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2151529 METHOD FOR MAKI NG ELECTRI CAL CONTACT TC SEM CONDUCTCR DEVI CES Thi s
invention réelates generally to 5 sem conductor devices and particularly to
a net hod of making electrical contacts to sem conductor device | ow
terrperalure bondi*hg. Many types of seni conductor devices requi r f%)lszg
el ectriccal contacts and, accordi ngly, nethods of making electrical
conteEf’s, that are both physically and elegtLically reliable, td. (ET)
sem conductor devices are extrenely inportant in nodern technology. In >
fact, the making of reliable el ectrical contacts to such devices is 15
often & critical sem conducBETHABYFER FASIFEaFLEﬁT§5€bLaEQ“T65ﬁsequentIy,
nunmer ous .net hods have been develoyedstgmcunbuugcgugthqggacts The
sen1conductor devi ce usl be apprcpriately ccrtacted by a nethod that
pernmts the desired connection to an external power source to be ale 20
wi t hout adversely altering device or materials characteristics. One nethod

‘that has been devel oped fo?hg%k?QqegggggcEglhﬁggogggg£¥+%§f@Bred to by

those skilled in the art a ression et hod was 25
devel oped for5exselhabnﬂna§°atﬂ&!h#!ﬂtané Phﬁtbpé&erltatOtérlﬁhEOG of

sem conduct or deﬂiﬁﬁﬁ? Iﬂeceﬂéaﬂ b%nﬂﬁéiﬁ”ibkbﬁ?&ﬁﬁ?ﬂ&@gtblePﬁébé nﬂyazm
netal lead wire into fTir sical ccntact with the desired nmetallized

;surface using a HEHFEH‘FHSF o#AdnPsrces that are applied are 30 typically
‘hi gh enough to produce appreciable plastic.deformation of the lead wire.
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! 10 electrical contacts and, accordingly,. methods Of making

L“: electrical contacts, that are bcth rhysically and
electrically reliable, to semiconductor devices are
extremely important in modern technology. 1In fact, the
making of reliable electrical ccntacts to such devices is

15 often a critical semiconductor device fabrication step
and, consegquently, numereqs'nethods have'been-developed
for making such contacts. The semiconductor device must
be aprrepriately ccrtacted by a method that permits the
desired connection to an external power source to b2 made

20 without adversely altering device or materials
characteristics. _

One method that has been developed for making
contacts is commonly referred to by those skilled in the
art as thermocompression bonding. This method wvas

25 developed for external lead att achment to the electrical
terminals of semiconductor devices. The metnod is
presently implemented by pushing a metal lead wire into

" f£irm physical ccntact with the desired metallized surface
using a heated tool. The forces that are applied are

30 tyrically high enouch to produce aprreciadle plastic
deformation of the lead wire. See, for example, *9th

- Annual Froceedings,” ;;ah;;;;x Fhysics, 1871, rp. 1758~

e 186, English et al, ”
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Another met hod t hat has been devel oped is referred to by ‘those skilled in
the art as ultrasonic bonding. As this nmethod is typically inplemnted in
present practicce, an ultrasonic generator provides high 5 frequency

elf€xsrical pover which is delivered to a transducer. The transducer
ch es the electrical power into,nechanical vibrations which are
ultimately coupled to a bondi ng tgol and the netal lead vire which -

transmts the energy to the bond interface during the bondi ng process 10

~, See, for exanpl e, ABethevnsethod thasuhascbeetcdieneloged Lscroel ectronic

U'tfa5095§§§9adlea ggngﬂﬁeGBkﬁiiiﬁnanEQ!koirtNik'%ﬁ%&aﬁuﬁié“ of Standards,

January, Anot her bondi n , which I's described in 15
U S Paeeﬁinn-0055529153se§a°6niﬁeswaéFylir isplementeAsdn Khai m

M Ishtebaesaahrere&theadrae wntbaBQW1eeebaeteebrsb&esiaesTquﬂethod was
developgd for mnreiboqdr andh& % 3calr hi gh tenperatures in
the con 58?88” &legtrisgl po vei'v °ﬁ5$$ o (o (ot} fhe above briefly
descrrbedapsdueases Thadsrensdskiek| cliangeshehar electrhealopokesi on t hat
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sem conduct or vrc § t.unat-el seve s whi ch’
way 25 asPgRAADgakePy AR ihecmeip) éFFécPiﬁevPéécﬁeFFGPﬂﬁhta the several

~ reasonsenekgy Qbamnbeboﬁuruaeetheeeoqeeames&menbbeaihagpzaéessﬁterlal K

t | Ly heated t wh h 350 t

400 fiogrbes #ofexanplea SABLETaNRThe Baapuispes. RechaplReriy' | [zed in 30
ultrasOnnszhendunggmethnﬂ&zseihennﬁehaumgalcebreescs Haghanye applied to 7
e o oeTEA2RAHS! R+ KRG pdUlenROok 8 ARUAL NG, PURGGRE C2RggRYCT 2 € uiant ed —

def ect sem conductor erra ‘can res "for exanple,
catastrnph|33'79- _ : _

Another honding method, which is described in
1S 0. S. Patent 4,005,523 issued on Februsry 1, 1977 to
Samson Khaim Milshtein, achieves bonding with low
-eéhanical sttese. The method vas developed for gold wire
bondinq and proiuces 1ocalized hiqh tempetatures in the-_
contacted material. '
20 o cOns1deration of the adove briefly described
processes leads one sxllled in the art to the conclusion
that vhile they are perfectly adequate for making many
electrical bonids to semiconductor devices, they
unfortunately éuffer several dravbacks which may
25 s;gnlficantly and adversely effect device perfsrmaance for {_)
several reasons. - For example, during thermocompression
bonding, the nate:ial'is typically heated to an elevated
temperature vhich may be as high as 350 to 40D degrees C.
A temperature as high as 200 degrees C may be utilized in
30 ultrasonic bonding methods. The mechanical stresses that
are aprlied'tc'fhe semiconductor device during the bonding
process can qenerate unwanted defects in the semiconductor
material which can result in, for example, catastrorhic *
failures during device operation.- ks there is no way to
35 accoamodate the different thermal expansion coefficients
of the contact materials and the semiconductor materials,
defects may be generated in these methods. The defects



failures during device operation. As there is no way to 35  accommodate
the di f{f"'er'eﬁt t hermal expansion coefficients of the contact materials and
the sem conductor materials, defects nay be generated in these nethods. :
"FThe defects generated by the | ack of matching of thernmal expansion f@'
coeffilcients ‘may result in catastrophic=fatlares during device operations -

whe t her mal cxgéheﬂ@;eec%gftﬁe Tlakk Sd?OMéﬁthahgi(bfbﬂ:mhﬁcéxbhlﬁiohf‘@eﬂ?ﬁ@éhﬁs of
heati ng and nechani ca

. |
perfor mance an&‘ayoﬁﬁé’vhv c%ﬁaégﬂéhﬂﬁ {le.lte‘%egsr bﬁuﬁgﬁl&evq%eq&e Jfﬁqnﬁevfh&"l s
provi ded a et ithérnal opdliing ancues .ecitishal tahsade nated Sarti thmebtacss of

device. sai d THRRHSBAP heshdlcP/dEhige Gy 38, BEELBRIAIO Shuf dbige belng

used in makin ectri cont ac l1d enlar portion 10
confi gur atlén renERTMgnGe @BAt! é’@ﬂeWerl al to said enl arged end portion on

‘the wire positioned Aby.‘m&hggl thk@epsare Savehttontthete W&tsﬁfovﬁdledah niethocll
-terrperature ne I { u lal to a
desi red cont ac'?ofp‘jg"’f'ﬁ‘L"H13 Fﬂgﬁtg‘?%# ﬁ&m&uﬁ %&ﬂﬁgﬁ@g ng gﬁit dgg%ﬁéed area
.around sai d comesbed gommnisingl formirg on eougnd porisonsefi @ witlearhpdagersedpb nt
~configuration gad;g fsé?d 160EH1gt cORtfut, 3 S%W@%nm»geeréndapoﬁ&eﬁtrl cal

connection., W ha

ou &; | ectrical cont {acts m 91
semi conduct8r &Q0 b%‘é‘aﬁm?pr? ing & EAPLasHTRkesT2 nﬁ?eﬁ‘&l%" &F%ﬁ@ﬁ&l i zed
;mndlhng pa]gs omosemncomchhetmrenmammieﬁ by ahgwtdelagkéelpdzné(ta;]d eodtadt a wire
which is, for @ a, Wi [ L.a
‘gui' de; addi ng géggﬁﬂtﬁc &‘Pﬁq?&&o ?#r gﬁgﬂgftfngp%& ne rsq‘td &g‘c!mgf sgid
end of said wircentast N@ted‘éé] rteda desiead contiagt . pokng, Wlaﬁé f@@ﬁipirﬂgse@u(flﬁmg

el H ri fal ly cqmd?@ém R mbémheéd an@ &@ﬂﬁ@%hiﬁbﬁfde&l poft! m qal ! y a
mteral i 387 offpielagcot R S eniarte gt pofhe SNIGTTA PRAMAFT Salhe bal | s
“advant ageous| y cootactdmisserdabjsacas rip forem an redettrizabuwwshedtiom a torch such
as a hydrogen We have found that electrical contacts may be made to
semiconductor devices comprising semiconductor materials or
metallized bonding pads on semiconductor materials by heating the
20- end of a wire which is, for example, attached to a wire bond tip or
another type of guide; adding a contact material to the end of said
wire; and touching said end of said wire to the desired contact
point. The wire comprises an electrically conducting material. The
contact material is typically a metal. In one preferred embodiment,
25 a ball comprising the wire material is formed and the contact metal
| is added to the ball. The ball is advantageously formed by
) - subjecting the wire to a burst from a torch such as a hydrogen
flame. The contact metal may have a single constituent or it may be
an alloy. In the latter case, additional metals may also be added
30 to the end of the wire to form an alloy, i.e., the metals may be
separately contacted. The alloy is typicallv an appropriate metal
alloy having characteristics, such as a Tow melting point and
optimum metallurgical characteristics, consistent with the
requirements of device operation, such as operating temperature,
35 etc. The wire need not be heated initially as long as the contact
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fl ame. The contact netal may have a single constituent or it may be an |

~alloy. In the latter case, additional metals may al so be added 30 - to.the

en the wire to forman alloy, i.e., the netals may be separately
¥Cted. The alloy is typically an appropriate netal alloy -having
cteristics, such as a | ow #el3aig point and opti mum netal | urigi cal
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as oper eat ed |n|t|aIIy

as | ongftgs Ihésciﬂﬂeécto the ‘endzef thetwdire; s Whan ithei bald ar wireeander at ure near

Ibt |S| Ne¢dntaets ehPSjuRFade #ttResido uﬁdeﬂfd‘i'@@' owf »&eh@he%d%ﬁnaea wite. \Wen the
a or

contacts oes .so s own wei ght and
for ns léo Y’lhtf\/vltg‘ﬁ t%rfﬁ@ mg%‘?@ ?ﬁgloi' &FI%Q%@&@&PQ”&E‘H] i zed portion 5
of & heo&uhetsubstratehetheabal it tken cools anddthehsl Tayl solidifiedi fo es to forma
bond. S r t 0 C timze device
el ect rléc}g\ proglfl‘)ertl gsﬁgﬁﬁg%hgﬁr@é* g’be %EY(EP E@a?g %@gc{:&st%fgengt h, and
t her me?PtdRiee devicecalecaricali arorertiamemecdaicalre bond tip is pull ed away
fromthe bond, either -.the tail of the wire is utilized to forma second’

~electrical contact or the tail ‘is left for other types of electrical
connections. The method of this invention 5 - i's advantageously enpl oyed in .
~fdfricating bonds to danmage sensitive Goup IlIl-V sem conductor devi ces

.such as light- emttl ng di odes,.
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| asers, and photodetectors. For a better understanding of the invention,
referenge i s made to the acconpanying drawi ng, in which:- 10 _ FIG 1
is a séctional view of the wire bond apparatus after the wire has been )
heated to forma‘ball; and FIG 2 is a sectional view of a bond made %
according to our invention. 15 : For reasons of clarity, the el enentlg<=- |
‘of dhe~device are not drawn to scale. Qur imnventi.on is expeditiously -

i npl enent Ied wi t hts_%réﬁé%e, nar}d)gnér&m r@xpahgfﬁiﬁgl?]ﬁﬂéeﬁ@%i@ﬂboﬁﬂémﬁe wibe w3k||
as several variationg e_discussed, O variaii.qQns e readily
apparent to thos&io’s p‘Q’qu Yy rfrP’ﬁet?‘Sr?qnd’SﬁligheW%E %ﬁ?ﬁd@??hﬁr‘éﬁ\ﬁeh
‘known to those slytilized po tfioemax isecorl sbexrtriicd] lbenthescor ithel tatldiy deft fohe
wire, which | aldfeagpb0.orb1SAHLAT chinecRidiRa! Shelilbfif G InfOTRULAAS:
gold, alum num or another surtabl e nmaterial, 'I's heated to a tenmperature
slightly abové tHs advantagequsintemp] onedein fabriaating dpnds thedamage segsitve
then extended fr grohRa1gLy demi édhdaoebrS dBY1es CélichOasTR A Git-ehii €41 nf Odibdas bal |
conprising the wire netal a& %@ﬁ end of the wire. Typical nmeans conprise a
burst from the si@FPresoPRt PROERYRLECLOrSky dr ogen flane, which is present in
‘typical wre bondi ng Fygrparbetier undiestaaling of sthepinveatiidny tréferances is amdet tee

ball is held away,fr | ' A The ball is now contacted
‘to an appropri at éh%on‘{pgygpﬁﬁgﬁgﬁ&a%?%h?ﬁaﬁ"ﬁ'é\/e a single constituent or be
an al |l oy. Tha&0cont actFlfet hilisnaysestionalswiawdof rthei winedbow! appargtys afyer the

metal or netal alipy Has PéekReated £y flob® 4BAM; ball and either softens or
_'fal loys with the ball netal. The contact netal is typically a netal all oy,

i.e., it conprisé®®t least two netals, which have cbaracteristics
v . FIG. 2 is a sectional ‘view of a bond made according to our
invention.: _ ' -
15 For reasons of clarity, the elements of the device are not drawn
to scale.

Our invention is expeditiously implemented with a conventional
wire bonder, and one embodiment, as well as several variatfons, will
be discussed. Other variations will be readily apparent to those

20 skilled in the art. Such wire bonders are well known to those skilled
| . in the art and need not be described in detail. The wire, which is
attached to, or carried by, a heated guide, and compriées gold,
aluminum, or another suitable material, is heated to a temperature
slightly above the melting point of the contact metal. The wire is
. 25 then extended from the guide tip and subjected to means which form a
(% ba11_comprising'the wire metal at the end of the wire. Typical means
comprise a burst from the small torch, such as a hydrogen flame, which
is present in typical wire bonding épparatus. The ball is supported
by the wire, and the ball is held away from the guide tip.
30 The ball is now contacted to an épproﬁriate contact metal, which
may have a single constituent or be an alloy. The contact metal may
be in solid or liquid

35



. 5. consistent with the requirenments of device operation. The structufe is

- depieted in FIG | and conprises guide assenbly 1, wire 3, ball 5, .and,
~alloy*region 7. 10 The gui de assenbly carries the wire and

all gged ball to the desired contact Point, if it is not already at that
pOiqa, where the ball is lowered onto the contact site on the sem conduct or
deviNet. The resulting structure $s=depicted in FIG 2 with the hatched (W
region 9 indicating 15 a.bonding pad or semiconductor device. It should

be nged th hg I , _ ugfac redt&e O i and t hus
subj Kmyothd 53?1% °§?%€ﬁ$é‘?§°ﬁeé}+i &fib‘f%e‘a#iig ﬁﬁa“ﬁrﬁ?#al |
mechailll anér edsherhSafAens oD addnys ¥ithithe | Haldrmetadhby the all oy
net al [ ' N qt , ad ; peL gt ur is low, the
amoun ’wo_'fé egticter gégr?\lt ?&d%%’ﬁgﬁggv?cgigﬁf yg‘?’%ﬁf iﬁgat heEBondi ng.

oper AORPF1SeSAL| 1eamtc N ARLBLEH MPASH harepharacteriatyes T to 2
SECONkln ¢1 $PRALIWLth! Xhd e @il éReatEl 8%c dRAI W ofesabisRlcdTRR Y tO a
smal | ther nal Zig ggaturb i,on ggg, !n essence, the bonding'is a | ow stress
pr oc&&FUctpre éﬁ?d@tdﬂ% aulc®PR FORPRL%es H344% 0n of the

cont asembryi 2,Svare iNpPWall 5, i sndheldey xagidédi M.t he regi on of contact
and thus does not alter the local materials properties. This was 30

denonstrated on I nP-Schottky barrier diode structures which are extrenely
_sensitive to contact formation:induced damage. The bond di nensi ons are

lqigmi t ed prinari&g,bgugg%:ggg;‘glihﬁag&%gsag gtya{gﬂiu&q{ffg_gg the flame.
?he 35 smal | est bon | mensi on easi obt ai nabl e appears 10 T%he wire :
di amchaskl tpcthel AegAL & GRRtasct Bh.cdft AY iscnet alvneadyecabal | are _

the qipetpsint ,t Waete *1IDIIE is lovered onto the contact .l
site on the sexiconductor device. The resulting structure '
1s depicted in FIG. 2 with the hatched region 9 indicating

15 &a donding pad or semiconductor device. It should be noted
that the ball contacts the surface under its ovwn weight
and thus subjects the contacted structure to negligible
heating and minimal wechanical Stress. The contact or - -
bond is typically formed by the alloy metal which is on

20 the small kall, and as the temperature is lov, the amount
of heat t:snsnitteé to the device surface during the
bonding éper;tion”is spall. The alloy solidifies in a
skort time, e.g., 1 to 2 seconds. Conseqguently, the
device surface region is suljected only to a seall therral

25 perturtstion and, in essence, the bonding is a low stress

" process. This ié.idvantaﬁééus tecause it minirizes
diffusicn of the contact materials and impurities in the
device within the fgéibh of contact and thus does not
alter the local materials properties. This vas

30 demonstrated on InF-Schottky barrier diode structures

wvhich are extremely sensitive tc contact formation induced

damage. _ ¢
The bond dimensions are lirited primarily by the

size of the vire and the dall fcrmed dy the flame. Tre

35 samallest bond-diiensioh easily obtainable appears to be
the vire diameter. The relevant parameters which control
the size of the ball are the diameter of the wire and the



| engt h of the wire exposed to the'flanme i .e., the anount. of material
mel ted. «In practice, the actual contact area is somewhat smaller than th
bal | di ‘ameter. 5 A aximum ball dianeter of approximately 6 to 8 wire & )
di ameters can be fornmed. .The diameter of the wire which is heated is no
criti€al and ‘wires of essentially any sizg may be utilized provided that
theyrare consistent with the requirements®ol the device structure, the
.guide 10 structure and flame.capabilities. In other,words, the desired
'site of the bahgden oag che! vl gerexgoses tbi thedglene,nds ¢ e thprapovat.ec
‘Wi re size. For exas o] ads and devi ces having di nensi ons of
;apprOX|nater‘ﬂb 1&3 ﬂﬂ@sﬂgp Yeadily contacted with 15 the nethod .
Smal | er contacts say be made if desired. Further mdmeprisicticas the gustual

contact areas g (Lot G@UNYe WA FEATESE Elan! BRSOV TH ferer

eans. ormat| on forme

pressing tBe BMIaxtmalsGﬂﬂébNéﬂiﬂﬂﬂﬁuﬁ%g‘BBFP&é!‘ﬁPgW ﬁj to & wire guide
.tip. This steqy f PR U prta& uueruafw the WLPE LaNgeh he
“nmetal alloy naterla

Th t f
easily cont rol-‘-lsedl%t?ﬂegggg';é ey n&*i ‘oﬁ’lg ngrfﬁugil Prﬁs%é\f%cytﬁgn’
_mechzgn: C?' acgilAe YRy b@ﬁulldittw(btm&“ thatatheyamt/erconsistent
- ilities i s ster a
"gggﬁem at ed bf’t%ség§kFH°é‘3‘ﬁ?$We‘ a‘(ﬁ] ?ﬁﬁt H%ﬁgE% %tttatclt\gfr# Jr etigf‘d e
operator agpalEdgdeesries anidniflane ccapubibittess i dAnt nshq:er!mim dfhe he
st dard w t t 3
erheard W ie APEEEeH BN Y ni g dia ({8 0Re 20e il RAIRLEE PN 00T
frhction ofzadx&é:dlanst&meIlﬂ?&ﬂlkﬂ%ﬁ%lV&‘Gf‘!ﬁé°coﬁﬁiﬂ‘%ﬁ&i¥ﬁ!erlst|cs

s limted by dhieegoRSpaldd @hdV ddvibis mi Vengediinddsions of
| approximately 60 to 80 um may de readily contncted with
15 the methed. Smaller contacts »say dbe made if desired.
Furthermore, if still larger contact areas or flat contact
sur faces are desired, the dall may be deformed Dby
mechanical-means. Ibe.deforiation_laykpe.be:fprned by
preséing-the ball tc a suitadble nonbonding surface vith
20 the wire guide tir. 7This step may e executed either
prior to, or after, contacting the metal alloy material.
The positioning of the metal Dball for bonding is
easily controlled by the guide apperatus and is thus
, limited by the mechanical accuracy of the guide and the
~ 25 operator ands/or sachine capabdilities. Of course, this
ster can be autcmated. It will be appreciated by those
skilled in the art that the limitation regarding operator
capabilities is similar to thet present in the oreraticn
of the standard vire bonding apparatus rather than a
30 1limitation unigue tc our method. The actual position «f
the -bond can in practice be controlled to a fraction cf &
. - ball diameter.
Reproduciltility of the cortact characteristics
is 1linited by the cansistency vith wvhich the desired
35S 1length of vire is exposed to the flase, that is, the bsll
size; the quantity of.alloy metal picked up by the dall:;
and precision of the alloyed ball placenent. In practice,



35 .Iength of wire is exposed to the flame, that is, the ball sizeﬁ;' t he .
:.__quai@ty of alloy nmetal picked up by the ball; and precision of the alloyed.

ba | acenent. In practice, -7- the length of exposed wire may be
pres¥sely controlled and the bal | d| mensi ons may be simlarly- controll ed.
The 'quantity of the alloy net aI"pl cked up may be accurately controlled by,-_
t he useheofiengthabf ExpbsydTwing may el pestiselylcoptrot®édlandl theybdkth. 5 N

. betimhatomtophl b S iaRly” BnFol Bl e BiFhny e 188 M RS scens SN O
Conpoumatad epiicked dipc may desatayrateal vf cmrphwbbmqbecmpgtrtetg‘l of Goup I11-V

or O Obiferbtns @F SRTeed etd1 GPTRAUNGgFImeRJUCt ors may be contacted by our
The ua | he el ectrical and physical characterlstlcs of

th cont act 55\"?1 E%Yé’d’ SV“GGrWTét ¥yd ety oy evnfaseey 6Ar @™ ifeer acti on of
t he al twednmtalmaanble tfoemed oh agitthar rmwrsemhconde\pmowl ate alloy systens

whi ch Ik

hoce et s sUEkeLs, ERpLhRR It iy 0 s QNBH JRBR hes £ KO 1O
| i m tagtosp eansd a'émgaoéraram IMTVCWV‘c@roubeIVoondeﬁroup I1Ii-P¥actice, alloys can
be 53'&ﬁfpﬁ@nd’"@bﬁ’fbo‘ﬂéﬂ&o@?aﬁaﬁcb@woﬁﬁ&%d wauﬁm%né& e qUR § tgxpansi on

fic - nt acted surface. The
it9 %Eeuﬁief:?%téa a‘?’]dts)ﬂg“'sdf:ﬂ)f?@%ﬁt@ﬁﬁs@ﬁéb? e§'c")? fOPRGtSex pansi on
coefflfabemta;tetdobgb@urrmathedi ilseprexdnatddcor the mramtmaldby:hend the materi al

SO achfibyed ltal SR G EbiaREed i BETa] 00 MIBE A AR A0 by YLl NI 8 Lhe

al l oy conposition Is. a sel.ect erature thus
agai n Yhighnexdisgfon V@%@éé sef consugtansc and contack E&‘tﬂheaneoml”st rengt h

.depend&own tmhsghalskmeafm e 2t a§d3'fhé@‘%'%t@'i‘é?dr‘e%!s@ntf‘ﬁt@' /all oy \d.

77250 15ty AR LR AR BSPE TER e Rof o, e Pkl norde e by
graans aitTioy s damgbeysledlected which have characteristics, for example,
thermal expansion coefficients, that are similar to those of the
contacted surface. ' The ability to utilize varfous alloy systems
enables thermal expansion coefficients to be matched between the
20 contact alloy and the material -contacted, e.g., semiconductor or
semiconductor metallization, while the alloy composition is also -
selected to minimize bonding temperature thus again minimizing: =
stresses in the device structure. o '
- The bond strength depends on the quality of: the
25 semiconductor/alloy or metal/alloy interaction. It has been found
' that mechanical strength of bonds made by our method are sufficient . _
to permit 1ifting by a force of greater than 7 grams utilizing gold e
wires 25 um in diameter and greater than 12 grams utilizing gold
wires 50 um in diameter. : _ _
30 . Bond failure was: observed to occur by two primary mechan1sms _
first, by the wire parting either at the junction of the wire and
ball or in the main part of

35



mnres 25 umin dianmeter and greater than 12 grans utilizing gold wires 50

um in dianeter. 30 Bond failure -was observed to occur by two
Iprlnary mechani-sns: fjrst, by the wire parting either at the junction of -
the wire and bali-or in the main part of 35 the wire, i.e., ductile -z**;
fracture; and second, by the contact ball material parting fromthe al

' e

which is bonded to the surface region. ﬂdﬂe§|on is influenced by the
~cheni cal*- mechani cal |nteract|on of the contact alloy 5 and the contact

‘materiab. Bond { RE”&#EQ” 434 he bedhu&lherteﬂbeaﬁed WYidUslekbaanodyl wkes in the
COI’lt act i Nng process

. T b
used in an |nteFﬁBGP&Feb§§ 'Bé%ﬁggﬁsgﬂtgéﬂﬂthP' BSyQS?EEu Eﬁﬁh iﬁg?gcte
formation and/omohabweam hm&tsmgfhhc tegione anaheenpacasanna;unncnapbrlt

will be readlly ?gﬁg-&h §ﬁg§@xlnihgegiki1Gﬂyo?etg§eéoﬂkhét0ui1or

met hod. Any net§ are~bon t her noconpr essi on
or uItrasonls bandlmgetcohmnqaesamsyibéoboﬂeéd ﬂPFHaGéPnlsaﬁeéﬁnfﬂﬁéh°r -9

CLAIMS 1. Hﬂ%n e d By W&x&pi@u@C&&hﬁah &ankﬁ%tcbatacsaﬁbce&dueker
devi ce, sald met nprisin orm.n gg end portio mnre

‘used .in maki ng §AﬁdfémébﬁﬁﬂcaF §8ﬁﬁéct113“ §5IF&sénIEP§eaigﬁd BSr Fon
configuration, qgémngnaaﬁoﬂhﬁetlﬁﬂuenbabtb@ deitoreenl zheccoardcponliloy on

T¢he wire p03|t|on% up andg%gg%ict formation and/or betﬁeen,beating the
10 vire and ccntact alloy pickur. ' ' _

It will Dbe readily appreciated that nany
materials may be used with our method. Any metal
materials which are bonded presently by thermocompression
or ultrasonic bonding technigues may be bonded Vith our

15 technigue.



keeping said contact material at a tenperature near its nelting qunt; and

. 77touching said contact material to a desired contact point, said touching

T ocou

g of said enlarged end point configuration and of .said:contact
mat | so as to forman el ectti8al- connection. 2. A nethod as recited jn
claim1, wherein said contact n@igqﬁgﬂ conprises a contact netal. 15
3. A nethod as reC|é % in.claim erein sald contact netal conprises at

| east two et aft dnetho 'H%‘tiHSOF’hJ"I”CJE"E%’dCP‘P\ tagtatm® furt her conprising the
step ofemddohdngter fdbui«:et,DsﬂdEmeﬂd)dOéomaﬁdmgl fermihg onfamaindod as recited in

chaim by MRS 1 3Bb T paTRE ACE RY iRl saidOlTickRfAcgRbEE l2at | on | aver.

erein -said con act pblnt further
coﬁpr|s;ﬁsdaerﬁeme,donudjcnowmcmfiaurmae; adding gecentart auterialayer. 7. A

Fff_-, &Odtrﬁl%af@‘éhiﬁ?eunerﬂ Sbﬂh@n dm‘%ﬁ@'vﬁrﬁa}io‘31§ﬁﬁhecbvdﬁc§tﬁ"cle25 I's sel ected

iR sem conductors. 8. A
met ho 9?%@??@(@%"&%%@31 v#e?e‘qu'pgwugﬁlqear d#tt‘f'gn is a ball
conpr i puing; wudtwchmgreaal cofitack meterdal o a atest el contalcal m 1l or 8, wherein

sai d f%ﬁ‘t”%a???htogb r@’ r?&{”l%ﬁ? r']itn.ohéaatt(ﬁgge mﬁéd’ﬁﬁe&%&é %ﬁ%&‘ﬂidto melt said -

Wre. sard heating is by
exlfosi 4 dt eorsacbpoint and in eeunidnd of setd ealangadandi POt further conprising

t he st@m@éu@d%mna df uaﬁd QohtteidtePiaBabtagitbeforddan  12. A nethod
as recite wherein said contact. - -10- point conprises a

1,
o 141 r iR et £,

2. A method as rec1ted in c1a1m 1 wherein said contact

material compr1ses a contact metal. : : \d
15 3. A method as rec1ted in c1a1m 2, wherein said contact metal
compr1ses at Teast two metals.

4. A method as recited in c1a1m 2 further comprising the step
of adding a flux to the end of said wire.

5. A method as recited in claim 4, wherein said contact po1nt

20 comprises a metallization layer.

6. A method as recited in claim 5, wherein said contact point
further comprises a semiconductor material under said metallization
Tayer. '

7. A method as recited in cTaim 6, wherein said semiconductor

25 1is selected from Group IV and Group III-V and Group II-VI compound
semiconductors.

8. A method as recited in claim 1, wherein the solid end
portion is a ball comrising said wire metal.

9. A method as recited in claim 1 or 8, wherein said forming

30 1s_by'heating to a temperature sufficient to melt said wire.

10. A method as recited in claim 9, wherein said heating is
by exposing to a torch.

11. A method as recited in claim 8, further comprising the
step of adding a flux to the end of said wire.

35 12. A method as recited in claim 11, wherein said contact

'”resg%%}ng in heating a | ocalized area around 10 said contact point and in

_;__;_-______§_____~;_'

R R



13. A net hod as recited in claim12, wherein said contact point further
';_corrpr ises @ seni.conductor materi al under said netallization |ayer.

L?ﬁ

A et hod

as recjted in claim 13, wherein said sem conductor is

ted fromGoup IV and Goup IIl-V and Goup Il-VI conpound
onductors 15. A nethod as recited 1th=clai m 11, wherein said contact

* @

_ powt conpri SGRift %ﬁﬁﬁm@g%h@fﬂﬁ%tmn 1ayer16 A method as recited in
cl ai m 15, vvhererns I'd sem conductor is seete fromGroug |V and G oup
I11-V and Group 114 c‘oﬂﬁﬂl?ﬂda%é'ﬁFi:‘E%‘db'&tcc}P&“ 7. whepeimsaed) cq8tacdci ted in

- claim 4, \Aher@nmnsefudtmnémwm at sendopridus esr Mmas@rfiat amdleetsaid 15

18.

sel ected from
sen conducbors.

A rret hod

| aim 17, wherein said sem conductor is
afﬁ%ﬁfo ‘&{}&? I11-V and Goup Il-VI conpound

19. 14 A Arie thed as reetteadedn iciat® d8muwhenptt 62td sai d addi ng a

contact netal sahfdbnddry s sePeiraql #rd Ghﬁpeflﬂ aﬁ@rdﬁoﬁiﬁ' MILY AdBHougn 20

bat h.
nmet al

20. A as rerte In claim4, wherein said adding a contact
et '

step i

SO c?‘?"ﬂfjmfdr'fé ¥ portion with a molten bath. 21.

A

met hod of maki ng alSel ecmethodl axoetbied $nledatmtll alvherain 2aid cbetazitnbef ore
-described wt raogﬂ %BEﬁﬁ?eEC’a Egrﬁic%ﬁﬁr%‘f@@f‘yi ng draw ngs. 30 35 K&/ BG

10

15

20

25

- 30

35

16. A method as recited in claim 15, wherein said
semiconductor is selected from Group IV and Group III-V and Group
II-VI compound semiconductors.

17. A method as recited in claim 4, wherein said contact
point comprises a semiconductor.

18. A method as recited in claim 17, wherein said
semiconductor is selected from Group IV and Group III-V and Group
1I-VI compound semiconductors. '

19. A method as recited in claim 2 wherein said adding a
contact metal step involves contacting the end portion with a molten
bath. e '

20. A method as recited in claim 4; wherein said adding a
contact metal step involves contacting the end portion with a molten
bath.

21. A method of making an electrical contact substant1a11y as
here1nbefore described with reference to the accompanying drawings.

KGJ/BG
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