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'INVENTIC]\I 5 ' .1 Field of the Invention

The invention relates to an el ectrode-connecting | ead used for

sem conduct or devices and a nethod for fabricating the |ead.
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of gol @ or aluminum As seni cond iald of the fventioR cone hi ghly integrated,

t he nunber of electrode increases and the electrode itself is subd|V|ded
The invention relates to an electrode-connecting lead used for semiconductor

devices and a method for fabricating the lead.
Description of the Background Art
Silicon semiconductors are widely and popularly used as semiconductors.
10 Aluminum pad electrodes are usually used for terminals connecting these
seiniconductors and external electrodes, because they have good processibility
and superior characteristics including low electric resistance, and low-cost pro-
ducibility.
Various structures were devised to connect the aluminum pad electrode on a
15 silicon semiconductor element to an external terminal. Conventionally, the
wire-bonding method is mainly used, in which the aluminum pad electrode is
connected to an independent metallic lead terminal, called a leéd frame, with a
wire of gold or aluminum. As semiconductor elements become highly mtegratgd,
the number of electrode increases and the eleétrode itself is subdivided,
20 causing dense lead terminals. In respo'ns; to these circumstances, instead of an
independent electrode such as a lead frame, a lead of metallic film formed on a
polyimide film by etching or other methods is used as a lead to connect directly

to the pad electrode on a silicon semiconductor. An example of this means is



20 causing dense lead termnals. In response to these circunstances,

lnstead of an I ndependent el ectrode such as a lead frane, a | ead of
nmetallic filmformed on a polyimdg filmby etching or other nethods
is used as a lead to connect directly to the pad el ectrode on a

silicon sem conductor. An exanple of this nmeans is

2 di.sgl osgd i.n Unexanm ned Japangse Pateni. Publ i ' 62-199022, in
whi ch o discloge in Unexamiied Jenarons: Bofenta BRAGRA 89 145UR% dn RPBTA o
- hole in the poly- imdé filmon the lead is connected to the pad

el ectrode ebppaegump elesttdadecprovided openmetalliclead thironghta holecinhtheppoly-

el ectrode being plated with gold to prevent 5 the copper part from

rusting. lithillBifSin€onThe ledt 8¢ ebhabdted 10sthd phd 6l8tttod6 Formed onVaesilichg pad
electrode on the silicon elenment is nade thinner than the insu-

publ | cat 1 AR eoiRsat sRefifak MhetbElE Hgctrade being RHIAR 455 pARCACREERL""

need not be attached to a | ead, because the um num 10 pad_el ectrode_on a
silicof e|t§wpﬁmar&d%%mb@wﬁas~§§w Lﬁ%ﬁmgie,fa ppiraple result iy gbtaingd: o
the application, it is desirable that copper or alum num be used as

t he | ead; vwhen sthepad elesirodblon theasiliche dlemént s neade tirinmeztthdniiHehinsu-

al um num or the | ead surface be plated with nickel before plating

wi th al um)a4Rl passivation film on the element.

Unexamined Japanese Patent Publication 3-206633 discloses a method in
which a bump electrode need not be attached to a lead, because the aluminum
10 pad glectrode on a silicon element protrudes beyond an insulation film. Ac-
cording to the application, it is desirable that copper or aluminum be used as
the lead; it is more desirable that the lead surface be plated with aluminum or
the lead_ surface be plated with nickel before plating with aluminum.
Unexamined Japanese Patent Publication -4-323837 discloses a method in
15 which a copper lead is connected to the pad electrode on a silicon element
through an aluminum electrode of a tape carrier package (T'CP), avoiding a
direct connection of the copper lead to the pad electrode. In other words, the
connection between the lead and the element is made possible by using alumi-
num or aluminum alloy for the inner lead. In this example, an aluminum-
20 plated copper-based lead is adhered to a}:olyimide film, for instance, and the
end portion is processed into the inner lead by etching or other methods.
In order to fulfill high reliability in the connection between the aluminum

pad electrode on a silicon element and the lead, various methods were devised



Unexam ned Japanese Patent Publication 4-323837 discloses a nethod in 15
whi ch a copper lead is connected to the pad el ectrode on a silicon el enent
t hrough- an al um num el ectrode of a tape garrier package (TCP), avoiding a
di rect connection of the copper lead to the pad el ectrode. In other words,

t he connection between the |ead and the elenent is nade possible by
usi ng al um - num alum pum all oy for the inner.lead., In this
exanpl e, a%® SRR AhoVe- %wﬁﬂe&tﬁ’d"t‘?&fp‘ﬁ%&ﬁgm ig needed tqreduee the panu-
polyimde film for instance, and the end portion is processed into

t he inner facturipg costat the sametiime. net hods. : In order to fulfil high
reliability in the connection between the al um num pad el ectrode on a

silicon el erfd fisdidhrh8Atd16A6thodéf théScotivetidnalaeficeeYd BRskd on the connec-

as shown above. However, further inprovenent is needed to reduce the manu-

facturing t he.sa Li e, The fupndanental t ho f.th
convent i orapachsdTeks 1 FRubiry nad elestrodh6n o BIRPR I Spmel i ehie 1641

al um num pad_el ectrode on _a silicon elenment and the_| ead 5 minly

consi sBi ngnginlysamsisting ofsapper. Zormeq ion & @olyimide\ilan Whepeeonper isatsed

for the lead, it is difficult to connect the copper |lead to the al um num
pad. The for theleaddt is diffiealt thermmeet the coppeiclebid! to thie dlagninumt pad. Thet he
al um num can be broken by the application of ultrasonic waves so that

the acti valsadoR i That Whereas the oxide film on the surface of the aluminum can be

broken by the application of ultrasonic waves so that the activated aluminum
underneath the oxide film directly contacts the copper for satisfactory connec-

10 tiom, it is difficult to break the oxide film on the surface of the copper by ultra-
sonic waves. To circumvent this difficulty, a bump electrode is provided on the
copper lead. In a foregoing prior art, the copper bump electrode is plated with
gold. In another example cited abbve, iﬁstead of using the bump electrode, the
copper lead is plated with aluminum. Thus, one solution is to use aluminum for

15 the lead to be connected with the aluminum pad electrode on a silicon element.
However, to secure a more reliable connection, it is necessary to thoroughly
examine the aluminum used in the lead and the interface between the alumi-
num bump electrode and copper lead. -

SUMMARY OF THE INVENTION

20 The invention, meticulously contriving- 'the constitution of the foregoing con-
nection, offers conditions that enable a highly reliable connection; One condi-
tion is that a copper or copper alloy lead be provided with an aluminum bump

electrode at the place of connection with a semiconductor. Another condition is



underneath the oxide filmdirectly contacts the copper for satisfactory
connec- 10 tion, it is difficult to break the oxide filmon the surface

of the copper hy ultra- sonic waveg. To circunvent this difficulty, a
bunp el ectrode is provided on the copper lead. In a foregoing prior
art, the copper bunp electrode is plated with gold. In another

"ead i plthab theEhinet Pk b SHASCEI A WeiIaRd o the 1piprhise Witk ihaAacer 15

the lead to be connected with the alum num pad el ectrode on a silicon
el enent. num busppealectrode bectOmmaomiese. Yetl anothercmmdition da that the con-
necessary to thoroughly exam ne the alum numused in the | ead and the
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or copper al | oy | ead be provided with an al um num bunp . el ectrode at
t he pl Ace IMbeekOMh with a seniconductor. Another condition is
4 that the thickness of the oxide filmon the lead at the interface

with the al Imiaddition, annefffiedtisvpceadmsectiondis Stairthblewhen ¢he. alvidtinanotthat
condition is that the con-

constitutes the aluminum bump electrode satisfies the following formula:
SYXXR=S10
where Y: knoop hardness (kgf/mm?),
10 X: (111) orientation ratio (%),
R: average grain size (£ m).
In other words, the aluminum bump electrode requires the specified alumi-
num as in the above formula, as opposed to aluminum in general, to ensure a
more reliable connection. To realize this object, it is desirable that the foregoing
15 Y satisfy a formula 20< Y < 70, the foregoing X a formula 60 =X, and the R
a formula 0.1= R. It is also | desirable that the aluminum thickness of the
bump elgcﬁrocié lie in the ré.nge of1 m to 20 Km inclusive.
A fabricating method fér the connecting terminal is as follows: In forming an
aluminum electrode on a copper or .copper.a]loy lead, the oxide film on the lead
.20 surface is first removed in a vacuum, and the aluminum film is formed without
breaking the vacuum. The aluminum film is formed by controlling the vacuum

condition and the deposition rate of the film in such a manner that the number



tents of oxygen and carbon in the alum numthat constitutes the al um num
bunp el ectrode be 1 atm % or |ess each, where atm % neans the ratie of the

5 nunber of atons. In addition,gan effective connection is
attai nabl e when the al um num t hat constitutes the al um num bunp
el ectrode satisfies the follow ng fornul a: 0.1 [err] Y (X XR

[err] 10, . e.Y:..kn ardness_(kqgf/ rr 10 . X:
(T11) or} off Restisles B ERE ingidone BRcRErGuA Faq 585 W Boid hind P wait qreprdfy
In other words, the alum num bunp el ectrode requires the specified alun -
num as i n thefilmeposition is 1100 op lesscthat of dbeninsidentralyorianm particlesxfr e a
nore reliable connection. To realize this object, it is desirable that the
f or egoi ng thebsanvte sohditiohsa fornula 20[err] Y [err] 70, the foregoing X a
formula 60 [err] X, and the R a formula O0.1[err] R It is also

formil a 60 the R | iferr] | 0
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|l ead 20 surface is first renmoved in a vacuum and the alumnumfilmis
formed wi tvents short-cirouita leicrasst teeminalsyand Tirovidesratrang and durablecbomdingy
controlling the vacuum condition and the deposition rate of the film

in such a pawesh thedurnpeelestaé of the connecting terminal and a pad electrode on

the semiconductor element and between the bump electrode and the lead of the
connecting terminal.
10 BRIEF DESCRIPTION OF THE DRAWING
In the drawing:
Figure 1 is a sectional view showing thé wiring structure of a semiconductor
device that employs an example of the connecting lead of the invention.
Figure 2 is a sectional view showing the wiring structure of a semiconductor
15 device that employs another example of the connecting lead of the invention.
DETAILED DESCRIPTION OF THE INVENTION
Figure 1 is a sectional view showing the wiring structure of a semiconductor
device that employs an example of the cannecting lead of the invention. A semi-
conductor element 1 has on the peripheral area thereof aluminum pad elec-
20 trodes 2, to which leads of the invéntionére to be connected. The lead frames
comprise an aluminum bump electrode 3, a copper or copper-alloy lead 4, and a
polﬁmide tape 5, which has via holes for bump electrodes. The lead fraﬁzes,

-

fixed to the frame 6 of a reinforcing material with an adhesive 9, have a bump



5 of particles of the incident background gas per unit time and per
unit area of the filmdeposition is 1/100 or |less that of the

i ncident al um num particles of t hegsame conditions. The
invention offers a highly reliable connecting termi nal for devices that 5
mount silicon sem conductors. More specifically, the connecting term nal
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termnal and a pad el ectrode on - t he sem conductor el ement and between
the bunp &oBBEFGde Anetherbymadelgetrode 7' is conngeted to rapotbenipad electrpde
BRI EF DESCRI PTI ON OF THE DRAW NG In the draw ng: Figure 1

i s a sect ithmahgh amothéwoloadot'| dithough titistonunettios ivhotdssictatbindPig. A1 After
devi ce that enploys an exanple of the connecting | ead of the invention.
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of a sem conduct or device that enploys an exanple of the connecting
| ead of ttand theframoe 6 of thenfeinforcing matexiel are ebrsulidatéd iwithem eheapsu-

peri pheral area thereof alum num pad el ec-
lant 8.
Figure 2 is a sectional view showing the wiring structure pf a semiconductor
device that employs another example of the connecting lead of the invention.
10 Whereas a semiconductor element 1, aluminum pad electrodes 2, aluminum
bump electrodes 3, copper or copper-alloy leads 4, and polyimide tapes 5 are the
same as those in Fig. 1, bump electrodes 7 and 7' made of solder, gold, or other
metals to which outer electrodes are connected are placed inside the aluminum
pad electrodes 2 on the semiconductor element 1. Elastomer 10 is filled in the
15 interstice between the lead frame and the semiconductor element 1, which are
then consolidated with a protective frame 11 and an éncapsulant 8. The semi-
conductor element 1 and the lead frame are connected through the connection
between the aluminum pad electrode 2 and the aluminum bump electrode 3.
As described in the section "Description of the Background Art," various
20 means are devised for the connection be-t-:ween a semiconductor element and
external electrodes. Of these means, a means of connection with the aluminum
pad eléctrode on a standard semiconduci_:or element is the object of the inven-

tion.



20 trodes 2, to which |eads of the invention are to be connected. The |ead

franmes conprise an al um num bunp el ectrode 3, a copper or
copper-alloy lead 4; and a pol yi m ¢le tape 5, which has via holes-for
bunp el ectrodes. The | ead franes, fixed to the frame 6 of a

reinforcing material with an adhesive 9, have a bunp "

6 el gctr.ode 7 made of..sal der, | d, ,or_other tals tg which outer
el ect rodes éﬁgmmum, ﬂ'ﬁ%’gfgﬁ& ﬂ%@%ggc'ﬁ?ﬁﬁ ’Eﬁt"c‘??]og’g "anegtlEBn‘i_‘Y@E't%’a to
anot her pad el ectrode t hrough another lead 4', although this
connect i oralumingm padi electaode iwitgrms of the epnnection betveeesethe samiediods of
element 1 and the | ead franes are connected through the 5 al um num pad

el ect r odesmétd thak hdiffidultied il Plating | ctehingg and3soldbnE ol bd used as adBddt he
frame 6 of the reinforcing material are consolidated with an encapsu-

| ant 8. -5 | S| ' ' e Wring structure of
a sem cond"ll}(s:’feorrlﬁ & fo aldéet\?/lll%éi ?%%ﬁéﬁpﬁe%é@%%&ﬁg?%‘@e c%?&rhcier copper
connecting .l ead of the inventiqn. . 10 ereas a s conductor element 1,
al umi ngm Ye’lséi?PPB;c}éEdZW%ﬂ UFakleas the lopg pateriad hyodetnesof ite bigh elge-
copper-alloy |leads 4, and polyimde tapes 5 are the sane as those in
Fig. 1, bumpatkendwditty.7 and 7' made of sol der, gold, or other

netals to which outer el ectrodes are connected are placed inside the
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10 is filled in the
gely on interfacial conditions. Particularly, the oxide film remaining on the

surface of copper counteracts the bonding between the two materials. Sputter-

10 ing with an inert gas under a highly reduced pressure or vacuum condition is

effective to remove the oxide film. In the invention, sputtering of the copper

surface with an argon gas was successfully carried out. Subsequently, without

breaking the reduced pressure or vacuum condition, aluminum was evaporated

onto the copper surface to provide an aluminum bump electrode with a mini-

15 mized oxide film on the copper. It is essential that the aluminum vacuum

evaporation be successively executed without breaking the reduced pressure or

vacuum condition to suppress the copper-oxide film to 10 nm or below; other-

wise the activated copper surface begins to form an oxide film immediately. The

thickness of the copper-oxide film is measured by a transmission electron mi-

20 croscope (TEM) on the section of the intt;;'face between the copper and alumi-
num.

+As for the aluminum used for the bump electrode, increase of impurities,

especially oxygen and carbon, in the aluminum decreases the bonding strength



15 interstice between the |lead frane and the sem conductor elenent 1,

whi ch are then consolidated with a protective frame 11 and an
encapsul ant 8. The seni - conductorgel enent 1 and the lead franme are
connected through the connection bet ween the al um num pad el ectrode 2
and the al um num bunp el ectrode 3. As described in the section

"Description of the Background Art," varioys 20, meaps.are devised for t he
connect i onbwﬁﬁé‘e{l“’a"%@ﬁrc%%’f‘é Alupdnum bymp electroadjgxtlgrqu%r etPe'b&l‘%s.
O these neans, a neans of connection with the al um num pad el ectrode

on a st andihedreliabiliby df the rcomnection hetween thejtwwd muteriads,iifvie mecessary toi on.
7 Al um num al though ideal as an el ectrode nmaterial for

connect i ONpaihich thR foregoing ahdptiritiss. Mdre bpadifiesy, i is desfraBle tHa GRNGGRL I ON

bet ween t he sane ki nds™ of metal, has difficulties in plating,

d
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considered nost suitable as the |ead material by virtue of_ its high elec-
trical Sconaecmeasused by Auger elegiypny spectrpacopy r(Aﬁ»‘a, srexgygdispsrsive apethod
al um num and copper depends |ar- gely on interfacial conditions.
Parti cul arinyX-rayespectrdeciépy (EDX)rordeegndaryt-ivh mass spectrometry (SIMS).

The aluminum bump electrode must also be bonded to an aluminum pad
electrode with sufficient strength. This strength is dependent on the crystal-
linity and crystal orientation of the aluminum in the bump electrode. Experi-

10 mental results established the following condition:

0.1 S YX X R) < 10,

where Y: knoop hardness (kgf/mm?),

X: (111) orientation ratio (%),
R: average grain size (£ m).
15

This formula gives the optimum condition of the aluminum bump electrode
to be connected with the aluminum pad electrode by ultrasonic bonding. As is
seen in the formula, the condition is governed by knoop hardness, orientation |
ratio, and average grain size.

20 An excessively hard aluminum bump electrode reduées the bonding strength
with fhe aluminum pad electrode and damages semiconductor elements via the

aluminum pad electrode. Hence, it is desirable that the knoop hardness be 70

kegffmm? or less, preferably 60 kgffmm? or less.



surface of copper counteracts the bonding between the two material s.
Sputter- 10 ing with an inert gas under a highly reduced pressure or

vacuum.condition is effective to rgnove the oxide film In the
i nvention, sputtering of the copper surface with an argon gas was
successfully carried out. Subsequently, w thout br eaki ng the reduced

pressure or acuum condition, . al um num was evgpor at ed ont.o th opper
surface to Pﬁ'@ng‘hﬂgP lﬁ#’rﬂﬂ'ﬁ B tgleg\g?‘?%@e% sg-pAcked styuctuge i&cﬁ’&x i de
filmon the copper. It is essential_ that the al um num vacuum

evapor at i cxlupainauecTheicleseness of pasking determimee dheraxidation atabidity pfctheur e

or vacuum condi tion to suppress the copper-oxide filmto 10 nm or

bel ow, ot hfifrface of thé/\é&ﬁ%égéd Finhyy aletliraded E!ﬁélo%é‘l%rf Péckede 6hé Bubth bRIcERGdR

oxide filmimediately. t hi ckness of the copper-oxide filmis

o the. i nisrPaisR P AT <8 ol Liirorily NUIERP e iddbeding piSeEses O
t he al um nym used for the bunp _electrode, increase of inpurities,
especi al | gic Headang eith the alpminum; padhelectreds olf logselyopagked, the

strength ' 8 bet ween

t he copperbumpclecttodé vannotpiuvige suffidiemidbondingowithrthecalaniianee pad elec-t he
reliability of the connection between the two materials, it is necessary to
reduce thgph@éegoing inpurities. Mre specifically, it is desirable that

t he oxy-

The (111) orientation ratio is calculated by the following formula using the -
measured results of the X-ray diffraction-peak intensity "I" on (111), (200),
10 (220), and (811) surfaces:
X =Touy/@ary + Tgon + Ieoy + Igy) X 100 (%),
where I(m,: means the diffraction-peak intensity on the (111) surface, and the
same is applied to Lz, Iz, and Ly, It.: is desirable that the (111) orientation
be 60 % or more, preferably 70 % or more.

15 The average graiﬁ size, obtained by electron microscopy, has an influence
upon the breaking of the oxide film at the time of bonding. An excessively small
grain size has a tendency to decrease the percentage of the newly exposed alu-
minum surface due to the breaking of the oxide film on the surface by the ap-
plication of ultrasonic waves, reducing the bonding streﬁgth. It is desirable

20 that the average grain size be 0.1 £ m or more.
The smaller the value of Y/(X X R) in the first formula, which is the combi-

nation of the foregoing physical properties, the greater the bonding strength.

However, an excessively small value requires efficiency reduction for producing



gen and carbon contents in the alumnumbe 1 atm%or |ess each. Inpurities
5 are neasured by Auger el ectron spectroscopy (AES), energy-dispersive
met hod [

spectrometry (SIMS).

in X-ray spectroscopy (EDX)3gor secondary-ion mass -
The al um num bunp el ectrode nust al so be

bonded to an al um num pad el ectrode with sufficient strength. This

his d t t h tal - . linity.and I ientation
of the al CAFREAHORIRR PHISIH AFobertics Aqeplinely) = Pibfianenvaia of Pois -

est abl i shed the follow ng condition:

where Y: keotgd. Hfrthecvaluek gtdeedpell,] the bonding strength dettddsesrtocanawna
ratio (99, R average grain size ([err]m. 15 Thi s
formul a gidégzat,l@qeeal,i mum condi ti on of the al um num bunp el ectrode

e

be connect

wi th the al um num pad el ectrode by . ultrasonic bonding. As is

0.1 [err] Y(XXR [err] 10,

to

seen in the h oldi §yl- | r K NessSy. . -
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al um num bunp el ectrode reduces_ the bonding strength with the

al uni ném pednge dcl r e ta?d dhmaipclusive; KoHunaes thapchehoy theaappized pres-

al um num pad el ectrode. Hence, it is desirable that the knoop hardness be

70

10

15

20

kefifre Nt Honldifg theSHumihehe bukhy efbtkeid WHlEthd aPhmifd pad elec-

trode damages the semiconductor element. If thicker than 20 #m, the volume

of the pressed-out aluminum at the time of bonding increases to the extent that
it may short-circuit across leads. To further suppress the volume of the
pressed-out aluminum, it is preferable that the aluminum thickness be limited

to a maximum of 5 L m.

In order to produce the aluminum bump electrode under the above-
mentioned conditions, after the sputtering process that removes the oxide film
on the copper or copper alloy lead, aluminum vacuum condition evaporation is
carried out without breaking the reduced pressure or vacuum condition. As
for the sputtering conditions, it is desirable that a negative bias voltage of
hundreds to thousands of volts be applied to the copper lead. To expedite de-
gasification including moisture removal, it is preferable that the base material

including the copper lead be heated at 100 to 300 C. If the applied voltage is
excessively low, considerable time is necessary to remove the oxide film; if ex-

cessively high, materials around the base material including the copper lead

incur increased damage. If the copper temperature is excessively low, degasifi-



9 : The orientation ratio is used to evaluate the cl ose-packed

structure of the al um num The cl oseness of packing determ nes the
oxidation stability of the surfacg of the conpleted bunp el ectrode.
If closely packed, the bunp el ectrode is resistive to oxidation and

gives a favorable result in the succeedi ng process of 5 wultrasonic
bondi ng with the al um num ect rode y.packed, t e

el ectrode E%ﬂ%@ﬁ?%eﬁémggﬁﬂg’]@rﬁmﬁo?ﬁﬁ’ﬁ?@swglﬁm AFEARIA P Bgdmélhéﬁg'

t r ode. - The (111) orientation ratio is calculated by the foll ow ng
fornul a uqugltt materials ameusdrthe baseimaterialt ineludingycapiderr nnmlromqnwded
intensity "I" on (111), (200), 10 (220), and (311) surfaces:
I[err]/(l[gafﬂagg I[err] + I[err] + I[err]) X 100 (%, wher e I[err]
means the diffraction-peak intensity on the (111) surface, and the

(11) or ?Sﬁ'tfae?%%gu“e%ﬁf%é %WLP ABA orfabion, b aySirb B8 Hien oY ippt

The average gral n sj obt ai ned el ectron m croscop has an | nfl uence
Upon e BFERRS: s cestinble fhatoiia Alvmainum AlE be laraadbatengio il y

smal | graln si ze has a tendency to decrease the percentage of the
new y expoestdomlof-the coppeiti crucopperf sty fhi, tthet heighberiltigngeraicohlitctos ds
filmon the surface by the ap- plication of ultrasonic waves,
reduci ng tHfae30idh Héheiits S BHH the! AlunFindes 'Hi#PFdrming tool. As for the aluminum
film-forming condition, the number of particles of the incident background gas
to the aluminum film-forming surface per unit time and unit area should be
10 1/100 or less that of the incident aluminum particles of the same conditions.
This condition can be fulfilled by controlling the vacuum degree in the back-
ground and the deposition rate of the film. Thus, the oxygen and carbon con-
tents in the aluminum can be decreased to 1 atm % or less each.
The aluminum thickness can be controlled by adjusting the film-deposition
15 time in accordance with the film-deposition rate.
As mentioned above, the invention offers a more reliable connecting lead
than conventional lead.
EXAMPLE 1
Copper films were formed on 0.125-mm-thick polyimide films by electroless
20 plating and electroplating, and coéper leads, 0.1 mm wide and 0.05 mm thick,
were produced by etching. To provide an aluminum bump electrode on the cop-
per lead, the copper lead was placed in a vacuum chamber. The oxide film on

-

the copper surface was removed by sputtering argon gas onto the lead area



20 that the average grain size be 0.1 [érr] m or nore. ~ The small er
the value of Y/ (X X R) in the first formula, which is the conbi-
nation of the foregoing physical propertigs, the greater the bonding

strengt h. However, an excessively snall val ue requires efficiency
reduction for producing 10
correspondin si cal rtl m ni pum val ue of ,0.1 js
se- upflef achim RSB, ﬁﬁp F‘Pﬁ% ToRaPnienine ngepestemed o

to an unac- cept abl e Ievel is desirable that the

t hi ckness 8% abgwat asanﬁ]m 80minytes withia msatiwe bias of 800 Vaapplied ontd the] m
to 20 [err] minclusive. If thinner than 1 [err] m the applied pres-

sure for bggafidadesde al um num bunp el ectrode with the al um num pad el ec-
trode damages the sem conductor elenent. If thicker than 20 [err] m the

vol une ressed- out m nu t.th b I’ldl n ncreases
to the extenwot{}h “sdne aFF“Hh?P@ﬁPP ’E’H‘&me‘ﬁ@% 8¢ copper
suppress the vol unme of the 10 pressed-out alunmi num i t is pref erabl e t hat

the al @i nigad; plwrinem pacuumi ewaporation was earmied outnbyfeléctrentbjeam evapo-
In order to produce the al um num bunp el ectrode under the above- '

][relnt i oned f4tieh fat W Alnaleposition FHREtdfe0.1N% B/aéevndePad batRBiditnd Rec@tinde
Irm

condition higher than 1 X 10 torr. Under these conditions, the ratios of the

number of the background oxygen and carbon particles to the number of alu-
minum particles incident to the aluminum film-forming surface were less than
10  0.008 and less than 0.004, respectively. An aluminum film having a thickness

of 5 1 m was formed by vacuum evaporation under these conditions, which are

summarized in Table 1.



on the copper or copper alloy |ead, alum num vacuum condition evaporation
Is 15 <carried out wthout breaking the reduced pressure or vacuum

condi tion. As ‘for the sputtering casditions, it is desirable that a
negative bias voltage of hundreds to thousands of volts be applied to
the copper lead. To expedite de- gasification including noisture
renoval , it is preferable that the hase npterj al including the copper
| ead be heated htf 100 t¢ 300 [brl](l | f| thelapgpl| efd voljt qge| i 20
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10 1/100 or less that of the incident alum num particles of the sane

condi tions. This condition can be fulfilled by controlling the vacuum
degree in the back- ground and theygdeposition rate of the film Thus,
t he "oxygen and carbon con- tents in the alum num can be decreased to
1 atm % or | ess each. The al um num t hi ckness can be control |l ed by
adjusting t fil mdepositjon 15 finme in accordance wth the .

fil m deposi fﬁ% fomplated lead was ko o Hhe) alwminuny pad;electrede, Ao Sikicony
nore reliable connecting | ead t han conventional | ead.

EXAMPLE 1 semiconduCtqpehipf by neltyvemonid bondihgowith Wloadnef BOck mnlulirdsdaic
films by electroless 20 plating and el ectropl ating, and copper leads, 0.1
mm wi de angdoReRSf 018 kW, akd Iyl¥¢ BeRlb 3¢ 0esladty (RS Gh HnB cOYl
aluninun1bg%peelectrodé onz?%%P%op- Be per ?egg, % e céﬁberefgg wé%p
placed in a vacuu anper. The oxide film.on t he copper, sutface, was
Feroved by el sbURPfd01s sragited Anf ComPALiSHR epamples describd horoinaticr)
12 under a_vacuum condition higher than 0.01 torr. The sputtering
was per or the bondingastrength w®s0 measured thyr padl strength. Thehtest megultsvaredi as
of 800 V applied onto the copper | ead.

shown in Table 2.
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shown in Table 2. 15 - [err]

16 : . EXAMPLE 2 Pi eces of
copper-alloy fail (brand name of Kobe Stgel, Ltd.: KLF-5) were ad-

hered to 0.100-mmthick polyimde filns to produce connecting |eads, 0.1 mm
wide and 0.1 nmmthick, by etching. The | ead was placed in a vacuum chanber
5 as in Exanple 1. The oxide film %ﬁﬁpﬁer surface was renoved by

sput - tering argon gas onto the reea under a vacuum condition

hi gher than 0.01 torr. The sputtering was perfornmed at 180 [err] C for
40 mi nut es \Rietescofnenppersadloy foil (brand name of Kobe Steel, Ltd.: KLF-5) were ad-

hered to 0.100-mm-thick polyimide films to produce connecting leads, 0.1 mm
wide and 0.1 mm thick, by etching. The lead was placed in a vacuum chamber
5 as in Example 1. The oxide film on the copper surface was removed by sput-
tering argon gas onto the lead area under a vacuum condition higher than 0.01

torr. The sputtering was performed at 180 T for 40 minutes with a negative

bias of 600 V applied onto the copper lead.

Subsequently, under a higher vacuum condition than 1 X 10° torr, masking

10 was applied to the lead, and aluminum vacuum evaporation was carried out at

a film-deposition rate of 0.2 4 m/min. Under these conditions, the number of

background oxygen and carbon particles correspond to less than 0.4 atm % and

less than 0.2 atm %, respectively. An aluminum film having a thickness of 5 «

m was formed by vacuum evaporation under-‘ these conditions, which are also
15 summarized in Table 1 along with Example 1.

As with Example 1, the completed lead was bonded to the aluminum pad
electrode on é."si].icon semiconductor chip by ultrasonic bonding, and the bond-
ing strength was measured by pull strength. The test results are shown in Ta-
ble 2 along with Example 1.

20 EXAMPLES 3 TO 17 AND COMPARISON EXAMPLES 18 TO 22

Connecting leads were fabricated with a procedﬁre similar to Example 1 ex-

cept for different sputtering and aluminum-vacuum-evaporation conditions as



bi as of 600 V applied onto the copper | ead. Subsequently, under a
hi gher vacuum condition than 1 X 10[err] torr, masking 10 was appkied to

the.l ead, and al um num vacuum evaporati ofjywas carri ed out at a
flln}deposition rate of 0.2 [err] mimn. Under these conditions, the nunber
of background oxygen and carbon particles correspond to less than 0.4

atm % and J t 0.2 at respectively. An alyum numfi havi ng
a thi cknesghﬁvng‘n[ei‘?sl?lfhfnm ob F *’ﬁmm% PRRAPFH hese
conditions, which are also 15 sumarized in Table 1 along with Exanple 1.
As with Exanpl,eoﬂygemsndombonewereautem'.mdsdhdmbludedrEs fhpuorities jpetd the

el ectrode on a silicon sem conductor chip by ultrasonic bonding, and the

bond- ahirfifmh Mgl ¥RemphasaiEeoparisbh es:hﬁﬁﬂeé h1‘heT Bt
are shown in Ta-. ble 2 along with Exanple 1. ﬁwtéﬁo;}f_%gses?)

TO 17 AND CON 8 nnectl ng | eads were
fabricated w F%ég?%% é%d}]ﬁ r%}f‘)%"ff%xﬂ‘lbée %Oex- cept for

di fferegﬂ S ter ag%fi\ (#% vacuum evaporati on conditions as

iCH edrolypiuatipnd; iy dabla 2pbydgesathe separation abfthe
evapor at ed aI um - num oxygen and carbon were intentionally included
as inpuri tcapperfalunihem interface to be unsatisfactory and is marked with "X", and

“the others are judged to be "[0" or "O". The mark "QO" represents the result in

which the pull strength is 2.0 kgf/mm? or more. It is desirable that the condi-

tions yielding the mark "O" be employed.



al um num of sone _ex npari son exarrpl es. The test results for the
corrpl et ed conn !ﬁﬂ“i GE hown in Table 2. 5 The col umm | abel ed
L2 )

"Eval uati on" t he sepag_réﬁlt ion at the copper/ aI um num
interface to be unsatlsfactory and is ed with " X fr—a ,
others are judged to be "[err]" or "[err]". ThE Pﬂnlfr[ -'
result in igh.the .pull strength is 2.0 kg e
desi rabl e’ t NP2 Wﬁe&@b‘ﬁﬂﬁ ib? tions yielding the mark -

18 What is clainmed is: 1. A connecti ng Iead for
connect i ngl.seni cArmynmecting! leadnfor, serhiconductor devicesithat iismgudedatb conpedtsi ng
a copper or copper alloy lead and an al um num bunp el ectrode,
wherein:  gemicoRductor elemehs andi tHaB Lot Hiseda ¥opHer bt |cBi)§ér hllgy 'l&ix‘g hhace
between the copper or copper alloy |lead and the al umfn ;
el ectrode e contenIs of , 0x n an
car bon in g%n%‘%um a%le%'g%% |qr8¥%adsedt?ﬁttheaﬂfﬁ%% ]é)Pe ’ftPo?:ié

atm % qr | ess each. The connecting | ead for sem conduct or

devi ce® ascoaénpmomheﬂamvzherem 10 wher ei n:
the thickness of the oxide film at the interface between the copper or copper

alloy lead and the aluminum bump electrode is 10 nm or less; and
the contents of oxygen and carbon in the a.luniinum that constitutes the alumi-
num bump electrode is 1 atm % or less each.
10 2.  The connecting lead for semiconductor devices as defined in claim 1,
wherein:
the aluminum that constitutes the aluminum bump electrode satisfies the fol-
lowing formula:
SYX XR =
15 where Y: knoop hardness (kgf/mm?),
X: (111) orientation ratio (%), |
R: average grain size (& m).
3. The connecting lead for semicorductor devices as defined in claim 2,

wherein the Y satisfies a formula 20. < Y = 70, the X a formula 60 =X, and
20 theRa formula 0.15 R.

4. The connecting lead for semiconductor devices as defined in claim 2 or 3,

wherein the thickness of the aluminum lies in the range of 1 £m to 20 £m
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the al um numthat Ium num bunp el ectrode satisfies
thefollovmngfor "” | Ol[err] Y/ (X X R [err] 10
where Y: knoop har 19 15 . l‘f& (_‘gﬁ),_m@rgm F&I on

ratio (99, R average grarn size ([a %EPLACED
The connecting | ead for sem conductor devices as de Red '
wherein the satisfies a fornmula 20 [err] Y [err] 70, theXaforrmIa 60
[err] X, afRftusive. the Ra fornula 0.1 [err] R 20 4. The
connecting | ead for sem conductor devices as defined in claim2 or 3,

wher ei n t hé. t hi cAnmethod fon falaticatingm ¢drmectimgt leadrﬂmgenni:oﬁd\@d:br]demdee 20
[err] m I ncl usi ve.

the method comprising:

removing the oxide film on the surface of a copper or copper alloy lead under a

5 vacuum, before forming an aluminum electrode on the lead; and
subsequently, without breaking the vacuum, forming an aluminum film con-
trolling the vacuum degree and the aluminum-film deposition rate so that the
- number of particles of the incident background gas per unit time and per unit
area of the aluminum-film formation is 1/100 or less that of the incident alumi-

10 num particles of the same conditions.
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