ﬁEN!CONDUETCE DEVI CE The present invention relates to seniconductor devices °
aving a bonding site at which a wire is bonded to a bondin

semiconduct or devices, it is usual to use gold (Au) or alun?n?%ﬁﬂgkﬂ%—&ﬁée .
fgiiyorning el ectrical connections between the respective bonding pads of a
S conductor pellet and a lead part. Fbmeyer, gold wire is expensive: wre
i's used in increasing ampunts acconmpanying the trend toward high density
sem conduct or devices and the i ngeg3soR@erdrIBeYegEee of integration, and
the manufcturing cost has inevitaggg—rncreasedf'ﬁﬁuniniun1is relatively
-inexpensive, but ijnLo5Foiast B ¥ioRNsel sttt W doitddh dwd tdLsd év 1Dsis ded
sem conduct or devi ces. It is therefore desirable to find a suitable
alternative Wdeingt & i Bbnihak i sibet at nexpehsivewdmre cbsr dsiroded esiost ant .
The inventors have therefore considered using copper (Cu) wire, because it

I S i nexpensi womshihghasadood corrosi on resi stance. In a first aspect,
therefore, - the present invention proposes a semn conductor device
conprising a sem dohRRRBFOHINGERT dehees valt off 4R Y raetF OB 4 FAY)

rfa f the pellet, . t al, bondi f or.nmed h ' ion, fi
S o e PEhueharRa T O BB fok Bl (LR el on: Sy
ead,  and nesin. sRoapst! aLLAA G Pepbll kAR SIorA 0Tk ddd Bpddieor

bondi ng pad, e Wre and part of the wherein the wire Is of copper
and has a baldePQId i G0y W thefa B&FOYiI ckers hardness

However, gold wire 1is expensive: wire is used in

U

increasing amounts accompanying the trend toward high
density semiconductor devices and the increasingly high
degree §f integration, and the manufcturing cost has
inevitably incregsed. Aluminium is relative;y inexpensive,
but it corrodes readily, and is not sﬁitable for resin
moulded semiconductor devices. It is therefore desirable
to find a suitable alterﬁative wire material that is both
inexpensive and corrosion resistant.

The inventors have therefore considered using cbpper
(Cu) wire, because it is ineipensive and has good corrosion ¢
resistarnce. In a first aspect, therefore, the present
invention proposes a semiconductor device comprising a
semiconductor pellet, a passivation film formed on a first
surface of the pellet, a metal bonding pad formed on the
passiv;tion film, a lead adjacent the pellet, a wire
connecting the bonding pad and the.lead. and resin
encapsulating the peilet. tﬁe passivation film, the bonding
pad._the wire and part of the lead, wherein the wire is of

copper and has a ball portion with a microvickers hardness



. .
2 of less than 65 at the bonding pad. Also, in a second aspect, t
present invention proposes .a nethod of formng "a sem conductor agxice
gopprising: formng a passivation filmon a first surface of a

sem conductor pellet; formng a netal bonding pad on the passivation film

| ocating a | ead adjacent the pellet, connectpng a wre between the | ead and
t he bondi ng pad, the wire being of copper and having a ball portion with a
m crovi ckers haod#neessothkeesé65t Bant6® bbntiiegbpadi ng pad; ahd encapsul ating
the pellet, passivation film bonding pad, wire, and part of the lead in
resin. An enbodi nent Adsaheiimvantorenl| [esROcbe. thescPineEenth davgntiqy
way of exanple, with reference to the acconpanying drawings,. in which: Fig.
1 is a secti onaPT@PKF i ¢h BRI cﬁ@ﬁaﬁ%gﬁﬁééa efi58di ugfor device

sem conduct or dgvim%lgigg%gr,di ng to the present invention; Fig. 2 is a
sectional view SRO ng, ©n an enlarged scale, a wire bonding portion of the

sem conduct or devi ce gglpkhg. ol pg%‘?.vaﬁiéﬁd 413 Cofll QUTAIE f CSRRFLALYCLY o

illustrating the fornmation of a on the copper wire and bondi.ng using
ul trasoni c wavegend@8nductor pellet;

forming a metal bonding pad on the passivation fiim;

locating allead adjacent the pellet, |

connecting & wire between the lead and the bonding
pad, the wire being of copper and'having a ball portion
with a micféviéke?s:hardnesé'of less than 65 at the bonding
pad; ahd

'encapsulating the pellet, passiQation film, bonding
pad, wire, and part of the lead in resin.

An embodiment of the invention will now be described
in detail, by ﬁay- of example, with reference to the
accompanying drawings, in which:

'Fig. 1 is a sectional view which shows schematically
‘an embodiment of a semiconductor device according to the
present invention;

'Fig. 2 is a sectional view showing, on an enlarged
scale, a wire bonding portion of the semiconductor device
of Fig. 1; ‘ |

Figs. 3 an& 4 are diagrams respectively illustrating
the formation of a ball on the copper wire and bonding
usiné ultrasonic waves; and

Fig. 5 is a diagraﬁ showing the relationship between

the purity of copper wire and the bonding



<22£>. 5 is a diagram showi ng the rel ationship between the purity of copper

e and the bondi ng -3- damage occurrence percentage. Referring first
to Fig. 1, a semconductor device has a sem conductor pellet 3 attached to, ,
a tab 2 of a copper alloy lead frane by a junction | ayer 4 conposed 5 of a
adhesive, for exanple an eutectic of gold-silicon or silver-epoxy paste. As
shown in nore detail in Fig. 2, a bengling pad 5 of the pellet 3 is conposed
of dlum niumwhile a bonding wire 6 is conposed of copper. The pad 5 of
pellet 3 is electrically connected 10 via the bonding wire 6 to an
alumniumfilm214 formed on an inner |lead portion 7 of a lead 1. The film
14 may be pl 46B39IRi PRCYBFENCS| PEFeBFaEdpper. After the wires are bonded to

the pad, the pellet_3 bondinﬂ_mﬁres 6_ and {he li ke, are nDuIdeg with a 15
plastic resin 8. WEReFEFBRehtESEot®iHtd- 3l arfli MBI PhedFV LES 6

wre by an ohed b somreenargeoPnae aber e RaTiRch ThR 2rdto? the vire:
Coner. "t " SPERe Rt 1akashoil spcy il gheckinde £ nblec [
later, the bkl aROkkheifa, agsHNBRamplar siesstast iab e dOTabordiogn
or silver-epoxy paste. As #hown in more deﬁail in Fig.
2, a bonding_pad's of the peliet 3 is composed of
aiuminium'while a bonding.wire 6 is compoéed of coppér. g)
The pad 5 of pellet 3 is électrically connected
10 via the bondin§ wire é to an aluminium film 14 formed
on an inner lead portion 7 of a lead 1. Thehfilm 14
may be plated with gold, silver or copper.
After the wires are bonded to the pad, the pellet
3, bonding wires 6 and the like are moulded with a
15 plastic resin 8. With reference to Figs. 3 and 4,
to bond the wire 6 according to this embodiment, a
ball portion 6a is formed at the end of the wire by an
electric discharge that takes place between the_end of
the wire 6 held by a wire bonder (not shown) and an
20 electrode 9 of the wife bonder. By selecting the
material of the wire 6, as will be described later,
the ball portion 6a assumes a hardness suitable for
bonding.
Using an ultrasonic bonding tool 10 which is
25 shown in Fig. 4, the ball portion 6a is pressed onto
the aluminium pad 5 on the pellet 3, and is firmly

bonded thereto by ultrasonic vibration.



TR
Usi ng an ul trasonic bonding tool 10 which is 25 shown in Fig. 4, the b#
portion 6a is pressed onto the alumniumpad 5 on the pellet 3, and is
fiﬁgly bonded t hereto by ultrasonic vibration. -4- The ball portion\6a
whi ¢h is pressed forns a bonding portion 6b. The bondi ng portion 6b covefs
the al um ni-um pad 5 that is exposed through a window in a final passivation
film1l3.° 5 In this enbodinent-the-wire 6 is refined to a purity of
99. 999% by wei ght or higher by the zone refining nethod and/or by
el ectrolysis, and the ball portion thereby consists of copper of which the
m crovi ckers hardness (MHv) is controlled to lie 10 within the range of 35
to 65 (at 5g.f). By fofhenhaddppertipnebpawhhep ol sharnpssed farmsn & he
abovenentioned range, it is possible to performball bondi ng w thout
destroyi ng the PaBSipgt PBRLEPPNPR2 oﬁhﬁhgob@%tpcsth &bV Eover spite and
bond having 15 a,sufficiently_ | e strength are obtained., If the bal
portion 6a is tBBuﬂéPHPmbBﬁGiﬁggggﬁabﬁ 8%%%?%$-€g5999Wiﬁ3Wﬁqqqybﬁ“dﬁoxide
[err] layer 12 98935 EFSS%L%Q&ghUQEE%d1§ is destroyed by the force at the
I'ng. “Th™ ot rds, '

time of wire bon ot hér wo as’the mcrovickers 20 hardness at

the bal| porgion 6a of gpﬁ ERiE 8XEBEIReRD thd&PASH A L ildamck? d S

destroyed at the tine
purity of 99.999% by weight or higher by the zone

refining method and/or by electrolysis, and the ball
o/ portion thereby consists of copper of which the -
microvickers hardness (MHv) is controlled to_ lie
10 within the range of 35 to 65 (at 5g.f).
2v forming copper wire having a hardness within
- the abovementioned range, it is possible to pefform
ball bonding without destroying the passivation film
12 on the pellet 3. Moreover, a wire and bond having
15 a sufficiently large strength are obtained. If the
ball portion 6a is too hard, bonding damage occurs,
‘i.e., the silicon dioxide (SiO,) layer 12 under the
aluminium pad 5 is destroyed by the force at the time
of wire bonding. 1In other words, as the microvickers
20 hardness at the ball portion 6a of wire 6 exceeds 65,
the passivation film 12 is'destroygd at the time of
bonding.
Fig. 5 is a diagram showing the relationship
between the percentage of bonding damage occurrence
25 and the purity of the wire, wherein the ordinate
represents the bonding damage rate, i.e., represents

the percentage of samples in which cracks develop in



1 ‘bpnding. Fig. 5 is a diagramshow ng the relationship between the
Q? ercentage of bondi ng danage occurrence 25 and the-purity of the wire,

~ wherein the ordinate represents the bonding damage rate, i.e., represents-; e

t he percentage of sanples in which cracks develop in 5- the insul at'i'ng_-“)

film 12 when bonding is effected using a bonding tool 10 with a force of 80
granms. The absci ssa represents the pusity of copper wire, in this case the
per cent age by wei ght of copper 5 in the wire. For exanple, the term"3N'
(three nines) indicates that the wire contains at |east 99.9% by wei ght of
copper; the nicrpvickerﬁﬁéggzg.of the ball portion is then about 120. :
Copper wire ote ARSHIAFI fed™ chht iR Rendngii e ifeniad wsiigst of copper
10 and has a ,m crovicker.s rdness_ ( of ut_ 90 in the ball portion.
At 5N (coppe? %%rh{%?ﬁ 3%01991@%’01}8%5? \Aﬁ,g%%ﬁ ok a%)gqfé?“)s t he -mi crovi ckers
hardness (MHv) is afout ; and ) ( 4 s 99.9999% by wei ght
or nore), the mcrovi ckaeb?%c%ardnlzés%p%\gs&g‘g%&?{ﬁgg%w' rfz SWESH 17 es” bet ween

FGHNC?BSi Z Eeg g&%l;l{f,&niggsfﬁ }?iﬁwﬁa%oé%a%%&%% ﬁ%yr dﬁigsﬂg)? fc\ggrgg)re r%\{;Ivisr 2'
depends rai My tH®Rids. P Yexap TONTinEe tdwan boli n@Hda@a@e nkatie Within a
indicates that the wire contains at least 99.9% by
weight of copper;'the microvickers (MHv) 6f the ball
portion is then about 120. Copper wire of 4N (four ;)
nines) contains at leaét 99.99% by weight of copper
10 and has a microvickers hardness (MHv) of about 90 in
the ball portion. At SN (copper content is 99.999% by
weight or higher), the microvickers hardness (MHv) is
about 65, and at 6N (copper content is 99.9999% by
weight or more), the microvickers hardness is about
15 45. Wire which lies between 6N and 7N (copper
content is_99;99999% by weight or more) wire has a
microvickers hardness (MHv) of about 30. The hardness
of copper wire depends mainly upon its purity.
To confine the bonding damage rate within a
20 permissible range of about 10% or less, the copper
wire 6 should have a purity of higher than 99.999% by
weight (five nines) or should have a microvickers
hardness (MHv) of less than 65 in the ball portion
6a. The bonding damage rate is very slight, particularly
25 when the copper wire has a microvickers hardness (MHv)
of less than 50 in the ball portion 6a. |

The present invention includes the use of copper



20 perm ssible range of about 10% or |ess, the copper wire 6 should have a
purity of higher than 99.999%.by wei ght (five nines) or should have a
nhd&gvickers har dness (MHv) of less than 65 in the ball portion 6a. The éig)
bondi ng danage rate is very slight, particularly 25 when the copper wr

has a m crovickers hardness (MHv) of less than 50 in the ball portion 6a.
The present invention includes the use~of ctopper -6- wires with a purity
substantial ly higher than 99.999% by wei ght -and copper w res of which the
m crovickers hardness in the -ball portion can be regarded as substantially

less than 65. 5 oy oo ,1ERPRE u¥ﬁ5§ﬁsg%$€gﬁgg P¥%S#%é6é$n£h£$f59i999§EthOds

may contain different ‘Tmpurities erent herefore, “even
copper wires hayng,dileSans esgfgsﬁtagﬁegyomgb&hOEhgompefomk@m bi t

di fferent degrees of hardness. _ Furt her,- even when copper w res of
the same hardnessranesesed, thBepRondpogt d8ABEEn T Bé CraByrdaayagdependi ng upon
t he bondi ng condition. Variance due to these factors appears in the form of
vari ance in the dubstiangidadgpgeesat ehan €6g. 5. 15 Mor eover, the

m crovi ckers hardness varies dependi ng upon the nmeasuring nmethod. The

met hod of neaSuring t h€opperovitker produdedsby hdtfHerentprefinkug methods

may contain different impurities in different ratios.

Therefore, even copper wires having the same percentage

_ by weight of copper may exhibit different degrees of
hardness.
10 Further, even when copper wires of the same

hardness are used, the bonding damage rate may vary
depending upon the bonding'condition.

Variance due to thése factors appears in the form
of variance in the béhdiné damage rate in Fig. 5.

15 Morebver,_the microvickers hardness varies
‘depending upon the measuring method. The method of
measuring the_microviékers_hardhess has been specified
under 22244 of Japanese Industrial Standard, according
to which a sharp end of a émall diamond crystal is

20 pressed onto a material to be measured under the
application of a predetermined force, and microvickers
hardness is-detérmined by measuring the depth to which

- the diamond tip is driveﬁ, However, the depth to which
the diamond tip is driven may vary depending upon

25 whether the diamond tip hits a grain of copper or a
grain boundary. Therefore, the microvickers hardness

may appear to vary.



under Z2244 of Japanese Industrial Standard, according to which a sharp end
of 3a smal | di anond crystal is 20 pressed onto a.material to be neasured
apder the application of a predeternined force, and microvickers hardness-,  ,

I's determ ned by nmeasuring the depth to which the dianond tip is driven. ®

However, the depth to which the dianpnd tip is driven may vary dependi ng

upon 25 whether the dianond tip hits a grain of copper or a grain boundary.

Therefore, the mcrovickers hardness nay appear to vary. - 7 - 1Inthis

enbodi nent, the mcrovickers hardness is neasured in accordance with the

af or ement i oned ymidh @Gwbsdlaterdthe winicaldvarkefrsanheaaesel i% gla®ureand is

expressed as 5 g.f. 5 The easi est neans for obtaining a

m crovi cker . nharcdasan(ddiwitf 3fe taf Geniemtiiloneldaine thobt nadega tife t he

copper wire 6 is to increase the purity of the copper to 99.999% or nore by -

wei ght . Desiapgilleatdidrods & foince wihd gopper wnded shewpmgss@daasurity of

hi gher than 99.999% by wei ght i nclude zone refining and el ectrolysis. Table

1 Inpuritie® AgfFe Bi As Sb P Zn Pb- N Sn Si Total 15 Cu plate

7 6 1 1<1<0.5<1 1,6 1 1 1 . <21 . . -
5 The easiest means for obtaining a microvickers

hardness (MHv) of 35 to 65 in the ball portion 6a of
the copper wire 6 is to increase the purity of the copper

to 99.999% or more by weight.

W
Desirable methods of obtaining copper wires having
10 a purity of higher than 99.999% by weight include zone
refining and electrolysis.
Table 1
. lmpurities . .
Ag Fe Bi As Sb P  Zn Pb Ri Sn 51 JTotal
15 Cu plate 7 6 1 1 <1 <0.5< 1 1 1 1 <21
After Flect- . !
roiysis 3 1 <1 <% <Cl.5 <1 1 1 1.1 <15
.After Zo -
Refiming 3 2 <1 <1 <1 <03 <1 <1 <1 <1 1 <10

Table 1 shows the.methods which the invéntors
have employed to increase the purity of copper wires, and
20 the results. Nuﬁerals in Table represent the
concentrations of imﬁurities in ppm (parés per million), ' g
so that <1 représents a concentration of impurity less
than 1 ppm. _
First, a cbpper plate is prepared. . The copper

25 plate contained various impurities shown in Table 1 in



After Elect- rolysis 4 31 <1 <1 <C5«<1 1 1 <15 After
Zone Refining 3 2<1 <1<1<0.5<1<1<1 <1 1 <10 Table.1 -
shoig- t he met hods which the inventors have enployed to increase the purfty
of Copper wires, and 20 the results. Nunerals in Table represent the /7
concentrations of inpurities in ppm(parts per mllion), so that <1 _
represents a concentration of inmpurity tes-than 1 ppm First, a copper
plate is prepared. The copper 25 plate contained various inmpurities shown
in Table 1 in -8- anpbunts of about .20 - 21 ppm Copper is refined by

el ectrolysis using sul phuric aci El ectrolysis may be carried out once or
several tines. ?Tgﬁ%t%é%gs%%?wttébiﬁcf%d%%“the purity of the 5 sul phuric

aci d sol uti on which is?éégéfﬂfgn{égéQé% té¥eéﬂé§ﬁﬁ%3gK§F§88igﬁggkﬁégg Lgde

t he copper, particul ar r'ron ( are proxi na

of copper after,g]gct ré’ié’é&éoi?sié‘erﬁbf%eiéﬁﬁitébeo%‘%”%n@éf b Eng!ti:%gess

which is effectedllo once or severa imes. After zone refinin
concentration of;ihd@Uriit s ifedd®s£PPNES UL THOpheseyt Baneh@ ppm In

particular, the content of nickel (N’) decreases to |less than 1 ppm
5 sulphuric acid solution which is the electrolyte. After
electrolysis, impurities in the copper, particularly,
iron (Fe) are approximately halved.
L An ingot made of copper after electrolysis is
then put into the zone refining process which is effected
10 once or several times. After zone refining, the
concentration of impurities in the copper decreases to
; less than 10 ppm. In particular, the cbntent:of nickel
(Ni) decreases to less than 1 ppm.
According to a study conducted by the inventors,
15 the hardness of copper is particularly affected by iron
and nickel impurities. The contents of iron and nickel
can be reduced through electrolysis and zone refining.
By performing electrolysis and zone refining
several times respectively, the purity of the copper
20 can be increased so that the microvickers hardness
in a formed ball portion may be 35. °
However, if the degree of hardness is too low,
the wire tends to be deformed, which is not desirable.
When the microvickers hardness ranges from 40 to
25 50, the number of times that electrolysis and zone.
refining need bé performed is fewer, enabling the

manufacturing cost to be reduced. To obtain a copper



According to a study conducted by the inventors, 15 the hardness of copper
!s_,icul arly affected by iron and nickel inpurities. The contents of
()

anhd ni ckel can be reduced through el ectrolysis and zone refining. By~. ,
mng el ectrolysis and zone refining several tines respectively, the™ .
purity of the copper 20 can be increased so that the m crovickers hardness

in a formed ball portion may be 35. -However, if the degree of hardness is
too low, the wire tends to be deforned, which is not desirable. Wen the

m crovi ckers hardness ranges from40 to 25 50, the nunber of tinmes that

el ectrolysis and zone refining need be perfornmed is fewer, enabling the

manuf act uri n§i&eshavénged rBcERYickerghparangseoppetess than-3fire having a
m crovi ckers Rgrdne?s of legs than SEéHelectrolysis and zone refining nust

be perfor med®hBRYTPLHESS FRLr EPBFer SHLAEEPPEF tPRePPEIQERGI RPRYSi ve. To
bond the copper vir t he din ad 5 5 of the pellet 3, a ball m
be forned a?gfﬁgg%ngh%¥é€%5emfrgﬂug?gagg H§ﬁ?ob3nv?5¥gﬁ§pﬁT§bY?tcal >
di scharge, or the like ' €6 rodM g chi eved by
thernncgnpression bgégP%5@2ﬁ+§?c§ép%€ ﬁgggg§ E§1§§§g§§%ggﬁgfg%$é?ion in

addi tion t50 plRechBepaPELAPS £S5 941 PORLLNBe FHrROA0LPOLEOCLQPHErtyi T e tO
the lead 1, a ball need:

wire using a hydrogen torch, electrical discharge, or

the like.
Bonding of the copper wire may be achieved by ;)
thermocompression bonding only, or by use of ultrasonic
10 vibration in addition to the thermocompression bonding..
In bonding the copper wire to the iead 1, a ball need
not necessarily be formed, but a ball may be formed as
a matter of course without presenting any problem.
| The use of a coppér wire having a microvickers
15 hardness (MHv) of 35 to 65 (at 5 f£.g) in the ball
portion also'proﬁides good cofrosion resistance.

Corrosion of a copper wire is triggered by
impurities contained therein: the greater the degree
of purity of copper, the greater the corrosion

20 resistance. Copper wire resists corrosion more than
aluminium wire does. .

Refining of the wire-by zone refining or
electrolysis permits a very pure copper wire to be
fabricated which, for the reasons above, has greatly

25 improved corrosion resistance.
Moreover, the hardness of the copper wire is

such as to produce a good shape of loop between the pellet



£y .
not necessarily be forned, but a ball may be forned as a matter of course
W t hout presenting any problem The use of a copper wire having a =
m er ovi ckers 15 hardness (M#v) of 35 to 65 (at 5 f.g) in the ball porti
al s provi des good corrosion resistance. Corrosion of a copper wire is\_
triggered by inpurities contained therein: the greater the degree of purity
of copper, the greater the corrosion 20 resi'stance. Copper wire resists
corrosion nore h%;;]dallgqidnizqmvm re does. Refining of the wire by zone
refining or elecCtrolysis permts a very pure capper wire to be fabricated
which, for: the reasoprgrabgke, dWSvéieRtiynde IFBUSBMY, CRLEOSIRGhESbAl HEE.
Mor eover, the hardness of the copper wire is such as to produce a good
shape of |oop belewedr tthe pPabeicatidd). oB anthilgddd reli¥bldesemiconductor
abovenenti oned reasons, the invention may permt the fabrication of a

hi ghl y reli abl e deadiceonduceduncedvicoetat reduced cost. This application was
di vided from UK Patent Application No. 85.03143 (published under No.
2157607), and that apPitat?BRldicdvtdeder iy dbrddedmtfrpndedlriBageimt
gg?og&ig?nt appk;g Ekggion ﬁEEeBE[891h§ ﬁgﬁﬁfﬁgﬁgddﬁg ertﬁofpgié$€6+Pp and

that application also describes subject-matter described in

the present application. Attention is therefore drawn to

Application 85.03143.
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| MS: 1. A sem conductor device conprising a sem conductor pellet, a -
y vation filmfornmed on a first surface of the pellet, a netal bonding

ag/formed on the passivation film a | ead adjacent the pellet, a wire. ol

connecting the bonding pad and the |ead, and r the = =
pellet, the passivation film the bondi ng pad, S‘“ulﬁmﬂmmm oﬁ the

| ead, mhereln the wire is of copper and has a bafl Porti 8n
nlcrOV|ckersCQqﬁQ@ess of less than 65 at the bonding pad. 2. A deV|ce-
according tocraim 1, wherein the pellet is secured to a tab with a

si |l ver - epoxy tpast @ agefscveduttor Addenticee aompraisiggt Oa Clsain clonddet & N

the pellet is secured to a tab wwth a gold-silicon paste adhesive. 4. A
devi ce accom@ﬂﬁgtnoaanyseﬁeaéﬁoelé#ﬁm forped3onwhefersitt srerHassi ofit thm
filmis of silicon dioxide_ 5. devi_.ce accordi ng to any of the preceding
cl ai ms, wher &ed teH"e Iae&&§a&r §°BfliascBBﬁeF°§PF6y°“6 he paggiveeieRchbidng to

f th di duct el | et f
ST con. 7. o AR el AT LR PR B o R S P S S Ahe® B 442 ng
cl ai s, mher%lgu}ﬁa V\£ﬁ§51@£ DBRHoLekal U5 RIS GAPIL ALY | YORe

bondi ng t ool A Seni condlctor device acc Ing t

precedl ng cl YalEsivifiteoal RitRe Rak! bbﬁdiﬁ&nﬁgdetﬁé epifé Caﬁ'd Sghat géf b@ﬁgveen
the wire and an el ectrode.

lead, wherein the wire is of copper and has a ball portion
with a microvickers hardness of less than 65 at the bending ..
pad. | -~ ;
2. A device according to claim 1, wherein the pellet is

secured to a tab with a silver-epoxy paste adhesive.

3. A device according to claim 1, wherein the pellet is

secured to a tab with a gold-silicon paste adhesive.

y, A device according to any one of claims 1  to 3,

wherein the paesivation film is of silicon dioxide.

5. A device according to any of the preceding claims,

wherein the leads are of & copper alloy.

6. A device according to any of the preceding cleims, QJ
wherein the semiconductor pellet is of silicon.

7. A semiconductor device accordiné to any one of the
preceding claims, wherein the wiree are bonded to the pads

with a capillary type bonding tool.

8. A semiconductor device according to any one of the
preceding claims, wherein the ball is formed by electric
discharge between the wire and an electrode.

‘9, A method.of forming a semiconductor device comprising:



9. A nethod of fornming a sem conductor device conprising: —32 fornmag
passivation filmon a first- surface of a senicondtﬂw : m ng
ngt.al bondi ng pad on the passivation film |ocati "””'E"'EMH tt
pelfet, connecting a wire between the |ead and the*bohding spady, e WTre
bei ng of cepper and having a ball portion wigz a m crovickers hardness of

| ess than 65 at the bondi ng pad; and encapsul ating the pellet, passivation
film bondi ng pad, wfoemiagd papasefvahéohedd limn sresan.fikkt Asuefhcd of a
according to claim9, wherein the ball portion is bonded to the bondi ng pad

using a capi | | amgmigeadyet@rngetdst: 11. A method according to claim9 or

claim 10, wherein the ball is formid b}/1 el ectriic discharge between the wire
and an el ectrode forming a metal bonding pad on the passivation film;

locating a lead adjacent the pellet,

conr;ecting a wire between the lead and the bonding
pad, the wire being of copper and having a ball portion
with a microvickers hardness of less than 65 at the bonding
pad; and |

encapsulating tﬁe pellet, passivation filﬁ. bonding

-~ pad, wire, and part of the lead in resin.

10. A method according to claim 9, wherein the ball'
portion is bonded to the bonding pad using a capillary type
bonding tool.
11. A method according to claim 9 or claim 10, wherein the
ball is formed by glectric discharge between the wire and

an electrode.




