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 cipedgifdonbech a connecting el ectrode (bonding pad) installed on a
sem conductor chip with an externally drawn-out connector (lead) installed
in a senm conduct or package. This nethod nakes use of a ultrasonic wire
bondi ng [FELABPIWARE DY & 18U num conductive wire is used; in particul ar
by inparting a load and a ultrasonic vibration to the al um num ri bbon t he
oxi de fi surface of the al um num
rlbbon|4¥Hﬂﬁ$ﬁ§kﬁzgggggﬁgéoUFE%Eﬁgggﬁg Iﬂﬁ i s broken, whereby the
nmetallic atonms such as al um num at ons (AI) are exposed through the surface,
wher eupdmddrasitdad F1om 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
at omt o-[&06m!| evel . [0003] This practically useful alumnum ribbon has been
nanufactured in nethods which are generally enployed for creating extremely
thin ta , such a% t.he ones de ﬁ%ilbed bel ow. Aifitst nEtEQd co rises
prepari %1 PHERCPLati@ VAN RNl B HRR aFP oty HPIPHG B ??Hg e plate

i nto strdgusndeimy a snsmdebadmcrtted viiedtiheand a peadefeom recdiangtth by a

cutter S cu S durther rolling
t he aIuEﬁ%&#@gllgﬁn?ﬁfn g??#%% in o t ﬁ%ﬁéﬁ %§ ggﬁﬁﬁﬁﬁ?nallé shaplng t he
t apes i rfitegnEg HGF{PFl PECHRIS BY eBEa i qa.%dt]@ﬁa m‘.i;l*éréﬁ@nl% beediadnet hod
conpri segsethbgning an alum numalloy plate to a predeterm ned fina

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

t ape prdffaakanownd|Tagerobegnl press machine to obtain an al umi num ri bbon
of a predeterm ned final w dth. [0004] However, with the above nethods for
form ng ﬁ?b&inE|y thin tapes, a machine oil is used during the rolling
operati& nd in general a filmof the machine oil renmains in an anount
| ess than the detection limt, unevenly distributed over the al um num

ribbon, and Adi B‘.’E‘S d D&k %gena:ﬁdt’b%t a@é{riéé( tz9 bbadagedi ng

condltlons agﬁlle as e alumnumri | t.rasoni ¢ "bondi ng

ri bbon. HetR vé”?ﬁl—"@lfbr @ol kaPes shgpad mﬁ@n@éﬁ‘etlf’@ cb@gﬁ tHRVEIF f &ce of the
bﬁnd! nglzfddmolry Wieldt aargeleird clry ssesest dbn c(hmanem]afeéchr@@rﬂ‘mmwrasf t hﬁ

cheni ca g S r P ul ar sur t he
bondi ng rlgﬁ o Fg%tﬁqggﬁ§r§§§ﬁ &ﬁ bféggsgg %%% é}#&%;? B fn?%E&bglndlng
condi ti @@HQﬁtlﬂi}a ulet1ﬁ§§§ﬁ|d@ bbth@lﬁl Hoperradbn. ipebakled s@n anaal um num

ri bbon m@n@uc@by%nw alikay aw Te'it@'rﬁ@lmy”‘d%émrﬁ-%u@f c89nRESr% or

hi gher g g{ @ ive elerr(ﬁLé é % the remmant, the |atter being
alunlnuﬁﬁ Fpﬁ Pe't l@%ﬁ@ﬁqﬁﬁﬁﬁ te? Fets such as bl ushi ng during
the processing prior to the rolling operation, since such alum numribbon

i's har dem jishafe £H6q CRRUEY IRl ol AN IR ik: I%ﬁtee?odﬁ&ihg’a"x%‘c%@ cont ent
of 99.99 nmass. % nade faqr ultrasoni c. bondi ng, For { his reason cut faces

and t he YEHIH 40 2BdgEL IR UIR GO i Gobh *apt Peg &PB&PE ginty

pr ot rusiiosamringura dpadhdndeselteaaoniat vibeatidiboro edoge a‘]an&mtamd are apt

to crash; B%;n{‘st}( éh8x9& d?%lﬁ”%ﬁ:g&l Uflh@ﬂrél‘fﬁ{ eoei 089 V\%‘ ﬁ'& and are
to he ro e

br oken in here to t surfaces o in turn
i npart |SPFé§GF3arCift |@éet%1‘t1}*?énéléﬁf§h1é%06f iphe HeHERRLSS n@. O’EFﬁe al um num
L [ bgons nammmetbel (rass}, 1s\l\bf‘ekénblv€1@éﬁ©fby0tﬁélenetalﬁ$pﬁltOHb&gmﬂjd]g aw'ht h the
ardnes a 0 ei t c e e tinme
of the %%ﬁ%}gﬂﬁgta ,Hgﬂh %? Q§“P | ar é&ﬁggnq% él@ne?ﬂg |%£%é%}ed during
t he bonmh@reum@ndpé@m@tﬂ@% Eﬁé?ees a Ha fs@ﬁdulﬁge@éaambahwe@@r e
unst abl ¢ handohAenyesad thageondl aaisturenat h drendek e (Ne) lowehEQQRE] 1t has
been hitherto thought that the reason for such instabl e bonding conditions
is the follow ng. Nanely, the surfacgs 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



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 abl e. t 0o. i.t is also possihle to use a nodified shape fromthese
o e gt 1B ehemihi £3bBRs B es o Bt S HORE BT e e
connect i o stliyapinésty ithedd twBubd dtet etreiompdtenatdmhaégval connecti ng part
in a shape of a flat plane, so that the position and the area of the
nicrosc%pic region at which the early stage bonding is effected are not
const ant!O9¢ hence this does not materially solve the problem of
instability in the bonding conditions, which is that the bonding strength
s not onnst Abert 00PR] LQReLRS OLART, B S AL BEEAN LR AR

i sclosesa pondi'ng ribbon 0S€ appearance i s characterized in that there
are provilded o o@ds ofhige fares JHeHOHI ngmPHIYRAl i k5L ofchnadjiast ed
bosses whaserhepp tdie sabstapttaldy thachndeddsrdblliabepbane” . This | eads
to a thought that by reducing the areas of the tops of the plurality of the
proj ected bosses the friction between the ribbon and the ribbon-recipient
mat t er Dedones meeshed aanprises menaring & tWecoptatpafsablalumibudak t he

oxi de fidimdorgpd [N 1thHg, SUlkasRgWitH: esete | AntBi SHMHROMhabynyi Bt ue of

t he faCtz%gft an early S%Ege l.astic fl M/lsrggi Eﬁgi g%cause L It s

t hought RFRHCTRTIRINGASWIBEE, 2RFt B QfééﬁgﬁFEPi 38 h&Y &t smal | er
ul trasomechane snehgwys trotsagurcltatarr, eatri an pafessomeashiragthhearidéegroondi ng
than i ndfenGaghe A dint hRROR1 160 hPRELDGS 3RS L8 finklatapbQO9gk Hovever,
in the case_of an_al'um num ri bbo or connecting sem conductor devices by
ul t r asorfil@aBsWdi F§AONT s R esk@P§St 01BFPecBLUMITEEBNi €1BBREISNg Un one to
sever al predetavhihadaignsgesomds. and this pace is maintained under the sane
condition until several hundreds of thousands of itens are done. Therefore,

even if a bonding face is formed with a plurality of enbossed tops to
cont act A Becoad piaditod geanpasses thapniaganhlpobinWaadey Blpkedm 2, no

sooner i %r@?ﬂ%ﬁéﬂnﬁ]ﬁ(fg@ﬁﬁ%aﬁt ?ﬁ@cl‘t!l@éééitt%hti@ btﬁ@é(}t{hégsgﬁisﬂeo}‘del m i nfthe
m croscqpi c_area. allow a sti ¢ W, to_c nce n_the bal ance o
t he bonggﬁﬁna%ﬁg?{ﬁhnp?ﬁsqIﬁgp S e 5ﬁyb¥srngﬂﬁéﬁﬁ’ﬁ?g%%gbﬁh %Pfpossi bl e
to contipnefare, baddingting diihthedsidd edyassafidsheftanewsaiodsr bvhe same
condill afls1fedss I8 G88s thbBnihb S.XABiR alldTuiflifaRY eAbbBRALE RL hod

e t he ex he

wher eby nerely ernal s e of t onding ribbon is nodified, it is
di ffi culRreqelgHimined |‘ﬁbd€1$ a uniformquality throughout the hundreds
of tinmes of bonding at the sanme locality in a mcroscopic area, and it was
inpossin%Ohg obtain a highly strengthened and durabl e bondi ng. [0010]
However,  "When an ul trasoni ¢ bondi ng was conducted usi ng the above-nenti oned
bondi ng ri bbon wherein the ribbon was caused to loop as it spanned fromthe
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very hi dn generrelladplinendt thewsagbine|@dgremaines L@l aueunhi L9%ad posed
a probl emahi ¢Recri8sebeion Sttt onindyvéhey daistwisatbhe shape tofe the | oop
I's varlgg€$%.be|ng |ver3|2%§f. Al so,, the |nventqﬁiﬁhad tried, as a manner
for inp H'iRe boRBPHg altidPi SPREROBIELGP o 1 ndMERFbch, Ao arrange
t he graiimstiabelangd tchéhsubbacdkd ngoaghdéssonasapiekid Bedtha aluminum

Publ i cati;en-{n-:pa ri ' &&g&i s :
Publica?ﬁgﬁFﬁﬁ}ga?gggséfogi% %% I C ?ﬁ%%- -}ﬁgggﬁ? 1r'11O 201%%§§u§%tent

Appl i catRIPIB| echFidh @S @@9-@‘13&@@&@% §§F' 8Rei A F}‘j’ﬁg%p Hl¥apanese
Pat ent Aipbcgaiwiich &ulddihbiyomddms 2807rd94220 é?uﬁiimgithorveiwerpaﬂmnt 3:
Japanes . 1264 ry.: l:nvent.i t j nvention
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pr opose SAf@sEsn @I thisoMantlisly ik bgiar aRfebhas uiiFeF M aivh §asveed t he
entire jigishhbal &8y t Rhoughe Uthdwdidedacefdithedsantts: otheontltnsemid trasoni 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] [00131 As one of the neans for solving the problens 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
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[ 0015] The kenone solvent is preferably selected from acetone and net hyl

et hyl ketone. [0016] The ether type solvent is preferably selected from
anong net hyl n-propyl ether, diethylene glycol nonoethyl ether, diethylene
gl ycol nonobutyl ether, diethylene glycol dinetlayl ether, diethylene

gl ycol diethyl ether, propylene glycol nonoethyl ether, propylene glycol
nmonobut yl ether, dipropylene glycol nono ethyl ether, dipropylene glycol

di met hyl. et her, and di.propyl ene glycol nono butyl ether. [0017] The
hydr oc ar BRSPS GO or ef erabl y~ et hyl anki ne or ethyl acetate. [Effects
of the Invention] [0018] By using one of the organic solvents as prescribed
above t q oopeat the mrror-finished bonding ribbon, the water picked up from
the air by the alum numexisting in the surface of the bonding ribbon and
the water brought to the alum numduring the wire drawi ng process, after
the al uIBon ias) tolcheduby tithen rmadd thusaexeduzadumr elexyr adted by the
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a solvent which . a vaﬁpr pr.essure hlg?er t han such as a

has t hat _of water
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ri bbon sq that the resulting_] oop-f.ormation cggablllt¥ of the ri bbon
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a sol vershadnah ellgesao¥ apwh pilessunen highen dhampthad ofeatet eroingych as a

wat er - s r S .ahgl i : , sol vent,
and an_ aUror dDSaEER NS ah Y A Mpe d R AR Bt BB da s TS
cont anmi fEHt ake BAts ter cypsat PAGLREbntRETWEHIRY alt® Pk S Fnemtd8e bondi ng
L i bbon swridaig tdteeﬂ@ﬁuAﬁri e b@@pbf?kéﬁ';irﬁrb Fapabil t@ya@tzlet@ettc{] ithl@onI |
ecomes gev reater.. An .grganic. ve as_a mal | er
the nun@&?%@a&%ow%troqgg,E%%hg?ﬂlgglsl.? h%eu%méﬁqgggég%ggiﬁedfégl eft by
the evapdreatdwrfaces wfathet hanslingretibbesis. anha- plepyinual coHaiors e
o I B B T hus. 1 s
Vv ! Vv . J . us i
more st &%, MBEATYESRer Of n trré%ctailblinﬁprq)%r ngrléc?n“f’e g g@’é’?@&& of this
fact, ifurmmhangedi freol Vi bauengfather golidnpestatiecaahdn satiossai s | eft
in a hi kO i r u a | WA i n, it is
not advggf e03§ﬁ§ﬁh?hgFa?ﬂE*EQEe%?é%gﬁgg?o?Eﬁggg gp%tﬁgsa 3¥$n§%%ribbon IS
not obt &iFedVeHeIRyHARe dbalehlE PPRLERY AN BILIES pre M StRRSt i on
evapor atam e aakl ye spyi naboindd nar st gty tehds batbe lows possible to wet an
al umi num ri bbon with such solvents by exposing the ribbon to an atnosphere
filled wth the vapor of such solvents. [0020] In another aspect, with

regard tl@0PRE quality of the inventive aluminumribbon, especially the
grain size is arranged such that the irregularity in the bonding strength,

't 15 ndti BB Hbeees B shRaeRta RAE NS RO FOEn T PUSGTHIS wave. at
a hi gh bevelin@mbrditionmowspoleifdld awingbt alame lyondhegsof fatteslsie

strengt f&h%_V%n\Ml%g bhgLHhRUEhef pbABIHL! FASH S ey eniSrddcdpionikevel . and
t he defectiv 6§£n |§g Mhlfg'uied to gccur ugexpectedlxkgnd f.or which the
cause i £Qn Had ERRPEELERYCEEaSEdtED PAREIFIER eOX M 0 WikiFtidiSng t he
bondi ng abdibbdmahotet eur ésmntis miertiscopicaligsdowrd folrat, $¢ thstpossi bl e
to avol ‘%ﬁxteh‘ﬁo%%%ﬁeé@%g{cﬁ tHe HOHP r%ﬁb@ln' BetBeid ‘b%r?&‘adéﬂ‘%ﬁ{thace’ SO
that it has becone possible to secure stable fuSion area and realize a
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Ther eupgmcH benitavenios sidtesdarokedpintadlyheorstfact. that the crystalline
structure of the alum num ribbon causes on the fusion nmechanismat the tine
of bonding. The internal crystalline structure of the extrenely thin tape
as i s obihiege®wit ] Lhiag, yaKipgst akeResromOmLing RN Hiave ®egwing i s
of a preegasaded brres tad urpuhsysag efcrysdligiagn shze dondieg

m crometer (unm) or smaller, and It is inpossible to observe the crystal
grain of an alum numribbon through an ordinary m croscope. The processed
fibrous texture does not undergo a plastic flow when this extrenely thin
tape is subjected to a | ow tenperature thermal treatnent for renoval of
strain. Wien an alum numribbon of this kind of crystalline structure is
tried to be fused upon a bondi ng pad by neans of a trenul ous vibration
caused by ultrasonic wave, a large energy is required to cause the bonding



[0023] A thermal 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 made of as well as its dinmension so that
there is no fixed optinmumcondition. In the case of a common al um num

ri bbon which is nade of an alumnumalloy with the al um num content of 99
mass % or hi gher consi sting of additi ve el errent(s) pl us the al um num

r ermant the ess | nun rien I ndi_cat es that
T her m e or B s LOBGETG b e cae o LT R S aS b DHER of 30
90 ni nut@@n@xmg\@r@mmﬁh { fusion stuengiin (|sbboﬁubls@@@rcatrm~@fat@m ns of
such a slégdaﬁubﬁcpéﬁsﬁ{Lp@dpla@eh@ez)present i nvention. Wen the ribbon
thickness is smaller than 1 nun, the appropriate thermal treatnent
tenperature ought to be | ower and its time duration ought to be shorter;
for exani@l0®,7]when the ribbon thickness is 10 microneters (un), the thernal
treatnent tenperature generally should be 200 - 250 degrees centigrade and
the thermal treatpent time should be 10 - 60 minutes, Incidentally the
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t he grai umnumrlbbon m num -arl oy with
t he al u@hubileogarte@ficgn #BEaD bRy hiigiterbe eflien 2y & hBxe g oa sk ocessed

fibrous diexdtHesidleymptibee hewm, 089 é@ub@@éﬁﬁiailﬁﬁ%éﬂ&ntfdﬁnc@‘ﬂlanued SO

that the avera rain _size acrass th% Cr oss ectl on 0]; hﬁr} Itum Tum ri bbon
fails toSHRALE HORTE PErafG ST PThOONS: ch EQ ROETHOM, SHrTire

parti culfdattegiedn el fiet tealdissackft-like enidborvalsaridia sapeghidalat t he
plastic ddouddbdifitoiaisidn |okerd ageabesosBssipriifd Glanta Mbapridinder such

a thermal. condiLtl on % e avera eé&%r n size beconmes smaller than 5

m cronet%?%p? ufcﬁ"Ompa € Phe UfSai HMFh §5] olnfBr FERERPYRA | i zati on
remai n, combhattide.'f| oMoefevidre ther wsdmhéczish pattapnddadmtibed time
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time of rasoni ¢ bond g causes an frreqularity in
t he bondild§ Biavmgsa. thapiap W)‘ébtl%éﬁdt hie Ere el theMIRHRSIWPMSer at ur e

erceeds zﬂeﬁﬁcgegaftteeﬁhmtmé aé‘@rl}; f@ta?j@lmn@inéhﬁ%/aéﬂﬁ@dt@@ aldeoyrot th the
al um num cont ent e o] er an er, crease
in size, C%Iﬁ%lt{il?t @é@%ﬁ\? LR ﬂl} % & ﬁzfﬁgéﬁt ttgl(r%eagﬁnm glent ally,
in this aftimstiadrilitheimavehagdording cﬁOm igre, nwdiigd jis dhat 2de

m cr Omtt?dﬁdir&@)stk@n@%% Qgﬁ%tpéoﬁstbﬁbon thi ckness of 1 nm and as such the
al um num ri bbon itself | iable to deformand the ultrasonic wave is hard
to propagate inside such ri bbon body, which leads to an inbalance in the
fl ow cau€¥®@8dy t he ultrasoni c wave propagation and the |oad, which is not a
favorable thing. Also, in general, a pref erabl e range of the thi ckness of
an alum pumribbon is 10 mcrometers (rim to 1 nm fromth wpoi nt of

opt i mumPaltdscet Berikand s REbdl ¢ a kT N ndpd etd (HE Gloses ¢ mign this
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of typi CA1E BEAAE T H}éﬁmﬁ 3G8 WG thnea5e] 1 Hitome PeER7]  on

the ot héry hamduei t)flishdxrﬁmn that an eholy mimgds MastuodBragoes admr mat i on
of oxi deebgélllg‘eoéa@séﬁ” ckness Yol dRIORRER' {05 Ohodible! NGighUMH num

surface oxygen int sphere even at a room erature.
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on the hkaorshdg 6 reagite abuteatieon tifemsuef ececndthbredl vonding ridaon has

m croscopic irregularity, the anount of alum num oxide is increased by as
much as the increase in the surface area caused by the irregularity. Since
al um num oxi de does not contribute to bonding, the change in the anount of
the oxide in the interface may cause departure from uni form bondi ng
strength distribution during ultrasonic bonding operation. It is suspected
that, in the conventional practices, because a phenonenon was observed
wherein the HAST strength after the ultrasonic bonding did not stabilize



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 balance alum num The elenents that are acceptable
as the additives in the present invention include nickel (Ni), silicon
(Si), magnesium (My), cupper (Cu), boron (B), indium(ln), lithium(Li),
beryllium (Be), calcium(Ca), strontium (Sr), yttrium(Y), Lanthanum (La),
cerium (,Ce% Neodym um (Nd), and bi Sth%éi%i ). El eng& that wor k better
upon t helly hﬁrp%ﬁez@fo? rﬂheoamﬁpﬁenb@tl% gresmg a , silicon (Si),
magnesi um (My) and cupper (Cu). So long as the al um num content IS not

| ower thm 3 mass % the alum numalloy containing at | east one of these
acceptable additives in a total amount of 5 - 700 mass ppm can devel op
uniformgrain size distribution through a thermal treatnment at 200 - 400

degrees I@@Wbiv@"radﬁa £Ftlile bakane€ ahura'lnmmrmt hebbbnnifnmmoairircectt/ﬂntgh t he

al um num cont ent mass %
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Now, the enbodi ments of the present invention shall be explained. Using
bondi ng wires having a predeterm ned wire di aneter and nade of alloys of
conpositions as shown in Table 1 (99.999 mass % pure al um num (Al) was used
as the raw material, but when 99.99 mass % pure alum num (Al) was used the
result was simlar), as the starting material, bonding ribbons of Exanples
1 - 20 and Conparative Exanples 1 - 5 as listed in Table 1 were prepared.
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shown i lpdabi&tlion-0839bathatkati o of the strength after the dependability
test to that before the sane test was neasured in the follow ng manner. The
bondi ng was conducted by using Al Ri bbon Bonder 3600R (a product of
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val ue of the shear strength before the integrity test and the result was
defined as the after-integrity-test strength ratio, and this provided the
basi s f drubhicatdpendbi-patentali ng. [ 0040] The dependability rating was
classifipthascfOlfpesit Nb. tang oaltier-integrity-test strength ratio was 0.9
or greater, arating represented by (c) 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
snmal | er $hamary oft tiee lavieng ioepr esented by x is given. [0041] [Table 1]
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Problems the invention seeks to solve:
[0012]

It is therefore an object of the invention to propose a bonding
ribbon which can guarantee a uniform fusing over the entire
joint area throughout hundreds of thousands of continuous
ultrasonic bonding cycles and which can realize an improved
bonding strength and which also can avoid being broken while
it is looped, unlike the state of the art bonding ribbons based
on conventional technology.

[Means to solve the problems]

[0013]
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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, is 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 this 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 size
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, is 2
micrometers (um) or smaller, and that the ribbon has been
subjected to an immersion treatment or a gas—exposure
treatment wherein the liquid or gas comprises a substance
having a vapor pressure higher than water such as a
water—soluble hydrocarbons 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, bayerite, 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 is preferably selected from among
methyl 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]
[0018]

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(OH)] 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
hydrocarbons 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—soluble hydrocarbons 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. 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, so 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 easily upon warming or heating, so that it is
possible to wet an aluminum ribbon with such solvents by
exposing 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 has 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 is 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 fusion 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 retaing 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.

[0022]

However, when the extremely thin tape as is 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 sufficient 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 1is 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 ultrasonic 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 99 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 is
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 region,
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
ultrasonic 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 equal 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 (um) in the case of a
ribbon thickness of 1 mm, and as such the aluminum ribbon
itself is liable to deform and the ultrasonic wave is hard to

propagate inside such ribbon body. which leads to an imbalance

12



- heat treatnent tenperature alter rolling (degrees C) 08Z 082 062 02z
002 ON (QZZ NZ OOE 062 O.Z OZZ S 1Z 062 00C 00C no heat treatnent

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 (pm), it is
pogssible to obtain grains Thaving 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
is 7 to 16. The widths and thicknesses of typical aluminum
ribbons are as 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 atmosphere even at a room temperature. Heretofore, this
oxide film was considered too thin to have any influence on the
bonding strength, but when the surface of the aluminum ribbon
has microscopic irregularity, the amount of aluminum oxide is
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
ribbons 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 ultrasonic bonding of an
aluminum ribbon, a wave of a frequency so high as 10 to 120 Hz
is used so that, so long as the average value of the grain size
of the aluminum ribbon is 5 to 200 micrometers (um) and the
surface roughness R, is 2 micrometers (um) or smaller, it is
possible to avoid formation of microscopic voids and obtain a
stabilized bonding strength since an Al alloy with the
aluminum content of 99 mass % or higher is 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—gsoluble 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 is 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 as 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 alcoholate. 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 3%
ethanol—acetone mixture solvent.

[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 (Si), 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 is 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 quantities of the additives used in combination. It is
needless to say that a better result is possible if aluminum
(Al) having a purity of 99.999 mass % or higher is used as the

mother alloy.
[0031]

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

16



ether Pure 8tYcelin pure tridecanol pure phenol 1048812 | Ado, g1-8
sAnd pure ethylene glycol pu2 neon. | Pure diethylene glycol nonoethyt
ether pure ethyl acetate pure bvtand Pure dipropyl ene glycol nono butyl
ether Pure dipropyl ene 818001 nmethyl ether 0831000 184to + Pue418-88
Huocam ou ,c-sera ; Ad Jalant tin water solution of acetic acid

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 ppim.

[0033]

It is especially 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 (A1)
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
99.99 mass % or higher, and it is specially preferable that the
balance comprises aluminum (Al) of a purity of 99.999 mass % or
higher.

[0035]

Also, as a round wire is rolled into an extremely thin tape, it is
preferable that this rolling is done in one or two strokes. If
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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 atmosphere. 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 Dbonding continuously without human
attendance.

Embodiments
[0037]

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 1.

[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 Electronics 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

19
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of the bonding, a pad to which bonding was 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 is given.
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[0041]

[Table 1]

21



az ZS|

soz 09

(O8]

02

bi L

2

62

"2

X L0 QB
(018 YIBUS 1533-ABIUIII}6) UONBIYSSE|D UOHBWNST

‘© ‘560

ISIX3 30U SIOP SSED |eidads
2JBUM SIOUBISWNSIID YONS Ut PISN '| SSE BOID JO §SE|D (8109ds sueaws ,aind,

pioe
X 850 oL 00e ] 0ge 61 240439 LU wniuowwe oe oe douejeq [
30 uoIIN|OS 4DIBM
. " ploe oijeoe °
x 450 13 0008 0t 03¢ g1 @l0499 10 UoRNjos J2EM 0s 0s - 2oueieq 14 mg
) . Wouwnean 5%
X 150 1 L 81 180y ou r4% Jaye inem dey 08 09 duejeq € m. W
JUSURean H
X 950 € S s gl Bad o 433em aund 059 052 002 002 dueeq 4
3894y OU
WoWIeS}
x £9°0 (13 [ §0 —— 8 Joye Bumem ou 088 el 052 dueleq 3
o] 280 13 ooy ot 8t 0o0e 0 2i043q Sveoe 05y sy dueeq 0z
A2 + jouByla-ye
e
O e 13 Vo4 oL St 00e 0 240499 1Aysausp |00A13 0s¢ 0se- aduejeq 64
Bukdoadip aund .
. 4943
o] e ¥ ooy 0 g0 062 0 240j9q 1&g ouows j00AF 0582 082 oueieq 81
sugjAdosdip eind
[} 8L0 [+74 ¢} [ §0 Sie 0 940429 louaing aand st 0si @ouReq L
[e] 8L €l 0e 0t S0 1144 0 e.iojaq 933008 Ay3e eund 08 274 0z 0z 0z sousjeq 81
9ye
(o] 280 I3 0l ot 4 o 0 24043 1Ayreouow (0043 3 St 9ouejeq [
BUIAYINIP aund
(o] 680 11 0s¢ 13 i 062 4] 240599 sucje0e aund [} oe duejeq 141
[e) 6L°0 ol oL ot 3 0ez 0 240339 auay Euu_o“\_”_” 0s 0s dueieq 43
. {oyode
(o] 680 6 00y [+13 g ooe 0 240529 {Adoideu 2and 09 08 aouejeq 4] W
O L0 143 002 0t 8t 082 0 9dogoq joudyd aind 0s9 0s2 00z 002 9dusjeq il Mw
O 060 €l 0z oL gt 02z 0 Jaye {ouedapLy @ind 0S5 00¢ 082 duejeq 01
o] 6L0 I} 052 [ St $82 [+ Joye uj2oAs8 snd [ 4 oSy adueeq 8
e
(o] ¥80 1) 24 [+13 S 0zz 0 iaye Ayreouow [0oA3 0sg 0s¢ 9ouefeq 8
aupjAdosd aund
[02A)3
(o] £8°0 1} 08 ot s 05z [ aye susAy3a snd 0s2 0sz 2ouBjeq L
(o] 280 [ St (3 gt 02z 0 oye duiwejAy3a aund 0st oSt @due|eq 9
Joy3e |Adosd-u
(o] ¥80 113 008 1 (14 062 0 aye Apew 9ind 08 02 0z [+74 0z dduejeq [
QUO03aY
(o] 880 9 002 01 S0 082 0 wye Ao JAypew sand St St sourjeq v
© 060 ot 0s 13 S0 ove 4] sye sueiase e 0¢ Qduejeq £
+ {OUBY3-4E
] 160 413 ot ot 3 224 [ Hye joueipaw 9.nd 0s 0s 9dusjeq 4
(<] 060 [+1} 00z 13 i 082 0 2ye |ousi3o 2ind 03 08 23uejeq 3
A , Tu«oEEM_mEV @@veuwoi) | (n soasdop) sjpos usungan
ol3ed (4330LU0J00Y 9zi5 Ul 7y Suipjos oye aed 84n}8.00Wo!
Suges ones yiduass Joadse SSOUNDIY o anjea ssauysno. 95.\“_88:«_»3 cwwwn:._m_v 80y Jayye E.Moh:««”.oum NHQ sehunduwy | 19 s w N v
Jser-AuBonuloye 3 TITYeS s0BpNS Juswesn o 40 9409q ul dip 03) JURAS =0l
uoqqu Sulpuog au3 jo sarpedosd WY 4aquinN peddq (wdd ssaw) uonisodwos Aoje

22



002 09 : 1 bal ance acuel eq aouneq ocuneq OCUSI GL acuneg acusi sq DOCC e8
souel ag souel oq ocuesq souenici asuman 0.0081181 ' posies' scuereq

[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.

[0043]

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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[0044]

The average grain size was calculated in the following
manner.

An Al ribbon was clad entirely in a resin and this body was
polished until a cross section of the ribbon was exposed, and,
by means of chemical etching, the crystallization treatment
was applied to the cross section, and then the cross section
was observed and taken picture of through a
metallographical microscope (with an objective lens of 4500
magnification); in a photo thus taken three straight lines
were drawn in the direction of the ribbon thickness, and the
thickness (micrometer) was divided by the number of the
grains that were crossed by each straight line, and the
results were averaged to obtain the average grain size.

[0045]

Each of the aluminum ribbons of Examples and Comparative
Examples had a face to couple with an electrode by fusion,
and this coupling face took a shape akin to a collection of
bonding wires arranged at even intervals, and the fusion
mechanism adopted was nearly the same as a conventionally
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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[0045] 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 alcohol, phenol, ethylene glycol,
tridecanol and grycelin.

[Claim 3]

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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tridecanol and grycelln [Claim3] An alum numribbon for ultrasonic
bondi ng [a8 Ghpered in Caim1l, wherein said alcoholic solvents are ethanol,
met hanol, and n-propyl alcohol. [Caim4] An alumnumribbon for uItrasonlc
bonding as clainmed in Claim1, wherein said ketone solvents are acetone and
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propylene egcoI nonoet hyl et her, propylene gl ycol nonobutyl ether,

di propyl ene gl ycol nono et hyl ether, di propyl ene gl ycol dinethyl ether, and
di propyl ene glycol nono butyl ether. [Claim®6] An alum numribbon for
ultrasonic bonding as claimed in Claim1, wherein said hydrocarbons
solvents are ethylam ne and ethyl acetate.
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