21/ 10/ 2004 1 "Formng an el ectrical contact on an el ectronic conponent."
This invention relates to a nmethod of formng an electrical contact on an
el ectroni c conponent, such as the sem conductor chip or substrate of an

el ectroni ¢ conponent package, particularly for application in flip-chip
technol ogy. Wth the increasing density of devices on a sem copqpgigpy chip
and ever nore conplex applications there is a need to formever smaller
and nore precise electrical connections when packagi ng such sem conduct or
chips, especially nediumand higher end products wi th high input/output
counts. |n of®rewg anmelestradal gentaction eh elactriopid cayopensnt.’ons i n packaged

el ectronic conponents are nmade using electrical contacts in the form of
sol der bunps which are deposited by a sol der deposition process on contact

pads of one pf.. - conmp nts to_be int onnect ed, . the sol der deposition
process requﬁl”lﬁrilé\{\'g%tﬂ) irgﬁ%'?fl ?%ﬁng}ﬁ%l?(géﬁ;fod’ﬂﬁgg %E}?cg—éc h‘?niﬁl‘?rgé"ﬁ on of
a maski ng resj : bt f 19]51&391- 6 t on:0ef.i i pelivi dual
| ocati ons af‘élé f% 93%?{3%? rt’u%%gl gi;sehpsg Sge epoggotre@}'BThfe%ﬁlgé i?[ﬁg8 é’{l}\éer
then has to dlectesiiseaoripohnt rHERNEE FPak@ulaite $& djplRagoRean faReRipt ed on
the surface. In another known nethdd, "sol der paste i's screen printed on the
cont act paddsedinolagx.onponent using a netal nmask. The use of such netal
masks means that accurate alignnment techniques are required to deposit the

paste on individual pads and the chance of bridging between pads increases

as the itchwd ClLeases. . . . . .
P ith the increasing density of devices on a semiconductor chip and ever more

complex applications there is a need to form ever smaller and more precise
electrical connections when packaging such semiconductor chips, especially

medium and higher end products with high input/output counts.

In one conventional method, electrical connections in packaged electronic
components are made using electrical contacts in the form of solder bumps
which are deposited by a solder deposition process on contact pads of one of
two components to be interconnected, the solder deposition process requiring
special alignment techniques, such as the application of a masking resist to the
surface of the component to define the individual locations at which solder
bumps are to be deposited. The masking layer then has to be subsequently

removed after the solder has been deposited on the surface.

In another known method, solder paste is screen printed on the contact pads of
a component using a metal mask. The use of such metal masks means that
accurate alignment techniques are required to deposit the paste on individual

pads and the chance of bridging between pads increases as the pitch decreases.



21/ 10/ 2004 2 In yet another known process for meking electrical
connections, a contact on one conponent is connected to a netal stud on
anot her conponents using an electrically conducting adhesive nateri al

whi ch contains netal particles. Because only a few of the netal particles
in the adhesive material make an electrical connection wth $)¢po8opd. the
el ectrical resistance of such an connegﬁi on is rather high. Wth the ever
smal | er size, higher packing density and“conplexity of sem conductor
devices in sem conductor chips, the electronic conmponent packagi ng

i ndustry i s Innyateamitheyl kndvei prpdess o miaking blectrenatl conngntions,da contast ovl osel y
packed el ectrical connections of snmaller and smaller area whil st .

mai nt ai ni ng AecaNpeRant ds icopseated toa matpl ishrdgpianpther coRPINEATS RGN

Crondi |y SHAPRRENTY aspeusroer aiess SHAFET rAtcBa PPy kiRt HREIHR ne ,
the el ectri galo, oSl ANy ofifie TRERPRLARIeSH BOLANG WFBHSHARL LW |1ty

of such joints ctro-mgratio re bécomng I ncreasi ngly 1 nportant

factors. |t digctHesI0®oRAedtitiy Qfith NBleY shidO Ul SRITRidA fRIshrRatl bff afchohn
connections of the required small size and at the required snmall pitch

usi ng t hese domaattiore 3Ntk high.f or m ng techni ques. For exanple, it is
extrenely difficult and relatively expensive to form sol der bunps by
conventional nethods with a bunp size of 75 gmor less at a pitch of 125
mor less. |5 is an object of the present invention to provide a nmethod of
]9 orming an thth the ‘ever smaller size, %Jgher packr}ng denSQty and comp?exrcy oth
semiconductor devices in semiconductor chips, the electronic component
packaging industry is increasingly being faced with the need to provide more
closely packed electrical connections of smaller and smaller area whilst

maintaining the electrical isolation and integrity of the individual connections.

Because the required dimensions of solder joints are therefore steadily
shrinking and solders have an intrinsically low melting point, the electrical
resistance, the mechanical strength and the susceptibility of such joints to

electro-migration are becoming increasingly important factors.

It is becoming increasingly troublesome to form satisfactory connections of the
required small size and at the required small pitch using these known
connection-forming techniques. For example, it is extremely difficult and
relatively expensive to form solder bumps by conventional methods with a

bump size of 75 um or less at a pitch of 125 um or less.

It is an object of the present invention to provide a method of forming an
electrical contact on an electronic component which enables strong, low
resistance connections of high integrity to be reliably constructed with a size of

100 pum or less and a pitch of 150 pm or less.



el ectrical contact on an el ectronic conponent which enabl es strong, |ow
resi stance connections of high integrity to be reliably constructed with a
size of 100 gmor less and a pitch of 150 gmor |ess. 21/10/2004 3
Accordingly, in one aspect, the invention provides a nethod of constructing
a an electrical contact on an el ectronic conponent, conprisifggiQsdi ng a
protrudi ng electrically conducting core gn the conponent at a site where an
el ectrical connection is to be made, and~di pping the core in nolten sol der,
Wi t hout using a mask, so that the solder adheres to the core and forns a
sol der  bunpActordingly, dneonel aspeob tthe inesitient provides ianmetitddoof porswiuddag a

met hod of electrically interconnecting two electronic conponents,

conpri si ng far Blosdrical” eoniaet pRafn lectronic epMpoReHL: SOMPSSNDHPrOYIdng at he
conponent s usbgﬁgthe nethoﬂyof the. invention and form ng a bond between

the el ect ri dAPUBGMEEECtiralyseandugting $ore onothe cqmpoRent at i, site, pyhgre an

conponent . | £ Lhr t | hventy | e nj
component et EOfecRBRSE o bAubdh g AIbgRRE he/Sre T ShoY RBldis

met hod of t NgithGWMARTASR Ak, sBaNAtNe oRTcPalHEHE Yo %&ﬁ%{e'eﬁfﬁ' fofms gL N9
core and a solder bunmp fornmed on and adhering to the core. In yet another
aspect, the bumgohithéicgreovi des an el ectroni ¢ conponents package conpri sing

a sem conductor chip and a nounting substrate, in which one of the chip
and the substrate is a conponent having electrical contacts forned in

In another aspect, the invention provides a method of electrically
interconnecting two electronic components, comprising forming an electrical
contact on a contact pad of one of the components using the method of the
invention and forming a bond between the electrical contact thus formed and a

contact pad of the other component.

In a further aspect, the invention provides an electronic component having an
electrical contact formed in accordance with the method of the invention and
having a protruding electrically conducting core and a solder bump formed on

and adhering to the core.

In yet another aspect, the invention provides an electronic components package
comprising a semiconductor chip and a mounting substrate, in which one of the
chip and the substrate is a component having electrical contacts formed in
accordance with the method of the invention, and the other of the chip and
substrate has contact pads bonded to the electrical contacts of the one

component by the solder bumps of the contacts.

In order that the invention may be more readily understood, an embodiment
thereof will now be described, by way of example, with reference to the

accompanying illustrations, in which:



accordance with the nethod of the invention, and the other of the chip and
substrate has contact pads bonded to the electrical contacts of the one
conponent by the sol der bunps of the contacts. In order that the invention
may be nore readily understood, an enbodi ment thereof will now be

descri bed, by way of exanple, with reference to the acconpanyjmg004
illustrations, in which: 21/10/2004 4 Figure 1 is a plan view of an

el ectroni c conponent enbodying the present invention in the formof a
sem conductor test chip having electrical contacts formed by a nethod
enmbodyi ng t Hégirey énisi @mplarFiview eof2an slectsingn coinpenoit embodyingathe preserite

el ectroni c conponent on an enlarged scale, show ngﬁt he fine pjtch which

can be achi epEentign ihéhsriemmp @t & perBispnAdcton dest phim havmgnelecisical septasisnt

el ectrical cgntacts in row.of. such .contacts; Figure 3 is on a still

| ar ger scal ef%ﬁlﬂﬁﬁi’ﬁ&/%leﬁwg qhodying the AU el ectrical isol ation which
can be achi eved between adjacent electrical contacts forned in accordance
wi th the nethod enbodying the invention; Figure 4 is a view from above of a

row of el ectpigGaRl 2cRNE38IRA YiewBE thY subfice BT HRJeREREA! SempbierR’ &5 ant

invention; Figures 5 is a schematic representation of a solder bond forned

between a saidafgedtsealendhowagniteofidegiich which ¢i bg aghiestd dbiyr theahethodt act
provided on the chip by the nethod enbodyi nclJ t he present -invention;
embodying the invention between adjacent electrical contacts in a row of such

contacts;

Figure 3 is on a still larger scale and shows the integrity and good electrical
isolation which can be achieved between adjacent electrical contacts formed in

accordance with the method embodying the invention;

Figure 4 is a view from above of a row of electrical contacts formed by the

method embodying the present invention;

Figures 5 is a schematic representation of a solder bond formed between a
substrate and a semiconductor chip using an electrical contact provided on the

chip by the method embodying the present invention;

Figure 6 is a cross-section taken through an electrical contact formed by the

method embodying the invention; and

Figures 7 and 8 illustrate the results of shear testing an electrical contact of an
electronic component provided with such contact by the method embodying the

invention.



Figure 6 is a cross-section taken through an electrical contact fornmed by
the nethod enbodying the invention; and Figures 7 and 8 illustrate the
results of shear testing an electrical contact of an electronic conponent
provided with such contact by the nethod enbodying the invention.

21/ 10/ 2004 5 I n one enbodi ment of the nethod of the present igyﬂ@yzqm,
protruding electrically conducting core§ in the formof solid netal studs
1 (see Figures 4, 5 and 6) are fabricated on contact pads 2 of a

sem conductor chip 3 which is to be electrically interconnected with a
nmount i ng sublst rosee emblodohemtapf btheamethgdinof the upsesemtt énventionheprotradingct ur e
of a packaged el ectronics product. The contact pads 2 are commonly nade of

al umi ni um orcledpsally sprdustingroses m theferm efselid m&t@l"ﬁtb@thél(sﬁlgﬂr@ﬁs.5 The
d f d f d_wi f 25 4.m dianmet 1o, t

cont act padsiEy ST 0Bt p fonfel M%e@é,c?mrﬁ%ﬁé{or%ﬁ%%&uﬁwieﬁ uds
b i . 3 . i B e

o aine At nadgprieRly iiteieo e SRl » MR wbia hic el B A eteihlc, e o

arrays, bot hubseR! ifiHe iR dheBRS bPApackaled @é&m&ggmgﬁc{ Y eaﬁtge't The

projecting gold studs 1 thus fornmed on the contact pa 2 are then brought
I nt o cont actpatisthaaonenosyl ede of slundnimp be cOypetiapdimagy possibly Vedwiatdaat h,
whereupon it is found that the sol der selectively wets and adheres only to
the studs awitthnether anatprals: Ade stndad ofe formek nfiwon@odd ovire ifp234 T s
sel ective tting of t er{ﬁtal st uds bgthe sol der effectively .
sel f - al i gnesdigmetd seguied to the contact pads by means of a conventional wiré bonding
technique. The studs may be coined after they have been formed on the chip or
may be left plain. Although the stud configurations shown in the drawings are

linear arrays, both linear and two-dimensional stud arrays may be fabricated.

The projecting gold studs 1 thus formed on the contact pads 2 are then brought
into contact with molten solder, for example by dipping in a solder bath,
whereupon it is found that the solder selectively wets and adheres only to the
studs and not to the other areas of the semiconductor chip 3. This selective
wetting of the metal studs by the solder effectively self-alignes the solder
deposits without the need for any additional alignment steps, such as the
application and development of photo-resists or application of some other kind

of mask, e.g. a metal mask.

Figures 1 to 5 show the electrical contacts 5 which are formed after dipping in
molten solder and which comprise solder bumps 4 deposited on and adhering to
the gold studs 1 fabricated on the aluminium pads 2 of the semiconductor test
chip 3. As will be seen from the Figures, the solder only wets and adheres to the
gold studs 1, leaving the aluminium pads 2 and the passivation surface 6 of the

semiconductor chip 3 free of solder.



deposits without the need for any additional alignnent steps, such as the
application and devel opnent of photo-resists or application of sone other
kind of nmask, e.g. a netal mask. Figures 1 to 5 show the electrica
contacts 5 which are fornmed after dipping in nolten solder and which
conpri se sol der bunps 4 deposited on and adhering to the golg/3b0d¢841
fabricated on the alum nium pads 2 of thg sem conductor test <chip 3.

will be seen fromthe Figures, the solder only wets and adheres to the
gold studs 1, leaving the alum niumpads 2 and the passivation surface 6 of
the seni cortigutesr2 ehiPB showedbabtlestricadcontacts1 H/f200dd 6n Ficgordasce wdthda3 show
that electrical contacts 5 fornmed .in accordanpce wth nmet hod, enbodyi ng
the inventi dRethey asabadying gha HB’anOBIIB%Sé%E rfégll'l?ﬁt?‘}/ iB §10SGEPTORBINAP ORI | St

)0 Q00 LR 0 G54l e EUAARE LB i dne
a dinensio a?ficﬁér,{?ﬁ?@fég@eaﬂ@? 'sho@! fdt YoitAoN s ang{)fgl%g ggféiipg%ﬂe[lgiﬂ?ﬁt ween

the sol der “bunps, unp di mensi on belng conpar er than

those achi eyalhsioBYofl TRuKNOMbE FARRASCKREWHHbHEMY 01866 BYing MRHeé@Ltheoni C
conponent packaging industry. Figure 4 shows that sol der can be

sel ecti vel y sidqgershumps, whishbygap dliaensioacheing coniparitdp tpaort betfer tthan gedsd st ud
1. After formng contacts 5 on a test chip 3 as described above, the chip
was assenblashistiable by gheoknovin pracessesecurrantiyeussyl bymiheteh¢atraniel comppuentout put

pads 8 packaging industry.

Figure 4 shows that solder can be selectively deposited with good accuracy on

the top part of the gold stud 1.

After forming contacts 5 on a test chip 3 as described above, the chip was
assembled with a substrate 7 (see Figure 5). To this end, input/output pads 8
provided on the substrate 7 are masked with a solder mask 9 and joined to the
solder bumps 4 of the electrical contacts 5 of the chip 3 to form solder joints
which electrically interconnect the pads 2 and 8 of the chip 3 and substrate 7 as
desired. In the resulting assembly, the solder bumps 4 of the chip contacts 5
formed a robust metallic bond with the input/output pads 8 of the substrate 7.

To test the reliability of the interconnections, the electrical contacts 5 were
subjected to a microscopy study and shear tests were conducted on the
electrical contacts using an ASTM (American Society for Testing Materials)

standard method.

Figure 5 shows a schematic cross-section through the electrical contacts 5
formed on the chip 3 by the studs 1 with the solder bumps 4 adhering thereto.
The shear tests revealed that the contacts had shear strengths well above the

minimum acceptable value. Moreover, as illustrated in Figures 6 and 7, the



provi ded on the substrate 7 are masked wth a solder nask 9 and joined to
the solder bunps 4 of the electrical contacts 5 of the chip 3 to form
solder joints which electrically interconnect the pads 2 and 8 of the chip
3 and substrate 7 as desired. In the resulting assenbly, the sol der bunps
4 of the chip contacts 5 fornmed a robust netallic bond with $80/2004

I nput/out put pads 8 of the substrate 7. Jo test the reliability of the

i nterconnections, the electrical contactS§ 5 were subjected to a m croscopy
study and shear tests were conducted on the electrical contacts using an
ASTM (Arer i csheaiStesteapplied tadbe icogtavks &rieailégd i tfeavtianesl GrecturdingFatgthee 5
shows a schemati.c c¢ross-section through the electrical contacts 5  forned

on the chi p Btesiace hetweenthe chipinads Heard theesilipenrpt the a@n@pnﬂgcltlsméh@t . hThe
h t est led that .th tact h h t th t
o s R SRS RS PR TR 1B GRS T

occurring aThet  Ara i PR A F el dlERp BRbE o' Rtk T el AR’ of “The

sem conductor chip 3, suggesting the existence of a very robust interface
between the electrical contacts 5 and the pads 2 as well as strength

Wi thin the cWhilstinsth abbeadlesoritred étfibddimenntHehslecthiorlecaiesas akefdrmetioi ment
the electrical contacts are formed on a sem conductor chip they could, of
cour se equald semisohdueter chip they coulds tafanoarseoequahlyshamforotedeon teesubstratec
conponent with which a solder joint is to be, foinn%d. ..

or on some other electronic component with which a solder joint is to be

formed.

Although the studs in the described embodiment are made of gold, this is but
one example of an electrically conducting material which can be used to form
the solid core of a solder contact embodying the invention. In particular, wires
of copper, silver, platinum, palladium or nickel or their alloys may be used to
construct the electrically conducting studs on which the solder bumps are
deposited to form the electrical contacts. Furthermore, it is envisaged that wires
made of any other suitable material coated with gold, copper, silver, platinum,
palladium or nickel or their alloys could be used to construct the electrically
conducting studs. Moreover, it is envisaged that a plurality of studs may be

stacked by wire bonding to increase the height of the resulting solder joint.

The formation of the solder bumps on the electrically conducting studs may be
performed using any suitable process, such as dipping in a solder bath as
described above or, for example, by wave soldering. If desired or necessary in
any particular case, the studs may also be contacted with the solder a plurality

of times in order to build the solder bump up to a required size.

It will be appreciated that electrical contacts embodying the present invention

can be fabricated at relatively low cost using only equipment which is already



Al t hough the studs in the described enbodi mrent are nmade of gold, this is
but one exanple of an electrically conducting material which can be used
to form the solid core of a solder contact enbodying the invention. In
particular, wires of copper, silver, platinum palladiumor nickel or
their alloys may be used to construct the electrically condugiipggeyuds on
whi ch the sol der bunps are deposited togformthe electrical contacts.
Furthernore, it is envisaged that wires "made of any other suitable
material coated with gold, copper, silver, platinum palladium or nickel
or their alld8dardin thepelecisenic component paskaging isthesty. ilo addifione trechpddérng
studs. Moreover, it is envisaged that a plurality of studs pay be stacked
by wire bond?HBPY 8 MQ%OP e gldg by %ﬁelfﬁﬁgmgmrppf#@ which @bviatesthe The
formati on of the sol der bunps, @en the .el ectricall nducting stuygds y be
per for med usiS5Y €Y% H}atsg%lrt@ dﬁflgge@g,log%bqpsagfah}%ﬁ@ﬁar ﬂﬁp%s“goﬁ‘a atbg't%h as
descri bed a r . I { . I . essary
BAYE R of éﬁﬁc&tﬁ%e%gcog%téf\@‘iﬁ fadt sg&blé?g? gé:l% é%‘%v%hb{ ﬁlqp%&l

in any particular case, uds may al so be“co he soFder a
plurality ohethodgs in order to build the solder bunp up to a required
size. It will be appreciated that electrical contacts enbodying the present
invention can be fabricated at relatively | ow cost using only equi pnent
which is already 21/10/2004 8 standard in the el ectronic conponent

packagi ng i nHagssg of| gordants temhodying the inkentiop .erabdlesr theotapmation dfohighhe

Gef i me t ho | SaEbrnsh (HEEo Aol SYPE < Wil clgFRicalneonHEn gV DE &
fabricating &R GRA 8FYS fh b lRC bud'ERhE cohibibli 2eGRPSE tne! ARAEnGREA! | N9
support provided by the solid stud itself and a measure of solute alloying of the
stud material which occurs when the molten solder is deposited on the stud. The
solute alloying of the stud material into the solder of the solder bump also
enhances the resistance of the contact to electromigration, a potentially serious

problem as the size of solder joints decreases.

The high strength and the integrity of contacts embodying the invention
significantly reduce the chances of the contacts collapsing during assembly, one
of the main factors in reducing yields in the electronic component packaging
industry. Moreover, the method by which such contacts are formed means that
solder bumps having dimensions of 75 pm or less can be reliably produced at a
pitch of 150 um or less, thereby allowing the input/output counts of packaged

semiconductor chips to be increased.

It is envisaged that, where the component on which the electrical contacts are to
be formed is a chip, it may be advantageous to form the studs on chip before a
semiconductor wafer incorporating the chip is diced to separate the individual

chips contained in the wafer.



met hods. The use of contacts enbodying the invention enables the formation
of high strength bonds during assenbly, even with electrical contacts
having a dinmension of 75 mor |ess, due to the conbined effects of the
mechani cal support provided by the solid stud itself and a neasure of
solute alloying of the stud material which occurs when the "?hh%@o?ﬂ' der
is deposited on the stud. The solute al}oying of the stud material into

t he sol der of the solder bunp also enharices the resistance of the contact
to electromgration, a potentially serious problemas the size of solder

j oi nts decr daste. pidsenthspgvificationgt domapdse’hmeamd Egrcludesodr comists taf™ eamdodyi ng
the invention significantly reduce the chances of the contacts collapsing
during assentSOyIprisie"” meanshangludingfercaopsisting oféduci ng yiel ds in the

el ectroni c conponent packagi ng industry. Moreover, the nethod by which
such contacts are formed neans that sol der bunps having dinmensions of 75 m

o1 1 ow mg- ¢ her s, KRR s cRi@ 15 Bfe BorcBoinf? d&riBliod o MedbiioRTR B oot
i ncreased. |iheiascEMpi ﬁﬁﬁggh&vgfeﬁgfs,or@ﬁ}gfgﬁ’sédhﬁ ﬁ]ﬁ{f@éﬁfﬁc Wﬁi fehfs of a

el ectrical contacts are Is achip, It m advant ageous to

form the st ussamn fehiperfoehbiee the disitose duedtivn, V& & miefR) P8I gioces Fhe chip

is diced to separate the individual chips contained in the wafer.

21/ 10/ 2004 attaminge ther elisohosedpeesult, cast iappropriateyr nsy, separately rorl irdemmyor

consists of' and . o .. . ..
combination of such features, be utilised for realising the invention in diverse

forms thereof.



"conprising” nmeans "including or consisting of'. The features disclosed in
the foregoing description, or the following clains, or the acconpanying
drawi ngs, expressed in their specific forns or in ternms of a mneans for
perform ng the disclosed function, or a nethod or process for attaining
the disclosed result, as appropriate, may, separately, or in #0Y0/2004
conbi nation of such features, be utilis%ﬁ for realising the invention in
diverse forns thereof. 21/10/2004 10 CLAIMS: 1. A nethod of constructing
an electrical contact on an electronic conponent, conprising providing a
protrudi ng €lleAilMScal | y conducting core on the conponent at a site where
an interconnection is to be nmade, and dipping the core in nolten sol der,
wi t hout using a mask, so that the sol der adheres to the core and forns a
sol der bunmp on thg core. A et hod accor to cl

5 ; ; di

forning the el ect/ti RGHQH o fORSHVCHPE Ak ‘ﬂ%/cqaﬁlaé’ﬁfl I Pa%%glgra%{zé‘la&go t he
. ! e & ne

cocording ¢ ouErehh Colfififng biGvitiHeCh BRORRAR Weckdodi, O6ndMHifie cdre buTP! 120

of the CONPGRAERbmPNYAY R aPQRANVAEke oh inferbBiilRHoASE RS B ffadE Carfd @ib?‘lﬁlgg ®e 3,

conprising coining the netal stud after it has been forned on

cErrponent . Tordimehdicsh esider, ovitlgout isanpy a pnaske db rthatcthai soldercadbieresi togthkor m ng
t he
core and forms a solder bump on the core.

2. A method according to claim 1, comprising forming the electrically
conducting core by attaching a metal stud to the component at the site where

the interconnection is to be made.

3. A method according to claim 2, comprising attaching the metal stud to a

contact pad of the component by wire bonding.

4. A method according to claim 2 or 3, comprising coining the metal stud

after it has been formed on the component.

5. A method according to any preceding claim, comprising forming the
electrically conducting core from a material selected from the group consisting

of gold, copper, silver, platinum, palladium and nickel and their alloys.

6. A method according to any one of claims 2 to 4, comprising forming the
metal stud from a length of wire which is bonded to a contact pad of the
component and which is coated with a material selected from the group
consisting of gold, copper, silver, platinum, palladium and nickel and their

alloys.



el ectrically conducting core froma material selected fromthe group
consisting of gold, copper, silver, platinum palladiumand nickel and
their alloys. 6. A nethod according to any one of clains 2 to 4, conprising
formng the netal stud froma length of wire which is bonded to a contact
pad of the conponent and which is coated with a material sel §f1:,tlggzdd4omthe
group consisting of gold, copper, silver, platinum palladiumand nickel
and their alloys. 21/10/2004 11 7. A od according to any precedi ng
claim conprising formng the solder bunp by dipping the electrically
conduct i ng chre iAtmethodaadrondingoto enmy predadieng chimd comtprasingsfoomitignthet o any
one of clains_ 1 to 6, conprising formng the solder bunp by wave

sol deri ng. 9301d$rnlﬁtfhbd>YO‘ﬂlppmgeﬂl@(ﬁiﬁ@tlﬁaﬂg conduddingceorerinto & Mafonémalten
conpri sing C{Sﬁ(ﬁm ng an electrical contact by the nmethod of any preceding
claimon a Hct  pad of one of the components and formng a bond between
the contact thus fornmed and a contact pad of the other conponent. 10. An
el ectroni c conponent having a contact which is formed by the nethod of any

one of claing 1 tA fethbddaclbrdiEhf éfry'bﬁ'e 89815%?@%0@\6&%@%&%% chis

formed by a protruding electrical conducting coré an unp
f ormed on arubld@cﬁimﬁpbgwa@etsbﬁj@mge, in which the core of the contact is a

metal stud formed by
9. A method of interconnecting two electronic components, comprising
forming an electrical contact by the method of any preceding claim on a contact
pad of one of the components and forming a bond between the contact thus

formed and a contact pad of the other component.

10.  An electronic component having a contact which is formed by the

method of any one of claims 1 to 8.

11.  An electronic component having a contact which is formed by a
protruding electrically conducting core and a solder bump formed on and
adhering to the core, in which the core of the contact is a metal stud formed by

a length of wire bonded to a contact pad of the component.

12.  An electronic component according to claim 11, in which the material of
the metal stud is selected from the group consisting of gold, copper, silver,

platinum, palladium and nickel and their alloys.

13.  An electronic component according to claim 11, in which the wire is
coated with a material selected from the group consisting of gold, copper,

silver, platinum, palladium and nickel and their alloys.
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contacts by e con
component is a substrate.

16. A electronic components package comprising a semiconductor chip and
a mounting substrate, in which one of the chip and the substrate has electrical
contacts formed in accordance with any one of clairns 1 to 8, and the other of
the chip and substrate has contact pads bonded to the contacts by the solder

bumps of the contacts.



