Specification [Title of the Invention] Al um num Ri bbon for Utrasonic
Bondi ng [ Technical Field] [0001] The present invention relates to an

al um num ri bbon for connecting a sem conductor device to a lead froma
printed circuit board within an el ectroni c conponent or a sem conduct or
package by neans of the ultrasonic bondi ng nethod. [Background Technol ogy]
[0002] In the manufacture of a sem conductor device, a bondi ng nethod
wherein a tape-shaped conductive body having a roughly rectangul ar cross
section (hereinafter referred to as " ribbon" ) is widely used in order to
el ectri cabegifdemtéon a connecting el ectrode (bonding pad) installed on a
sem conductor chip with an externally drawn-out connector (lead) installed

in a sem cqnduc package. This nethod nakes use of a ultrasonic wire
bondingnhﬁﬁﬂ@daégéﬁéﬁﬁﬂ%ﬁk%QQi% num conductive wire is used; in particular,
by inparting a load and a ultrasonic vibration to the alum numribbon the
oxi de fi ] i I surface of the al um num

ri bbon i%P%&@hﬁgkﬁ%gge%g%géé%%g%%§gggﬂ%§ég£§§n) i s broken, whereby the
netallic atons such as alum num atons (Al) are exposed through the surface,
wher eupoirgattasidg Fioyil akes place in the interface between the bondi ng pad
made of al um num (Al) or nickel (Ni) or the like and the alum numribbon
to trigger a gromh of a new interface closely binding these two bodi es at
atom t o-@08hll evel . [0003] This practically useful aluninumribbon has been
manuf actured in nethods which are generally enployed for creating extrenely
thin tapgs, such as the ones described pel ow first method conprises
prepari ﬂj & PRESSH atléwcﬁnntd'r?rhl H?ri"i’ﬁﬁﬁ aEPoF“oy&WIlPH&} Eﬂ???ﬂg%ﬁe pl at e
into strigsndavimy a gerdevaducted dedticeabd a peedefeom reddiangtth by a
cutter nachinie SYilha® r ghiBhynCULEET o etk dHESS SBfMdHend Urbher ool |ing
the alumnumalloy thin strips into thinner tapes, a ILnal |l y shaping the
tapes | mYLAFARARGEPEI BRSHAGR BY @@t oi PRdtRe nmBASTBRENIA H6ESi8 et hod
conpri seaaethbdni ng an alum numalloy plate to a predeterm ned final

t hi ckness (this thickness is one twenty-fifth or so of the width) by
rolling to obtain a tape preform and cutting off the side edges of the

t ape pr effFakarownd|Tecerobpgdl press nachine to obtain an al um num ri bbon
of a predeterm ned final width. [0004] However, with the above nethods for
forningdﬁgbﬁinely thin tapes, a machine oil is used during the rolling

oper at i ,~and in general a filmof the machine oil remains in an anount

| ess than the detection |imt, unevenly distributed over the alum num

ess Ul ( ! _ ! d ¢ n
L:)ndiotni gﬁgsgééé: m&\ﬁf@é@m b#s 4 W@gﬁ%genaﬁdt%%t agblity t9 bhedagdi ng

as,the alum nu on 1s used as a_ultrasoni c bondi ng
ri bbon. ™% veVRRT 81D b Eﬁ?eﬁﬁrﬂq%ﬁd WESTHHIEL V8 cPedy tavEg f &ce of the
bondi ng maidinly widdt zanyaksrd dry sreasstdbn climmaialaféeehr afertodwens t he

chem cal+ etgchi.ng S hGr pLc | ul arj L r f the
bondi ng r?%%ggﬁ aﬁggtﬁﬂggpﬁrggéﬁaéﬁtbﬁéggsgg %%%?%i%##qi ﬁﬁkgﬁgﬁbgnding
condi ti s ARRtiHE uelesssade bobenAgGperkadbn. 1pebobled s®n andal um num
L i btﬁon mﬁimn@ﬁcabwgdn@m awliltﬁly at Te{kt@'r@l@lmym@@ﬂirﬁ%u?f c?ﬁm@l&ﬁ:‘% OL _

i gher nsi.st.in itive el enent(s) .an e remant, e latter being
aIuninu§$e§g§ﬁpﬁgﬁg{?@]Ex%éﬁy%ﬁg%gﬁﬂFé?%évi 4E¢ts such as bl ushi ng during
the processing prior to the rolling operation, since such alum numribbon
I s har dem ikhafe {64 canmasy anal oalim YRl RE#HEDHIMETh! Hatasm cont ent
of 99.99 rr,\a;s,;s;v%ﬁrlaggfor, ,ultrasqnulc:_bongl,‘ngmE%reéit.hlms reason, the cut faces
and t he "EHer'dd S8dgELIgf: idt P EE G R bt WS alit g teFEate Béinty
pr ot r usitonzawrirtuE dpagndntcthes e lteaapniat viheatidoboro edye £laoesnamd are apt
to crash; (g} h Ldes;an s: duyi b ' 0 ti and are
broken ThLac] ahks P4 aanarat ot Ra Sl r nacerapfy | 2BTHIEY PRSER LR AN
i npart FPFE§ERat i e t 8l EME N f BERROBT 1Bhé BIHEHE TS bBbndPOThe Yal uni num
Li bgons nammethel ﬂxﬁg$,:‘stsrek&ubjxﬁl@g&ﬁ@biroglt@ewtmmﬁp%it@nbgr%iimg a_\@iht h the

ardnes ] a iy bo ei t c e e tinme
of the %% %}%gﬁgtaggbﬂggh(§?2cg§§?Iar égﬁgﬁnﬁ% (g%agneggg i%uéﬁgiéd during
t he bondiigreumendpsadlihiidgas tidies thacea Ha bosdilR§ecbadrt Pehweder e
unst abl e hanblohBengesad thagehendi naristueMath drendske? (hg) laweheQGRE] 1t has
been hitherto thought that the reason for such instabl e bonding conditions
is the follow ng. Nanely, the surfacegs of the bonding pads and the bondi ng
ri bbons are mcroscopically not flat, and the thickness of the alum num
oxi de, which is about 1 nanoneter (nm is mcroscopically not uniform so
that the position at which the bonding ribbon gets in contact with the
bondi ng pad at an early stage of the bonding and the area of such contact
are not mcroscopically constant. On account of this, various shapes of




(00071 For exanple, in Publication-in-patent 1 "an electric current passage
conponent shaped substantially in a plate form' in appearance is disclosed.
Also, it is described that "the shape of the connection strap may not be
the afore-nentioned substantially plate form or a substantially belt form
or a rectangular formas seen from above. For exanple, elliptical,
flattened elliptical (track-l1ike and oval), and a trapezoidal are

accept ab t.Q0, it sihle to i i S romthese
o use soig O arbetins gﬁ@%ﬁlﬁ’@é&%@%@@ﬁ#ﬁ%ﬁt@ﬁ& b PR AR

connect i @3t mpindéngitiempa iwpubpiias isdbnatempati@netemhasvalconnecting part
in a shape of a flat plane, so that the position and the area of the
nicroscngﬁHﬁegion at which the early stage bonding is effected are not
const ant hence this does not materially solve the probl em of
instability in the bonding conditions, which is that the bonding strength
IS not cpRpd g%tag.t&%@ us%%h&xﬂﬁbﬁﬁmh@%oﬁ% BRkinOfrar R eite 2

di scl oses a ogglag ri'bbo ose qggearﬁﬁfe IS f argct rize |qgﬁhat "

t here ard! prvtded=onvgaelof 2ffe JRidR52 (5EHB+ AgE Fﬁhﬁeﬂ@%%ﬁ- f19%r oj ect ed
bosses wmosieehepy tdrie sapetastuchl 4y thecbundedidstm iddabepbane” . This | eads
to a thought that by reducing the areas of the tops of the plurality of the

proj ected hosses the friction between the ribbon_and the ribbon-recipient
matt er bbdérEL RaEhed ¢oMPEdErs RRERHANG £ BridbReatpospBI2LUBIBEBak t he

f)ﬁi dfe fitémd‘yar ped xaﬁlltihgt. Slérdct%ﬁcﬁg}[’\/!ﬂl‘h? F@&@tel Antbi ssimEitdwdhabynyi _ra: ue of

e 1ac an _early S e ast | C W_LS. ND us | IS
thought RherErndREEY wibRE° lia R REeliebbratiral et B i st 1 o0
ul t rasonnechdve suehgyas tmotganureniar.eari en ufesformeashivagthsidebondi ng
than i %éﬂqngaﬁﬁe%lm&hﬁﬁp!am?senﬂprst%lrrigsfﬁ&% tHi@nfdratapkQ0@9ly Hovever,

in the case an.alum num.ri bbpn for copnecting sem conductor devices by
ul traso 'J@a&gﬁdi FGRINY o %%esg%LP?St olEE‘Peclalﬁ%H%ni Elggﬁ’cﬁlisng Qﬁn one to
several predstermhhedahEnsersbods. and this pace is nmaintai ned under the sane
condition until several hundreds of thousands of itens are done. Therefore,
even if a bonding face_is forpned with a plurality of enhossed tops to

cont act & HeGAaY prefiod £aMPREses LWHENERIAHALPIHIT AR URY RIBERRM 2, no
sooner iz prEaisiagnefié@ctEhall oheéckneskititiie bthakkhbesoxidedrnd min the

m cr oscapi ea: o) I I.C: w, .t o ce.t | apce of

t he bon%%nggngﬁf%?\&%f% ﬂ%f’et%fe% r‘glc_#(%@yb' srﬁggﬁgn‘goiw%%%ﬁae%pﬁenpossi bl e
to cont ipueRiane. pasdcugting olihdhedside aduns ghdsheftanendyafedd Dihe sane
condi ti ong1f6tés drha sA88sWhbBhiRbStexARlie aw dTumisoryeabbenabs et hod
wher eby ner&I% t he eat r nal sgﬁﬁe of the bonding ribbon is nodified, it is
di fficul¥* " vt EiHe fﬁb a uniformaquality throughout the hundreds
of tinmes of bonding at the sanme locality in a mcroscopic area, and it was
i npossi bl fag obtain a highly strengthened and durabl e bonding. [0010]
However, when an ultrasoni c bondi ng was conducted using the above-nentioned
bondi ng ri bbon wherein the ribbon was caused to loop as it spanned fromthe
first bdbidwteethewsidedrtte bomoy e amgtdld demfioeoKopheicey iextaencdl ¢ hiehiad um num

ri bbon, i Ly oL - fd 1 i vLer e ring the
| oop for ‘%gﬁgq@%ﬁ@?@ﬁg%%%gé&%k?%gﬁﬁgfﬁggﬁgﬁﬁgﬁﬁﬁé%%@%%¥?§§§%hg¥gﬁt was
very hi git generall adglrendt lhodsageipe| @Hgr6MaRE R@) BRHOURKI L9fad posed

a probl ama}/mi %hn,ecr&i@}se&@m? SIQMUAIOQIﬁ@V%ﬁBYd@i%tWﬂBUﬁ@ﬁe @h@ge tofe the | oop
is various|y.being diversified. A so,,the |nventars, tried, as a manner
for i rrpr?g\}’i%bnﬁ_liﬁle b0 EPH‘Q e _aé‘théfi s%?b%gg#&aﬁﬂa%%ﬁ” ngl?nnfé%%‘b%, %o arrange
t he graiimsdiaddlahd tchéheubbacdnooggnidssonasimesrd Fedthe aluminum

Publ i catdigprdi-iRati8Bl 8s Br iiPfrd &M Gbn@URY HEMPANS To solve this

Publication-jn-patents [0011] Publication-in- atent 1:.Japanese..Patent
nopl | catT D IR Fe St ah e TBB0S. B SIS SArTARe: AL PO Fapanese
Pat ent Applticoatiich Rubhdichibivomadns 2007h4942720 Fubihigt homavempdthent 3:

Japanese: e oh1 Nos AHO4E L SUERR! 118 LR LYo PLoftherBn i nvent i on
seeks to solve: [001 lzﬁﬁf’thgé% ore an Ogh?Ct'Of tﬁf %gyentlon to

pr opose HB&HFENTr thisork Rtihr 8RCe&DAS U T &Y W U h ¢ BVEA t he
entire jipisthbdil ey t Hhougheutbdndidieds cofdithonsanis: ot heontitiermnid t rasoni c
bondi ng cycl es and which can realize an inproved bondi ng strength and which
al so can avoid being broken while it 4s |ooped, unlike the state of the art
bondi ng ri bbons based on conventional technol ogy. [Means to solve the

probl ens] [0013] As one of the neans for solving the probl ens described
above, the alum numribbon for ultrasonic bonding, according to the present
invention, is an inprovenment fromthe al um numribbon disclosed in
Publication-in-patent 3, and is an alum numribbon for ultrasonic bonding



[ 0014] The al coholic solvent is preferably selected from ethanol, nethanol,
but anol, n-propyl al cohol, phenol, ethylene glycol, tridecanol and
grycelin. O them ethanol, nethanol and n-propyl al cohol are nore
preferred for the reason that they have such | ower nol ecul ar wei ghts that
they are highly capable of extracting the water existing in the al um num

ri bbon (Boehmte, bayerite, gibbsite and the |ike are thought to be bonded
to the oxidea.fil ; of the alum numribbon). [0015] The kenone

sol vent ?ggg%%?éﬂg%#§agb'ected from acetone and net hyl ethyl ketone. [0016]
The ether type solvent is preferably selected from anong nethyl n-propyl

et her, di®dnjl ene gl ycol nonoet hyl ether, diethylene glycol nonobutyl

et her, diethylene glycol dinethyl ether, diethylene glycol diethyl ether,
propyl ene gl ycol nonoethyl ether, propylene glycol nonobutyl ether,

di pr opyl &hg0 glarcohlwmnoust hylbleehemads ppbpghemd ugiyoon dildeyhwtitét her, and
di propyl gnemgh¥ &0 LorRRAtLYE W9 RlRES 5 é@ﬁ&% be-fhéoﬁéi?ét?]ﬁ?g( bensagaliyent is
preferablﬁﬂgth¥kaﬂ1ne og etoI acet ate. t he

By usi ngttiBeBr $heéd o ghhfc "SorN@nts p

fects o | nventi on] [0018]
2ll&T pRELRB o R LIH i Rat S he

m rror - flisldlketiobexdeniencbhmaterbel witfectg sketl ap Wlwshire dirinby t he

al um nu i St i< .h I t i J a e er

br ought n%tlgé(t Pgbglgg%%gm%&ﬁhr{]a&?hgﬁ% ?‘glg% %g)eglraggggls gg?{:gr St htg al um num

i s t ouchREBYIEReL 4P PORNE bﬁﬁ%@éxmﬁi&é@,e §PaVeRtiased B HmiRBFybhi ¢

sol vent ,plaiced heriehorgh suehunat esndeas net H9r9n amuedr 9xiredel mjrum num

bondi ng W AT, HABThd L e i e oo thE BERe fBPRs. AR on
| oop forsherredsaads of such gumingondibdodl ageviple tororeabe myiatyif a
sol vent mhbEhydasn @ oraparrl! 8R8UW e £ ¢Retathan tietrisboreb8he L as a

wat er - sol ubl e hydr.ocar bons ,sol vent al coholic sol vent, a ketqgne sol vent,
And an GTRIEES HP S Sreeh aarebat: DlneriERes tond TRl BT e

cont am rzowdiey teyeratiai matd ’gef bookeheimbd €l akes €6f adkdré rtomtihlee bondi ng
ri bbon i -£0¢ i ; L1 f Lthe: ri hbon
becorresSg%/%fr?fﬁéeg?eﬁséu%%l%éegﬂg{ﬁe%cﬁ%ﬁgﬁ%ﬁ ﬁg&}éﬁ&éﬁ??ﬁ}ﬁé l[% 019] If
a sol venti&niEHages P 456 Janding CIhgis. « B AARMISUMaFERDORSch as a

wat er - sateibé ety dresgar wene sobveotedato atleoholtirastolicemond@iketaitg sol vent,

and an r t, 4 t ndi i i
contaniﬁgﬂf %%%?@%%&%Yﬁgin%*éngﬁgﬁ%%ﬁ%%g ﬁggg?ggr3kg§¥%tgggﬁﬁéﬁ3§€e bondi ng
ri bbon sthehargefe fregulthagtilvep ofotds innlldnpalitioicey 8ndt Wancebison

becones lemeerdreabant AT AHHYE 59| NedichagurihgndenRcbdiidind hensal | er

t he nunber %{ cagbon atonstﬁ%ﬁg heié tge annun&.gf carbon re5|d%§PIeft by
the evaporatt oh vEET Mt et FRERPRGABE GRBIALIREPYYCRT dBhta e

especi aland phef ee st indh bomael ischetrérgth tendgtediedomwhe nunber of car bon
atons the | ess does the solvent deconpose and evaporate by heat and thus is
nor e Stﬁ%lﬁ’ but lower in reactivity for water renoval. On account of this
fact, i 2 6(;rganic sol vent having a | arge nunber of carbon atons is |eft
in a high concentration and in a | arge anount on an alum numribbon, it is
not advant IR, t r t | umnd ribbon is
ot obt arid et s e ShBtERR EaERNG ARG Bor PECA HEQHTS o
evapor at g\ idrsilegthe g soNeRs1y.t the peskaete afo wet an
al um numbved bem wd pasisc Bnsokvenbsndynexpash ¢gs tae: mhhbess dep areidynospher e

filled w e vaper, of such, salvents,, [0020] .ln_angt her aspegt,. wth
regard \tﬂoég;hité@gm itgytfo{? ?ﬁguﬁﬁgé%t f’%et%l[}q%‘ﬁb“mrﬁ‘%bgﬁi&%sﬁ%@’r{%} 1V t he

grain sigh®u lapanngeatesuthmny his migs cscoaggiedd viyot mtifersbngd idast r engt h,
whi ch hasbeemyiaifnodt afmidh thiee eRMVERld 9398boar bethas) Resorm swalher, and

it is nqg,longer..necessary to ntain th utput .of the ultrasonic wave at
2 high [BGerO24H0 PaR ol HOGY Brecedobiis RONIEBAGY WE Atrasite

st r engt susenonientt fiee outtpoticeio sdup idatldgsomi st avalve is at a | ow | evel, and
t he defective bondi ng which used to occur unexpectedly and for which the
cause i s_unknown has mpl etely ceased to ke p|ace.. Al so, by using the
bondi ng Ut PEBEIILT CUhEnpe e SEREOPAVENEPEH, OF (DIRILT G UHE RHADAYE Peehossi bl e
to avoi darmerieecur fence tdfe a porposeopbt veiabiliztihg f dhkon bomidntace, so
that it has beconme possible to secure stable fusion area and realize a

dur abl e ul trasoni c bondi ng even between narrowy pitched pads. [0021]

Ther eupon, the inventors researched into the effect that the crystalline
structure of the alum num ribbon causes on the fusion nechanismat the tine
of bonding. The internal crystalline structure of the extrenely thin tape
as is obtained by rolling a wire taken froma nulti-stage wire drawing is
of a processed fibrous texture having a crystal grain size of one



The inventors invented during the research a controlling procedure for the
crystalline structure of the alum numribbon and di scovered the optinum
range for the grain size, which were reproduced and reconfirmed. Wth such
a crystalline structure, the alteration in the fusion interface caused by

| oad, which contributes to the bonding strength, and the renoval of the
surface oxide filmat the fusion interface caused by the ultrasonic wave
are dee I T c st ab LN : e of the
a1 i nane T Be Pas o g Paadendchil %ﬁg hHf BT P

bondi ng RABILBEnILRRNIPe rﬂéaswn&tmnqtél t&ﬁeﬁe B@@ém@é@pmﬁmwpa‘cent

Publ i catl eird Pupateaticn -1A04HtAE PRrmal condition that brings about an
effect of creating a region where the grain size is generally uniformis
dependent on the kind of material the alum numribbon is nmade of as well as
its di mehed®h so that there is no fixed optimum condition. In the case of a
common al um num ri bbon mhich is made of an aluninun1alloy with the al um num

tent Qf 99 A) h t ddi t th
a1 U nunf PERRERE e OB HCTEEEt o | Shnf LEREs Do ke
i ndi cat eﬁasaageacohmmentoahapedn subs280t480l Weigr eesp ket i fgrrade fror a
d‘” ati onyghe Qanc%olé“ql%%ﬁ%' g8 sAPOUL 1 & r!ié&f‘rﬁlelﬁntﬂ'é%‘ "‘ﬂrpé)%'i‘xa%e

separatio grains suc size as 1S prescribed inthe pr sént

i nventi oAt When GARNETHYN EBhraRndBaY| @%PEertm%a%fqrwq 0&1%} opriate
ther mal stibebanendlliveniertat doemouoht at gubetbawerl Bndodlts fidrme, diyr at i on

i St oner arcrandil e rorll A 80R SollEbavle LRBSRLMEIOIPIRIE | be 200
- 250 de@raé‘etﬁrmtalémaec@hdtﬁ:ﬁ@wﬁalam atagntand ng Emneaobéallo - 60

m nut es. afélca@@é@@élbl/e tiiso at O@SP@QLVSG aflgb fb%stib%”@d) hgead mRBtiERN be the
nat ur al t OSSI ble to use a warnmed or h ed

artifici %1 nggﬁ%rgge%@leﬁ H‘bgei h'cé HHEnt l?eﬁﬁeraémﬁ%ppsa
degr ees @@mtblgraa:denor | Baevevathe tdreai cosnedatiom e sétaphed ed amibadm imi bbon
made of Pﬂb@iéﬁ‘ﬂl@ﬂ‘lﬁﬁ]— )ét\é'ntthltﬁfsr & BEnHABL ARt Ea}rtolfn %%EB\%% kQ higher

remai ns ﬁ% @% ed f ous texéure tter | ong t he
t her mal ﬁraé'aP RE. £ gosibiqmand k eeﬁﬁ"e%aa&é %lW%‘?‘%%‘J%Jlf(bss t he
Cross secdgion odt t\lmhmhuﬁheuaarljabsvmgal bentidngnis eafedted ana nmtet er s

() b s 8a0la: B0 Ot 0 chlt S paL LAk g 89, %‘%W?us.o e5p1afy the

ri bbon i oW i |nte ace
beconmes Phshtshakhidaty Aﬂs@ eurkfard Jélﬂ‘,hc%n dHeloRE. WBHER thedr dd3e t he

aver age lgsaiingisae HREINES iomkbaisthhgn 5 mcroneters (rr) part of the
grains that fail to undergo recrystallization remain, so that the flow of
the recrystallized part and that of the not-recrystalllzed part in the
ri bbon iM&lace which take place at the time of ultrasonic bonding do not
mat ch, and th| S causes an irregularity in the bonding strength. (0024]
Al so, | trea nt, tenperature exceeds 450 deqr ee
Cent or ad et R o Bt EE T aREH R AR el By EHE e O3t it GIOHE ent
equal ta?Jdurbcm ghhosehappﬁarm %umnhlargotehmqﬂ |1nncrtha$e ithereereand it
pecomes SROTIEH! ok BREDGAN B | RECEEXIAAE. nARGLHENERl Liurd ekl o

ove neters (um

si tuati on, e avera val ue 0 rain size is

in the c%%‘éﬂ@ﬁ tWh@@ﬁeiE@Pé}f afenﬁuwniéaémhllﬂ%]él%?@n%%ﬁn ri bbon
|tseldf i alti @lilaexet obde'flamn :amtiélhhleo ukt tasaghe \ix?\ae by hardldimgrigpagat eOI )

i nsi de .bp a . q caused by
t he ul t?‘%kg%ﬁl éﬂb\/\ggé g%b%gl tq%n gggggr{é{l oaé’m\l\ﬁ ﬁgc kBO;{)Q ﬁgavor bl e

thi ng. Ardetipn Q@ﬁ‘é’ﬂéﬁ rébbpablead é}ﬁ@efébbﬂfﬂé“lfﬂ?ﬁi@klﬁ?é% IRt al um num

ri bbon llﬁed&n@scégﬁﬁéﬁrt% O9cd© é«onﬂﬂai’f ﬁ@nbé@@m\@sﬁmsﬂmgft@mrlémm bal ance
bet ween t he uItr lﬂ Ewave his nvention so |ong

n
os the U g3i06 e SPhrhecrLeRe 3iE bt Runt P, BEon TR 8t o 200
m cr ometisr §f1(ntjle ot tBeFﬁm Bhett snobealn Y lsatiingf low dspemira at i o
(wi dt h/ téasqﬁges u@édo 1%0'@}{7:514 Vi RGaR Char gt Hssgl'b%t 0GRHSE an
i mproved, bon E ﬁ% fur(fer if is SSi ﬁtootalnarmre
st abi | | Z¢d"PESHI %VE Yt h%mf*’-ﬁ CWHERG he™ 4l u Fi bBOHF F8°8 v erE At ter it
i s secongidamngetio mealnta asonéet wav ef Moeenabmengthenkidchoniengdgeot ratio
is neasured is such that the ribbon is |looked at in the direction of its
| ength and the neasurenent of the grain width is divided by that of the
grain thickness. [0026] A preferable ratio of wdth to thickness of an
alum numribbon is 7 to 16. The wi dths and thicknesses of typical alum num
ri bbons are as indicated in Table 1 below. [0027] On the other hand, it is
known, that an al um num ribbon undergoes a formation of oxide filmof a
t hi ckness of 1 nanoneter (nm or so in the alum num surface by the oxygen



[ 0030] Now, the alum numribbon in accordance with the present invention is
an alum numalloy with the alum num content of 99 nmass % or higher
consisting of additive(s) and the bal ance alum num The elenents that are
acceptable as the additives in the present invention include nickel (N),
silicon (Si), magnesium (My), cupper (Cu), boron (B), indium(In), l[ithium
(Li), beryllium(Be), calcium(Ca), strontium (Sr), yttrium(Y), Lanthanum

(La), cerium (Ce odym,um ( Nd nd .bismuth (Bi)..{Elenents that work
bet t er u%#%‘éﬁé?&'\ﬁa B W PR B s Rk S a8 e (Ni), silicon
(Si), magnesium (M) and cupper (Cu). So long as the alum numcontent is
not |owerpgden 99 mass % the alumnumalloy containing at |east one of

t hese acceptable additives in a total anount of 5 - 700 mass ppm can
develop uniformgrain size distribution through a thermal treatnment at 200
- 400 defgoveesraentingthde cablee dialaancelwahimimumibbormhecal womueeiinoy with
the alunbopTCeAhEloPRqeld RSS9t -LONEE WOWhEngOnEal dhavaiLapl e
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mass % ofhkirgherei everettrmablopdisgdiace nekEornedhwihBra AIWRALIWLRE such

al um nunpgsdiay it AtBUEbhYaet ©fe IR d@SenY Bicdi gBein tdeunkker ot
distribu |§T{Lof I he (::L;ral n .si ze  havi ngﬂan aver age, val.ue of
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centi gr adeg locakigetovieredk tthe kiknde dridmgimrtlie mesnsfsadisiadaeti Wes used
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mot her aPPaGingoeenditipBe Pl thei enbiray RedRuHs ﬁ1 ﬁmrﬁjadi CETE? umi num

(A) all omposdibdengo tekeings e @@didﬂ?ﬁ)feﬁeh_nnﬂrédsaofmn?arg%s ég - 300
mass pp aving a purity o . mass
% or hi gﬁg&q%gi¥§§%$?h§§%§%%§m{%ﬂo@“st abilize the bond strength at a

hi gh I evel while keeping the ultrasonic wave output at a |ow level. [0032]
It is poagi b eHo dafd Reta tayverabhapasanplth of cnwmmionsl méetiond as

foll ._Th dd | i f . . ickel (Ni),
5011 con THSESHIghetEnh £V ChharEahuraelef) 1RG b8080aR Silball 67 5 0
700 massimpuphifipd03B] is diffdspdti &bl ywhfradterabbeniinghefaddi W@t enent
consi st syanhy ff%ﬁ#éhsho@ kHleh i @R topftitles 3P0aBasngPar {034

Preferabfl, t he . anCe al um num consi sts of al um num (Al avi.ng,a purity
of 99. 995%{%—’3 LG RY gk @ FHFLARFRRYG 858N %é z#lo‘{fﬁtg gm?oe%%l\étlﬁa °0. 01
mass % abdaimre hpoalgratitendtisebad ance datrabil rumoedigst s of al umi num
having a purity of 99.999 mass % or higher and inpurities in an anmount of
| ess than 0.001 mass % For the reason of easiness in controlling the grain
size of t®&l@) uminumribbon, it is preferable that the aluninumalloy with
t he al um num content of 99 mass % or hi gher contains nickel (Ni) as an
additive_elenment ipn _an nt..of c p : ance
conpri seggﬁ‘f %‘ﬁ?%u%h(e% )a%g?fi&%%?’ﬁ%g B?gggngg%%gsg%ﬁoﬁgz%%gﬁgﬁﬂaaggé| t is
speci al | §bpvef-enablteonkdt bondingl ot slpmaiast A yrbhah WAS carsadpurity
of 99. 998, MAsSy %Ll ¢ Neied QIR A $ors@Hd QUNGhW sedsdrnabh@dai nto an
is preferable.that, this roll.

extrenely thin tape, it. is do i n,one or
t WO Stroé‘gg%ipm qLPOO}{ place "in which the alumifum rl g%n, nggﬁ Ll

heen mirror—finished, was inadvertently broken during the
loop formation. This phenomenon took place only when the
loop height was very high or the loop length was very long or
the like, but this had posed a problem which cries for a
solution in the days when the shape of the loop is variously
being diversified.



the nunber of rolling strokes is three or greater, it was experienced that
the resulting alum num (Al) ribbon when bonded | acked stability in the
bondi ng strength. It is thought that this instability in the bondi ng
strength after bonding is caused by the ununiformty in the grain size,
which results fromthe fact that the internal stress is increased in the
rolled body as the rolled body is further conpressed, and thereby there
occur localiti,es where.the gra ns.do naot expand during the heat treatnent
after tnBiPOt IRy 1ORSR LTt TPChEBHCT: RS Ball e i [P 61T rig Sonsi st ed
of only bradingokkahadtehistrigsubf atheraminte wihbolokai ayramgeHer1qr ai n

Si ze wasgh-Ren Sn@ldeeshndlhenel f 86l rake t Ney @b AL BEM Bisbbgasebigeaed;accordi ng
to Publi gag on-Jn--patent |is pgeserved as 1t 1s i1n the present invention.
[0036] | hePdEREE9y  1RvERt e tadnew active surface, that is not the ones
that may have been caused to show up by a nultiple step drawi ng, shows up
inthe s : | U hbon as a result of one-stroke rolling,

t hat newﬁg%f@?\%eegsh&{rl?%égﬂ)#tgll m’réé):ng’?el y covered with an al um num oxi de film
of about one nanoneter (nm) as the result of al um num being oxidized by the
oxygen i Pubhécatimsphereatemdy al um num oxide fil mdoes not stick to itself
so that it is possible to forma nultiple |ayer wound coil of the al um num
ri bbon. If the bonding strength obtainable fromthe alum numribbon in the
formof APYlble Iayer wound coil, is stabilized, it becones possible to
operate the ultrasoni c bondi ng continuously w thout human attendance.

Enbodi nme t%l&)Oﬁj@ Now, tr{\% q_‘errgpdi ments of the present invention shall be
expl ai ne u Fg° Thondi r?g:“ Fes' havi ng a predeternm ned wire dianmeter and
made of adbenssefPaiompbdinnldestasnstwnkidatitabNe. 20089.0985dass % pure

al um num (Al') was used as the raw material, but when 99.99 mass % pure

al um nurr?(glé was used the resg'lt was simlar), as the starting material,
bondi ng FREBLFREMMEIBFHEENE ¢° 20 and Conparative Exanples 1 - 5 as |isted
i n Tabl eJapareceePaipatiedpplieseibaubbigdthibonEoh&@0Bedrb 4218 ected to
one-stroke thermal rolling in a conpressive rolling machi ne (not shown),
and these had been imersed in_a high purity ethanol solution for two
seconds Bubhéeabednréngpadferdr 3a thermal treatnment at tenperatures shown in
Tabl e 1. 789838ke et dotdicnuiddugns of Exanples 1 - 20 and Conparative
Exanples 1 - S obtained in the manner as descri bed above, respectively,
were subjected to ultrasonic bondi ng under the conditions described bel ow

i ncl udi nguntmaary et bbadinwempEidtonsi sted of an al uminum (Al) plate of a
purity of 99.99 nass % A total of 500 reels were repeatedly bonded for
each Exapple.,and the .nunber, of wire disryption that occurred during the
bondi ng ggg’%é%@rﬁ E]E’J‘.e S M Bep Ssﬁ%ﬁﬁ%ﬂgﬁ'Tabl e 1. [0039] The ratio of
the strength after the dependability test to that before the sane test was
measur edrpgydhe follow ng manner. The bonding was conducted by using Al

Ri bbon Bonder® 360011 (a product of Othodyne El ectronics Corporation),
under conditions such that the coll apsed Al ribbon bonded on the Al pad has
g Wl;jdt h of id. OetdffitRe as bargetast thﬁtim\femhﬁm itﬂabplnob:@‘slma wohdapsi ng. The
ondi ng t S I; t I: L-.p Dage
PC- 4000 %%é\%ggegp \ggﬁ( gggr %ggi%ta?%? %Nc‘?)ir g@é#} rggr%éﬁgog)v@m}%lghgﬁggéﬁr ed the
shear sti@ii ereanthrengdadc1whdra@sr PEbbRONGATEE By RYLHIUGERS t est

for the hptegiohic WohdenHoddbgs @n@aphiohwWhshrbeNdicnGinds glanesaas
exposed heat, of 150 de regfcgfe_m%gr ade for, 1%00 hours, _and,thereafter
S THE

0.4. ;
the shea OE%F@EQ‘?W%@“%‘&% ré (58 B Hffe SSHBEr “EPFEAGER A ter t he
i ntegritit ttestomasddiwvildke byetdeteablietlod ardebssdinostibhgnl hastete t he
integritynt ; r I defined as the after-integrity-test
strengt hcx?a(%?%\,r@igﬁh&?ﬁ' g’%%;h(g{/oilde ‘the basis for the dependability rating.
[ 00401 The dependability rating was classified as follows: if the

af t er -i nfMgeihtytd eslivet tleagitobhaidmiel was 0.9 or greater, a rating
represented by @is given; if it was 0.7 or greater but snmaller than 0.9,
the rati represented by O is given; and if it was snmaller than 0.7, the
rating r&g} ented by x is given. [0041] [Table 1] Il 0 0O 0000
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As one of the means for solving the problems described above,
the aluminum ribbon for ultrasonic bonding, according to the
present invention, ig an improvement from the aluminum
ribbon disclosed in Publication—-in-patent 3, and is an
aluminum ribbon for ultrasonic bonding formed of an aluminum
alloy with aluminum content of 99 mass % or higher, the alloy
being made from additive elements and the balance aluminum,
and thisg ribbon is characterized in that it is in a shape of an
extremely thin tape which is obtained by rolling a wire taken
from a multi—stage wire drawing, that an average grain gize
within the cross section of this ribbon is 5 - 200 micrometers
(um), that the surface(s) of this extremely thin tape is
mirror—finished to an extent that the surface roughness R, ig 2
micrometers (um) or smaller, and that the ribbon has been
subjected to an immersion treatment or a gas-—exposure
treatment wherein the ligquid or gas comprises a substance
having a wvapor pressure higher than water such as a
water—soluble hydrocarbong solvent, an alcoholic solvent, a
ketone solvent, or an ether type solvent.

[0014]

The alcoholic solvent is preferably selected from ethanol,
methanol, butanol, n—propyl alcohol, phenol, ethylene glycol,
tridecanol and grycelin. Of them, ethanol, methanol and
n—-propyl alcohol are more preferred for the reason that they
have such lower molecular weights that they are highly capable
of extracting the water existing in the aluminum ribbon
(Boehmite, baverite, gibbsite and the like are thought to be
bonded to the oxide film surface of the aluminum ribbon).

[0015]

The kenone solvent is preferably selected from acetone and
methyl ethyl ketone.

[0016]
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The ether type solvent ig preferably selected from among
methyvl n—propyl ether, diethylene glycol monoethyl ether,
diethylene glycol monobutyl ether, diethylene glycol dimethyl
ether, diethylene glycol diethyl ether., propylene glycol
monoethyl ether, propyvlene glycol monobutyl ether,
dipropylene glycol mono ethyl ether, dipropylene glycol
dimethyl ether, and dipropylene glycol mono butyl ether.

[0017]

The hydrocarbons solvent is preferably ethylamine or ethyl
acetate.

[Effects of the Invention]
(00181

By using one of the organic solvents as prescribed above to
treat the mirror—finished bonding ribbon, the water picked up
from the air by the aluminum existing in the surface of the
bonding ribbon and the water brought to the aluminum during
the wire drawing process, after the aluminum is touched by the
air and thus oxidized, are extracted by the organic solvent, and
therefore such water does not form an hydroxide of aluminum
[A10(0OH)] in the ribbon surface, and thus it is possible to
realize a bonding wire which has as high a durable bonding
strength and as high a loop forming capability as a pure gold
bonding wire. Furthermore, if a solvent which has a vapor
pressure higher than that of water, such as a water—soluble
hyvdrocarbons solvent, an alcoholic solvent, a ketone solvent,
and an ether type solvent, is used to wet the bonding ribbon,
the contaminant matters originating from the water are
effaced from the bonding ribbon so that the resulting
loop—formation capability of the ribbon becomes even greater.

[Examples of embodiment of the invention]

[0019]
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If a solvent which has a vapor pressure higher than that of
water, such as a water—scluble hydrocarbons solvent, an
alcoholic solvent, a ketone solvent, and an ether type solvent,
is used to wet the bonding ribbon, the contaminant matters
coriginating from the water are effaced from the bonding ribbon
80 that the resulting loop~formation capability of the ribbon
becomes even greater. An organic solvent has a tendency that
the smaller the number of carbon atoms, the less the amount of
carbon residue left by the evaporation, go that ethanol,
methanol and n-propyl alcohol are especially preferred. On
the other hand, the greater the number of carbon atoms the
less does the solvent decompose and evaporate by heat and
thus is more stable, but lower in reactivity for water removal.
On account of this fact, if an organic solvent having a large
number of carbon atoms is left in a high concentration and in a
large amount on an aluminum ribbon, it is not advantageous in
that the expected performance of the aluminum ribbon is not
obtained.

The organic solvents prescribed by the present invention
evaporate easgily upon warming or heating, so that it is
possible to wet an aluminum ribbon with such solvents by
exposging the ribbon to an atmosphere filled with the vapor of
such solvents.

[0020]

In another aspect, with regard to the quality of the inventive
aluminum ribbon, especially the grain size is arranged such
that the irregularity in the bonding strength, which hag been a
problem in the conventional art, has become smaller, and it is
no longer necessary to maintain the output of the ultrasonic
wave at a high level, and it is now possible to obtain a bonding
of durable strength even when the output of the ultrasonic
wave ig at a low level, and the defective bonding which used to
occur unexpectedly and for which the cause is unknown has
completely ceased to take place. Also, by using the bonding

9
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ribbon of the present invention, it was found that it is
possible to avoid the occurrence of a microscopic void in the
fusion interface, so that it has become possible to secure
stable fugion area and realize a durable ultrasonic bonding
even between narrowly pitched pads.

[0021]

Thereupon, the inventors researched into the effect that the
crystalline structure of the aluminum ribbon causes on the
fusion mechanism at the time of bonding.

The internal crystalline structure of the extremely thin tape
as is obtained by rolling a wire taken from a multi—stage wire
drawing is of a processed fibrous texture having a crystal
grain size of one micrometer (um) or smaller, and it is
impossible to observe the crystal grain of an aluminum ribbon
through an ordinary microscope. The processed fibrous
texture does not undergo a plastic flow when this extremely
thin tape is subjected to a low temperature thermal treatment
for removal of strain. When an aluminum ribbon of this kind of
crystalline structure is tried to be fused upon a bonding pad
by means of a tremulous vibration caused by ultrasonic wave, a
large energy is required to cause the bonding owing to the fact
that the aluminum ribbon retains the hard internal structure
it acquired as of the time it is rolled out, and the resulting
bonding strength is low. This phenomenon is caused by the
fact that although the propagation velocity of the ultrasonic
wave in the processed fibrous texture is high, this medium is
so hard that the fusion interface does not undergo a speedy
plastic flow.

[00R2]

However, when the extremely thin tape as 1s obtained by
rolling a wire taken from a multi-stage wire drawing is
subjected to a thermal treatment at an appropriate
temperature, it is possible to control the hardness of the

10
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aluminum ribbon to a low level such that the fusion interface
of the aluminum ribbon undergoes a gufficient plastic
alteration by the energy it receives as of the bonding. Also,
by homogenizing the crystal grain size, it is possible to efface
the microscopic defects such as internal strain whereby the
propagation of the ultrasonic wave and the load become
uniform and the irregularity in the bonding (fusing) strength
throughout the bonding operation is reduced. [The
irregularity in the bonding strength indicates a reduction in
the bonding strength after a dependability test (HAST).]

The inventors invented during the research a controlling
procedure for the crystalline structure of the aluminum ribbon
and discovered the optimum range for the grain size, which
were reproduced and reconfirmed. With such a crystalline
structure, the alteration in the fusion interface caused by load,
which contributes to the bonding strength, and the removal of
the surface oxide film at the fusion interface caused by the
ultrasonic wave are deemed well balanced. The effect which
the crystalline structure of the aluminum ribbon has on the
fusion structure at the time of ultrasconic bonding was found to
be nearly equal to that described in Publication—in—patent 3.

[0023]

A thermal condition that brings about an effect of creating a
region where the grain size is generally uniform is dependent
on the kind of material the aluminum ribbon is made of as well
as its dimension so that there is no fixed optimum condition.
In the case of a common aluminum ribbon which is made of an
aluminum alloy with the aluminum content of 9% mass % or
higher consisting of additive element(s}) plus the aluminum
remnant, when the ribbon thickness is 1 mm, the experience
indicates that a thermal condition of 250 - 400 degrees
centigrade for a duration of 30 — 90 minutes brings about in
the aluminum ribbon a separation of grains of such a size as is
prescribed in the present invention. When the ribbon
thickness is smaller than 1 mm, the appropriate thermal

11
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treatment temperature ought to be lower and its time duration
ought to be shorter; for example, when the ribbon thickness is
10 micrometers (um), the thermal treatment temperature
generally should be 200 — 250 degrees centigrade and the
thermal treatment time should be 10 - 60 minutes.
Incidentally the atmosphere for the thermal treatment can be
the natural atmosphere. However, it is possible to use a
warmed or heated artificial atmosphere.

When the thermal treatment temperature is 180 degrees
centigrade or lower, the grain structure of the aluminum
ribbon made of an aluminum alloy with the aluminum content of
99 mass % or higher remains as that of a processed fibrous
texture, no matter how long the thermal treatment 1is
continued, so that the average grain size across the cross
section of the aluminum ribbon fails to increase to 5
micrometers (um), which is not good. In this particular regiomn,
the hardness of the ribbon itself is so high that the plastic
flow in the fusion interface becomes insufficient. Also, under
such a thermal condition whereby the average grain size
becomes smaller than 5 micrometers (um), part of the grains
that fail to undergo recrystallization remain, so that the flow
of the recrystallized part and that of the not—recrystallized
part in the ribbon interface which take place at the time of
ultragonic bonding do not match, and this causes an
irregularity in the bonding strength.

[0024]

Also, when the thermal treatment temperature exceeds 450
degrees centigrade, the grains of the aluminum alloy with the
aluminum content egual to or higher than 99 mass % undergo
sharp increase in size, and it becomes difficult to homogenize
the texture. Incidentally, in this situation. the average value
of the grain size is over 200 micrometers {pm} in the case of a
ribbon thickness of 1 mm, and as such the aluminum ribbon
itgelf is liable to deform and the ultrasonic wave 1s hard to

propagate inside such ribbon body, which leads to an imbalance

12



at TO TO Stl 50 TE _ heat treatnment tenperature after rolling
(degrees 0) 082 QZZ On 082 0.62 QzZ 092 Cl zzZ

in the flow caused by the ultrasonic wave propagation and the
load, which is not a favorable thing.

Also, in general, a preferable range of the thickness of an
aluminum ribbon is 10 micrometers {um) to 1 mm, from the
viewpoint of optimum balance between the ultrasonic wave and
the load.

[0025]

In this invention, so long as the average value of the grain size
of an aluminum ribbon is 5 to 200 micrometers {(um), it is
possible to obtain grains having an aspect ratio
(width/thickness) of 0.5 — 10 and having a characteristic to
cause an improved bonding strength, and further it is possible
to obtain a more stabilized result at the time when the
aluminum ribbon is severed after it is second-bonded by
ultrasonic wave. The manner in which the aspect ratio is
measured is such that the ribbon is looked at in the direction
of its length and the measurement of the grain width is divided
by that of the grain thickness.

[0026]

A preferable ratio of width to thickness of an aluminum ribbon
ig 7 to 168. The widths and thicknesses of typical aluminum
ribbong are ag indicated in Table 1 below.

[0027]

On the other hand, it is known that an aluminum ribbon
undergoes a formation of oxide film of a thickness of 1
nanometer (nm) or so in the aluminum surface by the oxygen in
the atmogphere even at a room temperature. Heretofore, this
oxide film was consgidered too thin to have any influence on the
bonding strength, but when the surface of the aluminum ribbon
hag microscopic irregularity, the amount of aluminum oxide ig
increased by as much as the increase in the surface area caused

13
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by the irregularity. Since aluminum oxide does not contribute
to bonding, the change in the amount of the oxide in the
interface may cause departure from uniform bonding strength
distribution during ultrasonic bonding operation. it is
suspected that, in the conventional practices, because a
phenomenon was observed wherein the HAST strength after the
ultrasonic bonding did not stabilize even though the aluminum
ribbong of the same appearance were used throughout the
bonding operation, the attempt was made to stabilize the
bonding strength by increasing the output of the ultrasonic
wave.

[0028]

The present inventors came to know that it was possible to
stabilize the bonding strength even at a lower ultrasonic wave
output provided that the average value of the grain size of the
aluminum ribbon was in the range of 5 - 200 micrometers (um),
by means of mirror—~polishing the surface of the aluminum
ribbon and eliminating the moisture completely from the
surface of the aluminum ribbon with certain organic solvents,
and then reducing the amount of oxide existing excessively due
to the irregularity in the bonding interface.

The more mirror—polished an aluminum ribbon is the more
desirable it is, for the surface area where oxide is produced is
smaller; and a criterion is that the surface roughness R, is 2
micrometers (um) or smaller. In a ulfrasonic bonding of an
aluminum ribbon, a wave of a frequency so high as 10 to 120 Hz
ig usged so that, so long as the average value of the grain size
of the aluminum ribbon iz B to 200 micrometers {pm)} and the
surface roughness R, is 2 micrometers (pm) or smaller, it is
possible to avoid formation of microscopic voids and obtain a
atabilized bonding strength since an Al alloy with the
aluminum content of 99 mass % or higher ig soft. More
preferably, the surface roughness R, is 1.6 micrometers (um) or
smaller.

14
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[0029]

It also happens that even when the aluminum ribbon Is
mirror—polished, the frictional resistance between the
aluminum ribbon and the bonding tool can increase so high that
the aluminum ribbon is disrupted during the loop formation.
This is suspected to happen because some contaminant material
originating from the moisture is remaining. Therefore, the
present invention seeks to remove the contaminant material
originating from the moisture from the bonding ribbon by
dispersing and diluting the contaminant material with the
organic solvent such as a water—soluble hydrocarbons solvent,
an alcoholic solvent, a ketone solvent, and an ether type
solvent, with which the bonding ribbon is wetted. On this
occasion, as the organic solvent used has a vapor pressure
higher than that of water, the evaporation rapidity of the
organic solvent ig high enough so that the organic solvent
carries away the contaminant material originating from the
moisture before the material thickens in the organic solvent
on the ribbon surface. Especially if an alcoholic solvent is
used, it is thought that the surface of the aluminum ribbon is
further passivated on account of the fact that aluminum is
liable to form alcoholate. In particular, ethanol, methanol and
n—-propyl alcohol are preferable for these do not leave carbon
residue ag they evaporate. By the way, if a halide such as
aluminum halide exists in the alcohol, the halide works as a
catalyst to expedite the formation of alcohclate. Also, it is
possible to prepare a solvent by suitably mixing an alcoholic
solvent with a hydrocarbons solvent, a ketone solvent, and an
ether type solvent. For example, ethanol, which has a higher
ability to remove water than methanol, can be used as a 2%
ethanol—acetone mixture sclvent.

[0030]

Now, the aluminum ribbon in accordance with the present
invention is an aluminum alloy with the aluminum content of 99
mass % or higher consisting of additive(s) and the balance

15
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aluminum.

The elements that are acceptable as the additives in the
present invention include nickel (Ni), silicon (Si), magnesium
(Mg), cupper (Cu), boron (B), indium {In), lithium (Li), beryllium
(Be), calcium (Ca), strontium (Sr), yttrium (Y), Lanthanum (La),
cerium (Ce), Neodymium {Nd), and bismuth {Bi). Elements that work
better upon the grain size of the aluminum ribbon are nickel
{Ni), silicon (8i), magnesium (Mg) and cupper (Cu). So long as
the aluminum content is not lower than 99 mass %, the
aluminum alloy containing at least one of these acceptable
additives in a total amount of 5 - 700 mass ppm can develop
uniform grain size distribution through a thermal treatment at

200 -~ 400 degrees centigrade.

The balance aluminum in the aluminum alloy with the aluminum
content of 99 mass % or higher would contain unavoidable
impurities. Possible influences the unavoidable impurities may
have upon the aluminum (Al) element are not certain so that
the unavoidable impurities should preferably exist as little as
possible. In order to realize a situation dependably wherein
uniform distribution of grain size of the aluminum ribbon
develops, a mass of aluminum (Al) of a purity 99.99 mass % or
higher ig preferably used to make the mother alloy. With such
aluminum (Al) having a purity of 99.99 mass % or higher, a
uniform distribution of the grain size having an average value
of 5 - 200 micrometers (um) can develop upon a thermal
treatment at 200 - 100 degrees centigrade, irrespective of the
kind and gquantities of the additives used in combination. It is
needless to say that a better result is possible if aluminum
(A1) having a purity of 99.999 masg % or higher is used ag the
mother alloy.

[00311}

Especially if an aluminum ribbon made of an aluminum (AL)
alloy including nickel as an additive element in an amount of
10 - 300 mass ppm and, as the balance, aluminum (Al) having a
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purity of 99.99 mass % or higher is used, it is possible to
stabilize the bond strength at a high level while Keeping the
ultrasonic wave output at a low level.

[0032]

It is possible to define a favorable example of an aluminum
ribbon as follows. The additive element(s) consist(s) of at
least one of nickel {Ni), silicon (Si), magnesium (Mg) and cupper
(Cu) in an overall amount of 5 - 700 mass ppm.

[0033]

It is egspecially preferable if the additive element consists
only of nickel (Ni} in an amount of 10 - 300 mass ppm.

[0034]

Preferably, the balance aluminum consists of aluminum {AL)
having a purity of 99.99 mass % or higher and impurities in an
amount of less than 0.01 mass %, and more preferably the
balance aluminum consists of aluminum having a purity of
99.999 mass % or higher and impurities in an amount of less
than 0.001 mass %.

For the reason of easiness in controlling the grain size of the
aluminum ribbon, it is preferable that the aluminum alloy with
the aluminum content of 99 mass % or higher contains nickel
(Ni) as an additive element in an amount of 10 - 300 mass ppm
and that the balance comprises aluminum (Al) of a purity of
99.09 mass % or higher, and it ig specially preferable that the
balance comprises aluminum (Al) of a purity of 99.999 mass % or
higher.

[00351]

Also. as a vound wire ig rolled into an extremely thin tape, it is
preferable that this rolling ig done in one or two strokes. If

17



Pure ethyl acetate Pure butanol pure &propyl ene glycol nono butyl "the..
Pure di propyl ene glycol dinethyl ether 3% ethanol + ethyl | acetate gugl ag
ou pure water satemgel water solution of | acetic acid water solution of
amoniumnitric acid t :1 09 OS CE St 08 094 092 OSE COP

the number of rolling strokes is three or greater, it was
experienced that the resulting aluminum (Al) ribbon when
bonded lacked stability in the bonding strength. It is thought
that this instability in the bonding strength after bonding is
caused by the ununiformity in the grain size, which results
from the fact that the internal stress is increased in the
rolled body as the rolled body is further compressed, and
thereby there occur localities where the grains do not expand
during the heat treatment after the rolling. For this reason,
the case in which the rolling consisted of only one stroke had
the result wherein the ununiformity in the grain size was the
smallest. The effect of the aluminum ribbon obtained
according to Publication—in—patent is preserved as it is in the
present invention.

[0036]

Incidentally, even if a new active surface, that is not the ones
that may have been caused to show up by a multiple step
drawing, shows up in the surface of the aluminum ribbon as a
result of one-stroke rolling, that new active surface is
immediately covered with an aluminum oxide film of about one
nanometer {nm) as the result of aluminum being oxidized by the
oxygen in the atmosgphere. Such aluminum oxide film does not
stick to itself so that it is possible to form a multiple layer
wound coil of the aluminum ribbon. If the bonding strength
obtainable from the aluminum ribbon in the form of multiple
layer wound coil, is stabilized, it becomes possible to operate
the ultrasonic bonding continuously without  human
attendance.

Embodiments
10037]

Now, the embodiments of the present invention shall be
explained.
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Using bonding wires having a predetermined wire diameter and
made of alloys of compositions as shown in Table 1 (99.999
mass %—pure aluminum (Al) was used as the raw material, but
when 99.99 mass %$—pure aluminum (Al) was used the result was
similar), as the starting material, bonding ribbons of Examples
1~ 20 and Comparative Examples 1~ 5 as listed in Table 1 were
prepared. These bonding ribbons had been subjected to
one~stroke thermal rolling in a compressive rolling machine
{not shown), and these had been immersed in a high purity
ethanol solution for two seconds either before or after a
thermal treatment at temperatures shown in Table L.

[0038]
The bonding ribbons of Examples 1 - 20 and Comparative
Examples 1 — 5 obtained in the manner as described above,

respectively, were subjected to ultrasonic bonding under the
conditions described below including that the bonding pad
consisted of an aluminum (Al)} plate of a purity of 99.99 mass %.
A total of 500 reels were repeatedly bonded for each Example
and the number of wire disruption that occurred during the
bonding was counted. The result is shown in Table 1.

[0039]

The ratio of the strength after the dependability test to that
before the same test was measured in the following manner.

The bonding was conducted by using Al Ribbon Bonder 3600R (a
product of Orthodyne FElectronics Corporation), under
conditions such that the collapsed Al ribbon bonded on the Al
pad has a width of 1.05 times as large as that of the ribbon
before collapsing.

The bonding strength was measured by a shear test using a
multi—purpose Dage PC—4000 Bond Tester (a product of Nordson
Corporation), which measured the shear strength from a side
face of the ribbon bonded. By way of the test for the integrity
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of the bonding, a pad to which bonding wag done was exposed to
a heat of 150 degrees centigrade for 1000 hours, and thereafter
the shear strength was measured. The value of the shear
strength after the integrity test was divided by the value of
the shear strength before the integrity test and the result was
defined as the after-—-integrity—test strength ratio, and this
provided the basis for the dependability rating.

[0040]

The dependability rating was classified as follows: if the
after—integrity—test strength ratio was 0.9 or greater, a
rating represented by © is given: if it was 0.7 or greater but
smaller than 0.9, the rating represented by O is given: and if it
was smaller than 0.7, the rating represented by X ig given.
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[0041]

[Table 1]
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[0042]

The conditions under which the ultrasonic bonding was
conducted are as follows:

The loop lengths and the loop heights of the bonding ribbons
listed in Table 1 were set to be 50 mm and 30mm, respectively,
and thus the frictional resistance that the ribbons receive
from the passages and tools were controlled to be greater
than they normally are.

The ultrasonic bonding was conducted upon a (5 mm thick)
plate of aluminum (Al}) having a purity of 99.99 mass %, by
using a fully automatic Ribbon Bonder 3600R (a product of
Orthodyne Electronics Corporation). The bonding conditions
included that the frequency was 80 kHz, and the load and the
ultrasonic level were such that the collapsed Al ribbon had a
width which was 1.1 times greater than was before bonding.
The total number of ribbon reels bonded in each example was
500. The bonding tool and the bonding guide used were ones
made by Orthodyne Electronics Corporation., which

conformed to each ribbon size.

In each Example a heat treatment was conducted at the
respective temperature described in Table 1, whereas, in
contrast to this, in each Comparative Example either no heat
treatment was conducted or a heat treatment at 380 degrees
centigrade was conducted.

[0042]

The number of disruptions of the ribbon during bonding was
counted each time the bonding machine was brought to a halt
by an occurrence of ribbon disruption. It was ascertained
each time the machine came to a halt that the cause of the
halt had been nothing but the ribbon disruption.
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ul trasoni ¢ bondi ng was conducted are as follows: The |loop | engths and the

| oop heights of the bonding ribbons listed in Table 1 were set to be 50 mm
and 30mm respectively, and thus the frictional resistance that the ribbons
receive fromthe passages and tools were controlled to be greater than they
normal |y are. The ultrasoni c bondi ng was conducted upon a (5 mmthi ck)

pl at e of{@%ygLnun1(Al) having a purity of 99.99 mass % by using a fully
automati c on Bonder 3600R (a product of O'thodyne El ectronics

Cor poration). The bonding conditions included that the frequency was 80
kHz, andThhe dwath@ndgtrhénuldizasanas lkevehlwneed suchtlidatolbewsnbl apsed Al
ri bbon h@%;&g&dth which was 1.1 tinmes greater than was before bondi ng. The
total nunb&r ot ribbon reels bonded in each exanpl e was 500. The bondi ng
tool and the bondi ng gui de used were ones nmade by Othodyne El ectronics

Cor por at pgna] MHISEN GRAEOE TR drix i8@aly 1hbbaeginzand @n@gcbo_&gawabe a heat

t reat ment \J]va%bctgnd%{:.tled at the rgs(gecttj(% t enper.at ur e descSrl eddn Tabl e 1,
wher eas, PPATEHRE At D TR SPRUERR P ﬁﬁaﬁl Qb Ve fpPESE% B9 no heat

t r eat menbywasaoendfictleemicad deching ebheeenystadgaadegneaseaemnengr ade was

conduct eg, [Qﬁﬂﬁiea 1 BUEPREOGE SbStipd! aRE Phehehd (AL dWarhgnbondi ng

was counteg each tinme n%lktréac I ne s brought Eﬁ a E@It by an
occur rent@Sof PPEEENCH sr @G on LaKehas PASEEEEa @Y eabRTPHAE t h8 machi ne
g_arre to mdt@llt&obbabmibalcmli&eoebo@aﬁ(\hai_:]n drad et ivat héng_dnﬂtéStOl@;a lr: bbon
i sruptign. . . e.aver [ t; ol | owi ng
mnner . TR IR indfe ol Mo RS P SRR ALY JiRes e

pol i shedWeEEi drawer ds Lhdtirestdent gt thepshbaas tExpbaeds. & th¢ means of
che{n_ cal tl@ic(@j}bx;lﬁgs tlﬂﬁcﬁb)’rﬁé‘@éﬂ)' f«@és ofi FidRead mept Bn@s éﬂmbeedopfom@e c][oss
section, _an €._Cross_secti.on _was seryv L aken_pi.cture o

Chr ough’ SRS ERgFasiial Crosebtodie Sartn chhaafibe L 08" 2Rl S5 00
magni fi caesoh)s waraapkoagahbe ebkein theeaverageghtaln gézewere drawn in
the direction of the ribbon thickness, and the thickness (mcroneter) was
di vi ded E@{Q%T‘ge nunber of the grains that were crossed by each straight

line, an results were averaged to obtain the average grain size.
[ 0045] Each of the alum numribbons of Exanples and Conparative Exanples

had a f N : f S | ' f
ook a akann af iy ol inflh BRI B actip s A0 ConB ety 7

i nt er val 8Xxagpdashéad, & éﬁc@eéﬁaﬁpslmladwai:édawagl%a?@96tﬁg fusdons a
convent i gnal tyiPprasin ety diee taciklentalps akfihetot hecobEbdcicindudt ed to

obtain t Lfer-j.ntegrity- r h.ratl he i j:hhons were
det ai:hedgﬁg}a%g_sg‘hg‘te%gréé}r%d{f%% %guglgl%hg . géeggrav%r eaggge@rh %g_EJéén% it was
f ound t haecharEsammdspted wostheaestyipiia§aRe cds R e R i ng
trace. practiced one.

Incidentally, after the test conducted to obtain the
after~integrity—test strength ratio, the aluminum ribbons
were detached by dissolution and the coupling faces were
observed, and it was found that in Examples 1 - 20 the
coupling faces had uniform coupling trace.
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What is clainmed is: [Claim1] An alum numribbon for ultrasonic bondi ng
made of an alum numalloy wth al um num content of 99 nmass % or higher, the
al l oy being nade fromadditive el enents and the bal ance al um num
characterized in that said ribbon is in a shape of an extrenely thin tape
which is obtained by rolling a wire taken froma nulti-stage wire draw ng,
that an average grain size within a cross section of this ribbonis 5 - 200
m cr omet (§id : {:the surface of this extrenely thin tape is
nirror-fﬁﬁ%%ﬁg%ggglgﬁgkﬁ ent that the surface roughness R is 2 micrometers
(m or smaller, and that the ribbon has been subjected to a liquid

i mrer si ofiCta@Aatinient or a gas exposure treatnent wherein the liquid or gas
is a substance having a vapor pressure higher than water and is sel ected
from wat er - sol ubl e hydrocarbons sol vents, alcoholic solvents, ketone

sol vent sAnaritl ugh benrt ypibkenvders. ultmaionizy handiogd muadei bthonafor

ul t ratSﬁn!'aﬁllﬁ(iﬂﬁlitnﬂ&l@léycdgﬂt:l’iﬂ%ﬂldrﬂiﬁﬁi @%te}ﬁ/ﬁ%h@?!a rﬁﬁlsé ]%'dlombih@r,sm Yentis
are ethapol, no utan n- prO al.cohol . phe , ne glyco
tri decangﬁea‘?‘ﬂ%d’r %éPFinf.ﬂa[d% gF%?gﬂﬁ%Y%rﬁWW%%&%&e ﬁ%‘?%gg&i c
bondi ng atumliaumedchareciemiiedvietdiat said mbdoholiscizal vémpe afe et hanol ,
met hanol ana@?tﬁéﬁ(r?%'ylth h?@@gb- &“Aﬁq‘%ﬁ! M AR Ad A PUB 11iRkoR {akeul trasoni c
bondi ng gs C med in aiml, erein sald k%bpne sol vents are . acetone and
met hyl  BRR§D WaB R My thade AHTa SReWiPr tBRor2 R &V adTagshi® bondi ng
as cl ai neiza nw@tainil,a noapoepy| sdteidwy| erfe vilnks eirbbboheris gBycolk08ai det her
di ethyl e t S n r | pleo h i-et:hyl ene
nmet hyl eﬁﬁggggg yc%% %%ﬁgtﬁ§%%ekﬁgr%ug?é?%ypgngﬂ§%y%gFF%?§¥ﬁ3F%g her,
propyl enkapeydsl mbrBermiineshed, i op exEleRy cohafonebeit PUrERRET |
di propyl epggliheeel RpORE 2eifiviroet&esrs dupiopyl enelgeycendivmithyheet her, and
di propy! ga%ebgrll%é)sl bré%rﬁosg%glct{g}i Ya iquai'dqlglmersion treatment or

a gas exposure treatment wherein the ligquid or gas is a

substance having a vapor pressure higher than water and is

selected from water—soluble hydrocarbons solvents,

alcoholic solvents, ketone solvents, and ether type solvents.

[Claim 2]

An aluminum ribbon for ultrasonic bonding as claimed in
Claim 1, wherein said alcoholic solvents are ethanol,
methanol, butanol, n—propyl alcohel, phenol, ethylene glycol,
tridecanocl and grycelin.

[Claim 2]

An aluminum ribbon for ultrasonic bonding as claimed in
Claim 1, wherein said alcoholic solvents are ethanol,
methanol, and n—propyl alcohol.

[Claim 4]

An aluminum ribbon for ultrasonic bonding as claimed in
Claim 1, wherein said ketone solvents are acetone and methyl
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An al um num ribbon for ultrasonic bonding as clainmed in Caim1l, wherein
sai d hydrocarbons sol vents are ethylam ne and et hyl acetate.

ethyl ketone.
[Claim 5]

An aluminum ribbon for ultrasonic bonding as claimed in
Claim 1, wherein said ether type solvents are methyl
n-propyl ether, diethylene glycol monoethyl ether,
diethylene glycol monobutyl ether, diethylene glycol
dimethyl ether, diethylene glycol diethyl ether, propvlene
glycol monoethyl ether, propylene glycol monobutyl ether,
dipropyvlene glycol mono ethyl ether, dipropylene glycol
dimethyl ether, and dipropylene glycol mono butyl ether.

[Claim 6]
An aluminum ribbon for ultrasonic bonding as claimed in

Claim 1, wherein said hydrocarbons solvents are ethylamine
and ethyl acetate.
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