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-1- . - 2178761 W RE FOR BONDI NG A SEM CONDUCTOR DEVI CE The 3
present invention relates to a very fine wire of high-purity copper for use
i n t:he bonding of a sem conductor 5 device. ICs as seniconductfr ?Eg?qef

whi ch al so include transistors and LSIs in their category are Jp

fabri- cated by the follow ng steps: 10 (8}~ provide a |lead frane
material that is nmade of a strip of Cu alloy having a thickness of 0.-1 -
0.3 mm (b) etch or iﬂéﬁhJQB.ﬁQ!QﬁﬁEi}aﬁﬁMEQQNBBﬁTﬁg DBVIRE shape of
the ICs to be fabricated; (c) apply high-purity Si or Ge sem conductor
chips to 15 selected areas in the |lead frane by thernnconpression with an
electrically conducti resin such as solderl '

¥F éﬁ astf, gx wWth a
plating of Au, Ag, COPTHSHF AR % peiebe oft Yﬁéy Pﬁg“é&ﬁf&@és
connect zg?hcgg%ci’wuﬁ boiffer ¥or ke @"?hsﬁ%°§¥i§\§ 8578, Bnasendhieor

very fine qicRg Wi res; (e) enclose with a protective plastlc
package th sen1- conduct or chips, gold wires and parts of the lead frane
to which the chi ps have been bonded; and 25 (f) cut the lead franme into

di screte 1 Cs. The very fine Au wires conventionally enployed as bondi ng
wires in the fabricaticy af seaniconaivetor déviees which also include

transistors and LSIs. in their'category are typically fabri-
cated by the following-steps:
~ .‘10 (a) provide a lead frame material that is made of a stripv€§

of Cu alloy having a thickness of 0.1 - 0.3 nmm;
(b) = etch or stamp out a lead frame conforming to the
shépe of the ICs to be fabricated;
(c) apply high-purity Si or Ge_semiconductor chips to

15 selected areas in the ;ead frame by thermocompression with,
an electrically'conductive resin such as Ag paste, or by
soldering with a piating of Au, Ag, Ni, Cu or an alloy
thereof formed on the mating surfaces of each semiconductor

chip and the lead frame, or'by Au brazing:;

(#

20 (4) connect each semiconductor chip to the lead frame by (
bridging them with very fine Au bonding wires;
(e) enclose with a protective plastic package the semi-
conductor chips, gold wires and parts of the lead fréme to
"which the chips have been bonded; and
25 (f) cut the lead frame into discrete ICs.
The very fine Au wires conventionally employed as
bqnding wires in the fabrication of semiconductor devices
are expensive and increasing attention is being drawn to

using less expensive oxygen-free copper in the form of a



9 .
are expensive and increasing attention is being drawn to using |ess
expensi ve oxygen-free copper in the formof a very fine wire. However,
anvlngo\dff the conventional oxygen-free copper i-s fairly hard (Hv: 50 -
60), soif a very fine wire drawmn fromthis ngot is applied to the S

oy ?2332%? 'y B AR oyt s o, A Logr 9&”*5%.{)%”3?%?"@3? e
The | ow ol ongal e ef ?ﬁ%vﬁ?‘iﬁé‘f. E GE8hELy (paa (RL, PEB"OPbL £ Hb! fe' 4o
consi der - ab'ev@:ﬁ{mﬁtﬂcf v?r'ief’r téni ri‘h taﬂg & i‘i@h”ﬂot Qﬁelgx

normal shape of a oop at Eondlng ut al so e mﬁreﬁgas a grea

tendency to br%’ﬁmwdﬂmwﬁlém;somesﬁe%ésdihg 8B8pYPEhat Sameﬁotﬂxhgeat
| ead frame. By "normal shape"” is neant that the | oop does not sl acken

bend in suchs a tenneiré Maip itay ficeguehtlyi dgmbyecehbant rihghaznaadbgcesht
| oop or breakage of the wire. The principal object of the present invention

is to 15 provi dn &heerghifp heohingy pevén ysooepimesi causbamicsocvachlthg fiar
use as a wire in the bonding of a sem conductor device in terns of such
factors as el orfdw iddrip or dalfuntker cpreblemhresul taecfsonf thecdppeelongation
fromwhich the wire is drawn, the shape of the | oop which the wire nakes
during bondi ngPRGhihvete FinguerrgentEree CBrwikage. NOKi ONdYj &6t consifer-

able difficulty encountered with forming and retaining the
10 normal shape of a wire loop at bonding but also the wire has
é great tendency to break without being connected to the

appropriate area in the lead frame. By '"normal shape" is meant
that the loop does not slacken or bend in such a manner that it causes
shorting by contact with an adjacent loop or breakage of the wire.

The principal object of the present invention is to

15 provide a very fine high-purity copper wire that is suitab}e
for use as a wire in the bonding of a semiconductor device
in terms of such factors as elongation, breaking strength;
the hardness of a copper ingot from which the wire is drawn,
the shape of the loop which the wire makes during bonding,

o 20 and the frequency of wire breakage. This object of the
present invention can be attained by a very fine wire for
bonding a semiconductor device that is made of a high-purity
copper céntaining 0 -2ppmof S, 0 - 2 ppm of Ag, 0 ~ 1 ppm
of Se and 0 - 1 épm of Te, with the total content of these

25 and any other incidental impurities'present being held at a

2

| kg/mm ' and a Vickers hardness




present invention can be attained by a very fine wire for bonding.a

sem conductor device that is made of a high-purity copper containing.-0 - 2
ppmof S, 0 - 2 ppmof Ag, O0'- 1 ppmof Se and 0 - 1 ppmof Te, with the ¢
total content of these 25 and any other incidental inpurities present being
held at a level not exceeding 10 ppm said very fine wire having.an

el ongation of 5- 22% a breaking strength of 14 - 33 kg/mm{err] , and a

Vi ckers hardness [err] the latter val+ti -3- being neasured with respect
to said high- urlt cop Lp an_incot for, The present inventors have
made concert Bei FEAEY %0“%‘ aﬁsé’eﬁ t 19 §adg] Bt PHRAT RS RPFEsHT 137 t he
inventors obtaifiedthe foll owi ng observations: t he conventional very fine.
oxygen-free copper wire contains 5 - 10 ppmof S, 5 - 10 ppmof Ag, 0.4 - 1
ppmof Se and 0.5 - 1 ppmof Te as incidental inpurities; if the rensective
amounts of these %urltles 10 are reduced to the ranges of - 2 ppm O -

2 ppm 0 - 1 ppm arfd®oPEeSERSphTV EITa~F 1 F1fe PO S°TCEAE RS te“d'f’rf'ﬁe‘s% and any

ot her inpuri 5{:@§1rprt%§§n$bjle%trem%g Er ke eanveRbhesd oBRaindf0 ppm
range to 5 val ue of not nore than 10 ppm .a soft ingot of oxygen-free

copper havi nghea f4ldlkwisg irnsdpestions: ofh3@onveikiparlbee gbtfdnaed. If a
wire drawn fromthis , ,

oxygen—free copper wire contains 5 - 10 ppm of S, 5 - 10 ppm
of Ag, 0.4 - 1 ppm of Se and 0.5 - 1 ppm of Te as incidental-
impurities; if the re?sective amounts of these Impurities

10 are reduced to the ranges of 0 - 2 ppm, 0 - 2 pem, 0 - 1 ppm g;j
and 0 - 1 ppm, and if the total content of these and any
other impurities present is reduced from the conventional
50 - 100 ppm range to a value of not more than 10 pom, a
soft ingot of oxvgen-—free copper having a Vickers hardness

15 of 38 - 50 can be obtained. 1If a wire drawn from this
high-purity copper into a very suil:i dizmeter is subjected
to the final step of heat treatment (typically bright
annealing), the wire acquires an elongation of 5 - 22%.and
a breaking strength'within the range of 14 - 33 kg/mm2

20 (eguivalent to a preaking load of 7 - 16 g on a wire with &
diameter of 25 mm). . ' ' S

Thus, according to the present invention, there is provided a very

fine wire for bonding a semiconductor device, said wire being made of a
high-purity copper containing 0-2 ppm of S, 0-2 ppm of Ag, O-1 ppm of Se and
0-1 ppm of Te, with the total conient of these and any other incidental
impurities present being held at a level not exceeding 10 ppm, with the
balance being copper, said very fine wire having an elongation of 5—22%.
2 breaking. étréngth éf 14-33 kg/mmz, and a Vickers hardness of 38-5C, the

latter value belng measured w1tﬁ respect to said high-purity copper in an

ingot form. The so obtained wire is highly suitable for use in the



hlgh purity copper into a very ;-: di aneter is subjected to the final
step of heat treatnent (typically bright annealing), the wire acquires an
eLongathn of 5 - 22%and a breaking strength within the range of 14 - 33
[err] 26 (equivalent to-a breaking load of 7 - 16 g on a wire with a
diameter of [err]) Thus, according to the-pleesent invention, there is
provi ded a very fine mﬁre for bondi ng a sem conduct or device, said wire
bei ng made of a high-purity copper containing 0-2 ppmof S, 0-2 ppm of Ag,
0-1 ppmof Se and 0-1 ppmof Te, with the total content of these and any
other incidental inpurities present being held at a | evel not exceeding 10
ppm w th the bal ance being copper, said very fine wire having an
el ongati on of 5-22% a breaking strength of 14-33 [err] and a Vickers
hardness of 33-20.. 1 Jm%&?&uc‘é?xl lagvp Q19 neasured with respect to said
or

hi gh-purity coppe |n an 1 ngot e so obtained wire is highly
suitable for use i nTEQeabove-sp%@:.flegoﬁ'ﬁge'}glmltgefgrcQHQ%Q{:téj%Y'§e§g,T§@
above-specified upper limts for the anpbunts of S, Ag, Se and Te and for
the total conin@nte @hdtf4senandtal RRAteMS beletHeak dripUthdr ehci@ertENt in the
bonding wire of the present invention have been determ ned enpirically by
conducti ng nmampuritiesOopressptrinmeid Sondingt hird espeart preseatDineatidn Bavélg, Se
and Te, and the total content of these and other inpurities exceed the
speci fi ed uppeen|detiersinddhempirically by conducting many runs of experiments.

If the respective amounts of S, Ag, Se and Te, and the total content

of these and other impurities exceed the specified upper limits, the




-4- properties of the ingot will suddenly change to those which are-

unsui table for making very fine wires that can be relia- bly used in the
bondi ng of sem conductor devices.. The present inventors continued the :D .
studies with a 5 viewto prOV|d|ng furtier inmproved fine wres of

hi gh-purity oxygen-free copper and abtai ned the follow ng observatlons 1)

A very finereBpptiedi PE that 1ngQtawidlosysdesd Yochange Lo thase Wiricdki ng

t th thin the f 16, - | ent t b k | oad

of 5" 13"t ninsuireblg 4P BRKLNG: vERY] #qqufhéqqm?f@éwq?é%rl\eﬁaéé?@-oa

har d 5. b bt df

"got cont &M HEe Ao B8 Bning" of" seiondi R RS RER "7, Lo of e
i nci dent al t t | .

oo et dental | bl pe3aeh! dotiih ot kehditea %"eﬁe%%ﬁs% SRl e

appr opr sat ¢1 6qnebt pPBTikehgt FALRGRL- i Wkﬁdﬂ)ﬁ%é Yo £97H Y H - @m' ng)

conductéd in the final step of wwre nmaking, a very fine copper - w t

has an el oggggennrfeteScoppeesandnabtidiedd e FAAWIhE db¥Evaribg s hin
the range of 18 - 28 [err| (equivalent to a breaking |oad of 8.8 - 15.2 ¢

on awire Mth a Hi seeye€ink 2opperr ]wia:md tiatc hamam eliongdtsi dmrsness of
38 - 45 as neasured in an
- 22% and a breaking strength within the range of 16 - 26

kg/mm2

(equivalent to a breaking load of 8 - 13 g on a wire

10 diameter of 25 ym) and which has a Vickers hardness of 38 -
45 as measured in an ingot form can be obtained from an N\
ingot containing 0 - 0.5 ppm of S, 0 - 0.2 ppm of Se, and 0
- 0.2 ppm of Te as incidental iﬁpurities, with the total .
content of these and any other impurities present being not

15 more than 5 ppm. | .
2) By selecting appropriate conditions for the heat-
treatment (typically bright annealing) conducted in the
final step of wire making, a very fine copper wire that has
an elongation of 5 to less than 14% and a breaking strength

20 within the range of 18 - 28_kg/mm2

(equivalent to a b:eaking~\J

load of 8.8 - 15.2 g on a wire with a diameter of 25 um) and
| which has a Vickers hardness of 38 - 45 és measured in an

ingot.form can be obtained from an ingot having the same
composition as specified in 1).

25 The wire so obtained will form a loop of
normal ghape when.it is bohded petween the lead frame and a
specific IC chip. In addition, the wire has a good elonga-
tion characteristic.ana can be reliably used in the bonding

of an IC with a large number of pins because individual



I ngot form can be obtained froman ingot having the same conposition as
specified in 1). 25 The wire so obtained will, forma | oop of

not mal ghape when it is bonded between the Eead frame and a specific IC
chip. Inaddition, the wire has a good el onga- tion characteristic and can

3;;;;&5;5. U5ihdds tv“%sﬁﬁ B T T TR "?Eﬁt 2 5RaRe of; { cam
o undost Son A (i) (B, ALEOOET 018 Mp kbl 1HORNECLIAT BUE] alF ot BARATRS
levels of S, Ady afsdihé Jﬁ @ﬁaé@ftslsréalahas*e%hgteﬁ.éagﬁ esquee@&betghgal

respective ranges of 0 - ppm - ppm and

whil e the tot adheorimg! of these and other inpurities present is held at a
| evel not exceeding 5 ppm an ingot having a Vickers 10 hardness of 38 - 45
i's obtained;arg) a wiref dekewnlévebstbEssSinagl Set and Ter wssinkliddinaadt er

w Il acquire an elongation 2 of 5 - 22% and a breaking strength of 16 - 28

kg/ mm i f a.rmxﬁmpuziﬁinﬁna(eypéduté# bei ghe azespekitiye irangesf ofn®d - 9.t5he

final step of wire fabrication. If the conditions of 15 the heat treatnent

are properly &PrRct@d; @ HiPPmhalinglad. PPm and 0 - 0.2 ppm while the

total content of these and other impurities present is held
at a level not exceeding 5 ppm, an ingot having a Vickers |
10 hardness of 38 - 45 is obtained and a wire drawn from this
ingot into a very small diamefer will acquire an elongation
of 5 - 22% and a breaking strength of 16 - 28 kg/mm’ if a
heat treatment (typically bright annealing) is performed in
"the final step of wire fabrication. If the conditions of
15 the heat treatment are properly selected, a wire having an,
elongation of 5 to less than 14% is produced and ig can be
reliably used as a bonding wire without deforming undesirably
during encapsulation with a molding resin. Therefore, if a
high-purity oxygen-free copper ingot having the composition
W, 20 specified above is provided, a variety of bonding wires that
are adapted to particular conditions of use can be obtained
by properly selecting the conditions of the heat treatment
conducted in the final step of wire fabrication.
The present invention has been accomplished on the

25 basis of these findings.

followlng examples.




elongatlon of 5 to less than 14%is produced and it can be reliably used as
a bonding wire w thout deformng undesirably during encapsulation with a

nol ding resin. Therefore, if a hi.gh-purity oxygen-free copper ingot having o
" the conposition 20 specified above is=-®ovided, a variety of bondi ngHires

that -are adapted to particular conditions of use can be obtained by
properly s ) t he conditions of the heat treatnent conducted in the

final step of mﬁrsxfabrl ation. The resent i.nvention has been acconpllshed

on the 25 basis oP*¥HE8¢ FFﬁdFﬁBge‘T @sboﬁﬂl ifd dyrrepRated cycles

Fol | owi ng SEEopBEnE" e EREhIRE 8" o 3U0E melvling 1\, theinatsy ncep@%fege
Sub] ect od SOPPREuSLTEUbTEKTER B AR ng,tt&t“ﬁg‘#e@‘ﬁm SRRy iR o
hi gh- pugi tt%CQEEGﬁclﬂﬁyl magbhg 82"Ply hSJﬂu'ﬁQ? %agsgkdf maﬁ?ﬂ{rﬂe the Aéérﬁso-

nmeasuring e Vickers har ness, the ingot rawn 1 nto very
wires (25 §ptipnsnsHon) ihyTaBRealled AFtleds mefaskysR) tawa\héﬂb r\gaﬁdlld
1 ol di ng

roll- ing steps. The wires were subjected to bright "annealin
them at tenpesat thesihgotsewes@Odzawn] dntlo v@ryd fine wires (25 ym in
dia.) by repeated cycles of conventional hot and cold roll~-
ing steps. The wires were subjected to bright annealing by
10 holding thém at temperatures between 300 and 400°C for a .
period ranging from 1 to 2 seconds. By these procedures, -
five wire samples of the present invention and three com-
parative samplés were obtained.
The elongation and breaking strength of each wire
15 sample were measured and the results are shown in Table 1.,
The wires then were used in bonding IC chips to a lead
frame, and the shape of each wire loop was observéd micro-

scopically.' The bonded wires were also checked . with a

microscope for'any breakage occurring at the lead frame.

20 | | | | N
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period ranging from1l to 2 seconds.

of the present

By these procedures, five wire sanples

I nvention and three com parative sanples were obtained. The

efongati on and. breaking strength of each wire 15 sanple were neasured and
the resdfits are shown in Table 1. The wir€t-then were used in bonding IC

chips to.a lead frame, and the shape of each wire | oop was observed mcro-
scopi cal l'y. The bonded wires were al so
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3
8
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1 219.37. 4

18.1
15.5
12.3
10.4

24, 6

.0

5 1.p
18.9 51

23.0
24.0
24.6
25.5

-

2

Samples

3

ComparativelSamples

0.6
0.5

1.2
2.9*%
1.4

7.4
8.1
11.8*%

51.3
53.4
55.1

. 25.9

22.2
23.0

(Vvalues with an asterisk are outside the scope of the

present invention.)

All of the wire samples tested contained no more than

1 ppm of Se or Te when they were in an ingot form.

As Table 1 shows, each of the five samples of wire

prepared in accordance with the present invention possessed

values of elongation, breaking strength and ingot hardness

that were suitable for use in the bonding of a semiconductor

device. When these wires ﬁe;e bonded between an IC chip and

a lead frame, they formed loops of normal shape in almost

10

all cases, with minimum occurrence of wire breakage. On the

other hand, the comparative wire samples that_gxceeded the

vidual impurities’



SX 0.5 1.4 11. 8* 55.1 7.9 25.9 (Values wth an
asterisk are outside the scope of the present invention.) Al of the wire
sanpl es tested contained no nore,than 1 ppmof Se or Te when they weréiin ¢
an ingot form As Table 1 shows, each o08=the five sanples of wire prepared

in accordance with the E[esent I nvention possessed 5 val ues of_ el ongation,
br eaki ng sEFeRgPRiRGdSARABEARSPENCES PRRC1NG ¥ixes A% Yhe bended, the

bondi ng of a se 'condgﬁior devkce Wien .t hese wires. were honded, bet ween an
I C chip antitEe? eEArPPAECOPROEr BPRCEMAJ0 ShaRES, EXRRENGPDI TRt al

cases, wt L i rrence of wire breakage. On the 10 other hand, the
conparatiVgug%gegggsgggg'that exceeded the upper Iimt either for the |evel

vi dual inﬁ%éé%¢férzr for the total content of i it s t had

| ower val erongation while [err] undesirably increased val ues of
ingot hardness. Jh§e€sSakPhegnwpue ithecdppet ftalving -the finil O

sati sfactory as bonding wres and the bonded wres fornmed | oops of abnornal

shapes andlewebsi shewfl iheTablen2 ketek produded e rpddttidis tHe

hi gh-purity copper having the inpurity o
procedures of Example 1. After measuring the Vickers hard-
ness, the ingots were worked into wire samples (Nos. 6 - 14)
of the present invention és described in Example 1. The

10 elongation and breaking strength of each wire sample were

measured and the results are shown in Table 2. The wires -/
were subsequently used in bonding IC chips to a lead frame,
and the spape of each wire loop was observed microscopical-

ly. The bonded wires were also checked with a microscope

15 for any breakage occurring at the lead frame.

 Table 2
| Impurities in Cu ingot Ingot | Wire Breaking
sample epn) hess | tions | of wite
S Se Te | total | (Hv) (%) (kg/mm?2)
6|0.20|0.11] 0.12| 4.0 |38.2 | 21.8 | 17.9 |
g | 7/0.25]0.08) 0.15| 4.5 |39.9 | 20.9 18.3 ~
3 o
< | 8/0.30|0.15( 0.10| 4.2 |40.6 | 19.4 19.0
2 9|0.400.10] 0.17| 3.9 |42.9 | 17.2 23.2
E 10 ( 0.47 | 0.18| 0.12| 4.8 |44.3 | 14.2 25.1
& ) ) ’
w | 11]0.60]0.12| 0.10| 4.6 |46.5 | 12.8 24.3
w | 12]0.40|0.25] 0.15| 4.3 |46.9 | 12.4 24.5
é.' 13| 0.38 | 0.16) 0.24| 4.4 |47.3 | 11.8 24.7
S | 14| 0.35 0.14 | 0.16 5.8 |45.4 13.2 24.1




| evel s shown. in Table 2 were produced by repeating the procedures of
Exanple 1. After neasuring the Vickers hard- ness, the ingots were worked
into wixg sanples (Nos. 6 - 14) of the pres§ i nvention as described in
Exanple 1. The 10 el ongation and breaking s rength of each wire sanple were

Ueed 1 n bonding Eeiﬁ’iépwole T B 0K Ge 08 FAFE sHRRTeR SRFIUAL,

_ b d :
ﬁ?irgsigggeﬂgpé%w any breékage occufgﬁﬂg at’ t%gé? ésfggggn QECFSQ thgta ,
|”Duriti35i'1%§ﬂ$ﬂgﬂﬁ thdt'Gire Wufrable foBr&8& i EHE”Bonding of a hgrd-

el onga- stren Sanmpl e - ness t1on

wire S Sesemebndﬁdﬁdﬂ ‘ddvige. Sﬁﬁple Nos.[srﬁb ﬁo Qaaﬁ chE&anngZ
4.0 38.2 21. ~17.9 7 0.25 0.08 0.15

18.3 08 & 3(1es@s thar).0LG ppm Df SIQéss tH&40.2 ppm o£9sé,91er4Qhaﬁ. 10
0.17 3.9 42.9 17.2 23.2 10 0.47 0.18 0.12 4.8 44.3
14.2 232 ppm of Te gnd dleass tham 5 ppw of46hé impuzigies taken
24.3 0 12 040 0.25 0.15 4.3 46.9 12. 4 24.5 13 0.38

0.16. 0.24 together provided loops of parmal shape and experienced no

wire breakage during bonding operations. On the other hand,
Sample Nos. 11 to 14 that exceeded the upper limit either
10 for the lévels of individual impurities or for the total
content of impurities present sometimes provided deformed
loops or experienced wire breakage. Therefore, as far as
the shape of wire loop and the frequency of wire breakage
are concerned, bonding wires having a higher teliability'and
15 performance can be obtained by reducing the S, Se and Te
levels to less than 0.5, 0.2 and 0.2 ppm, respectively, with
the total content of these and other impurities present
being held at less than 5 ppm.
Example 3
W 20 Copper ingots having the impurity levels shown in
Table 3 were prepared by repeating the procedures of Example
1l. After measuring their Vickers hardness, the ingots were
drawn into very fine wires (25 um in dia.) as described in
Example 1. The wires were subsequently bright-annealed by
25 exposing them to the temperatures indicated in'Table 3 for.a

period of 1.5 seconds. By these procedures, ten bonding

wire samples of the present invegt) g ‘fh; 5 to 24) and

five comparative samples (Nos. -{ ﬁ“ﬁgﬁs bbtained.



14 0.35 0.14 0.16 5.8 45. 4 13.2 24.1 -9- As Table 2
shows, each of the wire sanples tested possessed val ues of el ongati on,

breaki ng strength and ingot hardness that, were suitable for use.in thé; ¥
bondi ng of a semi conductor device. Sanple® Nos. 6 to 10 each containi n§F 5

|l ess than 0.5 ppmof S.less. t.han 0. m, qf .St T d
| ﬁss t hag 5 ppm oP%nglPHa&Fi e?g'tdzzilpg%a[kgd’@( %eﬁ'gegfitvﬁ B:gé(; é)ao%b% hor ﬁa?n .
shape and experience 0 Wi r re ri | [ :
?t herhhalnd‘,"eggnﬁ'fésf%gg'l\gntdgt?f ?f%t%qet%geée ed iﬁe &g‘p%?ém!jt)p;'f e?éhlg

or the le of aiandlinyi Gacl i i tyi f el bt et o o '
I mpuriti esxgkgsrén§ag%lr]fét ?‘lﬁ‘gs' &;%\lﬁddgc?e?ﬁ)er rr‘%ydeél' E?ps%? l2axperﬁn‘(’:‘fa)d Wre

breakage. {Pah8igtdrsds wial eaSanples s, To Wa 24 e ashparcativguency of
Wi re breakage are concerned, bonding wires having a higher.reliability and

15 per 50r gRRPE eC Wdshe Okicaigak dey usel M Hdbdhdngnof T6+piml 5Cs0 | ess
than 0.5, 0.2 and 0.2 ppm respectively, with the total content of these
and ot her irhieushapes of eaei wisdienddop datméedaftemrbengimg w&anple 3 20
Copper ingots having the inpurity Ievels shown in Table 3 were prepared by
repeati ng pbeegvededunder &f nbergsicope. The bonded wires were also
checked microscopically for any breakage occurring at the
lead frame. After encapsulation with a molding resin, the
10 IC bonded wire samples (Nos. 20 - 24 and 4 - 8) were exam-
ined for any deformation by inspection with soft X~rays. W/
As Table 3 shows, the wire samples prepared in
accordance with the present invention (Nos. 15 - 24)
possessed values of elongation, breaking strength and ingot
15 hardness that were suitable for use in the bonding of semi:
conductor devices; in addition, they exhibited highly reli-
able characteristics in that they formed loops of normal
shape and experienced no breakage during bonding operations.
on the other hand, Comparative Sample Nos. 4 to 8 had values
20 of elongation which were too low for them to be used as U
bonding wires for practical purposes; not only did they form
loops of abnormal shapes but also the bonded wires

experienced frequent breakage.

25



° Y :
1. After neasuring their Vickers hardness, the ingots were drawn into very
fine wires (25 [err] in dia.) as described in Exanple 1. The wires were
sd‘bsequegtly bri ght - anneal ed by 25 exposing themto the tenperatures
indicated i'n Table 3 for a period of 1.5 se‘gdn'ds. By these procedures, ten
bondi ng w re:sanpl es of the present I nvention (Nos. 15 to 24) and five

conparative sarrplf‘s(t‘w'u 6 e—ogt-at 1 e on.and
br eaki ng strengthgn-ﬁﬁN h sa_nple rej megsur the rdsulfts are |shojn
in Table 3. Thereg ,anSpaplleo Nosi. | b |ta H-Sgd'nil’ht & bandi Ag; &f
transistors, whil W je~NP% |20 [t & P4n dnd iAve o5 [SEnple | Y. o4 1D
8 were used in th jjq,ngﬂ‘rrg pf~ 167 pi N | &1 Th of | @adhw reflddpN | ~
formed after bondfh® @&y obgeryed junder g m e. The {bongded{wi ries herg¢
al so checked mi crjoscoprqarTy 191 any bregkagg ogcuryr at thetgadfrajre:
After encapsul atijon gitH a pol ding re$in,| the 10 | ¢ bohded wife sandl es|
(Nos. 20 - 24 and 4 g 8)] 4el e ¢xant o hegd [far! any def @r PRy ifon by, iinsdegt | @p
i - [ . . i ] h
with soft X-rays. As el & Bshaws| & hes Vi Lel spmlkes Pt epdr &d L{l aggor.danes
wi th the present n-t':Jorn Nog.— 15— | 24)| popsegsed valueg of| e q)ngqtlm,
br-eaki ng strength I qgot} 15 Jharidnegs tjhat| were suit,hble for uge ijn the
bondi ng of sem - 3“’
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conductor devices; in addition, they exhibited highly reli- able _
characteristics in that they forned | oops of normal shape and experienced
no breakage during bondi ng operations. the other hand, Conparative 4
Sanple Nos. 4 to 8 had val ues 20 of el6§§§tion whi ch were too | ow forfhem

to be d bondj i for, i cal ; | idth f

| oops of _abnor al ThAohERasTe HicB BRERIER.INR &Y o A B & bqvent o
b k . 25 . .- 12- Th i i | 2Q, 24 f

t Lgap?g:en?r ?ﬁeg{ite Eé&eﬁﬁao@oﬁf)’gr §t° F@gqlgggﬁ\#erg%@?% 2%-0 S"ex-!ocekr)i enc)edonQ
def or Mt | 0g, B3 feh&al hoChe2BEARL LA! 8" aVredud Y it dldtd i on - 13-

d ai ns:
with a molding plastic.
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1. A very fine wire for bonding a sem conduct or deV| ce, said wire

bei ng made of a hi gh- purlty copper containing 0-2 ppmof S, 0 - 2 ppm of
Ag, 0 g 1 ppmof Se and 0 - 1 ppmof Te, 5 with the total content of these’
and any"ﬂt her incidental inpurities present being held at a | evel not
exceedi ng 10, ppm w th the bal ance being copper, said very fine wre having
an el ongatlon of 5-22% a breaking strength of 14 - 33 kg/m®, and a

Vi ckers hardness of 38 - 50, the latter val ue being neasured with respect
to 10 said high-purity copper in an ingot F&tm 2. - A very fine wire as
clainmed in daimi,wherein said high-purity copper contains 0 - 0.5 ppm of
S 0- 0.2 ppmof Se and 0 - 0.2 ppmof Te, with the total content of these
and any ot her incidentaPk vepurfiineeein doenbobding ahebmicahdacteveevibe. not

exceeding 5 ppm W sh, 06,0 ARGE. LAY said very fine wire having
an el ongation of 14 - 2% a 2 brgafl %g}f %’t?‘%ﬁg}f RoTSF f%"timlxgzg {é’?’?] , and a

Vickers hardness &f g380--42,pgnhesl &4} & -val ggn e BY sRAguLed ML R er ggpect
to said high-purity copper in an ingot form A very fine wireas clainmed in
Claim 1l wherei & sdith fibghtptali conteppeat Gbnsalamsi @ny ¢:xHerppmeiofen$al0 - 0.2
ppm of Se and 0 -;0,.2:RRMNAfsed € pe it e.lp content, of these and any

ot her incidental %I%BU:IL’I t%ngs ssreg%nf‘ )Etla% Eg eﬁvcei AF° &T°8VEE AP edELdi ng 5

ppm wi th the bal &rcealbetnyeivgppster, saicdvar@rainé v Wvigy 2D e1ddg¥iiRg @Ns—22x, 2
el ongation of 5 to |less than 14% a breaking 2
breaking strength of 14 - 33 kg/mm“, and a Vickers hardness

of 38 - 3C, the latter value being measured with rescect to
o/ 10 said high-purity coprper in an ingot form.
2. A very fine wire as claimed in Claim 1 wherein said

high-purity copper contains 0 - 0.5 ppm of S, 0 - 0.2 ppm
of Se and 0 - 0.2 ppm of Te, with -he total content of
these and any othér incidental impurities present being held at a level

15 Dot exceeding S ppm, with the balance being copper, said very fine wire
having an elongation of 14 - 22%, a breaking strength of 16
- 26 kg/mmz, and a Vickers hardness of 38 - 45, the latter
value being measured with respect to said h-gh—ourlty
copper in an ingot form.

ST Z. A very fine wire as claimed in Claim 1 wherein said
high-purity copper; 'contains 0 - 0 pem of §, 0 - 0.2 ppm
of Se and 0 ~ 0.2 ppm of Te, with the total content of
these and any other incidental impurities present being held at a leve_l
not exceeding 5 ppm, with the balanc= being copper, said very fine wire

25 .hav1ng an elongation of 5 to less than 14%, a breaking

strength of 18 - 28 kg/mm , and a Vickers hardness of 38 -

AR A A



strength of 18 - 28 [err] , and a Vickers hardness of 38 45, the latter

val ue being nmeasured [err] respect to said high-purity copper in an ingot
-14- 4. A very fine wire as.claimed4-n Caim1l wherein said P
hi.gh-purity copper contains O - 0.5 ppmof St 0 - 0.5 ppmof Ag,-0 - 072
ppm of Se 4nd 0 -AOverppfive Wérewks rlphmed dhal Uarimert wifetdiasesguindl any
other incidental inpurities 5 present being held at a | evel not exceeding
5 ppm w thighepoaiticeoppeigconspdns Hai—d Ouer PEm f G+ O havld +fy BPm

el ongation of 5-22% a breaking strength of 16 - 28 [err] and a Vickers

har dness. oP£3%g, A5~ Ppé PRM 8% ¥8 889 my Gra PR PTGy isiecthe 0 sai d
hi gh-purity copper in an ingot form_ 10 5. .Avery fine wire as
clained i né/ﬁ%\fn?ﬁ?*:gﬂgsf’gngg‘ﬁﬁﬁy and ﬁé’%i%‘or’é“b‘éﬁ%ﬁiﬂe&%‘i%%ﬁi cul ar

reference t I ' very fine wi_re of .a high purity copper
as ill tr]gt ra‘%te%gﬁ n%)ég% h%%% agcf as%r‘r’ﬁ?ensc’eclg’tc%eeghn% &c BP et Fih t?‘ﬁebﬁ&ﬁﬁlti?@g 7.

An i ntegratflper ! GHid veg! tidiengi At nlBast ;conduct ar, chip copnected
to a lead frane section by means of - a %?rg%ggé rpéférrlreo %nﬂgnyaoﬁéa’é"f“%:l ai ms
1to 6. strength of 16 - 28 kg/mmz, and a Vickers hardness of 38 -

45, the latter value being measured with respect to said

high-purity copper in an ingot form.

10 5. A very fine wire as claimed in Claim 1, substantially
as hereinbefore described with particular reference to the Examples. \y)
6. A very fine wire of a high purity copper as illutjigggh in

any one of samples 1 to 24 recorded in the Examples.
7. An integrated circuit including at least one semiconductor
chip connected to a lead frame section by means of a wire as claimed

in any one of claims 1 to 6.
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