20 July 2005 - 1 SEM CONDUCTOR DEVI CE, MANUFACTURI NG METHOD AND _
- APPARATUS FOR THE SAME BACKGROUND OF THE I NVENTION 1. Field of the
I nvention The present invention relates to a sem conductor devi Cﬁngﬁ[gﬁiod
and appar atus of manufacturing the semi tonductor device, and parti :
to a sem conductor device having an el ectrode structure connected by
| ead-free sol der bunps, a nethod of nmanufacturing this sem conduct or

device, and @dEMMCOHADY ’I@RW@’{ Uﬁqmﬂ?' j Leondic

manuf act uri ng net hod. gﬁjDESCFIp ?@h or 't éhggpggégiiibﬁﬁgggﬁggﬁbing t he

i ncreased functionality an 'Pgﬁg ' sem conduct or devi ces,

t here has been an increasi %gnu gr{%ggéﬁgzﬁiﬁ%%%@tor packages connecting a
mul ti-pin sem conductor chip to a package substrate by sol der bunps, and
sem conduct or packages having ball grid array (BGA) type external

el ectrodes. In electrodes of this type of sem conductor chip, the surface
boundari es of bonded sections vary in conposition due to reactions between

metal s caused by heat hj i f , heat history at the
time of nounting the sengggg%ﬁgﬁggﬁﬁngtgggﬁgxﬁﬁﬁfGﬁk—enperature states and
tenperature changes in the usage environnent. This may cause degradation

inreliability, and one inportant elenent in addressing this problemis to

sel ect reppmeld Nfech@%%hgbﬁ inorder to give a netallic conposition
allowing reliability to be kept. 2 20 July 2005 1In order to do this, as

shown in Fig. %hdpresenCVIRBRN j when using sqgl der conposed of tin
and | ead as buﬁps,lsl:teo Use i coglx%gérﬂegg%sesﬁn%lﬁ(’% wctor device, & method
) and apparatus of manufacturing the semiconductor device, and particularly

to a semiconductor device having an electrode structure connected by
lead-free solder bumps, a method of manufacturing this semiconductor
device, and a manufacturing apparatus used in this semiconductor
manufacturing method.
2. Déscription (I)f the Related Art
Accompanying the increased functionality and increased density of
semiconductor devices, there has been an increasing number of
semiconductor packages connecting a multi-pin semiconductor chip to a
package substrate by solder bumps, and semiconductor packages having
ball grid array (BGA) type external electrodes. In electrodes of this type of
semiconductor chip, the surface houndaries of honded sections vary in
composition due to reactions between metals caused by heat history at the
time of assembly, heat history at the time of mounting the semiconductor
package and high temperature states and temperature changes in the usage
environment. This may cause degradation in reliability, and.one important
element in addre'ssing this problem is to select respective materials in order

to give a metallic composition allowing reliability to be kept.




UBM | ayer 5, and to carry out bonding using this UBMI|ayer 5 forned to a
filmthickness of at least 5m In the case of a nickel layer, tin and
-nickel in the solder react to forman internmetallic conpound 1]209?51 jgizh

the bunp is bonded. In the event of -&copper layer, an interface rns an
internetallic conpound 11 of the tin and copper and bonds. The reactivity
of copper and tin is higher than that of nickel and tin, but in either
case in the fused state at the time of bonding, and al so under a :

tenperature en 'roarrent af%er bondi ng, diffusion reaction is _pronoted
and tin consti @I 4G Fhee Lbisqas sBrwadE KigeSnitdr pmgron pppdice, hen t hat | s

t he UBMIIISa%{er @ As a re‘f#t” there are problens such as tin being
consuned “AtS SREHSARPAGS B‘r’lfﬂé’g’eieﬁér%ﬁ Bpdasgrackel emepnpendnty s

hi gh, andLrI i ken%ll voids due to diffusion of tin, which are likely to
reduce st gﬁgh}r_er ARG SR Wb Rndipg asang, b WRM lasierrtformed t9 aret hod of

form ng thick; |la f c er_or, nickel is, used, or high nelting point

| ead-ri cﬁﬂ%PESJFn %ﬁratﬁ‘é%ﬂgqolﬁ& In the eaieatfa nickgklayeridnans nickel Fecent
years there have bee ves towards | ead free solder, mainly due to

envir onrrgi?f3 EPF‘%F 58?@#19%%@%5‘t?¥mﬁ§@§§§8w0%du@eby S‘&léﬂéﬁhﬁgvmmlﬁi n as
the main,co nept.,, Wth this type of solder with tin as a nain_conponent,
in the ce}i)é’élggg' ugrfﬂbe ?:‘(’ﬁfﬁé’? afiOPRPE kaTeraan inerigmp fpapaan mitprmetallice

descri bed praobl r re evident, d seriously-‘affect reliability.
General | y° Huggglgr&ttgeg’g’r ?r’é&tcﬂ%%eer fb‘?‘ggf’%ﬁi‘%, from the standpoint of sol der

wettability ang,nmechani.cal .characteristics, there is used solder having
si | ver, bismut ﬂ‘,hegﬁ?? %ﬁX/O%‘Fc’pﬁeﬁ@ Bds g’%ﬁhﬁ#éiﬁﬁitrhaééﬁﬁéﬂﬁ\ta%lftmi n, 20

Drteney Ry B PRee She i e TR ERAB CREP 5t e Fram Copper
andr nic §r|npe1%qg1eéj eﬁ%rgrinln\ég hft%:ir %glﬂa?rig, aénéiiﬁgg?%?OX'l Iqerac%iiorlllci's promoted
and tin constituting the solder erodes the nickel or copper layer that is the
UBM layer 5. As a result, there are problems such as tin being consumed
at the bonding interface forming areas where lead density is high, and
Kirkendall voids due to diffusion of tin, which are likely to reduce strength.
In order to solve these problems, currently, a method of forming a thick
layer of copper or nickel is used, or high melting point lead-rich solder'with
reducing tin content is used.
) However, in recent years there have been moves towards lead free
| solder, mainly due to environmental problems, making it necessary to use.
- solder having tin as the main component. With this type of solder with tin
as a main component, in the case of using copper or nickel as the UBM layer
5 the above described problems are more evident, and seriously affect
reliability. |
Generally, in order to solve these problems, from the standpoint of
solder wettability and mechanical characteristics, there is used solder

having silver, bismuth, antimony or zinc added to the main component of tin,



" However , mul ti pl e conponent solder is generally supplied as sol der pastes
or balls to each el ectrode, which neans that keeping m croscopic

.additional elements uniformin the conposition of each el ectrodeggi
difficult. Keeping uniformty of m crgscopic additional elenen?gﬁﬁﬁﬁqgs
i ncrease manufacturing costs. J Also, a result of having additional
el ements for preventing eating away and diffusion is that additional
el enents are previously dissolved in the tin that is the nmain conponent,
and nelting or- solid-dissolution of the UBMIlayer 5 into the solder at the
time of behERIAET Shajps aamuitiplel cowgronentrialoy Having blenh@italfoagperintdfe t he UBM
| ayer 5 dissolved varijes depending on the bonding tenperature. In order to
bond st ab$§ting apaynurkdghrsjon of irecUBM daydrife farenqmbfratucapperarmil | y :
excessively dissolving the UBM|layer 5. In order to prevent this
phenomenchickel, addedmnsilagr bisreithy sestimesy vekinc. di ssol ved it is necessary to
include a |l ot of additional elenents, but as a result the nelting point
becones hi gh andovhesmwtiab ¢inpomenttdodddr iseeabralipaupplitd ue soliet be taken
into consideration, which poses serious questions for product design.
Al so, as Raf$emor halts ip eadh elactredé,omhichrmases float bepinpanissdsdepicand naki ng
bondi ng sections is a systemfor passing through areas for prelimnary
heating, afHtigeelelpmeast uniformdndbelconmpositiin of eadtesipetrativie difenli ol | ed by
~infrared, rays or hot air, at. a fixed speed using a conveyor, but wth
this systiespnipgpaitermity efoniaroscopie additional tleaserithavaddiigerdasepassed by
the conveyor through each area, it is not possible to forman internetallic
20 July Zpamufactymgpggestad of the bonding sections as was intended by the
{“ terial design, and because of vibration of the conveyor while
ransporting wésen, & xesaltfafheaies addisional elanemigelor prevasing eatingt or  waf er
~or chip, with solder bridges arising

away and diffusion is that additional elements are previously dissolved in
the tin that is the main component, and melting or solid-dissolution of the
UBM layer 5 into the solder at the time of bonding stops at the lower limit,
but the total amount of the UBM layer 5 dissolved varies depending on the
bonding temperature. In order to bond stably it is necessary to increase
the temperature, normally excessively dissolving the UBM layer 5. In
order to prevent this phenomenon of the UBM layer being excessively
. dissolved it is necessary to include a lot of additional elements, but as a
‘ D ' result the melting point becomes high and thefmo stability at the time of
| manufaéture must be taken intb consideration, which poses serious

questions for product _design.

Also, as shown in Fig. 15, a reflow furnace for melting solder and
making bonding sections is a system for passihg through areas for
preliminary heating, and actual heating and cooling that are temperature
controlled by infra red rays or hot air, at.a fixed speed using a conveyor, but
with this system temperature control is difficult as the device is passed by

the conveyor through each area, it is not possible to form an intermetallic




due to novenent of the fornmed sol der causing reduction in the product
yi el d. Japanese Patent Application Unexam ned Publication No. 9-36120
di scl oses a sol der bunp el ectrode structure all owi ng enhanced bgﬁgh@gzoos
strength by preventing an internmetallic conmpound from being forned by
di ffusion of the solder and barrier ngtal. Mre specifically, a barrier
netal layer, a first UBMI|ayer, a second UBM | ayer, and a sol der bunp are
lam nated in this order on a bonding pad of the sem conductor chip. The
first UBM layer is allowed to be alloyed with material of the sol der bunp.
The second UBM | ayer includes netal that is also included in the sol der
bunp and aeatpouvakl afithel bonding sattionseas wis int¢rtdeddyr theenatasaldesigny@nd wher ei n
the concentration of the netal in the second UBM | ayer is higher than that
of the séeeanst @l vibrationhef the lcdryeymurmphilStvhdRYtIGE WilthEn the/BENma@N A fir st
obj ect of the exanple enbodinents is to provide a highly reliable
sem condubereris daimage lte atseodeorstuctart wafer ohahipe aviticsoldenbridgesenising reacti on
of bondi ng sections without using solder of a nultiple alloy netallic
conposi t idue teindvenaent ofithe Garomd soldireansing radeion iovhe preduchgicddse of using
two- or three-elenent sol der used conventionally. A second object of the
exanpl e enbodi darerese Patent grpplicdton Unieghimined Bugﬁmtimsb?m Bad26t or devi ce
havi ng the above-described el ectrode structure, 20 July 2005 and a method
of manuf disclosehg seldeh bumpeslecteoderstruvitvnt allsjveing ephantesl bonding e enbodi ment s
is to provide a sem conductor manufacturing apparatus that can easily
per f or m steengsh dypreventing anintefmetalicseompowntlfrom beinggformad byan cont r ol
melting of solder and deposition of intermetallic compound. In accordance
with a fdiffisierspbthe solderland pasdemmetahy eMldre speaifiealdy.iasbarpeomictdd a
sem conduct or device having at |east solder bunps forned of all oy

layer, a first UBM layer, a second UBM layer, and a solder bump are laminated

in this order on a bonding pad of the semiconductor chip. The first UBM
layer is allowed to be alloyed with material of the solder bump. The second

- UBM layer includes metal that is also included in the solder bump and not
allowed to be alloyed with the barrier metal layer, wherein the concentration
of the metal in the second UBM layer is higher than that of the same metal in

the solder bump.

SUMMARY OF THE INVENTION

A first object of the example embodiments is to provide a highly
reliable semiconductor chip electrode structure that can control interface
reaction of bonding sections without using solder of a multiple alloy metallic
composition with many microscopic elements added, even in the casc of using
two- or three-element solder used conventionally.

A second object of the example embodiments is to provide a highly

reliable semiconductor device having the above-described electrode structure,




sol der on an under-bunp layer including a first netal formed above a wiring
| ayer, the sem conductor device conprising: an internetallic conpound
including a netal that is the main conponent of the alloy soldeﬁ ﬁagqﬁms
second netal different fromthe nmetal that is the main conponen? 0 h
all oy solder, the second netal al sosbeing different froma netal in the
adj oi ni ng under-bunp I|ayer, wherein the internmetallic conpound is forned
bet ween the sol der bunp and the adjoi ning under-bunp |ayer. |In accordance
with a second aspect of the present invention, there is provided a
sem conductor device having at |east a solder bunp forned of alloy solder
on an unatela maethod af sranufitudng gueh didesicenet al forned above a wiring
| ayer, the senmi conductor device conprising: an alloy |ayer conposed of a
combi nati on of thirdiobjest wfthd ¢xamplerephodimentsas depadvidtat is the main
conmponent of the alloy solder and a second netal different fromthe netal
that is semicaiductonpenufactafing Appatiaiusythed care easibhperdegpiemperatiireal so bei ng
different froma netal in the_ adjoining under-bunp | ayer, and an _
i nt er neteintiad afdhp semiconsictonship, ragd castcantrohmalideg of poldpeanthder - bunp | ayer
and the netal that is the_ nain conponent of the alloy solder, wherein the
al | oy | adepositiorf of inkatmséallie eemppnad.sol der bunp and t he adj oi ni ng under - bunp
| ayer. In accordance with a third aspect of the present invention, there is
20 July 2005 In-®cprdanie sdthea Sestiaspend 0f the prescntonvertiomghere is east a sol der
bump formed of alloy solder on an under-bunp |ayer including a first netal
forned aweoviled aemiggnducigredeviehbaviagiat deast solder bewips é‘onmﬁbﬂlg aileyg: an
internetal |ic compound formed between the solder bunp and the adj oini ng
under - busgbdgragrean ungesrlump layes ineludingea rstinactablarmedpbonelaudE#Hg a second
nmetal constituting a nmetal layer that is tenporarj|ly arranged on the
under - bugper, yesemiceadaeios daviescamprifing deinteymftallierc@mPIUem a netal in
t he adj oi ni ng under-bunp_ |l ayer, and is then

including a metal that is the main component of the alloy solder and a second

metal different from the metal that is the main component of the alloy solder,

_ the second metal also being different from a metal in the adjoining under-bump
layer, wherein the intermetallic compound is formed between the solder bump
and the adjoining under-bump layer.

In accordance with a second aspect of the present invention, there is
provided a semiconductor device having at least a solder bump formed of
alloy solder on an under-bump layer including a first metal formed above a
wiring layer, the semiconductor device comprising: an alloy layer composed of
a combination of an intermetallic compound of a metal that is the main
component of the alloy solder and a second metal different from the metal that is
a main component of the alloy solder, the second metal also being different
from a metal in the adjoining under-bump layer, and an intermetallic compound
of the first metal included in the under-bump layer and the metal that is the
main component of the alloy solder, wherein the alloy layer is formed between
the solder bump and the adjoining under-bump layer.

In accordance with a third aspect of the present invention, there is




di ssolved into the alloy solder on formation of the solder bunp; and a
nmetal that is a main conponent of the alloy solder. In accordance with a
fourth aspect of the present invention, there is provided a segbqg&%tjor
device having at |east a solder bunp forrmed of alloy solder on an
under - bunp layer including a first nmetal fornmed above a wiring |ayer, the
sem conduct or device conprising: an &l oy |ayer fornmed between the sol der
bunp and t he adj oi ni ng under-bunp | ayer, wherein the alloy layer is
conposed of a conbination of. an internetallic conmpound conposed of a
second nmetal constituting a netal |ayer that is tenporarily arranged on the
under - bumpvideder senticondwtondeviet hhviak s [&at agottel bamgnforfnedofalimt al in the
adj oi ni ng under-bunp |l ayer, and is then dissolved into the alloy sol der on
f or mat i woldér drhan sndeebulpripyerandlaling udirst ingtaliferhbé abave acwimgnent of the
all oy solder; and an internetallic conmpound of the first netal included in
t he adjlayei, e sadaonductor ldey e comipfisiagnet altetrheillicscéhpoomd n conponent  of
the alloy solder. In the exanple enbodinents, it is possible to have a
conf i gurfarined betdveere theedoddertthmtp asd thenadjoiningpodarbump layer, slbkeoginsol der s
tin, the next nost preval ent conponent after tin is silver, and copper is
added t ahtheteainctallis cbohpound nntlndesxasguioad anttallcomstitsting & mstahl so
preferable for the second netal 20 July 2005 -7 constituting the netal

| ayer t daper thatrest teinplirafibr smangadoon twppederdrump éayfery gie seoendinetalnd t o be
made of a nmetal constituting the intermetallic conpound with tin. It is

al so pr eflsy béihg diffetchné froxaapiatalanitbel adpmisg fumdet-bemipi lager, apd as thenncl uded in
t he under-bunp layer to include nickel, and for the under-bunp |ayer to be
formed alissolvedrintatthe afloy sokdempnifermation bfthasalder burhm afd aincdtel or  ni ckel
alloy of differing filmquality, or lamnated filmof nickel or nickel

al | oy, thatis a main component of the alloy solder.

In accordance with a fourth aspect of the present invention, there is
provided a semiconductor device having at least a solder bump formed of alloy
solder on an under-bump layer including a first metal formed above a wiring
layer, the semiconductor device comprising: an alloy layer formed between the
solder bump and the adjoining under-bump layer, wherein the alloy layer is
composed of a combination of: an intermetallic compound composed of a
second metal constituting a metal layer that is temporarily arranged on the
under-bump layer, the second metal also being different from a metal in the
adjoining under-bump layer, and is then dissolved into the alloy solder on
formation of the solder bump, and a metal that is the main component of the
alloy solder; and an intermetallic compound of the first metal included in the
adjoining under-bump layer and the metal that is the main component of the
alloy solder.

In the example embodiments, it is possible to have a configuration

-where metal that is a main component of the alloy solder is tin, the next most
prevalent component after tin is silver, and copper is added to the alloy solder.

In the example embodiments, it is also preferable for the second metal .




and copper or copper alloy. In the exanple enbodiments, it is also
preferable to have a structure where an contact |ayer is arranged between
the wiring layer and the under- bunp | ayer, and the contact Iay%hjhgggﬁges
titaniumor titaniunftungsten alloy. In accordance with a fifth™aspec f
the present invention, there is provided a nethod for manufacturing a

sem conductor device conprising at teast a solder bunp of alloy sol der
formed above a wiring layer via an under- bunp layer including first netal,
t he nethod conprising the steps of. fusing alloy solder having a second
netal different froma nmain conponent netal of the sol der bunp added

t her et o, corideitedeO ik metadlayr 36 bbei metall differeanirohi ospper drehalirstn t he
adj oi ni ng under-bunp | ayer; and cooling the fused alloy colder to deposit

an i nt er fietd| hnd tcbepaidec il pletidicogstitugingabe naterptallliasdmipoandarith
conponent netal of the alloy solder at an interface between the under-bunp

| ayer angnthe solder bunp. In accordance with a sixth aspect of the present
i nvention, there is provided a method for manufacturing a sem conductor

device, the nefhpchisé praterabld e e sigple abodigicnitdoraheVvirsemetdli ng | ayer,
an under-bunp layer, “"including a first netal which is to forma first

i nt er met ghdihded BIMRURRIcAbuR 1dyel & fReedd hicRelD And £ tHeQhddr Hhndh | oy sol der;
supplying alloy solder having a 20 July 2005 8 second netal different from

the mai n|HIMEOBETormEd 8 a UmindecEald Q:bnﬁ#ﬁﬁh%ﬁ“ﬂﬁﬁﬂlaﬁélﬁﬁﬁh ®f niidlel eecond
e

netal al so being different froma netal int adj oi ni ng under-bunp | ayer;

and for rrinﬂgce@ml@j( bPYifk@Ry fikh qaBlifyNbe ldntiaaicdoinvB L AickBEoMEREL lloyp | ayer
and the alloy sol der by tenporary fusing the alloy solder beforé cooling,

wher ei n %ﬁ&c@h&@%wh@%ﬁ&aﬂﬁyﬁ combi nation of the first internmetallic
conpound and a second internetallic conpound of the main conponent netal
of the alloy pohdexatile ehfbodfinens, i85 also preferable to have a structure
where an contact layer is arranged between the wiring layer and the under-
-Bump layer, and the contact layer includes titanium or titanium/tungsten alloy.
In accordance with a fifth aspect of the present invention, there is
provided a method for manufacturing a semiconductor device comprising at
least a solder bump of alloy solder formed above a wiring layer via an under-
bump layer including first metal, the method comprising the steps of: fusing
alloy solder having a second metal different from a main component metal of
the solder bump added thereto, the second metal also being different from a
metal in the adjoining under-bump layer; and cooling the fused alloy colder to
deposit an intermetallic compound including the second metal and the main
component metal of the alloy solder at an interface between the under-bump
layer and the solder bump.
In accordance with a sixth aspect of the present invention, there is
provided a method for manufactuﬁng a semiconductor device, the method
comprising the steps of: forming above a wiring layer, an under-bump layer,
including a first metal which is to form a first intermetallic compound at an

interface through reaction with alloy solder; supplying alloy solder having a




In accordance with a seventh aspect of the present invention, there is
provi ded a nethod for manufacturing a sem conductor device with at |east a
sol der bunmp nade of alloy solder forned above a wiring |ayer vi 3031 %r-
bunmp layer including a first netal, the nethod conprising the stepsyo s
formng a netal |ayer of second netal on the under-bunp |ayer, the second
nmetal being different fromthe mai n-&onponent netal of the sol der bunp and
al so being different fromthe nmetal in the adjoining under-bunp |ayer; and
when formng the solder bunp, fusing the entire netal |ayer into the alloy
solder and then cooling it to deposit an internetallic conmpound i ncluding
t he secosgtomdtmetahditferthefrom theanaipananioneat aletalfoftthe saldepbuspl der at an

i nterface between the under- bunp |layer and the sol der bunp. In accordance
wi th an addgid theeetpeadic setondmepaled smbeingudifferan, frother meiad in piovi ded a

sem conduct or devi ce manufacturing method, conprising the steps of: formng
above a adjoiniggluader-buarp lagderanduiopminy an allopddyediangnanterfase netal which
is to forma first internetallic conpound at an interface through reaction
wi t h al | bgtweehdhe nnfler-bumg layeredral theatioy svbdier of temnporapnfisieg tle which is
to forma second internetal lic conpound through reaction with the alloy

sol der, slhey seldenbtiefoet abolieg, nghetiefrf ehealloyf lapen istrecombmatonpditea firstet al  of
the solder bunp and also being different froma netal in the adjoining
under - bumperdtetdilicycodiind adea secomdpintarngetalbie cabipmpndaifdbe mand f or mi ng an
alloy layer at an interface between the under-bunp |ayer and the all oy

sol der bgomponénignethl ef theeatpmyr solder andsthegsesbnd meetal.| oy sol der, wherein the
alloy layer is a conbination of the first internmetallic conpound and the
second i nt er nkt adcbirdanco myiduadevdnth aspret datiegresdrt imventionhtirspisct of t he
present invention, there is provided a sem conductor device manufacturing
met hod cpmpides ampethvel for epamuddctufing aisemicabinetoralewicei wih ladieast a an
under - bunp layer including first metal which is to form a first

i nt er net sdlderdbwoppraded falloyrsoldur dofmed abdvwecaghiring &gter oma a tthdext | oy sol der ;

bump layer including a first metal, the method comprising the steps of: forming

. ametal layer of second metal on the under-bump layer, the second metal being
different from the main component metal of the solder bump and also being
different from the metal in the adjoining under-bump layer; and when forming
the solder bump, fusing the entire metal layer into the alloy solder and then

_cooling it to deposit an intermetallic compound including the second metal and

the main component metal of the alloy solder at an interface between the under-
bump layer and the solder bump.

In accordance with an eighth aspect of the present invention, there is
provided a semiconductor device manufacturing method,comprising the steps
of: forming above a wiring layer, an under-bump layer, including a first metal
which is to form a first intermetallic compound at an interface through
reaction with alloy solder; forming a metal layer made of a second metal which
is to form a second intermetallic compound through reaction with the alloy
solder, the second metal being different from the main component metal of the

solder bump and also being different from a metal in the adjoining under-bump




formng a netal |ayer nade of second netal which is to forma second
internmetal lic conpound through reaction with the alloy solder, the second
nmetal being different fromthe main conponent netal of the sol %rJ B/%Sand
al so being different froma nmetal in the adjoining under-bunp Iayg ;
formng athin filmof tin on the netal |ayer and formng an alloy |ayer
of the second netal and the tin; and-9-supplying the alloy solder. In
accordance with a tenth aspect of the present invention, there is provided
a sem conductor device conprising: a wiring layer; an under-bunp | ayer
formed above the wiring layer; a solder bunp conprising an alloy sol der;
and an alakey suppying the alloydedddresveformitears alloelaybuaiarimterfdve adj oi ni ng
under - bunp | ayer, wherein the alloy |layer conprises: the nmain conponent of
t he al | oyetseknl ¢hic naded-taumpridyat ad thehalioy sdidef By estlinkrafier tdmeparaiyn conponent
of the alloy solder and is also different froma netal included in the

adj oi ni nfpsingderthdalipy salger whétdin thendlgXapg ie acohdbdnatemt o theiest f or mi ng t he
sol der bunps, it is preferable to carry out fusing of the alloy sol der and
deposi t i imerofetdlhe compbendrendite secamhimdenebtilyicoetipougda t enper ature of an

I nterface between the solder bunps and the contact |ayer to a specified

t enper at ur e grladicemtandeowmith amirgh aspararf therpresenpwvantiorg th&© islproyided05 - 10
It is also preferable with the exanpl e enbodi nents, when formng the

sol der basgsicohductmudevidehmasehtctoring nodthed deupsngthastspage fommdgt o carry
out fusing of the alloy solder and deposition of the internetallic
conpoundatbvye aawsinggagerh eatihder-mimp dayen ihdudiog| finngmptad tvehialp isatiol fpripr ovi ded

at a lower part of the stage to be sequentially brought into contact with
the st agfirstlintetinetatii@omhpoenbatdimiatirfceithraugh abasioprweitle sddy soldat; the ti nme
of heating using the heating plate, to also heat the sem conductor device
from forming a metal layer made of second metal which is to form a second

intermetallic compound through reaction with the alloy solder, the second metal
being different from the main component metal of the solder bump and also being

. different from a metal in the adjoining under-bump layer; forming a thin film of tin
on the metal layer and forming an alloy layer of the second metal and the tin; and
supplying the alloy solder.

In accordance with a tenth aspect of the present invention, there is provided
a semiconductor device comprising: a wiring layer; an under-bump layer formed
above the wiring layer; a solder bump comprising an alloy solder; and an alloy
layer provided between the solder bump and the adjoining under-bump layer,
wherein the alloy layer comprises: the main component of the alloy solder; and a
metal which is different from the main component of the alloy solder and is also
different from a metal included in the adjoining under-bump layer.
With the example embodiments, when forming the solder bumps, it is

| preferable to carry out fusing of the alloy solder and deposition of the

- intermetallic compound by setting a temperature of an interface between
the solder bumps and the contact layer to a specified temperature gradient

lower than a maximum temperature.




above by non-contact heating neans provided at an upper part of the
sem conduct or device, and at the tine of cooling using the cooling plate,
whi l e conti nuing heating using the non-contact heating neans, tq,ingcr e a
tenperature gradient of an interface between the top of the sol g@r“r}%@gi
and the contact |layer to pronote deposition to the interface between the
internmetal lic conpound and the contag¢e- | ayer. It is further preferable,
with the exanpl e enbodi nents, to have a structure where the heating using
the heating plate and the cooling using the cooling plate are carried out
under a vacuum at nosphere of a specified gas, and for the specified gas to
i ncl ude ei t her Itég alsiepiefoableowith tledexdpke elgbsdirheniss wdtenl formingher
preferable, with the exanpl e enbodi nents, for the contact |ayer to be a
si ngl e f thenaldenblapisnas mouint shgpsemdanidnctfr davicesont stage, ahd toi ckel , ni ckel
al I oy, copper or copper alloy fornmed by sputtering, or to be a single film
or a | ancaayewmffusinglofitabiallpyaoldéd argl dépasityow bf thekeésmetatke! al | oy,
copper or copper alloy formed by sputtering, nonelectrolytic plating or
el ect r ol goimpoupkldiy cansing adhehtingpdate drid acobdling eide novaldy girevidedef er abl e
I n the exanpl e enbodi nents for the netal layer to 20 July 2006 include a
copper t hi aléwknpaarofatic syagenty onseqierginliyt eraugdyt imonaimact withtthe pl ating
or electrolytic plating, or by a plurality of methods. In the exanple
enbodi neptage. it is also preferable to set the filmthickness of the netal
| ayer so that the netal |ayer fuses totally into the alloy sol der when
fusing the allmthesstaeple aanbodimema; itvib elsccomferaple, et the tiope ©f| der at | east
some of the alloy solder is deposited. The exanpl e enbodi nents can al so
have a she¢atiiginsingtibe denting pldtoytosalsddeat e smpicbnddctosideyic fvairl or pel | et
formed to a specified anobunt, or using sol der paste.

above by non-contact heating means provided at an upper part of the

semiconductor device, and at the time of cooling using the cooling plate,
while continuing heating using the non-contact heating means, to increase a

. temperature gradient of an interface between the top of the solder bumps and
the contact layer to promote deposition to the interface between the
intermetallic compound and the contact layer.

It is further preferable, with the example embodiments, fo have a
structure where the heating using the heating plate and the cooling using
the cooling plate are carried out under a vacuum atmosphere of a specified
gas, and for the specified gas to include either an inert gas or a reductive
gas.

It is still further preferable, with the example embodiments, for the
contact layer to be a single film or a laminate of a plurality of films of any of
nickel, nickel alloy, copper or copper alloy formed by sputtering, or to be a
siﬁgle film or a laminate of a plurality of films of any of nickel, nickel alloy,
copper or copper alloy formed by sputtering, nonelectrolytic plating or electrolytic
plating, or a laminate film of these.

It is also preferable in the example embodiments for the metal layer to




A sem conduct or manufacturing apparatus of the exanple enbodi nents
conprises at least a stage for nounting a sanple, heating nmeans for heating
the sanple from below, and cooling nmeans for forcibly cooling gj s?@@ge
from bel ow. Anot her aspect of the sem conductor manufacturing az ?’léf of
the exanple enbodi nents conprises at | east a stage for nounting a
sem conduct or devi ce havi ng sol der,-1heating neans for heating the
sem conduct or device, and cooling nmeans for cooling the sem conductor
device frombelow. In the exanple enbodinments, it is possible to have a
structure where the heating neans is made froma heating plate with a
bui | t - i ninbkdt arcoppérethirofilni fhigrm eriznanyi enenafdpufteming, aonekekirolytiplpdatmgni t h a
built in cooling medium and heating and cooling are carried out by
sequent i @l dlgctinlytivgplatng, ve byegtliraditypbbmethadst t he cooling plate into contact
with a lower surface of the stage to conduct heat. In the sem conductor
manuf act ur i ndnahparanhpk afbddimeassaitpk elsogrbfediblent sgt the film thicknbgsr possi bl e
to have a structure conprising non- contact heating neans at an upper part
of the sofxhe niginl laget sonthat the mataplayer duses hetallg intodhd abbpsolderwben f r om above
W t hout contact. Wth the above descri bed sem conductor chip electrode .
st r uct urfasing@hd sllgy 2005, and @ thenpher dodling the alley atlder atrlcass somevlir e where
tin type nmultiple conponent alloy solder is supplied to a under-bunp
| ayer, ahdaHogbsoldbmisidepesitedt al |ic conpound |ayer is fornmed using tin at an
interface between the under-bunp |ayer and bunps, and the under-bunp
| ayer, by hedlhd exsingple embedinderts ahn algo haek i styuttayewhererthpabognoiday nel ting
and diffusion of the tinis formed thinly, tin type two elenent or three
el enent iakbyplieslalsitgra ball supglet éarnied to acpecfiep asenpor ssingseldeal | form and
a solder alloy layer 6, having an internmetallic |ayer conbined with every
two tin @aste.sol der alloy making |layers and tin and under-bunp layers, is
formed by carrying out heat fusion.

A semiconductor manufacturing apparatus of the example embodiments

comprises at least a stage for mounting a sample, heating means for heating the
- sample from below, and cooling means for forcibly cooling the sample from below.

Another aspect of the semiconductor manufacturing apparatus of the
example embodiments comprises at least a stage for mounting a semiconductor
device having solder, heating means for heating the semiconductor device, and
cooling means for cooling the semiconductor device from below.

In the example embodiments, it is possible to have a structure where the
heating means is made from a heating plate with a built-in heater, the cooling
means is made from a cooling plate with a built in cooling medium, and heating
and cooling are carried out by sequentially bringing the heating plate and the
cooling plate into contact with a lower surface of the stage to conduct heat.

In the semiconductor manufacturing apparatus of the example
embodiments, it is further possible to have a structure comprising non-
contact heating means at an upper part of the stage for heating the sample
or the semiconductor device from above without contact.

With the above described semiconductor chip electrode structure,




In this way, by thinly providing a solder alloy making | ayer in advance on
t he under-bunp | ayer, the obtained solder bunp structure is conprised of
two or three elenment alloy solder with tin as a nain conponent, BJffr ?
internetallic conpound fromreaction of tin in the solder and t%e %3?@’?

al l oy making layer, and a second internetallic |ayer fromreaction of tin
in the solder with the under-bunp I-8er, and constitutes a boundary
interface at a conbined solder alloy layer. Wth the conbi ned sol der all oy
| ayer that is a conbination of the first and second internetallic
conpounds, since when nelting the solder the whole of the thin sol der

al | oy neg¢@mpateshtorthsaeknred arthrydtury wheretindyae meltipde gpowraentyer and i s
fornmed at substantially the same tinme as the second internetallic conmpound
i s forneallox seldet isssuppiiesh ioea shdercbempplenat anck a single intepnetallic di f f usi on
path where the second internetallic conpound is grown. Also, since the
conbi necdcaspdend dayesis ffagmed usingotinad an iotericefhatween tharaderbymm
concentration gradient is discontinuous and the grain boundary is dense
conparedavgrangbngu§,aa?éh¢undﬁrhynn1kp@@é@bh@a&gmgupﬁt%ﬁéem ¥dvancenent
of diffusion. Further, since the nelting point of the deposited

i nt er metmpking gep mlypmgatmgznel@@mglfﬁww ghéhe tinda forraedel ti ng poi nt

of the solder alloy, there is the effect of preventing the internetallic
conpoundhinlys intyng tve alemesb pydiree elapent allow selieads suprliehin ed agai n
during subsequent manufacturing processes or nounting. Accordingly, the

i nt er netsoldercpaséerps salder bpdforgy apdea soldenpkloy faxasd, fwvirg anand t he
under - bunp | ayer, grown due to diffusion under normal circunstances,

suppr essatergrdollie layer eombired wilthy evary dwieetinpndsoldenlmumsking arr anged in
a diffusion path such as the grain boundary or the |like, achieving the

ef fect dayewspmgd dn ggdamsiegibup measau%fmﬁﬁ/ by canying aeldhgshiusgn) ow
deterioration with age w.th respect to tenmperature variations due to
repeating hedi thissvayybxithinkgproviding a solder alloy making layer in advance

on the under-bump layer, the obtained solder bump structure is comprised

~ of two or three element alloy solder with tin as a main component, a first
intermetallic compound from reaction of tin in the solder and the solder
alloy making layer, and a second intermetallic layer from reaction of tin in
the solder with the under-bump layer, and constitutes a boundary interface
at a combined solder alloy layer.

With the combined solder alloy layer that is a combination of the first
and second intermetallic compounds, since when melting the solder the
whole of the thin solder alloy making layer becomes the first intermetallic
compound layer and is formed at substantially the same time as the second
intermetallic compound is formed, the first intermetallic compound acts to cut off
a diffusion path where the second intermetallic compound is grown.

Also, since the combined solder alloy layer is formed from different
materials, a concentration gradient is discontinuous and the grain boundary is
dense compared to a single layer, making it possible to suppress the advancement

of diffusion. Further, since the melting point of the deposited intermetallic




assenbly and usage conditions after assenbly. Wth the sem conduct or

manuf acturi ng apparatus of the exanple enbodinents, a stage for nounting a
sem conductor chip, a heat source for heating the stage and a %@%N‘ﬂ)os
source for forcibly cooling the stage are included, it is possible-to
select a different heating rate and cooling rate for each of the
preparatory heating, actual heating-Ead cooling stages, and in particul ar
it is possible to make the cooling rate extrenely fast, and it is then
possible to form an internmetallic conmpound that is a conbined at an
interface of solder and the wunder-bunp |ayer by cooling fromthe rear
surf ace efmporndsie diighen doant e nedltipg poitit 96 the soldarddloy: thermisdhe plded odf f ect s
nore 13- 20 July 2005 striking, a non-contact type heat source is

provi dedprsenting the istermetaliguompound issolvamglin the selsier.cxyetutthersodderp i s al so
heated from above when cooling fromthe cooling plate, to enable increase
in the tismdiekagain durng swesegbenianararactbang prodsases ofméings or chip,
specifically the top and bottom of the solder, and to enable even further
pronotion of Aepudinglyibainderimtattic compofind layer, obith tve ovithin herssider| i ¢
compound at the solder interface. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1
i s a crossd wotridendump layers gowmdue teedigfusiontunder oprmal cesinstangest or devi ce
according to a first enbodi nent of the present invention; Fig. 2 is a
cross sesunpoesses giewhshwo e firs istermetallicecanpeuns beegrnmengisbinoy devi ce
according to the first enbodi nent of the present invention before sol der
bunp f or gdfusim pathsyclnas tledgeirpiundary e, the like, aclievsg theeff¢d9dl vi ew

showi ng the_ structure of the sem conductor device according to the first
enbodi nefbtapring abigite sdiable honding inderiasethavngdomdeteiorationorivagen usi ng

sol der paste;
with respect to temperature variations due to repeating heat history during
assembly and usage conditions after assembly.

With the semiconductor manufacturing apparatus of the example
embodiments, a stage for mounting a semiconductor chip, a heat source for
heating the stage and a cooling source for forcibly cooling the stage are included,
it is possible to select a different heating rate and cooling rate for each of the
preparatory heating, actual heating and cooling stages, and in particular it is
possible to make the cooling rate extremely fast, and it is then possible to form
an intermetallic compound that is a combined at an interface of solder and the

under-bump layer by cooling from the rear surface of the semiconductor chip.

Also, in order to make these effects more




Fig. 4 is a cross sectional view show ng the structure of a sem conductor
device according to a third enbodi nent of the present invention; Fig. 5is

. a cross sectional view showi ng the conventional structure of asgyy 2005
sem conductor device; Fig. 6 is a crasg.sectional view show ng the
structure of a sem conductor device according to a second enbodi nent of
the present 20 July 2005 -14 invention; Fig. 7Ais a cross sectional view
showi ng the structure of the sem conductor device according to the second
enbodi nent of the present invention before solder bunp formation using a
sol der babtriking, a nwvatdoabadti tiype heapeowicads baydded Ribdve tBe kémicdd@Ssor
sectional view showi ng the structure of the sem conductor device according
to the secwpdasditheisemitondfuctdrechip &5 R0 hdatv® o AbBEE WHRS@oliel bunp
formati on using a solder ball and not using a wettability inproving |ayer;
Fig. 8A ifom theoswlingqilatinab enbbly isbmsisadntthe t6ipéehtire Rhdidif above
sem conduct or device according to the second enbodi nent of the present
i nvent i onatidbeloev s skanicbndnctbe chiy, ispocifishNg tEO ke andaskfmaRd tRe Wet tabi ity
inmproving layer; Fig. 8B is a cross sectional view showng the structure of
the sem sddehiandrio daubkeeaechirthdigpiomdtin seEansigsRaddmBrhabntdfe present
i nvention before solder bunp formation using solder paste and not using a
wet t abi | i tiye-dongrined matelrmees Llickoghpodinidsatether 23desegbifapal vi ew showi ng an

[ exanple of a reflow apparatus for form ng the sem conductor device

according to the second
i .
QJ BRIEF DESCRIPTION OF THE DRAWiNGS

Fig. 1is a cross sectional view showing the structure of a
semiconductor. device according to a first embodiment of the present
invention;

Fig. 2 is a cross sectional view showing the structure of the
semiconductor device according to the first embodiment of the present
mnvention before solder bump formation using a solder ball;

Fig. 8 is a cross sectional view showing the structure of the

—) semiconductor device according to the first embodiment of the present
invention before solder bump formation using solder paste;

Fig. 4is a cross sectional view showing the structure of a
semiconductor device according to a third embodiment of the present
invention;

Fig. 5 is a cross sectional view showing the conventional structure of | .
a semiconductor device;
Fig. 6 is a cross sectional view showing the structure of a

semiconductor device according to a second embodiment of the present




- enbodi ment of the present invention; Fig. 10 is a cross sectional view
showi ng anot her exanple of a reflow apparatus for formng the

. sem conductor device according to the second enbodi nent of thezprjﬁ}tsyezﬁos
invention; Fig. 11Ais a flow chart sppw ng an exanple of a manutracturing
process for the sem conductor device according to the second enbodi nent of
the present invention; 20 July 2005 -15 Fig. 11Bis a flow chart show ng
anot her exanple, of a nmanufacturing process for the sem conductor device
according to the second enbodinent of the present invention; Figs. 12A-12C
are di agnamendeowi ng a partial manufacturing process for the sem conductor
devi ce according to the second enbodi nent of the present invention; Fig.
13 is a di agr akighoWing crasgisactiotaltHewrdhawing thadtowdhiaof ihe t he

manuf acturi ng process for the sem conductor device according to the second
enbodi mesemicondustqy desver a¢oovdimgi torthefegond dmibedanenbebtiseptdsonal vi ew
showi ng the structure of a conventional - sem conductor device;, and Fig. 15
i s a schanmntionibefgraseldaobimy fohmadimmmesinga sflder behawdn wettdbiktt der

refl ow apparat us. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Fi r st

enbodi meAmpEPYisg layeral |, a seni conduct or device according to a first

enbodi nent of the present invention, and a nethod of manufacturing this
sem conduct or Fi;@\ﬂiﬂﬁ:)@,a aidsk seetided onewediomingébaistrusttte offher ence to Fi gs.
1-3. Fig. 1 shows the bunp structure of the sem conductor device. Fig. 2
shows t heemfiesedrghs device according to the second embodiment of the present

invention before solder bump formation using a solder ball and not using a

L) wettability-improving layer;

Fig. 8Ais a cross sectional view showing the structure of the
semiconductor device according to the second embodiment of the present
invention before solder bump formation using solder paste and a wettability
improving layer;

Fig. 8B is a cross sectional view showing the structure of the
semiconductor device according to the second embodiment of the present
mvention before solder bump formation using solder paste and not using a
wettability-improving layer_;

. ) _ Fig. 9 is a cross sectional view showing an example of a reflow
apparatus for forming the semiconductor device according to the second
embodiment of the present invention;

Fig. 10is a cross sectional view showing another example of a reflow
apparatus for forming the semiconductor device according to the second
embodiment of the présent invention;

Fig. 11Ais a flow chart showing an example of 2 manufacturing
process for the semiconductor device according to the second embodiment of

the present invention;




structure before form ng solder bunp in the case of supplying solder as a
sol der ball, and Fig. 3 shows the el ectrode structure before form ng sol der
. bunmp in the case of supplying solder as sol der paste. As shown iZBJEfggZOO%’
on wiring 2 of a sem conductor chip 1i5an -16- 20 July 2005 el éctrodé Ts
formed, which is conposed of a contact |ayer 4 for obtaining intinmate
contact with a netal constituting the wiring 2, a UBM (under-bunp netal)
| ayer 5 turned into alloy through reaction with solder, and a solder alloy
maki ng | ayer 80{5,hi n}ﬂ%_forrred using netal that is different to the UBM
layer 5 al | oned Bolbl inpfoyeshaytishopias apthar exammle-odlaement or
three-el ement .solder ball 9 with tin as a main conponent and containing no
lead is SUppMfaduERepreenss for tha sayaconfyctonidevicemegordihgiothe seetdbr bal | 9
i s heated aﬂd fused, the solder alloy making |ayer 8 reacts conpletely
with tin SRPe¢@e ofdhe paergntdnventigior arily dissolved in the tin. Tin in
the sol der then,sinultaneously dissolves the UBM | ayer 5. Since the
overal | anmount 0f&skAA7ddCiarerdiagnams phowinga peridal manufectaritiged by t he
mel ting terrper%ure, if coqgling is commenced in this state an
i nt er met APFESSIBRHRFRMIcepdncios deyiesarcardingdo the segongl ¢mbedimert obut i n
the case of this enbodinent a conbined solder alloy |ayer 6, being a
- conbi ned tgﬁ)pé'?‘d%tlpﬁ%n‘il?ﬁ’ernet allic conpound, is formed because mnet al
constituting t&e sol der alloy making |ayer 8 being dissolved in the tin
and nmetal constigutd K@ tireremshoniag tamangef the heatingrandceebugliy thabj ect ed
to deposition.of internetallic conpound at the bonding interface. The
i mpor t-antHMRCtYERE Precesn far thiersenpisepdector devine acesirding o ths seqomdi ng | ayer
? there i gmly an %rmunt that can be dissolved with respect to tinin
“~the tin-§ kgt obthe presgoeiswafonal | oy sol der ball 9 and it is

necessary to d%ter ine filmthickness taking into consideration that it
will 1g. 14 is a cross sectional view showing the structure of a

conventional semiconductor device; and

Fig. 15 is a schematic diagram showing the structure of a

conventional solder reflow apparatus.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

) 7 First embodiment

First of all, a semiconductor device according to a first embodiment
- of the present invention, and a method of manufacturing this semiconductor
device, will be described in detail with reference to Figs. 1-3. Fig. 1 shows
the bump structure of the semiconductor device. Fig. 2 shows the electrode
structure before forniing solder burap in the case of supplying solder as a
solder ball, and Fig. 3 shows the electrode structure before forming solder
bump in the case of supplying solder as solder paste.

As shown in Fig. 2, on wiring 2 of a semiconductor chip 1, an




" be deposited at the tine of cooling. Wien the dissolved anount is small,
the solder bunp 7 directly dissolved inthe tin is solidified w thout being
_.deposited at the tinme of cooling, which neans that such a conbi Qgﬁ &Lﬂ@sof
-17- 20 July 2005 internetallic compmamnd is not fornmed. Fig. 1 3
cross section of the solder bunp 7 obtained in the above way. Once a
conbi ned solder alloy |ayer 6 has been fornmed as an internmetallic conpound
conmbi ned | ayer, the nelting point of the internmetallic conpound is high,
and therefore the phenonenon of the UBM layer 5 at the bonding interface
di ssol vi rededtasts igdormed.uwhichvigsomipohed ohezontartdapen4 ovtgaitiagsol der
melting tenperature at the tinme of assenbly. Further, the diffusion
phenonendntigzaie sdniact avitk atmhbiad constibgingthdwirimgl 2, iandBMnperat ure is al so
suppressed because the internetallic conmpound conbined |ayer is arranged
at the grlandetsbumpamgtal) fayerdeturned intoailey tiessighi reactiodasithispldenn wi | | now
be given for use of a typical netal conposition in the case of using
eut ect i c a3¢! aleeldpnellay ngakisg lapdigh thivdy formeertiuSing metathatesiiffeent n a
tin-based two-el enent alloy solder ball 9 as |ead-free solder. The wring
2 of theteshe EHdUaver Sellopved tiodhendlaymdl withaheewldirt h A ¥ arelemgentorr al uni num
alloy. The contact layer 4 of titaniumor titaniumtungsten alloy etc.,
t he UBM [thyesrelsment spldes| balld adthutinagd opaincomparedtiomnd eoltderinginooy maki ng
| ayer 8 of copper etc. are formed by sequential sputtering to form an
el ect r odéeadHsrsapplied dnitp whistdledtnedss of copper making up the sol der alloy
maki ng | ayer 8_is preferably such that it dissolves conpletely at the tine
of di ssol vi ng, Imthis statepedten hetdoddgnriedbPtis dreatdd and fusshthe seldewi t hin t he
{jol der ball 9, and enables deposition at the interface as an internetallic
“donpoundaley mraking deyess 8 cerits aemakelyovitdi findatthewolddraand &3 a
supersaturated anount. However, if the amount of copper supplied is
temporarily dissolved in the tin. Tin in the solder then simultaneously

dissolves the UBM layer 5. Since the overall amount dissolved in the tin in
the solder is determined by the melting temperature, if cooling is
commenced in this state an intermetallic compound layer is formed at the
bonding interface, but in the case of this embodiment a combined solder
alloy layer 6, being a combined layer of the intermetallic comp'ound, 18
formed because metal constituting the solder alloy making layer 8 being
d'}ssolved in the tin and metal constituting the UBM layer are both
' ) simultaneously subjected to deposition_ of intermetallic compound at the
bonding interface. |
The important point here is that with respect to the solder alloy
- making layer 8, there is only an amount that can be dissolved with respect
to tin in the tin-based two- or three-element alloy solder ball 9 and it is
necessary to determine film thickness taking into consideration that it will
be deposited at the time of cooling. When the dissolved amount is small,
_the solder bump 7 directly dissolved in the tin is solidified without being

deposited at the time of cooling, which means that such a combined film of




" excessive, it will be necessary to take care because there will be severe
unevenness on the surface of the fornmed solder bunp 7, and wettability at
20 July 2005 18 the tine of fusing witi deteriorate with a pos§bt}hyi@050f

" voids occurring. Titaniumor titaniunftungsten alloy is used in't
contact layer 4, but it is also possible to use chrome or chrone/ copper
alloy, and simlarly although nickel/vanadium all oy has been used in the
UBM | ayer, 5 it is_also possible to use nickel, nickel/phosphorous all oy,
ni ckel / t dRbzeatalliq eompeimdas notdhymwad- al | oy, copper or copper alloy. Al so,
the solder allqy naking |layer 8 that is one feature of the present
i nventi on uses Iagpbekowpatcrpss sestighod the sglsiesbaimap 7 ahdainedainettical that is
different fromthe UBMlayer 5 and is a U netal constituting an
i nt er met ANOVe Waihpbineg apamnbined soiderrdloydlager 6 hassigenyormedifissarnbodi ment
the UBM | ayer 5 and the solder_ alloy neking |ayer 8 are both formed by
sput t er i Agtermatallixgpmepaungd enbaetldayen tho madtingtmoint of theor nonel ectrol ytic
plating, .or in " plating combination with sputtering, and it is also

- possi bl e intergetalisompamdisthighaind theneforieaihe rhenoaména of der UBMr e f or med
by a conbi nation of different nmethods. For exanple, as the UBMIayer 5, it
i s possi BREen pahhebendingjatenfacedissdvingdass natgcauy aypnevishia beaft i ¢
plating is |am pated on _nickel or copper forned by SPUt tering. By
adj ust i nGUEBRYRPPEhEheatolderomelting semperatire phbhe sime of pesendlolysi bl e to have
a granular structure with small grain size to inprove film quality. Also,
si nce t hd Wwhrgebharfitfisiomphaaomagen causpsbhy 8 hestdviptory betaw she copper whi ch
is likely to be subjected to surface oxidation, it is possible to provide .
\%t renel YalHRE tgBpgrafury is alaorsuppressedhasanpy) thesintermepallis gommengl  sol der
ttability on the solder alloy making |ayer 8 for the purpose of '
combined layer is arranged at the grain boundary.
In order to be more specific, a description will now be given for use of
a typical metal composition in the case of using eutectic solder having 96.5
weight % tin and 3.5 weight % silver in a tin-based two-element alloy solder
* ball 9 as lead-free solder.
The wiring 2 of the semiconductor chip 1 is normally formed with
- aluminum or aluminum alloy. The contact layer 4 of titanium or
titanium/tungsten alloy etc., the UBM layer 5 of nickel/vanadium alloy etc.,
and the solder alloy making layer 8 of copper etc. are formed by sequential
sputtering to form an electrode. Here, the film thickness of copper making
up the solder alloy making layer 8 is preferably such that it dissolves
completely at the time of dissolving, with respect to the proportion of tin
~ contained within the solder ball 9, and enables deposition at the interface as
an intermetallic compound at the time of cooling and solidification, that is, a
supersaturated amount. However, if the amount of copper supplied is

excessive, it will be necessary to take care because there will be severe

" unevenness on the surface of the formed solder bump 7, and wettability at




" preventing oxidation to inprove solder wettability. In addition, although

this exanple shows a tin-based two-elenent alloy used as the solder, it is
al so possible use a three-elenent alloy solder having m croscoabgumgt s

" of copper added to the solder, or to.yge .other -19 20 July 2005

mul tiple-elenent alloy solders. Also, although in this enbodinent a .
structure where the solder alloy nmaking layer 8 is fornmed on the UBM | ayer
5 is disclosed, in the case where an el-enment constituting the sol der all oy
making layer 8 is added in to the solder, it is possible to do away with
the sol dére tinteoyf fwakigngill dyleriddatsSetting pesdibilityriftvoixXécculrfing.
sem conduct or device according to a second enbodi nent of 3 the present
i nvention and alwethod candaappaftanygsteaf albmnisfeedun the dohitact lagst gonduct or
device will be described with reference to Fig. 6 to Fig. 13. As shown in
Fig. 6, abubitibsnd mmkide taukoyhtayenr Ghianékoppe: aldet wensitdibryBM | ayer 5
and the solder bunp 7. The conbined solder alloy layer 6 is nade of a
conbi nat i althofglanidkel/eanadiait oy dapdwed webddn thetl@BM hateri Fitds i
conponent of the solder and a netal constituting a UBM.I|ayer 5 and a
second i npessige &b hise nidwehoninkleiappihe ecti0Allésh &idaEl Aungormoaidnt nadkel he
sol der and a netal previously added in mcroscopic. anmounts to the alloy
sol der orchubind slldypcomebrior cagpenabdonn Ale, tBMdlayeslldy mdlingeayémng and
cooling processes at the tine of form ng the solder bunp, this conbined
sol der althay i$ ayefesdurs ofidrosicsent atveationniesfagpeadaarntinglsho a
conposition of the solder bunps and conditions, and therefore it is made
possi bl e Rossibdate vbe o eaterialchat & diffetent from tle BIRM 19yens mmdugact ur i ng
g ocess including the heating and cooling processes for obtaining the
“gbove st rmetalicenstafvding an intermetallic compound with tin in the solder.

Also, with this embodiment, the UBM layer 5 and the solder alloy
making layer 8 are both formed by sputtering, but they can also be formed
by electrolytic Iplating or nonelectrolytic plating, or in combination with
sputtering, and it is also possible to use different material and to have a
laminate structure formed by a combination of different methods. For
example, as the UBM layer 5, it is possible to have a structure where nickel
formed by electrolytic plating is laminated on nickel or copper formed by
sputtering. By adjusting conditions at the time of film formation it is

) - possible to have a granular stfucture with small grain size to improve film
quality. Also, since the solder alloy making layer 8 uses a material such as
copper which is likely to be subjected to surface oxidation, it is possible to

| provide extremely thin gold or a layer for preventing oxidation to promote
solder wettability on the solder alloy making layer 8 for the purpose of
preventing oxidation to improve solder wettability.
In addition, although this example shows a tin-based two-element
alloy used as the solder, it is also possible use a three-element alloy solder

: having microscopic amounts of copper added to the solder, or to use other




" manufacturing device, wll be described in detail. The sem conductor chip
|l a to which sol der has been supplied is arranged on a stage 19 inside a
refl ow machine, and a reflow area 18 is made capabl e of being dzﬁgmrfe%ed
20 July 2005 -20 and filled with inerd- gas or reductive gas. Thefe-i's al so
a heating plate 20 and a cooling plate 21 at a rear surface of the stage
19, and tenperature control is carried out by bringing either of these
plates into contact with the rear surface of the stage 19 to conduct heat.
Here, since heat is conducted stably and efficiently, carbon, which has
hi gh t hempultiowdersentallyy soldeis Adasyalthougdchi thesiesnhmtthent  he st age 19
and the heating plate 20, while corrosion resistant stainless steel is
used in tshenctord Wherethe solddr aldy malling leydrodlisentmedasar BonUBMulsger as t he
stage 19 and the heating plate 20, but it is possible use another nateri al
as | ong dxsisidisglesed, imbhecisd whistchamielgmemecomstitutingubeiselder, alboy t 0 sel ect a
sui tabl e conbination of materials. Al so, curvature of the stage 19 is
pr ef er abipakingdaner $§ tvadded pobsilisl wldendt fsqraseiblaso thiawaswipdsticl e t o make
heat capacity small. When heating or cooling the sem conductor chip la, the
ref | ow asebler afloy anskinigddyew 8h i nert gas as required. As the gas the reflow
area 18 is filled wth, a gas that prevents oxidation of the sol der
surface and has an oxidation reduction effect, for exanple, nitrogen or
argon as an inert gas, hydrogen or a gas including hydrogen as a reduction
gas is u&mﬂmbn&n mextol i ng system as well as the systemof bringing the
cooing plate 21 that is water-cooled into contact with the stage 19, it is
possi bl e to uslest,snpst semicohdueton devizkartoghsg its aldecond agdhatimenhef r ear

. jurface of the stage 19, and it is in fact possible to select any system

“~that  a cbls prasenhpaisntipncapdbireetdfod aehhppargus b neffatsihe this present
i nvention. Al sq, by providing a non-contact type heat source 22 such as
i nf r ar egsemiconductor device will be described with reference to Fig. 6 to Fig. 13.

As shown in Fig. 6, a combined solder alloy layer 6 is formed
between the UBM layer 5 and the solder bump 7. The combined solder
alloy layer 6 is made of a combination of an intermetallic compound of a
metal that is a main component of the solder and a metal constituting a
UBM layer 5, and a second intermetallic compound comprised of the main
component of the solder and a metal previously added in microscopic
amounts to the alloy solder or thinly formed in advance on the UBM layer 5.

) In heating and cooling processés at the time of forming the solder bump,
this combined solder alloy layer 6 is deposited at an interface according to a
composition of the solder bumps and conditions, and therefore it is made

~ possible to control the structure.
| Referring to Fig. 9, a manufacturing process including the heating
.and cooling processesII for obtaining the above structure, and a
manufacturing device, will be described in detail. The semiconductor chip
- 1a to which solder has been supplied is arranged on a stage 19 inside a

reflow machine, and a reflow area 18 is made capable of being decompressed




" rays above the reflow area 18, it becones possible to heat the solder from
above, and to cool the sem conductor chip la fromthe rear surface, and by

. increasing the tenperature gradient between above and bel ow t he 230udtbons

~ 2005 -21-' semiconductor chip la, it20s nmade easy to deposit a preferred
intermetallic conmpound at the sol der bonding interface and it becones
possible to carry fine tenperature control in order to formthe conbi ned
sol der alloy layer 6. As shown in Fig. 10, the sem conductor manufacturing
appar at us, wel | ~as the above described device structure, it is also
possi bl e %%Eg%@@ﬁﬁ¢blaeﬂﬁﬁﬁﬂmgﬁdﬂ@@Yeﬁaﬁéﬂuhﬁdga§ﬁuabeaﬁogrﬂmueﬁw both a
heat source,and cooling source, into the stage 19a, and heating and
cool i ng c#d peopking plate Pyat pueansurdadernithctage 18y andtonghrdtuow of a

heati ng medi um and a coollgg J medium The formof the sem conductor on
whi ch sol @&trddsparmgdonbbybuinging eisher phihese nlatestinpe cogact anith the al so be
collectively formed on a wafer. Next, a manufacturing procedure for the
sem conduéessuslage o the slegai itoreondurt hemth dtknee aincaiticat desord wsed wi t h
reference to Fig. 11 and Fig. 12. Fig. 11A shows a procedure for the case
of usi ng $ably anhediciensly, spehan, xthighdas highlthaympl esrelRtivaty ame is
heat i ng/ cool i ng saqurce, and,perforning reflow in a normal atnosphere,
whi | e Fi ¢#2s1 fBmahige a8 peesttttheesthae 10rmand thshealfing platesl0, wehiby a
non-contact type heat source 22 as the heat source, and filling the reflow
area 18 WPFIPSH Tasestang gtainlesg steedis uped in thescwpmeqiiate 84d S201, a |
speci fied amount of solder alloy and flux are supplied to the UBM Il ayer 5
of the sen condVithdhiscempodimenys carbopne usefldesrthel stage A8kindgtHeayer 8 for med
il?n t he U%g%Layer 5. As a supply system it is possible to appropriately
“<el ect aepbirgmlatadpl kutaf is essthleiusg anssheppwittrial aadongas ifissol der, such
as the solder ball |oading systemshown in Fig. 7, the electrolytic sol der
pl ating glg,%tteélrﬁl JHERIgh, tlp:qrg_lal conductivity, or to select a suitable combination
of materials. Also, curvature of the stage 19 is preferably made as low as
possible, and formed as thin as possible to make heat capacity small.
When heating or cooling the semiconductor chip la, the reflow area
18 is filled with inert gas as required. As the gas the reflow area 18 is filled
with, a gas that prevents oxidation of the solder surface and has an
oxidation reduction effect, for example, nitrogen or argon as an inert gas,
hydrogen or a gas including hydrogen as a reduction gas is used. In the
' .} cooling system, as well as the system of bringing the cooing plate 21 that is
water-cooled into contact with the stage 19, it is possible to use a system
where a coolant gas is blown against the rear surface of the stage 19, and it =~~~
is in fact possible to select any system that a cooling capacity capable of
* realizing the effects of the present invention.
Also, by providing a non-contact type heat source 22 such as infrared
rays above the reflow area 18, it becomes possible to heat the solder from
- above, and to cool the semiconductor chip 1a from the rear surface, and by

increasing the temperature gradient between above and below the




- 8, or another solder paste printing system Next, in step 5102 and 5202,
the sem conductor chip la to which solder has been supplied is nounted on
the stage 19 inside the reflow -22- 20 July 2005 apparatus (refgry,idosd-
12A). After the reflow area 18 is seakgd and deconpressed to a specCiftie
pressure (step S203), the reflow area 18 is filled with nitrogen, hydrogen
or a m xed gas contai ning hydrogen (step S204). This process is carried
‘out in order to inprove wettability of the solder by nmking the reflow
area 18 a hypoxic concentration or a reductive atnosphere. Wen there is
no i nconvémisaséuctansbip by, ies tratdiel dasy tbtdepssit possifiired intexmidtallioy onit the
process, as shown in Fig. 11A Next, in step S103 and S205, the heating

pl ate 20 ¢drapourmbabthms@dpehomdingonterate aedebabures possiblougbirrynt o
contact with the rear surface of the stage 19, and the tenperature of the
sol der i sfiratemperasune spatri) ineatder éorfemathe eombdiat sélianatlbe lagdrt6.ng poi nt
to nelt the solder (refer to Fig. 12B). In the case of an apparatus

provi ded with tdeshonn dodtiacto, tthe eemsamdwoor man2Zacthenig meparatagras ed out
by operating this heat source as well. In this heating process, netal
const i t utweld aslibe @B dgsaribedidessal steaciunepittibelsspbgdleat ashembbnaact
interface with the nolten solder. Also, in the case where a wettability

i npr ovengmiatisgyege, 07 cpalingsomde aw indeeppoth hdyent solirtchend LBMin@yer 5, the
wettability inprovenent |ayer 17 and the UBM Il ayer .5 dissolve in the

sol der orseuzde, entot the ssabed 9a Mk hesting andresliog @bk padiz8d0F, t he heating
plate 20 is taken away fromthe stage 19 and the cooling plate 21 is
brought inebliegin adeaipr br thisaghdhw ofia fheasingf meHam taglea £6olimg conmence
;cqoling (refer to Fig. 12C). Here, since the sem conductor chip la is

“ebol ed f reedinne The frgeokthe moscondiestor bhevhiehpelddrinengs aps fauded®nl y from
the top of Fin. 12C to the bottom generating a |large tenperature

gr adi ent s apblinttedvs chip-tyok diend can aldoi et ¢olldtively formed on a wafer.

Next, a manufacturing procedure for the semiconductor device
according to this embodiment will described with reference to Fig. 11 and
Fig. 12. TFig. 11A shows a procedure for the case-of using only a heating
plate 20 and a cooling plate 21 as the heating/cooling source, and performing
reflow in a normal atmosphere, while Fig. 11B shows a procedure for the
case of further using a non-contact type heat source 22 as the heat source,
and filling the reflow area 18 with an inert gas.

) First of all, in steps SlOl and S201, a specified amount of solder
alloy and flux are supplied to the UBM layer 5 of the semiconductor chip 1,
or to the solder alloy making layer 8 formed on the UBM layer 5. As a
supply system, it is possible to appropriately select a system capable of
supplying the specified amount of solder, such as the solder ball loading

“system shown in Fig.. 7, the electrolytic solder plating system shown in Fig.
8, or another solder paste printing system.
Next, in step S102 and S202, the semiconductor chip la to which

“solder has been supplied is mounted on the stage 19 inside the reflow




- fromthe UBM |l ayer 5 side. In this solidification process, an internetallic
conpound having a higher nelting point than the sol der becones a core for
20 Jul'y 2005 -23 the UBM1layer 5 being deposited, and a primaryonhgsmosf
“an internetallic conpound of tin andgatons of the UBM Il ayer 5 are
deposited close to the UBMIlayer 5. The internetallic conpound that wll
be deposited is an internetallic conpound of a nmetal conprising tin, being
the mai.n conponent of the solder, and the UBM I ayer 5, and an
intermetallic conpound of a netal conprising tin that is the main

conponent agparalies (wfbrdier Fiand24). meAfibr ohd fefiantarés a®is BealdBMddyer 5 inside
the solder, for '.. J exanple a netal constituting the solder alloy making

| ayer 8, decomprebsidetonetpidified povgpauadstep SROB! e LR AedaNTS id fillsad a
metal constituting the wettability inprovenent |ayer 17. These

i nt er net awithcnidéorgeayhgdrapea orsi Mikddpeo ved tuitieRosy deden isdfePeS204i nity of
the UBM |l ayer 5 wth both phases causing formation of a conbi ned sol der

al | oy | ayBhiseprpcedsas choriéd gut &) orddritodnanopé etdttubilitypf {loy s318e0By ( St ep
S105, 5208). A tenperature gradient inside the solder during the cooling

process imakimgetiserbflow arpdeelsd hehyporid dongenBiagioaxdr £redyctiast and to nake
deposition of a primary phase in the vicinity of the UBMI ayer easy, so

t he cool iatgnosphereanWhenrthdee fsasd indoaven@nasph@sedbeeiteddilitgiteat er than 2C
per second. In increasing the cooling rate in the vicinity of the UBM | ayer
5 i nt er fraseiblhtasuitgblysimiy thherbeat) agshdwhentfgow Ahe stage 19 and
heating using the non-contact type heat source 22 such as the infrared
rays provi ded Nextym step SHII ovd 8265, il lestin@pldte@otHatdanbdeaneousl y, and
shgating is continuously perforned fromthe upper part using the
n- cont dukted pealketitemperatas: 2beught dfitosdontaet with e rartshefaeeefi ng | ate
21 in step 206 has started.
the stage 19, and the temperature of the solder is raised to a specified
temperature higher than the melting point to melt the solder (refer to Fig.
12B). In the case of an apparatus provided with the non-contact type heat
source 22, heating is carried out by operating this heat source as well. In
this heating process, metal constituting the UBM layer 5 dissolves into the
solder at the contact interface with the molten solder. Also, in the case
where a wettability improvement layer 17 is formed as an upper layer of the
UBM layer 5, the wettability improvement layer 17 and the UBM layer 5
) dissolve in the solder one after the other.
After that, in step S104 and S206, the heating plate 20 is taken
away from the stage 19 and the cooling plate 21 is brought into contact with
the rear surface of the stage 19 to commence cooling (refer to Fig. 120).
Here, since the semiconductor chip 1a is cooled from the reverse surface side,
the temperature drops suddenly from the top of Fig. 12C to the bottom,
generating a large temperature gradient, and the molten solder is solidified

from the UBM layer 5 side. In this solidification process, an intermetallic

compound having a higher melting point than the solder becomes a core for




By such conbination of heating from bel ow and cooling from above, a
tenperature difference of the sem conductor chip to which solder has been
-24- 20 July 2005 supplied is increased, which enables effectivguly2005
deposition of the internetallic conpgaind. This operation will be déscri bed
with reference to Fig. 13. Fig. 13 shows surface tenperature of the stage
19, timng for swtching the heating plate 20 and the cooling plate 21,
and ONVOf timng for the non-contact type heat source 22. The non-cont act
type heat SQ@rce 22 is put into an ON state fromheating initialization,
and the s EBAhlaesd haing denosisecheadeni primany phasecofbanlinfermeatallic a poi nt
in time when a specified tenperature higher than the nelting point of the
sol der i scompamep! tin apd@atomsaiabe (iR layemd dradepoaiisédldsedmtivhen t he
speci fi edg%mer ature higher than the nelting point of the sol der has been
reached, 3% % s nmade fromthe heati ng plate 20 to the cooling plate
21 t.o commence cooling, but the non-contact type heat source 22 is kept in
the ON state urkheinteranetadiipeompened that will be depesiped 2t ane Ti a few degrees
(inthis drawing: AT) lower than the nelting point of the solder. By doing
this, a tekisrealiccompatiidesta meihbeompesig ter beingddetrpaizhe nel ting poi nt
is further increased, and it is possible to reliably deposit the

i nt er met &PPRENEBhpbtheealden wadibeiBM layer & hadwBMitaymetslicTo carry out
this type of control, a tenperature sensor is provided for detecting

t enper at GPEPSRNLHE agngipd compyising timathattis the maaigr @nopondmd of$bei conduct or
chip, it is necessary only to swtch plates and switch the non-contact
type heafolistped megal rey f,roemﬁlevﬁBM layeyi imprdifie ébe bgldeprfovi di ng
scontrol neans. to automatically carry out these operations in the reflow

‘ a‘gpar at u§Xampde a metah congtitusiid er allnimaking haydrch aran he

~sem conductor chip has been disclosed, but it is possible to form sol der
with intermetallic compound of a metal comprising tin and a metal constituting

the wettability improvement layer 17. These intermetalﬁc compounds are
simultaneously deposited in the vicinity of the UBM layer 5 with both
phases causing formation of a combined solder alloy layer 6 (refer to Fig. 6),
thus completing bump formation (step S105, S208). A temperature
gradient inside the solder during the cooling process is intended to make the
cooling rate extremely fast and to make deposition of a primary phase in the
vicinity of the UBM layer easy, so the cooling rate can be made fast, for
) example, preferably greater than 2°C per second.
In mncreasing the cooling rate in the vicinity of the UBM layer 5
| interface, heating using the heating plate below the stage 19 and heating
using the non-contact type heat source 22 such as the infrared rays provided
above the reflow area 18 are carried out simultaneously, and heating is
continuously performred from the upper part using the non-contact type heat
source 22 even after cooling using the cooling late 21 in step 206 has started.
By such combination of heating from below and cooling from above, a

temperature difference of the semiconductor chip to which solder has been




a simlar nethod even if a sem conductor wafer is handled. 20 July 2005

-25 In this way, with the sem conductor nmanufacturing nmethod according to
the resent invention and the sem conductor manufacturing apparaiusnis®s i n
the manufacturing nmethod, it is possipie to accurately control tenperature
of a sem conductor chip and a tenperature gradient of front and rear
surfaces by adjusting set tenperature of the heating plate 20, the cooling
plate 21 and the non-contact type heat source 22, and OV OFF timng, and
it is possible to reliably deposit an internetallic conpound at the

i nt er f acesuppliclds tudrdeseds Uf‘f‘h@icg eanblestedfecBie Idapesitidn ofl the intdrenddallic

sem conductor chip Is. or a sem conductor wafer do not need to be conveyed
duri ng a cosframdpr ocess, whi ch neans that there is no possibility of damage
or bridges due to novenent of the forned solder, and it is possible to

i mprove productThi$ eperatouawpll be deserlodl wetht s:feferichdofigstdit Figydbti on
described will now be described specifically in nore detail with reference
to exanplshowsfsurfase temperatmatofithe etrgeotd, timbxa gyl switchingpbeilfdating

manuf acturing nethod for the sem conductor device shown in the first
enbodi nertats 2Q hed the seeling nlada 2iloandiQ N/ tiesyy fobdHe nuintdvataéter ence to
Fig. 2. First of all, titaniumand titaniunfitungsten alloy are

sequent i &VP§ hepusawree@2on Thieummemtatt gpediadtmgued 22 appubintoten ON

sem conductor chip 1, as a contact |ayer 4. A nickel/vanadium alloy having
a t hi cknétatedromwating mitializadon auBMHeaseanicndacitr chgpéa iabeatesbl der al | oy
maki ng | ayer 8 are fornmed by sputtering on this contact |ayer 4. The copper
filmthi ékaresboss and ib§1QW-neXt 8 popti imetiing whowt Pedifpd fempdratemse of the

) higher than the melting point of the solder is reached, or when a specified
time has elapsed from when the specified temperature higher than the
melting point of the solder has been reached, a switch is made from the
heating plate 20 to the cooling plate 21 to commence cooling, but the
non-contact type heat source 22 is kept in the ON state until the
temperature falls to a temperature T1 a few degrees (in this drawing: AT)
lower than the melting point of the solder. By doing this, a temperat.ure
gradient inside the solder close to the melting point is further increased, and
1t is possible to reliably deposit the intermetallic compound in the vicinity of

) the UBM layer 5. | |

To carry out this type of control, a temperature sensor is provided for
detecting temperature of the stage 19 or surface temperature of the
‘semiconductor chip, it is necessary only fo switch plates and switch the
non-contact type heat source 22 on and off, and work is simplified by
providing control mea-tns'to automatically carry out these operations in the
reflow apparatus. Also, with this embodiment, solder formation on the
semiconductor chip has been disclosed, but it is possible to form solder with

a similar method even if a semiconductor wafer is handled.




20 July 2005 -26 electrode having a dianeter of about 120 pmfornmed by the
sequential sputtering and the solder ball having a dianeter of about 150
pm nade from a eutectic alloy of tin and silver. A eutectic solxemlpadds 9
" having 96.5 weight %tin and 3.5 weight-% silver is supplied together with
flux to the electrode thus forned, heated to a tenperature of at |east
221C, which is the nelting point of the eutectic solder ball, and the
solder ball 9 is nelted. The solder ball 9 conpletely dissolves copper of
the solder alloy nmaking layer 8, and with cooling the solder takes on a
heni spheri cal s%a@@s wasidwithethealedeicoad hayr hegrarfatturivgg nieshad conbi nati on of
the nickel/tin internmetallic conpound and the copper/tin internetallic
conpound aesordingdd the puesend npreitiogabdite sgmisthetucthememadsctsenid on of the
thus forned sol der bunp is analyzed, as shown in Fig. 1, the above
descri beraswBtyredsasinddre mhhofadtaying ethud it i paasibderbd aaturaselgf t he
nickel/tin internetallic conpound and the copper/silver internetallic
conpound dostrcd temperatuae of atserfiewsluchmdchip drsl a dafmipenzeidire habhdiddtefe s
al nost no copper in the solder. Because of the existence of the conbi ned
sol der alfreont g eeargsurfesiby adiustinpisetdmpemftutdef thekedting platatz, et al | i c
conpound and the copper/silver internetallic conpound at an interface,
even i f Haawcodiieg plate Flemtdetha hamrcomimct pbe hogt s@mpe22; und QN/ORE sol der is
applied afterwards, this solder bunp 7 exhibits the effect of suppressing
f or mat i otling andaé is pessildy éo rehelliyndppositgmi friteametalbvennpuaid dtel | abi lity
due to dissolving or diffusion of the nickel that is the UBMIlayer 5. This
ef fect arthe iiferfacatoé the selder huttre7 eodbihecddBdb Lajer 5.ayklsoethists Wi || now be
g‘\g;scri bed. Diffusion of the conbined solder alloy layer 6 is suppressed
ecause ShEiewmdhictrachipllder sapdicohdyetoravaber shsndtmesddb ke airakged

during a reflow process, which means that there is no possibility of damage
or bridges due to movement of the formed solder, and it is possible to

improve product yield.

Examples
Embodiments of the present invention described will now be
described specifically in more detail with reference to examples of the
present invention.
) | Example 1
A specific manufacturing method for the semiconductor device
shown in the first embodiment of the present invention will be described
with reference to Fig. 2. First of all, titanium and titanium/tungsten alloy
are sequentially sputtered on aluminum alloy wiring 2 formed on the
semiconductor chip 17, as a contact lasrer 4. A nickel/vanadium alloy having
‘a thickness of about 1-5 am, as a UBM layer 5, and copper as a solder alloy
making layer 8 are formed by sputtering on this contact layer 4. The copper

film thickness at this time is optimally about 0.8 pm in the case of the




© 20 July 2005 27 that nutual diffusion paths for each of the nickel/tin
internmetallic conmpound and the copper/tin internetallic conpound are

bl ocked off, and in another state tin fornms an internetallic coiy)]o&mg with
" respect to a solid solution of nickebgand copper and exists as uly 2005
three-elenent internetallic conpound, and even if this three-el enent
internmetal lic conpound exists, paths for diffusion are cut off by the
conbi ned ni ckel and copper, to suppress nutual diffusion. Here, the alloy
sol der layer 8 has been optimzed to about 0.8 pm but this effect is
suf fi ci englegtredéd hbiingth diarhetar of hbothil 20 pes Sorafed bpth®séqumtidlo 1.2 pm The
filmthickness of the contact |layer 4 and the UBM | ayer 5 can al so be

sui t abl y spatteingeondrtte sgldeo balichaxdndia diansetof of abowtorfilupiom addefrdme

manuf acture. Exanple 2 Next a second exanple of the present invention wll
be descr ibeutecti@iatioarfltin 41d sileembove described first exanple, with the
sem conduct or device according to this exanple an electrode is formed by
sequential ly Sheuteeticsglder babli Umeig 96.6anéight tatigsteh3 &l weigha$san cont act
| ayer 4 on 3 alumnumalloy wiring 2 forned on a sem conductor chip 1,
form ng salvekes swpwlaadl togethdroyithdlax tdilokelestrodé thus farnpsd, dseateBVLI ayer on
this contact |ayer 4 by sputtering, and al so sputtering copper as a sol der
al l oy mdrmpgratyrercf @t 18asd 203 Kpewhidhl imthhimédhemspaint bfitlse tuteetics optimal |y
about 0.8min the case of the electrode fornmed by the sequenti al

sput t er i mgldexahalhgnd thieaolteerbadl 9 abmeitet2 0 Tira sidert el Salodeslebddlyl 9 nmade
fromeutectic alloy of tin and silver having a dianeter of about 150 pm
Thi s exarmisolves whaenct Bre sdderbgllashmalang lashats, taind withf eootimertheuppl i ed  at
{9thi ckness of 0.5 to 1.0 pmonto this copper solder alloy naking | ayer 8,
s solder takes on a hemispherical shape, and the sclder alloy layer 6 that is a

combination of the nickel/tin intermetallic compound and the copper/tin _
intermetallic compound is formed, thus completing bonding.
When the cross section of the thus formed solder bump is analyzed,
as shown in Fig. 1, the above described combined solder alloy layer 6 that is
a combination of the nickel/tin intermetallic compound and the copper/silver
intermetallic compound is formed at an interface, and it is confirmed that
there is almost no copper in the solder.
Because of the existence of the combined solder alloy layer 6 that 1s
) a combination of the nickel/tin' intermetallic compound and the copper/silver
intermetallic compound at an interface, even if heat history greater than the
* melting temperature of the solder is applied afterwards, this solder bump 7
exhibits the effect of suppressing formation of a reactive layer causing
significant lowering of reliability due to dissolving or diffusion of the nickel
that is the UBM layér 5.
This effect and the state in Which the combined solder layer exists
- will now be described. Diffusion of the combined solder alloy layer 6 is

suppressed because the combined solder alloy layer 6 exists in such a state




-------- -- - ------ 20 July 2005 -28 and a conbi ned solder alloy |ayer 6
that is a conbination of an internetallic conpound of copper and tin and
an internmetal lic conpound of nickel and tin is formed in advancg jay 200
heating to at |east 220C, and even ifgspecified solder is supplied™to form
a bunp after that, the sane effects as in the above described first
exanpl e can be obtained. Wth the first and second exanpl es, the case has
been shown of supplying solder in.the formof a solder ball 9, but it is

al so possible to supply the solder as sol der paste 10, as shown in Fig. 3.

Exanpl e 3thexhutwaltdiffusionpavhb €orofachh theasekdl/iex anfdrtnathlllc be descri bed
wth reference to Fig. 4. Fig. 4 shows the structure of a sem conductor

devi ce icyuhpomeni ang thé CoaiTtim iEbeein@ta B P riNINI0atc Il oskd M 6EUS R $RHOWN i N
the first exanple of the present invention. As shown in Fig. 4, a flip

chi p typeancthet statd wir Di-mdem dtehastdllic aBinpPuadyitht e tbungsiien al | oy
sequentially sputtered on alumnumalloy wiring 2 fornmed on the

seni condusletion bf pickel a88 copsadRt bxisty 86 adhrde-Blcakahy ¥asadbtimial | oy having
a thickness of about 1 - 5 pmis fornmed by sputtering on this contact

layer 4 amnepdidid, laagesveh,if ghid the@pslemdrt iat&mdRlFeebByosndkaiing as a
sol der alloy nmeking |layer 8. The copper filmthickness at this tine is

opt i mal | yathedtr diffkickmutecuthdf bpske ebmbhgad Blcke! AAHRoHHETRE sﬁﬁpié&%
sequential sputtering having a dianeter of about 120 pm and the sol der

bal | 9 nadetdalatiffasioacti c alloy of tin and silver having a dianeter of
about 150 pm A eutectic solder ball 9 fornmed having 96.5 weight %tin and

3.5 weight % $drepthd sllgugitiécthyes@didicheoM dptifnized tPabdie ®Rgah! ode t hus
;feormed, heated to a tenperature of at |east 221C, which is the nelting
“pOi nt of ‘buthehis effect is sufficiently exhibited with a film thickness of from 0.6 pm

to 1.2 pm. The film thickness of the contact layer 4 and the UBM layer 5
can also be suitably varied according to the conditions of semiconductor
device manufacture.
Example 2
Next a second example of the present invention will be described.
Similarly to the above described first example, with the semiconductor
device according to this example an electrode is formed by sequentially
sputtering titanium and titanium/tungsten alloy as an contact layer 4 on
() ' aluminum alloy wiring 2 forméd on a semiconductor chip 1, forming

nickel/vanadium alloy to a thickness of 1 - 5 nm as a UBM layer on this
‘contact layer 4 by sputtering, and also sputtering copper as a solder alloy
making layer 8. The copper film thickness at this time is optimally about
0.8pm in the case of the electrode formed by the sequential sputtering
having a diameter of ébout 120 pm and the solder ball 9 made from eutectic
alloy of tin and silver having a diameter of about 150 pm.

This example is characterized by the fact that tin is further supplied

at a thickness of 0.5 to 1.0 pm onto this copper solder alloy making layer 8,




' :

eutectic solder ball, and the solder ball 9 is dissolved. The solder ball 9
-29- 20 July 2005 conpletely dissolves copper of the solder alloy making

| ayer 8, and with cooling the sol der takes on a hem spheri cal S%%iym
the solder alloy layer 6 that is a cegbination of the nickel/tin
intermetal lic conpound and the copper/tin internetallic compound is forned
at an interface, to forma solder bunp 7. On the other hand, a substrate
12 having el ectrodes that have been supplied with solder having the sane
conposition as the solder bunp 7 is prepared in advance, the sem conductor
chip 1 isapdsidindredd saldehalldydheatd tekasisef cdrhbihasiopssfrat thtd2metdilict hen
heated and nelted to bond them together. After bonding, gaps between the
sol der busrpsp@uat ef ¢dpplee dndi ttidh and eal intgrmetillic tdmipduaddEmitice]iant aue

mechani cal strength and noisture resistance. After that, solder having the
sane conpedbtined insdvhecsby deatinhuops 1dastf220/@, sediceondlgiceifiehip 1 is then
heated and nelted to be attached as BGA external termnals 13. Here, the
sol der busmpddr efsuppliedanifeondiioimp aftdrthht) tHet dsahé wifbeisng inotHeaghee i S
repeatedly subjected to heating to higher than the nelting point in this
manuf act utdsagibpd dves example ambeobiatiied.ne sol der bunps 7 of the present
invention it is possible to control dissolving and diffusion of the UBM

| ayer, it is po¥ghbibe fimt pndsedendetigplas, thd cadl kasbedc shskwatodr devi ce

wi th good yield. Exanple 4 Next, a nmethod of manufacturing a sem conductor
devi ce usiupgiyine sokd=riiadhdfotmof mesnldadiall Dnuaitiandddsodstieasent ed by the
second enbodi nent of the present invention will now be described with

r ef er encesupply thesoldenas sélidgr p8steFi(y.as&hamc fri Hig.8.show the structure of a

.sem conductor chip according to a fourth exanple, with Fig. 7A, 8A in each
“ease showlixgmple 3 '

Next, a third example of the present example will be described with
reference to Fig. 4. Fig. 4 shows the structure of a semiconductor device
implementing the semiconductor chip having the structure shown in the
first example of the present invention. As shown in Fig. 4, é flip chip type
semiconductor device has titanium and titanium/tungsten alloy sequentially
sputtered on aluminum alloy wiring 2 formed on the semiconductor chip 1,
as a contact layer 4. A nickel/vanadium alloy having a thickness of about 1

- 5 pm 1is formed by sputtering on this contact Iayer 4 as a UBM layer 5, and

) copper is also formed by sputtering as a solder alloy making layer 8. The

copper film thickness at this time is optimally about 0.8pm in the case of the
electrode formed by the sequential sputtering having a diameter of about
120 nm and the solder ball 9 made from eutectic alloy of tin and silver
having a diameter of about 150 pm. | |

A eutectic -solaer ball 9 forméd having 96.5 weight % tin and 3.5
weight % silver is supplied together with flux to the electrode thus formed,
heated to a temperature of at least 221°C, which is the melting point of the

eutectic solder ball, and the solder ball 9 is dissolved. The solder ball 9




- -30- 20 July 2005 the structure of a wettability inprovenent |ayer provided
on a UBM |l ayer, and Fig. 7B, 8B in each case show ng the structure with no
wettability inprovenent |ayer. As shown in Figs. 7A and 7B, theZOJuyZO 5

* sem conductor chip of this exanple bhag.a nickel/phosphorus |ayer og a({JBM
| ayer 5 forned using a nonelectrolytic plating method on Al electrodes to
a thickness of about 5 gm and gold plating is applied on this
ni ckel / phosphorus | ayer to a thickness of about 0.05 pmas a wettability
i nprovenent |ayer 17. The dianeter of the electrodes is about 120 pm
Al so, sol aenpletelyuipdoledt dsppagottHeadoldewaliéy RthkiABHaG, 8 usidgithal | s of 150
pm di anmeter and a conposition of tin 96.5 weight %silver 3.0 weight

% copper d@oblngehghbldé tAkéeon aliedmispheriselleang waduheilded AlGupRkted Wi th
solder is nounted on a stage 19 inside a reflow apparatus, and the inside

of the r@thavisar eaiation dfithe hisledhiitssndtdibcabaifouk@Ramdtkk then fill ed
with nitrogen gas. After the pressure inside the reflow area 18 has been

ret ur ned doppeat/bimsiphermetapliesatpeund Befokh@d andw Mteefackht firbd #86MerS Set to
about 15 liters/mnute. Next, the heating plate 20 that -has been heated to
3 about 2806pi7s brought into contact with the stage 19, and about 75

seconds after a tenperature of 220C is reached, which is the nelting point

of the sol der O bive bairibzmndphatubsBRité 12tlakens ateyrodealthavmd vBbebhi Ngi ng
the cooling plate 21 into contact wth the stage 19 and cooling to room

t enper at wueplibd withissldeadevindthe@ich 8utinpeRemadtiee s6ldePbunglr ik i me above
the nelting point is 8 2 seconds, and cooling rate is about 4C per

- second. Ageparedesuddvenfee} @t dengicpedd@breRipy id pesitioneniodrtheof this _
sapplication, it was confirned that if the cooling rate was at |east 2C per
| cond t eéectfddestof this sublstrape dSeand thye hich st Med endledd evBehad tBdm 20 July 2
005 Also, when the timng for switching between the heating plate 20
together. After bonding, gaps between the solder bumps 7 are filled with
sealing resin 1.4 in order to improve mechanical strength and moisture
resistance. After that, solder having the same composition as the solder
bumps 7 of the semiconductor chip 1 is then heated and melted to be
attached as BGA external terminals 13.
Here, the solder bump 7 of the semiconductor chip 1 initially being
attached is repeatedly subjected to heating to higher than the melting point
in this manufacturing process, but since with the solder bumps 7 of the
,) present invention it is possible. to control dissolving and diffusion of the
UBM layer, it is possible to provide a highly reliable semiconductor device
with good yield.
Example 4
Next, a method of manufacturing a semiconductor device using the
semiconductor manufacturing apparatus represented by the second
embodiment of the present invention will now be described with reference to

.Fig. 7 and Fig. 8. Tig. 7 and Fig. 8 show the structure of a semiconductor

chip according to a fourth example, with Fig. 7A, 8A in each case showing




- and the cooling plate 21 that are brought into contact with the stage 19 is
. controll ed based on tenperature, the systemw || be susceptible to the
effects of variations in tenperature between lots, so it is prefzgrjﬂﬁjﬁ)o%)

“control based on tine at a tenperaturgggreater than the nmelting point. Wth
respect to the sem conductor chip formed using the above described nethod,
the bunp cross section was observed and el enentary analysis perfornmed, and
it was confirmed that an internetallic conpound, conprised of
approximately 1 pmof tin, copper and nickel at a UBM | ayer 5/sol der bunps
7 1 nt erf dde strasiore of aavatBiility enpfvetitm lager peovided bder BBM dsyea, | ayer
formed by conbination of internetallic conpounds of tin and copper, and
tin and rdwkEig. 7B, S&nrcearductsershoiipg the gtrusiumi withmopetéabiling t he
structure of the present invention attached and a sem conductor chip (Fig.
14) wi t h 1wmrpgemanhldyeet ured using a conventional reflow process attached
were kept for 3,000 hours inside an oven at 150C, and the rates at which
the UBM | ayer 48 sheorreieligoMitaml KB, tiey sshicondectatobip afelyisdxanglesol i d
phase diffusion were conpared in each. As a result of this, it was
conf i r mechastmnickolphoshortie lajhe diia UBM lapdr 5 fensetrusiagduct or chi p havi ng
‘bunps formed with the conventional process being eaten away by 1.2 pm

wi t h t he nenelrshiolytinptingmethel dh Alajertrodes teat trickweys dhaldut 5omn, t hus
confirmng that the effect of preventing eating away due to dissolving and
di f f usi oandfgalthplasbrg id agpliedbomakissiighelfplamphor¥ dyet e aatinslenddedr i bed
fourth exanple, the case where solder is supplied in the formof sol der
bal | s 9 hhsubB&S whowm Wettability snptevempasdapel 7t oTheddmetdreofsbeder as

ISJ(§)| der paste 10, as shown in Fig. 8. 20 July 2005 -32 Exanple 5

\ _ electrodes is about 120 pm. Also, solder is supplied using a ball mounting

method, using balls of 150 pm diameter and a composition of tin 96.5
. ~weight %/silver 3.0 weight %/copper 0.5 weight %.

After that, the semiconductor chip 1a supplied with solder is
mounted on a stage 19 inside a reflow apparatus, and the inside of the
reflow area 18 is first decompressed to about 10Pa and then filled with
nitrogen gas. After the pressure inside the reflow area 18 has been-
returned to atmospheric pressure, the flow amount of the nitrogen is set to

| about 15 liters/minute. Next, the heating plate 20 that has been heated to

) about 290°C is brought into contact with the stage 19, and about 75 seconds
after a temperature of 220°C is reached, which is the melting point of the
solder, the heating plate 20 is taken away, followed by bringing the cooling
plate 21 into contact with the stage 19 and cooling to room temperature. In
this case, the maximum temperature is 265 + 2°C, time above the melting
point is_ 85 + 2 seconds, and cooling réte is about 4°C per second. Asa
result of testing performed by the inventors of this application, it was
confirmed that if the cooling rate was at least 2°C per second the effects of

- the present invention were achieved.




Next, a sem conductor device of a fifth exanple of the present invention
w Il be described. This exanple covers a manufacturing nethod for a

sem conductor device using a reflow apparatus provided with a [%W’uﬁ%(ﬁm
type heat source. The sem conductor eBip-of this exanple has a M Tayer 5
of nickel/vanadium forned by sputtering on Al electrodes via a contact

‘layer to a thickness of about 1 pm and a copper wettability inprovenent

|l ayer 17 is 1J fornmed on this UBMIlayer 5 to a thickness of about 0.4 pm by
sputtering. The size of the electrode is the sane as in the fourth

exanpl e, a di afdserwhen thytimingZor pwitcBiigibetvweensthephé ating plaietdge

sem conductor. chip 1 by neans of a ball nounting nethod for nounting

t wo- el emeditd gt @@ﬁ)mg Hatedel thabaregbroagbs mptosiontact withthe B6g& 196 ght %
silver 3.5 weight % and having a dianeter of 150 pm Deconpression and

ni trogen C@&?@%@\b%ﬁ@@ﬁttemﬁe@atmuﬂw siptemewils baisosexpidilotochep on t he
stage 19 of the refl ow apparatus are the sane as for the fourth exanple.
W th thi eieginef wriatiemsince qrearyat redbatinterndotsnen icmmadérayoéo heat sour ce
22 (infrared heater) above the reflow area 18 is wused, -and heating is
carried ¢aqningdpagedon himhet hdatmipegapliratgre2@rahdntthe mating poirdct type heat
source 22. The_tenperature of the heating plate 20 is set to 285C, and the
timng for swi VéthagsHachhe thes¢mitondycisirathip fomed nhing deodbavg pl ate 21 is
the sane as in the fourth exanple, nanely 75 seconds after the nelting
poi nt of des@ibathmeploech thy bewale drosTisection vosnitmervad/ped chemtntayr ce 22 i s
turned OFF when the tenperature of the rear surface of the stage 19 is
215C, whir@plysss peripuned, anvhit waeconditrhed thati an intertesallzotogepourd) t hi s
/case, the maxinumtenperature is 262 2C, tinme above the -33- 20 July 2005
“pel ting POTRTISEE ofapproxiwedelysl nundf Gootdippgr ratenickeladna URK sser second.
Siml arI% to the fourth enbodi nent described above, it is sufficient that
t he /solder bumps 7 interface, covers the UBM layer 5. This can be considered

as a layer formed by combination of intermetallic compounds of tin and
copper, and tin and nickel.

A semiconductor chip (Fig. 6) with bumps having the structure of the
present invention attached and a semiconductor chip (Fig. 14) with bumps
manufactured using a conventional reflow process attached were kept for
S,OOO_hours inside an oven at 150°C, and the rates at which the UBM layer

5 (nonelectrolytic Ni layer) were eaten away due to solid phase diffusion

) ) were compared in each. Asa result of this, it was confirmed that compared

to the Ni layer of the semiconductor chip having bumps formed with the
conventional process being eaten away by 1.2 pm, with the present
invention the Ni layer was eaten away b)} 0.1 pm, thus confirming that the
effect of preventing eating away due to dissolving and diffusion of the UBM
layer 5 was signiﬁcaﬁt. |

With the above described fourth example, the case where solder is
supplied in the form of solder balls 9 has been shown, but it is also possible

to supply the solder as solder paste 10, as shown in Fig. 8.




cooling rate is 2C per second or nore. The cross section of the

sem conductor chip to which bunps formed using the above descri bed nethod
have been attached was observed and elenentary analysis perforngdypghs t
" was confirmed that an internetallic -geonpound conprised of tin, copﬁgr and
nickel, simlarly to the fourth exanple, was forned to a thickness of
0.8pm at the UBM | ayer 5/solder bunps 7 interface. Wth the fourth
exanpl e, since three-elenent solder of tin/silver/copper is supplied onto

the UBM | ayer 5 (nickel), solder supply wusing an electrolytic plating
met hod isﬁmﬂmﬁible, but with this exanple it is possible to use

t wo- el enent sol der of tin/silver because a copper layer is fornmed in
advance on the NBM, bapericondutitakétyice aha fiftH deamplppf thelstergnan
el ectrolytic plating nethod is also possible. As has been described above, .
a sol der 1aveolonwkiinee desgeibeflor Thiy evanplen@veiss ahanufpcamedngidhétksidon of tin
is thinly forned, alloy solder is supplied in solder paste or sol der bal
form andonasweindesndiidtoy dbdyeusimg a taflove dppyraaatprogideddwivtl 41 ng. The
sol der alloy layer is conprised of a conbination of two internetallic
conpoundsporoemtact Gpedteltisoaraonpound being forned from netal constituting
the solder and the solder alloy naking layer, and the other internetallic
conpound bei ng Thersesdicondwctoethip ofthnstxdmpianbas hdJBM Usferdnef a UBM | ayer .
By thinly providing the solder alloy making |ayer on an upper part of the
UBM | ayemitkelbnadoen farmed byaipuethrant oeAl klogpraiosudh w @dtast Ryesnei ng
interface formed by the alloy solder and a conbined internetallic conpound
| ayer whiacthitkndseofadiotly 1260 Jand a 200per wattabiityi inim@vanfentdtyémt Bigret al | i ¢
;cgnpound formed by a reaction between netal constituting the solder and
‘the sol déermed oy thikUBM layeard tma thickeesndf about 0.4 pm by sputtering.
: The size of the electrode is the same as in the fourth example, a diameter of
about 120 pm. Solder is supplied onto the semiconductor chip 1 by means
of a ball mounting method for mounting two-element eutectic solder having
a composition of tin 96.5 weight %/ silver 3.5 weight % and having a
diameter of 150 um.
Decompression and nitrogen gas flow amount after mounting the
‘semiconductor chip on the stage 19 of the reflow apparatus are the same as
for the fourth example. With this example, a device provided with a
\)  non-contact type heat source 22 (infrared heater) above the reflow area 18 is
used, and heating is carried out using both the heating plate 20 and the
non-contact type heat source 22. The temperature of the heating plate 20
is set to 285°C, and the timing for switching from the heating plate 20 to the
cooling plate 21 is the same as in the fourth example, namely 75 seconds
after the melting point of 220°C has been exceeded. The non-contact type
heat source 22 is turned OFF when the temperature of the rear surface of
the stage 19 is 215°C, which is 5°C lower than the melting point of the

solder. In this case, the maximum temperature is 262 + 2°C, time above the




~intermetallic conmpound fornmed by a reaction between netal constituting the
sol der and the UBM | ayer. When the conbined internetallic conpound |ayer
that is a conbination of the first and second internetallic CO”ERHES?zo&?

" formed, the first intermetallic conpoynd-is formed by the entire t'himn

sol der alloy making | ayer at al nost the sanme tinme as the second
internmetallic conpound. Accordingly, the first internetallic conpound | ayer
has the function of blocking a diffusion path that allows growth of the
second internetallic conpound. Under normal circunstances the

i nt er met ahlelidng popeuis @4l 8 eecorels, hhé cbbling Ratdie SRhGarC apst ddeentBM | ayer
woul d be grown due to diffusion. However, growmh of the second

i nt er net abimiladgrtpahsdowshsuprdssad ddseribed abb:, ekt suffiatent RBat khst
internetallic conpound is arranged in diffusion paths such as the grain

boundar y, comtithgt tate ¢ DY pet se@ndagsmble to obtain a highly reliable bonding
interface that degrades little with age with respect to repeated heat

hi story during Blserdsk eciiin berieedeniidbRd &bk ahipfiswiich be@mpesag@edondi ti ons
after packaging, and it is possible to provide a sem conductor device

havi ng a sghddhe ibope dbsdriiad Rethall hgenbhden hevatBed atas JbRVIERBANESI Ng a
conventional tin-based two-elenent alloy. Also, the structure of sol der

bunp conndeticataseshalpsis geeforatkdpantie wel Rafiratdstol dnhietsarbegnduct or
chip proposed in the present invention suppresses dissolving and diffusion

of the URNmmyerd eathpribdbobiihgerpply andoiiakel) sihflacigrdithedohrdher metal | i c
conpound | ayer at the UBMIlayer interface, and it is possible to provide a

~highly resiaabple, wasifeonedicd athitévieseof 0.8ain 60 €he MBMSlELH/sbidon any
/l'awering of strength due to abnormal growh -35- 20 July 2005 of the
k%ﬁternetdhhhps&dnpnﬁmﬁ.Iayer even if-there is a heat history greater than
the nelting point at the tinme of package assenbly or heat history under
actual usage cd¥idhtthefsurthhizanhsls, giacé tkrdedslemondtsotRalife ef fects in
tin/silver/copper is supplied onto the UBM layer 5 (nickel), solder supply
using an electfolytic plating method is not possible, but with this example it
is possible to use two-element solder of tin/silver because a copper layer is
formed in advance on the UBM layer 5 (nickel), and solder supply using an
electrolytic plating method is also possible.
As has been described above, a solder alloy making layer for
preventing dissolving and diffusion of tin is thinly formed, alloy solder is
) supplied in solder paste or soldér ball form, and a solder alloy layer is
formed by heating and melting; The solder alloy layer is comprised of a
combination of two intermetallic compounds, one intermetallic compound
being formed from metal constituting the solder and the solder alloy making
layer, and the other intermetallic compound being formed from metal
constituting the soldér and a UBM léyer. By thinly providing the solder
alloy making layer on an upper part of the UBM layer in advance, an

obtained solder bump structure has a bonding interface formed by the alloy

' ‘solder and a combined intermetallic compound layer which is formed by




| ~ the case of lead free solder which has an increased proportion of tin
contained therein conpared with tin/lead eutectic solder and therefore has

a |lot of problens with respect to reliability. Further, with t?@ﬁb%gt
invention fine tenperature control ofgfhe } sem conductor devi 'S

possi ble due to the fact that a heating plate and a cooling plate for
heating and cooling the sem conductor chip frombelow, and also a
non-contact type heat source for heating the sem conductor chip from

above, are provided in the reflow apparatus, and by heating the _

senm condumhnobingdy p firsbintabmetllis compbhiadformedmiyactedcyion hdateegour ce, even
after swtching fromthe heating plate to the cooling plate, it is possible
to increastalaohetipeing thesgdadhrdthokoldee alllogrhakiid: kagar agdrd @aendf the
sem conductor chip and it is possible to formthe intermetallic conpound

| ayer of inbernuBilicayenpasndkpacidesl hrenttiod beiwberdasitghcondtithtingeheef | ow
apparatus according to the present invention, since it is not necessary to
convey a sdbddrcontitiet OBM Raperor Vken ¢l derabiriedvafterméetilliogompeupdocess,

there is no possibility of damage to the sem conductor chip or of bridges

occur ri ndagleretltas isavemihatibntofiehé G segad séaerd inteatbidlig compoupdoved
product yield. The present invention is not limted to the above descri bed

enbodi nens forametl, shefirkemteamndtdllic shapbodntds dngdesd boatle ehatre Eain ous
nodi fications are possible within the scope of the appended clains w thout
depart i ngoldeomilogantkotylagat at ahaegtthefsahetipiesae the sedoeyd i on. 20 July 2005
36 Clainms: 1. A sem conductor device having at |east a solder bunp forned
of al | oy is@Erdetalbie campawnder - bunp | ayer including a first nmetal forned
_ @ove a wring layer, the sem conductor device conpri.sing:
_ Accordingly, the first intermetallic compound layer has the function
of blocking a diffusion path that allows growth of the second intermetallic
compound. Under normal circumstances the intermetallic compound layer
of the tin in the solder and the UBM layer would be grown due to diffusion.
However, growth of the second intermetallic compound is suppressed due to
the fact that the first intermetallic compound is arranged in diffusion paths
such as the grain boundary, and therefore it is possible to obtain a highly
reliable bonding interface that degrades little with age with respect to
repeated heat history during assembly, or temperature variations due to
K») ‘ usage conditions after packaging, and it is possible to provide a
semiconductor device having a solder bump structure that can be formed at
low cost using a conventional tin-based two-element alloy.
Also, the structure of solder bump connection sections formed on the
electrodes of the semiconductor chip proposed in the present invention
suppresses dissolving and diffusion of the UBM layer into the solder by
forming the combined intermetallic compound layer at the UBM layer

interface, and it is possible to provide a highly reliable semiconductor device

that does not suffer from any lowering of strength due to abnormal growth




an internetallic conpound including a netal that is the main conponent of
the alloy solder and a second netal different fromthe netal that is the
mai n conponent of the alloy solder, the second netal also bei n@o(}h[_‘jﬁognt
froma netal in the adjoining under-bamp.-layer, wherein the intérnerallic
conpound is fornmed between the solder bunp and the adjoi ni ng under-bunp

| ayer. 2. A sem conductor device having at |east a sol der bunp forned of

al l oy solder on an wunder-bunp layer including a first metal formed above a
wiring |ayer, the seniconductor device conprising: an alloy |ayer conposed
of a contii&eiipteratetalic oompammddlayer eveompiihede &f a hepbhadtory bagates the main
conponent of the alloy solder and a second netal different fromthe netal
that is tHhemidiermebmeopeint apthe bienepf pyclogedesembiieos beahlistetsal al so bei ng
different froma netal in the adjoining under-bunp |ayer, and an

i nt er met aMpder ackuplowsrgesonditiorns. r thismbaalpartinelaxliedoticeatiie effaderinbunp | ayer
and the netal that is the main conponent of the alloy solder, wherein the
al | oy | ayide dase pblasddrercsaidenwihieh bas dorinbremped pdopdrbicadpfoiini ng under- bunp
| ayer. 3. A sem_conductor device having at |east a sol der bunp forned of

al 1 oy solcgataigaddheraindempoued witly tin/lead eutikatiy woldér snd themfofcohaea above a
wiring |ayer, the sem conductor device conprising: an intermetallic
conpound lpbehrreblamasath respesbiakeliability. and t he adj oi ni ng under- bunp

| ayer, wherein the internetallic conpound includes: a second net al
constituting afwethar, waghethe presentinvempionafing jerapexaigee comtrohef theder - bunp
| ayer, the second netal also being different froma netal in the adjoining
under - bugmirenrctordryi¢esistnsaible gy@ to éHe fatdhahea lxdtoye pbitdemdon f or mati on
,;\’js') the sol der bunp; and a netal that is a main conponent of the alloy

ol der.. goolmg plaigder hepting and sephing bl sewicondvicte dpiframaelvwaand a” sol der
bunmp fornmed of alloy solder on an under-bunp |ayer including a first netal
formed aBbied &Owcr)rl{ﬂ}t gy heat sarse foxchenting the semiconductor chip from

above, are provided in the reflow apparatus, and by heating the
semiconductor chip from above using the non-contact type heat source, even
after switching from the heating plate to the cooling plate, it is possible to
increase a temperature gradient of the front and rear surface of the
semiconductor chip and it is possible to form the intermetallic compound
layer of the UBM layer as expected from material design. With the reflow

apparatus according to the present invention, since it is not necessary to

,) _ convey a semiconductor chip or semiconductor wafer during the process,

there is no possibility of damag.e to the semicon&uctor chip or of bridges
occurring due to movement of the formed solder, resulting in improved
- product yield.
The present invention is not limited to the above described
embodiments and exémples, and it should be understood that various
modifications are possible within the scope of the appended claims without

departing from the technical concept of the present invention. .




device conprising: an alloy |layer fornmed between the sol der bunp and the
adj oi ni ng under-bunp layer, wherein the alloy |layer is conposed of a
conbination of: an internetallic conpound conposed of a second i? 05
constituting a netal layer that is tggporarlly arranged on the un 3?(%

| ayer, the second netal also being different froma netal in the ad10|n|ng
under - bu | ayer, and is then dissolved into the alloy solder on formation
of the 7 bunp, and a netal that is the main conponent of the alloy
solder; and an internetallic conpound of the first netal included in the
ad10|n|ng under-bu | ayer and , the nEtallégéﬁ s the main co onent of the

al 1 oy sbl der sgMicopeanfevish Haung At ljasiase i adLT gy RIS A 1- 4,

wher ei mﬁd&abnmwéyetr hefuding a firbemé@i BresdTResRN: withhgtider ahe e¥miehéedtor s ti n.
6. The sem conductor device according to claim5, wherein netal that is a

second $RYISK COBBREBEent of the alloy solder after the tin is silver. 7. The
sem conduct Oein |ﬁ%‘fm§t%ll|@fcoﬁl|p@wﬁﬂ iAcludig eh&taltAENe the raa:acidﬁ@oh@nttohmeadnbpy

sol der sem cond u i ce accor to an cl aj 1-4, wherein
e s e s 2B 21500 DAL Berehun e e fhal Bt FAR e Rt G i alekr o t 1
first reidyr, tﬂ@dettcmd&hétﬁmtib béing @fereabfrorh 2 AEAEhdhd adgopﬁmgnmueﬁbump Byei n. 9.
The seni conduct or devi ce g@.cordi n of clains 1- wher ei ﬂ" the first

netal i ncl e'Pﬁh? RermRiadic OBUWB‘CJ’W‘%?%?F diebesn WF@R@FF byrge aqd e

sem corghjsihing ud@éﬂm,ﬂggérr ding to claim9, wherein the under-bunp | ayer is
a lamnated filmformed fromone of nickel and nickel alloy wth different
filmqualities. 11. The sem conductor device according to claim9, wherein

t he under - bWﬁerhi%M@dudcﬁ devick amnn@taﬂdaétial smlcfdﬁ lbumé fbrid sfafloyodolddranedn and
Cent cortiet SR BYRE oREEE AT e8! oasthpevas Wing sk bt soPeansiael al | oy
I ncl udefevieaeoaplisiaged froma group consi st | ng of nickel/vanadi um all oy,
ni ckel / phosphogﬂgbj ?ayer comgoseg%f glcgkn ma%ui)r% 0 an mermetaYm compound of a metal

that is the main component of the alloy solder and a second metal different from the metal

that is the main component of the alloy solder, the second metal also being different from a

metal in the adjoining under-bump [ayer, and an intermetallic compound of the first metal

included in the under-bump layer and the metal that is the main component of the alloy
~ solder, wherein the alloy layer is formed between the solder bump and the adjoining under-

bump layer.

3. A semiconductor device having at least a solder bump formed of alloy solder on an
under-bump layer including a first metal formed above a wiring layer, the semiconductor
device comprising:
_ an intermetallic compound formed between the solder bump and the adjoining under-

bump layer, wherein the intermetallic compound includes:

a second metal constituting a metal layer that is temporarily arranged on the under-
bump layer, the second metal also being different from a metal in the adjoining under-bump
layer, and is then dissolved into the alloy solder on formation of the solder bump; and

a metal that is a main component of the alloy solder.




13. The sem conductor device according to any of clains 1-4, wherein a
contact layer is provided between the wring |ayer and the under-bunp
| ayer. 14. The sem conductor device of claim 13, wherein the cor&&)ajg& i er
i ncl udes one of titaniumand titani ug‘lit ungsten alloy. 15. A net %or
manuf acturi ng a sem conduct or device Conprising at least a sol der bunmp of
all oy solder formed above a wiring |ayer via an under-bu %e i ncl udi ng

first 4retalA SeREOREGFRSFevigapaYiay ﬁble@ﬁ@ W4 Supp:fommey 91& O Her

havi ng t?ndéﬁﬁ%ﬁ 14+ MeludingfLhrsithethl foféY ABdve apﬁﬁﬁ@rs?eﬁ tﬁéaée’!\thc&‘fduc{ohe sol der
bunp added thereto, the second netal also being different froma netal in

t he ao‘j‘%cﬁl‘%‘?ﬁmjﬁ'ﬂéf bunp |l ayer; and cooling the fused alloy solder to

deposit an iaH SiloYtdyel forfes DeRREAthd SKidatbufid drtrthe S6/oRIHY URleRbupdayehe nai n
conponent netal of the alloy sol der at an |nt erface between the wunder-bunp

| ayer aMiereiRdheaiaydayesimgpmpnsed AF &£PMBIAAFYL O ranuf act uri ng a semi conduct or

device, the mh@ﬂe@mmbm@bmw &dﬁ@posaa @Pa setondfraétal (ﬂﬁ\sﬁbﬁhg?a fetdlldyeg | ayer,
an under - bunp | ayer i ncl

I
i nt er D@l i F%“%ﬁ’ﬂbaﬂangﬁd %{H%P Hﬂ%ﬂ'?r;bi@@nﬁ?roﬁ@rﬁ% %ﬂﬁa\ﬁp ?’ﬁ'"&lq'@é'itz)l der:

suppl yifign alrhatyl is mmoﬁagluﬂgeraom@p& a8d Rlthéh algﬁ]\%ﬁtlnﬁﬁﬁé@ﬂd}%m Bn
conponent netal of the so

der added thereto, the se
bei g PRI e S5IHEA PHEP T § AN 4.5 1P 131y S HERIET oS AU e
form ngaraﬁteahb@mclcam@bum ofdthe firdt Mefaameluaed wees ahm:mgw@te:rerhump lhyyandand t he
he aII sol der before cooling, wherein

al l oy sol der enporary fusin
the al It B?"'le%}é'i‘g{ igthg m%’@)ﬁ%?‘ﬂ%ﬂﬁ“&%'%? a{f%scf st internetallic conpound and a
second internetallic conpound of the nain conponent nmetal of the all oy

sol der and the second netal . 17. nmet hod f or act uri m conduct or
Gout oo i The SeBSanoI0h petics TeRRInG By o SRR AearaEn hapie T

Wi ring thayhiin w,ﬁp@@num;ﬁ albyBdldensetin i ncluding a first netal, the rret hod
conprising the steps of: 20 July 2005

6. The semiconductor device according to claim 5, wherein metal that is a second main

component of the alloy solder after the tin is silver.

7. The semiconductor device of claim 5, wherein copper is added to the alloy solder.

8. The semiconductor device according to any of claims 1-4, wherein the second metal
is one of copper and a metal which is different from the first metal and is allowed to form an

intermetallic compound with tin.

9. The semiconductor device according to any of claims 1-4, wherein the first metal

included in the under-bump layer includes nickel.

10. The semiconductor device according to claim 9, wherein the under-bump layer is a
laminated film formed from one of nickel and nickel alloy with different film qualities.

1. The semiconductor device according to claim 9, wherein the under-bump layer is a
laminated film formed from one of nickel and nickel alloy and one of copper and copper alloy.




39 formng a netal |ayer of second netal on the under-bunp |ayer, the
second netal being different fromthe main conponent netal of the sol der
bunmp and al so being different fromthe netal in the adjoining %qu éﬁﬁgp

| ayer; and when form ng the sol der bugﬁ,.fusing the entire netal Igb' nt o
the alloy solder and then cooling it"To deposit an internetallic conpound
I ncl udi ng the second netal and the main_ _conponent netal of the alloy

sol der & anfherfegrsondEctsedswssAacAingda £1airm dfer It dywhergindhs Riske!@lieier bunp.

18. A SRAIERTHEGRICtedgtng 8 grBupionsisiing StGidkelip@diufoamey] mtikdphdsphsforps of :
form ng, above a wiring | ayer, an under-bunp layer, including a first netal

whi ch jalloy gnd pigkehtitaniyni akoyi nt er net al 1 i ¢ conpound at an interface through
reaction with alloy solder; formng a nmetal |ayer nade of a second netal
which is to forma second internetallic coggo_und t hrough reaction with the

al | oy s& derThersegnicqndbstar drvice acgeiding tgiany of Eaims: 1-3nvhefEin aRaNRE B¥RdRent
netal  Qfrodid SANEST tHRUInPRferdrdiGhd hdw-tilini Iay&ant froma netal in the

adj oi ni ng under-bunp | ayer; supplying the alloy solder; and form ng an
alloy layer at an interface between the under-bunp |ayer and the all oy

sol der fay coMel dachiddndBétof QSRR dickairh USi WBerein thd Gomthitodyes Mcfirles onbef ei n the
alloy layer is a conbination of the first internetallic conpound and the

second titertirp qed anju/bageualieY- 19. The seni conduct or devi ce manuf acturing
met hod according to claim17 or 18, wherein an oxidation prevention film
made of gold is further thi nl'l%l formed on the netal

r

| .. 20.
sem corn@uct d MEHPA S MAMIARWTTH3 SRINARAIMSEPT deWRD FPEPY ) gf?r‘iée@t @r??é&f :

for m ngunfPenafiopsdiiér iigndde¥Bdve @WirMPWer Diarh Undgeburhp elysdinbrdihg it et al
which is to forma first internetallic conpound at an interface through

react i SRtk 118 TBPYNBY CABPHRRG thesliAtidhy a netal |ayer made of second netal
which is to fighdhifbyserRARavinY 8ca88dnal rhétal GREBALIRN hitin gbmpemt memalof t h t he
al l oy sol der, the second netal bein dlffergnt prmt&e mai n copponent
metal  dhe plderdyImpaddsd iheraioqthe sesondmety! aisp PEng TPl dion #E1EIA! M 1St he
adj oi nigubiMRg BRddP Wi p 18R] and
cooling the fused alloy solder to deposit an intermetallic compound including the
second metal and the main component metal of the alloy solder at an interface between the

under-bump layer and the solder bump.

16. A method for manufacturing a semiconductor device, the method comprising the
steps of:

forming above a wiring layer, an under-bump layer including a first metal which is to
form a first intermetallic compound at an interface through reaction with alloy solder;

supplying alloy solder having a second metal different from the main component
metal of the solder bump added thereto , the second metal also being different from a metal
in the adjoining under-bump layer; and |

forming an alloy layer at an interface between the under-bump layer and the alloy
solder by temporary fusing the alloy solder before cooling, wherein the alloy layer is a
combination of the first intermetallic compound and a second intermetallic compound of the
main component metal of the alloy solder and the second metal.

17. A method for manufacturing a semiconductor device with at least a solder bump
made of alloy solder formed above a wiring layer via an under-bump layer including a first

metal, the method comprising the steps of:




formng athin filmof tin on the netal |ayer and form ng an aIon Iayer of
the second netal and the tin; and supplying the alloy solder. - -

------- ---- -- 20 July 2005 40 21. The sem conductor device ﬂf%ﬂk'ng
met hod according to any of clainms 15- -and 20, further conpr|3|ng

step of, before form ng the under-bunp |ayer on the wiring Ilayer, formng

a contact | gyer. for I ntai pi n dhesi on,_ of rin ayer nd t he under -
burmp | ayer. afé@“"ﬂ'ﬂén%r{aﬁ?y%ﬁgfﬁcgﬁgnﬁé@%é 'Ffiﬁfib' I th@tsﬁ eﬂ?%t@ ding to
any of iirj diferéht-fidin tr@mauaféom\pb@éreimhtal\ednm doerbughptdng =52 sk diffierent f usi ng

of the aII sol ostlono the internetallic conpound are
carri ed™ %y eﬂpet@gf'lth%ﬂf?%f rﬂ"ﬁ@?ral?%”?%{a&?r 8dinterface of the solder bunp

Wi |t3 t he undﬁﬂentfunmn@ &;eeerf olded buRpefusing e entire Meedl &lyer Ritcthe taéy §<ﬂ<ﬂbr§ndt he
sol der on. cified te rature uqtor
covi ce EERaUEE i o ABSGR chddelERB G PP s BRG the bR BB and g 5

wher ei reomglaaentirastal sfthd Aibysolddest Ainerfatebétagen thd itRiefbloy I8@F dad trnd
depomH%{B the internmetallic conpound are carried out by nounting the
sem cortd PMBevi ce on a stage and causing a heating plate and a cooling

plate movably provided at a |ower part of the stage to be sequentially
br ought, i nt o, cont The sem. con evi ce

ac ith the stage.. 24
o B iy SBER ol SEE Mg Botiing fespt: GREPISTE ME PR | | me of
- heating usi ﬁgrniuhga albe@éhmgmlla;:]efe,, arl nhmje?»emn@omd qhaud[d@wrmmesaiaﬂ?@ lﬁﬂ:&t ed
from above cont act heat er ovi de t an u art of the
oo conas ot Tty o d S hidtas 1Bl aR fer ha MRS IRl i ng ol at e,
whi | e cont i Moty & erdtal Ngyer giadg ofheedftmﬂ -raetakalaith isite &draT a s@cohermafnmtalrcfad
gr adi ent bet n the t of. nd t he |n fac ol der
U wEPRPEHA (eHah e i dhe ABY sHeE BB pep e i beRadiBian fom B8 ¢ ne
i nterf acsn Oibmpcbdiﬁnt izt ofithiealoldet baappad adowelng diff@entfebed a lbaetgl i tiger . 25, The
sem con uct.or v ce r'[anu_f acturing method according to claim 23 or 24,
adjoining un er-bump ayer; ;
supplying the alloy solder; and
forming an alloy layer at an interface between the under-bump layer and the alloy
solder by cooling after temporary fusing of the alloy solder, wherein the alloy layer is a

combination of the first intermetallic compound and the second intermetallic compound.

19. The semiconductor device manufacturing method according to claim 17 or 18,

wherein an oxidation prevention film made of gold is further thinly formed on the metal layer.

20. A semiconductor device manufacturing method, comprising the steps of:

forming, above a wiring layer, an under-bump layer including first metal which is to
form a first intermetallic compound at an interface through reaction with alloy solder;

forming a metal layer made of second metal which is to form a second intermetallic
compound through reaction with the alloy solder , the second metal being different from the
main component metal of the solder bump and also being different from a metal in the
adjoining under-bump layer;

forming a thin film of tin on the metal layer and forming an alloy layer of the second
metal and the tin; and

supplying the alloy solder.




wherein cooling using the cooling plate is carried out at cooling rate of
at |l east 2C per second. 26. The sem conduct or devi ce manufacturing nethod
according to any of clainms 23-25, wherein the heating using thgohggpgmg
pl ate and the cooling using the cooligg plate are carried out under a
vacuum at nosphere of a specified gas. 27. The sem conduct or device
manuf act uri ng nmet hod according to claim?26, wherein the %pecified gas

I

i ncl ude&!l- onefMsrseatconkepter gaMcemanyfactuinanetied gaeording toanyefi §aimsds-1828. The

seni 90mcprursﬂ\@v&:&ﬁprﬁm@&hagiéfbrdf,nsbfdretf&ﬁﬁh@me%démm@|aqé@<brmhazvirir_\g1er ein
the inert gas conprises one o mtrg&en and argon, and the reductive gas

a _and
conpr i JB¥ETORENBE a qepichigesr fanmaigtaningadneRion; R MW NG laygoRHLER Unde- The
sem co Rierdevi ce manufacturing nmethod according to any of clainms 15-18
and 20, wherein the under-bunp layer is forned fromone of a single film
and a lamnate of a plurality of filnms nmade of one selected froma group

consi stadng ofhebepi€dndubliof Y&licerhbMYactGiiPREthod Rdcsraing es amy bRYaimBi1ehear e
formed by sogutter_l n%.@ 30. . The seni conduct ar i act uring. nmet hod
Z| N APTHRN

r d ce manuf .
accor di 3 3% WARIEIH W gl@ﬂfS'deéH‘d”%dPS'%@%Pﬁﬁ%%" Fof depATitianSier i s

for med thé HierRiealiR conpoundlafs &drtidl aittbyaeltirgiateiperdturd of ah inté@fdceyfile fil s
made of one selected from ap_g}r*gg%?_éconm sting of nickel I ck

: al | oy,
copper SOied bempydth the padery °W%”Wemﬁ’ér%ﬂm%H@%Efﬂg@ff’ld@}[pI ating
and el aginiPbryh spedticif tem@erati#d grablightsen conduct or devi ce manuf act uring
met hod according to any of clains 15-18 and 20, wherein the under-bunp

layer is formed as a lamnate filmof a filmmade of one selected froma
group c@si Sthet@nfiéoriubiéLlsvidt mkRlfactlifirdymet08 REEoraing t€ ampeicldims ag-1shi ch are

s MR CIETT SEAER LI RN L KM TR AT RO R
for med thy irtéiteillic vdnioand bR odriied SltdlyineLinBngl thedeptitdruiior Bevideadn Agtagd2. The
and 20 SHTEHENG SRENEREI® 31O e PRTBOAPBERoT Al 5 MS RAR ST BB ot
:ngtslt ngaae%qu&muw rolgHet intd @Betaeckitthy ktagep! ating, and el ectrolytic

24.  The semiconductor device manufacturing method according to claim 23, wherein, at

the time of heating using the heating plate, the semiconductor device is also heated from

above by a non-contact heater provided at an upper part of the semiconductor device, and at

the time of cooling using the cooling plate, while continuing heating using the non-contact

heater, a temperature gradient between the top of solder bump and the interface of the

solder bump with the under-bump layer is increased to promote deposition to the interface of

the intermetallic compound with the under-bump layer.

25. The semiconductor device manufacturing method according to claim 23 or 24,
wherein cooling using the cooling plate is carried out at cooling rate of at least 2°C per

second.

26. The semiconductor device manufacturing method according to any of claims 23-25,
wherein the heating using the heating plate and the cooling using the cooling plate are
carried out under a vacuum atmosphere of a specified gas.

27. The semiconductor device manufacturing method according to claim 26, wherein the
-specified gas includes one of an inert gas and a reductive gas.




33. The sem conductor device manufacturing nethod according to claim 32,
wherein a filmthickness of the netal layer is set so that the netal |ayer
fuses totally into the alloy solder when fusing the alloy soldgmjhgnng
when cooling the alloy sol der, at Ieaaﬁ sone of netal of the netal "layer
I's deposited fromthe all oy sol der The sem conductor device

manuf acturing nmet hod according to any of clains 15-18 and 20, wherein the
all oy solder is supplied as one of a ball and pellet forned to a specified

anount .20 JTHe/seplEEndubidr a&xlceTrhﬁn@fQ&Uﬁlﬁgqﬁh@ﬂioGracd@‘dlngﬁto elamufzacwwremghéret hod
according.to any of clainpns, 15- and 20, wherein the allo sol defr

suppl i éag’éga%ﬁ)‘? Rifses Q8e &F “'§899"T?R§’ AN AR FRSUCNA QS LOMBARP SRR Pl ng rret hod

accor di @rdgenaind axhixed gbemcll@inghyd@aen20, wherein the main conponent of the
alloy solder is tin. 37. The sem conductor device manufacturing nethod

according to claim 36, wherein a second main conponent of the alloy sol der
after dnga i 'S'I'fﬁ éénﬂé%ng&&or Jéxecéaahahmadmﬁg métr@e\aicc@dmsgmuéﬁ»pbtméumlgl 1rsetehoFId
accordin o cl ai or : erei n copper o the alloy solder.
36 AT A MR TSP B P & ForGhe0 TR PR (i PAJEAIT a0 BIIBPSRE | ayer
f or med minawme of flmsWhédean dn@\selecteddrah®h GRIupUoRBisHR S rickel) BicRél by, @oppé der ;
and an al | O)épl a er Vi dfpr{nﬁﬁtb en the sol der bunp and the adj oi ni ng

under - 3¢ ey ISPWr|”§yer conprises: the main conponent of
the all oy soI der; and a netal which is different fromthe mai n conponent of

the all der and jis | so different froma netal .included in_the

L o iy sk Sin feviceyRanuiEc g wERE ST oRa e Pl HLNBIETR o cl ai m
39, vxhemlzm ivherei theyindeyierms Yo is Satfied fldftomPofa siRge ieatd alaniingteaf koy

sol der; H

plura y of films made of one selected from a group consisting of nickel, nickel alloy, copper

and copper alloy which are formed by one of nonelectrolytic plating and electrolytic plating.

31. The semiconductor device manufacturing method according to any of claims 15-18
and 20, wherein thé under-bump layer is formed as a laminate film of a film made of one
selected from a group consisting of nickel, nickel alloy, copper and copper alloy which are
formed by the spattering and a film made of one selected from a group consisting of nickel,
nickel afloy, copper and 'copper alloy which are formed by one of nonelectrolytic plating and
electrolytic plating.

32. The semiconductor device manufacturing method according to any of claims 15-18
and 20, wherein the metal layer includes a copper thin film formed by at least one of

sputtering, nonelectrolytic plating, and electrolytic plating.

33.  The semiconductor device manufacturing method according to claim 32, wherein a
film thickness of the metal [ayer is set so that the metal layer fuses totally into the alloy solder
when fusing the alloy solder, and, when cooling the alloy solder, at least some of metal of the

metal layer is deposited from the alloy solder.

34. The semiconductor device manufacturing method according to any of claims 15-18
and 20, wherein the alloy solder is supplied as one of a ball and pellet formed to a specified

amount.




the netal which is different fromthe nmain conponent of the alloy sol der
and is also different fromthe netal included in the adjoining under-bunp
| ayer. 41. The sem conductor device according to claim 39, V\herezoryutmw
all oy layer conprises: the main conpg tQ)ent of the alloy solder; and’the
nmetal included in the adjoining under-bunp |ayer. 42. The sem conductor
devi ce accordlngto cl aim4Q, wherein the alloy rises the main

conponeir of THEEMFeMsliclopignre maﬂ’dfaFtHE”Q@PKPdﬁ‘?E‘PrGﬁ@&F‘ anh‘éa'ﬁ‘&ﬂ@ﬂ‘ﬁ ng

under - baHER0, Whefein the-alloy solderis supiilied 4k ¥o0id8Pasté3 SEM CONDUCTOR DEVI CE,
MANUFACTURI NG METHOD AND APPARATUS FOR THE SAMVE ABSTRACT A hi ghly

reliabl e sem conductor chip electrode structure allow ng control of

i nterfags reﬁfetséhﬂc@fdubt@ndema SARGfEH0ANEMRthodRckdEingas anpbf dlgiag 5L18- or
three- el enent . | der. used conv nt| nalclﬂéel s .di sclosed. A solder alloy

maki ng 3y<h 853"1 "'b?"éﬁ%’i‘i??’ﬂﬁ? PXPLEramBN-di f fusion of tin into
ti n-based Iead free solder is thi nIy forrred on a UBM |ayer (5). The
tin-bas sQ i.s supplied in sol der. eor r ball form, K A
Conbi nedl s of Hie iRy UPRY o angAHaLameinod 2eaTanade FBM oF. WHATER et al 1
conpourgégond mairfétPngdneht dF tiansk %Id%ﬁbﬁ&rtmaé kifgr.meki ng | ayer (8), and one of
tin and the UBM Il ayer (5) is ornmed by heating and nelting. FIGI.

38. The semiconductor device manufacturing method according to claim 36 or 37,

wherein copper is added to the alloy solder.

39. A semiconductor device comprising:
a wiring layer;
an under-bump layer formed above the wiring layer;
a solder bump comprising an alloy solder; and
an alloy layer provided between the solder bump and the adjoining under-
bump layer, wherein the alloy layer comprises:
the main component of the alloy solder; and

a metal which is different from the main component of the alloy solder and is

also different from a metal included in the adjoining under-bump layer.

- 40, The semiconductor device according to claim 39, wherein the alloy layer comprises:
the main component of the alloy solder; and
the metal which is different from the main component of the alloy solder and is

also different from the metal included in the adjoining under-bump layer.

41. The semiconductor device according to claim 39, wherein the alloy layer comprises:
the main component of the alloy solder; and
the metal included in the adjoining under-bump layer.

42. The semiconductor device according to claim 40, wherein the alloy layer comprises:

the main component of the alloy solder; and

the metal included in the adjoining under-bump layer.
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SEMICONDUCTOR DEVICE, MANUFACTURING METHOD AND
APPARATUS FOR THE SAME

ABSTRACT

A highly reliable semiconductor chip electrode structure -allowing control of
interface reaction of bonding sections even in the case of using two- or three- element
solder used conventionally is disclosed. A solder alloy making layer (8) for preventing
dissolving and diffusion of tin into tin-based lead free solder is thinly formed on a UBM
layer (5). The tin-based solder is supplied in solder paste or solder ball form. A |

- combined solder dlloy layer (6) composed of a combinationof intermetallic compounds,

~one of tin and the solder alloy making layer (8), and one of tin and the UBM layer (5) is

formed by heating and melting.

FIG 1.




