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WAFER LEVEL SUPER STRETCH SCLDER FI ELD OF THE

| NVENTI ON The invention relates to the general field
wobisemeeonduct or packaging with particul ar r ePer/8Gu®4/000423

to increasing the |l engths of sol der bunps.

BACKGROUNDOF THE | NVENTI ON This i nvention discloses a

techni que to WARBRALEVEL/SUPERGTRIDEH SOLDIRS (bunps)

at the wafer level, suitable for wafer |evel packaging

and having the follow ng desirable characteristics:

B m est and burn-in ability, and high
F{tf'htgqr)cr%strgyc [ ngN?g)Nabi lity. Mre specifically, the

i nvetbd omendios celatbe® thd yenaral ﬁe:lhmifqetﬂicﬁzﬁdul‘cﬂfr Ile?cﬂ@ging with particular

retched sal der columms on a functional wafer using a

r%@ﬁcﬁﬁ? H’ﬁfeaﬁF%g’éé@g(%n‘}}ts%léﬁrhuﬂlPés to separate these
stretched sol der colums froma dummy wafer, |eaving

the stretched sol der attached to only the functional
BAGIEGROARND OF) THEINEENKIONe of form ng the super

stretched sol der throu controlled solidification.

it 0P AT Sripse ASeRIGUP Sb genefie ghed soider cdluimns (oumps)
afmhe vBéraleRs Sliitable fBEWAfeY IBY bakaginMahdl halie SN EIBWing desirable
need to be connected to a printed Circuit board (Pcé). '
clsagtdisicsylow @pvig extedentr festaind hrmripoahibityt iapdh high thermal cycling

. fa0el r.ont .ng.:al so provide chani.cal .
TSASE AL A Gla HE IR A9 T RGIE fin s
soldéreohams ea tal fomsionalsvamed dsings eaMhidhingtotdie (Iy@dchRRLESH separate
for heat dissipation, Mcroelectronic ,packasg_l nﬁ,
thesgdrsiched 9015%? iSO 3 QBHRE Meferl lepring thetsiretched spldgs attached

tlbhly 8k ﬁl\‘xctlicﬁl‘ﬁ@(h{af“e?,s&nda(]@? tHeS@H LS ZRm Y the mlr %tret{:hed solder
Package (CSP) with small silicon-to-package area ratio
thrgughicdetrolled seliflifieatioormer ci al portabl e products where
size is of paranount inportance. Recently, there has
been very high interest in Wafer Level Packaging
(W Plnte CRé&uif (1€) BsViRs, BERhEPmicrbp¥ Bds¥ G SorRRGKRY B8 AL will, in
the wafer |evel and then nounting individual packages
seierad nsed kit edcomnedied to ahpintadiscitcPitReyrd(BCHY. Beslddeproviding electrical
" ect i P t | ques . -
e EREANRS Sl AW thiE Bridhe' Aos RMes nsstaye  upport and
propgctiontol thedelicate IR iife ihfezonnections, as well as providing thermal paths for

heat dissipation. Microelectronic packaging, especially those used in commercial products,
is also driven by lower cost and reduced size. Chip Scale Package (CSP) with small
silicon-to-package area ratio is widely used in commercial portable products where size is

of paramount importance.

Recently, there has been very high interest in Wafer Level Packaging (WLP). WLP,
as the name implies, involves packaging at the wafer level and then mounting individual
packages onto printed circuit boards (PCBs) using solder interconnections. WLP offers the
lowest silicon-to-package area ratio possible. However, the main driver for WLP is the
-reduced cost associated with the integration of test and burn-in procedures at the wafer

level, eliminating costly burn-in and test (BT) at the package level.



reduced cost associated with the integration of test

and burn-in procedures at the wafer level, elimnating
wa@omsloyssbtir n-in and test (BT) at the package |reBBGHi0€000423

mai n obstacle to inplenenting a W.BT process has been

t he probl em of devel oping a full-wafer contact

technol ogy that has the process capability required

for manufacturing [I]. In other words, the hundreds of

t est Tiermaifirabstatleetot regﬂ@nenmngta N&Bﬂblp@odess sk Bearothicamroblem of

Ptfiphgd STRGRE Ao draoloRe GRS ARG preiesy Cophlingdeduired for

MelacBBing §1 Y T biak @&ﬂ@ltﬁ@ﬁﬁddtréﬁs Qff tdshBing Boflethe RLHP ?nust be able to

Besi des cost and testability, a good WP design nust

5 mpkeoconthgt @8 B dompeponding aomu@umps inctho ebadert rldms cequires a new

er m
APRE0 ke PR ot BT Gl 7 VBRuaF rinesiinb 15 poldsy bumps.
cycles of tenperature excursion during field
application due to power on-off. During each such

t enpdfesides eost pad éestatbﬂéy,sa Epesh Widh dgsigisushelso addmsscan important

84405k AR ReA . 3 gh %Qﬁie LRS! yayngf eI %ﬁflﬁgﬁ microelectronic

anounts due to d| |C|en

10 asxth‘hysnmﬁi eﬂ]imr&nctehmll’lﬁhs me ﬂ?ctl@sh ofippberatuge Mexglirsion during field

Eess/ traln to the_solder that is interconnectin

calio dp ip RS oarfit LG g e suchJepRERRICrsisa the sibigon chip and
ﬂﬂa |d#g°ahfca§1ﬁ)§trét@/bgalr@5ex§§ncﬁgﬁd lBtrdet By dlﬁ‘eéhpﬂﬁxo@ntﬁ dale to different

schemati c vi ew of that has been attac

efickststditanghl @@Iammn Ebmﬁherm@l mrﬂrﬂlaéc}Fd}@lleS bh@@‘WBssI’s{ram to the

arro

b d th
Pidet et bR oBrBee 2 5Tiat 4R o oB OB Re 3ibre et ppilusated

15 ihFFIGHYa aid MTHIGE 10sHo W dch&fatidvisw 0@ achss 1 Bihat B4 been attached to

sol der bunps 12. Wth the industry trend towards the

RfR 1éﬂhrplaghgs@|ldea bamgpy & ehile §EG-ntpshosd armfter ithas bqe@dleated through

itrﬁgxg Irl(%? 9 %%éuﬁrb%’wh'i&e%éﬁ q% 'ﬂgls n):(;(y ‘r‘ihéd’] gel{it%le t8% ]Itl%l b}/ an amount d

’er connecti ons noré critica

resitltingt invetrefs/sorainForGsoliér Hsquis Iheévih Itlﬁsﬁlldﬁitf}alréhdolbv\lai‘tﬁ the use of

|nterconnect| n can be redyced i ncreasing t
lprgsy dies ofover 490 opm ?L?nénﬁ‘ff&?m}“ﬁf‘é‘)r/

20 xfeﬁaﬁﬁlﬂ? oY Bf idtBRoAREEIS PROELhIR ML etidpat are attached
to the chip or the substrate. A nunber of wafer |evel

packagi ng schenes have been pursued by the |ndustry to
sol der

h th th | i ljabj|ilt
,eﬂtg ggnﬂl&le:lfw #H.iygb tlﬂagt e érgs )]s_grl 1§¥(§§&gdm £QpgEction can be

dyercagnectinsy dh%uth%ml cycling

fed @i byl uﬁréazing]thd/\re@gtﬁ of Euancsdfﬁm @ﬁd/mblﬁ&ﬁé@s@ﬁg hBQotehbrl freedom of

and the supstrate
the interconnection ends that are attached to the chip or the substrate.

25

A number of wafer level packaging schemes have been pursued by the industry to

enhance the thermal cycling reliability of the solder interconnections. These include:

(1) Stacked Solder technique [2-4] where the standoff between the chip and the substrate

is increased by multiple stacking of solder bumps/balls. However, this technique suffers

30 from low process efficiency due to the sequential stacking processes.
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is increased by nul ti
bunps/ bal | s. However,

w@e@soeseef fi ci ency due to the sequenti al

processes. (2) Copper
st andof f bet ween t he

pl e stacking of sol der

this technique suffers froml ow

St acCRCTI§G2004/000423
Post technique [5-7] where the

chip and the substrate is

I (DECemRedost ichhighe [BSH viferatheGpindoff dedweam thelvhip ansl the substrate is

el ectropl ated upwards fromthe under -

b
ingreasad fhraughorse olBNOPBSr qomipEaE fis e*?ﬂé)_ﬂ?é‘?‘ﬁ ‘q&’%fﬁb iem e under -
Wik q}flrtﬁ’i‘é' P28ke8Sis the long

e

capital)

eldctroplatngalrytig moeslb as tguixpeadiveo(nedtati pup batie]) titikography process

copper colum. (3) Stress Buffer technique [8-10]
regiHesfldo elagiroptats the coRpeReUBA- conpl i ant pol yneric | ayers

{32 HirebBHEGSEcHnithe" I_@L@g iSvQ{bﬂée e BBNPTW Rrmbi®nS@niifiant polymeric

terconnecti on. Besi

expensi ve |ithography

layparo ¢l sipncredve thepotienad nfreddomt hE rtivealsoldgrc irjtergonnection. Besides the

rom enhanced rotati ona

| i abilit | f s limted,.
DB SERORP SRS R O Gae g Uk pTeling] TelERty from
exfgi&%ée_rbﬁﬁ&ﬁi GEESs BIned Shhpaed fré @k POAT ah @sdeading standoff. All the

urn-in ability due to poor wafer |evel co-planarity
ahofve ti¢shnigadsdalso puffansronTipeos test and hermrigfabiih
knlovvn: Lfft% d efrgrrlrni Ng to a met hod of stretching sol der
CC]'%F’W@.’ T e 3rP|'ng to an enhanced ceranic ball
grid array using in-situ solder stretch with clip.

&13 referring to a ceramc ball grid array using
Thefodpvingsefprgaces afsaliodfowmmi 4] referring to a nethod for

| ' . OF THE I NVENTI ON |t
0 o B FRALIRG

one enbodi nent of the

g tg peorvafer level

[1p] sf@ring toranenhanoed tevampicdall geidarmy usiog in-gstu Joldenstrgch with clip.

Anot her obj

| east one

d | d . f
[‘gh%g%%ﬁgm&?%a@ﬁﬁgg@%ﬁy ?%Wf%‘%ﬁg@tgrs&%gth to apply

[lggkéi‘terﬁﬁé Wmétﬁod‘ﬁfr%ﬁaﬂir@’@'rin%%@ﬁ%ﬂfsﬂg- Still

i ment of the present

ject of at |east one enbo

anot her

i nvention has been that said nethod be inexpensive and

Spﬁ%&@%ﬁﬁjmﬁ%gf bgénl ?ﬁ; one enbodi nent of

It has been an object of at least one embodiment of the present invention to provide

a method for forming elongated solder bumps.

Another object of at least one embodiment of the present invention has been to

apply said method to wafer level packaging.

Still another object of at least one embodiment of the present invention has been

that said method be inexpensive and rapid.

A further object of at least one embodiment of the present invention has been that

solder bumps produced as the end product of said method have flat co-planar ends.

These objects have been achieved by using two wafers --- the standard (functional)

wafer that contains the integrated circuits and a master (dummy) wafer on whose surface

are provided an array of solder bumps that is the mirror image of that on the functional

wafer. After suitable alignment, both sets of solder bumps

3

are melted and then slowly
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sol der bunps produced as the end product of said

nmet hod have fl at co-planar ends. These objects have
whe@s/oemhs eved by using two wafers - the standeeTSG2004/000423

(functional) wafer that contains the integrated

circuits and a master (dunmy) wafer on whose surface

brdlight RégMleLaHl th@?‘ nRfdeayThed, a8 &brdht RpemnirBahey fe Elb@dly pulled apart
mrror imge of that on the functional waf er. Aft

thergby afirtehing thg mmd sold@rtqcvltmtss:o dfe @@u@ﬂaleng‘tbm&%e %@W@ employed two
rou toget.her til
s bt 0 i S Pt BB 8 Sty e 8t
pul |l ed apart thereby stretching the nmerged sol der
colums to the desired | ength. W have enpl oyed two
genetlaWeak pretsdietiion: t o dealing with the problen1of how
f t .
ThPGRERAA b IR vhls Wbl by B Sl At O ot ticiied
arfdadd@iredCibbid Ml mbehaaichlldtleygth OThedfuhtehahnafeadnhin didplaced slightly
their full nech ni cal strength. The functional wafer
cauging s mere sysplly ﬂmgﬁF&iFFVP@3ﬁ5|ng the nore weakly
bonded end to separate. (2) Leveling techniques: The
functional wafer is cooled to at |east 50 C bel ow the
hot ﬁblk%ﬂ@gkﬁhﬁwuature of the solder while the master

ThE e Pl U ol o GRET G e (5 bt ek e of e
sdiie: WRlAREmALE A Bt 36 RRTBpRBriatt Bt AOARM @inBétature. While

tenperature gradi ent causes th retching of
ngwitaleing tthe weg temaptepatire athet Wefermsneegradmlerrseeardtedt hEhe associated

d .
RSTAR @R PTG SR Eg OF sciroc e B bR e e water
efd) tiEtedoldRHER AR B Btedland 'S thetdleven ends. This is

correct ed by pressing a flat heated pl ate agai nst said
ends which causes themto flatten out and becone

co-pl %xageﬁar-g?% Sfr%x{x d ﬁﬂ&tﬂ?lap&/?férp §L§‘{AC§, tpg \%\}oﬁ%aqusomk Haﬁmps tend

mai n a ni uncti ona erature

t@ havendiicvén éd’iﬂe I'Bnelsi cogrepied by pressingad Aak lﬁeﬂteﬁl’}ﬂatb @bainst said ends
wor ki ng tenperature of thg solder. This e

ures that .
which eaiSere fhepo kq flatery §uh gpd dsrpmp <o- %la?%rngrllfﬂ llstispie; prgeess Is
p@ff&%ﬁ:ﬁswhlmlgnﬁlnEMB%ttﬁe fefibRE Svater bhe lt)@fvfehixs&gtlﬁé @f¢ while the

I'S non-wetting wth respect to the sol
leveling pass lvéaeettcﬂ tomae pote&ekmgttpmpers@p@p’éﬁlﬁ spldof Thiseensures that the
sglldgrngoefttlrrengs (?o no collapse d?lrmg the i%vehng process. Note that the surface of the

leveling press is non-wetting with respect to the solder.

As an alternative to the preferential separation of the elongated solder bumps at the
functional wafer surface, a sacrificial layer may be deposited onto the master wafer’s
surface prior to the formation of the mirror image bump array. Separation of the elongated

solder bumps is then achieved through preferential etching away of said sacrificial layer.
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functional wafer surface, a sacrificial |layer may be
deposited onto the naster wafer's surface prior to the

wo coosmb46681 of the mrror inmage bunp array. SepBCEBGZING/000423
of the elongated solder bunps is then achieved through
preferential etching away of said sacrificial layer.A

third aidesiRaladive Bidaog idiedehie ?éﬁﬁtl&? BRNRd tRAgAEd Bifips is to
el ongated bunps is to sacrifice the functional "wafer

sqcpifice ﬁleefumctrcmtag/wafch insite entirggg. dldne cani bhdond ¢ithsu girough etching or

etchln% or thr h grlndlng and polishing. BRI EF
hEpEE BlneR 8DRAWNGS FIGs. la and Ib illustrate

t he problen1of sol der bunp stressing during thermal

clin FI Gs. 2a and 2b show a key feature of the
ER WBH@Y?HT@EGMW% waf er's to achi eve

el ongﬁfrsbqg a%fd lsbollﬁ]lg’trattéJ ﬂlnpv\gf)b of %olﬁlé] %W%ssmg during thermal

sol der are nerge

cgdling) e coI umm. FI G 4 shows the el ongati on of the

sol der  bunps. 5 illustrates how the solder bu

may B&ss 8@3%%@!1% s kesoausTolihe gty Banplias Ut two wafers

d’\%h&"\}egf?,ﬁ atiolllo ?ls(ﬂh%dmﬁ\?g]ere FIG 6 schematically

ustrat evel test and burn-in. FIG 7 shows
att aEIGTES’IBhMS leowe Hiepsotder duiRfBon Rhéstwd vailfirsvarehmergad into a single
sacrificial layer may be used to facilitate separation
cMihe ext ended bunps fromone of the wafers. FIGs. 9

and #fg.id dhwt ﬂfeteﬁmgawn%@kﬂé%ldeymnﬁ@par ation may be
effected through full consunption of the entire

f uncFl@®nalillustrates hown@ solddraburhph magrht separgtedvirem rmaedcthe two

solg r ends flat, dovetailed in
é%%sg &%"'&g‘%f‘%ﬁﬁa 5B P o OF THE
PREFERREEBMcM&stH@ waddt 1Y edst drRldfudi-gh. of t he
invention is that two wafers are used. As shown in
FI G FIG. Toshews attachment of a chip to a PCB.
FIG. 8 shows how a sacrificial layer may be used to facilitate separation of the
extended bumps from one of the wafers.
FIGs. 9 and 10 illustrate how solder bump separation may be effected through full
consumption of the entire functional wafer.

FIGs. 11a, 11b, and 12 show a method for making the solder bumps’ ends flat,

dovetailed in shape, and co-planar.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The key novel feature of the invention is that two wafers are used. As shown in FIG. 2, one
of them, wafer 21, the functional wafer, is a standard VLSI wafer including connections to
its interjor that have been made by forming contact pads over openings in the top insulation
layer, followed by the attachment of solder bumps, one per pad. Wafer 22 is a master
(dummy) wafer that is blank except for the presence on its top surface of an array of solder

bumps that is an exact mirror image of that on wafer 21.
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of them wafer 21, the functional wafer, is a standard
VLSI wafer including connections to its interior that

whaws/obwsesr nade by fornmi ng contact pads over OPETBGLH4/000423

in the top insulation |ayer, followed by the
attachnment of sol der bunps, one per pad. Wafer 22 is a
mast dior bdthnmafprsyvdit dunphate fosméd fokn & hagpheltiag sélder (melting point
resence on its top surface of an array of sol der
BYFpgbt asingsstapdard paeaessas-r Examplesefethe solderdnclude (it ase not limited
e for frama hjgh. .

L RSP RLT Bl R0 SRR AREAPhERE el lohicon oxice
is tlesighad do pe oess daesexampkrgiivesk afetdihertionidgdld bﬂ@dgpe@ The degree of
aggut are not limted to) 95Pb5Sn, 90Pbl OSn, an

Bi0EH be-frthen mvddicd thraweh medifigition; of dhq wifagomerphplogy by means

[ S : g

B R (B e I A G el ot
adhesi on can be further nodified through nodification

ehenaoun I 3¢ GRS tsrbusdions id e ies e B HLEHIARGE by means
Thvacuuh clifeRY1 bkt 3. Gat Rast At Bt E%%Jﬁﬁ&hkﬁ‘ﬁblu@%da &%ﬁgﬁ element

master wafers are gripped by neans of vacuum chuc
Hnwitly precisjon| temperatyreecantrol h@nevaf dre wifier klsuckn & hedib secarely in place

t. . n 4 with.precision.tenperature.control.
L TR A PSR, b BRI PBY Bl
hakifillpdsitnalt dné fangiflardidfus@ied cApabity B isBRIeSInAA if the top wafer are

imlar tg a standard flifp chi p_attacher, that has

& posifinued jaBevg the batter gvater andupligpedaeletivaiathe | lpwer watkes solder
sRRlpdest LHIRRee i F8pl; AY

e eyt yeteal BBl & hOEheBhlek bERFon both waters
Thevtep waédr és then Jovated gladugbly, (a@dows 38l witd nbe sdda bumpeon [tke wafers
heat (s applied,to nelt. the_sol der bunps on both
RIVHENE (.’ngfﬁgm?r@f)d &Hf‘}éﬁ'gl ig the-fighrelover ed gradual | y

(arrows 33) until the solder bunps on the wafers nerge
(shown as merged bunps 35 in the figure). At constant

t enpe¥t@onyiant terpperatarg, thetay wifsr isahisediin nceatroted mehee darrows 41),

BP0 St S o e TR s 45,

saen BEEIG. i40 The Geparhtion between tHeawvhRrs Batopped whbe thwadesir&d elongated
i s_sSt B{éed when the desired el on?(gt ed Erofi le of the

reefila of the solderis Fraghedisnd befPors any drsPkageefithg elopgatadHmmps can occur.
el ongat ed bunps can occur. \Wile maintaining the

di stance between the two wafers, the tenperature of

t he Wehidr mahtrikiog )thé distanckl bettveen thd [tow veafak) thg tefpédagire of the

el.ongat ol der .col ums 45. Upo
wafer cgmucl%g) is reguced to allow coo?ing or% tge elongated solder columns 45. Upon

solidification, the solder acquires a bulk strength that is significantly higher than the
adhesion strength of the weaker metalization on the functional wafer. The chuck that grips
the functional wafer (21 in FIG. 5) is then given a minute upward displacement that will
result in separation of the weaker metalization and its associated solder columns from the

master wafer. The ends of the solder columns are now exposed.
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solidification, the solder acquires a bulk strength
that is significantly higher than the adhesi on
watoosogtehs of t he weaker netalization on the fupCt/semal/o00423
waf er. The chuck that grips the functional wafer (21
in FIG 5) is then given a mnute upward di spl acenent
t hatThwinaka:re@bbstioﬂ o hepuarfadei erth@ffumdﬁi@nalewk’fsr is achieved by using

s _assqci at ed
ettt ot B ren b e G B P B% s tm ot Bt one
mi %s@m@#ﬂa{&m Eeug BV RANES materl RafeP eTRIbUIRGRerRth dfBe solder
unctional wafer is achieved by using netalization

is pionnd BhdBanfbe eﬁtrwltps)tbat thel e wAuirest totreusy sepasgipn of the master

ubs [ atéﬁ)ﬂ”o 84, £ W@Ett & nggy %q‘ﬂ%‘aebu?‘k‘a ”r(e ﬁ*ge? iched solder.

Adstmal QinG@Ea tafio 8F ObiteectOhd/Bad addiethers@lder @6kuhin atStstnliiaimum cross-
the force required to cause separati onof the nmas

segfiuts the adhesion stragih shibs otetaliration; te thrpadrpedpioibeid] @t-?eMPa This
S B SRt R L 4 ol U U8, AR Bl

fabridatioiproeésessssect i on, the adhesi on strengt hof the
netalization to the pad needs to be 0.1 to 3 MPa. This
m ni mum adhesi on strength is necessary to ensure that

the g} %bﬁsé@senewoﬁme ‘ébU\?eSdésH@oeﬁfﬂ}HBéééétthQ RRPAEE SHARSof thE solder

a consequen he above-describ process, the
codaxmmﬂi tewel scquired the highl ldwel of @bm&mr@rlw necedsarydomwefer lewel burn-in

of . co arity necessary for wafer

a“ldé?féﬁslthYPﬁc eWaHYﬂBIlyt"éE]?‘I' %Ehown schematically in FIG

6). As seen in FIG 7, the functional wafer is now
diced into individual chips 7 1 that are read

at t athasan inoFI§i. PaBe f{iaridonal wafsr snovadise infa lﬁdwlc{mﬁhﬁﬁ 71 that are
reg%y %S%Ea%%{i S5 Féé V\tIkg L ég‘?\&‘tﬁ A ngﬂ'lwc? @p&lﬂ}er 75 that has a

U ms
mekiagpbii aB&EI@ﬂm°@ beloot ﬁhat Gbihd aplded holarrmn,sfa»r examﬂ‘lat 63Sn37Pb

t he sol der col umms, do no col |l apse duri ntln
eutgriic plfgr- s epRirgschst thaso I oia dp Bpt solipsng %untmg of the

}?ﬁ Gc?{ Ghe g’({% . )Elgé'rg{e%%r WabBNMIn BECRFBES Ay Emalrﬁl@ﬂ' d¥éhning or

posi tion of fresh, meakly adherln?
megtaaicalzmiisidng, fllived bgithe depbsitiopuel ftshewsaldpadhering metalization,
attractive features: Low cost - Low material cost;
short processing tine (less than 2 m nutes excl udi ng

Thik BBw t2hhiQGY 618 bdveral athigdtive fadureaf er) .

* Low cost - Low material cost; short processing time (less than 2 minutes excluding time to
recycle the functional wafer).

« Maximum bump co-planarity - A critical feature for wafer level test and burn-in.

» High thermal cycling reliability - Because of the high standoffs

» Elimination of under-fill - Lowers cost and eliminates popcorn cracking

« Design flexibility - Degree of solder column elongation readily varied.

Further embodiments of the basic invention will be described below:
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El i mi nati on of under-fill - Lowers cost and elim nates
popcorn cracking Design flexibility - Degree of
kol deXltepwlivensoldbroal patsysiems: dasiéddyofithe isptiem Fedirhiighetemperature solder

SRR PGB LS L oo SR .
AR BB VS $YBIRNOST PH-HBe SR GhAkiRg BnfRIAGE 260k W&l d Hegir eutectic

tenperature above 2800C) used with near eutectic SnP
S8 delderjjoinhinay be asedal ter native system of Pb-free

sol der (nelting tenperature about 2200C) and a near
eutectic SnBi solder joint nmay be used. 2. Alternative
1.echmiigpaesivé chsgRartet deﬁeﬁ!atﬁ&%& XRESsingdhé BAdGRoRRins:
colums: 2.1. As shown in FIG 8, sacrificial |ayer 81
(typi caIIy bet ween about 0.2 and 0.4 microns thi ck) is

A5 AL SRR L G ba Bl AT EL Thel g SoR0gh #1Ep and 04

raﬁ:r(ﬁheSthfck})éﬁ fﬁtkto&@osﬁeay@ﬁo 8e isorfsel @ﬁ:ﬁimﬁbxyal F\GﬂBIV ed. After the
thr ou hem cal etching, thereby al]low ng

gtﬁo r Sumpp chaye drgiafosmed s ?SCE'Eﬂduﬁl?f%’e iqafér 81 is selectively
I%%S(’é(.{ thfdu gh ch@MRhl d&¥n o%t') theltb %ﬁb\gmgstﬂg%ﬁ)%tl@n Ik eHa elon§ated solder
t enperature pol yner, |no gani c uch as anor phou
®ilumrsoThe psectrj'fﬁiaili leyem, mayr bes bigationsuwhi dhea highzteﬁqnesduuwpolymer, or
schemat | I in FIG the .entire.functional wafer
YIERUS B %%ouﬁﬁ%% ROBHERAT 81 SEFEHTE ¢ hus
exposi ng the sol der colums. 2.3 As shown in FIG 10,
the entire functional wafer 92 may be renoved through
I chad gewngehemativgllnindtlgoPi iaientite Bnctidpebwgfer 92 may be removed

' - | C | i.shin on cooling, and
(Bh Ei SR et s PRoliPi 8ol P00, Coen (e
master and the functional wafers is inpregnated with a

i ke materi al 95 such as_Ni kka Sei ko' s Skycoat

Fhe wé%( shawyny gy §16:0 10t entiret factipapt Bafe Yomgerbectsmened through
HEQEhiEA V\rg%”ah@ ohE]’E rdrnﬂhﬁ%g p&féﬁx‘?@ﬁ?— hificdl i@hsfbng (CMP).

function €en gro away, t e wax
Ypormovealingj findl gsior gol grmdmg/pehshuhg theapéiqegbmvemhdm makter and the

ﬁh&gﬁln?gp’va%@ i§) émglég%ar’ge Wltghé} gva\ggﬁ@ %ﬁtqglglr ngsuaﬁ as Nikka Seiko’s

Skycoat. The wax servers to protect the delicate solder columns from damage during the

grinding process. Once the functional wafer has been ground away, the wax may be

removed, if desired, with simple heating or chemical etching.

As an alternative to wax, a thermoplastic material may be used. In this case, the
reinforcing thermoplastic will be left in the master wafer and will be part of the diced chip. |
The thermoplastic will soften and make good adhesion with the PCB during solder reflow,
thereby serving as reinforcement for the solder interconnections, similar to an under-fill

material.
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reinforcing thernoplastic will be left in the master
wafer and will be part of the diced chip. The
wo b@soepbastic will soften and nake good adhesPONS@20niv000423
the PCB during solder reflow, thereby serving as
rei nforcenent for the solder interconnections, simlar
240 q&van@qrecﬁmqae material.2.4 Leveli ng Techni que After

achi eving the desired stretched hejght, the funcgti o
Amfaehlewgg dhsclesigedt sretehed beight Bodundbionywattiets aple 369 ﬁt >0°C

TR ARt i e B e, boue o

ap‘ﬁi‘bplnetermt Woiing tegpelard. ahéle nta&:mtmamﬁhlc tattet hmpmafaecshe wafers
are gradual |y separated. The associ ated te Jt

wyeaedieh <o Abds e K RiA KRG AR ERECSLFIR 1 Yaiching of the

solef &} 65 Ered %{] cﬂ?e% %hte?x%s{'@?%&a%r MBfBd edehfualybreaks off (Fig 11a).
eventuafly rea Fi . After separation from

Aﬂhesepmmm fromf the masﬂae mfwn@ateMgstodi delderbbrmis tead do have uneven

BTN NG I M TEWE e T R,

ﬁJ%Hﬂﬁfal RER} iswRldewith & cheikdwhich nay YeltHe kamedy tﬁbt dﬁiiﬁgbﬁt stretchmg,
the same as that during the stretchi ngm with the

with e@—fsﬂemtmhdmg streichedcdodder §witlhivreveniends) Iasingedovan dhy temperature of

t y aceﬁ.n rg’ﬁs Wnt%q) cgat % g@g@hﬁ’ (1\7&8 \{/\tllet lﬂﬁ vﬁ@l%lﬁé\oérﬁ?erature of the solder.

ThR PR paévdhteollhpsiniorsied shider cdlbin dusing tevplirgy &he wafer is lowered and
col | apsi ng of the sol der col um (?Iurl rﬁgc l.eveli &E
pigesed pEAESt R davslingiplaisdnen wetkiag tuipldenl tVhirh lév&lﬂtﬁ‘g'e%f‘t ghot work
L] @i etaPHefolRati th
te%g)%&u%ktft@eg Sgg%lﬁgpgq% per\éﬁl gﬁ g%ﬁg% he tenpgr ature n the
sgld@ditetht Snd 68 Wohtach wiithctak levedting rplate.ofibis oed ededoiimtion a‘@sults in
wWth the | evel]

th d
Rt B oL AT ey ey R Sshorar RSt T i croui
bt VER tlﬁ:swgfelgRQQ ﬁﬁqg@lmg@?&eﬁ 6@%&%&-}{5&&&3@ Afofg all the solder

circurt board. On the wa | evel , the |leveling
cgiumemhewﬁfﬁrces co-planarity anong all the sol der
colums in the wafer. 2.5 Fl exi bl e Lam nate Techni que
This technique differs fromthe above techni ques in
otshat Fﬁxfbheqxdnhhaemnmke is used in place of the
master wafer to provide for the stret

.St N
Thisxteniur KETarpiremi bl Eechpesh det 8 cxfbl s i iged inplace
of %Qr?e[ste]; Qlater fo ﬂjr{)%dg FdrThd Atl%ﬁ:'hmge

Stage 1: Pattern flexible laminate. The process starts with a copper foil - dry film flexible

laminate that is supplied in a roll form. The laminate is then patterned to expose the copper

foil with the desired pattern of solder bumps.

Stage la: Formation of solder bumps on a flexible laminate. If so desired, the patterned
flexible laminate, may be coated with a solder pattern by using either printing, plating, or

jetting. Dry film serves as mask during any of these processes.
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of solder bunps on a flexible lam nate. If so desired,
t he patterned erX| bIe Iam nate, may be coated with a
Sageder patMauntingrgnd isoildey nedrging: Tlmﬁmphlmgl “@f@tasn’@ll asrthe flexible

Dx as, mask dur,i
HBlslsl R T b A LIRS T -
dquipped @l hew@iLusias vaBlum. ahetdhgcl |f&Xﬂh9|f@ndt1@mvl?e§IErestﬂtﬁaEhed to a
patterned pad (or solder bunps) are held by a set of
m@@mrﬁpmdm:uhst hag geyi-ppeldgmees ¢f fhesdoinn glmllas rung stpndard dlip chip attach
or tgtei functi.on wafer.is.at

RO nL S5 RO P AR S o314 aiPib BSGF Sl Baftam posioned
at 'arﬂlétﬁx{cetcﬂ/elathé HRRBES ﬁ?é WihRe ‘BQA‘[HS §b}§l§:@ho MRAD RS0l des | 'bﬁlgnps on the
the x-y-f degrees of freedom the functional wafer
fan¢t'gme @fnldaswsﬁ asicoribel flexiblg t@pes(nfathere ipoeg). tUsing ﬂhex\rebﬂlc@l degree

Qe b RS ral ParBPRAOied SRk ublifind S n TR Boreed.

(|f there is one). Using the vertical degree of
freedom the functional wafer is | owered graduall

Sipgg B:Simgichigs| While maiainingchedoraparaturs oleeep: the mraqﬁh gpdder in the
[ r p e
SRS Rl 0 Pl R Y Gt fled BB oL IBME RS dor i the
;&ommmmldhspmmm ef the sdpy wifehis spppbiewhed the rdesiredtdhengated profile of
ss gg di spl acenent of the top wafer is stopped
?rH%re& fired el ongated profile of the solder is
reached St age 4: Cooling. While maintaining the
di stance between the two wafers, the tenperature of
$thee diloeling Widle maintadngthd distanat betwecn did tw;p wafgrs, the temperature

33 5300 3 A M st

@nﬂﬂﬁsﬂrﬁe @g‘serﬁlslwbechenmldamasmﬂ he eldeger col utms on the
assenbly are released fromthe flexible | am nate by

chem cally etching away the copper foil on the

yagé(?b & As (ﬁasto el %l%lﬁ%?_.gh%nsoliiepk%ll}tﬁ]r?so&fttﬁecggsembl are released
st ecEa%l—ggry—U&‘Fh'e—e er colum IS a funct gf
Pad tHe nfxihlo iymibdie by odhemicaln dtching awey diee ceppendoilvehl the flexible

]as the density of the solder. The theoretical limt of
aminate.

Discussion:

The theoretical stretchability of the solder column is a function of pad dimension,
the volume and surface energy as well as the density of the solder. The theoretical limit of
stretching two 100 micron diameter eutectic solder bumps has been evaluated using Evolver
(a computer program that uses the principle of minimum gravitational and surface energy)
at 290 microns, or a length to diameter aspect ratio of 2.9 assuming the solders were
completely in the molten state. By controlling the temperatures of the two substrates to
achieve progressive solidification of the solder column, a practical aspect ratio, of 4.5 has

been achieved. This is possible because, during stretching, solidification of the solder

10



stretching two 100m cron di aneter eutectic sol der
bunps has been eval uat ed usi ng Evol ver (a conputer
w@e@dnesssg hat uses the principle of mninmum  PCT/SG2004/000423
gravitational and surface energy) at 290 microns, or a
l ength to dianeter aspect ratio of 2.9 assum ng the
caluindds mitieekasoaivhrees pypgiessivale firoml orerensit st that @Byny given time the

controlli t he, t epper at ures, of .the .t ubs
oxeiale HE ghait pEDE o ispice ottt ot o gt BjeBtetiodt timit of
2©0l umm, a practical aspect ratio, of 4.5 has been

achieved. This is possible because, during stretching,
solidification of the soldercolumm is initiated and

dvance ively fromone end so that at any
Ag Wﬁ %hg ?& pect ratio in the liquid portion of
t he AQJ ri§ddl of s wafet RS E pb&l&@m@%odehﬁ@ftﬁbth@ﬂéstdﬁhﬁhéd processes

. dvant ages Over Prior Art A conparison of this

lW@W@NB¢GVbPU$&ﬂK%§Yng process wth other established
processes is tabulated in the table belomr CIiticaI

‘nv ovinl Daclcanst na Deangocaaoc

(WZY
QU Vol 1 u.ur\a. | ||

% Ifler |Cu Post Stress b"%?eé?“r%;‘}’éﬁ‘aﬁv's?é%?f%? | | ty 24
Bictbrs( Cqst) (fast action) (sequentlal solder (I ong

pl ati nc—(—Add-Wna! Stacki-he) '\.u atrtof)—-ayer)
Rel i abillity 2 4 (co\ﬁ RS ﬁf’l‘a str egg%éﬁul tj piSgess buffer layer
Pro&dséiBiss [(Weakness alonjg Cu (least concent ration sites) 1
concent|rati gn sites) solder int rfdce) conghlant) -
fesDabill i t st qciemt col (pauengalspldgapi ¢ ygo U2 (pgn. (Additional
(noncogl anar) copl anar) capdkangnr ) K ectﬂurﬁta)h) 3 4(2 1 layer)
perfornance (smpoth—cFoss—{arge—eHoss—{better
RelieBilipy ilcal  (shbrt est 4
(compliant, no stress (multiple stress (weakness along Cu (Least
concentration sites) | concentration sites) solder interface) compliant)
Testability 1 (max co- 3 3 3
planarity) (non- (non- {(non-
coplanar) coplanar) coplanar)
Electrical 3 4 2 1
performance (smooth cross (large cross (better electrical (shortest
section variation) sectional variation) property of Cu) height)
Overall 4 (+3) 10 (+4) 8 (+2) 8 (+1)

10 The WLS? technique presents the most balanced qualities.

More significantly, the WLS technique presents superior reliability, thereby overcoming
what has been the main weakness of conventional WLP processes, namely limiting its die

size.

11
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More significantly, the WS techni que presents

superior reliability, thereby overcom ng what has been
Thdelloming refesdnossse cfed drothe epplicatial: WLP pr ocesses,
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pp. 4-9, (Fig 10), 2000. [II] US Patent 5,441,195 [12]
US Patent 5, 964,396. [13] US Patent 5,975,409 [14] US

wEak0s064668 442, 831CLAIMS What is clained is: 1PCESG2004/000423

method to forman el ongated sol der bunp, conpri sing:
providing a first substrate and form ng thereon a
OLAISES sol der bunp; providing a second substrate and

formn greon a second sol der bunp; positioning said
Wtfaltéstdagﬂagégecond sol der bunps to be in positional and

12N9UhahetRdd BT8RN &l d@téd‘é@ld&%\%}?c ?hﬁﬁg sai d sol der
bunps bei ng separate first ance and said

subs pmtd@ag éo%]shglbge’fmmfemmbg' theraog @cﬁr@t S@i@t hviop;,
heat i n oth so

o bR iR o Shsep R shnahibis RFOp ASofinets Bty by,

bunp?osmﬁfrﬂ% k418 Girdt §ddn§lslc8nd5 @d)ld@f blrtpPto BB ihepositional and angular
mai ntai ni ng single sol inits nolten state,
aligmend sélatye saone @r@éhmsaxﬂh ss»tdah WP SiRE:FePaRiss by Bist distance and

%H%ubs?r\c{te!s () th gll'ape% zglsgc agl §-0| der bunp and
U

ormng sar on at termnating the
slt ephétftmglbsﬂhlesgﬁjeﬂ%uﬁp&ltﬂl tﬁe}cmam; di 3t ance when said
el on ed sol der bu aC|evsa esir aspect ratjo
t hen%&m%%%’@ said ft‘“@{rg‘éqa‘i“‘&l Yo flﬁ’rIBB‘ém‘ %g‘g?lrl glps fgee into a single
Sgﬁgﬂg& .ng the el ongated sol der bunp from said second
te only. 2. The nethod recited in claim1
wher ahile sadintamés siegle asildecbumptin dtsitsolten $tafasincRasifg s#id second

thod to f I te d
et Spiagen Sytraes Q0T Fpeeia S, TG gty 4 orming said
ey %ﬂs@mu FOVI ding a second substrate and form ng

t her eon a wettable sol der pad,;
terminating the step of increasing said second distance when said elongated solder

bump achieves a desired aspect ratio then allowing it to solidify through cooling; and

separating the elongated solder bump from said second substrate only.
2. The method recited in claim 1 wherein said desired aspect ratio is at least 2.

3. A method to form an elongated solder bump, comprising:

providing a first substrate and forming thereon a solder bump;

providing a second substrate and forming thereon a wettable solder pad;

positioning said solder bump and solder pad to be in positional and angular
alignment relative to one another, said solder bump and solder pad being separated by a first
distance and said substrates being separated by a second distance;

heating said solder bump till it melts;

then reducing said first distance until the molten solder bump contacts and wets the
solder pad;

while maintaining said solder bump in its molten state, increasing said second
distance between substrates thereby lengthening said solder bump and forming an elongated

solder bump;
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positioning said solder bunp and solder pad to be in

positional and angul ar alignnent relative to one
wa@rwslersss sai d sol der bunp and sol der pad bei nBCT/SG2004/000423

separated by a first distance and said substrates

bei ng separated by a second di stance; heating said

sol dermibating the Istepiof imméasing shil spcond dlistaneg vewndaidi gletgated solder

LR kel R v s
bunpg &aﬁ%gsthggio'hgﬁacgécﬁ&e? buthp GORERI NG SiA SbSREOHSy.

di stahce between~ substrates thereby | engthening said

sol der bunp and form ng an el ongated sol der bunp;

41 er nTlpambthgd tdetted ireglaiaf 3 ivheremasidnirstdistinsethatniditially separates the
di st ance when sai d el ongated sol der bunp achi eves a
seldaribugs 535eet0-» B¥5-0 and then allowing it to solidify

t hrough cooling; and separating the el ongated sol der

sbu np{\féog@é&sst%infﬂanﬁﬁgaﬂmga %Rﬂe(/atcgc‘%[‘ Fé/ckaﬁe, c&hﬁrégﬁ;hod

feci in clarm erei n sai st dista hat
i ni t pdlidingse parralitg oftiftegrated décuitsurrps fugctimbaluwa®r, Snelnding a top

5. A process to manufacture a fer level circujit ...

I9yst R dpsulatignbayisg r?@?eS§§w8lL§>ﬁ dphgpeking| ﬂ?@ﬂ‘?ﬂb \FOBipct to said integrated
JdeBliggrated circuits on a functional wafer, including a

top layer of insulation having access hol es for making

el ecforming 2 ishpaten ofrostabtdailnwhereby hareds paeifengact pad over each of

figrm' n first pattern of contact pads whereby there
SPIE agTy ¥t act pad over each of said access holes;

prov !p{%!vit_gn%aa RSt SWafbedridepiiindaRasd 4 fgrifitiar lagd; a
sacrificial layer; formng, on said sacrificial layer, .
a seéoming antseidnsagrificialipyesia praerd pafigrn pk contest pady that 1s a mirror
BB R GRS, Det o Tom ne e solder burp on
and ferntig saderbaigron each dnsat treaohtasigladgr bunp on t he
gﬁﬁ;%gﬁglv?ar;% ﬁlgﬁacxlglg%%gqgr}ci:,\églgio%lzlg g’?‘ 24 tso t gthea%h Ssgicgre l’bump on the
master wafer is in vertical alignment with a solder bump on the functional wafer, said
solder bumps being separated by a first distance and said wafers being separated by a
second distance;

heating all solder bumps till they melt;

then reducing said first distance until the aligned molten solder bumps touch one
another and form merged solder bumps;

while maintaining all solder in its molten state, increasing said second distance
between substrates thereby lengthening said merged solder bumps, forming therefrom
elongated solder bumps;

terminating the step of increasing said second distance when said elongated solder
bumps achieve a desired aspect ratio and then allowing them to solidify through cooling;
and

selectively removing said sacrificial layer from said master wafer, thereby

separating all elongated solder bumps from only said master wafer.
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sol der bunps being separated by a first distance and
sai d wafers being separated by a second di st ance;

wheasioagesl | sol der bunps till they nelt; thenPCESGmIONE0423

said first distance until the aligned nolten sol der
bunps touch one another and form nerged sol der bunps;
while maintaining all solder inits nolten state,

6. nCr gas pRgesalesbrived Melaihh Stviesn bal weRilickURSEf RtRcted from the
t hereby | engt heni ng sai d nerged sol der bunps, form ng

TAHPreonsiginga bighdemgergbrepelypempanorpeousisHigen.mplysiléicost apsl silicon
Qfqel NCcreasing said second di stance when said el ongat ed
sol'der bunps achi eve a desired aspect ratio and then
allowing themto solidify through cooling; and

75el eqh \pedckss' FBNHIATinSAhith §eHekdih Ghidl sabr@i¥@4l lay&@Ns SRb6sited to a
mast er wafer, thereby separating all el ongated sol der

thigknsss betweanghpyt Oshand hmigrens. waf er . 6. The process

described in claim5 wherein said sacrificial layer is

el e d fromthe aroup consisti.ng,of hi e rature. .
ol yriif Srodefvesiodl B Pt Wt an? el o sleGTEely Teiiving sad
seetifibial ldyer Dh@MPIENGAS Silides GlirttRe GomPrisds tdhidy WhReRdr difluoride for
said sacrificial layer is deposited to a thickness

bstyere abous B aud 6Qminuierdt 2 teperainre be@veerpboub 2o ead 34 C.
described in claim5 wherein the step of selectively
sai d,.sacrifici.al anor phoys  si

' | f L |
oo o RS 18880, iR oS PR A e b fongated solder

Hafipeee Nodded Ebntdctadath Bidstel Whfef Sdidihg RalkiSRRGIoAkLWafer into individual
bet ween about 25 and 34 C. 9. The process described in

ipd&im 5 further conprising, after said el ongated
sol der bunps no | onger contact said naster wafer,

i Ci said functional, wafer into.individual  chips. . ..
D" T PRlcE kR RS Ty nED Fheotet bid Gbat Bfsebgd e printed oircui
HobidAsingaSoRibt WRGYR Gndl@ngBpdittiiHAtaehst 50°CWelovPBal &f sl éléhgted solder
sol der whose nelting point is at |east 50C bel ow t hat

bympsai d el ongat ed sol der

11: A process to manufacture a wafer level circuit package, comprising:

providing a plurality of integrated circuits on a functional wafer, including a top
layer of insulation having access holes for making electrical contact to said integrated
circuits;

forming a first pattern of contact pads whereby there is one contact pad over each of
said access holes;

providing a master wafer on whose surface is a second pattern of contact pads that is
a mirror image of said first pattern;

forming a solder bump on each one of the contact pads;

positioning said master and functional wafers so that each solder bump on the
master wafer is in vertical alignment with a solder bump on the functional wafer, said
solder bumps being separated by a first distance and said wafers being separated by a

second distance;
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bunps. 11. A process to manufacture a wafer |evel
circuit package, conprising: providing a plurality of
WO paosgessted circuits on a functional wafer, i nECT/ESGTIY4/000423
top layer of insulation having access holes for naking
el ectrical contact to said integrated circuits;
f or mhentingall solddr bpaipt d@lrheyfmetont act pads whereby there

is one conptact pad over each, of said,access hol es;
pr ov R Aefugingse rshdiepccontilibr aligd fr%@@fli Sgrdgr buien douch one
aﬂ(?tﬁér%ﬁ@nfgfgeQ%ts?%ie sBﬂQbeﬁrH]?sl is amrror imge of said

first pattern; rmng a solder bunp on each one of
t he ebil¢ acintpang; allpsdddri nips gn gbéid mudisth etatg ridlcreasing said second

functional wafers sq that, each .sol der bu on th .
e boRenr S i clan I e THER QOUBY qupmp. forming
iR Aohdied Mliet bpagy wafer, said sol der bunps being
separated by a first distance and said wafers being

sepateaningting the stepodfrierdisiigasasiesenensk disfgnesl Whenosagik elongated solder
b i1l th lt: th dugi id.first _
Y S eI Rapec R a T AR eP B Bpeyeh cooling;

apde anot her and nmerge into single solder bunps; while
mai ntai ning all solder bunps in their nolten state,
i ncr 818 epswning saidcwaderdvatern it ds isatigbe wheieb tspish elengated solder

bﬁlE@% R L T
o

i ncreasing said second di stance when sai d el ongat ed

190! d&he brodgrs deghibey i daidebl whdeiaspeaép bBédnsurding shidahaster wafer
allowing themto solidify through cooling; and then
farghes compripes eicingifst er wafer in its entirety whereby

sai d el ongated sol der bunps arejust exposed and remain
3 SR PSR YRR Ao Tl gt masr ot
faeins oomprgses:ai d nmast er waf er
introducing a mechanical stabilization medium between all elongated solder bumps;
grinding and polishing said master wafer until said elongated solder bumps are just
exposed; and

then removing said mechanical stabilization medium.

14.  The process described in claim 11 wherein said mechanical stabilization medium is

a wax.

14a  The process described in claim 11 wherein said mechanical stabilization medium is
a thermoplastic which may be left on the wafer and serve as a reinforcement to the

interconnect when attached to the board.

15.  The process described in claim 11 further comprising, after said elongated solder
bumps no longer contact said master wafer, dicing said functional wafer into individual

chips.
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further conprises etching it. 13. The process
described in claim 11l wherein the step of consum ng
wa anod/oomsss er waf er further conprises: introducP@mSa2004/000423
mechani cal stabilization nmedi um between all el ongated
sol der bunps; grinding and polishing said master wafer
16int i Thespbekseldesigidéd th shimell wWherpm said chips tare ajpached! to a printed

and then renoving said nechanical stabilizatiaqn .
cirppili hpgid vsing Pheolgarowhess melsing insey is 7t dpat rﬁ%ldiohm dhat of said

i gqgi | stabilization nediumis awax. 14a The
déra%gggﬁ es@%%bed in claim1ll wherein said nechani cal

stabilization nediumis a thernoplastic which may be

17.ef tTiRprédess dRbted 3 Blame Vhasindsaldalesiral axpea mtiol io at 16gst 2.
i nterconnect when attached to the board. 15. The

process described in claim1l further conprising,
1&f t e psaesh te hongfatton awvifddevd givpat paskagenempéEste: act

sai d master fer icin ai d.functi I i- Nt Oq-
indiwpﬁﬁgﬁEtﬁﬁﬁ@@ﬁggnﬁﬂggﬁf8%%§§‘Hbsgggﬁg iﬁﬁ%’gﬁﬁgkﬁgainp

12961E6 e inBula@érd hehh® Sc@ES halkt dsigaking etecpidahicemtaci focssid integrated
oard using a solder whose nelting point is at |east

ciB@ite; bel ow t hat of said elongated solder bunps. 17.
The BB f’alsfgg? §§t{ael{xpﬁg cortad &)Qéisr&vﬁ%%éf{h%fenisstﬂeqirge&hfagfjpad over

aspect r eas ocess to

eavhnuffsaitt atcess hoWf @ich lof\vaid firktr @utdcet patkaymg « Grspadlsisivg: strength
providing a plurality of integrated circuits on a

Wit §esPEe i fal é%@rpﬁ@wﬁﬂﬁwg a top layer of insulation

havi B&vfﬂg‘%ﬁg&ﬁgﬂé}l wter rwiiRK sitehce isefdebbiBbatieRIifaphtattPads that is

said int circuits; formng a first pattern o )
aamintoa dhageaolS saivh irst kpatterne sadd isecopd eonfagtspadg draviaeta prgend adhesive

R, SRSl 593, o GRCRoCl, B b it s
str&PRECt to said top layer of insulation;

forming a solder bump on each one of the contact pads;

positioning said master and functional wafers so that each solder bump on the
master wafer is in vertical alignment with a solder bump on the functional wafer, said
solder bumps being separated by a first distance and said wafers being separated by a
second distance;

heating all solder bumps till they melt;

then reducing said first distance until the aligned molten solder bumps touch one
another and merge into single solder bumps;

while maintaining all solder bumps in their molten state, increasing said second
distance between substrates thereby lengthening said merged solder bumps, forming
therefrom elongated solder bumps;

terminating the step of increasing said second distance when a desired aspect ratio
of said elongated soldér bumps has been achieved and then allowing them to solidify

through cooling; and
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providing a master wafer on whose surface is a second
pattern of contact pads that is a mrror inage of said

wo poosteqses t ern, sai d second contact pads havi nBCESG2004/000423

second adhesive strength, with respect to said naster
waf er surface, that is Iess than said first adhesive
st r ethgh sepatasingitigmasteraind dundviong wafers aotil Dsepaction fiwce that equals

cgnt act ds; posi t.ioni sgi d St nd. functi ona

st er i BheRis SEiath SordEreRuRiOR thal fa: dpigasiusolder bumps
stphrat® frbinGaly sald ARGt th a sol der bunp on the

functional wafer, said sol der bunps being separated by

a first distance and said wafers being separated by a

eco [ Stance: .heati ol der .bunps,till th
(361 ¢t MR tR 0 Pt |5 wP SRS BT, bt e seleted
fedm @B@;bumbﬁming of 8816, doppRSnicRICHAlIRMBMARR biesivand
nmerge into single solder bunps; while maintaining al

sol der bunps in their nolten state, increasing said
20e c orffie piosess dessribed inadaimsiBosharein eaid s¢roneé bghesiva gtrénath isdess than

D84 SraTol e AR Y Rl el LR RGP

second di stance when a desired aspect ratio of said

2| ongRk erbceRldERFIbEMAREIMAR ARG BMBligHEd and then
allowing themto solidify through cooling; andthen

sepaudipingrgid factinaet wafeninto indindduabplips owst thew atiavhing said chips to a

REPRRGoHE P Sl S orii B e mopasrtdodf oSG Blgoe that of said
cbstigaed sdlgeypampeparate fromonly said nmaster wafer. 109.
The process described in claim 18 wherein said second

contact pads are selected fromthe group consisting of

230! d A progsseto, form e elonggsed $oddtir brnpt Gompaisuhgsi | ver . 20.

The process,desc ibeq in.claim18 wherein said second

adne SrYMTEE ETEE fimigate oL i oSO 1'or ce t hat

i ni t ipatieR@ingl aaA ey Filin $iRdrébySedpbsing sad copRP il lle®brdels desired to
unps. 21. The process described in claim18 further

fgmrﬂrlﬁi% iDRgGPs;
coating said copper foil and dry film with solder, said dry film thereby serving as a

mask;

aligning and positioning a functional wafer at a distance over said flexible
laminate while heat is applied to melt solder bumps on the functional wafer as well as on
the flexible laminate;

lowering the functional wafer until all opposing solder bumps are merged;

while maintaining the merged solder in the molten state, raising the functional

wafer and thereby stretching the solder;

stopping said raising of the functional wafer when a desired
elongated profile of the solder is reached;

while maintaining a separation between the two wafers, cooling the
wafer chuck to allow solidification of the stretched solder columns and

then releasing all parts from their holders; and
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dicing said functional wafer into individual chips and
then attaching said chips to a printed circuit board

waigisgesmsesol der whose nelting point is at | easpCBERGBG4000423

bel ow t hat of said el ongated sol der bunps. 22. A
process to forman el ongated sol der bunp, conprising:
provi ailepging thegobiee colamhnfiome tiof flekille tanimtehy copper

foil . . ' id dey fil by. ' id
hblsapP AR Rbe Evet ol pobstior ¢ Fep B IRRERRer -

bunps; coating said copper foil and dry filmwth

B0| A, pré@ks deicYibéd iNclRT BOWhSRINY 5419 187 DERKer is deposited by
aligning and positioning a functional wafer at a

di pintingepleting jettmigar oldsu Hallpldcamemtat e whil e heat is
applied to nelt solder bunps on the functional wafer
as well as on the flexible lamnate; |owering the

Fauncitie Pictess k@ ibel Hh claidbh vRRRIS k018 RRIbALHMMMPR ifH8 form of a
nerged; while maintaining the merged solder in the

A%l ten state, raising the functional wafer and thereby
stretching the solder; stopping said raising of the

unct, onal waf er en a desired elongated prafile of
Phe. dhiars PO FthER s Sali Tave it RPRG cabediaes: fon

bet wpgsvidifiea piialii{Irifteg@Ral difeitd B av@h&fonhWater! Mcluding a top
al low solidification of the stretched sol der colums
layeg of Hesylatien dawingpogess helestfor making plestrical glogitack to said integrated
(@Qgﬁgleasing t he sol der columms fromthe flexible

am nhate -by chemi cally etching away the copper foi

por t ifemingyf a filepdtieaxofroptaktogidd &hereby thereli @nP E&E&S Pad over each of
described in claim22 wherein said |ayer of solder is
sAids6esst ey printing, plating, jetting or sol der ball

0 gl 6y O SRR SRIGC Dkl ST g s s
armoirtor image of said first pattern;

forming a solder bump on each one of the contact pads on said functional wafer;

positioning said master and functional wafers so that each solder bump on the
functional wafer is in vertical alignment wi';h a solder pad on the master wafer, said solder
bumps and pads being separated by a first distance and said wafers being separated by a
second distance;

heating all solder bumps till they melt;

then reducing said first distance until the aligned molten solder bumps touch and
wet the solder pads;

while maintaining all solder bumps in their molten state, increasing said second
distance between substrates thereby lengthening each of said solder bumps, forming
elongated solder bumps;

terminating the step of increasing said second distance when said elongated solder
bumps achieve a desired aspect ratio and then lowering the temperature of the master wafer
to a hot working temperature of the solder while maintaining the functional wafer at a lower

temperature;
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25. Aprocess to manufacture a wafer |level circuit
package, conprising: providing a plurality of
WO paosgessted circuits on a functional wafer, i nECT/ESGTIY4/000423
top layer of insulation having access holes for naking
el ectrical contact to said integrated circuits;

f or ivhilg maintpining igmpeptregradiontia dic sokies frkar serarating the master
S 0 t d . j : .
s AR REAR WRATLBY SR of e RARREF ML Rom oply sid

mpdriveifdt oodurg@nfl act pads that is a mrror inmage of said

first pattern; forming a sol der bqu n each one of .

t he leshbgurevgh gadopf sspgrated ant eioBgAs %g‘#%rfzy PeRES Of BioAgVetting
h§gﬁgpgﬂ§ter and functional wafers so that each sol der

bu on the functional wafer is in vertical alignnment

wWth a solder pad on the master wafer, said sol der

u and pads hei hg sepayated by first distance and

2 D gf‘é%edslgp‘iﬂﬂﬁf?édwwel& e hSlan S BET blimps have

h eatcﬁc?gv&ll d akptd ergeatllﬁmﬁ tiel fhhctioREVwATR! & coblBE R 4:894C407E below
ned I | der

sai Irst distance until the alig nol ten so
bunpbe hatuedrkugdemperatiiiecofsihe skdderpahits; thamidster mafantiabrougly to the

all solder bunps in their Iten state, increasing
sai 48 tﬂﬁrgg?rﬁ%"eo‘gg? Wég% substrates thereby
| engt heni ng each of said sol der bunps, formng

2gl o ”ﬂﬂ:tsg?&ewée_@g{beﬁ WBSim 2 SR BRIhO BvERE stb&Bs Rither comprises:

i ncreasing said second di stance when said el ongat ed
sol deldibg thesfusaivnelvwafar, cathi fresastarstves unevenly clagaied helder bumps,

I mering}tgg tjnaqrat re of the master wafer to a hot
ONOFRIAGE FAIPLHREOY e sol der whi | e mai nt ai ni ng

t he fupelididk Wiael adbmperhi@ieihat BMHP @adt 30°€ batow e hot working
mai ntai ning a tenperature gradient in the sol der,

tempetatie oftbpelongat Oddqre:_anést er and functional wafers
unti ﬁoggﬁ%gsﬁgzlltné;?lg 3 ?N%%elr gcg Ehl%r %’l';:eré onggt%tﬁ] gcﬂﬁgrq)u?r%ls (g%rprggsg&gainst

only an
a heated leveling plate, thereby causing them to flatten out and their ends to become co-

planar.

28.  The process described in claim 25 wherein the leveling plate is heated to the hot
working temperature of the solder and its surface is aligned parallel to that of the

functional wafer.

29.  The process described in claim 25 wherein flattening is such that all the elongated

solder bumps have the same height with flat and dovetail-shaped ends.

30.  The process described in claim 25 further comprising dicing said functional wafer
into individual chips and then attaching said chips to a printed circuit board using a solder

whose melting point is at least 50°C below that of said elongated solder bumps.
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| evel i ng uneven ends of separated and el ongated sol der

by neans of a non-wetting leveling plate. 26. The
w@r@sessesiescri bed in claim25 wherein, after POESG2004/000423

el ongat ed sol der bunps have achi eved a desired aspect

ratio, the functional wafer is cooled to at |east 50C
31bel e tpnecekotesonivadi ingelbienPs rvdterrie the selder ut hay avipyvpremelting

the master wafer ig brought,to,th 0 ' :
TPERaT e S5 oI e it o o lIBA ey, sghoring the
eléﬂga{éh 1R Pampb &Y 8L PrifBe cik @NtHobRiGuping @B 8chniadt.t her

conprises: holding the functional wafer, with

free-standi ng unevenly el ongated sol der bunps, on the

same chuck used for elongation; maintaining the wafer

at a tenperature that is at |east 50C bel ow t he hot

wor ki ng tenperature of the el ongated sol der; and

| onering the functional wafer so that the el ongated

sol der bunps are pressed against a heated | eveling

pl ate, thereby causing themto flatten out and their

ends to becone coplanar. 28. The process described in

claim 25 wherein the leveling plate is heated to the

hot working tenperature of the solder and its surface

is aligned parallel to that of the functional wafer.

29. The process described in claim25 wherein

flattening is such that all the el ongated sol der bunps

have the sane height with flat and dovetail -shaped

ends. 30. The process described in claim?25 further

conprising dicing said functional wafer into

i ndi vi dual chips and then attaching said chips to a

printed circuit board using a sol der whose nelting

point is at |east 50C bel ow that of said el ongated

sol der bunps. 31. The process described in claim25

wherein the solder that has a | ower nelting

tenperature nelts and wets the dovetail -shaped sol der

col ums thereby anchoring the el ongated sol der bunps

to the printed circuit board during attachnent.
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