-1- "SEM CONDUCTOR DEVI CE AND METHOD OF MANUFACTURI NG THE SAME" The present
invention relates to a sem conductor device, and a nethod of nanufacturing‘f

such a de
bondi ng w

, and is nore particularly concerned with the proviisi an, A
for-the electrical connection between 5 t he boqﬂhnngadqbf a -

pell et and a conductive portion for external |ead-out. In producing a

sem conductor device, a gold (Au) wire is used which electrically connects

t he al umi num bondi ng pad of a sem condudtor pellet and a base plate 10 such
as the base of a lead frane or a ceram c package. Usually, the gold wire is
formed with a ball at an engd_thereof and then subjected to ball bonding by

t hermo- conpression. Utilizi RgaCONPRGTOR DBYFGRANR al of the 15 wire can

be consi dered in order a [ the high cost of
gold. It is disclosed |%Eggégnégehgghgﬁﬁggﬁ&gé$gﬁ?g%ggpgcatlon

51-140567 that a ball may be forned at an end of the alun1nun1mnre by an
electric torch or the |ike, whereupon ball 20 bonding is perforned. The

present inventors have fhécoresent! IaveneRbAMyEalke iR D eUdmRlH LS

al umi numw re, separation
- device, and a method of manufacturing such a device,

10

15

20

the bonding wire occurs particularly

and is more particularly concerned with the provision -
of a bonding wire for-the electrical connection between
the bondlng pad of a pellet and a conductive portion .egi
for external lead-out

In producing a éemiconductbr device, a gold
(Au) wire is used which electricaliy connects the aluminum
bonding péd of a semiconductor pellet_and a base plate
such as the base of a lead frame or a ceramié package.
Usually, the gold_wire is formed with a ball at an
end thereof and then subjected to bali bonding by thermo-
compression.

Utilizing aluminum as.the material of the g?
wire can be considered in order to eliminate the disadvant-
age of the high cost of gold. It is disclosed in
Japanese Laid-open Patent Application No. 51-140567
that a ball may be formed at an end of the aluminum-
wire by an electric torch or the like, whereupon ball
bonéing is performed.

The present inventors have discovered the

problem that, when ball bonding an aluminum wire,

separation of the bonding wire occurs particularly



at an al um num bondi ng pad on a pellet, with the result that bon (lity is
reduced. The inventors researches have reveal ed that a hardness he bal
fqrh@é at the end of the alumnumw re has a great influence 5 on -t he
bondi ng property. As to the relationship between the hardness of the bal
and bondability; the inventors have discoyered the follow ng: Wen the bal
formed has becone too soft due to annealing, ultrasonic energy fails to act
sufficiently 10 on a bondi ng part when using ultrasoni c bondi ng between the

alum num film oft tde PPN Mem PSSh@IKh tha ben | a Peel 10F, therial e neda i ¢ e by
way of exanple. In consequence, a surface of alum num having an active
surface energy shat ebsidsbibitpcisirredocédat Blepainbentors fdseddtdsg 15
wire takes place. In contrast, when the hardness of the alum numball is

t oo hi gh, greathave esgesaked sthath a kardmess | efetherbasll | Dormeld ad de | ayer
etc. under the aluninun1pad on account of the force obtained in the bonding
20 operation. THee cgrd of Peheli ppminy vt hhag argekat obrikwenge t hese

| ayers. The inventors have, al so di scovered the follow ng as to the

rel ationshid of OBorRRIPPIIING RFPREE har dhesto ofhe Hee lot N e iR RRENSR™ e,
;?L%e:]u%h\?mnr tehi hgfhgpéryeszg é etl’?emllaazlll aﬁg_bgr\bg&{ J?t;]?rt ne.'-eslsnvoefn'écpres
| have discovered the folloﬁing:
When the ball formed has become too soft
due to annealing, ultrasonic energy fails to act sufficiently.
10 on a bénding’part when ﬁsing ultrasonic bonding between
the aluminum film of the bonding pad and the ball part
of the aluminuh wire by way of example. In_conseqﬁence,
a surface of aluminum haviné‘an active surface energy
~state does not occur, so that separation of the bonding
15 wire takes place.
In céntrast, when the hardness of the aluminum
ball is too high, great stresses arise in'a silicon
layer or silicon dioxide layer etc. under the aluminum
ﬁad on account of the force obtained in the bonding
20 operation. Therefore, bonding damage such as cracks
occurs in these layers. | |
The inventors have also discovered the following
as to the relationship of bondability with the hardness
of the whole aluminum wire, rather than that of only

25 the ball:



' &
too low, the alum numball collapses excessively or a capillary wire feed
gets clogged with the wire when using bonding equi pnent, for exanple an,

ultrasonic 5 wre bonder. Conversely, with an al um num w re whose Lo,
hardness g=s t-00 high, it is sometinmes the case that the height of a wire
| oop bec much greater than the rated value thereof. Wen, with the.

intention of preventing 10 this drawbagk, a back tension is exerted on the
wire, the wire fails and breaks. The Thventors have found that the heat

treat- nment conditi onswh%fn Q:Hea‘ﬁa"i‘ n‘%]sascgiFgﬁet Qelu‘Mmt%rr?%.'rt 1% formed and

not yet subjected to any treatnent an | ant relation to the
af or ement | of@® povbl &hs 2dvpimum bald |%&arn§%texae&w%n ®rcan be

restrained i tclalgimfaeydw:ree(terea gt D\ 1Y Wilthg tihee Wigdl wiepat nent
condi tions. Accor %H}O the .p ﬁﬁ?ﬁﬁ“ nventlo there %§ﬁ§ rOV|ded a
sem conduct 8188, PORFHIR SHU Fh RS, 2R Sl umi num or
al um num anoviaxe zblclmiﬁrng substance and is ball-bonded to a netal bonding

pad formed on a seni c% &gﬁ' 'ﬁ&g%@%m g@gf%ﬁ&é %o%%dh%%n%ss

- conductive | ayer for 't he sem con el et e part of

the wire balis Feddahe tite ifofamerimas e F@se \W@I@er@%é’ﬁiﬂ@é&s in the
range of 30dfo aSQutief qroedowiw?@st idIe giated RdRar e Falted nvol ved are

e forme bydind SHERaRE W B SR Y i oo e
10 this drawback, a back ten51on is exerted on the wire,
the wire fails and breaks. \J
' The inventors have found that the heat £reat—
ment conditions of a raw wire, namely the wire as it
is formed and not yet subjected fo any treatment, have
15 an important_relation to the aforementioned problems,
‘and that the loop height of the wire eén be restrained
within the desired rating by controlling the heat
treatment conditions.

According to the present invention there

20 is provided a semiconductor device having a bonding
wire which consists of aluminum or aluminum and an
alloying substance and is ball-bonded to a metal bonding
pad formed on a semiconductor pellet so as to connect
the pad and a conductive layer formed outside the

25 semiconductor pellet, the part of the wire ball-bonded
to the bonding pad having a Vickers hardness in the
range of 30 to 50 before bonding to the pad.
| Since the parts involved are very small,
by Vickers hardness we refer to a micro-hardness test

30 performed by the Vickers method.

The invention in this aspect provides that
the hardness of a ball part is set within an'optimum
range in the case of ball bonding with a wire that
is made of aluminum including an alloying substance,

35 thereby achieving good bondability.



the hardness of a ball part is set within an optinumrange in the case of
bal I, bonding with a wire that is nmade of al um numincluding an alloying
supswence, 35 thereby achieving good bondability. -4- Accordjg to the
i nvention in another aspect there is provided a nethod of nanufégilfﬁ&ng a
seni conduct or devi ce having a bondi ng wire4vhi ch consists of al Y rfuth or
al um num and- an al | oyi ng substance and whi ch connects 5 a bondi ng pad
formed on a semiconductor PE9AREANH &0 Hhfudavienticgydn PHLHBETOASPREE t he
?g;ﬁ conduc]'E or peldmire qwzﬁaimd (aa)mefthod é:a.’lﬂﬂﬁ?uifla@tgﬁii@hgbendieﬁ@c%a&ttor
orm ng, i nto a a Rarta. I nding 10 .w.re to_he .
connected to sai & Do ﬁ’&lg’d‘é'(? gn%o X %?ﬁ‘ ea%"&?e%s?_nﬁ&rs&ﬁegg Sﬁug'épamball
in the range of 30 tad WEnuma@nd)an alloyizid substianges aind whlilcht copaerdts

bondi ng pad and GOMRIiinNG gt flrmfed @@l GmRUNICERy PLAetland |
The invention can provj de a t%phnlque whi ch can restrain"the | oop height of

a bonding wire wi FAPRGE 1Y layen £95Red putsdde Se8d CoNANEkRT que
whi ch can preventpdlletcaompricimf: Wi re break, thereby increasing the

Sel ccting in a sRad fied r AMERREpAAAEESsng bartl T “nlcn s For med
on an al um num wild® or al ufiorming it ta d@ i @e part of said bonding
: 10 wire to be connected to said bonding pad and obtaining
i a Vickers hardness of said ball in the range of 30
Y to 50; and _ _
(c) ball-bonding said ball to said bonding pad
and connecting the wire to said conductive layer.

15 The invention can provide a technique which
can restrain the loop height of a bonding wire within
the desired rating thereof, and also a technique which
can prevent the occurrence of wire break, thereby
increasing the success rate of manufacture. Good bond-

20 ability can be attained by selecting in a specified
range the hardness of a ball part which is formed on

: an aluminum wire or aluminum composition wire.

; Embodiments of the invention will now be

: described by way of example with reference to the

: W, 25 accompanying drawings, in which:-
- Fig. 1 is a sectional view of a semiconductor
device which is one embodiment of the present invention;

e e ma



Enbodi nents of the invention will now be described by way of exanple wth,
reference to the 25 acconpanying drawings, in which:- Fig. 1 is a ;~}
sectional view of a sem conductor device which is one enbodi nent of the™

pr esent yent i on; - 5- Fig. 2is an enlarged partial sectional view of
awre i'ng portion in the sem conductor device of Fig. 1; Figs. 3 and 4
are explanatory views show ng 5 the formation of a ball in an

al um num based wire and the urtrasonré‘bonding-state t hereof , respectively;
Fig. 5 is a graph showi ng the relationships between on the one hand the

Vi ckers hardness of diql Wnisinabaéhlangednpaiheial heectibomial viewt he
separation 10 occurrence rate and the bondi ng damage; Fig. 6 is a graph
showi ng t heok @ atingdnding veertior iwrtheospobtenducton deeiss ckers
hardness; Fig. 7 is a partial sectional view of another enbodi nent of the
sem conduct®r Fdds clef according to 15 the present invention;, Fig. 8 is an
enl arged partial sectional yiew showing a gére'loop jn the seniconductor

device of Fig. 7: Fi F *%is> LU aprPERCTKRLPIAECTE | WTHRSTHPERD  bet ween
on the £ne (AN LS NeA $F RUE 18RS 4 BhEnGh-Ba bl Ss ADLRR the other
the ultrasonic bonding state thereof, respectively;
.Figf 5 is a graph showing_the relationships
Setween on the one hand the Vickers hardness of an i} |
aluminum ball and on the other hand, the separation |
10 occurrence rate and the bonding_&amage;
Fig. 6 ié a graph-showing'the.relationship
between the wire composition and the Vickers Hardness;
Fig. 7 is a partial sectional view of aﬁother
embodiment of the semiconductor device according to
15 the present invention; | |
Fig. Suis én enlarged partial sectional view
showing a wire loop in the semiconductor device of
Fig. 7;
| Fig. 9 is a graph showing the relationships
20 between on the one hand the heat treatment temperature
of a wire, and on the other hand thé broken load and
- the expansion percentage; and
Fig.-lo'is a graph showing the same relation-
ships as in Fig. 9 for another broken wire.
- 25 _ In a semiconductor device of Fig. l,-a pellet

3 of, for example, silicon is mounted on a tab 2 of,



t he expan5|on percentage; and Fig. 10 is a graph showi ng the sane rel ation-

shlps as in Fig. 9 for another broken wre. 25 In a
seq1behductor device of Fig. 1, a pellet 3 of, for exanple, silicogis
nmounted on a tab 2 of, -6- for exanple a 42 all oy by a bondi ng er 4

which is made of; for exanple, a gold-siligen eutectic or a binder such as
silver paste. Fig. 2 shows a bonding pad 5 of alum numon the pellet 3. 5
A bonding wire 6f£os exampliei audRbatddywbyeawhonfiing hayeroft whiaghnds or an
al umnum conposition. This bonding wire 6 is used for electrically
connecting the améﬁﬁnaﬁvp§9r536PmPh€rpél9@1535%bl§ﬁnaﬁﬂﬁ¢ﬁEhFlayeP 14

le a_42 all oy.

formed on the in eadRE$ ﬁ a lead 1 of _. 10 for, exa

Af ter conpl etion®b ?dFﬁe eaﬁoﬁa ¥GF PREtPel | Ei9s, 2p8RAVAgAWPPRIE Bt c. are
encapsul ated with | astic re order to perforn1the bondi ng
of the bonding mF?é gnog }E §PWa?8d§#ﬁ_$?bi 5|n t he present 15
between the 2nd of the wirs BORAL nh“?égﬁd?é’iﬁtﬁﬁ Cr i SN M
and the e'eCtrOdﬁthHf1Ehﬁa&brSfbﬁﬂdﬂinuEWofpéﬁ'£Yhﬂ9nﬁﬂecaﬁbééi€ioﬁf the

wire as described later, the ball 6a 20 has a hardness adapted to the

bondi ng. | mredi arrlig Béh&inghﬁlféraaisoﬁs@a fb€ Bdettrically connecting
the alumlnum pad 5 of the pellet 3 to an aluminum layer
14 formed on the inner lead part 7 of a lead 1 of,

10 for example a 42 alloy. After completion of the wire
bonding, the pellet 3, bonding wire 6 etc. are encapsulated
with a molded plastic resin 8.

In order to perform the bonding of the bonding
wire 6, as illustrated in Fig. 3, in the present

15 embodiment a ball 6a is formed at the end of the wire
by electric discharge between the end of the wire 6
which is held by a wire bonder (not shown) and the
electrode 9 of the wire bonder. By specifying the

kg material of the wire as described later, the ball 6a

20 has a hardness adapted to the bonding.

Immediateiy after fhe formation of the ball
6a, this ball may be Quenched by blowing an inert gas,
e.g. argon, against it at a low temperature. In this
way,'a preferred ball hardness is attained. Whatever

25 composition'the wire may ﬁavé, quenchinélis one of
useful expedients for obtaining a predetermined desired

hardness.



6a, this ball may be quenéhed by bl ow ng an inert gas, e.g. argon, against
It at a low tenperature. In this way, a preferred ball hardness is -,
attai ned. Wiatever 25 conposition the wire may have, quenching is one™f .

’

useful expedients for obtaining a predeterm ned desired hardness. 7-

Usi ng a'trasoni c bonding tool 10 as shown in Fig. 4 by way of exanple,
the bal IN\#a is pressed against the alUnminumpad 5 on the pellet 3 and is
securely bonded thereto by ultrasonic vibrations. 5 - An A1203 film
produced at the surfdtseingf arhealpatdsdai ¢ sharedingyobdul0 res tdteovrondi ng, and
a good wire connection is obtained. Wen pressed down, the ball 6a forns a
bondi ng parin g4:9. Th0WaY Rf mrammie chie Pakk & uks ereg3RA 5 which is
exposed through an opening 10 of a final passiyvation film 13. Wen the

har dness of29AidSfaihes 2 Igminm Fadi her wihe Belltet od afyisn al umi num

surface which has _an acfi surface en st at e daes not appear, and the
separ ati on scﬁc“‘ttléybg’r?&‘#dy\%l}eér?tr%%lf h& .%’E’c‘ﬁr_‘éﬁ’rl%tl%&s descri bed above.

On the othep, hand, whan, thediaigness gl e dall & {se ten ign, the force

applied in the vii r3e_ ondl_n_g operation nay gi've tise to bondi ng damage e.g.
E:IQ?E rgyZLIl. Il%@ég%y% [&{%ﬂn(;}rggfét%&}at ta ':1 %glg%délb%gr;gd?%g%gcgrhisngl Y,
connection is obtained. When pressed down, the ball
"6a forms a bonding part 6b. The bonding paft 6b covers - .
the aluminum pad 5 which is eprsed through an opening ~
10 of a final passivation film 13. |
. When the hardﬁesé of the ball 6a of the aluminum
wire 6 is too low, an aluminum.surface which hés an
active surface energy state abes nbt éppear, and the
separation of the bonding wire from_tﬁe pad occurs,
15 as described above. On the other hand, WEen the hardness
of the ball 6a is too high,_the force applied in the
wire bonding operation.may gi§e rise to bonding damage
e.g. that a silicon dioxide (SiO,) layer 12 under. the l;~
alumiﬁum péd 5 is.déstroyed.
20 In order to attain good bondihg, accordingly,
the hardness of the alﬁminum ball 6a needé-to be set
within the optimum range.
Fig. 5 shows results of experiments on the
relationships of the_hardness 6f the aluminum ball

¥

25 part 6a to 'the occurrence rate (%) of peeling between



the hardness of the aluminumball 6a needs to be set within the optinmm
range. Fig. 5 shows results of experinments on the relationships of the
harrdpess of the aluminumball 25 part 6a to the occurrence rate f
p&el i ng bet ween -8- the bonding wire 6 and the al um num pad 5 d&R&to the
occurrence rate- (% of bonding damage i r8shich the silicon dioxide layer 12
under the alum num pad 5 cracks. It can be seen fromFig. 5 that, when it
is taken into Bhe hooding mixe & wndushscpduodnymepad £handcégr tdgce rate
of inferior bonding is about 10% the peeling occurrence ng&e gindicated by
the solid |inepceyrmegrearatevii®ers pondiags dgmage df ¥BIGE 58€ and the

bondi d - .ate . (indicated b broken |i 0 i_gh at
2 Vi cker s har RSISSBR BHGwRS Ao doY R0 1 IEaROBFal Ry AIGREPPBIERS PnETPERGE of
Vi ck har.d f,35-42  FEi g, .sh | f.a l, f
e;;ef{ien?; Bgﬁig?ﬁgdb&ngantﬁgng%§%68§3F %%ﬁsh@ﬁglg%o%%;%gkggggﬁgfg t he

conposi ti og Ofa%%%ug%t%hg%lapﬁﬁﬂﬁﬁ%&%%Wﬁ%%qbﬁ%naQrQﬁ%d%c¥59&%h%ehardness

wi thin these optinmumranges. he ordi nate represents the Vickers
hardness, whil glhe o303 GireSaIIPHRTRIAINY 1€ abRAROi0RI,0Rhe2PeRll iviar | OUS

- materials. The Vickers hardness of each material is indicated by the bar
hei ght, for exa®uerence rate (indicated by the solid line) is high
at a Vickers hardness of below about 30, and the bonding
damage occurrence rate'(indicated by the bfoken line)
10 is high at a Vickers hardness of above aboﬁt 50.
Especially preferféd is the range of Vickers hardnesses
of 35-42.
| Fig. 6 shows results of a large number of
experiments performed under the same conditions in
15 order to obtain the composition of the material of
a wire which can provide Vickers_hardnéss within these
optimum ranges.
In Fig. 6, the ordinate represents the Vickers
L/ hardness, while the abscissa, represents the compositions
20 of various materials. The Vickers hardness of each
materiél is indiéated by the bar height, for example,
the value for Au is 40. 1In addition, "1 %_Si - Al"
| indicates a wire which is made 6f Al containing 1 weight-%

of Si, and "Au" indicates a wire which is made of 100

25 % Au.



>

the value for Auis 40. In addition, "1 %Si - A" indicates a wire which
is made of Al containing 1 weight-%of Si, and "Au" indicates a wire which

is made of 100 25 % Au. Fig. 6 shows that, with a wire of a conposil?bﬁ s
of al unppgu contai ning 2 weight-%of silicon (2 %Si - Al) or awire cf a .
Conposi h of alum numcontaining 1.5 - 2 weight-% of magnesium (1.5 - 2 %

M- A)T 5 a wire having Vickers t?ardness of 35-42 is obtained; so good
al um num bal | bondi ng mat erial.s qf which wire havi.n

. I, S pgsskble._ \
Vi ckers hardness of aBdHr 3057°¥§ © akvo¥dddy 2 Pﬁéﬁbfgaﬁ (FEMRER 3178
al um num COQEaéﬂ\xﬂ?nﬁﬁysﬁéf‘-g%gﬁﬁ%ghw° %ft_J%O_ {Eﬁgpﬁﬁlc%@ (]2 yel ht - % of

magnesi um and g fum "EBven w ese materials, wre of

hardness of the whole wre affects the bondability and the wre

as well as 1he 152hgegdgressobst haghakkiufi JqQussed 2akowg -Tha )gontrol of the
shape of a wire | oop becones nost inportant in a thin sem conductor device,

for examppl eaawileei Raving Witkeepi haednesssldwWdsi~42Fiigs obtadmédd. A silicon
pellet 3 is nounted in-a recess 20 in a base 11 made of an insulating
mat eri al sushb geodl atvmépomybal} bobdndignd smpossiidlled, for exanple a silver
(Ag) paste or gold - silicon (Au - Si) eutectic. An alum num bonding pad 5
on the pellet 3 As materials of which wire having Vickers
hardness of about 30 - 50 is produced, there can be
mentioned aluminum containing any of 0.5 weight-% of o/
10 magnesium, 1 wéight—% of magnesium aha 2 weighi-% of
- palladium. Even with these materials, wire O£'low
bonding failure rate illustrated ig Fig. 5 caﬁ bé obtained.
The hardness of the whoie wire affects the
bondability and the wire loop shape) as well as.thé.
15 hardness of the ball discussed abové. |
The control of the shépe of a wife loop becomes
most important in a thin semiconductor device, for
example a device for a timepiece,_as shown in Figs.
7 and 8. A silicon pellet 3 is mounte&'in a recess.
20 in a base 11 made of an insulating matérial Such as
glass epoxy, by a binding material 4,'for exam?le a |
silver (Ag) paste or gold - silicon (Au - Sif éutectic.
- An aluminum bonding pad 5 on the pellet 3
and an electricaily conductive layer 16 made of copper

25 or the like and arranged on the base 11 and around

the cavity opposite the pellet are electrically connected



ahd an electrically conductive |ayer 16 made of copper 25 or the |ike and
arranged on the base 11 and around the cavity opposite the pellet g
eléq,,rlcalry connect ed -10- by a bonding wire 6 which is nade @
exanple al um num or an al um num conposition or gold. The conduct Mg
16 is an external termnal for electric--H+y connecting the pellet "3to
the exterior. 5 The part of the bonding wire 6 connected to the
bondi ng pad 5 iBysabperdbugtwibal b wbhahngs mpderod ber|esampieforned in

t he manner shown_in Fig. 3, it is bonded to the, bondin Pad 5 bZ t he met hod
shown i'n Fig. 4319mh$%By°ﬁ BB ndt WYLIRYR CEBPPEI EHPRET g@ The

Potting or ol AFRBRSSTLEe nLATEF LRl BnacRbront cEoFBLPAT o L BES T EL R,
or a i ke proce%ﬁ E§g§ﬁ%elg%?|g?g %Qigeﬁeg‘EQ”QHEtgﬁtgF¥6fe 15 it is very

| mportant that | 60 onding wre mal Nt ai ned at a

fixed stablg hei ght \Mth'@héhﬁaEeSbfeéhéasbaalhaeweé s\heanﬁ@et&are 6is
|l aid by a wre bonder (not shown). As stated abOve, a favourable |oop
hei ght is not a{:éatﬂédb&ﬁ@ﬂn?hﬁabasdﬂgsﬁuBQee‘EeHheoV\b&Blbeﬁdiﬂ@ hi gh or
. too low. The inventors have found, by experinental researches, that the
wire | oop hei ghaftan ®ebapli 6al iy ﬁonmedlhndthg hanhetrshtwngibhBigire 6
under specified

3, it is bonded to the bonding pad 5 by the method

. shown in Fig. 4, whereby a bonding part 6b is formed.
~ 10 The peliet 3 and the several wires 6 are
encapsulated in a sealing.member 15 by potting or
ﬁolding a resin, for example a polyimide resin or epoxy
resin, or a like process.
Especially in a thin semiconductor device,
15 it is very important thai the loop height of the bonding
wire 6 is maintained at a fixed stable height within
the desired rating thereof when the Qire 6 is laid
by a wire bonder (not shown). As stated above, a
A/ favourable loop height is not attained when the hardness
20 of the wire 6 is too high or toé low.

The inventors have found, by experiméntal
researches, that the wire loop height can be optimally
controlled by heat-treating the wire 6 under specified
tempefaturé conaitions within a continuous annealing

25 furnace (not shown) before the wire bonding of the

- wire 6. Further, it has been found that the wire loop



tenperature conditions within a continuous annealing 25 furnace (not shown)
before the wire bonding of the wire 6. Further, it has been found that the
wire loop . -11- height can be optimally controlled by recrystallizi ng“tes
wre 6 u; the wire once softened by the heat treatnent is cooled and

har dened ‘rﬁin Fig. 9 shows the relationships of the heat 5 ° treatnent
(anneallng) tenperature to the brokenlload and the expansi on percentage for
a wre haV|ng a di anet er of and nade _of_ alun1nun1conta|n|ng 1

wei ght - % of §+9hEoﬁa91b%) Pt”“ﬂl;{]y fﬁ€t5ﬁﬁégplﬁg\ﬁ%§r§§FF& 9y noving a

sen1conduct€§%deV|ce at ed of | ing furance

40
held at a fFX&d fgﬁpgrgpﬁpe anﬁfﬁ °§cetﬁ8 §E§ﬁinP 35?3%9 s the
anneal i ng t epRSL ALHE € %GEBLleﬁngthﬁaQB@b@%t% ? resents the broken | oad

(gr.) of thé"wre and tThe expansion pércentag t hereof. The solid and
broken curves shOM/thglbenglggogg th@aQeﬁle%hs%H%sf%Et%M%‘Héd%‘“ rein

dependence on anneal i ng-tenperatures and the maxi fum expansion (el ongation)
per centgge £%a@i\ehhe(%heauehgr)et efrafRintet to @R HriokRny 10Adwi re giving
a favourable wire | oop height 20 performance can be obtai ned by

heat -t r eat | agdt bReWekpansiant pepercataye farga wireh havimgylaediamenerhe
recrystallization starting tenperature of the wire, nanely the | owest

t enper at ur ec¥a3Pepmi andngpadee ofeadipgtiam containing 1 weight-%

of silicon (1 % Si - Al). The'annealing was performed -
by moving a semiiconductor device at a speed of 40 cm/min. \
10 -in the annealing furance held at a fixed temperature.

In Fig. 9, the abscissa repfesents the annealing
temperature (°C), and the ordinate represents the broken
load (gr.) of the wire and the expansion_percentaQe (%)
thereof. The solid énd broken curves show the tensile

15 1lcad (g) at the rupture of a wire in dependence on
annealiné temperatures and the maximum expahsion
(elonéation) percentage (%) of the wiré before the
rupture; resbectively.

A wire giﬁing a favourable wire loop height

20 performance can be obtained by heat—t:eating the wire
in a temperature range which is higher than the
recrystallization starting temperature of the wire,
namely the lowest temperature Ta permitting the recrystall-
ization, and is not higher than a temperature Tb of

25 maximum expansion percentage, i.e. in the range indicated

b by L, in Fig. 9 (about 400 - 470°C). In this example



ization, and is not higher than a tenperature Tb of.25 nmaxi num expansi on
pereentage, i.e. in the range indicated by [err] in Fig. 9 (about 400 -

[gk;lg._ Ih this exanple 12- the recrystallization starting tenperature
Ta is & point of inflexion, and is about [err] in the case of Fi 0. A
wire anneal ed at a tenperature above thg25 recrystallization s I ng

tenperature.Ta, in other words a recrystallized wre, provides a good | oop

shape. The rea%%%bggkgxgsgﬁq§gakggnt%@yfyligqt %ﬁe L:@raCry 98 Lhe whole

wire and is ab rmy.” FOf @ Wiré annealed at a tenperature bel ow

10 the recrystalliigalison n$haklicRg LARPE A EYdR T A00P bint¥hd! luskhe wire

anneal ed at a tenperature in a range I n which the expansi on percentage
curve exhibits g qugtgnt val ue, the | oop shape is unfavourabl e because the
hei ght fromthe bonding plane is too |low Such 15 wire has a high broken

| oad and has a hi gh streagwirebanneallddlalte a cempeaiatire abeveoithew ng
reason. The size of the crystal grain of the wire changes abruptly near the
bal | 6a. Tise bomeetinygtpdlt 28k ionhetihalitinga temperatpune Taf, tille ofhed over a.
height 20 2 - 3 tinmes as great as the height of the ball 6a _fromthe

bondi ng pl ane aoxdsest &¢cxys&aldigedamize oPravidess0goRter oPEr FPASrhe

ball 6a. This tenperature is_higher than the recgystallization s%grting
t enper at ur e The reason will be that the tension in the wire acts

on the whole wire and is absorbed uniformly.
L For a wire annealed at a temﬁerature below
10 the recrystallization starting temperature Ta,
particularly the wire annealed at a temperature in -
a range in which tﬁe expansion percentage curve exhibits
a constant value, the loop shape is unfavourable because
“the heiéht from the bohding plane is too low. Such
15 wire has a high broken load and has a high stfength,
but is liable to break for the following reason.
The size.of the crystal grain of the wire
changes abruptly near the ball 6a. The bonding part
! 6b, the ball 6a, and a part of the wire over a height
20 2 - 3 times as greét.as the height of the ball 6a from
the bonding plane are heated to a temperature of 500°C-
600°C when forming the bail 6a. This temperature is
higher than the recrystallization starting temperatﬁre
of aluminum wire of any composition. Therefore, in
"25 this temperature region the recrystallization of the

aluminum is promoted and a grain diameter of several



of alum numw re of any conposition. Therefore, in 25 this tenperature -
region the recrystallization of the alumnumis pronoted and a grajn v
di anet er of .several 13- tens pmis obtained. One grain can occupy a™e .
section gf the wire having a dianeter of 30 pm On the other hand, the
aIuninué%E?tside t hese regi ons undergoes only tenperatures | ower than the
recryst zation 5 starting tenpe Aure Ta. Accordingly, the grain size
of the alum numremai ns unchanged fromthat of the raw wire forned by
drawi ng t hetengoumofisabbtrined.an@nehgrgiai cadi aceupy ias seattigneat er than 1
[err]. The wire extending away fromthe ball 6a 10 upright substantially
vertically P thej wiredheyiagl at diametensidn 300 uior mOrh&hleo@heThi s tensi on

concentrates on the part of the wire at_which the grain di anmeter changes
abruptly, nBfBfy the BirmizpmyoNisdAe these3regierasyupdesgoesan the hei ght

f the ball 6a f t he 15 bondi d 5.1 “th _ 5 J
Pur t her nor cOPL¥e hePERSEHAES| ARYCA: CREPal® EFSRIFEadtovating

ocrystal ] ¢Rhi00,5 QLhbAgRURCHAl U RelRrad (e AAICRLEY Al gt erer Al ur e

above the téenpera naxi mim el‘onga rcent € wireis 20

not favouraBkeensi B§Gmli AGm RS i We" Snkhatgbll #roh@ngltoRgalhan percent age
Is great, the wre |oop sﬁape apprOX|nate§ the path of novenent of the
bondi ng t 00kaOwiFBeEBERLE: bYNArAWthGlEhREHAG0LObE! B uhdARnd,” AR
the grain diameter is not greater than 1 um. -
The wire extending away frém the ball 6a
10 upright substantially vértically is subjected to a
lateral tension to form the loop. This tension concentrates
-~ on the part of the wire at which the grain diameter
changes abruptly, namely the part at a height is 2-3
times greater than the height of the.ball 6a ffom thé
15 bonding pad 5. 'In consequence, the wire breaks.
Furthermére, even with annealing at a teﬁp-
erature above the recrystallization starting temperature
Ta, a wire annealed at a temperéturé above the temperature . c;
Tb of maximum elonghtion percentage of the wire is
20 not favourabie. Since the whole wire ié soft or the
elongation percentage is great, the wire lbop shapé
approximates the path of movement of the bdnding tool
10. Therefore, the maximﬁm height of the loop from .
the bonding pad 5, which is usuélly 200-300 pm, becomes

25 as great as 6004700um;



the bonding pad 5, which is usually 200-300 pm becones 25 as great as
600Q«700pm -14- A wire anneal ed above the tenperature Ta and | ow t he
tefrperaturé Th is difficult to break, and can provide a proper p. hei ght.
The grain dianmeter of al uninum.becones several [err], for exanple, 5~pmin
5 the whole wire. Furthernore, the graigs di aneter decreases gradudl ly,
not abruptly, fromthe part having a grain dianmeter of several tens pm The
anneal i ng descri bed aboven neiats dammdeel exhrabade dute Befmprer g3ardfeoria ng t he

wi re bonding, preferably 10 before the wire is | oaded on the spqol of the
_wire bonder or am® hHeélaw the tempemature /2R bh dibhicwd thRietkre Ta and

the tenperature Th of maxi num expansi on (el ongati,on) percentage differ,
dependi ng upon and GAT PERKIGE A Praper loop Height 4 T(}E? ﬁﬁﬂﬁg’ t‘ﬁ‘é’me er

expans- 1 on' pertler BT RAGITRR 3 VERL M ocieh THIRIT mbdlE Shneal i ng
abeci S5a antl { HPSIGS ¢ | SSRGS (e ofaid hidfeed addRases
and again soli d#écﬂ?asl 1aip'd &g@kﬂwﬁ‘%@%ﬁ' i%ﬁ%&tﬁ@rmmd QA t he
expansi on percenhtage, respectively. 1e soli1d Iine a and the broken Iine a
relate to a w rg;j HetdHNUERFOE Bi Féid dmd Wei ght - % of
The annealing described above needs to be
~ carried out before performing the wire bonding, preferably
.10 before the wire is loaded on the spool of the wire
bonder or the like.
The recrystallization starting temperature
Ta and the temperature Tb of maximum expansion (elongation)
percentage differ, depending upon the wire materialé.
15 Fig. 10 shows the relationships of the heat
treatment temperafure to the broken load and the expans-
ion percentage for various wires subjected to continuous
annealing treatments (at 40 cm/min.) as in the case
i./ of Fig. 9. In Fig. 10, the abécissa and the ordinate
20 represent fhe same quantities as in Fig. 9, and agaiﬁ
solid lines and broken lines indicate the broken load
and the expansion percentage, respectively.
The solid line a and the broken line a relate
to a wire of aluminum containing 1.5 weight-% of
25 magnesium (1.5% Mg - Al), the solid line b and the

= broken line b to a wire of aluminum containing 2.9 weight-%



25 magnesium (1.5% My - Al ), the solid I|ne b and the broken line b to a- N
wire of alum num containing 2.9 weight- of magnesi um (2. 9@6Ng,-;N)

and the sghid line ¢ and the broken I|ne c to a wre of alun1nun1conta|nrﬁgs
4.9 weirghtP9 of magnesium (4.9% My - Al). The dianeters of all these wires
is 30 pm 5 ‘Simlarly to the exanple illustrated in Fig. 9,

the range L2 of optinum annealing tenperatures can be set for the wire of
1.5% My - Al. In this case, Ta = [er??sénd Tb =:ferr]. Wth this wre,
besi des the favourable wire | oop shape, ball bonding better 10 than with

- the wire il bBsthaghedium Fi2g9%9Mgs ~padgi,baad hteassd ids 1hng b asi@dws, this

wire can provide the optinmum hardness of the ball. It is therefore possible
to prevent bbhedbngkdsf édine su@h aSWﬁWe Qépaﬂamﬁommohqnhaﬂmmmm ng wire and
t he cracks due to_ the bondi ng Wth the wire of 2.9% My - A,

t he de5|red4t8nﬂé%ﬁbﬁré Pén@égéﬁséﬁﬂeéﬂlﬁﬁ HScGnéé)[erﬂPQMﬁHQQQﬂ%§SIoop
shape is goog Sg E Wre strengtB is held at or above a certain value. In
this case, R6wdYbdrtNERE Wir8SedS 3P #Me wire is high, and hence 20 results
as good_as that of th re. arg For .t he wre of

4.9% M- Al, a tenpeEéP&§ yg &8 SPeaﬁﬁggp'ﬁgoééuﬁkﬁétﬁ 3B &EAS- tens
[err] cann O% 5 b@hﬁeiaﬁﬁe T _PRgs bBltgmuESO%‘ﬂQ 1 1%8"“6;?ﬁtp@§\é%'&9etsh af®

favourabl e el g préperty-can be produ

be set for the wire of 1.5% Mg - Al. In this case,
Ta = 300°C and Tb = 400°C. With this wire, besides o/
the favourable wire loop shape, ball bonding better

10 than with the wiie illustrated in Fig. 9 is possible,
because as Fig} 6 shows, this wire can provide the
optimum hardness of the ball. It is therefore possible
to prevent bonding defects such as the separatioh of
the bonding wire and the cracks due to the bonding.

15 With the wire of 2.9% Mg - Al, the desired
temperature range of annealing becohes 300°Cc-420°C
while the loop shape is good and the wire strength
is held at or above a certain value. In this case,
however, the hardness of the wire is high, and hence

20 results as good as that of the 1.5% Mg - a1 wire.are
not attained. For the wire of 4.9% Mg ~ Al, a temperature
\iange of annealing as wide as several tens c.’C cannot
be set.

: When'possible, however, a wire having the

25 favourable loop height property can be produced by



16- conducting the heat treatnment in the tenperature range (indicated by L2
i n.Fi.g. 10) higher than the recrystall- ization starting tenperature_gf the
vwfgLﬁaterial and not higher than the tenperature of maxi num ex ié%PS
percéntage. That is to say, the |oop shape of the wire can be conttorTed
by recrystallizing the wire. The enbodi aerts descri bed above can provide
the following results: Since bonding is carried out with a wire 10 of

al umi num or an cdnduatimac diso dieditork reataientp imnedha itePpearatoye Fanrdse

achi eved, as conpared with the use of gold. By selecting.the hardnesl of
the ball in a spedifdaded dygd, tife FHohdilly Miahax f%mq&br?e neSFHSTG 35
strength of an alunmi numw re can be remnarkabl nhanced. Q{ specifyi ng a
wire conpositi dfﬁa%%odb&faﬁm%&eﬂpﬁé{?vecfrgﬁg‘estwﬁﬁey N bt d_arﬁ/
guenching a wire after forning.ts.en it I . | .. '

predet er ni ned MRS er trHaépéc&eaitr?é“ ,e@s?cgl\rﬁeattbaér é?/aoaﬁlr"g'@} ee’%%\rﬂesqg)cgﬁdi ng can
be perfor . . ap f W I ‘dde the wire
softened by h gbez;[%egxg_![% nt %ggrtegrsygosllﬁl'i ggjdéggiéeéﬁkéé\%bﬂorﬁgeng. 25

The | oop hei ghtyGfe &AM e Rt 1A Gy irasR RNt 4 ind Rhevivitrd S

heat-treated in a tenperature .
' ' The embodiments described above can provide
the following results: | |
'Since bonéing is carried out with a wire
10 of aluminum or an aluminum composition; a sharp'
reduction in cost can be achieved, as compared with
the use of gold.
-By selecting the hardness of the ball in
a specified range, the bonding property and the bonding
15 strength of an aluminum wire can be remarkably enhanced.
By specifying a wire composition, a good |
bonding property can be stably attained.
" By quenching a wire after forming its end
\*g witﬁ a ball, a ball having a prédetermined hardness
20 is obtained, so that favourable wire bonding can be
performed.
The loop shape of a Wire can be controlled
well if the wire softened by heat treatment is recrystall-
ized before wire bonding. .
25 The loop height of-a wire can be the optimum

= - height if the wire is heat-treated in a temperature



17- range higher than the recrystallization starting tenperature of the .
wire and not higher than a tenperature maxim zing the expansion percentage
of the wire. Particularly when the wire is an alumnum5 wire containive§ -
1 wefg oof silicon or 1.5 weight-% of magnesium a favourable | oop

hei ght hin the rating of the | oop height can be attained. Due to the
control of a wire | oop shape achi evable by virtue of the heat treatnent,

the 10 occurrence of a flaw of a wire due to a back tension is preventable,

rupture etcrafhet RegWeke thanp e HetitydtaaNd 23R o @tadit i er nal

appear ance ascribable to an inproper wire loop is preventable. By

speci fyi ng @empegatQrpodift ithie, wd realandl moaf hd gherdihan alitetgbdratedi ng
can be forned, and noreover, a wire | oop height can be rendered the optinmm
val ue. Whenmakémheangt tbet expansd ogo perceatage @fskde fWigw .t enperature for
“a particular wire so as to 20 render the hardness of the ball of the wire
suitabl e for bondi ng, PRr§Ecxdaddyi Mhep &8¢ §8a€ 1isoansRdp@isw® be real i zed.
The present invention,is not restricted to the foreggi%g articularly

descri bed elhs8i FRRtaining 1 weight-%Gf siliygon ar, &Lt F the wire

may be dlffg%eagnggqh&QO%e aJQGE%%T% %%saheight within the rating

of the loop height can be attained.
| Due to the control of a wire loop shape
achievable by virtue of the heat treatment, the
10 occurrence of a flaw of a wire due to a back tension
is preventable, rupture etc. of the wire is preventable,
and an inferior external appearance ascribable to an
improper wire loop is preventable.
By specifying.a wire composition, a ball
15 of-a hardness.suited to bonding can be formed, and
moreover, a wire loop height can be rendered the optimum
value. _ _
Whén the heat treatment is conducted at a: | | \)
specified temperature for a particurar wire so as to
20 render the hardness of the ball of the wire suitable
for bonding, high bondability and good loop shape can
be realized.
The present invention is not restricted to
the foregoing particularly degcxibed embodiments.

25 For example, the material of the wire may

_ ehove o
be different from those mentioned beifse,-and_tba_wi;e



-18-_[ERR] The preferred hardness of the ball can be attained by gradual
cquhng after the formation of the alum numball, not by qu I ng based on
ai m_cooli.ng. 5 In addition, a favourable bondi ng=property#ean
bt attained by varying the thickness of the aluminumfilmof the al um-num
pad. In the above, the invention has beéﬁaﬁrincipally described with
application.to a resin ' 0. i Ge np _balJ
of al um num baSeHF WMFTS 1 Dondi Ny~ DUT | restri
this application. The iny [ | 4ﬁ&gﬁ' I | t
t her noconpr essi on and ot her a%féc%s bon |%%§s¥s?€ﬁés%&2€éﬁlel%zsb? (o}
ul trasonic bondé%iﬁédlﬁ,{ %&Wl&éﬁiﬁ? EDEF €RE1 £ORRMEION SlBVi ces as
wel | as the resin-nolded type; generally the invention is applicable to any
sem conduct or dgyé C£1uMimith Chal Bf ety queschingdvsteod qeldit ol amy.
external termnal for ‘connecting this pellet and the exterior are connected
by a wire. 5 -1 9- CLAI Nthladdition, /s sEawvgonalbibe oboniding epreperty a
bondi ng wi re which consists of alum numor alum num and-an all oyi ng

can be attained by varying the thickness of the aluminum

cted to

film of the aluminum pad.
- In the above, the invention has been principally

-~ described with application to a resin-molded semiconductor
10 device made by ball bonding of aluminum-based wires

by ultrasonic bonding, but it is not restricted to

this application. The inﬁention is extensively applicable

to thermocompression and other various bonding systems,

as well as to ultrasonic bonding. It is applicable
15 to other semiconductor devices as wéll_as the resin-molded-

type; generally the invention is applicable to any

semicondﬁctor device in which, at least, a semiconductor

pellet and an external terminal for connecting this

pellet and the exterior are connected by a wire.



substance and is ball-bonded to a netal bonding pad forned on a

sem conductor pellet so &s to connect the 5 pad and a conductive layer, -
for utsi de the sem conductor pellet, the part of the wire bal | - bondeshé
to th ondi ng pad having a V'ckers hardness in the range of 30 to 50

before bondlng to the pad. 2. Ay gem conduct or device according to
claim10 1, wherein there is an insulating fil mbetween the bondirng pad

and the senigppgmgt or pellet. 3. A seni conduct or device according to
claiml1l or cTairm2Z wherein the Vickers hardness of the said part of the

wire connected to the Rosemigopddcitari deticet haviagge Bbni@ndg2wheéore
bonding to the pad. 4. A sem conduct or device according.to any one
of clainms 1 wbi@h whsséstssaifdaliumdnoonozi aduadnam epdngnsabioging
magnesi um 5. A sem _conduct or device accordlng to claim20 4

wher ei n t he fubRbanam andAt dst berd 1-Pondedr &pga mesadobondénghpady 6.

A seni conductor device accordin any gne of clainms 1 to 4, wherein said
wire contain§°£§eélPByPnﬁeEGSQPgHE§°§TéF&&ﬁt 89 as t209°‘PneCt the A

sem con ctor eV|§eaaccord|n to.cl aim.6 con coptent is

Shout 5 86RatcRysa ByR £ OsPeAcOREB a0 bR ASRLooRTYhRE

pellet, the part of the wire ball-bonded to the bonding
pad having a Vickers hardness in the'range of

30 to 50 before bonding to the pad.

C

2. A semiconductor device aecording'to claim
10 1, wherein there is en insulating film between the
.bondlng pad and the semiconductor pellet
3. ' A semiconductor device according to claim
1 or claim 2 wherein the Vickers hardness of the said
part of the wire connected to the bondlng pad is in
15 * the range 35 to 42 before bonding to the pad.
4. A semlconductor device according to any one
of claims 1 to 3, wherein said wire contains as alloying =
substance magnesium;
5. A semieonductor device according to claim
20 4 wherein the magnesium content is in the range 1.5
to 2 weight-%. | |
6. A semiconductor device according to any one
of claims 1 to 4, wherein said wire contains as alloying
substance silicon.

25

TR R O I!ll



of’ the'preceding clainms wherein the wire conposition 5 Is uniform 9.
A sem.conductor device according to any one of the preceding clains wherein

théksaig~cohductive | ayer is nade of nmetal different fromthat he .
bondi ng pad. 10 10. A sem conduct or device according to ne. of
the preceding cl-ains wherein the bonding pad is nade of alum numor an

all oy thereof. 11. A semi conduct or 1 ce according to any one of the

precedi ng cl ai ns_having a AesLn.encg&gglat'on.lS enchi'
e

¥ h )
semi conduct or pe?fet and tnesfoFen i3 %ﬁh?ﬁg?ﬁf?%.iqg:é°e%lalﬁk _
sem conduct or degl cgh%ggﬁiﬁ?ﬁh%ﬁékg%génaa%négg@ gv‘éggupeée“l,&l%’eé_c“ bed with
yrng draw ngs. 20 . A

reference to and &s's np

met hod of manufagturing a ﬁ-egieﬁ%eﬂaaeeoﬁeaésfc@ayé@&'@ib&n@égwn ;ac whi ch

consi sts of alum numor alum num and an all oyi ng substance an

connects a bondisg £RE HPeBBAIAG 818&KECHREHELRT tRE! W Eie dPSmposDILICt | Ve
| ayer fornmed outside the sem conductor 25 pellet, conprising: -21- (a)

anneal i ng safd bbsdungforme; (b) formng into a ball a part of said
bonding wire to be connected to said bonding pad and obtaining a Vickers
hardness of said9ball in tAesemhgendacgor device according to any one
of the preceding claims wherein the said conductive
layer is made of metal different from that of the bonding
W pad.

10 10. A semiconductor device according to any one
of the preceding claims wherein the bondihg pad is
made of aluminum or an alloy thereof.

11. A semiconductor dev;ce according to any one
of the preceding cléims having a resin encapsulation

15 enclosing the semiconductor pellet and the whole of

‘ the bonding wire.
12. A semiconductor device substantially as any
- such device herein described with reference to and
as shown in the accompanying drawings.

20 13. A method of manufacturing a semiconductor
device having a bonding wire which consists of aluminum
or aluminum and an alloying substance and which connects

é a bonding pad formed on a semiconductor pellet and

a conductive layer formed outside the semiconductor

K 25 pellet, comprising:

T



-

5 to 50; and (c) bal | - bonding said ball to said bonding pad and
connecting the wire to said conductive |ayer. 14. A net hod accordi,ng;
to claiml3 wherein a Vickers hardness of said ball in the range 35 to 4%~ »
10 is d@g?ined,_before'the bondi ng of the ball to the pad. 15. A

met hod ording to claim 13 or claimdJd4 wherein the annealing is perforned
at a tenperature higher than the recrystallization starting tenperature 15

of said bond¥gg Wre agqnggwgagtgg@dtggnagggéggygge of maxi num el ongati on
percentage of said bonding wré. 16. nmet hod according to any one of

claims 13 to(sp wherei BogiidgWih€oCanballSaapait! 6¥i Beigubshansg magnesi um
20 17. A nethod according to claim 16 wherein the nmagnesi um cont ent
is in the ranjeeotoabeutohnéctedghd- $atid BofdimggpadYaaddobhainnngal i ng
tenperature i s about 3000C to 420C. 18. A nmet hod according to any one
of clains 13a2¥ickersshamdness ofi gaiidr baddnini hbeasanpgeopfndOsubst ance
silicon. . -22- 19. A nethod according to claim 18, wherein the
silicon &ontBAt 5P aPBut 1 wei ght-% and the annealing tenperature is in

the range of (ahout [erpl 19:bhtthy 38ia ba11 £o 5018 s3R42hG' pla'® 2™ ON€
and connecting the wire to saia.conductiveilayer.
14. A method according to claim 13 wherein a
Vickers hardness of said ball in the range 35 to 42 W/

10 is obtained, before the bonding of the ball to the

pad.
15.- A method according to claim 13 or claim 14

. _.wherein the annealing is performed at a temperature
higher than the recrystallization_starting temperature

15 of said bonding wire and lower than the temperature
of maximum elongation percentage of said bonding wire.
16. A method according to any one of claims 13
to 15 wherein said wire contains as alloying substance
magnesium.

20 17. A method according to claim 16 wherein the
.maghesium content is in the range of about 1.5 weight¥%
to 2.9 weight~-% and the annealing temperaturé is about
300°C to 420°C.

18. A method according to any one of claims 13

25 to 15 wherein said wire éontains as alloying substance

silicon.

AR



5° to 19.wherein the ball is forned by an electrical discharge between the
w re~and an el ectrode. 21. A nmet hod according to any one of clains 13
to, 2Q/ whereéin the ball is cooled by blowing a gas against it, prior to '
bondi ng of the ball to the bonding 10 pad.

4 : -22-

PR XY <15

19. A method according to claim 18, wherein the
silicon content is about 1 weight-%, and the annealing
. temperature is in the range of about 400°C to 470°C.
20. A method according to any one of claims 13
5 to 19 wherein the ball is formed by an electriéal
discharge between the wire and an electrode.
21. A method according to any one of claims 13
to 20, wherein the ball is cooled by blowing a gas
against it, prior to bonding of the ball to the bonding
10 pad. '
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