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DESCRI PTION Title of Invention BONDI NG METHOD AND
BONDI NG APPARATUS Techni cal Field [0001] This invention
relates to a nethod of bondi ng substrates and an
S5apparatus for use in the substrate bondi ng net hod.
Background Art [0002] One of technol ogies for bonding
substrates is flip chip bonding.Flip chipis a
bondi ng one substrate, i.e. a sem conductor
Dé%égﬁanﬂﬂ anot her substrate (e.g. a printed circuit
: in [ S I
B O M N O AP RRATUS,
Teiniégakield nes fromthe one substrate. In other words,
flip chip bonding is to bond bunp el ectrodes on
[0801F aces Tfist ineesion cetatestior achephahadft hendindesubstrates and an
substrate, or to bond bunp el ectrodes on a surface of
appasatos fohese 8hihcosithsdtede beRtimdamnatnolle ot her substrate

tq | ead 2£ ctrodes on the surface of the other.
B%ékgﬁﬁﬁﬁﬂ Mrently, it is usual to use flux in bonding

10BH%F ccuce BRa Festol s B RFSuagtilals Hp offotRfing.  Fip

07 ' J 3 ey
chm%hérb {¥n By of @ﬁ%%pﬁg%%, % P4 §¥ﬁ1‘i‘ﬁon‘€!ﬁbﬁ?|dul”§(i’ﬂ5‘, ®fth another

e surfaces o ectrodes. However,
substrateniég. anptimedseitpsitr bt@d @f tierintehgodutinthrelighttnadgdisnensionally
are bonded to the lead el ectrodes wil | adverselg
aredrigect bump electrated ot yousips, heith@ad Isedingoaiduleadr [inamfrom the one

rder to avoid such adverse effect, it is necessary . t
supsHate.outn { ouhgr r\%%ndaugﬁpi@hla %@@9 bist {f&i9Nch BUMP electrodes on
sem conduct ar__chi nd t st,rat 0 her e
s S ol I ReafChBHERS: Hoh AR bl s 08tpup P Bliclpepond bump
foie 6 " ' LV
oo PSS Nl PR RSAIRAD. BB Pubstate
leddielcgrodapdni thewurfaceeofvBe Yotisdd ficult to 25rinse out
flux remaining in the space.lt is also not easy to
[00edbve flQxrerty dues usnpl et ese fRacentdndingrdmynp electrodes to lead

t echnol ogi es for bondin&tbunp el ectrodes to | ead
eleglteraasodeSUaNtTHBUE Ysbia radicasaiy ramaye axilesepmhe surface of or

.pr.oppsed. For  exanpl e, Patent Lit.eratur I sgl ase
il 3B iy So e A dumeentver Eefiohioh thy SFEGHS O the bump
ani
oGR8 PR, T AP e GOS8 il S Bleciroes
arel Betdadies, thddebdnpleelregss odils aauerselpaskdt tiheaneliability of the
at nosphere containing a free radical gas (hydrogen .
senadordlcd)r. t ol ertlerdo (dvoed suemadedrsexéftlet f it Isneodssdiy to rinse out
surfaces of the bu el ectrodes, and, then, heat
fluxrrestavestinias Seage TRAEYN theos &7Bie@ N Hetoh GRIP a1 8 gbbstrate so that

thto tﬂggleag electrodes.t%QOOS Patent Literature 2
BicsHigdelo U%é@ﬁﬁ%ﬁ%%&”i Wih, after carrying out 5a

t ment red ' fii c ; i
[OQ)EE: FoadioRe e sfpbiRd Qal PP AP petISeRF 3 shiconductor chip
andhg sabkira@ndill beys@uen Geliésd m afe exveenamparwill be very difficult to

at nosphere. [0006] Patent Literature 1: JP2005-230830A
rinBataritflux teemainingein2thel HRAET - 266354180 Dicd ddasyuoerenfiove flux residue
I nvention 10 Problemto be Solved by Invention
co yacc Begenty t Banieteceanlpgiasgiasbemdipat kiftp electrodes to lead

clqitacien VoL, @hpE B UF1E0 ARVATe: PETHATOT SR G emper AbGrple, Patent

PR, B 0RO BT R 00l SR ool o

or%ﬂ%%éi@b'a@ ie gﬁﬁ&ig@ﬂOIHgﬁeQﬁerﬁhiislo%se%-j5[t90€é$ﬂ|ﬁdrérily secure bump
re n has be f

sent inventi n made in consideration’o
elddiicsieprtobkateléetratisethe dlunihelqutresestare rexposedrioian timosphere
provi de a bondi ng nethod and a bondi ng apparatus which
make it possible to bond articles easily at a | ow
tenperature w thout degrading electrical contact
between the articles. Means to Sol ve Probl em 20
[ 0009] A bondi ng net hod according to an enbodi nent of
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el ectrodes are heated.In case the heating is carried
out along a heating curve with two or nore steps
therein as shown in FIG 6, it is desirable for the
exposure 10time and the heating tenperature to fulfill
the foll ow ng condition. Z (log (tn)/{3 (1000/Tn - 2))
= 1(2) where "tn" and "Tn" are the tine and the

coB AR ded g aie! s J0YIAGeS SadhaE dbLrT el nseiTgLs) oxide films

orR B SR Bl Bt AP RS OO A AL B LbbASk carried ou
to%ggsqt@ g gfefctr‘oﬁésftb 5 |eaa@de[eet@@<ﬂeb substrat es.

I ng apparatus according to another

[0eobpdi merRateht thergiues2nlisclovesnd kauhnoned \udeshickaaler oarrying out
carrying out an oxide filmreducing treatnent, usin

a trgdtrogieniorradiucaloxjde 6ims anfthe esirietearaf iadeaigdes, the e?ectrodes are
bonded di sposed on surfaces of flrst and second

p'%Qﬂf&tW@QSé%On HeResalf, oan thegrﬁrﬂgn@ hel a OXY¥OIsPRPE Atnegsihere.
f b h de fil
85T o Fatehl Fleg BRREE A DA ot cesore o t he
first ancbét‘éﬁﬁmer%ltm%t?dﬂﬁzﬁ)e?f? 05t4¢\e articles are

al i gned, ereby bon ar cles with each other.
D,ggyﬁurggﬁqﬁseﬁflbgct s of Invention [0012] When bondi ng
articles to be bonded by nelting the articles by

Priobd¢ mrig (25Coéved by Insenorssary to heat the articl es
a tenperature above the nelti n% t enper at ure of

[0a8¥] cl e. Msnedisg, torbatteanadegiensf ratera:t ldgerawre@araraﬂ the bump
elgyPREsRS! edlealts Ererarerdre aReveis rutl iedi3pue thereof

o 2B DS, SR e v

aexs [ SOsurfaces by
Sueﬁ%ﬁggcﬁ gtnﬁg bongﬁﬁgéﬁ]e%ddgmgﬁab@%%arat us of the

[0pD&Bent Theentsant,invdveticoxhaabeen nefdd imecansideratisn of this problem.
the articles are retarded, and the articles are no
Arogbificz ol tad dresentbie veniieed @ PRO\Gae 19 bonémgameﬁtod and a bonding

AL B IR0 oo
oSSR AL SRR o SR Sy TR 200 o

Mé:étﬁ t& Sotv@PtbpMnshart of a manufacturing nethod of
e sem conductor device of FIG 1.

[060G 3 shovsoratin@xindéhdd |aocoedingi g @ppamabdisendr olistee present
in 10manuf acturing the sem conductor device of FIG 1.

inmndondinshisies arséemer’ casiirg vdil AnopXideviide remicing déeratment using

hyganuf a::rgl rﬁggn gggsrudr ! stgfta ?CI% @tgggﬁ&d rggp\{thllcﬁ] are Sormed on

SoBBBLLS L FRTASHBo B 61, 2B, B RORA 35S il (o bo

bo‘nE]tévattﬁ’&]1 el @ee@ ed@ thefmeny ﬁtrﬁ'ﬂé‘%ucmg treatment and,

relation ipinanm ication of the first enbdodi nent
thereattee ppgigent ai pmtjr@no the first and é@c@ndkti%@ﬁ@es to bond the

substrat es manuf actured accor di n% to a second
arteatbedtonbetbwtdetdhwnﬂar esemtotheventlhenarticle to be bonded on the first

suglgt?ategryzg en@n A@tr%'@@?ﬁ{%.aﬁ{@ (&Ofﬁh@ufs irat s&]bstrate In such case,

v R IR koot on o
oSS IRSARREISr WOt gRBRLgS 1 O L0 g secon

sulbgdgtekaire Gak&ly b0OInRGthd alreritdrane b&thHeraiumatg geatment, and the
sonme enbodi nents of the present invention are

described in detail with reference to the draw ngs.
[0015] FIG 1 shows a sem conductor device 1

manuf actured according to a fjrst enbodi nent of the
present i nvent| on.FIG 2 sho the fl ow of

~~N - o " o o o - A Y 1 o~
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Au (gold), P (phosphorus) and Pb (Iead). The bunp

el ectrodes 6 are forned by, for exanple, plating,
printing, ball bonding or vapor deposition. [0019] Now,
how t he sem conductor device 1 is manufactured
according to t he enbodi nent of the present
invention is described with reference to FIGS. 2 and

oo bR b he PR b SR bR BRBI 5 a0, Eher o

SRS S5 T R A85 AERIGI 85 B, o
thé 'a'rﬂ"é e@'!otﬂéebémfefdaét%gopfn ‘o'ﬁ% il@%ﬂoﬁlﬂ iseH%de?é'%r ﬁea{fé%pera ure

he bunp el ectrodes own in
an@lxrtldﬁa fatlamd goowhich dhpam@btradé@ dTeSemp@Elminb@rthélalr pnor to the
includin? a plasm generatln? room 11A and a
appiieationent prassiieLtabe whthihther wllopéng ednge. separ at ed from

?naE'POSLCSfm %L%@@g@ogggetr e pl asna. geer ati ng T oom
B L T D SO PR 18t i e
el @AYl 5% ﬁeaﬁ%ﬁdroﬁﬁea%‘%é %e‘éﬁﬁé‘ to%ﬁi%d)ofm%lﬂgaéq?eating curve

generating room via a su
WIEhethB @fr'nﬁ@refél@?@ 1He%e§rf aﬁ%ﬂ]@wmnt g5 he dt poessiggtsie for the exposure
supplied from drogen gas source 16 into plasm
tinby ame dins heﬁtm@@emperrad)wm\/te fufdlethe rfall @dinigrconkidian. cr onwave
gener at or_ 14, gener at e hydrogen radi cal s

(free raéiﬂag gﬁgﬁ 1@@@ EZ???Hé1plasnﬁ 3herat|ng room

11A 17
g8 b7 G " b SRt 6 (R AL TP h L o S
O@%at' "thd gﬂf@lélstlfo Ré'lgon @Heérgtrfgflcsgle{ {‘@ébn?ifsuﬂs‘?fates may be

pléﬁmeﬁ@ﬁ%ry d?%s@@doﬁ%hé'@rﬁa%e'snofth% AASATRY Qéoond substrates, or
possi bl e and also to lead the gas contained in the

ma)} bsniaegemendiers onrthetsairfaicas ma tmﬁstmldr@cood raubstrMes
into the treatnent room 118. I n this manner,

01 Hsma g&é@admugaprp@émuma@opmln@dg@@@thgqseral@mlmem g the present
inadiogheR %%%3?6%3%5%%@%92& Ao im T8 fredifent, using
hyf c?@’%ndgefdé?é‘él% fcg %ﬁ@%;se%fg %?% :_H%Cﬁﬂh&ézj ﬂfs{?o‘éES ort Qurfaces of

ﬂrétngﬁﬂ edbad s ubyhatdsatge 2 ?6r é‘lrg?mﬁ’é; Qﬁé’dartﬂ Be WUIPRALCh other after

18 includes a heater 19 and a cooler 20 di sposed

theyt havé beahisubjestet & tHeosdsiftomadatioy teddtmet aat tmeans applying
internedi ate substrate 3 are to be placed. The heater

pra@t&adoﬁh@flcsicﬂr@#smr@r@wrraée@aae& attigkas aneeslignad, to thereby
ha%b quOOI t he sen1conductor chip 2 and the

bopdt8e AEUEISE &IHRRAG Q&3 in a predet erni ned manner. The

A ERYs FIBB RSP SFREC0 S0 i 7 Che bottom of the

[O@T@at ”e”tVVhé’l?'ﬁbFr%iﬁg e?fﬂ@ie@'té%@b@ﬁﬁﬁﬁ%%am’gﬁwéﬁrﬂoﬁes by heating

posed on the om The vacuum pu haust s
thgas iwig hionetbaryctamizet the adiciedicen ttbmperaigsarabove the melting
the chanber 11, and the pressure gauge 23 nmeasures the :
terpperatuirce of nthehartihanberowavera haatinggen Gasasmlesdoosuch a high
is coupled via,a su Iy tu

ternpgratyis %%Wﬁo‘i}k{ sOfsggrég'CE}g ﬁg&b%%@éﬁn%@ therefore, the
arfgl8s BeBRAneE TREREN O ﬁ@%reﬁgn@% o158 el g fgadiating th

suf9c s € ”grLé"%ngbé wfh Q@r‘é eHS iézﬂ@ @E?@Mb?@r‘e@*léetmn%s on the

con rogen ¢ urce vacuum punp
sufBged |b? thé tuseagnhea®ngtu setiZid ahd dobasatweyf thderesent invention,

articles to be treated are exposed to the gas

containing the hydrogen radicals. 5[0024] (Renoval of

xide Film The above-descri bed oxide film

renmoving apparatus 10 is used,to renpve oxide films

coverlng the surfaces of the fead- out electrodes 5 and

o Y ”~ F AAASASPFEFET /7~ 02000 " o
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Log (t) =3 (1,000/T - 2)(1) where "t is an exposure
time in mnute, and "T" is a heating tenperature in K
[ 0029] When sol der is heated to a high tenperature, its
surface is oxidized, making the bonding inpossible.The
I nventors have found that such oxidation 10can be

del ayed by surface oxide filmreducing treatnent, and,

B 5L e e BB PSP IS8 4 s r o
o5 BRCRR RS ANIGPTeAAE VL% YEgBBlye sayer than the

rn%ﬁé@?gggﬁﬁﬂgkpgfméugﬁabgn. It has been al so found

phase bondi ng of solder is possible by
Br%fpﬂ)e!émpﬁol@roémmn § from1l MPa to 6 15MPa at a
tenperature of from 100 C to 200C, provided that no ,
[00%3]de fi IS, 4reh@resesamiocandheosdefiasee! ofanufiectsmiddaecarding to a
_tenperature equal to or |ower than 100 C provides
firstreyubeqigieahol Mg Degsedt fVestieR, and at a tenperature

equal to i.gher than 200 C the.solder .is, softe
T an excaBspus ulewanan e Slagk i dMhE Flaghid 2BHERgRiconductor
t 1 MPa to renove unevenness in the surfaces

deg%egg[ggﬁﬁbonded together, but a pressure equal to or

larger thag, 63Vl | #Psesidehdilumesmoviiy agpbarias afor use in

ultrasoni ¢ wave when bonding is being carried out, the
mdrufdetagngttheseghticorsluctortderice otFEaskd, [0030] Now, how

the expression (1) has been obtained is briefly _

descri bed,|GBall sshioayi sgothati Snsmiepndyctysodpmceofwhich can be

ma?)%:JXg&@r%C@EB Q¥ lodna TearsnbRd ke e AT RONORy
romove. t fdCoxt e AP nafiPfifther [ EHIERuck, RIBE RN can be
matRlfhStuves ﬁc&irﬁﬁ@dtoot'ﬂe%@toémﬁbém)%r?r& tﬁ‘@@?@‘én@ﬁn@ntiop.

constant heati tenperature (T) for a given tinme (t)

in the aifGaBdshafd ertetriparatucotiived raletionstie it i mkdesation of the

of the surface oxide filnms were nmeasured by Auger
firgirenpadigent ohéwe BoIse€shinventiant hat, keepi ng the sol der

oo AGec e SRS, ol DB e o o onon
. ' di ng. h | ,

MBI PR, o (s (3,

oot HOSEL ANPM WORIE sprengs Aok, BRuscuing e

subbirsteees$|6f 7t he oxide filmstarts increasing. Further
it has been 5confirmed by experinments that, when the

heat i ng iFdGcaPr i gwveut subistiaies omarsifectytashsacearding e a third
em@;ag'@@g;ﬂm@;owzsgm Himes ot 1 which the o
o o T BOCERRRS AREIA S bEF A el FEIREC nutecurng

thd ghﬂgtfﬁggg mgggrﬁzatﬁ%;é al most no oxide film 10 was

presen ore t of the heating tine after
Bdshmod&ﬁomxbdwiﬁ%bmummms woul d start increasing

abruptly, and, therefore, even if the solder was ‘
[ObeHt ed | Mearbimadiier, saueessihadibentsi ngf riésul predent finvention are

such oxide filmreducing treatnment were not carried
desertbedbii ertar iwits! ﬁﬂn&eg%{w gfa\’émﬂferrper ature | ower

n the oye- di scuss r ng i r ;

o4 (e, ' 15 Fbus 1 oraure SOen BB LR (R DGR déording to 2
- GO ¥ [ -4 ; vargiaus jal
f'@s@%‘f'm%ﬂ? Ewrﬁ,e’jﬁi@?ﬁiﬁ%@%ﬁﬁd Py S an g e flow of
md?%a%tbﬁb{g usfeth@ssenfieo NI @6t aleyideor! tofier [, el §igé rswtisonductor

6. The val ues appearing in Table 1 are contents by

percentage (%, and the "Rest” in the columm for Sn

nmeans the value resulting fromsubtracting the sum of

the contents by percentage of ,the elenents in 20 each

of the conbinations fromthe %ptal of 100. Materials

[r— - Y " = p o A o . T
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0.39 0.5 - - - - - - - Rest Material A2 0.79 0,5 -

- - Rest Material A3 1.21 0.5 - - - - Rest
Material A4 1.82 0.5 - - - - - Rest Material AS 2.22
0.5

device 1 includes a first substrate, e.g. a semiconductor chip 2, bonded to a second
substrate, e.g. an intermediate substrate 3.

[0016] The semiconductor chip 2 has a semiconductor element 4, lead-out
electrodes 5, and bump electrodes 6.  The semiconductor element 4 includes an
integrated circuit (not shown), for example, built in it. ~ The lead-out electrodes 5
are formed on a surface of the semiconductor element 4 and are connected to an
end of the integrated circuit, for example.  The bump electrodes 6 are disposed
on surfaces of the lead-out electrodes 5.

[0017] The intermediate substrate 3 is an interposer, for example, for
electrically bonding the lead-out electrodes 5 of the semiconductor chip 2 to
electrode pads (not shown) disposed on a surface of a printed circuit board (not
shown), and includes an insulating substrate 7, through-holes (not shown)
extending through the insulating substrate 7, and lead-out electrodes 8 formed on a
surface of the intermediate substrate 3 and connected to the through-holes.  The
printed circuit board is used to mount the semiconductor device 1 for particular use.
[0018] At least the surfaces of the lead-out electrodes 5 and 8 are made of a
metal, including, for example, Al (aluminum), Ni (nickel), Cu (copper), Au (gold), Pd
(palladium), Ag (silver), In (indium) and Sn (tin). The bump electrodes 6 are
made of Sn (tin) containing no impurities, or tin containing at least one of impurities
including, for example, Ag (silver), Cu (copper), Bi (bismuth), In (indium), Ni (nickel),
Au (gold), P (phosphorus) and Pb (lead). The bump electrodes 6 are formed by,
for example, plating, printing, ball bonding or vapor deposition.

[0019] Now, how the semiconductor device 1 is manufactured according to
the embodiment of the present invention is described with reference to FIGS. 2 and
3.

[0020] First, an oxide film removing apparatus 10 for use in practicing the
method for manufacturing the semiconductor device 1 is described.

[0021] The oxide film removing apparatus 10 is used to remove oxide films
on the surfaces of the lead-out electrodes 5 and 8 and the bump electrodes 6. As

shown in FIG. 3, the oxide film removing apparatus 10 has a chamber 11 including
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- - - - - - Rest MNaterial A6 2,75 0.5 - - - - - - -
Rest Material A7 3 0.5 - - - - - - Rest Material A8
Material A9 3 44 0.5 - - - - - - Rest 3.9 0.5

a plasma generating room 11A and a treatment room 11B, which are spatially
separated from each other. A microwave generator 14 providing a microwave W
is connected to the plasma generating room 11A via a waveguide 13 and a
microwave introducing window 12, and, also, a hydrogen gas source 16 providing
hydrogen gas is connected to the plasma generating room 11A via a supply tube 15.
The plasma generating room 11A transforms the hydrogen gas supplied from the
hydrogen gas source 16 into plasma by means of the microwave W generated in
the microwave generator 14, to thereby generate hydrogen radicals (free radical
gas).

[0022] The plasma generating room 11A is provided with a shield 17 on the
treatment room 11B side of a plasma generating zone P in the plasma generating
room 11a. The shield 17 is formed of, for example, metal netting and acts to
collect as many unnecessary charged particles in the plasma as possible and also
to lead the gas contained in the plasma generated in the plasma generating room
11A into the treatment room 11B. In this manner, the plasma generating room
11A introduces gas containing the hydrogen radicals into the treatment room 11B
via the shield 17.

[0023] The treatment room 11B is provided with a support table 18 on which
articles to be treated (e.g. the semiconductor chip 2 and the intermediate substrate
3) are placed. The support table 18 includes a heater 19 and a cooler 20
disposed at a location where the semiconductor chip- 2 and the intermediate
substrate 3 are to be placed.  The heater 19 and the cooler 20 are arranged such
that they can heat and cool the semiconductor chip 2 and the intermediate
substrate 3 in a predetermined manner.  The treatment room 11B is connected to
a vacuum pump 22 via an exhaust port 21 disposed in the bottom of the treatment
room 11B, and also a pressure gauge 23 is disposed on the bottom.  The vacuum
pump 22 exhausts the gas within the chamber 11 to reduce the pressure in the
chamber 11, and the pressure gauge 23 measures the pressure in the chamber 11.
A nitrogen gas source 25 is coupled via a supply tube 24 to the treatment room 11B.

The nitrogen gas source 25 may be coupled to the plasma generating room 11A
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- - - - Rest Material A10 - - - - - - - - 3 Rest
Material A11 - - - - - - - - 5 Rest Material A 2 -
- - 10 Rest Material A13 - - -

instead.  The measurements taken by the pressure gauge 23 are sent to a control
unit 26, which uses the measurements to control the hydrogen gas source 16, the
vacuum pump 22 and the nitrogen gas source 25. In this way, the articles to be
treated are exposed to the gas containing the hydrogen radicals.

[0024] (Removal of Oxide Film)

The above-described oxide film removing apparatus 10 is used to
remove oxide films covering the surfaces of the lead-out electrodes 5 and 8 and the
bump electrodes 6.

[0025] Specifically speaking, first the chamber 11 is opened, and the
semiconductor chip 2 and the intermediate substrate 3 are disposed on the support
table 18, with the lead-out electrodes 5 and 8 and the bump electrodes 6 facing
upward (Step S1).. It should be noted that FIG. 3 shows an example in which the
semiconductor chip 2 is placed on the support table 18.  Next, the chamber 11 is
closed, and the vacuum pump 22 is activated to exhaust the gas within the
chamber 11 so as to reduce the pressure in the chamber 11 (Step S2).

[0026] Next, the microwave generator 14 is operated to generate the
microwave W, and at the same time, the hydrogen gas source 16 is operated to
provide hydrogen gas.  This causes the hydrogen gas to be transformed into the
plasma form by the microwave W, whereby hydrogen radicals (free radical gas) are
generated (Step S3).  As a result, the hydrogen radicals generated in the plasma
generating room 11A are carried on the gas stream and pass through the shield 17
into the treatment room 11B. _

[0027] The lead-out electrodes 5 and 8 and the bump electrodes 6 of the
semiconductor chip 2 and the intermediate substrate 3 resting on the support table
18 are exposed to the gas containing the hydrogen radicals supplied through the
shield 17.  This causes the oxide films over the surfaces of the lead-out
electrodes 5 and 8 and over the surfaces of the bump electrodes 6 to chemically
react with the hydrogen radicals and evaporate, and, thus, the oxide films are
removed from the surfaces (Step S4).

[0028] (Aligning and Bonding)
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- 37 Rest Material Al14 - - - - 5x10-4 37 Rest
Material A15 - - - - - - - - 40 Rest WNhaterial Al6 2 -
- - 36 Rest Material A17 2 - - - - -

Next, the semiconductor chip 2 and the intermediate substrate 3 are
taken out into the atmosphere (Step S5), and, after that, they are bonded in a flip
chip bonding machine (Step S6).  The temperature and time of exposure, to the

atmosphere, of the surfaces to be bonded prior to the application of pressure are

as follows.

Log (t) < 3 (1,000/T - 2) (1)
where “t” is an exposure time in minute, and “T” is a heating temperature in K,
[0029] When solder is heated to a high temperature, its surface is oxidized,

making the bonding impossible. ~ The inventors have found that such oxidation
can be delayed by surface oxide film reducing treatment, and, in particular, by
irradiating the surface with hydrogen radicals to remove the oxide film, whereby the
bonding can be done in the temperature and exposure time ranges expressed by
the expression (1), without causing oxidation. It has been also found that,
solid-phase bonding of solder is possible by applying a pressure of from 1 MPa to 6
MPa at a temperature of from 100 °C to 200°C, provided that no oxide films are
present on the surface of the solder. A temperature equal to or lower than
100 °C provides insufficient mutual diffusion, and at a temperature equal to or
higher than 200 °C, the solder is softened to an excessive extent. A pressure to
be applied need be at least 1 MPa to remove unevenness in the surfaces to be
bonded together, but a pressure equal to or larger than 6 MPa collapses the bumps.
By applying an ultrasonic wave when bonding is being carried out, the bonding
strength is further increased.

[0030] Now, how the expression (1) has been obtained is briefly described.
Balls (having a diameter of 760 um) of solder composed of Sn, and Ag in an
amount of 3.5 % were subjected to a surface oxide film reduction by the use of a
hydrogen radical treatment to completely remove the oxide films, and, after that,
the solder balls were placed on a hot plate and heated at a constant heating
temperature (T) for a given time (t) in the air and, after that, cooled down.  The
thickness of the surface oxide films were measured by Auger analysis. It has
been found that, keeping the solder balls at a constant temperature, the oxide film
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- - Rest Material A18 - - Rest Material A19 3.5
11 - - - Rest Material A20 - 0.7 - - - - - Rest
Material A21 1.2 0.5 - - - 0.05 - - -

thickness does not increase for a certain time, but when the time according to that
temperature lapses, the thickness increases abruptly.  Expression (1) has been
obtained to show the relationship between the temperature (T) and the time (t) after
which the thickness of the oxide film starts increasing.  Further, it has been
confirmed by experiments that, when the heating is carried out in two or more steps,
the time until which the oxide film thickness starts increasing is determined by the
sum of times until which the oxide film thickness starts increasing in respective
ones of the plural steps.

By carrying out the oxide film reducing treatment, almost no oxide film
was present before the lapse of the heating time after that the oxide film thickness
would start increasing abruptly, and, therefore, even if the solder was heated in the
air, successful bonding resulted.  If such oxide film reducing treatment were not
carried out, oxide films would grow at a temperature lower than the
above-discussed temperature and in a shorter time.

[0031] Table 1 shows a plurality of combinations (Materials A1-A33) of
various materials (Sn, Ag, Cu, Bi, In, Ni, Au, P and Pb) which may be possibly used
as the materials for the bump electrodes 6.  The values appearing in Table 1 are
contents by percentage (%), and the “Rest” in the column for Sn means the value
resulting from subtracting the sum of the contents by percentage of the elements in
each of the combinations from the total of 100. Materials B1 and B2 in Ta.ble 1
are materials which contain Zn (zinc), and therefore their oxide films contain a
larger percentage of ZnO. Accordingly, they are materials of which oxide films
are difficult to chemically remove in comparison with SnO, and are not suitable as
materials of the bump electrodes 6 of the present embodiment. This is the

reason why they are shown as comparative examples.

[0032] [Table 1]




Rest Material A22 - - - 42 - - - - Rest Material A23

- ---5- - - Rest Material A24 - - - - | - - - -

Rest Material A25 - - - - - 0,005 - - Rest Material

A26

Ag | Cu |Zn|Bi|In| Ni Au P Pb Sn
Material A1 1039 | 05 | — | —| =] — - - — Rest
MaterialA2 {0.79 | 05 | — | — | = | — - = — Rest
Material A3 121 | 05 | — | = | = | — - — - Rest
Material A4 {182 05 | — | —|—| — - - — Rest
Material A5 {222 | 05 | —|—|—| — - - - Rest
Material A6 {275 05 | — | — | —| — - — - Rest
Material A7 | 3 05 |- |—-|—1| — - — - Rest
Material A8 {344 | 05 | — | —| —| — - - — Rest
MaterialA9 | 3.9 | 05 | — | = | —| — — — — Rest
Material A10 | — o — — 3 Rest
Material A11 | — - | =1=1-| - — — 5 Rest
Material A12 | — - | =-1=1=| - - — 10 Rest
Material A13 | — - | =1=1-| - - — 37 Rest
Material A14 | — - | ==]-1] = - 5x104 | 37 Rest
Material A15 | — o = e - — 40 Rest
Material A16 | 2 - | =|=1-] = - — 36 Rest
Material A17 | 2 - === - - - - Rest
Material A18 | 3 - | =1-1-1] - - — - Rest
Material A191 35 | — | =1 —=|—=1| — - - — Rest
Material A20} — | 0.7 | = | = |— | — - - — Rest
Material A21| 1.2 | 05 | — | — | — | 0.05 - - - Rest
Material A22 | — - | =|—142] - - — - Rest
Material A23| — | — |- |—|5| — — - - Rest
Material A24 | — - | =1]1-=150] — - — - Rest
Material A25 | — — | =]1=1]1—=1 — | 0.005 — - Rest
Material A26 | — - | =|=1=1] - 10 - — Rest
Material A27 | — - | =]=1=-1] - 79 - - Rest
Ag | Cu |Zn|Bi|In| Ni Au P Pb Sn
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- - - --10 - - Rest Material A27 - - - - - 79
Rest Ag Cu Zn Bi In Ni Au P Pb Sn WMaterial A28
80 - Rest Mterial A29

Material A28 | — — | =|=1-1] - 80 - - Rest
Material A29 | — - | =|=1-1 - - - — 100
Material A30| 25 | 08 | — | —| —| — - - - Rest
Material A311 38 | 0.7 | — | —|—| — — - - Rest
Material A32| 3.5 | 0.7 | — | —|—=| — — - - Rest
Material A33 | 2 05 | -3 |—| — - — — Rest
Material B1 | — - |9 |=]—-| - — - — Rest
Material B2 | — — |8 |3 |- - - - — Rest
[0033] Table 2 shows die shearing strength resulting from using the

above-described Materials A1-A33 and B1-B2 as the materials of the bump
electrodes 6, using Cu (Material C1) and Au (Material C2) as a material of the
lead-out electrodes 5 and 8, carrying out an oxide film reducing treatment, as a
chemical treatment, with one of hydrogen radicals, a mixture of hydrogen and Ar
gas, an evaporated gas of organic acid including formic acid, and hydrogen and
nitrogen gases, and changing the bonding temperature (heating temperature T), the
bonding pressure, and the heating time period (the time period t for which the
articles are exposed to the air at the heating temperature before the pressure is
exerted). In Table 2, a circle means that the die shearing strength after
bonding is 2 MPa or larger, a triangle means that the die shearing strength after
bonding is smaller than 2 MPa and equal to or larger than 0.5 MPa, and a cross (X)
means that the die shearing strength after bonding is smaller than 0.5 MPa.  The
heating temperatures and the heating time periods of the cases indicated by a

circle and a triangle fulfill the previously described Expression (1).

11




- 100 Material A30 2.5 0.8 - - - Rest Material
A31 3.8 0.7 - Rest Material A32 3.5 0.7 - - -
Rest Material A33 2 0.5
[0034] Table 2
No. | Bump Lead-out Chemical Bonding Bonding | Heating Die Shearing
Electrode Electrode Treatment Temperature Pressure | Time Strength
1-33 | A1-A33 Cu Hydrogen 150 °C 2 MPa 1 min. 0
Radicals (A1-A33)
34 A18 Cu Hydrogen 200 °C 1 MPa 0.5 min. 0
Radicals
35 A18 Au Hydrogen 170 °C 2 MPa 2 min. 0
Radicals
36 A18 Au Gas Mixture | 170 °C 2 MPa 2 min. 0
of Hydrogen
and Ar
37 A18 Au Gas of | 170 °C 2 MPa 2 min. 0
Evaporated
Organic
Acid
including
Formic Acid
38 A18 Cu Hydrogen 130 °C 4 MPa 10 min. 0
Radicals
39- | B1,B2 Cu Hydrogen 170 °C 2 MPa 2 min, X
40 Radicals
41 A18 Cu Hydrogen 90 °C 2 MPa 50 min. X
‘ Radicals
42 A18 Au Not Done 170 °C 2 MPa 2 min. X
43 A18 Au Hydrogen 170 °C 0.5 MPa | 2 min. A
Radicals
44 A9 Cu Hydrogen 170 °C 6 MPa 5 min. 0
Radicals
45 AS Cu Hydrogen 100 °C 4 MPa 10 min. 0
Radicals
46 A9 Cu Hydrogen 150 °C 3 MPa 9 min. 0
Radicals
47 A18 Au Hydrogen 170 °C 2 MPa 2 min. 0
Gas
48 A18 Au Mixture Gas | 170 °C 2 MPa 2 min. 0
of Hydrogen
and N2
49 A18 Au Hydrogen Two-Step 3 MPa Two-Step 0
Radicals Heating Heating
50 A9 Au Hydrogen Two-Step 4 MPa Two-Step 0
Radicals Heating Heating

wa—step heating includes a step of heating at 150 °C for 2 minutes

followed by a step of heating at 170 °C for 2 minutes.

Remarks:

Semiconductor chips with 4,000 bump electrodes having a diameter

of 50 um were bonded to substrates with lead-out electrodes of the

same shape.

The Heating Time is a time period for which the articles are exposed
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Rest Material Bl - - Rest Material B2
- Rest [0033] Table 2 shows die shearing strength
resulting fromusing the above-described Materials
Al- A33 and Bl1-B2 as the materials of the bunp
el ectrodes 6, using Cu (Material ) and Au (Materi al
C2) as a material of the | ead-out electrodes 5 and 8,

cher cai' 1 HisEanthe fee e TR, (B Mtbesfliety rerted
or gani ¢ 361 8 TR AT s AU ARARCRAR RS T

ni trogen \gAsieR o, Feh ¢ Nanaiingo. L4t ween ek naplearafehatesent
(heating tenperature T), the bonding pressure, and the

heati ng tnventiperiod (the tinme period t for which the
articles are exposed to the air at the heating
t enper at (Nee Iellor 63 tese poersuRidvg exaoplegerted). In

(0&filer borh fysiates FPaVRr Aeargaty (& (05 IMAGHE feRAGIIaCtuing a
selmanpfnif S Npa Bt e eneht BTG diig onip bonding
ST SFRglch L5 ARKLLNTALR FURLIOOgotical conta
belVpsdi he BENPIGIIRS @BAd the |drRb i@ etirode8ri ods of

the cases indicated by a 15circle and a triangle

[0G38]fi |1 tdméhedeserthed] gmbedimértiethekpmessedirodes) 6 and the lead-out

[0034] Tabl e 2 No. Bunp El ectrode Lead-out Electrod
electiépeal Frecdionsled Bednely Tdmire AW HEARUPASS and other bump

ele%ﬁr%%als”emg'fatb'engbgﬁégsd. Also, in the described embodiment, the

semiconductor chip 2 and the intermediate substrate 3 are bonded, but the
semiconductor chip 2 and a printed circuit board may be bonded to each other. -
[0037] The embodiment has been described with reference to flip chip
bonding of one semiconductor chip 2 and the intermediate substrate 3 by way of
example, but the present invention is not limited to such example. Instead, the
present invention is applicable also to a semiconductor device like the one shown
in FIG. 4 in which a semiconductor chip 9 having the lead-out electrodes 5 also on
the upper surface of the semiconductor device 4, is disposed between the
semiconductor chip 2 and the intermediate substrate 3. The semiconductor chips 2
and 1 or a semiconductor element including a plurality of semiconductor chips 9 is
an example of the “first substrate” of the present invention.  The present
invention can be also embodied in a semiconductor device having a plurality of
semiconductor chips 2 disposed on the intermediate substrate as shown in FIG. 5,
for example. In this case, a plurality of semiconductor chips 2 are an example of
the “first substrate”.

[0038] A bonding method according to a second embodiment of the present
invention is for bonding planar members, e.g. copper films 5a and 8a, formed
respectively on a first substrate 2a and a second substrate 3a, as shown in FIG. 7.
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Die Shearing Strength 1-33 Al-A33 Cu Hydrogen Radicals
150 C2 MPa 1 min. 0.5 mn. (AA33) 0 0 34 A18 Cu
Hydrogen Radicals 200 C 1 MPa 35 Al18 Au Hydrogen
Radicals 170C 2 MRs 2 min. 36 Al8 Au Gas M xture of
Hydrogen and Ar 170C 2 MPa 2 min. 37 AIS Au Gasof
Evaporated Organic Acid including Formc Acid 170C 2

Asl\/lgﬁO\/zvnrpﬁr}:IG. 8, as in the first embodiment, the bonding is carried out by using
the oxide film removing apparatus 10 to carry out a treatment to reduce oxide films
on the films 5a and 8a, then, removing the first and second substrates 2a and 3a
out of the oxide film removing apparatus 10, and using a known aligning apparatus
100 to align the first and second substrates 2a and 3a such that the films 5a and 8a
are aligned with each other, and, after that, using a heating and pressuring
apparatus 102 to heat and pressure them at a temperature lower than the melting
point of cdpper (i.e. 1,085 °C), whereby the films 5a and 8a are bonded to each
other.

[0039] For example, when the films 5a and 8a were heated to 150 °C and
applied with a pressure of 0.3 MPa, the films 5a and 8a were not bonded together,
but, when they were heated at 250 °C and applied with a pressure of 0.3 MPa, the
films 5a and 8a were bonded to each other. It should be noted that, even when
the films 5a and 8a were heated and pressured after being left in the air for 60
seconds following the oxide film reducing treatment, the films 5a and 8a were
successfully bonded together.

[0040] The bonding method according to a third embodiment of the present
invention is for bonding linear members, e.g. narrow frameworks 5b and 8b of
tin-indium solder having a melting point of 120 °C formed respectively on a first
substrate 2b and a second substrate 3b, to thereby seal off the frames 5b and 8b.
As shown in FIG. 8, as in the first embodiment, the bonding is carried out by using
the oxide film removing apparatus 10 to carry out an oxide film reducing treatment
for the frames 5b and 8b, then, removing the first and second substrates 2b and 3b
out of the oxide film removing apparatus 10, using the known aligning apparatus
100 to align the first and second substrates 2b and 3b such that the frames 5b and
8b are aligned with each other, and, after that, using the heating and pressuring
apparatus 102 to heat and apply pressure to them at a temperature lower than their
melting point, which results in the bonding of the frames 5b and 8b.

[0041] - For example, when the frames 5b and 8b were heated at 50 °C with a
pressure of 30 MPa being applied, the frames 5b and 8b were not bonded together,

14




10

15

25

38 A18 Cu Hydrogen Radicals 130 C 4 MPa 10 nun. 39-
40 BI B2 Cu Hydrogen Radicals 170 C 2 MPa 2 min. 41
Al8 Cu Hydrogen Radicals 90 C 2 MPa 50 nun. 42 Al18 Au
Not Done 170 C 2 MPa 2 min. 43 Al8 Au Hydrogen
Radicals 170 C 0.5 MPa 2 mn. 44 A9 Cu Hydrogen

Radi cal s

but, when the frames 5b and 8b were heated at 80 °C with a pressure of 15 MPa
being applied, heated at 80 °C with a pressure of 30 MPa being applied, heated at
100 °C with a pressure of 15 MPa being applied, and heated at 100 °C with a
pressure of 30 MPa being applied, the frames 5b and 8b were bonded together.
The frames 5b and 8b were successfully bonded by heating and pressuring them
even after they were left in the air for 60 minutes.
[0042] It has been found, from the above-described experiments, that, for
metals, excluding tin and tin alloys, of the films 5a and 8a and the frames 5b and
8b, as used in the second and third embodiments, the temperature and time of the
environments to which the films 5a and 8a and the frames 5b and 8b are exposed
after the oxide film reducing treatment and before the heating and application of
pressure, desirably fulfill the following condition.

Log (t) = 3 (1,000/T - 3) (3)
where “t” is an exposure time in minute, and “T" is a heating temperature in K.
This Expression (3) has been derived by the same process as for Expressions (1)
and (2).
[0043] In the second and third embodiments, the aligning apparatus 100 and
the bonding apparatus 102 are separate apparatuses, but a bonding apparatus
provided with an aligning apparatus may be used instead.  Also, as shown in FIG.
10, a single bonding apparatus, which also functions as an oxide film removing
apparatus, an aligning apparatus and a heating and pressuring apparatus may be
used.
[0044] In this bonding apparatus, the oxide film removing apparatus 10
shown in FIG. 3 is shown being rotated by 90 degrees. The same reference
numerals and ‘symbols of the oxide film removing apparatus 10 as used in FIG. 3
are attached to the equivalent components, and their description is not given.
[0045] In the treatment room 11B, a support table 18a for placing a first
substrate 2a or 2b thereon, and a support table 18b for placing a second substrate
3a or 3b thereon, are disposed. Like the support table 18 of the oxide film
removing apparatus 10, the support table 18a is provided with a heater and a
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170 C6 MPa 5 min. 46 A9 Cu Hydrogen Radicals 100C 4
MPa 10 mn. 46 A9 Cu Hydrogen Radicals 150C 3 MPa 9
mn. 47 Al18 Au Hydrogen Gas 170 C 2 MPa 2 min. 48
Al8 Au M xture Gas of Hydrogen and N2 170C 2 MPa 2
mn. 49 A18 Au Hydrogen Radicals Two-Step Heating 3
MPa Two- Step Heating 50 A9

cooler, which are not shown, in a portion where the first substrate 2a or 2b is to be
placed. Also, the support table 18b is provided with a heater and a cooler, which
are not shown, in a portion where the second substrate 3a or 3b is to be placed.
These support tables 18a and 18b are coupled respectively to elevators 180a and
180b, which are disposed outside the treatment room 11B, whereby the support
tables 18a and 18b can be raised and lowered as indicated by arrows.  With the
support table 18a lowered and the support table 18b raised, pressure is applied to
the film 5a or the film 8a of the first substrate 2a or 2b on the support table 18a and
to the frame 5b or the frame 8b of the second substrate 3a or 3b on the support
table 18b, to thereby bond them together.  While the pressure is being applied,
the heater heats the films 5a and 8a or the frames 5b and 8b to a temperature
lower than the melting temperature of the films 5a and 8a or the frames 5b and 8b.
Further, the support table 18b is provided with pins 200 for use in aligning the first
substrate 2a or 2b with the second substrate 3a or 3b, and holes (not shown)
through which the pins 200 can pass are formed in the support table 18a.  The

pins 200 and the holes function as the aligning apparatus.
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Au Hydrogen Radi cals Two- Step Heating 4 MPa Two- St ep
Heat i ng Two-step heating includes a step of heating
at 150 C for 2 mnutes followed by a step of heating
at 170 C for 2 mnutes. Remarks: Sem conductor chips
with 4,000 bunp el ectrodes having a dianeter of 50 pm
were bonded to substrates with | ead-out el ectrodes of

CcLpgvsane shape. The Heating Tinme is a tinme period for
which the articles are exposed to the air at the

[(heiat iThg t Arpedatoumetisf coraptifiegpr essure is exerted.
For No. 35, ultrasonic wave was add|t|onaII{ plied
No. 1-No.3Stemal elrymg- ow. amsoxiger fdmesedsing roa nﬂﬂ?ﬁi with hydrogen
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wi th high A I N i
oL o 398 oFARBNGAA ol €L AR 188 o by cligning sad
arécRst vbéds havanskdmeubpated b ﬁl@cd%@éiefﬁm&ed%ﬁr@?efdaltmnt and,
the descri bed enbodi nent, the bunp el ectrodes 6 and
theheafteradppvinged prassacke o Saldrfersbamd:leelcmrtcgemhreératebut t he

bunp el ectrodes and ot her bunp. el ectrodes nay
[CoaAuéh. Al k@ bondingh@edxt petsd nentsodiatent , whﬁr@m said article to be
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| nst ead, the present invention is applicable also to a
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i nvention. The present invention can be al so enbodi ed
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invention i1s for bonding planar nenbers, e.g. copper
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the filnms 5a and 8a are aligned with each other, and,
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10[ 0039] For exanple, when the filns 5a and 8a were
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8b, as used in the second and third enbodi nents, the
tenperature and tine of the 10 environnents to which
the films 5a and 8a and the franes 5b and 8b are
exposed after the oxide filmreducing treatnent and
before the heating and application of pressure,
desirably fulfill the follow ng condition. Log (t) 5 3
oxide ﬂﬂﬁ/@duc?rhg $eatmeheraad't” is an exposure tine in
mnute, and "T" is a heating tenperature in K 15This
Expr essi oneass fbasaph»é)etng depressdireytot saidstrse qiosessndsubstrates
for Expressions (1) (2). [0043]In the second and
afterdisedd aHHVAD FeR <0 ttCW@ %ﬂlﬂ@ﬁmﬂgs appar atus 100 and t he
bondi ng apparatus 102 are separate apparatuses, but a
bondi ng apparatus provided with an aligning apparatus
may be used instead. Also, as shown in FIG 2010, a
si ngl e bondi ng apparatus, which also functions as an
oxi de filmrenoving apparatus, an aligning apparatus
and a heating and pressuring apparatus may be used.
[0044] I n this bondi ng apparatus, the oxide film
renmovi ng apparatus 10 shown in FIG 3 is shown being
rotated by 90 degrees. The sane reference 25nuneral s
and synbols of the oxide filmrenoving apparatus 10 as
used in FIG 3 are attached to the equival ent
conmponents, and their description is not given.
[0045] I n the treatnent room 118, a support table 18a
for placing a first substrate 2a or 2b thereon, and a
support table 18b for placing a second substrate 3a or
3b thereon, are disposed.Li ke the support table 18 of
the oxide film 30renoving apparatus 10, the support
table 18a is provided with a heater and a cooler,
whi ch are not shown, in a portion where the first
substrate 2a or 2b is to be placed. Al so, the support
table 18b is provided with a heater and a cool er,
whi ch are not shown, in a portion where the second
substrate 3a or 3b is to be placed. These support
tabl es 18a and 18b are coupl ed respectively to
el evators 180a and 5180b, which are di sposed outside
the treatnment room 11B, whereby the support tables 18a
and 18b can be raised and | owered as indicated by
arrows. Wth the support table 18a | owered and the
support table 18b raised, pressure is applied to the
filmb5a or the film&8a of the first substrate 2a or 2b
on the support table 18a and to the frame 5b or the
frane 8b of the second substrate 3a or 3b on the
support 10 table 18b, to thereby bond them together.
Wiile the pressure is being applied, the heater heats
the filnms 5a and 8a or the franes 5b and 8b to a
tenperature | ower than the nelting tenperature of the
films 5a and 8a or the franmes 5b and 8b. Further, the
support table 18b is provided with pins 200 for use in
aligning the first substrate 2a or 2b with the second
substrate 3a or 3b, and holes (not shown) 15t hrough
whi ch the pins 200 can pass are forned in the support
tabl e 18a. The pins 200 and the holes function as the
al i gning apparatus. CLAIMS [ aim 1] A bondi ng net hod
conpri si ng: a step of carrying out an
oxi de filmreducing treatnent with hydrogen radicals
for surfaces of articles to be bonded present on
surfaces of first and 5second substrates; and
a step of bonding said articles to be bonded together
by aligning said articles which have been subjected to
said oxide filmreducing treatnent, and, thereafter,
applying a pressure to said first and second
substrates. [C aim 2] The bondi ng method according to
Caim1l, wherein said articleggto be 10 bonded on said
flrst substrate S an electrode dlsposed on the
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