DESCRIPTION Title of invention BONDI NG METHOD AND BONDI NG APPARATUS
Technical Field (0001] This invention relates to a nethod of bondi ng
substrates and an apparatus for use in the substrate bondi ng nethod_
Background Art [0002] One of technol ogies for bonding substrates is flip
chip bonding.Flip chip is a systemfor bonding one Substrate, i.e. a

sem conduct or chip, with another SUbStrat8 (e.g, a printed circuit board or
an interposer) through two-dinensionally 10arranged bunp el ectrodes or

bunmps, with | i out lead lines fromthe one substrate.|ln other
words, fli pngﬁgﬁgang is to bond bunp el ectrodes on surfaces of the

S conur Dl Rypah hagN DRNo PRI 68" AND HONSINP ARFURTRT BE et TOdes on @

surface of one of the Sem conductor chip and t ot her substrate to | ead
el ect rodes DarHhealsuefiace of the other. 15[0003] Currently, it is usual to
use flux in bonding bunp electrodes to | ead el ectrodes. Such flux is used
to reduce adlfbrove Toxs dessronnt Heaisar Hasemethosr OhiloRr M dt ReDBUMES efettanodes

and to prevent oxidation of the surfaces of the bunp el ectrodes, However,
flux renmai ﬂ%r%ﬁQSgWeu%'B‘stP?éf‘g%tr%fatb@ﬁmgemﬁﬁﬂg' el ectrodes are bonded to te
| ead el ect r@&'ﬁ? r\gluhh gver sely affect the reliability of the 23

sem conduct or, qn order to avoid such adverse effect, it is necessary to

rinse out flogr2r esi dugse bhieahspagiesbet weennd hevssemconduchor befdipg and-|iphe
substrate so that there will he no flux remaining in the space,

[ OON] Howev et it aisgstexpasthsd dithatna hebSigaee bt W0l 8T onducthornadhep
and a substrat ill be 50 umor |ess in the future, it will be v
ditficult (OSBRI LG oaPr f”lt?ﬁ?CV%%LSH?WgOG ﬁ”tl%tér@éﬁ@eﬁh?%%EV&‘P'QH“%%'O%@@ to
renove u i-du lLy. Re Yo b esinker ' bunp
el ectrogdes%rgaqﬁggd&e ggé%@gggwﬁt ou%é’rvé[éthe%ﬁﬁg{B%‘éqg?cgimgrggrﬁ?ﬁ%%e
proposed. Fayubexanpi eln Ratentyordd,i tier atipr eohdidi sel osésna leohnelkogydén onhi ch

an adhesi ve containing al cohol or organic acid as its principal ingredient
i s used to YUeimpes aifi thy seviwoadpiip cBOeIE86t Hedetiel osUbedatel ety sl btie

bunp el ectrodes are exposed to an nospher I ni e, rtadical gas
(hydr ogen rei%q%&%%g)ont%gpﬁa%gpwg 8%\% lgyﬁ%%?@ﬂéfﬁ# {éh,g%ﬁo%e S&B?&QE‘%@ of
t he bunp el : t atnment is carried out to band the
bunmp el ect rlgﬁdegfé???%%aﬁé%%g@?%ccﬁo gso.tﬁd[[rSOOS] Patent Literature 2 discloses
a technal odg00#H whi cliuraftier itdamusyahy ost fha inreeatimenbump ¢leducssoid ted
films on the surfaces of electrodes, the electrodes are pieced in position

in the air elRMPiERey A& MBS HERr@RP Wnﬁfﬁofﬂm%\f%gﬂﬁ%to@.t SOD06I P et
L Leratur e i 2R SERERRA S0 bl BLAE A EOTIREEOUPR oumo
electrodes.  However, flux remaining on the substrates after the bump electrodes
are bonded to the lead electrodes will adversely affect the reliability of the
20 semiconductor.  In order to avoid such adverse effect, it is necessary to rinse out
flux residues in a space between the semiconductor chip and the substrate so that
there will be no flux remaining in the space.
[0004] However, it is expected that the space between a semiconductor chip
and a substrate will be 50 um or less in the future, and it will be very difficult to
25 rinse out flux remaining in the space. It is also not easy to remove flux residue
completely.  Recently, many technologies for bonding bump electrodes to lead
electrodes without resort to using flux are being proposed.  For example, Patent
Literature 1 discloses a technology in which an adhesive containing alcohol or
organic acid as its principal ingredient is used to temporarily secure bump

20 electrodes to lead electrodes, the bump electrodes are exposed to an atmosphere



[ 0007] According to the fecinologies of Patent Literatures 1 and 2, the bunp
el ectrodes nust be heated to a tenperature above the nelting tenperature

t hereof by providing a heat treatnment after the oxide filmreducing
treatment. However, such heating is undesirable to sem conductor chips.

15[ 0008] The present invention has been nmade in consideration of this

probl em An object of the present invention is to provide a bondi ng nethod
and a bondi ng apparatus which make it possible to bond articles easily at a
| ow tenmperature w thout degrading electrical contact between the articles.

Means to SolcuetaPiioblerad GO0G] Aabohdirpie metHG ) de ¢of dieng St 6 Ay Brboes e of
th t ti i ncl.ud t f Yi ' fil
reduci ng tr GACHENIEGET Ay BN BRI S Riecarey Tor 8 hagaliifids e ot be
bonded whi A0 ‘ d bstrat es, d
onde '%?di;@gdr%ﬁ?%?be@%é%ﬁﬁw ggre%\m?gﬁ second substrates, and a

step of align to be bonded, have been subjected to the

oxi de film reugi ng t Peahmentrat@nd d2bbhes edétreralo@pipl wiing, atpressune otid
the first and second substrates to bond the articles to be bonded with each
ot her. Thé agtliizdtecnbithiethended cofimshe tier stfasghst AR @ oray, Be ARCEPeet Ade

bonded on t RECSecbHG" SUBGL TS 15 a BUry BFGct Fodg¥Er Red O Can "Elect r ade
on the surfmfﬁf t hepseeond: substrr gbepoandogde, first and second
ar

a)substrate taken out into the air after the oxide filmreducing
treatment, and the bpadhngitbytap@ yPROT-08cpressure is carried out at a

hi gh tenperature. Either of the aligning step and the heating step may
precede t heDotHerumop! l8x&arpPe, when the articles to he bonded are of tin or

atina v oLt esi r.abi e I .tenperature and tinme at and for which
theI ei egﬁ)r/oglégbllgﬁkpoeélﬁggg%eq g?t]%%enﬁﬂn gIr)i or ;Jo t he ap:ol i cation of pr es!sure
to be w thi mdgre fol !%dﬁéﬁnpgmgen (tjéd%ﬁol(ab)esfofipa@nt(IJJteQQ@_Pérs 1 a@H(A)thuhene "t"

;
is an exposure time in mnu “r IS a tenperature in K at which the

el ectrodes aleetrheet edsi be cased tea heapdragire shoae thededuty @Imoegatardéatreog
curve with two or nore steﬁs t herein ﬁzesh,own in abl e

. , FIG 6, it is desir
for the expbsire/idiofimBeandetmenhadier i C&per At (R Cd ﬁf@ﬁtmqﬂl?- tﬁiowever,

are the Lo and 4 hB it dARer Ll & pet OO 8 p. ) 00t01The articles to
be bonded omgihe firgheandsaecongtisubst takasnagyirbeorsienabormenter srabisposed

on the surfaces of the first and second substrates, or 15may be |I near
menbers on Ahetsentfddes wesatienfdéntsn iarnd wecddad $abding datedod qraoajonaing

bondi t or di t, th nbaodi t of th t i ti
' ncl Udes. MEAHETGE DAY ITHES duipoan OBk (PO T RICEIUEPRY o Gal e TP G
hydr ogen 1 agfal Giect 81 SUIRRES o0l (o1 biGl8H f0ahR bonded di sposed on

surfaces of 1‘I rst bstrates, neans for aligning the articles
wi th each oflbers ahtSeive Rebliehey have been subjected to the oxide film

reducing treatnent, and neans apél ying pressure to the first and second
substrates [RPP8l t he ‘arkanslies rapeoal rgeedindt 6o t Aer ebyoBowd ! t We (A t Piesert

with each Oitn\r/]e?rgt'lon includes a step of carrying out an oxide film reducing treatment, using

hydrogen radicals, for surfaces of articles to be bonded which are formed on
surfaces of first and second substrates, and a step of aligning the articles to be
bonded, which have been subjected to the oxide film reducing treatment, and,
2% thereafter, applying a pressure to the first and second substrates to bond the
articles to be bonded with each other. The article to be bonded on the first
substrate may be an electrode on the surface of the first substrate.  In such case,
the article to be bonded on the second substrate is a bump electrode formed on an
electrode on the surface of the second substrate, and the first and second

0 substrates are taken out into the air after the oxide film reducing treatment, and the



Advant ageous Effects of Invention [0012] When bonding articles to be bonded
by nelting the articles by heating 25them it is necessary to heat the
articles to a tenperature above the nelting tenperature of the

article. However; heating of the articles to such a high tenperature causes
the surfaces of the articles to be oxidized, and, therefore, the articles
cannot be bonded each other.It has been found that, by irradiating the
surfaces of the articles with hydrogen radicals to renove oxide filns on

o el T a0 IR TEL I O PR AE R FP T
(e ar Tl en8 e Rl (B8 L ARd oM, S8apbe. Ponded i ivech o el Syen

Descri pti onthefaBeawitngs [@QL3]dEGf tih shows @ogeamicorductofordeyite®pkrature
manuf actured according to a first enbodi nent of the present invention.
FIG 2 is aafd dimedranoffoa wriutiae ladating ehet RoaXgisetn® sevictoRdaét for the

devi ce oé FI G oWs_ an gxi de filmrenoving

1, FiG, 3
appar at us o0 Ge80q Af ?ﬁfﬁ?ﬁHﬁ?ftgcbteuWiﬂlﬁﬁ t%@@’ﬁ@%[ﬂ?@ ctor device of FIG 1,

FIG 4 shows anot her irCO deyi ce which canbe nmanufactured
according to the fi rsmﬁgﬂm@ﬂgf%he present i nK/Znti on. FI G

5 shows stilheranot Rein semscenduetiarmidetd, cedwii’ ¢hadampbetmenoftaat uhech the
according to the first enbodi ment of the present invention, .4rFI G 6 shows
a tenper at wecitodas aisl btatenshilp Gasedhaoating 48 iC6H 16F Ot halond s fledvbiod dil ient

accor di hg. 16 1a WBeAE BrsER HerRncEs THMBIEEEACE | hieney G ror e ExXpBLe
PG 8 300nd RANAE RIAARPRIAISOT A IR BRIWhaGLHAKY. Lhe 20subst rat es
of FIG 7. E shows substrates manufactured according to a

third enbodi ment of theopriesehttdoventi2ons 1 (2) FIG 10 shows anot her

bondi ng apparaws for use in manufacturing the sub?trﬁt es, of FIGS, 7 and 9.
25Best Modelfee ‘Caraiyii ng’ 8if edveaeneng &mma]r%%i%t £érih ¥8fe enmbodi nent s

o e D" eSgla] M S A58, bl B 4 AL, A DB SRR e
?Icg\(/)vr g:c ng tadsdf edipceirbodionentorofhd berfpresenthd Axentidots dnG sthshows dhe
15 may be linear members on the surfaces of the first and second substrates.
[0011] A bonding apparatus according to another embodiment of the present
invention includes means for carrying out an oxide film reducing treatment, using
hydrogen radicals, for surfaces of articles to be bonded disposed on surfaces of
first and second substrates, means for aligning the articles with each other after
20 they have been subjected to the oxide film reducing treatment, and means applying
pressure to the first and second substrates after the articles are aligned, to thereby
bond the articles with each other.
Advantageous Effects of Invention
[0012] When bonding articles to be bonded by melting the articles by heating
25 them, it is necessary to heat the articles to a tempefature above the melting
temperature of the article. However, heating of the articles to such a high
temperature causes the surfaces of the articles to be oxidized, and, therefore, the
articles cannot be bonded each other. [t has been found that, by irradiating the
surfaces of the articles with hydrogen radicals to remave oxide films on the

0 surfaces by the use of the bonding method and apparatus of the present invention,



device 1 Includes a first substrate, e.g. a sem conductor chip 2, bonded to
a second substrate, e.g. an internedi ate substrate 3. [0016] The

sem conductor chip 2 has a sem conductor el enment 4, |ead-out el ectrodes 5,
and bunp el ectrodes 6. The sem conductor elenent 4 includes an Integrated
circuit (not shown), for exanp e, built in it.The |ead-out electrodes 5 are
formed on a surface of the sem conductor elenent 4 and are connected to an
end of the integrated circuit, for exanple. The bunp el ectrodes 6 are

di sposed on surfaces or the | ead-out electrodes 5. [0017] The Mernedi ate
substrate 3tfiesosdation ef puserrfadesrofekansiiees fase raBeisdectaniccalel §rivewdrisgnathe

| ead- out el ectrodes of the sem conductor chip,n ;0 e rode pads (not

shown) di sp8§'§{¥egna §gpf%%30888dd W r‘?@@g Q:fﬁ?rc&f & %%EFP‘%{%%& %éf‘f‘?gvﬁ’)an ﬁﬁd
i ncl udes an_j l.ati | : : t hr ough- hol es (not shown) extendin

t hr ough then{leﬂgﬁ;ltgﬂp%ga@u é;‘fttpgiag@?sand Igad-out el(ectrodes )St or med onga

surface of BhefiDaterpedhatf@raubdsjs ate 3 and connected to the
t hrough- hol es. The 15printed circuit board is used to nmount the

seni condaict B0 1dévi ce AICE drslparst b samagondselor dgoieg] ‘afen sistUreAea ard ae és aof
t he Iead-ou%. gl ﬁﬁ)rode? Z and 8 are de of a netal, including; for
exanpl e, Al EREGRPATIANT ONETE MicsRe! §VeT& ¢ copper), Au (gol d): Pd
(palladiumt' g (sityae) o LA ddidhdthr anchrdfaditf iy meiR S Rebiapies ©
are made of Sn (tin) containing no inpurities, or tin containing at |east
one of i npudétitesf Flmcliudi ng, for exanple; Ag (silver), Cu (cooper), Bi
(bismuth); In (indi ugL[), Ni (nickel), Au (gold), P (phosphorus) and Pb

(I ead). The bunp el edtlPod8s 5604F e afloried by fi6MEKamARPapilat ifag, Use In

i i bai | di d it 00191Now, h h
Do condic: BenuBon B ghe se B BBt SR EI G he to the onbodi ment of the
present invention is Fq§.scr4i badh téhdtﬁ’é!er%lﬁi%oﬁ@hci[fé@deﬁc@n@v% can be

[0020] First, an oxide filmrenoving apparatus 10 for use in practicing the
met hod for manubatter aogriihe tsém Sendombdmatew des Lreassnteseniibed.

[0021] .rhe oxide filmrenoving apparatus 10 is used,to renove oxide filns
on the surfaces of tHeCI gadsBuits él“lalc@i‘@%é’s @”ﬁﬁ@ﬁ‘g’cgﬂddﬁﬁﬁebw |%€i8t PBdes

6. As 30sho [ ; ' £ VJ has a
chamber 11 THEYAGRFS Copiag g thERs BhERg RIS PR PR S ent T oom
118, whigch are soati gjbvgsepaisad ednfdramreache edihesis4iprincsonayigcgrmesiaher 14
providing a mcrowave Wis connected to the plasma generating room 11A via

a wavegui deirtBerabddienent cf thwawesémtinedioinng wi ndow 12, and al so, a hydrogen

gas source 16 providi dr ogen s, is connected to the plas ener at,i ng

room 11A via a suppl ﬁg‘ub grglWsr %5“5%?3 M?%I{quqg WBHﬁﬂaAggatEfgaq‘FsGPB s

t he hydr Og%@@oﬁm@ﬁﬁ@f’thg%r%eq{piﬁ\}gﬁgw.dr ogen gas source 16 into plasma by
ni crowave

means of the generated in the m crowave generator 14, to

thereby generate hydirogers rsadivsah sodrfdiee apadictad fgaske LO[0O22hThenpltasna
generating room 11A is provided with a shield 17 on the treatnment room 118
si de of Xa pluasitategenér@ting zone P in the plasma generating room 1la. Th:e

hield 17 is f d of . f I t al tti d_acts [l
TNy unnecessary chard partPires P ehe Alauetdetoadtifiebadi’a Shids®
| ead the Q%Wh@ﬁf‘@f%bgrééﬁ\tm\%ﬁﬂ@qge”er ated in the plasnma generating

room15 11A into the treatnont room 118. In this nmanner, the plasm
generating room 11A iFhGr ¢dutes/sgasotoentantinggidreathydoogen inadacaisturing o

e e e Hs Tl ¢ T
2% Best Mode for Carrying out Invention
[0014] Hereinafter, some embodiments of the present invention are
described in detail with reference to the drawings.
[0015] FIG. 1 shows a semiconductor device 1 manufactured accarding to a
first embodiment of the present invention. FIG. 2 shows the flow of

20 manufacturing of the semiconductor device 1 of FIG. 1. The semiconductor



[ 0023] The treatnment room 118 is provided with a support table 18 on which
articles to he treated (e.g, the sem conductor chip 2 and the internedi ate
substrate 20 3) are piaced. The support table 18 includes a heater 19 and a
cook,,,r 20 disposed at a |location where the sem conductor chip 2 and the
internedi ate substrate 3 are to be placed. The heater 19 and the copier 20
are arranged such that they can heat and cool the sem conductor chip 2 and
the internediate substrate 3 in a predeterm ned manner. The treatment room

11B is connected to 25a vacuum punp 22 via an exhaust. port 21 disposed in
the bottom@¥ GEne "Cré&emene! ¢ aﬁ&ﬁ-gaﬁéeﬁl@ﬁg%ﬁ&{% E@E&rogoaé%go gFqognd

di sposed 0%tuﬁrgﬁ%@ﬁ%E&%ﬁ%@(@%@ﬁwﬁﬂmﬁgg exhausts the gas within the

chanber 11 in the chanmber 11, and the pressure gauge

23 measur egobtg pressueesdpiictiecedragmer? 4ds AsehicopgenogasnsaurLelc2s-dis
copied via a supply tube 24 to the treatnment room 118. 8The nitrogen gas

source 25 rescthelesdupingdhitrop ehestplasita géhersatiitig dloomelarent hst@adesThe
Wb ch udes i RS TEAS 0L BEH S TOBGoRt SO ERe ThTogen. Dk an Ler 98fodaed
bo trear o ¢ OEMALG TR NE SRR ERIE Y R T, S DGR, odiBofld (afs 1O

be treated gas contai ni ng drogen ra

[ 0024] ( Remavial ofothe QgicdeatEl loMuit, for example. Theeabove-cteseriebed aoxidte okl m
removi ng apparatus 10 is used to renove oxide filns covering the surfaces

of the | eadnoutfaebeot thedesdBuantcgoamdSt he bunp el ectrodes 6.

[ 0025] Speci fically speaking, first th hapber 11.is opened, and the

10seni cond&@@@ﬁ chi pﬁlgea*r?(t)egr I3tht %Lﬁtﬁﬁzrcﬁ%%?gb@u@gt Fﬁ?@ogerar rd%%ggd Oh the
support.ta 1 - ead-c des d- B

el ectr o18es%ﬁ@%"%g%@@@%@%%)ewwe&?uf’g tﬁg %eg?lggﬁlw%?r ET‘C@J 23 toshows
an exanpl e gigetnahib cindsheoserb@andispbosd ohi p s2rfese pifacednien tihelisbppor thot abl e

18. Next, the chanmber 11 is closed, and the vacuum punp 22 is activated to
exhaust théhgas) wabthi mctiies186hariertingl sesistet o r édoed RESpreels BewWinn t he

o oner at &xEng e Bl s ARl st L N S e b T BB e
16 is Opergaﬁgcé of ﬁreeqp}é#ﬁqewé QMefr fa8s3 5 dicsn caUSESo wtmg@pﬁs@sgawﬁ@ be

transforned into t asma form by the mcrowave W whereby hydrogen

radi calis (brieedradudaloagas)usareo2fogeres atectopSueipr 88)ice Asfoaprdsular,usehe
hydr ogen radi cal s generated in the enerating room 11A are carried

|
on the gas[Et'®éam and! Fassiienrisirghs gﬁgﬁsér%agrwtﬁeqtm@&ﬁn@nq F At metite ¢leam

sens conductBia oo Rt e e REMIR &F luRat BEbaTL Y ReBbF L AfRERWE ®1
support taﬁiaﬂa@iﬁnﬂ}?g‘éﬁﬁ%?@ f@?(irﬁd)@mgaéndcgﬂt f@iﬁryi ngmémyimpdé@@ﬁadé@ﬂﬁ ¢ s

suppl i ed throug i el Thi s’ causes e oxide I'ms over the
sur f aces ofnatiheoflSealdingubnielrecy nodesustiandr 8inard taveg atheasunkeadesipofitiehe

b | ect 6t hem cal |y t with the d i cal s and
ovanor o, NGHAING HoseXaTHE ok GUET L it BPED Sgy QIR Do KOGk 6 280kt ep
34). [0028 i i i ! hi
> hnd the. Miab BT S BN Y B fead ard el slosReS A RECRANEE el o
35), and, @ftLekmbhatbiaittheyrianey bendethdin & f4id dhipiibendi ng machine (Step

36). The tenperature an ime of exposure, to the at m)sphere, of the
surfaces tB0B8] bondedowr how the seecapplaiwatdoee df isphessiagrs!rar ecsasifioid ows.

Lo t)3 , 000/ T - 2 where |It" .is an, exposure, ti in mhute,. and "T"
190 e s rarra e Eher RS S b nes UeEr Rest T hafEFeldh [ Y g AT
terrper%urﬁ, its surface is oxidized, nmaking the bonding inpossible. The

i nvent ors have found that such oxi dation

[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

30 shown in FIG. 3, the oxide film removing apparatus 10 has a chamber 11 including



10 can be del ayed by surface oxide filmreducing treatnent, and, in
particular, by irradiating the surface with hydrogen radicals to renove the
oxide film whereby the bonding can be done in the tenperature and exposure
ti me ranges expressed by the expression (1), wthout causing oxidation. It
has been al so found that, solid-phase bonding of solder is possible by
applying a pressure of froml MPa to 6 15MPa at a tenperature of from 100
"C.; to 200C, provided that no oxide filns are present on the surface of

t he sol der, A tenperature equal to or |ower than C provides insufficient
nut ual di f f aisilesma arehcatiing t@mpetidt areé edigalmeo morrhilé%erwmﬁfararzoapmallvhe
solder is softened to an excessive extent. A EEgssgie to.Re aﬁﬁlied n% d be
at | east 1 WP&E ©60rEHBVECTREVENNeS §PRHE SiFfades P& BEBdh d “t'oyether

but a pressur r : | @aps AP

appl yi ng an'gu??rfrg}ségénq ggmsgéebl\%ﬁ@% %%&%?Hgg Plég eﬁqr)lé \ﬁgrfis\g%l tﬁjt , tgl%e aﬁgnai ng
strength i spfdusfher idtﬂ@ﬁj@@iﬁge«ﬂnddam&@]aw@wa]sbpw tyhieogxpgessoone( 19 phasdibeen
obtained is briefly described, Balls (having a dianmeter of 760 pm of

sol der conposkdgef (8nis andengditn (zmplazscaprenttings ro3ms11AYie sekedl¥ubjedbed

f ide fil d [ h f h [
L7 eat mont -t VGO BPRPIRGHD VO TOATROR A " EHAC Arrers URIPA AR 61 der
bai | t t4 i
Cemper at ur € O A2 g8t THE TEIT O Re s o AP R erater

down. The t hheknpssy®fe tbeersthrfaceookiaeyf jémsalsehedropas uaedalby(fAugerdical
anal ysis.it has 30been found that, keeping the solder bails at a constant

t enper at ur ejas{he, oxide film thickness does not increase for a certain
time, but he ti ccordi ng to that e es,. .thesthickness
i ncr eas@s %ﬁgal y: I;E%rFgé%m%rge@%amﬁasmﬁgbﬁﬂe% éi%&g%%t\&mg%o%'?lﬁeﬁ ol RE

rel ationshi t t i i oen (e pafdned qvhechng he

t hi ckness (}Fe%{ﬁ]tgwg%bd@%?l%&%?g?tgélﬁﬂé%angﬁggh%&rther;, itp has geenlcél 8
confirmed byoexpes.i mEmtessitiblat {7 Whénrntdte ohefat iengrripse, oaetdl edttiong and saie tor
nore steps, the tine until which the oxide filmthickness starts increasing

is determ rmedepyat REngumneressaneshaaer Paikiien it HE pRrde 35 PAiYHE ckiedso

the oxi de_fEINTT CMugrnEor P Enae Brnpaensl el B FRoys Yo ERtlya R
before the 11apse, ofc theheat ifdg tige afit efis hhatet heeoxbdeal ddrioraim ckanass

woul d start increasing abruptly, and, therefore, even if the solder was
heated in tHé @imdusacgessbulaibondingydesehtradicalst insudte deetieeitti fomr étiici ng
treatment were not carried out, oxide filns would grow at a tenperature

| over t han Whéeeabo¥lé- i scussed tenperature and in a shorter tine,

15[ 0031] T h j ' ' i :
various matl Tk o (S CARAEn) HoonRg B R P IR G P PR Rl A A0k
used as then@berd absrd08d the bunpnebectcesesip2The valivesmappeasipgrdto
Table 1 are contents by percentage (%, and the "Rest in the colum for Sn

nmeans tHe Al ae pesalti nthd soppsibepgct/iSngctuiessamefict HE 86ht @ritasldy 20

t f the el ts i 0 h of .th nbi nat j f ) total of

00, et or CR058] 8hd BEANRT TABTE. 1o T CHERT sC e Lhokbra: BOTe (8 ey
d theref [ ide, fi [ t

hocor di ngl VU REY S ataP e o o e ey B 2o A Iaher suer

chenmi cal I'y thgnave icancosmanhsomol the Se@icoandciar ecmpt 2 sarid dbk eindsmmeataei al s
of the bunp el ectrodes 6 of the present enbodinment. This ig,t he reason why
they are shoWpirale Tonpareddatvenisgampres!. The raafent 590rpA4B is connected to

%5 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.

%0 The nitrogen gas source 25 may be coupled to the plasma generating room 11A



80 ,L Material A29 100 Material A30 12.5 0,8 Rest Materi al
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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 186, 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.

5 [0024] (Removal of Oxide Film)

The ahove-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
10 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
15 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
20 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
26 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).
30 [0028] (Aligning and Bonding)
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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 °G, 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 yum) 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 (f) 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

Rest
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[ 0033] Tabl e2showsdi esheari ngstrengt hresul ti ngf ronusi ngt he above-descri bed
Mat erials Al-A33 and 81-82 as the materials of the bunp el ectrodes 6, using
Cu (Material Cl) and Au (Material 02) as a material of the |ead-out

el ectrodes 5 and 8, carrying out an oxide filmreducing treatnent, as a
chem cal treatnent, wth one of hydrogen radicals, a mxture of hydrogen
and Ar gas, an evaporated gas of organic acid including formc acid, and

hydr ogen and.ni troge n j -t he (; i ng
o ogen L2850, 98P R A% Ra0PL IR e BNtk 4 BSLBbMIRG(Donsd o
period t Tof el h@os%étt@ B5cial8s §xpasess torthe alerxpa@ssﬁdsm(m)emaertgsen
tenperature b ore the pressure is 10 exerted). In Table 2, a circle neans
t hat the thebishedrtongostinengthorditebebonrdithg tersp@raivpa (oF al@ie [ime i ifamgl e

means t hat the di e shearing strength after bonding.is snaller th
and equal t@éhieh har gerknerariols MPAS BRY S&r %)krjg n'egﬁ’éthleﬁaft ?ﬁ%zt%ﬁeé‘

Cemper attr S TINEE A& BaHTRG s pab WEMT badestng E%Q%@EQ@@F i, PERREDS1ops,

15circle angdcafhé 'uﬁﬂ%ﬁmﬁ%hé'dxﬁdetﬂﬁw Fm@éﬁle@sl%kaftaﬂmaﬁeralsb@dlsEdmaﬁﬁmearby D) .
[ 0034] No. Bunp El ectrode
sum of times until wh|ch the ox1de fllm thickness starts increasing in respective

ones of the plural steps.
By carrying out the oxide film reducing treatment, almost no oxide film

10 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.

15 [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

20 each of the combinations from the total of 100.  Materials B1 and B2 in Table 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.

0 [0032] Table 1]



Li 0:33 Au

F:EMC3: Tr;?S triefli.
Hydr ogen Radi cal s Bondi ng Tenperature 150 200' O 170 '0 1-33 'Li

Hydr ogen Radi cal s Hydrogen Radical s

36 A18 Au Gas M xture of Hydrogen ari ci

Evapor at ed

Al-433 418

6 170 '0 37 Ale Au Gas 170 'O

Ag | Cu [Zn|Bi|In| Ni Au P Pb Sn
Material A1 039 05 | = |—=|—=| — = - = Rest
Material A2 [0.79 | 06 | = | —=|—=| — - - — Rest
Material A3 [121 | 06 | = |=|—]| — - = e Rest
Material A4 (182 ]| 056 | = |=|—=| — = = - Rest
Material A5 (222 | 05 | = |—=|—| — s = — Rest
Material A6 | 275 05 | = |—=|—]| — = — - Rest
Material A7 | 3 05 |—=|=|—| — = = = Rest
Material A8 (344 | 06 | = |—| =] — = = - Rest
Material A9 [ 3.9 | 06 | —|—=|—]| — - = — Rest
Material A10 | — - | === - - s 8 Rest
Material A11 | — — | === - - - 5 Rest
Material A12 | — - | === - - —_ 10 Rest
Material A3 | — | — |=|—=|—=| = - - 37 Rest
Material A14 | — - | === = - 5x104 | 37 Rest
Material A15 | — - === = - - 40 Rest
Material A16 | 2 - | =|=|=] = — - 36 Rest
Material A17 | 2 = |=1=1=] - - — — Rest
Material A18 | 3 - | === - o = — Rest
Material A19 [ 3.6 | — | = |—| =] — = — ~ Rest
Material A20| — | 07 | = |—=|—=| — = — - Rest
Material A21| 1.2 | 0.5 | — | = | — | 0.06 - - - Rest
Material A22 | — - | =|—=142| - - - - Rest
Material A23 | — - | =|=1585] - — = - Rest
Material A24 | — — | =|=190| — = — - Rest
Material A25 | — —~ | =|=|—=] — | 0005 ~ - Rest
Material A26 | — - | === = 10 - - Rest
Material A27 | — | = |=|=|—-| = 79 - = Rest
Ag | Cu|zn|Bi|[In| Ni | Au | P |Pb| sn

10



Organic Aci d including Formc Acid Al8 Hydrogen 13C C
Radicals 39 91, E2

Material A28 | — — | === = 80 - - Rest
Material A29 | — - === = = - - 100
Material A30 | 25 | 08 |- |—|—]| — - = =4 Rest
Material A31 | 3.8 | 0.7 | = |—=|—=| — = sa = Rest
Material A32| 3.6 | 0.7 | = |—=|—=| = — - — Rest
Material A33| 2 | 05 | = |3 | —=| — - - - Rest
Material B1 | — - 19 |=|=] = - = — 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
5 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 alr at the heating temperature before the pressure is
10 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

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

11
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411

413 (.30 Hydrogen 90 G

Radi cal s

Not Done 170 00 4 Al 8 Au Hydrogen 170 'c
[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 160 °C 2 MPa 1 min, 0
Radicals (A1-A33)
34 A18 Cu Hydrogen 200 °C 1 MPa 0.5 min, 0
Radicals
35 Ai8 Au Hydrogen 170 °C 2 MPa 2 min, 0
Radicals
38 A18 Au Gas Mixture | 170 °C 2 MPa 2 min, o]
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. o)
Radicals
45 A9 Cu Hydrogen 100 °C 4 MPa 10 min, 0
Radicals
48 AS 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
Two-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

12




FI ad iceis 44 A9Cu Hydrogen 170 'O Radi cai s 49 Cu Hydrogen 100 'O
Radi cal s 46 Hydrogen 150 'O

to the air at the heating temperature before the pressure is exerted.
For No. 35, ultrasonic wave was additionally applied.

No. 1-No.38 and No. 44-No. 50 were examples of the present
invention.

5 No. 39-No. 43 were comparative examples.

[0035] As illustrated above, according to the process for manufacturing a
semiconductor device 1 according to the present embodiment, flip chip bonding
with high bonding strength is readily available without degrading electrical contact
between the bump electrodes 6 and the lead-out electrodes 8.

10 [0036] In the described embodiment, the bump electrodes 6 and the lead-out
electrodes 8 are bonded together, but the bump electrodes and other bump
electrodes may be bonded. 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.

15 [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

20 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

25 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

30  respectively on a first substrate 2a and a second substrate 3a, as shown in FIG. 7.

13
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As shown in FIG. 8, as in the first embadiment, 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

5 100 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 copper (i.e. 1,085 °C), whereby the films 5a and 8a are bonded to each
other.

10 [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

15 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

0 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

25 100 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 &b and 8b were not bonded together,

14



49 Au Hydrogen Two- Step i Radicals Heating Two-step heating includes a
step of heating at 150 "O for 2 mnutes followed by a step of heating at
170 00 for 2 mnutes. Renmarks: Sem conductor chips with 4-,000 bunp

ei ectrodes having a dianeter of 50 pm were bonded to substrates with

| ead-out el ectrodes of the sane shape. The Heating Tine is a tinme period
for which the articles are exposed to the air at the heating tenperature
before the pressure is exerted. For No. 35, ultrasonic wave was
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t he sem conductor device 4; is disposed between the sem conductor chip 2
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sertconductor elenent jnc pl.urali of sem conductor chips 9 is an
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i nvention can be als m conduct or vice having a plurality
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of 25sem conductor c ed on the internedi‘ate substrate as shown
in Fia foryexanplesidn ERpSsiasene an phivnal iyl of semheatidydtenecdiups i Kar e

an exanple of the "first substrate” 00558 A bondi ng net hod according to a
second &nbddisnentresfion Hé) peesent derrved 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.
20 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
%5 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

20 removing apparatus 10, the support table 18a is provided with a heater and a



invention is for bonding planar nenbers, e.g. copper filnms 5a and 8a,
formed 30respectively on a first substrate 2a and a second substrate 3a, as
shown in Fia 7. As shown in FIG 8, as in the first enbodi nent, the
bonding is carted out by using the oxide filmrenoving apparatus 10 to
carry out a treatnent to reduce oxide filnms on the filns Sc and 8a, then,
renmoving the first and second substrates 2a and 3a out of the oxide film
removi ng apparatus 10, and using a known aligning apparatus R 100 to align
the first and second substrates 2a and. 3a such that the fjl Sc and 8a are
al i gned wi t RO®AGH/Btmaie NArdOWaf thef PPR& Wﬁ%ﬁeﬁ@egfrﬁéﬁbﬁﬁa{%’?@ %rc?@s@d@ibﬁg
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8a were not Therededboogetbher {8hand Tdhene tdieylederep tdatydicatle250r9 1846d and
applied with ressure of 0,3 MPa, the filns Sc and 8a re bonded to each
other . 1t sh%iah,ﬁmehr%@efﬁsrm&ﬁ,méwéﬁ tiReREFIRENT T9PrE ﬁg’a% 47 P S Ueatiod
and pressur f i fit. | i 0 | ow e
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bonded togedheiost 200404 hevbondhnanaetiboctt aggeridbngisto, prdshirdiseamadijrent

of the present invention is for bondlng | i near nmenbers, e.g. narrow
framewor ks b famdbaBlr bk filina ofdh advScludetrateadd mgltacnéha Bugp@oiaile 48a£20 00

formed respecti vel a first substrate 2b and, a,second substrate 3h
to thereby Qeff f(")?%e %eorf &?n@%mgﬁhﬂﬁﬁ@o,se%dmaf%gﬁl% P“ggeiw%
first epgbodi.,ppn t ' ' ' ut 4oy [ i L

r enovi nglgfpatg)%g}r%al1 %bs’ @gth?gébg/la@?nyd cﬁ)queﬁgééeggle@e w?ﬂren%rﬁgggg%gr}geﬂ%(e%ﬁrﬁder#ﬁy%dﬁ t he
frames 5b and relutet hests themvisngs the dd osthamndnsscdindnsudistio at esn2dbraand 3b

out of the oxide filmrenoving apparatus 10, using the known aligning

appar at us |2gen0Gntioeanslgng tareperarlse cane §ecohd a@ﬁtﬁ@t ¢rafesaReanl BB Buch
that the fr s 5b and eb .are igned with.each [ n ft.er .t hat
using the HaRiengiananprasaie: B SagdniehiEoshs onahs &R afiifo shellsic o
to them at t - ' | 44 [ <C in
t he bondinéﬁg§ﬁ?ﬁggﬁfgngg\@gMgﬁ%%ggﬁk{ggggq%%r3%3%H%?e§ﬁ%wmgyst éﬁ$§gLe 5id
and 8b veer ehheghedhiat the phaw0h canprasssareeonfie@0n fiid kPapdeéitaigealfial. i edhet he
frames 5. b and 8b were not bonded to%ether, but, when the franmes 5b and Rh
wer e heat ediizt 280200 tha finlea fpiedios sdnefaligsinysRPeEitRe appl i ed, heated at 80
"Cwith a pressure of 30 | VIFia being applied, heated at 100 00 with a
pressure of 15 N Pa being applied, and heated at 100 'C with a pressure of
30 fvlPa being applied, the franes 5b and ab were bonded together. 5The
frames 5b and 8b were successfully bonded by heating and pressuring them
even after they were left in the air for 60 m nutes. [00421lt has been
found, fromthe above-described experinents, that, for netals, excluding
tin and tin alloys, of the filnms 5a and 8a and the franmes 5b and as used in
the second and third enbodi nents, the tenperature and tinme of the 10
environments to which the films Sc 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)3(1.00011 - 3)tin where "t" |Is an exposure tinme in mnute, and "T" is a
heating tenperature in K. This Expression (3) has been derived by the sane
process as for Expressions (1) ,o and (2).
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[0043] 1 n the second and third enbodi ments, the aligning apparatus 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. Al so, as shown in
FIG 2J 10, 3 single bonding apparatus, which also functions as an oxi de
filmrenoving apparatus, an aligning apparatus and a heating and pressuring
apparatus nmay be used. [0044]In this bonding apparatus, the oxide film
removi ng apparatus 10 shown in FIG 3 is shown being rotated by 90

degrees. TheCEAMASr ef erence nuneral s and synbols. of the oxide filmrenoving
apparatus 10 as used in FIG 3 are attached to the equival ent conponents,
and their description. is giv [0045]In the treatnent room 116, 3
support tab[l%fj !Lrﬁaﬁf orAd?OJb(ﬁ ng rgeth%tco d$tdte 2a or 2b thereon, and a
support &t able | ab forapdtap nf Grseoandusubstaoxdte Gbmoreditnmbetre«athmea]rte
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el evat o@g 1t Ogag%dyg%g thn br @ﬁcm]ng ?gﬂ“égg %ut$| te%gterr e%f@&m@

113, wher eby eSREr@ hppHe ft'%?dl%%d ﬁ82°ﬁﬁoﬁ%@5r%@ﬁ be ral sed and | ower ed as

i ndi cated Hylarmdjs. e hbdheinguppahtdt abterdiBa foodeaied Bndhteheirsyppor t

tabl e 18b raigzed, topBSSt%Hc?ed PBARtd ‘?F’rsi% b'%?rJ{E 9 28 é’lrectthﬁdé Idi g‘g@@ggf the
A

fi 1 bst t
The Tr om0 ohe st et e bt beubshrale . 5 ba ST o0 be 1608 4B o 18b,

to theriéby donnﬁartdhesractoo‘gietshérstrkw hisl @ tthenpr essutredes dlnsapm;echpphl ¢de t he
heat er heats%r\‘é‘@e fo'f's@d%%cﬂﬂﬂi §§b9fra‘t@es§f@%ﬁdﬁgq %’ﬁ@p%lhgr@aﬁrﬁi@%ru@t ure

| ower than the neltin erat ure of frames 5b
and b, urbhep Mol SAoRTeL aficedaph S hsiiRiesa i HEidt H68" Fatuse i n
al i gni ng t xiflpr §tmsuabiciage treatore n2banil t APphyén g e opik sSuiSt Rate Fased 3b,

and hol es (tg@ipeyewwy). t hrough which the pins 200 can pass are fornmed in the

2ppar at u;a%&m (eFuP BEndih SREIE SR ERinbTE (PRS2 "Gkl B9
carrying o tmarf%)aruisaftquiuée Which Fak ebﬁqtno%wradgelﬁfwu.tamagrfor

surfaces ofbedbté otheSpteﬂsshﬂebtmdbdnnhaﬁemtamleiilrafraCIémlt@fd to rsstforbdisgcond
substrates;, a step of bondl ng said articles to be bonded

t oget her by apl gn| ng, d articles which have been
subj ected 10to said dx?gjéafrﬁnr(?éﬁﬂy% at ment, and, thereafter,

appl yi 7§ a \phessur & tao sapdsfire siuman(iner()ommjd sbbstaah@a;tingdeamerz]t'ﬂihe
bondi ng net kgd accor ding to daim1l, wher e| n said article to be bonded on

said first §xbstr4 JF n 4ectr%g§ & r} Eg sur{j of said, first
substrate; [ShdS&ld alf§ AYGEIpE R '%91 ard?' e nW $iBt P3¢ is a
bunp el ect ridtié! &l $posed wil athe ns&ardaélésbfanﬁasacgedmﬁu@wr are;plsaed

bondi ng st epc RGNy GAEHbSEd OWn byhd edpyiftessabfl khist fasd %@@lon@lecwﬂp@trat es
into t% alsrub%& aqgésal d oxide filmreducing treatnment and applying a

pressure at d tenperature. 20[C ai m 3] The baondj ng net hod accordi ng
to dai m2[C#ét &iln aThe bonding method according to Claim ™, wherein said

articles to be bonded on said first and second substrates are linear
members disposed on the surfaces of said first and second
substrates.
35 [Claim 6] A bonding apparatus comprising:
means for carrying out an oxide film reducing treatment
with hydrogen radicals for surfaces of articles to be bonded present
on surfaces of first and second substrates;
means for aligning, in an atmosphere, said articles which
40 have been subjected to said oxide film reducing treatment; and
means for applying a pressure to said first and second
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time for and a tenperature at which said electrodes are left in the air
before the pressure for bonding is applied are limted to a foll ow ng
range. Log (t) 53 (1,0 0 0O/T-2) (1) 25Wiere t is an exposure tine (mn.)
and T is a heating tenperature (K). [C aim41The bondi ng nmet hod accordi ng
to Caim1l, wherein said articles to be bonded on said first and second
substrates are planar nmenbers disposed on the surfaces of said first and
second 30subskyiapEss aftersiaif 531ThE NBoH@iPng Ot Mo & 24¢ @6kidley to A aim 1,
wherein said articles to be bonded on said first and second substrates are
i near nenbers di sposed on the surfaces of said first and second
substrates. 35[C aim 6] A bondi ng apparatus conpri sing: nmeans
for carrying out an oxide filmreducing treatment with hydrogen radicals
for surfaces of articles to be bonded present on surfaces of first and
second substrates; means for aligning, in an atnosphere,
said articles which 40have been subjected to said oxide filmreducing
treatnment; and neans for applying a pressure to said first and second
substrates after said aligning step, to bond said articles.



