl lize at el evated tenperature.

However, because theF1°0Rt f8° éEH’ & eveRtyapy rasulting éncladere foteair charhef thdi p

and substrate tiogebheictsh@fcosr8ing®: dle@fithe Rrlay i
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sui tabl e for us&ORPEFY Fraoraalh ftiesiduesfiom heprckages Tihis hak hecomeaspecially gap

di stance bet weenrdublesiy 42 tidickitgs Stbs | | X e reali 9D
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to boil off al I{06#6]t he fThexorabhichghsit e (THN)! fQhd Gn W PIAEESS: Dldeldd 2
subsequent post -c;%akﬁaﬁﬁgr ti on a@ l:,a_ tenperature slightly bel ow sol ger

mel ti ng 't enper atuPe” 21Ha" BHYNHBEBLY Dxpthk Bme requuediodemenier absaeberywelprrem thipend
required to vol attiszate Whichfchnlke ﬁdidﬁfﬂgttﬁxeadws&ﬂﬁ .de‘%%éﬁcé,%erﬁfcﬂ@eﬁﬁﬁﬁé‘t 30

TPT. reducti 9g's. '\ 9) (?(2/ 080263, 15/ 09/ 2005 PCTI USD2/ 0 3
may take minutes, while a post-bake to remove absorbed water from chip and substrate

may take several hours. Fluxes have been developed that completely volatilize at elevated
) temperature. However, because the flux is required in the C4 process to hold the chip and
h substrate together before re-flow, only those fluxes that have volatilization temperature at
or above the solder melting point are suitable for use with the C4 process. The small
‘25 thickness of the gap distance between the chip and the substrate coupled with the flux’s
“high volatilization temperatures, however, make it difficult, if not impossible, to boil off
al! of the flux residues during the re-flow process or in a subsequent post-bake operation at
a temperature slightly below solder melting temperature. The long post-bake times and
defluxing operations required to volatize the flux eliminate any opportunity for significant
30 TPT reductions.




. i.nterconnection

BRI'EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NGS [ 00071 The present
invention is illustrated by way of exanple, and not by way of 1157 08/A2005
~in the figureWOdRWB#E3 acconpanyi ng drawi ngs and in which |ike peghRosmneg; 5
nunerals refer to simlar elenents and in which: 100081 Figure 1 1s a prior
art flow diagramillustrating the operations typically required to create
a flip chip bond using a C4 joining process. 100091 Figure 2 is a flow
diragram of one enbodi nent ofa joining process. [00101 Figure 3 illustrates
one enbodi ment a sol der BRIEWDE dregh ' 10 a bondi ng pad on
a substrate and re-flowed, as b\/\%ﬁﬁg{giﬂa cop%grg{)gggg ‘%1181\%\5 851]}%: PRAVINGS
been applied to a bonding pad on the top surface of a chip. (0011) Figure
A4A-D il lustrates embodi nents of a chip and substrate during various

operations durind®®Hé i nt dheprmet invemioanotaged HYGk i lLuystrates.
one enbodi nent Oﬁmﬁatﬂinaﬁrzﬁé"'ﬁ%u%s% jpQi,nin c)ﬁcl .1’25 [7.'(3)06% _ll—'%_gagtlj’gétgg\uiagogn
i | lustration of one enbodi ment S (Qﬁﬂ"%’/ag PEYrAYtngs #necik adésh like @gfarddceri gur e
6B is a chart’ dePiTV&EHs fefeste smplerdlenemtsaind @nwhiplli cati ng the t enperat ures
observed at seve @I Loc-ati ons on the chip and substrate during a chip
i ( L [Gédgi ;: 'pgfa"g?hﬁdimwcm -ﬂb\mgiagmnﬂnuﬁﬁhﬁgih%pfraﬁﬁnsq;yce% esent
I nventi on. d kd GEHtea e . Cr.oss-sectional view of an
i nt er connect joi_mr&t. 3 W ozlogodgys%%;‘%?%8%‘?’"'%’%?3@2/ 08903 DETAI LED
DESCRI PTI ON OF THEB03)NVENTFighkclDR % id o ' .hod for, the
i nt er connect i ondg}‘mﬁ chip i?c})k-a sugigﬁétglédrﬁ?f F%mnrggé'mﬁ"‘n‘g-aé?'éﬁ‘ﬁ PFA°ESé- havi ng
a low volatiliz t enplégateld ilustated 88 HIG e.of a ‘
.t her et 0‘00”1?0955%9511:'?%2&'@%% (D2 Simlarly egl“u%"ggge‘g&gg‘d'ﬁépg}aﬁﬁjs f{eﬁh{ppﬁ%‘é’
cohtact pressure to ol o the CRIF a1, assvedicis atceppes bis tead] buinp tigehgr al
al i gnment  pri or bged applicitomborfdidghad of Hedsy subtddsFa hie need to use a flux
that can adhesively hold the chip and substrate together until solder bunp
re-flowis eli ml‘HH\F/bd. AcFégmmagbmusmmwnifslopgcmﬁ%mfbgﬂ te duri
vol atilization ¢a‘?i69§6¢%Fdﬁ’6§leﬁfn?¥¥.et~he melting tenperatlure o {he S0Pder may
be specified 10 whereby nost, "t ABECLUBEIo0 eSSy al |, of the flux is

vol atilized durigegzp bri gfo,k fhe. s llxﬁer re-flow tenperature. In
al ternative enbodi rr]gnt s, e ugﬁ%g!tu%%%s{%p ﬁg'gﬁ ’@F‘f‘@ga Hizgrapefor miqining englet o

ensure the 150- cfoaas) {1 uxEigpe Qe SERk RN So b off ADYanL ageousl v,

[6014] Figure 6B is a chart derived from eXperimentation indicating the

temperatures observed at several locations on the chip and substrate during a chip

mterconnection process performed according to an embodiment of the present invention.

[0015] Figure 7A illustrates a cross-sectional view of an interconnect joint,
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use of the low volatilization -no-clean flux in conjunction with a
.t her no- conpression bonder results in significantly reduced TPT'1s5/@9/ &) 05
as hi gher i ntvego2aspzdsonds than is 15 typical using conventi ongdr/ésa/08903
processi ng. For purposes of this disclosure, a no-clean flux 1s one that
i ncludes constituents that conpletely volatilize at a specific tenperature,
| eaving no solid residue. 100181 Figure 1 illustrates the C4 process.
First, as shown in processing block 105, solder bunps are typically
applied to pads on the substrrggee usi ng _any nunber of 20 suitable processes
i ncluding printing (using sol FA'ﬂi'ggtng?rQ}%PTWOETWBDEBSE\)TIQN ating and
vapor deposition. CGenerally, lead-tin solders having nelting points bel ow
200 degrees Celsius are used. Next, in processing block 110, the sol der
bunps are re-flo 7y h ENg.: der .bunps to a tenperature above the
solder's mel ti ng\mgi brzt toe!fgmq]y-'ém@? th? ‘ﬁ °rﬁ’§d’l"ﬁfg$"”5'€ff?ﬂ§f £ 6hip et substempetdizinge
pads. Typical |y, 2 isflstn Benpryingor loprvotaritizdion & mpaitundis @ 23pd4 %rdugﬁl glecontfekant ’
ng

are deposi t eds onthbde-&d ing.chi p pads. .,100191 In process Brog
115, a flux is aBEI i ed t%&g{aglmg}éds}? “’gﬁé%?‘?’%’ E4RRTA pRRagalus) hat pses Fwitaseptessure

Typical l'y, the fPIRMitheshigiend the essbriiatbe subsichiom pakerdl WAk MRfent 17 U icle
acts to isolat egotdaeblﬁﬁgg]‘g,ggc%fmwce oxllﬂetr f ?r-féipt'heﬁéat r%’é%'}r@r‘ye%"r“?/ﬁ@h%
second re-fl ow, -H!ng];gﬂ’:b[m@zgi'lnglﬁ tbe T sks or§%7 YIET by bild the chipeand sitgate i s hot
and/ or nolten. lyelreciusp re-fipenie elichinyte 8 0A dcd & i QYi n
adhesive force wolaifdatioh gehitie {]ngﬂebstr.ate tOgeﬁ%ﬁrﬁg?’f’%r'e%{'gg’?ﬁaeﬁn%aecOn d
re-flow The activator is typically B inE{FEPGatureaf thesalder may bt phified

reoves any ox M YBogh fmatabstantially ph,ef etlur s tdeiisal &ﬁiéﬁﬁ?’@g‘l if.atlng
sl

sof der wetting eflddri@aBmiahhd G 9/ 2005 WO, 02/ 080263
surfaces. to be joined. | n&lﬁéécgig:%é'si%ﬁélp% aﬁ%"k""‘i mgnffea shomeopteleat pegiod maf e es

. i' . N . . . .
of the chip and""&6Bi&navre the wo-gitaadbnt Hasbean BiralbteMivbaBARD A%%gg[eh%bg%\%era'

al i gnment. 100265% oRgx%t rated in .processing_ bl ock econd
re-flowis perf or ned %Waﬁ'ég’t’%aﬁg‘; E(ﬁé'%%%étﬁ‘ 'Eﬁ?f‘-"é’l&’ﬂg"t Wik a thszoeeaorepression

tenperat ure abdiPaderesulisinsignifeanty rellitdd TP TROEN el %W@gh@inteﬁﬂp%gh&e’sﬁh%qbfggﬁs

wet the corresnosiedlasindehal and the surface tension’o
~ sol der causes t,ﬁﬂg et a %uﬁ%@ 0 %@P’F‘Esﬁf‘%g MRETPRSES Q£ hisgtisclasare, Too-elespindi ng

_ substrate pads.'s 9Mhdidiglydes censtitients thar campieday solaﬂil&etahéaiEbeEi‘ﬁQ't&ﬂkFa? solidify
f the chi’p

the sol der. [ O0QglhgARd¥ofid %ﬁ% flux residue is remved fromt and
substrate package in 10 a defluxing operation as indicated in processing

bl .ock 130. Thi sjoorsr at i oFypMfelil indYRieS ﬂlleléé'proccss. First, as shown in processing block
105, solder bumps are typically applied to pads on the substrate using any number of
suitable processes including printing (using solder paste for the C4 process), plating and
vapor deposition. Generally, lead-tin solders having melting points below 200 degrees |
) | - Celsius are used. Next, in processing block 110, the solder bumps are“ re-flowed by

: heating the solder bumps to a temperature above the solder’s melting point to fully wet the

solder bumps to their respective pads. Typically, metal bumps, or protrusions having a
25 h_fgh lead content, are deposited on the corresponding chip pads.

20

(0019] In processing block 115, a flux is app[ied to at least one of the surfaces to
be joined. Typically, the flux includes a vehicle and an activator. The flux vehicle acts to
isolate the surface of the solder from the atmosphere during a second re-flow, minimizing
the risks of oxidation while the solder is hot and/or molten. The flux vehicle is generally

30  tacky and provides an adhesive force to hold the chip and substrate together prior to the
-second re-flow. The activator is typically an organic or inorganic acid that removes any’

oxides or surface films present on the solder, facilitating solder wetting of the metallic
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i ncl ude sol vent washing the package to renove flux residue. A

.post -i nterconnection bake cycle nay al so be specified to vol atill542@94a005
remai ni ng sol Were/084263 ow boiling point flux constituents. Vﬂ%é?m%@iréé%ﬁ
fluxes are commonly used for C4 application and water is used or

defl uxing. The primary purpose of the bake cycle is to renove the water,
which is 15 absorbed into chip and substrate during defluxing, since such
absorbed water would be the cause of voids during under-filling. 100221
Figure 2 is a fl cswrféca® Beolned. i Q joining process utilized
according to one Sgg%?odi rent of %O%%%eéﬁﬂhgé&?gweamﬁ%‘t aceg of thadhipated
in processing bl ra?(ﬁ?méc"gd!‘ﬂ@ﬁaciyithpq@hioéﬂrh(gemﬂdli?ﬁ%t_on the top
surf.ace of the su@g_&_q}ate. e of, 20 ordinary skill in the art wll
appreciate that in al't er nal vetsdiisgaieatrnrecessing atkdes, tsechird reapplii ed t o

pade st n. a5y et e oup kSRRl f8all KRR St frechiders  ne

pads using agy r. of itabl e technique
art, including, %ﬁ?ﬁ%r?gfm'l ﬁfﬁ 'P@EF"tsﬁf,de’pf?“F‘rPFnglhc vapspondiap @tetd] bepadid the
el ectropl ating. Mirfage tenkion sfthel RloltbSsoRPLyed. ubsirate . s heated to
- S50 e hel® MRS e RS vipachogae  n

beyond t he sol deg, Lt n oint to re-flowt
processi ng bl oc ké%ieéﬁq%ghlgég?ﬁ?ﬁa?é’?%& Jddpeely dormst iritergormbcts fre 12 B6bIBPESolidif)
one enbodi ment, thasdder5% tin/ 3. 5% sil ver eutectic solder with a nmelting
poi nt of around 221 degrees Celsius is specified, although any number of
sui tabl e sol der E&bounds Ammyluber flut ﬂeknﬂﬂeﬁﬁr&rﬂo‘d@@hwthelcﬁ@din]a E&gg%g'ggc Lgaial ©
speci fied, elo mnfRhLkg BE@“%%“@' ab envi ronnmental problens BSF
[ead. 30 [0023) Tyl caz Py R e Al hProcessipmblpekal 300 Thisepdratit widldgpieiy t he
chip, although % Ispe/rrtarashieg ertpackapentremsRaIR | pad may be

R PR Ao R ereeeten babe ¢ ne

applied to the g Lhstead., The bunp netal pa
bondi ng pad by a%?éhﬁﬁ%g? bé(;?pcrg;@fﬂ&?d"é)'aé‘é'zc 0y deeRiviag kalvawnort low doding lebihi fgk | N

‘the art. |deal | §onstingnts Wpterstetle Nines @@ QEmBbES ik /Q9/ 2005 WQ
02/ 080263 PCT/ Ug@%éﬁ@g,p%gﬁgnrciwacti vity and r _eagonéfg?'lec"rlsae";"uﬁng?ﬂé’é"o pgfer ts used
oxidation at_the el evated | bi Af ngUtPaRR tha hikeeycle iTtoadinovehaivhiyr, wakch is

oxi dat i on-r &%i sttsatbed insaichip arsbalbareadwing abaus e N %. % Sn  al | oy
has been utilizgged &&%\3@@# l?n@l?% g lggfll |ép ﬂcuﬁﬁ%rﬁ‘%?ﬁ%ﬁg"gga}fg%dg%ﬁo S‘T'Olllcfabe the
an -

Lead- based bunp netals, S for that matter, provide necessary
oxi dation resisjmpge durippg.d: furnace tenperature ranp up and hold
times utilized |ln a!econver?tfofngla%" {ﬁ%‘?}’éé"é?“ ﬁ?b@mﬂpﬁ@mmgﬁmtﬁmmﬁzﬁent
i nvention, the PPN ensemtboineni ofithe meentigvention ol §pﬂﬁfcat(‘:glin%fro%e%s?r%

degrees {n secemikh 1-.5 opd hol d). Thus, the potent
signific amzo @m S‘?ﬂmr!jsa_?p!?cﬁ‘fo Qond pads Jn the top surface of the substrate., One of

ordinary skill in the art will appreciate that in alternative embodiments the solder may be
ap.plicd to bpnd pads on the chip (die) a";'wcl I. The solder may be applied to the bond pads
: ) | using any number of suitable techniques known to those skilied in the art, including, but
not iimitgd to, priqting, vapor deposition and electroplating, After the solder is applied,
- thesubstrate is hegted to beyond the solder's meliing point to re-flow the solder as
| 25 i‘ndicated in processing block 210 to facifitate complete wetting of the bond pads. In one
embodiment, a 96.5% 'tin/3.5'f/o silver eutectic solder with a melting point of around 221
degrees Celsius is specified, although any number of suitable solder compounds may be

utilized. Ideally, lead-free solders are specified, eliminating the potential environmental
problems caused by lead. '

30 [0023] Typically, a metal bump is applied to the bond pads-on the chip, although

in aItern_ative embodiments the bump metal pad may be applied to the substrate instead.
The bump metal pad may be applied to the bonding pad by any number of methods as
would be known to one skilled in the art. ideally, the bump metal has good electrical
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oxidation is mnimzed and a nore reactive base netal with superior
.electrical properties may be utilized in the netal bunps. In odé/09/2005
enbodi ment, av@a@erésbase netal bunp is 10 specified. Figure ?C’t/{l!;ddﬁt%sfo%t es
a sol der bunp 305 that has been applied to a bonding pad 310 on a
substrate 315 and re-flowed, as well as a copper base netal bunp 320 that
has been applied to a bonding pad on the top surface of a chip 325. (0024]
Referring back to Figure 2, in processing block 215 a no-clean flux is

applied to the seddesiviivape ubstrate, A solder bunped .
substrate 315 is. 15 i1 rust%gfdééﬁ[?ggﬁgncc mgﬁg‘ AP ahthy clsvated Journg R oss.

applied to its t&pddigratiyean O@dm@namﬁaat llepd-baced pamp aletaslich a2 993, F@E oPEHTPS

305. The pri nar yatfoymas bRAS t; is to renove oxide and
other contani nant s?yf romt hgﬁéegrbg%ﬁg&é?,k?;ﬂel fL’%F@B#""HUﬁTB@c?@“ﬁ dfitf-based bumps e

metal bunps 320, MRS 36 &Qldsrs fcrréb@tmncreprbwumcﬁsmomamms&an&faankéi(ﬁ@ net al

and sol der hUNPRrAty deMPerhfdGe daf rocess. In typical bondi ng
processes, fluxes 2 sergfle anaaggﬁﬁﬁﬁg pﬁsrlf)t e 3 CQHYFQEP%@ PFRSFYi Hy t he

chip and subst r &8sk thepresent ipyeation, ﬁu:fram\u;tamp@rdatmsara\@ﬁauba

during joining. iAodedrelsg! - used in rocegs
have constituents. t%t Sh@\%ooggrﬁbnﬁgdg 5%1?65?1 8 Hlfleﬁ‘f‘ﬁéherfiﬂtctnf'ﬁ'grhbﬂg‘?if%a“bf t he

sol der bunps. SIOHEiéU%lrlég‘gwméZCgﬁqu P Bgragyadtiebash ewmbw D SIHe A 6541 iy idAPRERIidsS

used to hol d t hayebunliaath subisd 8pd SHNSH RIS a}cgeggggisggg@gy.;gg

preferred e odlrren.tar? i nveht i on
entirely of 'ConStiGen '§UW3t'H“ﬂ@iqslaﬁ@dg(blum'p§oﬁ)fhai!&S%ecriéib@lkdt'ﬁ% baRdikg P

oiint of the sobtesn NApshRe enbo arboxylic acid
no) clean flux is uti| 1 ésetd hgr\:/s:ér?wi@?mb&ﬁf?‘pgla“CHPP% as&r"bqﬁﬂ ump e tgtives

Cel si us. [0025] “Iﬁé%ﬂf r‘fgaP@‘dmad@égerQomswtékeczz&h@f3zEj gure 2, the chip 320

I s picked up by hea t he t herno-conpressi on bonder and aligned with
the substrate Si@EQE_ he 38( gfurﬁ%& bagk o Hgige ?sﬂPgtpﬁfcmglb;ocbnatedo-eha:aﬂkﬁat ed

pl aten 330 as sdpplitd tomhd<ofHér B ne ner a
const ant tefg)erg ﬁ bel.ow t gﬂ%eglst?ﬁce%g’lk%ﬁbﬂ% esglggrleb é'}pcgﬁgbsmtfeﬂg
enbodi nent, "a t H%g 4 F s Ayl ago-¢ 91ﬂ!eg‘?oé@spl@éltsnmmplssrfaqa,esnbitare:dny

Li kewi se, t he cdb shilgrir tBSSoldR Y | i nter i at
t emperat ure, z?al I a%bet Een 51865155@0371 @Bp@%rﬁg ég‘?&"‘ﬁg%‘l’ﬁ'@é@%fd‘%%
to 100 degrees P& Qe the enRedEnBIBanty swnpof he salderibomes BBY andemt | ng

el ement or, as baﬁ:hmﬂbuﬂ, Egmrﬁd QL 340 capabl e of very
rapi d heati ng ‘?d%&in%sgapter ?haﬁg'cggﬂégg&ﬁ%e@ﬁ%grom E“'@Qgillfﬂ’d

utilized. [002 g the i @Sfémgeqypmrncezsoxn typieal Cdtbendiog Bméslsﬁnﬂlﬁéé§| e
Is commenced. serve an additional purpose of adhesively holding the chip and substrate together until the

re-flow temperature was rcached during joining. Accordingly, even no-clean fluxes used
| inthe C4 process have constituents that have boiling points above the melting points of the
) o solder bumps. Since pressure applied by the thermo-compression bonder is used to hold
the chip and substrate together prior to re-flow in the preferred embodiments of the
25  invention, no-clean fluxes consisting entirely of constituents with boiling points of less
than the melting point of the solder may be utilized. In one embodiment, a carboxylic acid

no-clean flux is utilized having a boiling point of around 200 degrees Celsius.

[0025] Referring to proce‘ssing block 220 of Figure 2, the chip 320 is picked up by
the head of the thermo-compression bonder and aligned with the substrate 315. The
30 substrate 315 is 'typi.t::ally placed on a h:atcd platen 330 as shown in Figure 4B, The platen
330 is generally he'!d at a constant temperature below the melting point of the solder 305.
[n one cmbodsment a temperature of around 135 degrees Celsius is specified. Likewise,

the die head 335 ‘may be maintained atan mtermedlate temperature, typically between 30
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First, as shown in Figure 4C, the base metal bunps 325 of the ch%gﬁSlS are
.brought into contact with correspondi ng sol der bunps 305 on thd B(88¢20@5
315 and presswperisizéppl ied as the pul se heat tool 340 is rag%gbﬁ(ﬂ é%d to
a tenperature well in excess of the nelting point of the sol B @%()305.
100271 , Figure 5 illustrates one enbodi nent of a joining. Line 540
represents the 10 tenperature of the pulse heat tool 340 at a given tine
during the cycle. Line 545 is a pressure curve indicating the anmount of

force applied to | ce hetween the metal bunps 325 and the sol der
bumps 305 at a gitvgﬁ) dtc?;r?gg &‘?\ﬁ'f"f‘ibﬁ\el IF head 3 i rogwdssaminamat vatingritsent beat

tool is maintainéPvatin&iguretRrarpaiti féL doETRVRAIL & AS.. egree

Cel sius. The Chhf)dtj:g?‘%fgif%ﬁ‘ﬁ;%@)'? b%/ t he ther_r??)%conpvrégggqlgﬁe%g%%g’ gﬁeeaz?fﬂéﬁ"
time 525. The chip an SUbS P8 dé"!i‘?’é’eﬁq']i”ﬁﬁw_ed and the chip is brought
530, Typi cal 1y, a torca o 3oy PRt PEESEL b2 inifPorriae ks samormccene

di mensi ons of thg‘lr A5 ghasTinFigureiGrivier basd méthii BB RS SRARNGH] § BNSe srgu@‘? iffgde.
Al so at tinme 53ntaeh@itp L. is erqgj zed and rapidly heated to
its hold tenperat ure. I nw%ﬁ%ﬁg%gdﬁﬁgﬁws %@ﬁ"%ﬁp‘“ sifades3 19 and pessyrederppied 100

degrees Cel si us 4% RysdEttitedl 340 earidly hepemikio b @inthetaITD RE AlnlxBes? dPtht: Sheltine

typically on theotdeihe 9bld<1d 0 degrees Celsius depending on sevéral
factors, including the thi ckng?gy(f;s? the chip, the thermal conductivity of

the chip, and th@oz1el ti ngepeisniusaad ' re-flow tenperature of the
sol der bunps;, 385. HQOZS% '%ypi cal i y,Sgﬁ?yﬁgngﬁ‘u%ﬁéiaP'aaxWP SﬂxﬁchPme‘é“s the
establ i shed thr SUYIFTAHE Ot e pulseiegat fopb34p aba givdnatitiedpipakdsyeleaLine 385 iy er f ace

with the sol der phssupscu3@binWchtl ' he tenperature at the
interface with gheﬁsglﬁgse heat ntg?)]gcldrr%?l‘gt.&f cg%&rpgﬁﬁ%ﬁowc ‘Pﬁégﬁicﬂ"ee{‘éﬂ?ﬁ%?‘ﬂture
5 15 of the pul $&" g esﬂhdF"Ib“ﬂBPE)ﬁQ‘ﬁaatlagi\betigieeaﬁéaﬂyt:h;&mschi'sa:ifxﬁrcf,'ﬂ%N

tenperature of pilee inal W@elis RdRRIned APan iAfern ARy tcﬁ'&)g’g[ﬁ{%ﬁsga]v%}@%t gr% -%scilql%

tenperature 515 hn?ls been reached, the pressure’a
nearly reduced & 9% I5pickeq yribxthe tharmnycaBipressios barider liad Wetinhd 525, Athe 3kipdhg OF

Tt s R M SR i
| onger requi red?P PEPUPhEMEARQ Bimitalubdorcaok? tooddlopams isMplies de'ﬂ@hd“% or
The pulse heal oo o et B hymb s E o arabogate. Aloat
PCT[ US02/ 08903 ttng:ng&grtgg BYlee Beattopls engrgitvdiatd ppidlykkact t6 itvRold fepk@adkd Yinl t O 5
seconds, after onbiesbodihi€ntPHhEs rates on the order of 100 degrees Celsius are specified. The
- 20 'peak hold temperature 515 is typically on the order of 250 to 400 degrees Celsius |

depending on several factors, including the thickness of the chip, the thermal conductivity

} 7 of the chip, and the melting point and desired re-flow temperature of the solder bumps
| 305. |
{06028) Typically, a temperature gradient will be established through the chip such

25 tbat the temperature at the interface with the solder bumps 305 will be less than the
temperature at the interface with the pulse heat tool 340, Accordingly, the hold
temperature 515 of the pulse heat tool will typically be greater than the re-flow
temperature of the solder bumps 305. At about tirr;e 550 when the hold tempcrature 515
has been reached, the pressure applied to the chip is nearly reduced to zero as indicatcd bf

30  pressure curve 545. At about or just prior to time 550, the melting temperature of the
 solder is reached at the interface between the chip and the substrate and pressure is no
longer required to hold the chip and substrate together. While the puise heat tool is held at

temperature 515, the solder bumps melt and re-flow. The pulse heat too| is maintained at
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heat tool 340 is de-energized and the sol der solidifies shortly thereafter.
.Once the pulse heat tool has reached a tenperature 510, the bordded08/i2P05
and substr at ewar@/osezgdved from the thereto-conpression bonderPCTM%%gbgsthe
bonder to perform another chip join. 5 (0029] During the heat-up phase of
the chip join, the interface between the chip and substrate reaches a
tenperature in excess of the boiling point (or volatilization point) of
the no-clean flux. As discussed supra, the no-clean flux of the preferred
enbodinent is ¢ i f Li.c,acid which boils at a tenperature of
200 degrees Cel s?@?klﬁ%%aﬁﬁgﬁ%ﬁﬁ??ﬁ%%ﬁﬁﬁyty&ciﬂ)’o\‘ totSrpaconfy rfterovieh the palse
during the heat - Uff2pRASE0AsE-¢rerginot and ths esterdonding shohiy Berehfiar oAk ﬁfe phille

e

sol der. A | ack ofhekd ¥ Ha® ek S r and base metal fromt
oxi di zing effects eof el evat ergh;_agém ee%g rﬁSL{g%\‘ﬁo'lﬂ"gedr’r‘gWrﬁaﬁ Fupsthte gkt remenedfrom

However, given thfethpas-¢prpsession pordat, dreeig thedopder &pet Ok anomg?cﬂ.-i,g@n.i n which
t he sol der anq ba@ﬁ%sgetal are unprotected prior to nelting and re-flow. is
general |y insigni nt. FHIEMRSR up phege ofths efdpi foirf, kHeXnty@ca b dwesn frethpa

tenporary prot ecthdubetrae thadh; I | 15 substantially
preventing oxygen.nol ec%lﬁe%l fc?gm%jp%ﬁrﬁ%?'_negg%ﬁQ?‘Iﬁgg?‘éﬁ'g{ﬂoﬂﬁ?%’LYPjaélﬁéaéloﬂPP@F) to
mel ting and re-f PbUE "TGEIBfu¥-nArfissussed oetiramhe no-elsamtof HB ek ferSddmbodinedPis5%

Sri 3.5% Ag sol desmprised uf datick§k 4R LREMbAiNRG: S Qe RS g%gﬁq': S der has a

mel ti ng point of@;g{groﬂp’ tely 221 degrees

tenmperature at | MY & olidiG e yolgiilizas duringhbmhdabiep Rsewalitid MY pRIM buridys
di scussed supla, tht ypfie@lbof BtHALS ASHGN, iJize, | ead based sol ders
(sych as 37% I ead, 3.%t‘j(_§%that have n@f‘i%nlﬁr%%(%{thf?%faqde‘?éc meighfrag the

degrees Cel si us.“ IHE"E FEwY Ol fisvatehigmpoiatressoluttbrcsmaitychea Boized, HEwBRS G5l Y

when joi ni ng a ah¢ @pldheat-1y MR I ng.a,C4 prpcess since
tenperatures in excepss eofw21oeogg]ger%gleggweg}u§ﬁ tﬁié ?gﬂ"'@dﬁes\%[d%éﬁfdt@ﬁ? mglabaret he

pi nni ng_sol der (FHISICHAIPFior 930glirigreng ge-Bow irazngraliphinsinifiest. nurFRitdrBGh 25
around 232 degr gaseobefisi Uldtiles B kel ' yement of the pins. In one
embodi ment Liﬁi ng . 2 96, 5% Sn 3. 5% Iﬁg{bgrgmlgrg},gmf\ﬁec'qugﬁﬁé*?%ﬁﬁF@dﬁfb"mﬁ’é pi nni ng
sol der does 'Rot &3tk Reventingprveen mekeilessronT Inepih SIS RS JoirndARLR Brior to
between the chi prelidrgpdli senfgat tool interface at the high end and the - _
pl aten-to-substrate interface at the | ow end never has the opportunity to

equalize in the[8088]t ti Mg chdembudima ol .S _energl zed... Fligure GA is
an illustration gf 30 a c iop/ ubs';rat[’gg’g%g %gﬂﬁg’rae%r?g)fé%g'é@gf%@é s

i ncludes a pin §FIE &P&?%P@?}tbw- phiagoldedes amelting pR@Bofapsrokilattly T Pl ace
by pi nni ng sol dexgre@s Celsfok 944 Rqéikes alrsS. Ljyve ro experinmentation
indicating the t enper at ur es‘ogser\eéﬁﬂg‘g?s \?éarl%?a{ '8%??& fe 8GHs ’ﬁ@efg‘ﬁ?fb‘hﬁnd
substrate i HGC'HNE APIRL A discerd oo typitat medibduosutioasalve ugiide 0ekidBREd solHRE

tenmperatures 13such/2097%0€ 63% tin) that have melting points of less than 190 degrees Celsius. The
| _ ) | lower melting point soldcrs are especially necessary when Joining a chip to a pinned
- ' substrate using a C4 process since temperatures in excess of 210 degrees Celsius can cause
softening of the pinning solder (typicaily, 95% tin 5% antimony which begins melting
25  around 232 degrees Celsius), resulting in movement of the pins. In one embodiment using
2 96.5% Sn 3.5% Ag solder, the temperature of the pinning solder does not exceed 200
degrees Celsius. The temperature gradient between the chip-to-pulse heat tool interface at
the high end and the platen-to-substrate interface at the low end never has the opportunity
| to equalize in the short time the pulse heat toof is energized. Figure 6A is an illustration of
- 30 achip/substrate package wherein the substrate includes 2 pin grid array (PGA). The pins
620 of the PGA are held in place by pinning solder 620. Figure 6B is a chart derived from
‘experimentation indicating the temperatures observed at several locations on the chip and

substrate during a chip join performed according 10 one embodiment. The temperatures
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WO 02/ 080263 PCT/ US02108903 |isted along the horizontal axis indicate the
‘tenperature at the center of the chip join region 605 It is ndt®000{z2005
the nelt and we-okienacdf the preferred sol der typically occurspdmserosens

t enper atures between 220 and 235 degrees Celsius. The top line Indicates
the corresponding tenperature at the center of the pin grid array side of
the substrate. The 5 bottomline indicates the corresponding tenperature at
the edge of the pin grid array side of the substrate. As is indicated by

Figure 6%, the taRpReaRhHR HBR: ' [ rray side of the substrate
never exceeds 165 degrees Cel soitntt}g?’awgggesiﬁ%e%%i“”ﬁeé‘hﬁ%F%‘L“ﬁroéthSFh!Ph@"

sol der bunps ar e "TRULHdq ldhbpreddbaiaiieniek end metlowi dtalieréferdd AR BichIR) BeRd a
d the

100311 Ref erri ng wdmazkardres tk ween. the chip. an
“substrate is 10 ?@éé%l |y \ﬁéﬁgg???qa}%sg’c?gg\‘nrgﬁ%‘eeg%use%%?!’r“égFrﬁhcﬁﬁs the

substanti al |y i nEPEFRWAUNBLCTRERIe0iat hre certonolf the piregtidakray §igé S4AOGSsrrAN MThe

fatigue strenft hbetfont e ihdiEREGROLS s indi cat ed |l ock 240. |n order
to obtain the maxj guml benefits f r_on%p"t%ﬁgﬁglrtleﬁlenre@?q"f ?tit%dg’b%'rctﬁf P@grid@apay side
surfaces to be bBHABYOSHuIAS Béndiceted byfFiguras, oite bt 8 dlsn ghEsRsdiqal Y,

in certain enboolitheibsratdn C ' may. be performed to _éensure
t hat any residual éJIFEX {aﬁatep??xg%gfg&g%g%t@ % l&@?‘i}s'i“ry?ﬂ%@ﬁ%}cﬁé%mweéﬁp .

under-fill bond Y°5F BHERPEEF. reaghed putt xresdmhedeaitate e fipw amtljoiwgst rat e may be

heated in an ove r an ropriate period of tinme at or slightly above
the volatilizati E)r?gﬁerrperg?fg'f”é‘gaf'ckttﬂg')&\’éﬂ%IIM-Pbttmcrahc thiplarekche subistathts0C K

235. For exé&npltepically uhiae-faled 4tk ak G i cordi,ng to .one
enpodi ment where a oq‘aréboi<|¥l.i C taci ?ﬁu@e\nﬁfh&gﬂ%gﬁ%gﬂs@@g ‘H’éFT'fYng poi nt
i used will be baked at TuHdtceRd aigyr sensthoof tslinternsnibas adidiviedibeblock

Unlike with typi2e@l Infordeptocabivgin jh@infikisuh bARERTRS:, th - Bk BBcch gt e 00€S Mot
n \

vol ati ze bel ow -fl-ow erature of the sol der rrp§,°p"frf1 or no
time- consumi ng%lngaggs\efgﬁf-g?fﬁé‘gg%ﬂ Gefrge i Nlgp er cthdr oesidunedctontingly rif o¢rtamg,

1O prior §o Eb. anrer 1 ou on adon #8578y pottomhdio KRk ies Hin i
hi ?h i nt egr ![ ty fahs;; c‘sﬁ:ﬁgﬁg én'"ﬁ?ﬁh;su 9;’;“ éﬂ@sﬁllé’emt} ismmadgcd.]?ﬂme\ﬁg&lftto?zﬁelc]&ﬁd
i nt er connect | othip an rate may iR eatBdin’) orned o er-filled
s faces of o 3l pareede 1 en BT g 0
Iven?-gased cexhdnpibe, 0¢hey Qb ; t gngae rior Ing
aﬁder -fill, After, ;{1;68 .{;‘ouz?zmi@ﬁe %@Eﬁ%?ﬁf“g%@ﬂ‘ﬁgF°e‘;,1“%ﬁ§‘§f"?k'9‘%i‘§%@% 3 parbgxylic
under-fill bondS"“3O*H4UE BQidssrrsrdodinedaint pruiserawilllby bbkedfat exst DG dchiest hat  was
unabl e to 261 atGelsiwadordrmhingees. Enilkewift r L POSL - heat hak
performed at the boili Do with %&ﬁggg&@%omé"%pﬁ%%ﬁef’@%&H&Fﬂﬂﬁ is

€od |in%c£oi nt .of the
not feasible as tHE r9'2He geigyiths sflovotemperatiredfaheesotdesburmest itrlg o fivhe-Of
consuming, solvent-based defluxing operations need be performed, significantly reducing

) the TPT. Additionally, the volatilization of the flux prior to melt and re-flow helps

facilitate a low porosity bond with high integrity as shown in Figure 7A, a cross-sectional
25 view of an interconnect joint,

{0032] - Testing has been performed of under-filled surfaces of a chip/substrate package
in which a carboxylic having a boiling point of 235 degrees Celsius was used during
interconnection. No solvent-based defiux operation was performed on the package prior

to qnder-ﬁi l. After 168 hours in a steam atmosphere, nearly 13.6% of the under-fill bonds

30 have delaminated due primarily to flux residue that was unable to volatilize during the re-
flow process. A post-heat bake performed at the boiling point of the 235 degree
carboxylic acid flux is not feasible as the flux’s boiling point is above the melting point of

the solder, not to mention the melting point of the pinning solder. Testing of the under-

g




the solder, not to nention the melting point of the pinning solder..
.Testing of the under 9 15/09/2005 WD 02/080263 PCTI US02/ 08903 f1%/@8/2005

surfaces of awvobigsosdsbstrate package has al so been perfornmed lj.(_nmﬁ\gc}jzégg(@
carboxylic having a boiling point of 200 degrees Cel sius was use uring
i nterconnection and a 10 mnute post heat at 200 degrees Cel sius was

performed prior to under-filling. In these tests, alnost no del am nation
(0.69% is present after the 168 hours in a steam atnosphere, 5 indicating

very little, if i.d s present during the under-fill

operation. Al te?ﬁ%ﬁﬁ“yé%ﬁggg'?' Mﬁlﬁ\:\{gf 5%:'%%" 2t een perdeyoieh it whiske? rasbixotis

for the purposesh@ing@m*mamirmnf20ﬂﬂt§feeweisimiufsédcdu¢i%%ﬂi:éréoﬁﬁ@éf%n'aﬁcﬁyufiet
e present

forth in order tg: [ ough ~under st andi ng of pre
i nvention. The d@{ﬂ%ﬁ%&%@?&?%{e‘g&%s SRS HBORATRERRAPT T taiderefilling r lsithesar e

not 10 intended ®¥s.lalmast na érdarsioative (05%) Isprésemartid @8 1 8hdalsah T8Ram Indshore

contrary, enbpdi; -l ai haye been contenpl ated that enconpdss
the full breadt h’Hgf ‘?‘ﬁ%%@%“%& g@d&?"y“%&ééafeaﬁﬂhgvryzg thendg-BH eparationvent i on

may be practice j ] ﬁ ﬁ of the specific.detail provided herein.

[ 0034] For instO!‘s‘n'l}'dnl,iarﬁ(3 EmBld %ents of the invention have been described
above 15 prinmarfghyz;in te .flip .chip.jqinin rocess using a

t her no- conpr essi fon, t%onder{n- %%F%gglgrqlgsng'eté?ﬂ’ Edrﬁ}‘?é’l“’%l"ﬁé’fcﬁﬂﬂﬁﬂ% GEMeERaYys be
used to acconpl iSBIFificistails hivedetroses footh it brderab pioviie aasorwhﬂdé}@zamvgnm&to
one of ordinary pgkide k. Lo theant . Li kew se, although the process has been
described in te[p %’é& éfmﬂgﬁhggkjr}}gfj%?'f/elaeaﬁﬁ:&aﬁ%ad‘? ek 'gﬁeﬁls gisesseshheraimarg ngoy
silver sol d8r inended limhibthg swaipt bf toe drevetnidayk Einei Golihebonh@Yi ditboRintddd of
degree boiling pRi-Rk [ lL.e sol der and fl ux conbinations are
contenpl ated. in gnefnse%gggcnnéc%{\églp hig:%ﬁﬁaéggcapgassé I“{léﬁ'a?‘é of Hie cliT fangepsenst
the substrate iActshinglpdhopreesnt ineersioh dey bbpramsceh RN EHE of Be spERlfic dedVever

alternative e”b&gl/iﬂﬁﬂﬁe?ciﬁre contenpl ated wherein at |east sone pressure is
the c

mai nt ai ned agai nst i p throughout the interconnection process. 10 15

Sept enber 2005 @d41i S clmy LS, . conpti sing, placipg
substrate a in\s/‘? a],fi_r-st@fr%?a%ez,ﬂjcg_e Hg@'%é?gg‘{hg' g@f%}aﬁg%gpfséﬂgﬁdr@f’%n a
plurality of’ soPU@ATiHsIMEein %Pthlnxqmmberocmw&gaWﬁWdehﬁﬁﬂ%mI g

pol nt at a fir Stcoﬁ&magl(e%a‘t‘&‘ﬁcr‘a%ﬂﬂa&?%a& bé%scg & z'ac@gmglish the limitations of the claims

as would be obvious to one of ordinary skill in the art, Likewise, although the process has

been described in terms of an exemplary embodiment wherein a 96.5% tin/3.5% silver
solder is used along with a carboxylic acid flux having a 200 degree boiling point, other
20 suitable solder and flux combinations are contemplated. in one embodiment, the pressure
applied to the chip against the substrate is removed once the solder bumps have begun to
) | ‘melt, however alternative embodiments are contemplated wherein at least some pressure is

- maintained against the chip throughout the interconnection process,
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vol atilization tenperature at which substantially all of the constituents
of the flux volatilize, the volatilization tenperature being | ess than or
equal to the first tenperature, the firsiﬁ%ﬁxt re ing mai ntained at a
second tenperature below the first tenp ¢ %ﬁgcing a chip against a
second fixture, the chip having affixed thereto a plurality of netal
protrusions, the second fixture coupled with a heater, the heater being

mai ntained at a third tenperature, the third tenperature being | ess than
the first tenperature; bringing the plurality of solder bunps into contact
with the plurality of netal protrusions by noving one or both of the first
and second fixtures towards each other; rapidly increasing the tenperature
of thephgal Shinfei®m a third tenperature toa fourth tenperature, the fourth
tenperature being higher than the first tenperature; and hol ding a pul se
heat t oQl mappd,esmp@tgl y at or above the fourth tenperature until the
plurality of solder bunps have nelted and wetted the plurality of netal

pr ot r uplednga sibstrdth egainst & bdt fixfures] ai m 1, wherein the substrate has deposited

t hereon the gﬁ%rallt of sol der bunps, and the Chl has affixed thereto a
pl ur al fhepulstraiederng deppgied tereons. p'LBa"tYFﬂéo'ﬁ% %F’ u%ith% 1, wherein the

secondsql érf‘&?t}tﬁ”é‘g g e\fg %ﬁl 100 to 170 degrees
latijjzali al
Cel si ugoah alt evB“Filza o) tgﬁ;s%sgt&; [e i {Je

v
|£ nperature is
appr ox Tﬁ% SIUS and the fourth

tenpera ik approxi mately betmeen 250 to 400 degrees Celsius. 5. The
net hody@firsefidir8bding MhiRGRkMal ARk MehPeaeRTERG thdFestt enper at ure conpri ses
rapi dl ynipg@ie@si ng the tenperature fromthe third to fourth tenperature at
a rate of 50 degrees Celsius per second or faster. 6. The nethod of claim
1, furpleeng = chipadadeba sgepidfixge,a contact force. 7. The nethod of claim 1,
further conprises renoving the contact force once the plurality of sol der
bunps the&bin heieo 3fied thereigp Bkttt pEMetdl Prafsidast ember 2005

the second fixture coupled with a heater, the heater being maintained at a third
temperature, the third temperature being less than the first temperature;

bringing the plurality of solder bumps into contact with the plurality of metal
protrusions by moving one or both of the first and second fixtures towards each
other;

rapidly increasing the temperature of the heater from a third temperature to a
fourth temperature, the fourth temperature being higher than the first
temperature; and

holding a pulse heat tool approximately at or above the fourth temperature until
the plurality of solder bumps have melted and wetted the plurality of metal
protrusions.

2. The method of claim 1, wherein the substrate has deposited thereon the
plurality of solder bumps, and the chip has affixed thereto a plurality of metal
protrusions.

3. The method of claim 1, wherein the second temperature is approximately
‘within a range of 100 to 170 degrees Celsius.

"4. The method of claim 1, wherein the third temperature is approximately
between 30 to 100 degrees Celsius, and the fourth temperature is approximately
between 250 to 400 degrees Celsius.

5. The method of claim 1, wherein rapidly increasing the temperature comprises
rapidly increasing the temperature from the third to fourth temperature at a rate
of 50 degrees Celsius per second or faster.

6. The method of claim 1, further comprises applying a contact force.

7. The method of claim 1, further comprises removing the contact force once the
plurality of solder bumps reach the first temperature.
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8. The nmethod of claim1l, wherein the first and second fixtures and the
heater conprise a therno-conpression bonder. 9. A nethod conpri sing:

appl ying netal protrusionS to a pluralitygef.Dags g an active surface of a
chip, the chip also having second surface opposite the active surface;

appl ying sol der bunps to a plurality of pads on a top surface of a
substrate, the substrate also having a bottom surface, the sol der bunps
having a nelting tenperature; coating the solder bunps with a no-clean
flux, the no-clean flux conprised primarily of constituents having

vol atilization tenperatures that are less than the nelting tenperature;

pl aci ng the bottom surface of the substrate on a platen of a

t her no- conpressi on bonder, the platen being naintained at a first

t enper & Umeemethat of clgin & sehetemathe firbieand gedoad fitturesgnddine lzaatkrnel ti ng t enper at ur es;
af fi xi rrgmpise adesrwpgorgpressiendondert he chip to a head of the therno-conpression
bonder, the head including a heater; generally aligning the solder bunps
With c@r%@@ﬁ@ﬂ&@ﬂ@BWEtal protru5|ons Iomering die head or raising the
platen t rln ct he met al protrusions;
app| y| me@hgo qﬁ: %%%}Q%éyd; %%gn \% rface orf’ac cor r espondi ng net al
protrUS|on toget i ncreasi g the tenperature of the heater until the

second agw.ﬁmeesurﬁmo & pRsdify 3k fads loR A SurBceSHR 6 @Mkirbie e at ure, the second
t enper aubbtrateBb REvity £BJHOM sURSKR, thBeoldérBlimpiigaving apeaitagur e, and hol di ng the
second tswpefauge at the second tenperature for a period of tinme until the
sol der bunps have nelted. 10. The nethod of claim9, further conprises

r enovi @eating thesolderdwmps wite @ nerplgen fluxhige sotigurflusg @riségin to nelt. 11. The
met hod PETadY ficanstuenip Badiaolfizetiandemepretwes thehse %W?@tfef t he heater
|nclud§?tﬁ9ﬁﬁﬁPfﬂﬁ@rate in excess of 30 degree Cel sius a second. 12. The

met hod p%cmg lhe bE)ntom sm%ce gf the su selrart]ee(‘;int r—? r';laten oTaa tﬁéjrhw%%omgraegm nOOI 12

bonder, the platen being maintained at a first temperature that is less than the
volatitization and melting temperatures;

affixing the second surface of the chip to a head of the thermo-compression
bonder, the head including a heater;

generally aligning the solder bumps with corresponding metal protrusions;

lowering die head or raising the platen to bring the solder bumps into contact with
the metal protrusions;

applying a contact force to hold the solder bumps and corresponding metal
protrusions together;

increasing the temperature of the heater until the second surface of the substrate
reaches a second temperature, the second temperature being greater than the
melting temperature; and

holding the second surface at the second temperature for a period of time until
the solder bumps have melted.

10. The method of claim 9, further comprises removing the contact force once
the solder bumps begin to melf.

11. The method of claim 9, wherein increasing the temperature of the heater
includes a heat-up rate in excess of 30 degree Celsius a second.

12. The method of claim 8, wherein the heater is a pulse heat {col.
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