1 SEM CONDUCTOR DEVI CE The present inventioh rel ates to sem conduct or
devi ces having a bonding site at which a wire is bonded to a bondi ng pad.

I n seg~conductor devices, jt is usual to use gold (Au) or alum nium (Al) ;
Wi r r form ng electrical connections between the respective bondi ng (\“
pad a sem conductor pellet and a | ead part. However, gold wire is

expensive: wire is used in increasind amounts acconpanying thé trend
toward hi gh density sem con evi.ce e increasingly high degree
of integration, and the nanggééﬁé% %;ﬁ?uﬁ .muggnnevftably I ncreased.
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i nexpensi ve and corrosion resistant. The inventors have therefore -

consi debetidingngpabpper (Cu) wire, because it is inexpensive. and has good
corrosion resistance. Therefore the present invention proposes in a first
aspect, a sedincEehictandukctdredevipessi hf dssuasiadndoctier gelldet(Aud
passivation filmformed on a first surface of the pellet, a netal bonding
pad for REd TrERiRipBsdirddt iwhee i FAF Faraddeadieettieat penpectigngire
connecth% t he bo ding gad aqq thg Iegq, and resip encagsulating t he

pel | et , PEA¥ S5 sitB4: | BRASPECH 1hePBBdingy Pads of a semiconductor

pellet and a lead part.

However, gold wire is expensive: wire is used in

increasing amounts accompanying the trend toward high
density semiconductor devices and the increasingly high
degréé of integration, and the manufacturing cost has.
inevitably increased. Aluminium is relatively inexpensive,
but it corrodes readily, and is not suitable for resin
moulded semiconducfor devices. It is therefore desirable
to find a suitable altefnative wire material that is both
inexpensive and corrosion resistant.
The inventﬁrs have therefore considered using copper
{Cu) wire, because it is inexpensive and has good corrosion g
resistance. Therefore the_present inventioh proposes in a
first aspect, a semicondﬁctor device comprising a
semicdnductor pellet, a passivation film formed on a first
surface of the pellet, a metal bonding pad formed on the
passivation film, a lead adjacent the pellet, a wire
connecting the bonding pad and the lead, and resin
encapsulating ;he pellet, the passivation film, the bonding

pad, the wire and part of the lead, wherein the wire



pad, the wire and part of the |l ead, wherein the wire 2 contains at |east
99. 999% of - copper by weight and has a ball portion at the bonding pad. -
Al.so, in a second aspect, :the present invention proposes a method of nzgy
f omfi ng a semi conductor device conprising: formng a passivation filmon

first surface off a sem conductor pellet; forﬁyng a metal bonding pad on the
passivation film locating a | ead adjacent the pellet, connecting a wire

between the | eadoapgdihbe sRontd 4wk pad. 9bhe W ec6ppLai WynGwed gh €a8ha9h 29980
of copper by weight and having a ball portion at the bondi ng pad; and
encapsul ati ng tbeipepbetiopassi vaeibondihgy phdndi ng pad, wre, and part of.
the lead in resin. An enbodi nent of the invention will now be described in
detail, by way of ex&hplbe Wirh &efs@rcand tas R4t accorpaPriarert avinkgntion
which: Fig. 1°is a sectional view which shows schematically an enbodi nent
of a seni conducPBPPRSATe 2 method of forming a semiconductor device
comprising:

forming a passivation film on a first surface of a
semiconductor pellet;

forming a metal bonding pad on the passivation film;

locating a lead adjacent the pellet,

connecting a wire between  the lead and the bonding
pad, the wire containing at least 99.999%X of copper by
weight and having a ball portion at the bonding pad; and

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

An embodiment of the invention will now be described
in detail, by way 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



- 2a - according to the present invention; Fig. 2 is a sectional view
showi ng, on an enl arged scale, a wire bonding portion of the sem conductor
icezof Fig. 1; 5 Figs.- 3 and 4 are diagrans respectively S
sfating the formation of a ball on the copper wire and bonding using
nic waves; and Fig. 5 is a diagramshowi ng the rel atiorniship between
urity of copper wire and the bonding . 3 damage occurrence

percentage. Referring first to Fig. 1, a sem conductor device has'a

sem conductor pellet 3 attached to E}qp 2 of a copper alloy |ead frame by .~
a junction layer 4 conposed 5 of an adhesive, for exanple an eutectic of

gol d-silicon or silver-epoxy paste. As shown in nore detail in Fig. 2, a

bondi ngapadriialy toe thel peesdnits iovepdded;of al unm ni um while. a bondi ng

wire 6 is conposed of copper. The pad 5 of pellet 3 is electrically

connected 10 viFagt-h@ Bénéi sgckilcaad ~dedn SAoWANE-uRnf RPneRdargefed on an

inner lead portion 7 of a lead 1. The film 14 may be plated with gold,

“silver Gc3dGppér Wikrt SPnAR@PPES i8Me Ao died SEBIERBIBEROTt he pel | et

device of Fig. 1;
5 | Figs. 3 and 4 are diagrams respectively
. illustrating the formation.of a ball on the copper
wire and bonding using ultrasonic waves; and
Fig. 5 is a diagram showing the relationship

between the purity of copper wire and the bonding



5, bonding wires 6 and the like are noulded with a 15 plastic resin 8. Wth
reference to Figs. 3 and 4, to bond the wire 6 according to this
erbodi ment, a ball portion 6a is forned at the end of the wire by an

éeetric discharge that takes place between the end of the wire 6 hel d /6™
w re bonder (not' shown) and an 20 el ectrode 9 of the wire bonder. By @

selecting the material of the wire 6;,-ag will be described later, the
portion 6a assunmes a hardness suitable for bonding. Using an ultrasonic
bondi ng tool 10 which is 25 shown in Fig. 4, the ball portion 6a is pressed
ont.o the aluminiumpad 5 on the pellet 3, and is firnly bonded thereto by
ul trasoni ¢ vi bdamaga. occurnefihe -pbarteptageéon 6a which is pressed forns a
bondi ng portion 6b. The _bondi ng portion 6b covers the al um nium pad 5 that

i s exposed through. a ReAREBFLNE BirfhatopBisi vhri dnsemigenductor device|p

this enbodinent the wire 6 i,s refined to urit f 99.999% by wei ght or
hi gher by the E%ﬁearéPWhFﬂﬁdﬁﬁFHdeﬁﬂH?Brgbgtﬁ?ﬁg?$OF9s?sFa%n& ?he?bal |

porti on i her eby consi $15,07  coRPELLOL B! gNsLRg TLE" 1y Ekes ScLgLdpess (VW)

5 of an adhesive, for example an eutectic‘of-gold-silicon
or silver-epéxy paste. As shown in more detail in Figq.
2, a bonding pad 5 of the pellet 3 is composed of
W, aluminium while a bonding Qire 6 is composed of copper.
The pad 5 of pellet 3 is electrically connected
10 via the bonding wire 6 to an aluminium:film 14 formed
on an inner lead portion 7 of a lead 1.  The film 14 |
may be plated with gold, silver or coppef.
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
B electric discharge that takes place between the end of
the wire 6 held by a wire bonder (not shown) and an
20 electiode 9 of the wire bonder. By-seiecting the
material.of,the wire 6, as will be described later,
the.ball portion 6a assumes a hardness suitable’ for
bonding. S .
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.



10 within the range of 35 to 65 (at 5g.f). By form ng copper wire having a
har dness within the abovenentioned range, it is possible to perform bal

ngigrng wi t hout destroying the passivation film 12 on the pellet 3. (Eu
L
a

r

ovef, a wire and bond having 15 a sufficiently large strength are 7

ined. If the ball portion 6a is too hard, bondi ng damage accurs, i.e.,
the silicon dioxide (SiOQ2) |ayer 412 under the alum niumpad 5 is destroyed
by the force at the tine of wire bonding. In other words, as the
m crovi ckers 20 hardness at the ball portion 6a of wire 6 exceeds 65, the
passivation film12 is destroyed at the tinme of bonding. Fig. 5is a
dlagran1shomﬁn@hghbaﬂélapr5n9nlﬁabvhwsbnlﬁh@rpgsednﬁQQQSOﬁ bondi ng damage
occurrence 25 and the purity of the wire, wherein the ordinate represents
the bonBPREiBENREETLERe 6D, e The; bEnEdpAt PoEfd oBe bbe FOX§ESotthanpl es i n

whi ch cracks devel o - the in ulating film,12 when bonding is
effecteﬂ? Bot Ry UR BﬁﬁdﬁnéhﬁﬁoFslﬁxﬁPﬁﬁ tﬁ ghoP ¥3NGP¥mdN fhe abscissa

represe he er.Wre, in this case the percentage by melght
Bhaa} PRaBlibhsgh B39RCH;

of copp fple, the term "3N' (three nines)
5 - In this embodiment the wire 6 is refined to a

purity of 99.999% by weight or higher by the zone
refining method and/or by electrolysis, and the ball
portion thereby consists of copper of which the : - C)
microvickers hardness (MHv) is controlled to lie
10 within the range of 35 to 65 (at 5g.f).

By forming copper wire having a hardness within
the abovementioned range, it is possible to perform
ball bonding without déstroying 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-(SiOz) layer 12 under the
aluminium pad 5 is destroyed by the force at the time
of wire bonding. - In other words, as the microvickers

20 hardneés at the ball portion 6a of wire 6 exceeds 65,
the passivation film 12 is'destroyed 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 béndihg damage rate, i.e., rep:ééents

the percentage of samples in which cracks develop in



fndi cates that the wire contains at |east 99.9% by wei ght of copper; the
m crovi ckers (MHv) of the ball portion is then about 120. Copper wire of 4N

QLour ni nes) contains at l.east 99.99% by wei ght of copper 10 and has a A~
m ®¥ovi ckers hardness (MHv) of about 90 in the ball portion. At 5N (co r

content is 99.999% by wei ght or higher), the mcrovickers hardness (

about 65, and at 6N (copper content is 3.9999% by wei ght or nore), the

m crovi ckers hardness is about 15 45. Wre which |ies between 6N and 7N
(copper content is 99.99999% by wei ght or nore) wire has a mcrovickers
hardness (Mdv) of about 30. The hardness of copper w re depends mainly upon

its purity. To tWenfinfukatenshddil®y ldatlipd Randing Hish of ERF 588 HsddiDl e

range of about 1Q% oy, | ess, tq? copper wre 6 s d have a purity of

hi gher than 99.39%%‘{?37‘%_% G v i%gsﬂr‘iﬁ %%H FHRP= a microvickers
hardness (Mdv) of |ess,than 65 in the ball portion 6a. The bonding damage
rate is very slight, 9 %ﬁv‘ 5 PRfTH -%ethceoﬁbﬁzg:rl%nv/i rog.*eﬁ&ppaer

m crovi ckers h%i%esij]rgﬁgst Qfaéee%%% rgg}éq!é%é rb% w\xnilrghqzorotfi %Q?%%r The

present invention i’'n he use of “copper es Wt purity
subst anti al ly r}dxﬂ"iﬁ{e Wik 99 9% xample, the term "3N" (three nines)

indicates thatlthe wire contains at least 99.9% by
weight of copper; the microvickers (MHv) of the ball
portion is then about 120. Copper wire of 4N (four_
nines) contains at least 99.99% by'weight of copper

10 and has a microvickers hardness (MHv) of about 90 in
the bail portioh. At 5N (copper content is 99.999% by
weight.br higher), the microvickers hardness (MHv) is
about 65, and at 6N (copper content is 99.9999% by.
Qéight.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_cppper_ﬁire depends mainly upon its purity.

| T§ confine the bonding damage rate within a

20 permissible range of about 10%¢ or less, the copper
wire 6 shéuld have a purify of higher than 99.999% by
weight (five nines) or should have a microvickers
hardness (MHVi of less than 65 ih the ball portion
6a. .The bqndihé_dﬁmage rate.is very slight, particula;ly

25 when the coppé: wire;has a microvickers hardness (MHvV)
of less thaﬁ 50 in the ball portion 6a.

The present invention includes the use of copper



by wei ght and copper wires of which the mcrovickers hardness in the bal
portion can be regarded as substantially less than 65. 5 Copper

W s\ produced by different refining nethods may contain different oy
ties in different ratios. Therefore, even copper wres having the _>¢f'
per cent age by wei ght of copper may exhibit different degfees of
hardness. 10 Further, even when copper wires of the same hardness
are used, the bonding damage rate€ may vary dependi ng upon the bonding

condi tion. Variance due to these factors appears in the formof variance in”
t he bondi ng damage rate in Fig. 5. 15 Mor eover, the m crovickers

har dnesg; yati g3 rHeRe pira%yURABSERAALTRATY hIghaR! Radn BRe gwishod of

measuring the mcrovickersS hardness has been specified under Z2244 of
Japanespy! wdighti ahaStepgerdwideeoodi Rich WhieC hidrohdidkedizd of a smal |

di anond crystal is 20 pressed onto a material to be neasured under the

appl i cahapdneksaipr etiet dalilnedricdone caantenregavideldeas hardness i s
determ ned by neasuring the depth to which the dianond tip is driven.
However subbtadepah 1iyo leisisc thahe 68i.anond tip is driven may vary depending
upon 25 whether the dianond tip hits a grain of copper or a.grain boundary.
Ther &f or e, 't heCaPERSY WiKess PEodyseds birndiffgaent: sefining methods

may contain different impurities in different ratios.
Therefore, even copper'wi;es having.the same percenﬁége.
by weight of copper may exhibit different degrees of ' &J
hardness. | | | |

10 Further, even whén copper wires of'the same
hardness are used, the bonding damage rate may vafy
depending upon the bonding'cbpdition;

Variance due to these factors appeérs in the fbrm

of variance in the bohding damage rate in Fig. 5. |

15 ' Moreover, the microvickers hardness varies
depending upon the meésuring-meﬁhéd. The method of .
measuring the microvickers hardneés has been specified
under 22244 of Japanese Industrial Standard} according
to which a sharp end of a small diamond crystal is

20 pressed onto a'ﬁaterial to be méasured under the
application of a predetermined force, and microVi@kers
hardness is determined by measuring the depth fo which
the diamond tip is driven. Howéver,'the'depth to which
thehdiamond tip is driven may vary depending upon

25 whether the diamond'tip hits a gfaih of copper or éf

grain boundary. Therefore; the micfcvickers:hardhess

may appear to vary.



with the aforenentioned nethod under the appilcation of a force of 5
and is expressed as 5 g.f. The easi est neans for obtaining
ni*c¥ ovi cker s har dness (N+N) of 35 to 65 in the bal.l portion 6a of the
copper wire 6 is to increase the purity pf_the copper to 99.999% or nore by
wei ght. Desirabl e nmethods of obtaining copper wires having 10 a purity of

hi gher than 99. 999% by wei ght include zone refining and el ectrolysis. Table
1 inpurities A Fe Bi As Sb P Zn Pb N Sn Si Total 15 Cu plate

7 6 1 <1Iﬁpﬁir§leﬁbod£henﬁh the microvicRdréi&Faid €€t i1s IMbyShSed

43 1 <l <1 <C5 «1 1 . <15 After Zone Refining

2 <1 <1 <1 <0.im ﬁbcﬁkdaﬁbe<ﬁhtﬂ.the aforemetii dréd emdtisddvendde tké hods
whi ch the inventors have enployed to increase the purity of copper .wires,
and 20 the resalpps.lcatimey of a rfokxte ooff prosams , tdwed cmcexpreetseﬁ\sasf

I mpurities in ppnl(parts per mllion), so that <1 represents a
concentration & d.fpurity |ess

27- In this enbodi nent, the mcrovickers hardness is neasured in acciéifgge

5 The easiest means for obtaining a microvickers
haraness (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._

Desirable methods of obtaining copper wires having
10 a'pﬁrity of higher than 99.999% by weight include zone
refining and electrolysis.
Table 1
Igpurzt;es_ _ .

“Ag Fe Bl As Sb P Zn Pb W s 51 Jotal
15 Cu plate 7 6 1 1 <1 <0.5 <«1 : 1 1 1 1 <21

After Elect— . '
rolysis ‘r 3 1 . <1 <1 <C-5 <1 1 1 1 1 <:5

. After Zome - . . - '

U/ Refining 3 2 <} .<1 <1 <0.5 .<1 <1 <1 <l 1 <10

Table 1 shows the methods whiéh the inventors
have empioyed to increaée the purity of copper wires, and
20 the results. _Numerals in Table represent the
concentrations of impurities iﬁ ppm (parts per million),
so that <1.represénts a concentration of impurity less
_:than 1.ppm. | . .
First.'a copper pléte is prepared. The copper

25 plate contained various impurities shown in Table 1 in



(é%?ﬁn 1.ppm First, a copper plate is prepared. The copper 25 platé

tained various inpurities shown in Table 1 in -8- anounts of about 20

1 ppm Copper is refined by electrolysis using sul phuric acid.
El ectrolysis nmay be carried out once or several times. It is necessary te“’
increase the purity of the 5 sul phuric acid solution which is’.the
electrolyte. After electrolysis, c#n;purities in the copper, particularly,
iron (Fe) are approxi mately hal ve An i ngot made of copper after
electrolysis is then put into the zone refining process which is effected
10 once or several tines. After zone refining, the concentration of

| mpuri tiagSuntd R GIRR/Y AL easqsph O | ess than 10 ppm  In particular, the
content of nickel (N) decreases to |ess than 1 ppm According to a study

conduct ed by t kpppaterinsefitied ey helebitassl w¥i < apiaig | SaPsiiddLall arly
affected by iron and nickel inpurities. The contents of iron and nickel
can be reddced Blleahxyil yad i twagy) Viog scaani esbrosatt ednce myr sywveealormng
el ectrolysis and zone refining several times respectively, the purity of
t he coprtélmego cdt e inRasssARy st tmrqaﬁ,e he Uik ohathimess

5 sulphuric acid solution which is the electrolyte. After
electroly51s, 1mpur1t1es in the copper, particularly,
iron (Fe) are approx1mate1y halved

An ingot made of copper after electrolysis is 3J
then puteinto the zone refining process which ie effected
10 once or several times. After-zone refining, the
concentration of impurities in the copper decfeases to
less than 10 ppm. In particular, the content of nickel
(Ni) decreases.to_less than 1 ppm.
| Accordihg to a study eonducted by the inventors,
15 the herdness of copper is particularly affeeted-by iron
and nickel impurities. The cqﬁtents of iron and nickel
can be reduced through electrolysis and zone refining. ;J
By performing electreiysis and zone refining'
several times respectively, the purity of the copper
20 can be increased so that:the microvickers hardness
in a formed ball éortion may be 35.
However, if the degree of hardness is toe ibﬁ,
the wire tends to be.deformed;_ﬁhich”is not desirable.
When the micfdvickers haraness ranges from 40.to
25: 50, the number of times that electrolysis and zone -
refining need be pefformed_is fewer,.enablihg the

manufacturing cost to be reduced. To obtain a copper



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. Wien thes~s™
m crovickers hardness ranges from40 to 25 50, the nunber of times that
eleetrol ysis and zone refini-ng need be perforned is fewer, enabling the

manuf acturing cost to be reduced. To obtain a copper -9- wire having a
m crovi ckers hardness of |ess than 35._ @l ectrolysis and zone refining nust
be perfornmed many tines; therefore such copper-wire is very expensive. To
bond the copper wire 6 to the bonding pad 5 5 of the pellet 3, a ball may
be forned at the end of the wire using a hydrogen torch, electrical
di'scharge, or wheel ihlesringoradimigraiviidke rso hyednesise ofay ese &bhnedéd by

t her noconpr essi on bonding only, or by use of ultrasonic 10 vibrationin
addition to thelesdmedyshs @i @ensor@ifigingn Myedibeg perd orgedemanyre to

the lead 1, a ball need not necessarily.be fornmed, but a ball may be forned
as a matter of tdB@Sse theMRFAr ey Sasdn CORPeAn W1go HiSe e TYh&XREBS3dea copper

e N O S oK JieRe Wi B (20,52 B2nlith®phats 1 11
5 of the pellét:3} a ball may be formed at the end of the
wire using a hydrogen torch, electrical discharge, or
the like.
o/ : 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 lead 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 copper wire having a microvickers
15 hardness (MHv) of 35 to 65 (at 5 f.g) in the ball
portion also provides good corrosion resistance.

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

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

Refining of the wire by zone refining or
electrolysis permits a very puré 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



Corrosion of a copper wire is triggered by inpurities contained therein:
a\greater the degree of purity of copper, the greater the corrosion 20
tance. Copper wire resists corrosion nore than.alumniumwre does. -~
Ref¥ni ng of the wire by zone refining or electrolysis pernits a very pure A&
copper wire to be fabricated which, fqgr the reasons above, has greatly 25
i nproved corrosion resistance. Mreover, the hardness of the copper wire is
such as t» gioduseed ay good shape of | oop between the pellet 10 3"and | ead
7. For the abovenentioned reasons, the invention may permt the fabrication.
of a highly reféombltheembosmenttoroniedi ceaioneduead CoventoRat £5§ - ’
Application No. 87.20643 (published under No. 2193672) was.divided fromthe

present &ptticat Foa, faraigasdonbexf sabhdehlyatnedriatilso slesteobedetsrt he

resent | i cation. Attention is therefore drawn to application
87.20643%ﬁ&i°e at’ Feduded Cost, ! Pp

UK Patent Aéplicatiqn No. 87.20643 (published .under
No. 2193672) wa_s'divided ..f‘rom thé present application, and
deséribe's subjéct-matter also des.cribed in the present
application. Attention is therefore d.rawn to. application
87.20643. -



CLAI MB: 1. A seni conductor devi ce conprising a sem conductor pellet, a
passivation filmformed on a first surface of the pettet;—afetat—bondi ng

pad formed on the passivation film a |ead adja ellet, awre
conrecting the bonding pad and the lead, and re I\w'&f"ﬂE'mﬂﬂswm t he @
pellet, the passivation film the bondlngpg '  oof t
| ead, wherein the wire contains at |east 99.°999% of copper by wei ght an

has a ball portipRigs.the bonding pad. 2. A devi ce according to claiml1,
wherein the peIF-eT—rs secured to a tab with a silver-epoxy paste adhesive.
3. - Adevice agcordangdmi&batiictorih@ediiBet heopptlielings seautrtdmadc ted
with a gold-silicon paste adhesive. 4. A devi ce according to any one of
claims 1 to 3, pehieeinathespasstiani Dhlhiforned oén sal|fLont dsoxfaee &F theé\
devi ce according to any of the preceding clains, wherein the |eads are. of a
copper al |l oy. 6Pellﬁtde9iBetaécg?ﬁﬂhggtba%nﬁﬂme‘ih@“p?@%eﬂ?ﬁ@lwﬁi% film,
wherein the sem conductor pellet is of_silicon. A sem conductor device
according to an$ &fé@ ofachWé‘eﬁrtec"et!ﬁ n@eH%ﬁ' ns2 \‘ﬂﬁ@feelcr?nlnﬁé’%"rge t%?‘hgmg
Iessthan2ppmo n. onductor._devi.c ¢gordin ope
of the preced| n§28| gf’ﬁs t%e]ree‘ﬁ t?\% r?ggcoﬁflﬁf‘ﬁguﬁggslggh%ne% eolf‘%/ the
nickel . 9. ﬁmgwgysa%iﬁﬁv'E&eaﬁ&mﬁw%w e %gfawep&fecs@“me

cl ai nB, vvhereln sald mre is ref
lead, wherein the wire contains at least 99.999% of copper

by weight and has a ball portion at the bonding pad.

7 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.
4, A device according to any one of claims 1 to 3,
"wherein the passivation film is of silicon dioxide.
5. A dévice according to any of the preceding claims,
wherein the leads are of a copper alloy.
6. A device according to any of the preceding clainms,
C wherein the semiconductor pellet is of silicon.

7. A semiconductor device according to any one of the
preceding claims, wherein the wire céntains less than 2 ppnm
of iron.

8. A semiconductor device according to any one of the
preceding claims, wherein the wire contains less than 1 ppm
of nickel.

9. A semiconductor device according to any one of the

preceding claims, wherein said wire is refined by



el ectrolysis and zone refining. 10. A sem conductor device according to

any one of the preceding clains, wherein the wires are bonded to the pads

a capillary type bonding tool. 11. A sem conductor device according™

ny one of the preceding clains, wherein I d by electrldai
charge between the wire and an eI Gt rode. ”mlﬂmlmﬁmg uctor device

substantially as herein described h refererrcer t® and 5as illustrated

in the qg&ggpp@y&ggidggxgpgge ;gflnfhgethod of forming a seniconductor

devi ce conpri a passivatrton filmon a first surface of a
sen condygf ora pelelmetconfa%moag devBt@l aRRDHNG gPatl ORnyheoRasYvathegn film

Jlocating a | ead adjacent the pellet, connecting a wire between the | ead and

the bondirgrcgiihgt bbaihs ¢ eheraini rfeatvilreastar® WfPedDf t€opper phiswei ght
and having a ball portion at the bonding pad; and encapsul ating the pellet,
passi vatwioth fa | eapbbhafngtyeel, bondingareopart of the lead in resin. 14. A
met hod according to claim13, wherein the wire is refined by electrolysis
and zonel¥ef ihi Rgmiggndusteat héer bee oBGicRF i 8anyo od@Yof oRe aidfi 18her claim

14, wherein the ball portion is bonded to he bondln ad usin
. preceding clagms, wherein the bal formgdpby elegtric

discharge between.the wire and an electrode.
12. A semiconductor device substantially as herein

described with reference to and as illustrated in the

k)

accompanying drawings.
13. A method of forming a semiconductor device comprising:

forming a passivation film on a f'i.rst surface of a
semiconductor pellet;

forming a metal bonding pad on the passivation film;

locating a lead adjacent the pellet,

connecting a wire between the lead and the bonding
pad, the wire containing at least 99.999% of copper by
weight and having a ball portion at the bonding ped; and

encapsulating the pellet, passivation film, bonding QJ

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

14, A method according to clainm 13.'wherein the wire is
refined by electrolysis and zone refining.

15._ A method according to any one of claim 13 Or'elaim 14,
wherein the ball portion is bonded to the bonding pad using
a capillary type bonding tool. | |

"16. A method according 'to' any one of c¢laims 13 to 15,

wherein the ball is formed by electric discharge between



5 capillary type bonding tool. 16. A nethod aggg;ggﬂ%_Lg_ggy_gne_of clains
13 to 15, wherein the ball is.forned by electr charge between

the wire and an el ectrode.. 17. A nethod of form
Supstantial ly as herein described with referenc mﬂ“ﬂﬁwﬁﬂﬂ y| ng

dr awi ngs.
the wire and an electrode.
17. A method of forming a semiconductor device
substantially as herein described with reference to the
accompanying drawings.
e ————
\/



