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DESCRI PTI ON SEM CONDUCTOR DEVI CE PROVI DED W TH LOW MELTI NG PO NT
METAL BUWPS AND PROCESS FOR PRODUCI NG SAME 5  Technica
Field resent invention relates to a sem condu

devi ce provi dewaow mel ting point netal bunps and a CJC&?’S%’@‘E&“for
produci ng the sane. Background Art Sem conduct or devi ces
have currently been used wi del y in vafibus fields. The seni conduct or
devices are usually used by nmounting_ them on substrates. The nounting
net hods i ncl ude bonding net hods sulRSSBIFFOE aut omat ed bonding 15
(TAB), wire bonding and flip chip bonding. The TAB and wire
bondi ng are technol fairesnBicH E P ' . A gd on
a substrate through eads, e N one TOW per

peri pher al side of the s%&-ﬁ@ . St Eehrgrogi es are, 20
t her ef ore, not S5sui Medhhicdl Ftieddnsity m)untl ng of t he sem conduct or

devices. In contrast toTﬁerzte%%nghQﬂélﬁ% elﬂf‘&t |tgngdsgrpl%§ldug:gp chip

ectrodes of sem conduct ar

bonding is a technolo
device are §¥?¥? %’iﬂYﬁQEﬁe‘ﬂl‘P’b We"‘%’r%’d’t‘-’f S3ent JrefatabumpH ank a‘2_5

substrate thr ough arocess nipmpraducing nbhe sameel ectrodes of the
sem conductor device can be provided in a |attice- | i ke formon the
entire surfaci the technol.o Is suited to high density nounting.
Various sol defl ar BagkgEquRqd & used as bonding metal in flip chip

bondi ng because the 30 Serpaogidngtes devidest kavd \curekhty etenl ased widely

RIS g et heth iy e s g
are used, and the gﬁ?ﬁ%@ﬁ&ﬁb‘f’ﬁ?‘%e@%?"f ateéonn”é‘ﬁ &?"‘PB"’?‘-'hé“eéIh@é?rode

term nal s of subst iRcludeponding metdokdswsuch msomsder@ﬁp}na\mhdchonmmurrps
are nmelted angs (TAB), wire bonding and flip chip bonding.

The TAB and wire bonding are technologies by which a
semiconductor device is mounted on a substrate through
leads. The leads are arranged in one row per peripheral
side of the semiconductor device. The technologies are,

20 therefore, not suited to high density mounting of the
semiconductor devices. In contrast to the technologies
mentioned above, flip chip bonding is a technology by
which the electrodes of a semiconductor device are
directly connected to the electrode terminals on the

25 substrate through a bonding metal. Since the electrodes
of the semiconductox device can be provided in a lattice-
like form on the entire surface, the technology is suited
to high density mounting. Various solders are generally
used as bonding metal in flip chip bonding because the

30 bonding is conducted by melting at low temperature.

In flip chip bonding, semiconductor devices provided
with low melting point metal bumps for bonding placed on

- electrodes are used, and the semiconductor devices are
connected to the electrode terminals of substrates by a
- 35 reflowing procedure by which the bumps are melted and
solidified again.



solidified again. WD 98/ 09332
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the bunps are forned by vapor deposition or plating. However, such
bunmp formatign net hods nust all repeat conplicated treatnents steps
usi ng -a mask WOMOBEL cover, in the nethod of forming the b REFSERPNBIHor 5
deposition, a bunp material is deposited on portions where t he bunps
are not to be formed, and the deposition arunt thereon is very |arge.
The nethod is, therefore, not a preferred one in view of the cost and
efficiency. Mor ednegenexatl , pkbe i grpsu e e afoxmiedt biyopaper igpositiion

el ectrol ess pl at iR0pi 944y Wahec:év@fld gaeussémﬁrromusﬁvméa{ya%n&aét Farqul em
and count er neasures a al nst. .such B ﬂBﬁem; are I ndi SpeENn

ab
il lustrated abov&®Pea FERERD He SRS PEHRAT ] "ﬁ% burrps are
relatively dMoredyer.arigt phachrethdd ofefofmirige thet homps ihy veporicted. 15
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the bunmp amshereemrids vegyvhaggeanofhethetlindrps, Poexeiitinegl pot 20
securing unifor ”owé&@%bngnt@feﬁ%@ Eﬁ@dé&‘étoranﬁe&fff&en and the
substrates is diffic re of. the ITventlon An

obj ect of the prH¥8ERYVFhrv &KL ﬁa?’s”gc ﬁuﬁﬂo‘?’ﬁ dftestagplating (95nduct or device
provi ded wi &R | oeleetrodwgspplatineifpuls watfdnagpedofatsesh agual ity and -

capabl e of bei ngeﬁwmrﬁ&r&alapromensuaﬁareé@ée\tmahgare@agaaaaéié\q:h and a
process for onduct or devi ce of

roduc the.s he, se
the present inveﬁ??%ﬂ & ec&ﬁ%*?%e&?agﬂ'&“,t rpbsdé‘g'IPﬁF gg‘%r’?bg V&eni conduct or
chip;, and- | Sopyent ikma luine phesiamfore fermizsh shet bugpofare kelatisteliyng :
poi nt et al bal | cubt T, isndsphattsall vskosFosheiidehats aie restgioety si ze, and

adhesi ve bogged to th’Fhexl'eeCltsrg eéﬂd bump proceriU{'% ngwaneéého%g 8OI nt metal

balls are preferably
form1ng bumps other than vapor dep051t10n and plating.

Since bumps are formed one by one in the procedure, the
production efficiency is low, and in addition the bump
amount tends to vary among the bumps. Accordingly,

20 securing uniformity in bonding the semiconductor devices
and the substrates is difficult.

Disclosure of the Invention
An object of the present invention is to provide a
25 semiconductor device provided with low melting point metal
bumps of high quality and capable of being mounted on a
substrate by £flip chip bonding, and a process for
producing the same. :
The semiconductor device of the present invention
30 comprises electrodes formed on a semiconductor chip, and
is provided with bumps each consisting of a low melting
point metal ball which is spherically formed and has a
given size, and adhesive bonded to the electrodes.
The low melting point metal balls are preferably
35 adhesive bonded to the respective electrodes with a flux.



35 adhesi ve bonded to the respective el ectrodes with a fl ux. WO
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- 3- The el ectrodes on the sem conductor chip are :
preferably for an electrode material of Cu or a Cu Al
or an Al all oy?ﬁggrafmk%por a Au all oy. When t he el ecmegyﬁg*gri al
Is Al or an Al alloy, at 5 | east one layer_of a netal or a netal alloy
havi ng a nel ting point higher than the ®lectrode material is
preferably Iam nated to the |ayer formed fromthe el ectrode material .-

The | am nated | ayers ar &prefeGtapngsion ke FrBEFeRAMGtornghin agel ected from
Ti, W N, O, Au, pféfe€ablyyiforgd fifom an elédilrdde matefdnlablfoguodr tahege

net al s. aﬂlltlo&,s ﬁet;:e%eﬂltﬁal ,oLrt _Arage‘hg Aﬁrg'ﬁat ed to the

el ectrode material lTayer, the layer contacted with't el ectrode
material |ayer be formelfbeRdrherielegproge materinl igsAl o af Adt allpyaftal | oy
of these netal §, algathatné lHayleayef a metalcontaicietdl walloyt haviagy arel ting

porm netal ball beel@ifE%boint nidhdiMthan tHe diboriliae MarddlaySfs0r P, of

- an all oy of ] process produci ng a
seni conduct or devi P&¥edgrably demimakpd &or kbe plagenforne@ fiiomnthe a process

for pr oduci ng edeserdo maAterDil devi ce havi ng el ectrodes forned ©on

a sem conductor chip, ' ' u ' [ f_ 1 ow
mel ti ng point _netal baJa S g%?ﬁhgg?%‘é!%rﬁ magPé Mffsé@ﬁke’%)rcfﬁ%ﬁgaaﬁ%mﬁfvi ng a
gi ven size, arf whPERahrgelested froniTia Horled o ke BbsfletPhe Ag, Sn

el ectrodes, and isand Pbchar ant @llaedfbyhéde mevalsel ting point netal balls

bei ng adhesi ve bongded; ' he ect | I W th

a 11 ux. The f?’ﬁ%?%qg?{a A shak of TRCTRES IefihROEE0 g

On anot her aspect BFeEHPYs BEERTIZNJEYEF onthe H@ver confastedswith theoduci ng

@ semi conduct or .deelectmiomdiagidlo layer bhéefcpmedefton IMieNW| ani,i €xa papcess
for producingig cu &EB0BLUES HLIHVbE Cis) hdesi v gl eiat®lHd AdyBPi Nt

et al bunps Ogogpa?cteelde%ti[:gdaxse qgwamg tns']n%O ng’z‘ié Or{et%ql gé.l]t. rlaee formed’

from Ni, Au, Pd, Cu, Pt, Ag, Sn or Pb, or an alloy of
these metals.
The process for producing a semiconductor device
20 according to the present invention is a process for
producing a semiconductor device having electrodes formed'
on a semiconductor chip, and provided with bumps which
consist of low melting point metal balls each being formed
spherically and having a given size, and which are
25  adhesive bonded to the respective electrodes, and is
characterized by the low melting point metal balls being
adhesive bonded and fixed to the respective electrodes
with a flux.
The flux is preferably applied to the electrodes.
30 On another aspect of the present invention, the
process for producing a semiconductor device according to
the present invention is a process for producing a
- semiconductor device provided with low melting point metal
bumps on the electrodes on a semiconductor chip, the
35 process comprising the steps of:
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adhesive bonding low nelting point nmetal balls each bei ng spherically
formed and having a given size to the respective el ectrodes, and

refl owi ng thé"?ﬁ&”ﬁﬁgti ng point netal balls. 5 The |BSHAREIN2987,
point nmetal balls are preferably adhesi ve bonded to the respective

el ectrodes with a fl ux. The flux4is preferably applied to the

el ectrodes. Brief Description of the Draw ngs 10 Fig. 1is a
perspective view illustratadgesive bondind dewduel bingleeine mftalhbaplesent

i nventi on. each bEm% Qpﬂei'léal/lf"fdrhteaséﬂi&tﬂa%néna%ﬁi‘etnr g8lge ity t he
sem conduct or device of t ent entl Fig. 3is a view

illustrating a s ﬁﬁ@??‘é‘éﬂ °'b‘f° . ap e sem conduct or device of the
present invention which refib:mpgi thé ckove theb ping focdmtnygetal daldel ti ng

point netal s baI | 'I‘he low melt:m&'ﬁnéﬁe‘:&l@l@rsea¥ée%€eﬂelrbkb§§r ating a

process for %J]qrasﬁem conduct og device of %ese

i nventi on. 39" 9 R perPrast Y SRt RoR Y er bal |
directly forned on a @hepflwec;tsrpdefeﬁalﬂ-mangleemchal electrodes. Fi gs.

6A and 6B are views illustrating a preferred nmet hod for adhesive

bondi ng |l ow neltin oj.nt netal to the respective el ectrodes.
Best Mbde for CafPF F’ﬁ bffﬁr Araop ?/‘érﬁ%i Soffrawings Fig. 1 shows a
sem conduct @@ devi ce Eigf 1 Hes pr pexspective viewrililystrabingseni conduct or

device 1 is provisdfgcohddctdt de{rﬂ&\é ey tthagpﬁé%éiit Eﬁ%&htﬂﬂi | bunps 3
adhesi ve bonded onto . %h.e % e ewo.ql gn %n ovvn)E eg£ Q surface of
a sem conduct or cﬁ?p i\"ﬁ %"(‘N%?Intrﬁ HET al Baﬁ‘% 3 can be
formed from one semiconductor device of the present 1nvent10n :
Fig. 3 is a view illustrating a semispherical bump of
15 the semiconductor device of the present invention which
' bump is formed by reflowzng a low meltxng point metal
ball.
Figs. 4A to 4D are views illustrating a process for
producing the semiconductor device of the present
20 invention. :
Fig. S is a view illustrating a bump of a solder ball
directly formed on a chip electrode of a single material.
Figs. 6A and 6B are views illustrating a preferred
method for adhesive bonding low melting peint metal balls
25 to the respective electrodes. '

Best Mode for Carrying Out the Invention
Fig. 1 shows a semiconductor device 1 of the present
invention. The semiconductor device 1 is provided with
30 low melting point metal ball bumps 3 adhesive bonded onto
the electrodes (not shown) formed on a surface of a
semiconductor chip 2.
' The low melting metal balls 3 can be formed from one
of the various solders used for mounting a semiconductor
35 device on a substrate. Examples of the solders include
solders of Sn alloys such as a Sn-Pb alloy and a Sn-Ag
alloy and solders of Pb alloys such as a Pb-In alloy.



of the various solders used for nounting a sem conductor 35 device on a

substrate. Exanples of the sol ders include sol ders of Sn alloys such
as a Sn-Pb alloy and a Sn-Ag al l oy and sol ders of Pb alloys such as a
Pb-1n all oy. 08/0933 WD 98/ 09332 7102987
PCT/ JP97/ 02987w° 2 The el ectrodes to which the burrpgcy%% mfow
mel ting point netal balls are adhesive honded can be formed from

an electrode material of Cu or a Cu alloy, A" or an Al all oy, or Au or

Gl eotrode’ having a sur {HEe clectraten w waaeh (e, bU8eR o LarerFI e
preferably used. Tpeint spetal babherare sdhesivesbovdeddrarn beyfermed fxonf t he
\S/\ihdestﬁf tlhe o shefié&il%aaaﬁ%@eﬂﬁee%@@g a3@ua‘81ﬂcﬁ£2 Aer 6+ nan Al ¥
bal 15 (the ter m soRULPY b Augesitdh 3016Y. 1o fpg . PemscCARRER: Mhagede!
herei naft er an8 i sofistite lpdesaptt inventionn an edectyeddhavdhgodi sirface
det eri orates the bapgdi ngr RRYgeEN22,500 h® iObdeteralys uaed. t el agf r ode.
When Al or an Al - alloy is used as ap el ectrode terial . at & st one
layer 15 of a nmel8fRA séﬁ‘aﬁﬁlﬁjf‘%ﬁr@ﬁe"?ré‘l 'hBWn%‘BaF%ﬁEF{‘?ﬁ% ‘bgm ﬁ?
hi gher than the el etecucieniner a ddinensiani ¢fat3dd teolbhdun. | ayer fornmed of
the el ect rod_e nat eri al Wk?erﬁ\(:(?;'bdei&?trode mﬂ@éﬁrailoﬁgtéprbr Ant Xpi §Eloygxanpl e
R L
metals. OF these silbetmalddang metalbaljls kpreipgftey and fis used bejowintq| | oy
o, LPESF TS, eidauten g Sening oo hninsetsnp e,
g? temaaabove net al g‘xﬁrs%#e%gai;? I%’é She  HSSETREE ) s"&'hlés{'1 Sﬁ\e?gra IQ\?/‘ ﬁsed )alts
a layer - cont asikey vis mseficas Aareelectideomatesial.| F lRpserne layer
gol der Pgeng:agi; yalsb@w ngstad »sseta:ataﬂlbyyowm MetaAlbavilhg a meltGng B:)#éﬁg,
elneg{ r odé mat eri al k?%%/% %PSA&%E%%}:O% “}ﬂteéf‘%‘gzg t%hééﬁﬁgggée%otﬁ?igct_ed
with the sol der balfy¢x formed of the electrode material to avi id the :
deterioration. A typical example of the material used as
the material therefor is a metal selected from Ti, W, Ni,
20 Cr, Au, P4, Cu.' Pt, Ag, Sn and Pb, or an alloy of these
metals. Of these substances, Ti, W, Ni, Cr, Pd, Cu or Pt,
or an alloy of these metals is particularly effective in
bonding between the material and the layer formed from Al
or its alloy. Accordingly, any of the above metals or an
25 alloy of these metals is preferably used as a layer
contacted with the layer of Al or its alloy. Moreover, a
solder generally shows good wettability with Ni, Au, P4,
Cu, Pt, Ag, Sn or Pb, or an alloy of these metals. Of
layers laminated to the electrode material layer of Al or
30 an Al alloy, the layer contacted with the solder ball is,
therefore, preferably formed from these materials.
As explained above, when Al or an Al alloy is used,
the electrode has a multilayered structure as illustrated
in Fig. 2. In Fig. 2, an electrode 8 is formed as a
35 laminated structure including a first layer 5 made of Al
(or an Al alloy) on a surface of a semiconductor chip 2, a



therefore, preferably formed fromthese materials. As expl ai
above, when Al or an Al alloy is used, the el ectrode has a

mul tilayered structure as illustrated in Fig. 2. In Fig. 2, an
eIectrode8%M d as a 35 | am nat ed structure including a first
5 made of Al sg%or an Al alloy) on a surface of a sem c BREIR @98 1,
a WD 98/ 09332
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third | ayer

second | ayer 6 madeSor Cr on the first |ayer,
7 made .of Cu_on the second | aye In additi

ned
| ayer
ip 2,

and a
i on

to the | aminated $EFRRI J¥es ¢ dwadey @€ Gr on thﬁaﬁ?ﬁf- f1A¥Rre hand éhitbdrduct or
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A flux is preferably used for adhesive bonding the
solder ball to the electrode. Any of the fluxes generally
used in producing semiconductor devices may be used.
Although the flux may be applied to either the solder ball
or the electrode surface, it is preferably applied to the -

electrode surface. Standard methods such as screen '
printing may be utilized for the method for applying the
flux to the electrode surface.

When the semiconductor device of the present
invention is flip chip bonded to a substrate, the solder
ball bumps may be made to face the respective electrode
terminals of the substrate, positioned, and contacted
therewith, followed by reflowing the bumps. Such a
procedure of £lip chip bonding has been widely known, and
it is needless to explain in detail.

The semiconductor device of the present invention may
be flip chip bonded to the substrate after the solder
balls are reflowed once to form semispherical bumps. Fig.
3 shows an example of a semispherical bump. The
semispherical bump 10 in Fig. 3 is formed by reflowing the



therewith, followed by reflow ng the bunps. Such a 30 procedure of flip

chi p bondi ng has been wi dely known, and it is needless to explain in
detail . The sem conduct or device of the present invention may
be flip chip bﬁ@ﬁﬁs the substrate after the sol der

refl owed once to ormgsem' spherical bunps. Fig. 35 3 shows kﬁg@"ﬁ'ﬁ?‘g of
a sem spherical bunp. The sem spherical bunp 10 in Fig. 3 is forned
by reflowing the WO 98/ 09332 -7 -

PCT/ JP97/ 02987 -7- sol der ball

bunp 3 adhesi ve boRetdrt Salpebrpmidnadbgsive bondedcte othe damanates been
explained in Fig. &lectrode 8 haviny #déh!égilainda DHNPiglO 2i n Fig. 3 forned

by reflowing a s r [ eLe] M d S m spheri cal .
The termis mainly basgidp%ddggun' %:h'% F% ﬁ)ecsi'%n ?Sse%t | onafi 2E}(ﬁape of the
bunp subsequent toreflowingep spddry B3lintrvhenein gescxibEdegrodes on
sem conductor 5  semisgherisu®. vaheousrm e inalghbased ot tBell ar shape, a

square, shape and o} s @idthhi At B3RS shar ot XAIPhG dublauditRol 01 Mo

by reflow ng a sol has~ a®*sem spheri cal
| ongi t udi nal sect | BPfRIOERGpAS shown: 48 Eien 3.n Elgetmpdesopayveemioonduetone

mol t en sol der wet Schips hat/Beva&riicuse shapéd Suwheak! Qdeirewibhacenapy] hhen

15 Is not a o rclaobal il SEChEd WARRE Y R SRR Blea, 3190O)

ar
Accordingly, 19 shmy fl?é"“ﬁ@?@ﬁ nefdpwing %é?i@ﬁﬁe‘?#’éalm al SQUAR® her ei n
termed includes notlerirpda basia sppespharidal longififlifad Se¢tidnal SHASS

scotional shape When el HPMs.  nodfRs Bhhel hRl LBHEA Diibet! 508 DU

having an arbitrary 20 transverse_cross. section

el ectrode shaphe FRFdre: FBarsnfleqtrads §“rf%°%élﬂds§ﬁ§?|%%lil s,
herei n desi ghat es &he shepesvidwdsufipomfaboved (byansfdime sgectionalsshape) bal | s

ad295| ;/e bonadgyl to'éa:rf&]E Eogﬁcf@ﬂ;ega%aﬁe o2 Ri d8AeY c2880&0 %51:squa ' I'n
orer 2;2%3?5';&%4 LS5 S5 SEL S Hor B Bhac pneReplatibhE "
adhesi ve bonded t doumre herede reatmed includes not only a bump appearing to
have a circular cross sectional shape when viewed from
above after reflowing but also a bump having an arbitrary
20 transverse cross sectional shape reflecting the electrode
shape under the bump. That is, “a semispherical bump”
herein designates all sorts of bumps formed by reflowing
solder balls adhesive bonded to electrodes having an
arbitrary shape.
25 In order to appropriately form a semispherical bump
on an electrode by reflowing a solder ball, the radius R
of the solder ball to be adhesive bonded to the electrode
is desirably selected so that the equation
0.4VA < R s 2VA
30 wherein A is the surface area of the electrode, is
satisfied. wWhen the radius R of the solder ball is less
than 0.4VA, the amount of the solder becomes insufficient,
- and formation of a good semispherical bump subsequent to
reflowing becomes difficult. When the radius R of the
35 solder ball exceeds 2VA, the semispherical bump becomes
large compared with the size of the electrode.
Consequently, the bonded portion between the electrode and



I's desirably selected so that the equation 0.4 [err]AJerr] R
[err] 2[err]A 30 wherein Ais the surface area of the electrode, is

satisfied. Wien the radius R of the solder ball is |ess t han
0.4[err]A the unt of the sol der becones insufficient, and
formation of WO %eni spherical bunp subsequent to r ePEBISAPRBECones
difficult. Wien the radius R of the 35 sol der ball exceeds 2[err] A the
sem spheri cal bunp becones | arge conpased with the size of the

el ectrode. Consequently, the bonded portion between the el ectrode and
WO 98/ 09332 the bump is subjected to stress concerRTatipy,//0D8¢énds

- 8- the bung, iy %g.\%gﬁ.ﬁi to stress concentration, and tends to
be fractured.

en an el ectrode havi ng g‘?ﬁsurface rea of 900 to
22,500 [err]nferr] is WReBgapetardrodfi RONNG LoPURERS T %8R Phe?0 0 present
i nvention, a prefz2 500 pafliis uBedf in lthes sknibcomdidtor devikms iofedhér om t he

above equati o | SpfdQRel 2nlGn 3R, [ &' bidRerrea rla_.ldius A X ERP! £ 10kext Q@ll[
production of a semco dgctor evice i,n the Presegt Invention wll be
expl ai ned by d??ﬁ‘l%’lelrﬁ]’g FER drtsh 2DoVE guptign 4§ Irom 12 ke Mp-in Fig.
4A, a 100 x 100 [err] Arclezatpl=ieofi2hé. Productipsrof m tdemikonductorAl al | oy

(Al -Si-Cu alloy) & i JRILRE ghresent xf%*iﬁ}En‘t%FlUGiPI BieRpfdidig pputtering.

The reference nuneral 437 n the, %:Jre designates a passivation film
whi ch conpart ment®%iRg ZREGYRTe tPNERYf h'med. Next, a 15 netal |ayer 44
of Ni and a Xetal |ayeys $hoeh iuFigch4a, a L0®vixnyod Krhiellentssdefd28Q.0m are

successi vely | ampatgQd okOof an a1N81EH P ﬂ-@ﬁtéﬁdﬁfk&)blssf&n‘ﬁ'&ga as
shown in Fig. 4B. . What, i xpl al ned_above s abgut the step for
formng  — a SUREHSEPEUGRORARIR 415, SAEPRIPGoi MESnBELIT B i s Lo 20
be forned. Next,numerslodd im thegfigQe fesipvated s lpas6ivdtion £iPi- Sn al | oy
havi ng a di anet eryigfctBRomBafinrts 8HEESIeRrba8deus formkQ. t heexey geEt al

ver 45, Mg e AR QSR 0l W e, 1578 Pldayt o e
screen printing. B®ring nacthiaingser ef' §bmmepappsuccassdvedy damipatedptaced
on the el ecttslenip sudsapdenih oy Goatteeihgwad ishown raflwigngas.
: What is explained above is about the step for forming
a substrate on which a low melting point metal bump is to.
- 20 be formed. Next, as shown in Fig. 4C, a solder ball 46 of
Pb-Sn alloy having a diameter of 80 pum is adhesive bonded
to the Cu metal layer 45. At the time of adhesive bonding
the solder ball, the surface of the metal layer 45 is
first coated with a f£lux {not shown) by screen printing.

25 In cases where, for example, the solder ball placed on the
electrode is subsegquently to be reflowed in a reducing
atmosphere, coating the metal layer 45 with the flux may
be omitted. The solder ball 46 is then adhesive bonded to
the flux. A preferred method for adhesive bonding the

30 solder ball to the electrode will be explained later.

The semiconductor device of the present invention
thus prepared can be flip chip bonded to a substrate by
making the solder ball bumps face the respective
corresponding electrode terminals of the substrate,

35 positioning the bumps, contacting the bumps with the
respective electrode terminals thereof, and reflowing the

bumps .



at nosphere, coating the netal |layer 45 with the flux may be om tted.
The solder ball 46 is then adhesive bonded to the flux. A preferred
met hod for adhesive bonding the 30 sol der ball to the electrode will be

expl ai ned | at erywg og/p9332 The sem conductor device of the pre
I nvention t hus prepared can be flip chip bonded to a subsﬁ‘i"@”ﬁ%’"

maki ng the sol der ball bunps face the respective correspondi ng

el ectrode termnals of the substrate, 35 po8itioning the bunps,
contacting the bunps with the respective el ectrode term nals thereof,
and reflowi ng the BEhep semiconductoniggiq$2the present invention

PCT{JP95/02987d _ proxided with the bumps of solder ba¥ks 4§da§ ShOﬂ? i%heb
seni conduct or devi cg; resent i pyentj.qn royided with the bunps
of solder balls 46 g}sé)'sﬁtgh\/\nﬁa€n£fs° tl"e E?'/bp cﬁpngﬁn%?%gt%éhﬁ PP ehonded
to the substrate aftenfogming semigphericadhbumpal 4D hypgedYowing ¢heowi ng
the 5  sol der5 bal $sldercbadbs Soienaknstidugh i4DFig. 4D. Since an Al
alloy is used as an el ect;tade er.i in t he ahove exanple, .the, Ni

| ayer and the Cu | ayer acstr:"g'(ag amj] 5%1§é¥1t1é_sd ussd Az % egﬁcg °§3{}E§te§&agsuﬁo
firmy bond the he abgveoearales the iNie layer hand (et £ut baysr &re sol der
bijlrrp. 1? Hovvev?ar , lasfizateliere| el KOJL1 Y61 Qaival 46 agicbheinﬁy mdALhTal

al l oy, for exanple, 4 ri is or al | oy,
or Au or a Au alloy. t%}m néﬁ%%% %‘e’g %ﬁte&%% rrﬁ‘ra‘%sc?ate_b%{:g? ?&deﬁoﬁ‘d‘?‘)"
lcayers on the ¥ ectHMeYeRnt ¥rem theagbegtrode materizlodsi Rgithay @dl neng@hoi nt
metal bunps is not alepy,r Eor léxamplle, hmémtﬁadeled&%dh@g%ﬁaladgssh@v& ign
Fig. 5 a bunmp of &y 211859 I be..dir or on an

el ectrode 52 of a% g’e('rﬁ‘]gg%\ ug?o% %ﬁF?QXf tllﬂée s?%%gé?t%a@ebﬁﬁpm%

al so be refl R0kt 313Wed {aYeRsd ornthe elaakrograprteniaduinyer)

whi ch i s thereaft erfarsédrhing fllowpmebt ingo@pihtignetd)l bumps isf\Htheeqexasw! e

150 [orr]mar ey or nagoe SoMEED accordiletel 28 sndliThh PR ¥ B %ﬁéﬁfr o
Vj
In this tase, L O i ]%ﬁq'& %a ?%@esdéfﬁcg{%%'g‘?%?? an, FrFbE |

sputtering process afnaafenicandugder ofhifl 5Cu dfhe\soiderngall bump may also
be reflowed once to be formed into a semispherical bump,
which is thereafter used for flip chip bonding. '
20 Another example will now be described, in which
solder ball bumps having a diameter of 150 pum are formed
on an electrode haéing a diameter of 50 um. 1In this case,
Cr, Cu, and Au layers are successively superposed by
sputtering process on an electrode of Al-Cu alloy having a
25 diameter of 50 um and a thickness of 1.0 pm, the
superposed Cr, Cu, and Au layers having a thickness of
80 nm, 80 nm, and 30 nm, respectively, and a diameter
which is the same as or somewhat larger than the diameter
of the electrode. The surface of the Au layer is then
30 coated with a flux, on which a solder ball of Pb-Sn alloy
having a diameter of 150 um is adhesive bonded. Shear
test carried out for semispherical bumps formed by
- reflowing the solder balls revealed that all fractures
occurred in the solder balls, and no fracture was observed
35 at the bonded portions between the bumps and electrodes.
Next, a preferred method for adhesive bonding the
solder balls to the electrodes will be explained. At



25 dianeter of 50 [err]mand a thickness of 1.0 [err]m the

superposed Cr, Cu, and Au layers having a thickness of 80 nm 80 nm
and 30 nm respectively, and a di aneter which is the sane as or
somewhat | ar t he di aneter of the electrode. The surface of the
Au | ayer is t é coated with a flux, on which a sol der RSHIPIUR,- o
al | oy havi ng a dianeter of 150 pmis adhesi ve bonded. Shear t est
carried out for sem spherical bunps fornmedlby- refl owi ng the sol der
balls revealed that all fractures occurred in the solder balls, and no
fracture was obseresenB) an @ixplapationdedlpobe inade bét adiessiviee bbndipgy and

el ect rodes. the sol¥adl pad1r € it L1LBLAGILY QacRUfiERing? DO NG L e
solder balls to th electro es wll be explalned. At WO 98/ 09332
PCT/ JP97/ 02987 ™mu tilayered structure but electrodgsleagh composBﬂégEﬁt1 an

expl anation w || sheghadetErialhasiesxpladndtinin Fig. She sol der balls to not
el ectrodes egch havi ngsashoun iﬂ‘“b]{d}! e AR e cbéﬂtqgfah‘iC%BPfc%d%aCh
. . L d o 5 As

conposed of a . single material gs explained In Fig. b,
shown in Fig. 6AXSa3RPHsH i%naaYe%Fémﬁ | CORtARIRGe the "solder balls 3 o a
vessel 60 contai kengatse el doldealballs353 to jumpcapse Thee ssdfeerbdlakl s 53
to junp up. The sgl 48 Bfdd Brrangedhnd Reldtdh ¥ %wgﬂg&%thﬁggegl 28
arrangement base ﬁl te 63 b‘éﬂatiractl n %Uﬁglﬁ up sold r%al s 53
to 10 attracti§ g’ﬁeﬂ?%tﬂg( ¢ rAEPLRG EnPRbtS 33 toattracting
t'he sol der B&l| sabbragtimt openings Floiatiedacting mechieisw ifamgenent base
plate 63 in posi hiehScEHd LHROBEL sk baustﬁeﬁf&'nto'togﬁoms) w%vfaz%odes of
e

t he sem conduct or chi][p{ der balls 53 are to adhesi ve

to which .the I
bonded. 15 Dur FAS SHTIRETIERE BRGF RUATRGPACT RESIGL0RS 95X FEPoRdings
sol der balls 53' tadkesitianspoft tmelsctrpdesirafaryenseemiconducbas echiipat € 63

ot h-erdLhan t he ﬁtbrmiétortéﬁﬁealaaﬁ &%?}5053 are tgibéraﬁafé‘ea% Bohgle!. balls
53" adhere t er, bal l s attract to e.attraction openl ngs
38, 1 DpR gl et ing, anq BrBRLLAY ehle KIOLS SRS hkigRs P

61, as shown™in ig ' 53% :
t her ef ore, Fekdsedealls H3hiadhensh&orppyiigins afbthe Aryapgementur es nay

be utilized. Forbazanplate &3Ccothes ity thal atxrad'tioh30peningscal, 2
preferably renmoveghly SRRIsY 88188 Wd113588* Gaghere to the solder balls
53 attracted to the attraction openings 61, as shown in
20 Fig. 6A. The excess solder balls 53‘, 53* are, therefore,
removed. To achieve the removal, arbitrary procedures may
be utilized. For example, excess solder balls 53‘, S3*
can be preferably removed by applying an ultrasonic
vibration to the arrangement base plate 63 in the
25 horizontal direction. Although only two attraction
openings 61 are shown in the attraction base plate 63 in
Fig. 6A for the sake of simplicity, it should be noted

that the actual arrangement base plate has the attraction
openings the number of which is the same as that of the

30 solder balls to be adhesive bonded to the electrodes of
the semiconductor chip.

Next, as shown in Fig. 6B, the arrangement base plate

63 holding the solder balls 53 in predetermined positions
is moved above the semiconductor chip 51 so that the

35 solder balls 53 are properly positioned with respect to
the respective electrodes 52 of the semiconductor chip 51.
The arrangement base plate 63 is then moved downward so



vibration to the arrangerfent base plate 63 in the 25 hori zont al

direction. Although only two attraction openi ngs 61 are shown in the
attraction base plate 63 in Fig. 6A for the sake of sinplicity, it
shoul d ‘be note ognoadnat the actual arrangenent base plate h

attraction qw‘[c))penlrfzgs t he nunber of which is the sane as tﬁ%?&ﬁg”PME:y)
sol der balls to be adhesive bonded to the el ectrodes of t he

seni conduct or chi p. Next, as shownlin~Fig. 6B, the arrangenent
base pl ate 63 hol ding the solder balls 53 in predeterm ned positions

i s noved above the thafi Ehadirdder ealls 53 svetenntacked3sith fhedrespraliyes3
are properly positicaeetroddd) 52€SpREte! @he contdtt,’ aspeadtitgy ehacssrdas 52

of the sem conduct g yqhi 8y §k the s Ieiieh? WP Y1086 N bEofied Sy e

nmoved downward so . )
PCT/ JP97/ 02987 stopping the attraction mechanism), and_the arrangemgnt he

sol der balls 58 ar dasenpbatee@3VWis mdved opeRedii ve el ectrodes 52.-
After the contact, attr | t )| der, t nment
%x%;@)e gSrfé)r%eo%g. thetﬁleé)c?txjoﬁeg 355 %.s Qgﬁgéﬂﬁ 20\1%@{:% and

base plate 63 is stoppe S i ng traction nec
t he arrangenent 5@ fg’d%e sitasBOED ing tgﬁvéelgllﬁﬁ/bar §he soldex ballg\fh ariee
fsurfac;a of ht he faljeaﬂhedfﬁe Tdndedcontud@ wléttrodes Auél tix t(lﬁﬁhd’ﬁb@ﬂhﬁh i 3' thg

i gure), the solde 5 e S] 0 e odes due
to the adhesion q:hgtg%ég'ep?q.h %gﬁe tsr%%ggfgf%%gu%f Q? %‘gtéec%eetcst ?(z)diegcrg‘{f I S not
10 coated wHPh acPrbRd wWiddy 8phlwr.c SempaRiaricalc bries @S ve joonded tppe
respective el ectrodbe b@spentive élmamddby, 53 @wan be foxmerliple, £62f1 oW ng t he

sol der balls 53 i ne%{;géuci lowing cRe"BSP q’aﬁgl%f:fl raﬁggég?%p ve. .

Si nce sol der bunps can sinultaneously be adhesi ve 0 | ar ge
nunber of the respBEPPFRNSHS AP otREeXFRd o aboVgeni conduct or chip by the
process as expl ai ned absimge tslk@dder bumpsocasssimilrengousiaeagdbesive t he

production of 16he ponded @B QONEHES HurBlEY | 5€ e HBEBPEEEERN1LEVEIdLORE a
In general, a |arge_nunb

ber f S§iu ¢ ndugtor chips_are %_0. foarlbrred on,one
waf er, and separ at 8§ ‘{ﬂcgf’ﬁgel?’c? S’P’VE € Proqess; 9 I ARPY PR SPScess
as menti oned abovePHagess di¢ very advantageous to the production of the - '
semiconductor device.of the present invention.
In general, a large number of semiconductor chips are
20 formed on one wafer, and separated by cutting to give
individual chips. The process as mentioned above may also
be applied to a plurality of semiconductor chips prior to
separation of them £rom the wafer by cutting, or it may be
applied to individual semiconductor chips subsequently to
25 separation of them therefrom. It is evident from what has
been explained above that the semiconductor chip in the -
present invention includes not only a separated individual
semiconductor chip but also a plurality of semiconductor
chips in a state of being produced on one wafer. .
30 It is evident from what has been explained above that
the semiconductor device of the present invention is
provided with low melting point metal ball bumps directly
. adhesive bonded to the respective electrodes formed on a’
semiconductox chip. The bumps can be made of high quality
35 by making the size of the metal balls uniform. The metal
balls are not formed on the electrodes of the

semiconductor chip by a procedure such as plating or vapor



be applied to a plurality of sem conductor chips prior to separation
of themfromthe wafer by cutting, or it may be applied to individual
sem conduct or chi ps subsequently to 25 separation of themtherefrom It
is evident frgm what has been expl ai ned above that the seni conduct or
chip in the WO ont jnvention includes not only a separ REVEPIM8Y dual
sem conductor chip but also a plurality of sem conductor chips in a
state of being produced on one wafer. 30 - 12 - |t is evident fromwhat has
been expl ai ned above t hat t he sem conductor device of the present
invention is deposi tied Wit tonventiehal erqusissesnebed daal be adhesiderect |y

adhesi ve bonded t gohdea r&SEﬁStéY&&baﬁéro%%JﬁxﬁE ONed semcmgggductor-
chi p. The bunps c n pe ngdﬁe quallt g l?%ga |ze of the
metal balls uni fo Y resr gpresent PJEY‘F% ign, Rt Pf R § O4ftelt r odes .
of the seni coaskictand withowly fzapr of eshwigronmehtalb muildukbon or vapor
WC128/09332 % . Furthermore,tthe amount of bump é;ﬂ%épggé 24

- - epositiQn _in conventio SS n es

bonded to the el e@ﬁ% e?ccﬂﬁ‘g? {‘ﬂ%é)}é(magahﬁgﬁ%&% é{}' &b ©of the

present inventi onlwmﬁiéilpgonmmdmtahomlbs, to enbatce aediabilioyt ofear of

envi ronnment al pol hebhdN. 5 Furthernore, the anpunt of bunps can be
easily and hi ghly accurately controlled by adjusting the size of the
| ow nelting point nmetal balls, to enhance reliability of bunps. 10

Industrial ApplicEpdustxnial Appllcablthbypr esent invention can be
advant ageously appl i edrhe preh@n{|irﬁreﬁﬁh6nbéﬁ}ﬂlﬁéga%bﬁihd&|&§§ypéﬁﬁ'ﬂéhe hi gh

density mount | ngh sQf <818 CRSRAIUGE L, FENeSe pO0s Bl RS Lh A&isicy

mounting of a semiconductor device on a substrate.
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seni conduct or devi ce conprisi'ng®el ect odes * formed on a sem conduct or
chip, and bunp?,o%@ onsi sting of a spherically forned gﬁk L NQ
poi nt netal ball &’Ehavi ng a given size, and adhesive bondec‘j’k? 7

el ectrodes. 2. The sem conduct or device according to claim1,
wherein the low nelting netal balls are adhe¥?ve bonded to t he

el ectrodes with a flux. 10 3. The seni conduct or devi ce according

to claim1 or 2, wherein the el ectrodEBAE¥® forned from an el ectrode
material of Cu or a Cu Bll oy séhieénditthlr devide Rnplilsig electfodes al | oy.

4 o e sem condugbgre oyl 88000 dhbol CubleR! Mol b BT ELAL NGy

el ecirodes each co rse teria corrpo of
Al or an Al alloy, Amd %Ftherlcallbéafﬁméﬁel%ét’%ﬁlqi&%WH?t metal 2alloy | ayer
lamnated to 5  héeim) echiode siiesr hAd adheyivenBohded @ 8h&el ting point

hi gher than the el Sﬁéé%%e@m erial. 20 5. The sem conduct or devi ce
according to claim wherein the at |east one |ayer |lami nated to the
el ectrode mat eri al2{ ay@hej semigansycrepfievias arceeding &g claim M., W
Ni, C, Au, Pd, CUwh&enAgheSno@rmdalhﬁg el bay1sfatd ebesive Hﬁiid&HSto 25
6. The sem condu r n claimb, wherein the at

| east one | ayer I a?nﬁ% ?ije&'\qr%ﬁ?% : e(%t ?:(L) material and contacted with

the el ectrodel®material }ayeThe se“"r@nﬁGFFrﬁﬂ desiaeTRccoydigg, ter clam 1cgror
Pt, or an alloy of2, wheﬁdiﬁsehwliéctrodéﬁl diee formb@ afforpafa Ehy&iroder t hest

boint metal bal ef*’gé'?or o i%?## %yiﬁ SRR ATl 4] AGLAGY! B e
an all oy of these e 8 . A process for pr oduci ng a
sem conduct or device 4. cmhqarsemitg:rﬂhetbroﬂ@acfeoaaedrdmmgatseaimnductor
chip, and 35 ;5 bumsefaqhtﬁenéiéédmegfeécd %mgﬁkéérw 1RQepl oFfBipl bal
spherically forned,. havi \ sl ze an sive Efnded to the
el ectrodes, the pr‘éjc%%ts"%gnﬂ? ‘r‘?a S6MRST or an Al alloy, and at
least one metal layer or metal alloy layer laminated to
the electrode material layer and having a melting point
higher than the electrode material.

20 5. The semiconductor device according to claim 4,
wherein the at least one layer laminated to the electrode
material layer is formed from a metal selected from Ti, W,
Ni, Cr, Au, Pd, Cu, Pt, Ag, Sn or Pb or an alloy of these
metals.

25 6. The semiconductor device according to claim 5,
wherein the at least one layer laminated to the electrode
material and contacted with the electrode material layer
is formed from Ti, W, Ni, Cr, Pd, Cu or Pt, or an alloy of
these metals, and the at least one layer farthest from the

30 electrode material layer contacted with the low melting
point metal ball is formed from Ni, Au, Pd, Cu, Pt, Ag, Sn
or Pb, or an alloy of these metals.

. 7. A process for producing a semiconductor device
comprising electrodes formed on a semiconductor chip, and

35 bumps each consisting of a low melting point metal ball
spherically formed, having a given size and adhesive
bonded to the electrodes, the process comprising adhesive
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- 14 - bondi ng thlemlmlumullulmllmll nt netal balls to the

el ectrodes with a flux. * ¢ L ® 85 *The process according to claim?7,
wherein the ”m,{a%ux is applied to the electrodes. 5 9. The
process accold By claim7 or 8, wherein the | ow nePERAE9898
nmetal balls are adhesive bonded to the el ectrodes by a process
conprising the steps of: - 14 -applying a vibration at a
smal | anplitude to a vessel containing the | ow nelting point netal
balls 10 to calkesadihg they kel mebyigwipeintetetalbbalisto jthep up;

arrangi ng and holdfieR@rbAgs TRl Eig, POi Nt metal balls on an

arrangenent base plate by gttracting the _. j unpi ng up low nelting point
metal balls to attracficon fhe p’@ﬁ&ﬁgnﬁ%cﬂfpévgdéﬂ%"?"hg'a‘m%ﬂ&@h? base

plate in 15 podilukohs appkiedpoadting electihmded.ectrodes of the

seni conduct o chi p t 0guhi Cind hirdeRYs MBLddra¥ng Ok &1y or 8, WRkksigre 1o
be adhesive bonde‘\:g" . . rennyvi % ex ess,fogpnglﬁél ng poi nt
net al bal | s “AghaPY i irgePoint t“f?é“aérli’%%gse fit 2PBITVYH JEBAGE 4D 20
the low nmelting feneleetrdddsablysa artocess econpmritsiag the stepsaofi on

openings; and applérﬁhﬁng t‘a%auﬂgy arcoaf]éﬁsif%n?mll@gv
mel ting poi nt et al b]gl | s _held and arran .on the arrangenen
base plate with tHe®el8eiToFeLtBInINE the %%ﬁ%ﬁ&‘BF ROt megal balls 19, A

process for 1fr od%ei Arguae sthe dowdwelinglpoine metal pabls ded juinphup.ow nel ting

poi nt netal bunps on a S erdreangimed GnaChbPaidd & ne' QSﬁﬁr?elCﬁEﬂBr?éié‘ﬂ\?lthe
a
the

steps of: adhesi ve_bondi ng, l.ow neltjn oi.nt nefa S
each being spher ﬂ'ggﬂ‘y R Sﬂaamatﬂgﬁﬁe’gt Jrar&nP F‘Ji%g‘flg athractins

el ectrodes, and 3umping up low me}einmwopnt trralohaids ttm@tpoanctiont al
bal | s. obénif§s grovaaed ¢ adelhpfardenehdi Badd pleker ehn the

| ow nmel ti ngqRoi N I I hesive bonded to th respective
18 gm L& %? ‘id . :
el ectrodes W th g?uxl.m °r§:eg?§n Vi ?‘?hghepre € §°§%_sco°$fd|taﬁ to claimil,
wher ei n 't he SPREROPUCHSE FBEP e tbdch| Ehe de¥eBelting point metal
: balls are to be adhesive bonded; '
: removing excess low melting point metal
balls adhering either: to the arrangement base plate or to
20 the low melting point metal balls attracted to the
attraction openings; and '

simultaneously contacting the low melting
point metal balls held and arranged on the arrangement
base plate with the electrodes of the semiconductor chip.
25 10. A process for producing a semiconductor device
provided with low melting point metal bumps on a
semiconductor chip, the process comprising the steps of:
adhesive bonding low melting point metal balls
each being spherically formed and having a given size to
30 the electrodes, and
reflowing the low melting point metal balls.
1l. The process according to claim 10, wherein the
low melting point metal balls are adhesive bonded to the
respective electrodes with a flux.
35 12. The process according to claim 11, wherein the
flux is applied to the electrodes.
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- 15 - 13. T fng to any one of clains 10 to
12, wherein the | ow nelti ”ﬂlﬂ”mﬂmmﬁﬂﬂ(ﬂml | s are adhesive bonded to
the el ectrodesybeiosds 0CeSS' cOnplistng® t e steps of: 5

appl ying a vibration %t a small anplitude to a vessel coh 'i’PrW%”?he
| ow nel ting point netal balls to cause the low nelting point netal
balls to junp up; arrany? mg and hol di ng the | ow

mel ti ng point metal balls on an arrangenent base plate bg attracting
the 10 junping up | oWl (AhegPperens ASFerding Ite aBY 619 £& Féims 10 to
openi ngs, Srovi ded 1p, txf}%r%ﬁhaﬂﬁl@m?ﬂi ﬁ\bﬂﬁﬁ'@”;ﬁiﬂ}:i Retal baﬂQSiéi'éJMhesiv?] ]
corresponding to the trodes t S . ' t he
ow el t1ng poi nt  RgRded ¥ BhECefetriler dop o BAREER) ShBRAEHS it HRLBL
renovi ng excess | o®€trel ting point metal bal | s adhering either to the

arrangenent base plate or to apphifingOw GEbiati@npatna smilal akplitude

attracted to the t t] Ngs.: . .

si mul t aneousl y congoac? ﬁ%\egrs%l%e&fﬂ(}ﬁzﬁeggéi %Se é%qrfmg(l@%;ﬁgg %%ﬁafls bﬁé}ﬁl and
arranged on the arFarffienthe low 1R RQAEL PRt ctP ot ¥Pit he
seni conduct or chi p. ldrranging 808 huldihgdeNe Chow malluDes gointhe

process accordj y | 7 d, provi Mt

bunps consi sting O'F ‘F%wtb(r%éﬁ?i %rgm%o%%f%ré% .ai tbg%ggg%ln%%gg Qéa/l%%g%f% %(‘)%ded

t0 the respective #MRINGDHYRsieN melting peiftcsgEatiRliehitp attraction 15 A
sem conduct or devi epemireEupedvided Ha phe caxangementdasedpbatd dmny one of

claims 10 to 13, a0geRlIediddinging /02 Q§Qéér°adeggpeft SW nel ting

point nmetal on the 30, electrodes of a sem conductor, ghip. ,
semiconductor chip to which the low melting point metal
balls are to be adhesive bonded;

15 removing excess low melting point metal
balls adhering either to the arrangement base plate or to
the low melting point metal balls attracted to the :
attraction openings; and

. simultaneously contacting the low melting

20 point metal balls held and arranged on the arrangement -
base plate with the electrodes of the semiconductor chip.

14. A semiconductor device produced by the process
according to any one of claims 7 to 9, and provided with
bumps consisting of low melting point metal balls and

25 adhesive bonded to the respective electrodes of a
semiconductor chip.

15. A semiconductor device produced by the process
according to any one of claims 10 to 13, and provided with
bumps consisting of low melting point metal on the

30 electrodes of a semiconductor chip.



