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| aventt ~on The present invention relates to a sem conductor dcvicc, a.
met hod and dpparat'us of fnanufact ul ringt he sem conduct or devi ce, aci d
particularly to a som eonductor devico having an el ectrode rstruature
connected by |ead-free solder bunps, a nethod of manufacturing this
sem conduct or devi ce, and a nmantfacturii apparatus used in thi S

s4m condw: t or g m\%‘ ‘m ﬁﬁhﬁgp qjmmm quﬁ &Ar t
Acconpauyi ug |, a |nt r.ega e m&c I anul' yén I'nc:rtano ensity oil

sem conductor devices, ther gprARAPER enpnig nunber of

eem t xnmduct ot ¢ packages connecting a mu ti pI n. aenfconduotor chip to A
package substrate by sol der bunps, and sem conductor packages having ball
grid array (BGA) type external electrodes. In electrodes of this type of
sem conduct or chip, the surface boundaries of bonded sections vary In c
onposftion due to reactions between netals caused by heat history at the

time of assembly, heat hBACHGRAUNDOPITEEINVIENTION the seni conduct or

package and high tenperature states and tenperature changos in the Lul ago
environnment. This may cause degradation in reliability, and one inportant
el enent in addressing this problemis to select respective matéerials in

order to piMelcdoftHe Investivgnpusition allowing reliability to be kept.
The pressnt invention velates to a semiconductor device, a 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. Description of the Related Art

Accomprnying the increased fonctionality and incregsed dengity of
semiconductor devices, there has been an increasing number of
semiconductor packages connecting a multi-pin seminohductor chip to a
package substyate by soldor bumps, and semiconductor packages having
hall grid array (BGA) type extornal slectzodes. In electrodes of this type of
semiconductor chip, the surface boundaries of bonded sections vary In
’ composition due fo reactions betwoen 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 temporature changos in the usage
environment. This may cause degradation in reliability, and one important
element, in addressing this problem is to select respective materials in order
to give a metslilic compusition allow;ving veliability to be kept.



In-order to do thin, as shown in Fig. 5, it is ccrmmn practice, when
—ustng--sol der -conposed of tin and | ead as bunps, to use nickel or copper in
a UBMIlayer 5, and to carry out banding using this UBMIlayer 5 forned to a
fil mthickness of at least Sinn. In tHé&-case of a nickel | ayer, tin and
nickel in the solder react to forman interrastaliio conmpound it by which
the bunp is bonded. In the event of a copper layer, an interface forns an
intermetallic conpound 11 of the tin and copper and bonds. The reactivity
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solder with Treducing tin content Is use Hoovevci "I n rou: ears tilwo

have been pgndRd, t EHahe SvbRREE d bdiiber IRY4IChN infdriick foliRe kY IABMMARIEN! 2l

probl enms, making it necessary use ~solder having tin as the main

conponent . codlpdudd 1B of thectififanddogpér Y8 Bohd& as a main conduonont in the
case of urine canner or ufokel as thet MMIlaver 5 the above descri bed

probl ens are norBhewixenity ofiedpper droditingg bigherrthiaincthiak iof nickeb aadaid,y, in
order to solve these problens, fromthe standpoint of solder wettability
and necharbiadsin edthmrasise in the fugedidtatecat theudme of bouding, and also under a
temperature cavironment alter bonding, a diffusion reaction is promoted
and tin constituting the solder erndes the nickel or copper layer that is the
UBM layer 5. As a result, there are problems such as tin boing consumed
ut the honding interfuce forming areas whare lead density is high, and
Kirkendall votds due to diffusion of tin, which are likely to veduce strength.
In order to golve these prohlems, currently, a method of forming a thick
layer of copper or nickel is used, or high malting poiat legd-rich solder with
reducing tin content iz used.
Howover, iu recent yeurs there have been moves towards lead free
solder, mainly due to environmental problams, making it necessary to use
solder having tin as the main component. With this type of solder with tin
as a main componoent. in the case of usine conver or nickel as the UBM laver
5 the above described problems axe more evident, and seriously affect
reliabﬂity.
Generally, in oxder to solve these problems, from the standpoint of
‘ soldor wettability and mechanical characteristics, there is used solder

having silver, I-xism.mi;h]i antimony or sinc added to the main componant of tin,



having siivar, bisnuth, antinony or 75ne. added to the main conponent of
~t+n5- - g -or solder that is a multiple tMnprnie t alloy having slenenta
for preventing eating-away and diffusion of the VEX |layer 5 formed from
copper and nickel, added to silver, bigmuth, antinony or zinc. However,
mul ti pl e conponent solder is generally supplied as sol der pastes or bal ks
to teeth el ectrocio, Wich neans that keeping m,crosoopic additional

el enents uniformin the conposition of each eleetroci is difficult.

Keeping uniformty of mcroscopic additional elements would increase

manuf act ur prgoldes thkeat Al ssmultipleamw pomaht dlvy havivpélennntk for praventinkor
preventing eating away and diffusion is that additional elenents are

pr evi ous| ycaffingaweydand diffision ofi theHBM 3aydred forinedofrompanpeat andnd =si ting
or solid-dissolution of the UBMIlayer 6 into the solder at the tino of
bondi ng st vpkehtadded toadlver, bisauth, dnsimonporgingt anount of the TIJBM | ayer 5
sol ved varies depending on the bonding tenperature, In order to bond
stably it is necBowavey multinle componentroldarisgencrally supplisthas yaldscessi vel y
di ssolving the UBM1iayer 5. In order to prevent this phenonenon of the
TJBM | ayer padengr babls g ioach glectnodsowhisd means thatdeepping migrosaepiode a | ot of
addi ti onal el‘emenis but as result. (1w ml E}:ng pai nt burmVM s hkh and

fhen. st abafqitipnal elemaents thi-kirecompasition of each elpetrodp ivditticult.
hown | n_ FRASHIES SSRGS B FUFFRSR SRS APOUacTo ATk ng bond ng
and act ual PHETHERRKREBD| | ng hat are temperature LY Teaing
Also, a result of having additional elements for preventing eating

awuy and diffusion is that additional elements ave previously dissolved in

the tin that is the main compunent, snd melting ot solid-dissolution of the

UBM laycr § into the solder at the time of bonding stops at the lower limit,

but the total smount of the UBM layer B dissolved varies depending on the

bonding temperature. In ordex to bond stably it is necessavy to increase

the temperature, normally excessively dissolving tho UBM layer 5. In

order to prevent this phenomenon of the UBM luyer being excossively

dissolved it is necessary to include a lot of additional elements, but as &

resull the melling point becomes high and thermo stability at the time of

manufacture must be taken into consideration, which poses serious

questions for product design.

Also, as shown in Fig. 16, a reflow furnace for melting solder and

making bonding sectious is a system for passing through areas for

preliﬁ:inary heating, and actual heating and cooling that ave temperature

controlled by infra red raya or hot air, at a fixed speed using a conveyor, but

virlth ‘this syatom tempcrature control ie difficult as the device is passed by

the conveyor through each aras, it is not possible to form an intermetallio



controlled by infra red rays or hot air, at a fixed speed using a conveyor,
Dut""wWith this systemtenperature.control is di Mult as the device is
passed by the conveyor through each Brea, it is not possible to forman in
ernetafo 4- conpound of the bondi ng seag-i ons as was i ntended by the

mat eri al design, and becauso of vibration of tho conveyor whilo
transporting within the furnace there is danage to a sem conduct or wafer
or chip, with Bolder bridges arising due to novenent of the forned sol der
causing reduction_ in thetfroduct yi el d. Japanese Pat ent Application
Unexam nectomupunchef S bending sectiens & wes infen eslbmltbermmmdeemmode

structure al ovm ng e nced bonding strength by preventi ng
1nt er net al &R b LPR‘(Y&NM‘%@ CPBYI¥OY 'en&mwt&gwhméhgm der and

barrier rreal re s CIfIC a,ba r|er t al Iaye a first UBM
| ayer, Bfee lgﬁe-mea r ¢hip; bﬁbe@d??thls or der

on a bond| ad qQf. th sem c nducto he,, first, UBM I a is all owed
to be all o%rgﬂé)w AReiRg e g mgyempRt g%qbﬁgpnna%ﬂoldetﬁeumdrﬁ e mzwayer

i ncl udes t hat alsoiyYn:l.u& d in the solder bunp and not all owed
to be all @@@WVFFY‘H “barrier netal Iayer wherein the concentration of

it he. ol dor bIKFARERyRoRReARTYonper Ak delBietion o ¥RE1 coon
St uct ur 6 '%{’5’8@ SRy %F‘é?‘?%%@gé@ﬁ.aiﬁ%?ﬂgﬂ%ﬁ?%dgﬁ%é fons i t hou
using sol gggg e%ﬁlgﬁg%!ﬂ %ﬁ&&h%&e &xcmg&i}Wﬁ-bH B&nlY thimdB Y

m croscoplic e exn even 1 n
diffusion of the sulder and barrier metal. Move specifically, a barrier metal

layer, a first UBM layer, o sccond UBM layer, and a solder bump ave
laminated in this oxder on a bonding pad of the semiconductor chip. The
- first UBM laysr is allowed to be alloyed with material of the solder hump.
The second UBM layer includes metal that is also included in the solder
| bump and not allowed to be alloyed with the barrier metal layex, wherein
* the uenccutraﬁon of the metal in the second UBM layor is highor {han that

of the sume metul in the solder bump,

SUMMARY OF THE INVENTION

A first object of the present invention is to provide a highly reliable
. semiconductor chip electrode structure that can control interface renction of
bonding sections without using solder of a multiple alloy metallic
oom.position with many microscopic elements added, even in the ease of

using two- or three-element solder used conventionally,

A Becond objecr vf the PIESent INVENTION 18 C0 Provide & Highly



using two- or three-el enent sol der used conventionally, a seacZA otj*cc' ot
the preeeni nvenuon if co provute a )Uglily reliable sem conductor device
bAvi ng the above-describeci electrode structure, and a method of

manuf acturing such a device. Athird opégct of the present invention is to
provi de a wem conductor manufacturing apparatus that can easily perform
ternperrature control of the sem conductor chip, and can control nelts of
sol der and deposition of intermetallic conmpound. In order to achieve the
above-descri bed objects, a sem conduotor device according to one aspect of

the presentrglinhR¥entitoiidsctal dbwins hatitlptiie aluverTestAbER AlQkx e Oy sol der on

a under-bunp layer including first netal fornmed on a wiring layer, and an

| nt er net a&lgtpudtars @it mdthod of thetRiF@dturinkduchsa devigbn conponent of the
all oy solder with a second netal different fromiho nmetal that is the main

conponent of t he fathisy objakties thaqirageritomvedtion he ty\provide BalulisitoRdugoand t he

under - bunp | ayer, A sem conductor dovico of another aspect the present

i nvention anheefachadingaphaatis thhtiein bagihspéidinns denipeeatniy oaked of the a
under bunp layer including first metal fornmed on a wiring |atiyer, and has

an all oy | agericomdator cip pand vioh oadtrolmelting of sildoymnd dopositisapsfund of a
nmetal that is a main conponent of the alloy solder and a second net al

di ft1 arent ihtermetaBiccoompdundt hat is a main conponent of the alloy sol der,
and an.internotallic _conpound of the first netal included in the

under - burp | ayer Tasudentoachiove: thegthowe-degeribed ebieptan ememiondictar | oy
sol der, formed between the sol der nps and, .t he under - hu | ayer A
semi conductIgVicaasreEiing tgene amsch @E aé%mnﬁfmf% Rawpt 3ast sdldox
bumps formed of alloy solder on 4 under-bump layer including frst metaul
formed on a wiring layer, and an lntérmetallic compownd including metal
that is & muin component of the alloy solder with a sccond metal difforont
. from the metal that is the main component of the alloy selder being formed
butween a solder bump and the under-bump layer.

A somiconductor device of another aspect the present invention also
has at least solder bumps formed of alloy solder on a undex-bump layer
including first metal formed on a wiring layer, and has an alloy layer, ma(i:e
of 2 combinsation of an intermetallic comapound of a metal that is a main
component of the alloy solder and a second metal diffsrent from the metul
that is a main component of the alloy solder, and an intermotallic compound
of the first metal included in the under-bump layer and motal that is the
maju component of the alloy solder, formed between the solder bumps and
the under-burmnp layer | |

A gemiconductor device of yet another agpect of the present
invention further has at least solder bumps formed of alloy solder ona
under-bump layer including first metal formed on & wiring layer, and an

intermetallic compound ineluding a second metal, temporarily arranged on



I nvention further has at |east solder bunps forned of alloy solder on a
under bunp layer including first netal forned an a wiring |layer; and an
intermetal | ic conpound including a seaqgnd netal, tenporarily arranged on
the under bunp | ayer and constituting a netal |ayer for dissolving into the
all oy solder at the tinme of formation of the solder bunps, and a netal that
"is a main conponent of the alloy solder, forned botwoen the sol der bunps
and the under-bunp layer. A sem conductor dovice of a furthax aspect odthe
present i ntkenihder-bginpl layériahd esndtitatiag d grtaldaldefordismivivariRe tpé al | ur

sol der on a. under-bunp layer including first metal formed on a wiring

llayer, and gfioy sdid@at biRhe éﬁﬁﬁm\tﬁmébfmmwbmps eiid smetadtieat ot al | j c
conpound, |ncIu ing a secgond tenporarily arranged on the under-bunp

| ayer and & spisioompansygt of the alloy aqldmmmeﬂb@momt@e.mnmmsm sol der
at the tinme of _A&Mtion.of tbn ,der bunpe, and a .notal that is a main
conponent fdve wirdpr mmwaw der, and an intermetal lic conpound of the first

Component o t heh ardpnidEr éﬁwi%fa R RO R B RrePSTeRRRE ¢ he

gur at Eﬁ“ﬁﬁ@wﬁgﬂavﬁ?%ﬂ?-éﬁg s oren ot 0er sBRBE 2R 6, Sol der s ¢in
gura . ,
to the al | GgRer BRRdaies refRaR Tk Bobdl tobnB oh stk M sSEREY ., o) o or
EQ&Z??Q%’@W@W@ e ihatipf Fahdore il ool Rl 8 e O

i nter met al dob G & QUMY Hmpid ity dunged on the under-bump layer snd
constituting a metal layer for dissolving into the alloy solder at the time of
formation of the aplder bumpe, and 2 motal that is 2 main compopent of the

alloy solder,.and an intermetallic compound of the firet metal ineluded in
ﬁhetuukminuup]ayeran@:neudﬁhathsﬂu;nwincmmponentaffheaﬁby
golder, formed betwewnthe solder bumps and the under bump layer. )

In the prescnt invention, it is possible to have a configuration where
metal that is a main compongnt of the alloy solder is tin, the next most
prevalent component after tin ig silver, and copper is added to the alloy
sclder. _

In the present invention, it is also proferable for the second metal
constitating the metal layer ta be a metal different from coppor oz the first
metal, and to be made of a metal constituting the intermetallic compound
ydﬂhﬁhL ‘

1t is also preferable in the present invention for the Sret metal
included in the undexr-hump layer to include nickel, and for the under<bump
layer to be formed a8 a laminated film compriging 4 laminated film of nickel
or nidel alloy of differing film quality, or laminated film of nickel or nickel



It is also preferable in the present invention the first motal included
in the under-bunp layer to include nickel, and for the under-bump |ayer
to be formed as a lamnated filmoonprieing a lam nated filmof nickel or -
nickel alloy of differing filmaquality,,or lamnated filmof nickel or

ni ckel alloy, and copper or copper alloy, In the present invention, it is
al so preferable'to have a structure where an contact |ayer is arranged
between the wiring layer and the under-bunp |ayer, and the contact |ayer
includes tttanitun ox titaniurnitungsten alloy. A sem conductor device

manuf acturhﬂwm{dmﬁ,pefgga@pm, of the pxosent invention ftrr
manuf acturing a sem conductor device cx#npriaes at |east eul der bunps of

al 1 oy sol der funhethepreent idvesitiony fis il Wreftable & Hivd #¥BRuchite Udi Ng a
first netal, in which when form ng the solder bunp., after tenporarily

fusi ng al | sfhesohdeunhatilngeras senth e initvadd e witinkdepat ahd Gie 2 metal that
is a first conponent, a netallic conpound including the second netal and

met al t hat uhdexbumipriayenamdatiie cohtddbdaysy ingludes titanivdapesi t ed at an
interface between the under-bunp |ayer and the solder bunps by cooling. A
sem conduckHtaniyaviwsgstemallayt uri ng net hod of another aspect of the present
invention conprises the stew of formng a under' bunp layer, including a
first nmetal footdgemicondurctargevice mansiasturing austhod of one aspectiofthef ace on a
wiring layer thro ugh reaction with alloy sol der, supplying _alloy solder
heavi ng a Begentinneniimdpr murafacturing satmivodpoive deviceteampristded, and

conpound AA%Esr Hamp08 hier 85 HeE RESHbING HRE IRPRviam
under-bump layer incdluding a first metal, in which when forming the solder
. bumps, after temporarily fusing slloy solder having a second metal addad
different from a metal that is a first component, 1 metallic compound
including the second motal and metal that is & main componont of the alloy
golder is deposited at an interface between the under-bump layer and the
solder bumps by ¢ooling.
A semiconductor devies manufacturing meihad of another aspect, of
~ tha present invention comprises the atepa of forming a under-bump layer,
including a first metal formed of a first intermetallic compound at an
interface on a wiring layer through reaction with alloy solderx, supplying
alloy solder having a second metal differant from main component metal
added, and forming an alloy layer being a combination of the first
hxterﬁxetaﬂic compound and u second intermetallic compound of a main
maetal of the alloy solder and a second metul, at an intertace between, the
under-bumy layer and the alloy solder by cooling the alloy solder after
temporary fusing. | . |
A somiconductor device manufacturing mothod of a furthor aspect of

the prasant invention, is for forming a semiconductor device comprising at



metal of the alloy solder and a second netal, at an interface between the
under - bunp | ayer and the alloy solder by cooling the alloy solder after
tenporary fusing. A sem conductor device nmanufacturing nethod of a further
aspect of the present invention, is fgg_forning a sem conductor device
conprising at -$- |oast solder bunps of~alloy solder formed on a wiring

| ayer via a under, buxap layer including a first netal, in which, when
forming u netal |ayer nade froma socond notel on the undor-bunp |ayer and
f.orm ng the solder bunps, after tenporarily fua;dng the entire netal |ayer

on the all pyaste6ldée bunie sFalle 0286 folmed PHWWIHDE1ayavide t he second net al
and a netal being a main conponent of the alloy solder is deposited at an

i rsterfam vpdeybamy kerevitscadingp fivstymetzinth whécks eritear fdruing womeeslol i ng A

senkonduet or device man, ufaetujring nethod of another aspect the present

i nvention fwygermhads filone asbenyd afetdloomthrguaderisienplapm had drmingghet di ng a
first metal eonatit+nting a f irst internmetallio conpound at an interface
no a wiri ngolday &umgy; afigh tempotirdly fwkicdy thiel entirechetsd layaron tige alloyret al

| ayer, nmade froma second netal coustttuting a sownrl infi rrn t aide
conpound t keldeyarr edetmetallic compoend ibdyding hersecsud pefahgnd hematdloy

sol der, and, after tenporary fusing of the alloy eoider, formng an alloy
| ayer t hatbpimg mmudnispmpunent of tharmllay solden igdepreited nt andgbardiged and t he
second intexnetallia compound at an_interface between {he under-bunp | ayer

and the abpiyeencthecindsr buppilnger andthe wdderbwmps Argoelinganuf act uri ng
et hod of yet angtict SSREGk adis SRRl AR PSS Stk cil °P° ©
present invention comprises the steps of forming & under-bump layer,
including a first metal conatituting a fivet intermatallic compound at an
interface on a wiring layer through reaction with alloy solder, forming a
meta) layer, made from a sacond metal constituting a sacond intarmatallic
compound through reaction with the alloy solder, supplying the alloy solder,
and, ufter temporary fusing of the alloy solder, forming an alloy layer that is
& combination of the first intermetallic compound and the second
intermetallic compound at an interface between the under-busp layer and
the alloy solder by cooling.

A semiconductor device manufacturing method of yet another aspect
the present invention comprises the steps of forming a under-bump layer,
including a first metal constituting a first intermetallic compound at an
interface on a wiring layer through reaction with alloy solder, forming &
metal layer made from a second metal mnéﬁtuting a seoond intermetallic
compound thmugix reaction with the alloy solder, forming a thin film of tin
on Lthe melul Inyer und previvusly forming an al]by layer of the second metsal
and the tin, and supplying the alloy solder. '

With the present invention, when forming the solder bumps, it is



including a first netal constituting a first internmetallic conmpound at an
interface on a wiring |layer through reaction with alloy solder, formng a.
netal |ayer made froma second netal constituting a second internetallic
conpound through reaction with the all.qy- solder, formng a. thin Film of
tin on the nmetal layer and previously formng an alloy layer of the second
nmetal end the tin, and supplying the alloy solder. Wth the present

i nvention, when formng the solder bunps, it is preferable to tarty out 1
using of the alloy solder and deposition of the inteinmetallie conpound by
setting a pmfoehis to earaf oab fusingef the alloy woldor anfalepokitiom ¢fitlies and t he
contact |layer to a specified tenperature gradient |ower than a nmaxi num

t enper at urimtedetadliabempowrd hylsetting a tempepatwe wf annnteifnéystwsaan rur m ng
the solder bunps, to nmount the sem conductor device on a stage, and to
carry outtieusilday bimph and the coatrol dayeris aiepreified tampdrative grademet al | i c
conpound by causing a-heating plate and a cooling plate novably provided
at a | onerlowsathavfa maximuggterepersémsegueut | aW br ought into contact wth
the stage. In the Present invention.. it is also preferable, at the time of
heating using tlhés nlsawefarableawith the presentiayentive, when ifersaity deor devi ce

. Gram above by _non-contact heating neans provi ded-at an upper part of the

sem conductaldér lsppesto, maret the seraicpndgctsr dewiseiong fiaeg, BRE TR 68TYNg pl at e,
L o Gy Sl A OO0 B EB B Rt e C2oC
i er et AP FERSIRE R HARPE BN Rt AP HDE RO iRl reorilerita BReo: abi o
Wi th the presePind aea ' Y sehBeiRfly drought into contact with the stage.
In the present invention, it is also preferable, at the time of heating
using the heating plate, to also heat the gomiconductor device from abave by
non-contact heating means provided at an upper part of the semiconduetor
device, and é& the time of cooling t..lsing the cooling plate, while .coh.t?nuing
heating using the non-contact heating means, to incresse a teﬁ@arature
. grad.tenc of an interface betwoen the top of the aolder burps and the contact
layer to promote deposition to the interface between b‘ha intermetallic
compound and tho contact layor.
It is further preferable, with the present invention, to have a

structure where the heating uuing the heating plate and the cooling using
the cooling plate are carried ouf under 4 vacuum atmosphers 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 present invention, for the
contact luyer to be a single film or a laminale of v plumlity of films of any of

nickel, nickel alloy, copper or copper alloy formed by sputtering, or to be a
single film or a laminate of a plura]it:y of Elms of any of nickel, nickel alloy,



structure where the heating using the heating plate and, the coaling usi
the cooling Plate are carried out under it vacuum atnosphere of a speted
gas, and for the specified gas to include either an inert gas or it
reductive gal. It is still Author preferable, with the present invention,
for the contact layer to be a singleTilmor a lsmnale of a plurality of
films of any of nickel, nickel alloy, copper or copper alloy forned by
sputtering, or to be a single filmor a lamnate of a plurality of is of
any of nickel, nickel alloy, -10- copper or copper alloy formed by

Sput t er i NGyopPeRst espe? alloly Toithad bj}\ﬂ?ﬁfteri@dg?ﬁhﬂéﬁb&hlﬁid;ﬂglﬁﬂﬂ'ﬁ%r or a

| am nate Mmof these. It 1s also prirable’in the prese I nvention for the

metal | ayaiedigulylioglans c:oPReninabé Aldiidlwhésy, med by any one of sputtering,
nonel ecttrolytie plating or electrolytic plating, or by a plurality of

net hods. "I n t ho Ipiesiknprifayalsiatin ehe priscint invanion fidchabhetal fagattot he film
thick ness of the netal |layer so that the netal layer flags totally into

the al | oyineivddar coppen thirsfilyy fivacedby any onkdf sputtesingy nohelectoic ool i ng

the alloy solder at |east sone of the alloy solder is deposited. The
present i mlatingon sladmlptic plitbag oo byty pluieality ofvecthadse al l oy sol der is

supplied using a ball or pellet forned to a specified anmount, or using
sol der paste. Alndhipeesoonddovention df isctler praferghie taselsthe filhe present

i nvention cgonprises at |east a stage for npunting a sanple, heating neans
far heati riickmess sbibhy metuldnyersasihat she masal layg fesastotally ingothsl vy cool i ng
the sanpl %Ho];'rso eli'evllﬁgz fusing the alloy solder,. and so that when cooling the alloy
solder at loast some of the alloy solder is deposited.
The presént invention ¢an also have a atructure whexe the alloy
solder is supplied using a ball or pellet formed to u specified umount, or
uging solder paste.
A semiconductor manufacturing apparatus of the present invantion
comprises at least a stage for mounting 2 sample, heating means for heating
the sample from below, and cooling means for forcibly cooling the samplo
from below.
Another aspoect of the samiconduetor manufacturing apparatus, of
the present invention comprises at least a stage for mounting a
semiconductor device haviug solder, heating means for heating the
scmiconductor dovice, and cooling means for cooling the semiconductor
device from helow.
In the present invention, it is posgible to huve a structure where the
hoating means is made from ¢ heating plate .with & built-in hester, the
cooling means is made from & cooling plate with a built in cooling medium,
‘ and heating and cooling are carried out by sequontially biinging the heating

plate and the cooling plate {nto contact with a lower surface of the atage to



Anot her aspect of the sem conductor manufacturing apparatus, of the
present invention conprises at |east a stage for nounting a sem conductor
devi ce having snider, heating neans for heating the sem conductor device,
and cooling neans for cooling the sem gonductor device frombelow In the
present invention, it is possible to have a structure where the heating
nmeans is nade froma heating plate with a built-ixY heater, the cooling
means is nade froma cooling plate with a built in cxmling medium And
heating and cooling are carried out by sequentially bringing the heating
pl ate and éhRiueeBkif)g pl ate Into contact Wth a | aver surface of the etago
to conduct heat. In the sem conductor nmanufacturing apparatus of tho

present i nventiInthel demisodduidtOemab@aitilio gt dp patyfusfofthb Wrbst conpri sing
non-contact heating neans at an upper part of the stale”for heating the

sanpl e ar iwventivanitds fakibbe poitibledo koo sthastarabiBpriairgRbaebnidet h t he
above descri bed sem conductor chip electrode structure, conpared to the

rel ated exiestingimeane atianywpparpary pEthadtege fier loathonthe sarfplecst el der is
supplied to a under-bunp layer, and a single intc=etallic conmpound |ayer
i s formed sesaingndacton tevise mie sbowewbidtve evutabl under - hunp | ayer and
bunps, and the under-bunp |ayer, by heat fusion, a solder allay naking

| ayer for preveWithghssibove deecribeall sernicomduator chip alestrode flamaianer hi hl y,
tin type two el enqent_ or thnfe el ement alloy solder is supplied in solder
paste or Spmmrasediathe related axfptaudurewhent tigytypa yanltinle sompaygent
iaterneeta“{ic i er cog?%ned wih.,every two tin aqﬂ so] der al ]l oy meki ng
| ayers andtWiPouft 19 sHaape &p W‘%Frbéﬁml?' Yoy SR8 RS dntormetallic heat
Fusion. compound layer is formed using tin at an interface between the under-hump
layer and bumps, and the under-bump layerx, by heat fugion, a solder alloy
muking layer for preventing melting and diffusion of the tin is formed thinly,
tin type two element or three element alloy solder is supplied in solder paste
or solder hall form, and a solder alloy layer 6, having an intermetallic layer
combined with every two tin and solder alloy making layers and tin and
underiuunplmwmm.ﬁ!ﬁunuxihycanndngouthsatﬁwﬁbn. |

In this way, by thinly providing a solder alloy making layer in
-advanee on the undei-bump layer, the obtained solder bump structuye is
comprised of two or three eloment alloy solder with tin as @ main component,
a firat intaymetallic compound from reaction of tin in the solder and the
solder alloy making layer, aud a second intermetallic layer from reaction of
tin in the solder with the under<bump layer, and constitutes a boundary
interface at 1 combined solder ulloy 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 fivet intermetallje

compound layer and is formed at subétantia]ly the same time as the second



lu this way, by thinly providing a solder alloy nmaking |ayer in advanne on
the under-bunmp | ayer, the obtained solder bunp structure is conprised of
two or three elenment alloy solder with tin se. a main conponent, a first
internetal lic conpound fromreaction ofgtin in the solder and the solder

al l oy making layer, and a second intarnetallic |ayer fromreaction of tin
in the solder with the underbunp | ayer, and constitutew a boundary

i nt dexfece at a conbi ned solder alloy layer. WNth the conbi ned sol der
alloy layer that is a conbination, of the fiat and second internetallic
conpounds,intémmetatiieenmpeund ip formed othocfirst intermietiBicoomyenndrots ol der

all oy making | ayer becones the first internetailtc conpound |ayer axnd is
formed at et mdiffedioy patle were the second intiamatelirocopamdbisgfvenc onrpound
is formed, the first internmetallic conpound_acts too M off a diffusion
path where the ddsorsinemthecombingdspldenalloy lavania formned from different conbi ned
sol der alloy layer is forned fromdifferent materials, a concentration
gradi ent imatiridlent comesnsratinn gridientds digsoutinupys and thegraicchonndasy to a
single layer, making, it possible to suppress the advancenent of

di f f usi on.is Hepsmeomparescto a pinglelavengupking it posaihle & nternxetalie
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processes or mounting.

Accordingly, the intermotallic compound layer, of the tin within the
soldex and the undex-bump layex, grown due to diffusion under normal
circumatances, suppresses growth due to the first intermetallic compound
being arranged in a diffusion path such as the grain boundsry or the like,

_ | achieving the effect of obtaining a highly reliable bounding iuterface having
low deterioration with. age with reépect to temperature variations due to
repeating heat history during assembly and.usage conditions aftey agsembly.

With the semiconductor manufacturing apparatus of the present
invontion, a stage for mounting a semiconductor chip, a heat souree for
heating the stage and a cooling sourca for forcibly cooling the stage are
included, it is possible to select & 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 extremaly fast, and it is
then poxsible Lo form an intermetallic compound that is & covabined at an

" interface of solder and the imder-bump layer hy cooling from the reax

purface of the semiconductor chip, Also, in order to make these effacts mare



achieving the effect of obtaining a highly reliable bonding interface
‘having. ~low deterioration with age with respect to tenperature variations
due to repeating hest history during assenbly and.usage conditions afar
assenbly. Wth the sem conduct or nanu[ii;uring apparatus of the present
invention, a stage for nounting a sem Cbnductor chip, a heat s aurce 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 cow i ng
rate for each of the preparatory heating, actual heating and cooling

st ages, angrikingP@bh@dhdotitimé heROfirhd & %ﬁvfdﬂﬁeaﬁd% tHe YebiBor dricBor

extrenely fast, and it is then pa nubble to flarman intarnetallic

conpound tdldp, and the eeRidvadustorahdp id d1he hhaRd RémSAB AR whel eddliginder - bunp

ayer by cooling fromthe rear surface of the sem conductor chip. Also, in

order to nfxe tHaameliakipdates toruailile Shérelbdlin tike feafpaaterd hradied dityvaeat
source i s provided above the scm conductox chip, and the sem conductor

chip is alasu belost tik fempivondwatar whipnspadfically to top ddtbbetvodi afghp! ate, to
enabl e increase in the tenperature gradi ent above and bel ow the

senm conduceddercaing fo epablefdvenl fuythengromotiondfidepositionfardfornmtiodes, and to
enabl e even further pronotion of deposition and formati on of the conbined
| nt er net althecowdnped irteametallic somponnd mt dhe aeldor BricEfac®BESCRI PTI ON OF THE
DRAWNGS Fig |lie a crow sectional view show ng the structure of a

sem conduct or device according to a first enbodi nent of the present

I nvention; Fig. 2 is a cross sectional viow show ng the structure of the
som i conduot or dov oo according a the first enbodi ment of the present

i nvention bgf oré sol d%’Rﬁ%ﬁéﬁﬁ%ﬂk%%ﬁﬁDﬂﬁ&d@' | ;

Fig. 1is a erosa sectional viaw showing the stracture of a
semiconductor device according to a firat embodiment of the present
‘invention; |

Fig. 2 is a cross sootional viow showing the structurc of the
aemiconductor device according to the first embodiment of the present
invention bufore solder bump formation using a solder balli

Fig. 8 is  cross sectional view showing tﬁe structure of the
semicondustor device according to the first emmbodiment of the present
invention before solder bump formation using solder paste;

Fig. 4 is a oross sectional view showing the structure of a
semiconductor device according to a third coubodiment of the present
invention:

| Fig. 5 i3 a cross sectional view ghowing the conventional structure of
a semiconductor devics;

¥ig. 6 is a cross sectional view showing tho structure of a

semiconductor dovito according to a second embodiment of the pregent -



Fig. 8 its a cross sectional view showi ng the structure of the

sem i conduet or device according to the first enbodi nent of the present

i nvention before solder bunp formation using solder pasta; Fig. 4 is a
cross sectional view showi ng the strug yre of a sem conductor device
according to a third cn bodi manL of theé prexenL invention; Fig, 5is a
cross sectional view show ng the conventional structure of a sem conductor
devvic; Fig. 6 is a cross sectional viow showi ng the structure of a se

i conduct or device according to a second enbodi nent of the present

i nvention; jnddfbionfA 1S @ cross sectional view showing the structure of the
sem conduct or dovico according to the second enbodi nent of the present

i nvention bed sg’g 2 17 Did P crloS R kdittnal view sliowingildatrdctule abthe Wettability
POV 9 Sl il 2ok R 10 R S U Bl G pBa UCC LT ©

of the ee evice acco e second e nt of the
present 1 SR ABLOIAISORARD iRl iRlY 2ok BAIRRPR dttdtility and not
using a we \?‘%Haﬂt‘)oﬁ]lll y-1 ércgr ow\g‘glbl ayer - lFi g. 3A1s a@gr?%s secti onalyvi ew
showi ng th f the sem conductor device according to the second
enbodi nent ?%'?’%‘ﬁieibgégesrgnt “invention before solder bunp fornmation using

sol der paste and &.Wﬁiistaﬂ&dolskwcﬁdxmm BBowai¢ethe dtrGetusiof thet Cross

sectional view showi ng the structure of the seni conductor device according

to the secgpfhi@naRetsRitvicfadcbiling €6 €84 second embodixent of the present
. invention befove solder bump formation using a soldex ball and not using a

wettability-imwproving layexi

Fig. 8A {3 a cross sectional view showing the structure of the
semiconduetor device according to the second embodiment of the present
invention before solder bump foxmation using solder paste and a wettability
improving layér:

Fig. 8B is a cvous sectional view showing the sﬁ_eu@l:ura of the
semiconductor device according to the second embodiment of the present
invention before solder bump formation using solder paste and not using a
wettahility-tmproving [ayer; |

Fig. 9 is a cross sectionsl view showing an example of 4 reflow
apparatus for forming the semiconductor device according to the second
;mbodiment. of the present invention;

Tig. 10 is 4 cross sectional view showing another example of a reflow
apparatus for forming the semiconductor dovice according to the second
embodiment of the prasent invention;

Fip. 11A is a flow churl showing an cxample of a manufacturing

process for the semiconductor device acording to the second embadiment of

the present invention;



I nvention before sol der bunp formation using solder paste and not using a
wettabilirinmproving layer; Fig. 9 is a cross sectional view show ng an
exanple of a reflow apparatus for form ng the sem conductor device
according to the second enbodi nent of {he present invenVtén, Fig. 1.0 is a
cross sectional view show ng anot her ed mple of a reflow apparatus for
formng the sem conductor doviee according to the second enbodi nent of

the. present invention; Fig. IlAis a flow charm show ng ax' exanple of a
manuf acturing process for the sem conductor devimaccording to the second

enbodi nent of tg?g.pf‘l@ﬁ’% LR \EaH Wﬁg?“ﬁ*&r dekriplafd flow chart show ng

anot her exanpl e a manafa uring pruc or the aum wnduct or dovico

accor di ng h&ﬂ@;ﬁg&ggw&wmm ’%&ﬁl?%oé&l*&@t&r@%ﬁﬁtade&@ﬁg@?ﬁee Bbdbnd 12A1° C

are diagrans sho partial man turing process

sem conduckiihodfen oROEPHHBAL invehiiBnsecond enbodi ment of  the present
i nvontion, Fig. 1.1 is a diagramshowing timng of the heating and tooling

in the manufact PigQ20r IPC age Bitgrahe showhapadartiel riewifastuainpor ding to the
second enbodiincut of the present invention; Fig. 14 is a cross sec. nal

vi ew show pgodess fat thecdemticomdnator deviveatdonding todhi sechdembodievertsyf and
Fig. -15 is a schematic diagram show ng the structure of .a conventional

sol der r ef thevpaguent dhwntion:

Pig. 13 is a diagram showing timing of the heating and cooling in the
manufacturing process for the senuconductor device according to the secoud
embodiment of the present invention:

Fig. 14 is a cross sectional view showing the structure of a
conventional semiconductor device; and

Fig. 16 is a schematic diagram showing the structure of

conventional solder reflow apparatus.

DESCRIPTION OF THE PREFKRRED EMBODIMENTS

First embodiment _

Firvat of 411, a semiconductor device according to a first embodiment
of the prosont invention, and a mothod of manufacturing this semiconductor
device, will be degeribed in detail with veforence to Figs, 1-8. Fig. 1 shows
the bump structure of the semiconductor device. Fig. 2 showa the electrode

. structure before forming solder bump in the case of eupplying solder as «
_golder ball, and Fig. 8 shows the elsctrode structure before forming solder
bump in the case of supplying selder as solder paste.

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



DESCRI PTION OF THE P b' 11 RRED EMBODI MENTS First enbodinment First of all, a
sem conduct or device according to a trst enbodi nent of the present

i nvention, and a nmethod of manufacturing this sem conductor device, wll
be .described in detail with reference-t®-Figs. 1-8. Fig.1l shows the bunp
structure of the sem conductor device. Fig. 2 shows the el ectrode

structure before form ng solder bunp in the case of supplying solder as a
sol der ball, and Fitgg. 8 shows the el ectrode structure before form ng

sol der bu 'n t he _case of, su ol der olde te JAs shown in
Fig. 2, on® Q@fq;m&l ek o1 eArRdhod o rﬁdwii et Jayer 4 Shrohteinive < f or med,
which is cp osdof a, cont act er. 4 f.or obtai.ni l.mat e cont act vmth
a metal co FORFAL %’é‘l q%a@mlgtltﬂwtﬁfmim}g&ggu% taI) Iayer 5

A R b W 2
sol der bah?® gs\ﬁaéah‘?%%hs % %gﬁm%ﬁ%ﬂ‘%ﬂ&h%%%F

eatod- andtt LAV 9‘%‘1# anéﬁ&n%& (RS A G e *ari W th
Li)lndiep Eﬂgﬁlﬁ%%&é‘%‘gﬁggﬂg rb&'& sso \rlﬁeéx? E':ﬁ%ﬁ\ﬁﬁ%dd&ny&%gwﬂt %e ogeﬁ QFI

amount di SMHW?QuhBhHFﬁnﬁd thik Blacki@esol der is determined by the nelting
t enper at ur e, cooling 1s conmmenced in this state an internetallie

conpound | ayer iR ik &fitepivhbi the B6ldet BALIO s el and Fhadd) th Snldas e Of this
enmbodi nrent a conbi ned sol der
alloy making layer 8 rcacts completaly with tin in the solder, und is

temporarily dissolvad in the tin.  Tin in the solder then ehmultaneously
dissolves the UBM layer 8. Since the overall amount dissclved in the tin in
the solder is determined by the melting temperature, if cooling is
commenced in this state an intermetallic eémpound layer is formed at the
baonding interface, but in the ease of this embodiment a combhined soldev
slloy layer 6, being u combined layer of the intermetallic compound, is
formed bacause metal constituting the solder alloy making layer & being
disgolved in the tin and metal constituting the UBM layer are both
simultaneously subjgcted to deposition of intermetallic compound at the
bonding interface.

The important point here iz that with reapect to the solder alloy
maling layor 8, there is only an amount that can be dissolved with respect
to tin in the tin-based two- or three-clement alloy solder bell & and it is
necessary to detormine film thickness taking into consideration that it will
be deposited at the time of cooling. When the dissolved amount is small,
the eélder bump 7 dircetly dissolved in ihe tin ix solidified without boing
deposited at the time of cooling, which means that such a combined film of



alloy layer 6, being a onb&ned |ayex of the intermetallic conpound, is
formed because netal constituting the solder alloy making | ayer 8 being
dissolved in the tin and netal constituting the UBM | ayer are both -

si mul t aneously subjected to depositioq of interneta | lic cxonpound at the
bondi ng i nt nmhos. The inportant point 'Rére is that with respect to the
solder alloy malcir X layer fA there is only an anount Lbat can be

di ssolved with respect to tin in the tin-based two- or three-el enent alloy
solder ball 0 and it is necessary to dotorm no Mnthickness takinginto

consi derafﬂt@?mbbﬂhcicb:#?oluhdipﬁoﬁi jf ed at the tinme of cooling. Wen the
' I'l, the

di ssol ved anount 1s s sol der bunp 7 directly dissolved intinis

solidified wthpys iqﬂ#'ml‘gﬁ@g%mql 6t tHoWRI1ddr RuRfs WWh means

that snob a combined filmof intermetal lic compound is not farmed. Fig. 1,

shows a cgbeds Wi | ORc®h cobifhiied §610e PUllBy TayaRGchdlbbdr idehbd @baye vary.

Once a conbined solder alloy |layer 6 has been forned as an internetallic

conpound hedmeedlil ayepouboibihéd fiyes) thie méltivpepoihbbeehgct al | i c conpound
is high, and therefore the phenonenon of the UBM |ayer 5 at the bonding

i nt er f acelmtoimactallino gosipeandds higl wnd theesforsetlidphedvménodbftlne YBMpove t he
solder nelting tenperature at the tinme of assenbly. Fur ,her, U e diffusion
ph, nontnolayea Snetedhethondiige ftefbee divgolyéhpdosduwot aretit,iaventwitharhtatre i s al so
suppressed becauso the internietellic conpound conbined |ayer is enanged
at the grhistotyohayerthe soldermeltingftepparatureaidbe tire ofasemublypti on will now
be given #br use_of_ _a typical netal corrEosition I.n the case_  of using

3

eut ecti c Evridher thediffysbiplgnogongm capsed hyabead lisfury hedow the| ver in a |

ti n-based tywo-el enent all ol der
mex\fgug tempurature ?ay:-dio suppressed because the intermetallic compound

combined layer is arranged at the grain boundary.

In ordex to be more specific, a description will now be given for use of
a typicr]l metal composition in the case of using eutectic solder having 86.5
weight % tin and 8.5 weight % silver in a tin-based two-element alloy solder
ball 9 ag 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
titanivm/tungaten alluy etc., the UBM layer § of nickol/vanadium alloy ote.,
and ths solder alloy making layer 8 of copper ete. ure farmed by sequential
sputtering to form an electrods, Here, the film thickness of copper making
up the solder allay meking layer 8 is prefarably such that it dissolves
completely at the time of dissolving, with vespect to the propartion of tin
contained within the solder ball 9, and enables deposition at the intevface ag
an intexmetallic compound at the time of cooling and solidification, that is, a
supersaturated amount. Howevey, if the amount of copper supplied is
excesgive, 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



ball 9 as leade solder. The wiring 2 of the eom eonductor chip 1 is
normally formed with alum numor alumnum alloy. The contact |ayer 4 of
titaniumor titaniunnltungsten alloy etc;., the U2Mlayer 5 of ni

| co]/vanndium all oy etc., and the SQH@QY al l oy maki ng | ayer 8 of copper
ete- are forned by sequential sputtering to forman el eotrodo, here, the
fil mthickness of per making up the solder alloy neking |layer 8 is
preferably such that it dissolves conpletely at the tinme of dissolving,
with respect to the propartion of tin contained within the solder ball. 9,

and. enabl ghe dixp@6f fusofy il daceridrate Witlea posaiBility Bf @6idRbhivgngonpound at
the tithe of cooling and solidfication, that is, a eitpereataratad anount.

However, if theTiaminv @ftitoteertubgemn iy & weddabhi entdot 1y 4, be

necessary to take care because there will be severe unevenness on the

surface obut heisfalsarposstisiedonsbehiporie opolromeioipdr dlloypbnd si@iluxlyhe time of
fusing wll deteriorate with a possibility of voids occurring. Titani um of

titani un aithgaghmictdlivanadinm alibyibnstheenomat 4atithe AJBM lwyer But is 4lshs al so
possi ble to use chrone or chrone/copper alloy, and simlarly although
ni ckel / vapestible tal tsoyniblad, hiskol/phegphiovous ulloy RickedYangsientalloy, sickel
possi bl o to use xdokol, uickel/phosphorous alloy, nickelltungsten alloy,
ni ckel  chummme allimeoppoppecopper alpyerAlsd) the soldermalloghmakingibayeal¥ oy maki ng
|l ayer 5 that is one feature of the present invention uses copper, but it
is al so Beafsione faatwrs of thepresent inventionsusssiooppe but ibimalsme UBM | ayer 5
ol der . APOSID toripis e lemcktmbie duiforeat from they OANG Saves & REddbider al | oy
MBI NG | Ay e e ootlstitnng sn intesmeralid shasountbiwith tin in the Saldes o° °¢ TorMmed
Also, with this embodiment, the UBM layer § and ths solder alloy

making Iaycr 8 are both formed by sputtering, but they can algo be formed

Bsr electrolytic plating ox nonelactrolytic plating, or in comhinativn with

sputtering, and it Is also possible to use different material and to have a

Jaminate structure formed by u combination of different mothods. For

example, as the UBM layer 5, it is possible to have a structura where nickel

formed hy electrolytic plating is lamlnated on nickel or copper formed by

sputtering. By adjusting conditiona at the time of film formation it is

possible to have a granular structure with small grain size to improve flm

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 exivemely 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 wattahility,

In addition, although this sxamploe showsa a tin“based two-elemoent
alloy used ag the solder, it is also possible use a three-element alloy soldar

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



by electrolytic plating or nonelectrulytic plating, or in conbination with
sputtering, and it |Is also possible to use different material and to have a
| am nate structure forned by a conbination of different nothode. For
exanple, as the UBM Il ayer 5, it is posgi.ble to have a structure where*
nickel fornmed by electrolytic plating is |am nated on nickel or copper
formed by - sputtering. By adjusting condition, at t tizae of filmformation
it is possible to have a granular structure with small grain size to
improve film -quality. Also, since the solder alloy nmaking |layer $ uses a
nmateri al soultiple-elempptallopsadeis Alkn althoughdndhi embodirhentsur f ace
oxidation, it is possible to provide extrenely thin gold or a |ayer for

pr event i ngtesatute where thepselder alloy viadimy layer 86k fonmed nntthe UBMikyeal | oy
maki ng | ayer 8 far the purpose of preventing oxidation to inprove sol der
wst tabil &g dxﬁﬂoemhilmgﬁpm vhetrpan element congtitutingvhe soldonaboged

t wo- el wuont , alloy u lder, it is also possible use a

éed ag t he it . |

t hr ee- el eBAKINg Ingor 8 ds added 1utn the seidercitde presibledardosaway sGpbbke added t o
t he sol der,. pr use  pthor .1~1. nultiple-elenent alloy solders. Also,

al t hough Fﬁhﬁﬁﬁé HBB@FW&ﬁYmb%~structure where the sol der alloy making

| ayer 8 is forned on the UBMi-$yor 6 is disclosed, in the case whore an
el enent. constituting the solder alloy making |ayer 8 is added in to the

sol der, i E | é |Eg§gloak e tf do away with the solder alloy nmaking |ayer 8.
Second e [ , a sen condui or device according to a second
em bod noot of pr ISHE:- ' PTe]p" | 0 rat us ,of
manuf ac(urii ng eng, 1P‘s“'gén coﬁgg}é‘fq%% dg‘é’\‘/’??‘gw g’ﬁﬁ‘g@%ﬁ%@"%ﬂf%ﬂrﬁ& erence
to Fi 9. Uth@pheddnt iltvention and a method and apparatus of manufasturing this

semiconductor device will be described with reference to k1g. 6 to Fig. 13.

As shown in Fig. 6, a combined solder alloy layer 6 is formad
‘petwéen the UBM layer 5 and the solder bump 7. The combined solder

alloy _laycr 6 is made of a combination of an intermetallic compound of 5
metal that is a main component of the golder and a metal constituting g
UBM layor 5, and a second inteymetallic compound comprised of the mauin
component of the solder aud a metal previously added in microscopio
umounts to the alloy solder or thinly formed in advance on the UBM layer 6.
In heating and cooling processes at the time of forming the solder bump, -
this combined solder alloy layer 6 is deposited at an tnterface according to a
eoraposition of the solder bumpe and conditions, and theroforo it is made
possible to contro] the structure.

Referring to Fig. 9, a manufactuting process including the heating
and cooling processes for obtaining the ahove struceure; and a
manufacturing devies, will be deseribed in dotail. The semiconductor chip
1a to which solder has been suppliad is arranged on & stage 1_9 inside a

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



As shown in Fig. 6, a conbined solder alloy layer 6 is formed between the
tJBM | ayer a and the, solder bunp 7. no conbined solder alloy layer 6 is
nade of a conbination of an internetallic conpound of a netal that is a
mai n conponent of the bolder and a netgl. constituting a UBMIlayer 6, and a
second intexnetal li o conpound coi upxi sed of the main conponent of the
solder and a mat.ai previously added in mcroscopic anount, to the alloy
solder or thinly &rmed in advance on the UBM Il ayer 6. In heating and
cooling processes at the tine of form ng the sol der bunp, this conbined
sol der al | suyd Filydrwith ineviane dirtrefudiveygas. Therd icalseedmatiapplute 20
conposition of the Bol der bunps and conditiona, and thorcforo it is made
possi bl e tand arbolibhg pheteRTralch neer subiverufithy stureAS) and temprantifract uri ng
process including the heatin and cooling processes for obtaining the
above st r ummbrd is aacried ombm%&imimt eighwﬂgﬂ:e;a plates infodosbant weth the dot al .
The sem conductor chip la to which solder has been supplied is arranged on
a stage 1%srusiuiface of the stagertcte avnduehbiont. Bereaines beatsis cpadweted capabl e

of being deconpressed -20- and filled with hart gas org&gductive. gas. There
is also a lehly madptficently varkors advich fap bigh thermal canduehivity apdde- of the

ELE ko eed A e 1 S B B 0,
car bon,  HREFPG SHISIASE ALHALRee COIGE LA B taa HOReE MBR o machi ne | s used
tai i ess Steel WEN ARG oTTOPmaoh sfitey iuubl ey Boo offly fRAEERE0 o
carbon s w5t P51t 305HAOR 14 Posiblc ¥R another matorial as long as it is a

material with high thermal conductivity, or tu selact a suitable combination

of materials. Also, curvature of the stuge 19 is preforably made as low as

possible, and formed as thin as possible to make heat capacily small.

. When heating or cooling the Semimnductnr chip 1a, the reflow axeé

18 is filled with inert gas as required. As the gas the reflow arca 18 is filled

with, a gas that prevents oxidation of the golder surface and has an

oxidation reduction effect, for example, nitrogen or argon as an inert gas,

bydrogen or a gas including hydrogen as a reduction gas is usod. In the

cooling system, as well as the aystem of bringing the cooing plato 21 that is

Wal:ex_"cooled into cuﬁtact with the stuge 19, it s possible to use a4 system

where o 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.

Algo, by providing a non-contact type heat source 22 such as infrared
rayy 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 temporature gradient betwaoon above and below the



heating plate 20, but it is possible use another material as long as it is
a mterial with high thermal conductivity, or to select a suitable
vorabi nation of materials. Also, curvature of the stage 1.9 is preferably
~made as low as possible, azd formed ag fhin as possible to make heat
capacity snell. Wen heating or cno}ing the s ernicx,nduc for chip '[ a,
the reflowarea 1.8 is filled with inert gas as required. As the gas the
reflow area 18 is filled. wth, a gas that prevents oxidation of the
sol der eurface and has an oxidation reduction effect, for exanple,
ni trogen oseraicgnduéter ghip Derit igamde daxy to deposit a profhevddimitertheiglly dr ogen as
a reduction gas is used. In the cooling system as well as the system of
bringi ng t&eupoaidat fhaselded bomding iigterfnt anddo beesnenpoussiblattodarmy t h t he
stage 19, it 1s possible to use a system where a coolant gas is brown
agai nst t hiine éampeminké centrbl ivherdet s forioihetmnbinbd sobdeérmlloydaymotsi bl e to
sel ect any systemthat a cooling eapacity capable of realizing the effects
of the present i&ashewnnin Bigst), the semicondinpranmufaconting eppapetubeat sour ce
22 such as infrared rays above Lhe reflow area 18, it becones possible to
heat the swilew theahovedesaibuhdevie goutturedl denlsomedeiblobe asvembilaaf rom t he
rear surface, and by increasing the tenperature gradient between above and
bel ow t he hesfisouner or spoling pownse, e indsedrhath o hegt forga smd coolingr vr ed

t the i nterface,_angd. it becones

i nt tailir. d | d bondi
:ogsgir lr;wlsealt%‘l‘-"réfﬁ‘?'r@a O“nu%aggﬂ'ﬁér %{‘%gﬁ?&ﬁﬂl&fgﬂn@mlb%”&%? P¥he conbi ned
Sppar at s DGR heater of Hifhyieh desdora Reghil et Apt @ GOURE. ;1 ol so
ible t ' t [4] - ' bot h
et sour cReBRhBBf foign CERln RBMIoBay o SR IRE o30S i BRESANG |
cooling c3p N Heaithl #6 MiP type, and can also be collectively formed on o wafer.
Next, 8 manufacturing procedurs for the semiconductor device

according to this embodiment will described with reference to Fig, 11 and

Fig. 12. Fig. 11A shows a procedure for the vase of using only a heating
plate 20 and a cooling plate 21 as the heating/cooling souxce, and performing
reflow in & normal atmoephere, while Fig. 11B shows a procedure for the
case of further using » non-contact type heat source 22 as the heat source,
and filling tho roflow area 18 with an incrt gas.

First of all, in stepe S101 and 8201, a specified amount of solder
alloy and flux are supplied to the UBM layer b of the seouconductoy 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 s;peciﬁed amount of solder, such as the solder ball loading
system shown in Fig. 7, the electrolytic solder plating system ghown in Fig.
8, ot anvther golder paste printing system. '
Next, in step S102 and S202, the semiconductor chip 1a to which
solder has been supplied is mounted on the stage 19 ingide the reflow



building in a heater or through flow of a heating nmedium and a cooling
medium The form of the sem conductor on which sol der bunps are forned is
noc limted to chip-type, and can also be collectively formed on a wafer.
Next, a manufacturing procedure for t Aaem iconductor devioe according to
this enbodi ment will described with, reference to Fig, it and 'Fig. 12.
Fig. 1XA t~1lhcrwe a pro lure fear the ¢ ass of usi:g o ily a heating;

plate 20 and a cooling plate 21 as the heattng/coolinng source, and
performng reflowin a normal atnosphere, while Fig. J B shows a procedure
for the Giparatus efdrds Rig3i2Ay Afeanthetfiowt yee temtseatad awd 22 as the
heat source, and Wng the roflow area 1S with an inert gas. First of all,
in stops SRdmpressidQb.a epeial preasusniztey S208) theleeflow lurey 181da filledx are
supplied to the TTDM | ayer b of the sem oonducto clop 1,, or to the sol der
al | oy nakiwighiroges, mmnmmmamamnmgmdmm'@ws §€tem it is
possible to appropriately select a system capabl e of uppl yi ng the

speci fi ed ‘Blisyprocard is cxcked oubuhoa@rtthémvmmweﬁ&bﬂm’dﬁdﬁhgddgywem shown
in Fig. 7, the electrolytic solder plating systemsho infrig. 8, or
anot her sahdkingthet mllow weca Hyadyovsinconpsals ﬂ‘zlﬁnsﬂ'éﬁ' webivend S202, the
sem conductor chip la to which  solder has been s l'ied i) nqunt ed on the
stage 19 istmephetm rWhEF&hBEﬁ)W%MHYW&PEW FQ}“PH y welkpbiliyitis  he refl ow

area 18 is settled and . deconpressed to ecl essure (step S208),
the ref owRpssibla to paitably) qmit W?ﬁsﬁr% ’M’H%\L g‘rﬁbr a mxed gas

hyd () d
concaini 19, Y el (2heh S ST ORI A B AL A
concen. g;%%?%g?% S6lpbiatiro B FIRRREESto B VAR thb SedlPwdBSEN YN eNCe
the stage 19, and the temperature of the solder is raived to 4 specified

temperature highor than the melling point to mall bhe solder (refer to Fig.
12B). In the case of an g.pbaratus provided with the non-contact type heat
source 22, heating is carried out by operating this heat source as wall. In
this heuating provesy, metal constituting the UBM layer § dissolves into the
solder at the contact intorface 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 layor 17 and tho TIBM layoer &
digsolve in the solder one after the othor.
Aftor that, in step $104 und S206, the heating platg 20 in 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. 12C).
Here, since the semiconductor chip 1a ia cooled from the reverse surface side,
the temperature drops suddenly from the top of Fig. 12C to the bottom,
genernling a Jarge temperature gradient, and the molton solder iv solidified
" from the UBM layer 5 side. In this solidification process, an intermetallic
compound having a highor melting point than the solder bacomes a care for



possible to suitably omt the process, as shown in Fig. 11A. Next, in step
5108 and S2Ws, the heating plate 20 that has been heated to a set
tenperature is brought into contact with the rear surface of the stage 19,
and the tenperature of the solder is raised to a specified tenperature

hi gher than the nelting point to nelt ‘t#e solcicr (refer to Fig. 12B). In
the case of an apparatus provided wth the non-contact type heat source
22, heating is carried out by i Tten Ling this heat acu=P. as well. In this
hefting process, nead constituting the Mlayer 5 dissolves into the solder

at the contact..l rfagce - with the lten solder. ,Also, in fhe cage where a
wet t abi | it gFNMHﬁ%HGEWWEFB&M‘MRh&B%BFW&?Wgﬁ}?e UBM

| ayer 5, the wettabfd ity imgprove t h17 = T Laye di ssol ve
i the sol daFtaER e sed Betin aF o UBRlagek £ rd dGpoRltf Ao " 70
berating pl%&fa& h% taken away fromthe stage 19 and the cooling plate 21
I s brought SAtact with the rear surface of the stage 19 to commence

cooling (refer tﬁiﬂﬁ%ﬁﬂﬁmﬁ‘wmﬁe&ﬁmuﬁ% chipisis

cooled fromthe réverse ace the tenperature drops suddenly from
the top of ki t gﬁgg sat bt ) %Eﬁ,—?rrperature
gr adi ent, éﬁ#%%%@é’#@&%%&%ms%ﬂ |%‘§Ehﬁ"gﬁ1ﬁ%¢g£ ayer 5 side. In

this solid, 'HPQ’%B [ B Cand SAERALHILdANING @ hi gher
mel ting poic%' abar a Igéer? aﬁgggﬁeﬁ;ﬂ%q%g%taf%ﬁ t he UBllEnIaaydgr 6 bei ng

f “than the so

deposi t ed, céﬁ?oﬁuﬂﬂf%&tdl'&ﬁﬁﬁ:ﬁﬁneﬁnjﬁhﬁeﬁmﬂaﬁ.ﬂwﬁgﬂﬁeﬂﬂ&ﬂ{e tin and

atons oftbe Ml ayer 5 are deposited oloso to the M | ayer 5. "The

i nt er et al Isbllee aiidod aetahdifforent frive theITBM hrer & innida thicesolddraforc conmpound
of a netal conprising tin, 'being the naul
. example a motal constituting the solder alloy making layer 8, ox an

intermetallic compound of a metal comprising tin and a metal constituting
the wettability improvement layver 17, Thege 1nte§meta]]1c compounds are
simultaneously deposited in the vicinity of the UUBM layex 5 with both
phases causing formation of a combined solder alloy layer 6 (refer to Fig. &),
thus aamplel.ing bump formation (step S106, S$208). 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 privaary phase in the
vicinmity of the UBM lﬁyer oagy, so the cooling rate can be made fast, for
example, preferably greater thun 2°C per second.

In increasing the cooling rate in the vieinity of the UBM layer 5
interface, heating using the heﬁting plate below the stape 19 and heating
uging the non-eontact type heat source 22 such as the infrared rays provided

 “abovo the reflow area 18 are carried out simultancously, and heating i§
continuously performed from the npper part using the non-contact type heat
source 22 even afler couvling using the cooling late 21 in step 206 hag atarted.
By such combination of heating from below and cooling from ubove, a

temperature difference of the semiconductor chip to which solder has been



conmponent of the Balder, and the UBMIlayer S. and an internmetallic
conpound of a netal conprising tin that is the main conponent of the
solder and a netal iiffiexrnt#ront tho.MMley r. 5 inside the solder, for
exanple a netal constituting the sol derz4al lay Wg layer 8, or an

I ntexrnetallic conmpound of a netal conprising fin and a nmetal constituting
the wettability inprovenent |ayer 17. Thene internotellic conpounds are

si mul t aneously deposited In the vicinity of the UBMIlayer 5 with both
phases causing formation of a'ronbined solder alloy layer 6 (refer .to Fig.

h), thus Hiip gndreated, ofkinh canbles effactivdlepcoRid of the fatpanhetaitie

gradient inside the solder during the cooling process is intended to nake
the cool i ngmiggundextrenely fast and. to nmake deposition of a primary phase
in the vicinity of tRhe URMI| ayer easy, so the cooling rate can be nade

fast, for eXam'MangsﬁWbeﬂaMe&mhr@mrenwtos'@igoﬂﬂ. Fig.|1%cr easi ng

the cooling rate in the vicinity of the UBMlayer 5 interface, heating
usi ng the hdaiwggridcttendyeratureivd the atage 189 timidgHfernswitghingsthechédting
non-contact type heat source 22 such as the infrared rays provided abovo
t he refl ow plabn2( 8udrihc canliae dlaoe 21siund ON/OHDURing fomhamat-tongacts c

onti nuoualy perfornmed fromtine upper part using the nowontact type heat
source 22 dypa hent sourwe @2 nJhesiovycantactctypk hegt souxse 22 i pudtnty 208N as
started. By such c nibinatioxn of heating from bel ow and coqling from
above, a tstalecfromubenting initisligation, andotheaentsonincten chinile isdheatedn sol der

has been 24' supplied. s increased, which enabl es eAfectivo deposition of
t he i nt er méremyahove : %ﬁé’“b‘b"e\“eﬂ“@ﬁ’%ﬂq f ﬁneﬂﬁe&?meamir? h

' ef erence thc%gﬁiexg fhalesthaﬁin%lti&g point of the soldey is reached, or when a spectﬁed
time has elapsed from when the specified temperature higher than the
melting point of the solder has been reached, a switch is mada from the
heating plate 20 to the cooling plate 21 to commence cooling, but the
non-contact bype heat source 22 is kept in the ON state until the
temporature falls to a temperature T1 a fow degrees (in this drawing: AT)
lowar than the molting point of the salder. By doing this, 2 temporature
eradient inside the solder close to the melting point is further inweased. and
it is possaible o reliably doposit the intermetallic compound in the vicinity of
the UBM layer &.

To caxry out this type ofcdntrol. & tempeyature sensor is provided for
détecﬁng temperature of the stage 19 or surface tamparature of the
semiconductor chip, it is necessary only to switch plates and switch the
non'cx;ntact type heut gource 22 on and off, and work is Biﬂlp]iﬁéd by
providing control means to automatically carry out these operations in the
refllow apparatus.  Algo, with this embodiment, solder formation on the
semiconductor chip has been discloséd, but it is possible to form solder with

2 similar method oven if a semiconductor wafer is handled.



shows surface tenperature of the stage 19, timng for switching the heating
plate 20 and the coaling pl he 21, and ONOf Liming 1,r the non c contact
type beat source 22_ The non*coutact type heat source 22 is put into an ON
state fromheating initialization, anq.,he sem conductor chip la is heated
from above and below At a point in time when a specified tenperature

hi gher than the nelting point of the solder is reached, or when a specified
time has el apsed fromwhen the specified tenperature higher than the
melting point of the solder haxc been reached, a swich is made fromthe

heating plate 20thghigway with tle pémicondtctor onnRoterispeldthgd but the
non-contact typo., heat source 22 is kept in the ON state until the

t enper at ur eéaidisg Lolla: prapat Rventiohlaml flevvedeiginha:tor mdnvffetiag ng. M

| ower than the nolting point of the solder. By doing this, a tonporacure
gradi ent | mpipdeatuzarsadiinche hosenfaoturiveg methed)dt fsopossibile t6 neddratelyn=-used,
and it is possible to reliably doposit the intorntc to fie conpound in the
vi ci ni ty otontrobteiddatoyecef HseRivondnctyr chip aid 8 thmyperature gradzint off
tenperature sensor is provided for detecting tenperature of the stage 19

or surf ace fivmipedatear sucfaconby adpstingmit comperstiupe of the beatdng phato@lonl y to
swtch plates and switch the non-contact type heat source 22 on and off,
and wor k i $bepogling plate 8} andrtheinvngpniect typb heabmeutes 22, asdINQIFy carry
out these ogperations in thﬁql%xel aw_apparatus. Al so, with this enbodi nent,
sol der i or fAreiREoprddhe posgible st mitahly denesit fr dntrrmetalliscomporndat it is

Vader 15 ninefuerige o thesqiie Susip T aad it HELIAY b ARe: Bt act ur i ng
snet bnd sewmiconductor chip 1a or a semiconductor wafer do not need to be conveyed
duzing a reflow process, which means that there is no possibility of damage
or bridges due ko movement of the formed solder, and it is possible to

improve product yield.

Examples
Embodiments of the present invention deseribed will gow be

. deseribed specifically in more detail with reference to examples of the

present invontion.
Example 1
A specific manufactu:':ing_ mathod for the semiconductor deviee

shown in the firgt embodiment of the present iuvenﬁbn will bo doscribed
with reference to Fig, 2. Fixst of al, titanium and titanium/tungsten alloy
are saqt;entiﬂlly sputterad on aluminum alloy wiring 2 formad' on the
semiconductor chip 1, as a confact layer 4. A nickel/vanadium alloy having
a {hickness of about 1-6 um, ay & UBM layer 5, and copper as a solder alloy
making Iayer 8 are formed by sputtering on this contast layer 4. The copper
filmn thicknese at this time is optimally about 0.8 pm in the ¢ase of the.



according Lo the pxuscnt, invention and the nmem i onduetor manufacturing
apparatus used in'the manufacturing nmethod, it is possible to accurately
control tenperature of a sem conductor chip and a tonperature gradi ent of
front and rear surface by adjusting sehglenperature of the heating plate
20, the cooling plate 21 and the non-contact typo heat source 22, cad
OVOFF timng, and it is possible to reliably depcu*it An i iterxnetallic
conmpound at the interface of the sober bunp 7 and the UBM Il ayer S. Al so,
the sem conductor obip la or a sem conductor wafer do not need to be
conveyed electrode haviig ndigmeterof abolit 120 mmmerm(?v thesayiont possibility
of damage ar bridges due to novenent of the fornmed solder, and it is

possi bl e taputtening wedthedobderbiadl Havinghzodiaweesobdbddte 50 gaeabdi Tapt | on
des+aad will, new be deembed specially in nore detail with reference to
exanpl es ot otteticmllnyafitin andwilvon. Exanple i A sped- Be manufacturing
nmet hod for the sem conductor device shown in the first enbodi nent ofthe
present inventi chewtacticisoldiydadl  baving 96,5 vedigheVictin tamd 3.6, walghtsd st of
all, titaniumand titaniuntungeten alloy are sequentially sputtered can
al unmi num S#ilvay insuppided togstheowith Lok tethoslgctrode thos formedatiealogbintact
layer 4. A el lvanadium allay having ~a tlxiekness of about 1-5 gym ve a
| SM | ayer ‘grpswabums it loastz 2 dwhick s dhe mellingpalnteftle entectior med by
sputterin t.his contact_|ayer_ 4. Th opper islmthickness at this tine
i s optimal M @%ﬂ#@?&l %a%gmg#e%lt hgiﬁéo&qrrhﬂkgﬁﬁweb' di amet er
of about 0. pm f or ned t he,set)uonti,al ,sputteri,ng and jhe sol der bal
havi ng a T COFPey Bgﬁ?” &@6%#@(@&&&3 ?‘43%%8' and with °°°ltin§ the
~ golder tukes on u hemispherical shape, and the solder ulloy luyer 6 that is 4
combination of the nickel/tin intermetallic compound and the copper/tin
intormotallic compound is formed, thus completing bonding,
When the crosa section of the thus formed solder bump is analyzed,
as shown in Fig. 1, the above described combined solder alloy layer 6 that Is
# combination of the nickelftin intermetullic compound and the copper/ailver
intermetallic compound is formod at an interface, and i‘t: is confirmed that
there is almost no copper in the solder.
Because of the exigtence of the combined solder alloy layer 6 that in
a combination of the nickel/tin intermetallic compound and the coppar/silver
intermetallic compound at an interface, cven if heat history greatér than the
melting temperature of the solder is applied afterwards, this solder bump 7
exhibits the effect of suppressing formation of & reactive luyer cuusing
significant lowering of reliability due to dissolving or diffusion of the nickol
that is the IJBM iayer b. ‘
This effucl und the slits in which the combined solder layer exista
will now be degeribed. Diffugion of the combined solder alloy layer 6 is

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



a outootic alloy of tin and silvor, A eutee io nolder ball 9 having 96.6
wei ght % tin-and ax weight 94 silver is supplied together with flux to the
el ectrode thus fornmed, heal od to u tonperaturo of at |east 221 OC, which
is tho nelting point of the eutectic-2%elder ball, and the solder ball 9 is
mal ted. The solder ball 9 conpletely disaal vos copper of the solder alloy
making | ayer a, and wth cooling the solder takes on a hem spheri cal

shape, and the solder alloy layer 6 that is a conb#nation of the

mckel/tmwterrrgi% co ndadthe (oo} Lln intornmotal l'ic

10 9 ])ngﬂﬂq

e e e o '%m@t g v
Coat e?rGret al I oun and the co /ait var inmetallic c oun'élI Ins
formﬁd at I Qﬂl?%tsgg%afé’& ?ﬂ%hptm@“%gﬁh r"i"?‘f e RReGLSE "fﬂ I Ino clopper
6 1 tha?/ .Sil g@tmﬁéﬁﬁ&?ﬁdﬁwﬁa@h el ﬁh%?%pf@%r‘ﬁ”fn@e%ﬁﬁ%@@ﬁﬁ and the
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di ssol vi ng, fhwﬁ%.‘pn of the ni ckel that is the RMlayer 5. This effect
and the sta"'?‘{iaJ In ch the conbined solder layer exists wll now be

described. Dif fHéwrthefaJM@ommm&oB E@S Heén ebtindYed &Y 8bol 0.8 yuBUPPr essed
because the conbi ned sol der all oy layer 6 exists in such a state that

mut ual  di bhbehierfeat wvithiciently exhibitdiewith « Bbinl thicknoat of R 03 gm
| to 1.2 tm. The film thickness of ths contset layer 4 and the UBM layer &

can also be suitably varied according to the conditions of semiconductor
device manufacture.

Nexl o second example of the present invention will be deacribed.
Similarly to the above described fivst example, with the semiconductor
device according to this example an electrode is formed by ssquentizlly
sputtering titanium and sitanivm/tungsten alloy ag an contact layer 4 on
aluminum alloy witing 2 formed on u semiconductor ¢hip 1, forming
niekellvanadium alloy to a thickness of 1 - 5 pum as & UBM layer on this
contact layer 4 hy eputtering, and also sputteriﬁg copyer as a solder alloy
muking layer 8. The coppar film thickness at this (ime is optimally sbout
0.8um in the caso of the eleetvode formed by the sequential sputtering
having a diamater of about 120 pm and the solder ball 9 made from eutectic
alloy of tin and silver having a diamoeter of about 150 pm.

This example is characterized by the fact that tin is furthor supplied
at & thickness of 0.5 to 1.0 jun onto thie copper solder alloy making laysr 8,



conpound and the copper/tin internetallic conpound are bl ocked ofr, and il
anot her state tin tons an inter -etallaic conmpound with respect to a solid
sol ution of 'nickel and copper and exists as a threaolontat internetaldlic
compound, and even if this three-el enef#-internetallic conpound exists,
paths for diffusion, are cut off by the conbinod nickel and copper, to
suppress -nutual diffusion. Here, the alloy solder |ayer 8 has been

optim zed to about 0.8 pin, but this effect is sufficiently enblbitod with

go];\t Ing E h: §§k} %S%“%ﬁaﬁﬁg?q%f%‘\%@ﬁ&@l ﬂi“_&'ﬁ?& ‘;ﬁl;ga i gﬁ?t"?ﬁ%ﬁ%g{?ﬁ%&cor di ng
f;(ﬁgﬁ: 5ma[1 € g%’ter >§g’e 'S f:or&reg Eygseque%#i a Py ' spu%(te_rllf%é"f}h ani um ?Ed ,
formed on NSk ELaBIARN A%l o LA NEE, thedim SAMBIUTIA LI "0

t hi ckness ﬁ&s&i&i&tﬁ%ﬁ‘ﬂ@x@ﬁﬁp@e%é%ﬁ%% the contact |ayer 4 by
an

sputtering, ¢ al so sputtering capper as a solder alloy nmaking |layer 8_
The copper Fi | m e 0LARt3ndRoond biRmplesPthd fE¥e Husidishdw:Bem 1 n the
case of the electrode forned by the sequential sputtering having a di

unater of apeInkZeb1AER ANEhet fPmsHladel ddraldll §, ke if AIvRiskidlé ke al | oy of

tin and silver having a dianmeter of about 1150 pm This exanple is
char act er i #ggply\the heldez@is sblisi pakty 10, dowsholar itsBigoBied  at a thi ckness of
0.5 to 1.0 pmonto this copper solder alloy making | ayer 8,

Next, a third example of the present example will be described with
reference to Fig, 4. Fig. 4 shows the structure of & gemiconductor device
implementing the semiconductor chip having the structure shown in the
first example of the present invention. As shown in Fig. 4, a flip chip type
semiconductor doevice has titaninm and titantum/tungsten alloy sequentially
sputtered on aluminum alloy wiring 2 formed on the semiconductor chip 1,
a8 a contact layer 4. A nickel/vanadinm alloy having a thickness of about 1
- § pm is formad by sputtering on this contact layer 4 as ﬁ UBM layer §, and
copper i also formed by sputtering as a solder alloy making layer 8. The
copper film thickness at this time is optimally about 0.Bpm in, the case of the
electrode formed by the sequential sputtering having a diameter of about
120 pm and the solder ball 9 made from cutectic alloy of tin and silvar
having a diameter of about 150 pm.

A putectic solder ball 5 formed having 96.5 wedght % tin and 3.5
weight % aflver is supplied together with flux to the elactrode thus formed,
heatod to & tomperature of at least 221°C, which is the melting point of the
eutectic solder ball, and the solder ball 9 is diasolved. The solder ball &



and a conbi ned solder alloy layer 6 that is a conbination of an

I ntexnmetal lic conmpound of copper and tin and an internetallic conpound of
nickel arid tin is tormad - in advance by heating to at | east 220t, and even
if opec ifed solder is supplied to for#a bunp after that, the sane effects
as in the above described first exanple can be obtained. Wth the first
and second exanples, the aCe boa been shown of supplying solder in the
formof a solder ball 9, buh iE is also possible to supply the sol der as

T T T e e
havi ng ¢ nebtefingibe RElak AkEH 9 o hemieb el baRponad Bt SRE U Bkeent 1 on.
ana. 11 ani SRR g seafvinek By o B AGREV LR RSB ot o o a1,

A ckel  varPRTF A e ARG Sl s dhlpd et B e S,

sputteri ngba‘gtﬁ t,‘hi s contact layer 4 as it UBMIlayer 5, and copper is also
| brmed by "ap Piler i ug as a solder alloy making |layer 8 The copper film

el cctrode for mod bybe FHeE e, EIbGaRP S Havh SlobBod o b iR ek,
120 and t NeappBed iR Anlded HERHS: ML MRRY bAEDLANRN AtERIsofl iy i DAVING 2

di aneter of out 150 pm A ectic solder ball, 9 forne ving 96.5

vei ght % threpaRed % &dvariiOttie ontibsvdiiothBcisiyDisl Rtitierart detheM th flux to the

el ectrode thus fornmed, heatod to a tenperature of at |east 221t. which is
the mal ti ndedioddes offthigwibstrate 12, and then heated and melted to bond them

together. Afor honding, gaps hetween the solder bumps 7 are filled with

sealing resin 14 in order to improve mechanical strengih and moisture
resistance. After thaf, solder having the same composaition as the solder
bumps 7 of the semiconductor chip 1 is then heated and melted to ba
attached as BGA cxternal terminals 13.

Haro, the solder bump 7 of the semiconductor chip 1 initially being
attoched is repeatedly subjected to heating to highor tl::an the melting point
in this manufacturing process, buy since with the solder humps 7 of tho
present invention tis possible to eontrol dissolving and diffusion of the
_UBM layer, it is possible to pravide a highly reliable semiconductor davice
with good yiald.

Exampls 4

Next, a method of manufacturing a semiconductor device nxing the
semiconductor manufacturing apparatus represented by the second
embodiment of the present invention will now be described with referones Lo

~ Fig. 7 and Fig. 8. Fig. 7 and Fig. 8 show the structure of s aemicouduc.tor
chip aceording to a fourth example, with Fig. 74, 8A.in each case showing



eutectic solder ball, and the solder ball 9 is dissolved. The solder ball 9
conpletely die olves copper of the solder alloy making layer S. and with
cooling the solder takes on a hem spherical shape, and the sol der all oy

| ayer 6 that is a ccunbination of tkgarﬂckel/tin intermeGal lic: conmpound
and the copper/tin internetaliic_conﬁgund Is :wned at an interface, to
forma solder bunp 7. On the other hand, a substrata 12 havi ng el ectrodes
that have been auppliod with hol der having the sane conposition as the
sol.der bunp 7 is prepared in advance, the sem conduotor chip 1

i s' posi ti ¢hedtmtiRenf eweeinbitigSmiirobdment Rjer provilidd Dﬁrﬁimrlagé‘:]?t ed and
nelted to bond them together. After bondi ng, gaps between the Sol der bunps

7 are fil |laxel Wigt 1B, 8Bain saghroast shawlngthersteuetiute with AY wsthdiBy cal strength
and noisture resistance:. After that, solder having the sane conposition
as the solinmrovdmentslagenf the sem conductor chip | is then heated and
neltad to be attached as BGA external termnals 13. Hero, the sol der bunp
7 of the seni condsahownlin Figsi 4Alandizb, the septiemithataschipndahinddagplej ect ed
to beating to higher than the nelting point in this manufacturing process,
but si nce b tmnic%d/mmnrwlqywﬁfeﬂwlb@ayprsmwm:ingaon it is possible
to control dissolving and diffusion of the UBMIlayer, it is possible to
provi de angrglectroleic platingosathnd il slectrodeats a ghickngenof ahaitdi wkiext . a

met hod of manufacturing a sem conductqr device using the sem conductor

manuf act uPRAROASplating & thay vagkel/phosrhorna luxenton thiskness ofhe
B Fi g, 7aHALE PiOB $s AsHEWeHRGIILY A TRTreERe IReEdh o e et fof the |
electrodes is about 120 pm. Also, solder is supplied using 2 ball mounting
method, using balls of 160 pm diameter and a composition of tin 96.6
waight %/silver 3.0 weight %lcopper 0.6 weight %.
After that, the semiconductor chip la aupplied with, solder is
mountéd on 4 stuge 19 inaside a reflow apparatus, and the ingide of the
reflow ares 18 is first decompressed to about 10Pa and then filled with
~ nitrogen pas. After Lhe pressure inside the veflow area 18 has been
raturned to atmospheric pressure, the flow amount: of the nitrogen is set to
- abowmt 15 Hters/minute. Next, the heating plate 20 that has been heated to
about 290°C ls brought into contact wilh lhe stage 19, and about 75 seconds
_ #ﬁ:cr a temperature of 220°C is reached, which is the melting point of the
golder, the heating plate 20 iz 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
Yoint is 85 + 2 secands, and cooling rate is about 4°C par 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

- tha prasent invention were achiaved.



chip according to a fourth exanple, with Fig. 7A,, 8A in each case show ng
the carne tore of 'a wettahility inprovenent |ayer provided on a U BM Layer,
and Fig. 7B, 8B in each ease showi ng the struetuxe with no wettability

I nprovenent |ayer As shown in Figs. Aqand 7B, the sem conduetor chip of
this exatuple has a nickel/phosphorus Tayer of a (WM |ayer 5 forned using
a nonelectrotytic plating nethod on Al electrodes to a thickness of about
5 pm and gold plating is applied on this nicake. Upl hosphvrtis |layer to a
t hi ckness of about 0.015 pmns a we tability inprovenent |ayer 17. The

di aneter of the Alheokhenehe titniapdor svkiching hetween the heatingplatoRdi ed using
a ball notoring nethod, using balls of 160 yz dianeter and a conpveition

of tin 96. mnktihtonling glury 2 Btlatredirbughrinip enntich with dhé stoga g wr t hat ,
the sem conductor chip la-supplied with Bolder is nounted on a stage 19

i nsi de a r abhowlzdteesd vs, tearpbrature] the gatah wilkbe swdebptible ethk8 9s first
deconpressed to about IUPa and then filled with nitrogen gas. After the
pressure i reffetts offennistfiomincleamerBiumbdbwenn lots; s Hids prefeasedpheri c
pteseure, the tLow anbunt of the nitro nis set to about I5 liters/mnute.
Next, the heoatiolbaptdion tizoe abattemperaturs greator #hew the maltingaoint br ought
into contact wath the stage 19, and about 75 seconds after a tenperature
of 2201C is reacVéish rapesh to the semmsnduskershimforpred wingdbe abpve t he heating
plate 20 is taken away, followed by bringin plate 21 into

contact wi tdeseribed mejbod,dharkiuge sressForiion 6%4:0%9%%&%9]@?1ng his case,
Seconds,  arRalGs PAYSFEeH nad Hies cortmmed titica thieRge Y guliPOUBt, | o1 ng.
pertormed by afeed S5 b 2btintitoly™] fiuf BPLh Cppap anit'nil at a UBM lager
| . B/solder bumps 7 i'x-;terface, covers the UBM layer 5. This can be considered
as @ layer formed by combination of intermetallic compounds of tin and
copper, and tin and mickel
A semiconductor chip (Fig. 6) with bumps having the structure of the

present invention attached and a semiconductor chip (Fig. 14) with buvaps

manufactuved using a conventional reflow process attached were kept for

3,000 hours inside an oven at 150‘(3, and the rates at which the UBM layer

B (nomlcctrolytic Ni layer) were eaten away due to solid phase diffusion

were cympared in ea th. As a result of this, it wus confirmed that compured

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 by 0.1 pm, thus confirming that the

effect of preventing eating away duec to disgolving and diffusion of the UBM

layer b was sipnificant, _

With the above deseribed fourth example, the ¢ase whers solder is
supplisd in the form of goldar balls 9 hug been shown, but it is also possible
to supply the sclder as soldex paste 10, as shown in Fig, 8,



confirmed that if the cooling rate was at | east 2C per second the effects
of the present invention were achieved. Al so, when the timng for

swi tching between the heating plate 20 and tho cooling plate 21 that are
brought into contact with the stage 19,%?_ controll ed based on tenperature,
the systemw || be susceptible to the fects of vatiationa in tenperature
between lots, so it iaa preferehle to control based on tine at a
tenperature greater than the nelting point. Wth respect to the

sem conductor chip formed using the above described nmethod, the bunp cross

section was Biampleel and el enentary analysis perforned, and it was
conftned that an internetallic conpound, conprised of approximately 1 Jim

of tin, copper ariNest, alsemiodnducid denes of bfifthlgampleGiehe pradceit! ace, covers
the UBM | ayer 5. This can be considered as a |layer for rreg by conbi nati on
of i nt or notisiventionovifickmndisscribedi nThizhxanplp edversromgntfadtdriig wefhod

sem conductor chip (Fig. 6) with bunps having the structure of the present
i nvent i on afor actemiconduttor devire usitgot mflovhapp:(dhitys ptowided withanps

manuf act ured using a conventional reflow process attached were kept for
3,000 hour snaesmiackiynehantsour®@ot , and the rates at which the UBM | ayer 6
(nonol cctrol yti H} Iayer)@é\ere eaten away due to scM phase diffusion were

v:unpxred in eaciithesemicprdugtor ehipiefithis quample hagi dayersd ofWpared to

the Ni layer, of the sem condyctor chip having bunps fornmed with the
convent i on&‘?ﬂmuﬂép eggﬁ’éﬁ gsn Al gleﬁ#ﬂ o8 Yie 4 penknck tayer to

it oot of i BuBkReRELaboRny TR omass are e i Rov e eRt R 181nt e e
layer 5 varg, sl 08 Wh k@ tmM layer 6 to a thicknese of about 0.4 um by sputtering.
The size of the electrode is the same as in the fourth example, & diameter of
about 120 ym. Soldor ig suppliod onto the semiconductor chip 1 by meanas
of a haﬂ mounting method for mounting twoelement eutectic solder having
a composition of tin 96.5 weight %/ silver 3.5 weight % and having &
diameter of 150 ym.
| Deéompressinu 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 exampla. With this example, a device provided with a
nwn-contact type heat souxce 22 (infrared heater) above the reflow area 18 is
uged, and heating is carried out using both tho heating plate 20 and the
 nom-contact type hoat source 22. The temperature of the heating plate 20
is sot to 285°C, and the timing for switching from the heating plate 20 to the
cooling plate 21 is tho same as in the fourth example, namely 76 seconds
after the melting point of 220°C has been execceded. The non-contact type
heat sourco 22 is turned OFT when the temporature of the rear surface of
the stage 19 is 216°C, which is 6°C lower than the melting point of the

golder,  In this case, the maximuw tampevature is 262 = 2°C, time above the



Wth the above described fourth oxanplc, the case where solder is supplied
‘+A--the f-orm of- sol der balls 9 has ‘been shown, but it is also possible to
supply the sol der as solder paste 10, as shown in Fig. 8. .32. Next, a
sem conductor device of it fifth examd3 of the present invention will be
described. This exanple covers a manufacturing nethod - for a sem conduct or
device u.th g ft ref | ow apparatus provided with a non-contact type heat
~source. The sem conductor chip of this exanple has a T Mlayer 5 of nickel

vanadi um f or ped by sputtering on Al el ectrodes via a %ntact | ayer to a
t hi ekneee BFIERHRPIG 18 fif S5 secen &mcqn@maﬁrmmgbqw \REEESNCOBGyer 17 is

formed on jhi | W, to a thickness of_about 0.4 pl by sputtering.

The size démlwlélt%éﬁgﬂggh§m§ﬁé“§m‘e‘§wﬁ # V‘#.dm’!tw?ﬁkbmblﬁ at thadi anet er
of about 120 pm S%Lﬁr |s supplied onto the sem conductor chip 1 by neans
of "a bal | SP8UREITAE oHe% BREORP TR t wo- el enent eut eoti ¢ sol der havi ng

a oonposltion of .tin 96.5 wei % silver, 3.5 weight % and ving a
di ameter of 1. 50 RfFFOPRE Bﬁe%‘a’ﬂ‘ii“wwgwm@a%ﬂ%ﬁrm ettt er
mounting the m conduct or chip.on;the.stage, 19 of the flow apparatus are
t he aame a‘%"”m’ﬁ'gﬁa pﬁqu megﬁwgh\ﬂ’?ﬁeﬁ%&a@gﬁﬁﬁaﬁﬁ eﬂ"é’\\%. provi ded
wth a nuyp- t S 24(d ter) above refiow
area 18 i gﬁ € nggﬁi&g'aan&aﬁﬂ%g %’%g&t%ﬁ?teﬁgééﬁ%%%ﬁb&gt* ’tnf?%nﬂ‘é%lti‘lﬁﬁg pl at e
20 and th MP O‘%’!?%B : . of the heating
pl ate 20 %ios o) Yito _ xef&/éﬁgb’t ?f’%ﬁ%‘%’%ﬁﬂfgﬁﬁﬁn&&e heati ng
plate 20 teaidifle, ¥8R frifedto™d thitkniss Jfi0PSEAMR RS UBM 13§k S/bldarexanpl €;
nanely 75 seconds _

bumpe 7 intorface.

With the fourth example, since three-element solderx of
tin/silver/copper is supplicd onto the UBM layer & (uickeD, eclder supply -

uging an electrolytic plating method is not possible, but with this example it

is possible to use twoelement solder of tin/silver because a copper layer is
formed in advaace on the UBM layer 6 (nickel), and solder supply using an
elactrolytic 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 ie
supplied in solder paste or sulder ball form, and a solder alloy layer is
forwed by heating and melting. The solder alloy layer is comprised of &
combination of two intexmetallic compounds, one intermotallic compound

~ being formed from metal constituting the solder and the solder alloy making
layer, and the other intermotallic compound being formed from metal |
congtituting the solder and a VBM layer By thinly providing the solder
alloy making layer on an uppoes part of the UBM layer in advance, an

:' obtained solder bump structure has a bonding interface formed by tho alloy
solder and a combined intermetallic compound Iay& which [s formad by



after the nelting point of 220" has been exceeded. The non-contact type
heat source 22 Is turned (c)lIfl when the tenperature of the rear surface of
the stage 19 is 2151C, which is 6t |lower than the nelting point of the
solder. * In this case, the mum t enpeyat ure is 262:k 2t, time above the
melting point is 84 t 2 seconds, and Céonng rst is shout 4CC. per second.
Simlarly to the fourth enbodi nent, dei cribed above, it is sufiic'leat
that the cooling rate is 2t per second or nore. The cross seetion of the
Rem conductot' chip to which bunps fv tied wusing the above described

met hod havemipefingsd findiataastall RN RHETEL bt BltkRop Per for med,

and it was con&nred that an internetallle conpound conprised of tin, copper

and ni Ckehneﬁl&%ﬁﬁ!ﬁmﬁg%ﬁc%ldﬁtﬂddthe@m&omﬂﬁ& d% ddebfiness of
0.8pmat the UBM | ayer 5/solder bunps 7 intorface. Wth ?ﬁe %‘%PE‘E

exanpl e, ghtemdtAliRacvaimimd fosmbd &% dofeactio/Hatwien mvmﬁuﬁsa?&hbed onto
the UBM | ayer 5 (nickeD, solder supply wusing an electrolytic plating

met hod. | solder amdsthie lVBM hiyierwi Whehithe coxdiinédidtermetallip e6mipblzadt o use
t wo- el ement sol der of tin/silver because a copper layer is forned in

advance obaydrethubis & apmbitation &f the, fishdndalecerd mtpyrnptallit ogmpounds
electrolytic plating nethod i's al so possible. As has been descri bed above,

a sol der & forpednkhe flrstipternetalliprompmmidily foimed byithg exdiredhid usi on of tin
is thinly forned, alloy solder is supplied in solder paste or solder ball
form andseldsopdey rasking lnyszat alaaos}tbﬁ%m;tme&ﬁﬁhg sgerndhel ting. The

sol der alioy | ayer, is conprised o 'aa conbination of two internetallic
conpoundsittgrme CABPmde conpound being formed from metal constituting

the solder and H&&rﬁ:‘%’aﬁﬁr&%’é&in@%‘?ﬁxg&m compound layer has the function
- of blocking a diffusion path that Wllows growth. of the second intermetallic
corapound. Under normal circumstances the intermetallic compound layer

of the tin in the solder and the UBM layer would bo growa due to diffusion,

However, growth of the second intermetallic compound is ruppressed 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 » highly
reliable bonding interface that degrades little with age with respect to
repeated heat history during assombly, or temperature variations due to
gy condilions alter packaging, and it is pussible le provide a

.semiconductor device havingé solder bump structure thet can be formed at
low cost using a conventional tin-based imo-elemeﬁt alloy.

' Also, the gtructure of solder bump connection sections formed on the
electrodes of the semiconductor chip proposed in the present invention
supprosses dissolving and diffusion of the UBM layer into the solder by
forming the combined intermetallic compound luyer at the UBM layer

' interface, and it iz posaible Lo provide a highly reliable semiconductor device

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



| ayer, and the other internctatlic conpound being forned from notel
constituting the solder and a 1UBM | ayer. By thinly providing the sol der
al l oy maki ng | ayer on an upper part of the ITBM Il ayer in advance, an
obt ai ned sol der bunp structure has ix banding interface fornmed by. tho
all oy solder and a conbi ned i ntermet aPPic conpound | ayer which Is forned
by .34- conbining a first inte.rnetallic conpound fornmed by a reaction
between netal constituting the solder and the sol dor alloy naking | ayer
and a second internetallic conpound formed by a reaction between netal

const t ut i gxtieRtereati astinbitkd L oIE it AED id R BCRONRIBEFehlef et al 11 0

conpound layer that 1s a cohbination Irst ala

| nt er met at ihsh ALIROUKE poird StAHTYn bhgaér}égg%task?&lﬁ Bedt BisfigPound 1

formed by the entire thin solder allo Ing ayer at al no he as ne

tine as t handacasdal h@ég Soricatibhs, GHHBMB%M&E&%?H}M ablé‘@ﬁ%&tﬁ%

intermeta] is conpound |ayer has the function bl ocking a usitou path

that al | ovghegremetof 1eid fae s6Riep Whith hat bl inbiased pRepiitiondtded nor nal
circunstances the internetallic conpound |ayer of tho tin in the sol der

and the UBinitaired theréid dompprediwith ¢infload oubentizreolddvausl tharoftivd Mag 20f t he
second internetal is copu ntl is suppressed due to the fact that the first

i nt er met allot of protleomaavitk respezt feeliability f usi on paths such as the grain
boundary, and therefctire it is possible to obtain as highly reliable
bondi ng i nt er f adBunthey, with the predent inventionfing temperatursemtrol of theepeat ed
heat history during assenbly, or tenperature variations duo to .uaagf:
m di ions 59}/‘?-’@?“ B gevge ispessibledyc tadhe faad that pohenting platagnideonduct or -
devi ce having a iolqgr bugg structyre ﬁhat ¢an ,be fornped. at

eooling plate lor heating and cooking the semicondudtor chip from below, and

also a non-contact type heat source for heating the semiconductor chip from

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

semiconductor chip from above using the nonrcontact type heat source, even

aftex switching from the heating plate to the cooling plate, it is poseible Lo

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, sinca it is not neoesaary.tn

convey a semiconductor chip or semiconductor wafer during the process,

there is rio possibility of damago to the semiconductor chip or of bridgos

oocun::ing due ta movement of the furmed soldex, resulting in improved

product vield.

The present invention is not limited to the above deseribed
emhodiments and examples, and it should be understoad that various
madifieations are poesible within the scope of the appended claims without

depurting from the technical concept of the present invention.



| ow cost using a conventional tin.-based two-elenent alloy. Also, the
structure of sol der bunp connection sections fornmed on the el ectrodes of
the sera iconductor chip proposed in the present invention suppresses

di ssolving and diffusion of the UBMI|ayer into the solder by formng the
conbined intermetallic conpound |ayer ™" the ZIJBM | ayer interface, and it
is posaible to provide a highly rellabl o sem conductor devise that does not
suffer fromany | owering of strangfh due to abnormal growth of the
intermetal lie conpound | ayer oven if there is a heat hi,4Fory greater than

the nelti Is . time of package assenbly o 2N ﬂ ﬂm n:nder
act ual us%éﬁg‘ﬁtgﬁ'gg This has particularly noti [:Imllm u “l t he
case oflead free sol der which has an increased propoftibn 'of %ifA tontained
therein conpared with tinilead outactic solder and therefo,t has a |ot of
problenms with respect to reliability Further, with the present invention f
ne tenperature control of the son iconduotor dovic a is possible duo to

the fact that agieal! Mediichndddos deAeehadiPhrlofsl RoliBe b Rikhdd | | N0

t he sem conductor chip frombelow, and also a non-contact type heat source
for heati w:ﬂﬂgm&wﬂw%a&%mﬂm&ﬁm,mwmm bat he ref |ow
apparatus, and by heating the sem conductor chip from above using the
uowcont actwiriifldjyedtcondprifige: even after switching fromthe heating plate
to the cooling plate, it i's possible Co increase a tenperature gradi ent of
the front and rear sumhdntraietullin congrivednoichiding mdta] gt ista maiwossi bl e to
formthe internetallic conmpound |ayer of the UBM | ayer as expected from
mat eri al desiganentiof the aloy solder ang pecoandumceted atiffarand fremithe meted ent

i nvention, since it is not necessary . to convei a sem conductor_chip or

seni conduchgt inhemain comgonent ofithe alloy eolder, w. the intermetallic
~ compound js formed betweoon the solder hump and the under-bump layer.

2. A semiconduclor device having at lsast & solder bump formed .

of alloy solder on an under-bump layer including first metsl formed on a
wiring layer, comprising’

an alloy layer composed of a combination of an intermetallic
compound of metal that is a main component of the alloy solder and second
metal different from the motal that is the main component of the alloy
soldor, and an intermeta_llie 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

under-bump layer.

3. A gexmiconductor device having at least a solder bump formed
of alloy solder on an under-bump layer including first metal formed on &
wiring layoy, compyrising®

an intsrmetallic compound formed between the solder bump



there is no possibility of damage to the som coaduotor chip or of bridges

occurrting-due-to nmovenent of the formed sol der, resutnrg—+n—inproved

product yield. The present invention is not limte scri bed
enmhodi neritr~ and exanples and it shogkyd be unders Bﬂﬂlm S
nodi f.ications are passible within the scope of the wi t hout

departing fromthe technical concept of the present invention. -3% Wuat is
claimed is: 111111111111 S 1. A seniconductor device having at |east it
adder bunp formed at alloy solder -on_an under-bunp |ayer. including first

metal : r meaddbeandarrhump layey whessinthe intprmetallic somponndaintiudesonpound

i ncluding nmetal that, is mai n conponenf, of the alloy sol der and second
natal difforont SeHose ﬂﬁ%‘ﬁr@!‘éﬁ"““%{‘ “F%F“-& Meﬁﬁg‘h‘ Boppmcrarily pramged) | oy

sol der wherein the internetall;c, .conpound is fornmed_ between the sol der
bunp and Mjﬁdﬂﬁﬁfﬁhﬂﬂpﬂgw&n@ t&%m%@&@m&% %&a&%wng at | +sst a
sol der bu formed,_ of al.loy soldet on an under-bunp | ayer including first
met al forgﬂnﬁé"%*’f&kﬁﬁ‘ﬁ&e{é’i@ﬁ’fﬂﬂ nmprising; an alloy |ayer conposed of a
conbi nation of an . niernetalljc conpound,.of tal..that is a main conponent
of the alloy som?éﬁ{] @@ﬁﬁmwg&a’&#mﬁﬁ%?ﬂﬁnt ho nmotel that is the
mai n conponent- of tho alloy solider, and an interneta |ic conpound of the
first netal included in the wunde-bunp |ayer and the netal that is the main

conponent of thg all O cemiconductor device having at least a solder bump formed
of alléy solder on an under-bump layor including first motal formed on a
wiring layer, comprising:
an alloy layer formed betwesn the solder bump and the

under-bumy layer, wherein the alloy layer is compoged of a combination oft

an inlermetallic compound composed of second metal constituting a
metal layer that is temaporarily arranged on the underbump.la'yoz and is
thon, dissolved into the alloy solder an formation of the solder bump, and

_ metal that is 8 main component of the alloy solderi and

an intermetallic compound of the first metal included in the
under-bump lager and the metal that is the main component of the allay
solder.

_ 5. The semiconductor device according to any of elaims 1-4,
whesein the metal that is the main component of the alloy solder is tin.

6. The semicondoctor device acrording fo claiﬂ: 6, wherein
metal that is a second main component of the alloy solder after the t'in in

silver.



sol der, wherein the alloy layer ie formed between the sol der bunp and the
—under bunp_layer. 3. A sem conductor device having at | Kast a col der bunp
farmed of al _I oy sol der on an under~bunp | ayer including first netal forned
on a wringfh mllunhbmuﬂ' g: an intgr-nmetal lic conpound formed between

t he sol der 1111111111111111111111 L Ns and the

under - bunmp Iayer Wwhér ei’n T he internetadho conpound i ncludes: socond net al
ccrostituting a netal layer that is tenporarily arranged on the under-bunp
| ayer and is than dissolved into the alloy solder on formation. of the

sol der bunp; and. et allhe hesmiconductor ndeviep aofedrimf 6t whedcimyooppereas. 4. A
"m conductor deV| ce havi ng‘ at |least a solder bunp forned of alloy solder
an an undedds pdloyisaltlendi ng first nmetal formed on a wiring |ayer,
conpri si ng: an aI I oy |ayer forned between the solder bunp and the
under - bunp | ayer, wherein the alloy |ayer is conposed of a conbintion of
an .inl,irneta lie coa;gound conposed of _second_net al cons}ltuti nq a netal
layer that is t®&mporahBeysemioy »ilevice HoResRisg o 1amye pf slnimss 14, hen.

di ssol ved into_ the aIon sol derr an fqormation gt the oI de . and nmet al
that is a Wharsin: She saeond o tﬂﬁbs ape & ceBPéfoADg fh MY ; o¢onpound

o e A S o Rl B

tin.

9. The semiconductor device according to any of claims 1-4,

v&hgrein the first metal inclnded in the under-bump layer includes nicksl, -

10. The eemiconductor devits according to claim 9, wherein the
under-bumy layer is a laminated film formed from ono of nickel and niakel
alloy with different flm qualities. '

11, Thoe semiconductor dovice according to claim 9, whorein the
under-bump layer is a laminuated film formed from one of nickel and nickel

alloy and one of copper and copper alloy.

12.  The semiconductor device according to ¢laim 10 or 11,
wherein the nickel alloy includes one selected from a group consisting of
nickel/vanadium alloy, nickel/phosphorous alloy and nickel titanium alloy.

18. The semiconduetor deviee according to any of claims 1-4,
whevein a contact luyer is provided between the wiring luyer and the

undser-bump layer.



5. The sem conductor device according to any of clains 1-4, wherein the
-metal that is the main conponent of the alloy solder is tin. a. The

eem ccnduct or_device—srarding to chur 6[. wherein netal that is a second

mai n conponent t he ol l.e i der after the tinis silver.
MERER 1111111]{3@1‘““‘@‘ﬁl‘3@‘§1w CL S 7. Th e sem conductor device of claim
6. wherein. ni c ed ¥o the alloy solder S. The sem conduct or
device awntng to any of clainms 1-4, wherein the second netal is one of
copper and a netal which is difront fromthe first nmetal and is allowed to

forman mernetallic connpound with The aem conductor device according to

any of clainms 1fd, , WEkieadinidndhetos devies of clan@! 18] Sehdrdid thes stidast bunp | ayer

i ncludes nickel. 10. The sem conductor device according to claim9,

wher ein th@arliﬁdﬁdeéwﬂ@ofﬁmﬁuh@aﬁdtaﬂhnah/ednge‘nhhmllfog.r med fromone of n kel
and nickel alloy with different Ed qualities. 11, The sem conductor dovicc

adding to Cdaim9, wh is the wunder-bunp layer is. a lamnated filmforned
fromone of nickel and nickel s-1loy and one of copper and copper all oy.
12: The semni conthict orA gmthed feranandfartuding el semicddd wtod deviesher ei n t ho
ni ckel alloy includes one selected horn a group consisting of
ni ckel f varaipxising dtdeaaini etddbt phogpifad yasciddrdyrmead oni acwdting fageni um al | oy.
13. The sem conductor device according to any of clsfns 1-4, wherein a
concat at . Viayay undexhowipdested nohedingfiret wietal gompyising the steps of
fusing alloy solder having second metsl different from main
cornponent matal of the solder bump added thereto; and
cooling the fused alloy solder to deposit an intermetallic
compound including the second meotal and the main component motal of the
alloy solder al an interface between the under-bump layer and the solder

hump.

16.  Amethod for manufacturing a semiconductor device,

comprising the steps of

forming on a wiring layer, an underbump layer including
First metal which is to form a first intermetallic compound at an interface
through reaction with alloy solder;

supplying alloy solder having second metal different from
main component metal added thereto; and |

forming an alloy layer at an interface between the
under-bump layer and the alloy solder by temporaxy fusing the alloy selder
before cooling, whorein the alloy layer is a combination of the first
intermetallic compound and a second intermetallic compound of the main

component metal of the alloy snlder and the second metal.



under-bunp layer. C MS 14. The sem conductor device of claim 18, whoroin
the contact |ayer includes one of titaniumand titaniuntungsten all oy.
15. A method for manufacturing n sem conductor devite —conprising at |east
a. Bol der bunp of alloy solder fornmed48n a wiring | aygiiem it WE mr-burrp
| ayer including first netal, conprising the' steps of n ¥ mummlmtm | der
havi ng second netal different frommain conponent notal of i he sél dér bunp
added thereto; and cooling the fused alloy solder to deposit an
intermetallio conpound including the second netal and the mai n conponent
metal of the alloy solder aL an interface between the under-bunp | ayer and

th | d h 16. , A nethaod f f turi ' d devi ce,
Compr i nG the eps AmeBpAiimenuERiiTiog s FHpitaderds Sauen meh sy er | uc i
di first t ich i irst int Sl i d at

Loy ¢ necboast Al iniilp iadstof RiaP dhuiey Bmefior & BB mrer BT <ol ey
havi tals.diff t ' dded t hezteto;
g A e e
and the all oy sol der ﬂi(mgférg%@‘r%}%é?gog%e%ﬁﬁéﬁﬁ?bﬁeqﬁl &xar%reqﬁr IrreBPe cool i ng,

wherein the alloy |layer 1s¥a Cco allic
conpound gaﬁ%cond internmetal litc conmpound of the main conponent netal
y sni

of the al er and the second netal .
when forming the solder buxap, fusing the entire metal layer

into the alloy soldor and thon cooling it ta deposit an Intermetallic
compound including the second metal and the main component metal of the
alloy solder at an intarface batween the under-bump layer and the soldex

bump.

18, A semiconductor device manufacturing method, comprising
" the steps off

forming, on a wiring layer, an wnder-burup layer, including
firet motal which is to form a firet intermetallic compound at an intorface
through reaction with alloy solder; '

forming a wmetal layer made of second metal which is to form
a sccond intermetallic compound through reaction with the alloy solders

supplying the alloy solder; and

forming an allvy layer at an intetface between the
under-bump layer and the alloy solder by cooling after temporary fdsing of
the alloy soldar, whersin the alloy layer ia a combination of tha first.

intermetallic compound and the sccond intermetallic compound.

19.  The semiconductor dovice manufacturing method accoxding



140 jjiiijitjij I'T Arethod for manufacturing a eem eanduotor device with at
| east a Bol-der—bunpmade of alloy solder forned on a wiring layer via an

under-b unp J.ax&! ' :Lirst metal, conprising the steps oD formng a
Met al | ayer H HH‘W“‘JH“HM“ n the unggr-b unp |ayer; and when form ng the
sol der bunp, ng. tke enttre netal layer into the alloy sol der and then
cooling it to deposit an !Aternetallie conpound including the second netal
and the main conponent netal of the alloy solder at an interface between
the wi der-bunp | ayer and the eol-& bunp. 18. A sem conductor device

manuf act uteelalimd? o a8, whepsin esinxidation pravestion: filnomrdenf gold & wi ri ng

| ayer, an underbunp | ayer, includin first metal which is to forma first

i nt ar met alfrther éhipdp dorraed pan themet ex.thro ugh reaction with at |ey

CGol der; Mng a netal |ayer nmade of second netal which is to fora it second
intarnmetal lic conpound through reaction with the alloy solder; supplying
the alloy solder; and formng an alloy |ayer at ,an interface between the
under - bunp LayeRVand Amemicanisiucton dasicemanyfhotugng methodegomprsing usi ng of
the alloy solder, wherein the alloy layer is a c onbinatioit of the first.

i nt or et alt é"%rﬁfound and the second intarnetallic conpound. |IS. The

sem conduct or devi ce eyl 2oL L0 ML N\ A58 Wi taper nctuding
first metal which is to form a first intermeitall:ic compound at un interfece

through reaction with alloy solder;
forming a moetal Iéyer made of second metal which s to form

a seoond inteymetallic compound thiough reaction with the wlluy svider
forming a thin film of tin on the metal layer and forming an
alloy layer of the second metal and the tin: and
supﬂyiug the alloy solder.

21. The semiconductor device manufacturing method according
to any of claims 1518 and 20, farthex comprising the atep of, before forming
the under-bump laver on the wiring layer, forming a contact layer for

- maintaining adhesion of the wiring layer and the wader-bump layer

22.  The semiconductor device manufacturing raethod according
to any of claims 16-18 and 20, wherein, whon forming the soldor bump,
fusing of the alloy solder and deposition of the intermetallic coxpound are
carried out by setting 4 temperature of an interface of the solder bump with
the undex-bump layer to lower than a temperature at the top of the solder

bump on a specified temperature gradieat.



fitl1111111~~11~111111 -41- Ce L to claim 17 or I8, whstermanoxidati on

prevention filmnode of.gold is further thinly far T ayer .
Zt). A sem conductor device manufacturing mnethod, cﬁ‘@lﬂﬁ"ﬂ@"’"ﬂ“&ﬁgps of
formng, on a wiring layer, an under-bunp‘layer incluc ng I Tl sl I

which is to forma first intermetall #2 conpound at an interface through
reaction with alloy solder, formng a netal |ayor nmade of second net al

which, is to foRfh a Fheowthitordutetdeivive: manpiietaring mghodeacordhay wi t h t he
alloy soldsT, formng athin filmof tin on the netal l|ayer and ibtmnl ztg

an al | oy ltewmy offcldimes FPA8rmhd 30, avheraih, whex formingithe soldet kimg, t he al | oy

sol der 21- The som mnduct or devi ce manufacturing nethod cording to awW

of el ai s ¥asingolahd alldy soldermard dupwpititangf thi énteraetallic defppmmd @t ng  the

under -bunp layer an the wiring |ayer, formng a contact |ayer for

mai nt ai ni pgreddeat by méniting the serpicongastondevich enunstage dndamusiigsa m 22. The
sem conduct or devi ce manuf cctuxring nethod according to any of clains

18- 18 and hdatingslnts and wheanlihg pldtegnivible eraddedavn lowbripartnichet he al | oy
sol der and deposition of the nternmetallic conmpound are carried out by

vatting i tstagmntachesaquentialiytbroughtinta contuct with thel stagebunp with the
under-bunp layer to lower than a tenperature at the top of the solder bunp
an alepacified tenperature gradient. | 21011il I11hJ}) 11111 11111 11 111
24.  The semicomductor device manufacturing method wecording

to claim 23, wherein, at the time of heating using the heating plate, the

semiconductor device is aleo heated from above by « non-contact heater

provided at an upper part of the semiconductor devics, and at the time of

cooling using the cooling plate, while continting heating using the

non-cuntact heater, a tempersture gradient between the top uf solder bump

and the interface of the solder bump with the under-bump layer is inoreased

to promote deposition to the interface of the intermetallic compound with

the under-bump layer.

25.  The semiconductor deviee manufxcturing method according
to aladm 23 or 24, wherein cooling using the cooling plate is caxried out at

cooling rate of ut Jeast 2°C per second.

26.  The semiconductor device manufucturing method uccording
to any of claims 23-95, wherein the heating using the heating plate and the
cooling using the cooling plate axe carried out under a vacuum atmosphere

of a spocified gas,



Ms 42 ZR The APm c onduc.to ' device mdnuf Mcturixrg muthnrl according

t o any -of -cl ai-ns—15—18 and 24, wherein, when forning the sol der bunp,
fusing of the aldui ikl deposition of the internetallic conpound arc
carried out bymmnﬂﬂu i cond0® or device on a stage and causing a
heating pl ate akWd @ aoolm ng ptats novably provided at a | ower part of the
stage to be sequentially brought into contact wwth the stage. 24. The

-sem conduct or devi ce manufacturing nmethod according to claim 23, wherein,

t the ti . of ti i i ) } devi
at the time of jega Irrghéla;gﬁbohaﬁcéafabms d%%&ﬁctﬁﬂi‘ﬁg nRfHbE geg#agrﬁfr evi ce

I's al so heated from above by a non-contact heater P upper
"part of t RecIaeH X0 REhIGHIN tHiCi et Ficdog iﬁblﬂa!aSohbrwaafinefpgAdeSI ng the
cooling plate, while continuing heating using the neon-contact heater, a
t enper at usal\itRAig@dt between the top of solder bunp and the interface of
the sol der bunp wth the under-bunp layer is increased to pronote
deposition to the interface of the intornetall conpound with the
under - bunp dyer. 25. The sem conduct or devi ce manufacturing net hod
according to cifi m ZThojerdikondligbe deviee ohamfustiirhyg idbthed abdopding ate is
carried out at cooling rate of at |east 2' G per seronch 26. The sem condu
r devi ce toeluira @7, mihegeincthedde ricear aimprisdsonenf nifrogeniand @godSandher ei n
the heating using the heating plate and the cooling using the cooling
pl at e ar ethgaradustive gas vouprises vae of hydropsopivd e mixed gas prdidingd gas.
1112112121117 121121112121111111 -43-

hydrogen.

29. The semiconductor device manufactuﬁﬁg method acgording
to any of claims 15-18 and 20, wherein the under-bump layer ig formed from
one of a single film and a laminute of 4 pluralily of filting mude of one
aelscted from a group vonsiuting of nickel, nickel sloy, sopper and copper
alloy which ave formed by sputtering,

30. ‘Lhe semicondustor device manufacturing method acoor;iing
to any of claims 15-18 and 20, wherein the under-bump layer iz formed from
one of 2 single filto and a laminate of a plurality of films made of oae
selected From a group consisting of nickel, nickel alloy, copper and copper
alloy which are formed by one of nonelectrolytic plating and electrolytic
plating.

81. The semiconductor device manufacturing moethod aceording
to any of claims 15-18 and 20, wherein the under-buxsp layer {s formed as &
laminate film of a film made of ane selected from a group consisting of nickel,
nickel alloy, coppar and copper alloy which are formed by the spattering and



c L n 27. The sem conductor device manufacturing nethod scscusrding to
chin. 26, wherein the spocified gas includes Ono of an inert gas and a
reductive gas. 28. The sem c:ondnrtor device rranuk oordit xg
to claim 27, wherein the inert gas cquri ses one o ejﬂm Igfﬁﬂgon and
the reductive gas conprises one of hydrogen and a n¥x s nel

hydr ogen. 29. Ths term ductor devi ce manufacturing net hod aeoordltxg to
any of clainms 16.18 and 20, wherein the under-bunp layer is forned firom
one of a single filmand it lamnutc of a plurality or nhn s need of one

sel ected falflg fnleofbnedictéd ROnPA o [f@énsziﬁﬁﬂ.‘ efnitleliickdloiRe; and

copper alloy which are fornmed by ssputtcriiag. 30. The sem conduct or

devi ce maguhprt aid oeppteidiley vﬁkﬁhrzd'bwmécbbﬁbucofnﬁh@lbﬁﬁo%cﬂﬁ gimg 20,
wherein the under-burrp | ayer is fi nod from one of a single filmand a

| am nat e tha[abmjytmtpjaﬁﬁgfl n'" s made of one selected froma group

consi etiug of nickel, nickel alloy, copper and copper a 1loy which are
formed by one of nonel eot r ol ytic plating and electrolytic plating. $1. The
sem conduct or devi ce manufacturing method according to any of clains 18.18
and 20, wher ei n82he UTbesemiqpudayter devideanapufssturing mathnd meodriding of a film

made of one selected froma aroup consisting of nickel, nil kel alloy,
copper ante 8oy eé rlaimis A -han P&syhmdnwketmetsé,metrénﬂwgleamoppnr 1111
1111121212221 J 1111111l a Al m made of one sel ec ed fromit grasp_ consisting
of ni ckel thix forpadhy ut least one of sputtering, nonelactrolytic plating, and

aloctrolytic plating.

33.  The semiconductor devics manufacturing method according
to claim 32, wherein a film thickness of the metal layer is set so that the
melal layer fusey Lolally inlo (he alluy solder when lfusing the ulloy sulder,
and; when cooling the alloy solder, at least some of metal of the metal layer

is depositod from the alloy solder.

84,  The semiconductor device manufacturing method according
to any of claime 16-18 and 20, whorcin the alloy solder is supplied as one of
2. ball and pellet formmed to a specified amount.

a5, The semiconduoctor device manufacturing method according
to any of claims 15-18 and 20, wherein the alloy solder is supp]icd as solder
paste.

36. The semiconductor device manufacturing method according
to any of claims 16-18 and 20, wharein the main component of the alloy

solder is tin.



oopper and copper allay which arc fornmed by one of noonol ectrolytio plating
and el eerol ytic -plating.. 82. The sem conductor device manufacturing nethod

according to any of rins 15-18 and 20, whcrcin. thometal—tayer—inct udes a
copper thin filmforned by at |east one of sputterin ontlc
pl ati ng; and el ootxolytic plating. 3%0-The senic ' '&mﬁ
manuf act uri ng method according to claim82, whereéf® v s of the
netal layer is set so that the netal layer fuss totally ink 4he alluy

*ol der when fusing the alloy nolder, and; when cooling the alloy sol der,
at |l east sone of netal ofthe neta! layer is deposited fromthe alloy

sol der. 84. The sem conductor device nanufactm/ing nmet hod wording to any

of clainms 16-18ggrid, ' lied as one of
a ball, and pel I ef fa?%é"%%‘ﬂé‘ﬁ@cﬁu e rmunt 3@%‘#’%‘@@%‘“&5 Wt or

aher oi 't RS 06 S ERA A beBERE AL oAl ofthe o bojder g d tn Tl

sem condum devi ce manufacturing nethod according to any of claim 10-18
and 20, wherel n the main conponent of the alloy solder is tin. 46
IN11101111111 87. The sem conductor dovl co manufcturing nmethod ateording
to claim 36, wherein a second mai n conponent of the alloy solder after tin

is silver. 38. g8he sTHbcomitmductlovice maAtfReuhE MetiRlRdeESe" di Ng
to claim 36 or 87, whevein copper is added to the alloy solder.

88.  Asomiconductor manufacturing apparatus comprising:
4 stage for mounting a sample;
a heating scetion for heating the sample; and
a cooljng section for cooling the sample from below

40. The semiconductor manufacturing apparatus aceording to

elaim 39, wherein the sample is a gemiconductor devies having solder,

41, The semiconductor manufacturing apparatus according to
claim 89 or 40, wherein the heating section comprises a héating plate with g
built-in heater, the cooling section comprises & cooling plate with a built-in
cooling medium, wherein henting and conling are carried out by sequcntie.!ly
bringing the heating plate and the cooling plate into contact with a lower
surface of the stage to conduct heal. |

42. The scmiconduotor manufacturing apparatus according to
claim 39 or 40, wherein af least one of the haating section and the cooling

section is built-in to the stage.



to claimg9 or $7, wherein coppor is added to the alloy fielder 39. A

som cxnduct Mar atus-conprising: a std for nmouutiag a
sanple; a h ' sSect i heati ng the sanple; and a cooling seat%on
for cooling t “\\‘(@‘ | ow 40.4dhe sem conductor manufacturing
appar at us ach % Clsal M 39, wherein the sanple is a soniiconductur
devi m havi ng er,“ 41. The somi conduat =. or manufsaturing appar at us
according to claim99 or 40, wherein the heating section conprises a
heating plate with a bufttin heater, the cooling sectiox- conprises a
cowming plate with a built-in cooling nmedium wherein hea tang end conltrg
are carried out by sequentially hinging the heating plate and the cooling
plate into contédt wiThe seminsaductoncianfaciuringapparages accordingtint head  42.
The sem conduct or manufacturing apparatus ac irding to claim39 or 40,
wher ei n atlalima¥l, furthiestompeisiagt i ng section and the cooling section is
built-in to the stage. -46- 43. The sem conductor_ manufacturing apparatus
according to clai m Jonongeniast heativeisestion prrovidad wowa appenvart ok section
provided at an upper. part of the stage, for_heating the sanple from above
wi t hout cHir steage, %A.hem@ségmmg&ma without petaghpar at us *wording to
claim40, further conprising: a non-contact heating section provided at an
upper- part of the stage, for heating the seni conductor device from above
wi t hout cont act '

44.  The semiconductor manufacturing apparatus according to
claim 40, furthor comprising:

a non-contact heating section pmvidcd at an upper part of
the stage, for heating the semiconductor davice from above without contact.

45.  The semiconducior manufucturing gpparatus according to
‘claim 43, further comprising: -
a tomperature sensor for meaguring a tempexatura aof the
stage and a surface of the sample, and
a controller for independently confrolling the cooling seotion
and the non-contact heating section by reference to ax output from the
temperature sensor so that a temperature gradient of an upper surface and

a lowar yarface of the sample becomoae a specified value.

46.  The semiconductor manufucturing apparatus according to
claim 44, further comprising:
s temperature sensor for measuring a tamparature of the
stage and a surface of the semdconductoy device, and
a controller for indapendently controlling the cooling section

and the non-contact heating e¢ction hy reference to an output from the



45. The senir;onductr manufacturing btpparatus according to claim 43,

et her conprising: a tenperature sensor for nmasurimng a tenperature of the
stage and a surface of the sanple, and a controlleryg ) y
controlling the cooling scction and tfge non:-cont aHimHEllmﬁﬂﬂmm“n by
reference to an output fromthe tenperature sensor s0 ¢hat & tenperature
gradient of an upper surface and a |lower surface of the sanple beconas a
sp(c)ciied value. 46. The sem conduct or manufacturing apparatus accordi ng
to claim44,further conprising: a tenperature sensor for measuring a

‘'t enper at utemperaivge sensapscthita wonfaetwefpratient efanonhertearfadewndc, and a
controil'er for independently controlling the cooling section and the
non- oont adt lowexsiwiice of the somicondncior dowice bogemos appecifiedwulas 47 -
11111112112121121212112112111111 CL a tenperature Sensor 80 tl at a
tenperature gradi eu( of an upper eur& : and a | ower surface of the

som conduct or dqyi co Roc?mme a specified value. 47. An el ectrode
attucture conpr i ng: Asplegtrede $usiure pIPTISING ni der bunp; and an
internetellic conpound fogmed between the under-bunp Ilaye, and the sol der

bunp. o0 under-bump layer;
# solder bump; and
an intermetallic compound formed hetween the under-bump

Tayer and the solder bump.



