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The prepﬁmgd¢p §8t|0ﬁ rél-ateisied. #h. el ectrode structure for

sem cor 'Qra% Sfount Edviged a..ci.fcuit board and a method for formng

t he e'TB J st r 08t4ffe; -atvbuacdmuny bd bady including the sem conductor
device-éﬁﬁ;hﬁrgFﬁéﬁtTcularly t.0.an electrode structure for a

sem conduct or devi ce nount&d-om-a~etrcuit board in the face-down state and
a net hod f BLECTROKEN§TRUSTURE: FOROSEMI GANDUCTOR JEVAGE , aMETHOD FORLBOBMINGC| udi ng
t he sem conduct or devi ce. Conventionally, a sem conductor device is
of ten nounTHE SAMER MOUNTED tBODYaINCLYDING SEMICGNDUCTOREDEVICE @NDS, however,
the package for the sem conductor device has been snall-sized and the
nunber of CSEPMICONDUCTOREDENITHE S has been increased. Consequently, the space
bet ween the connecting term nals has been reduced. Thus, it has becone
gradual ly harder to apply the soldering technique according to the prior
art.

The present invention relates to an electrode structure for
a semiconductor device mounted on a circuit board and a method
for forming the electrode structure, and a mounted body including
the semiconductor device, and more particularly to an electéode
structuréafor a semiconductor device mounted on a circuit board
in the face—down state and a method for forming the electrode
structure, and a mounted body including the semiconductor device.

Conventiohally, a semiconductor device is often mounted on a
circuit board by soldering. In recent years, however, the
package for the semiconductor device has been small-sized and the
number of connecting terminals has been increased. Consequently,
the space between the comnecting terminals has been reduced.
Thus, it has become gradually harder to apply the soldering
technique according to the prior art.

A method for directly attaching the semiconductor device
onto the 01rcu1t board to reduce the mounting area so that the
circuit board can be used efficiently has been proposed
particular, the following mounting method is considered effective
because the mechanical strength obtained after connecting the
semiconductor dévice to the circuit board is.great and direct

connection can be performed (for example, “Microelectronics



A nmethod for directly attaching the sem conductor device onto the circuit
‘board to reduce the nounting area so that the <circuit board can be used
efficiently has been proposed. In particular, the foll ow ng nounting
method is considered effective because the mechanical strength obtained
after connecting the sem conductor devjce to the circuit board is great
and direct connection can be perfornmed (for exanple, "Mcroel ectronics
Packagi ng Handbook ; Ni kkei BP published on March 27, 1991"). According to
t he above-pavkaging cHarelbool, ; alNieeiic BRdudildsheédvor diarned g H81EDect r ode
structure is manufactured in which a deposited filmsuch as an adherence

metal or aaclidridysiofo theCuBBVe MenTabaAkd inethotdied semionduutomdevetect rode
i n advance when connecting the sem conductor device to the circuit board

and  a bU”iPaﬁL %Og%dﬁ%ae%tﬁl&%@eisiﬁaﬁlﬂhﬁeﬁr@@ thehdepasited film by
a plating nethod, and the sem conductor device is provided on the circuit
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preventive metal is formed on an aluminum electrode in advance
‘when conﬁecting the semiconductorldevice to the circuit board and
a bump electrode made of a solder is formed on the deposited film
by a plating method, and the semiconductor device is providéd on
the circuit board in the face-down state and heated at a high
temperature so that the solder (bump_electrode) and the terminal
electrode of the circuit board are fused.

According to this method for forming the bump electrode, the
electrode structure is complicated so that a lot of steps are
necessary. For this reason, a method for easily forming the bump
electrode on the aluminum electrode of the semiconductor device
by using thé wire bonding technique has been proposed (for
example, Japanese Unéxamined Patent Applicati@n No. 49-52973).

An example of the electrode structure for a semiconductor
device and a method for forming the electrode structure and the
mounted body including the semiconductor device according to the
prior art will be deécribed below with reference to the drawings.

Fig. 3 is a sectional view showing the electrode structure for
the semiconductor device according to the prior art. Fig. 4 is a’
sectional view showing the mounted body including the

semiconductor device according to the prior art.



el ectrode of the circuit board are fused. According to this nethod
for formng the bunp electrode, the electrode structure is conplicated so
that a lot of steps are necessary. For this reason, a method for easily
form ng the bunp electrode on the alum numelectrode of the sem conductor
device by using the wire bonding technigue has been proposed (for

exanpl e, Japanese Unexam ned Patent Application No. 49-52973). ' An
exanpl e of the electrode structure for a sem conductor device and a net hod
for forming thdseskotm dde Figr udt @meadnwinume electnedel ods formeddiongan he

sem conductor device according to the prior art will be described bel ow

with refer pncidserate 1 awangsssivetjon3fibn d3sdst formdd wnethsHdwi ng the
el ectrode structure for the sem conductor device according to the prior

art. Fig. buisratesseiional i Qe etonhol NvoTaunpes arnei s uding the

sem conduc vice according to the prior art. :

gubst rafi %mu%ngg;é%ﬁqﬁgnﬂf?%@ﬁg’éﬁéﬁe&éﬁggzﬁﬁ%ifﬁéﬁu st?%t gnloI go as
to cover tgfmpiex{uimpg%g{r&% tl'logy OEI WtIQ‘% bonding method.

As shown in Fig. 4, the semiconductor device having the bump
electrode 12 is aligned in the face—-down state in such a manner
that the bump electrode 12 closely comes in contact with a |
terminal electrode 15 of a circuit board 14, aﬁd is provided on
the circuit board 14. The bump electrode 12 and the tefminal
electrode 15 are fused together by thermo—compression bonding or
ultrasonic welding. Thus, a mouﬁied body including the
semiconductor device is obtained.

However, the semiconductor dévice having the above-mentioned
electrode structure and the mounted body including the
semiconductor dévice have the following problems.

More specifically, the aluminumlelectrode is exposed around
the bump electrode. For this reason, if water exists in the
exposed.aluminum electrode portion, there is a possibility that
aluminum flows out in a comparatively short time so that the
semiconductor device is not electrically conducted to the circuit
board. In order to enhance the reliabiiity of a junction, it has
been proposed to fill a gap between the semiconductor device and
the circuit board with an insulating resin. In this case,

however, there is a possibility that impurity ions such as



al um num el ectrode 11. A bunp electrode 12 is formed on the al um num

*el ectrode 11 by a wire bondi ng net hod. As shown in Fig. 4, the

sem conduct or device having the bunp electrode 12 is aligned in the
face-down state in such a manner that the bunp el ectrode 12 cl osely cones
in contact wwth a termnal electrode 1540f a circuit board 14, and is
provided on the circuit board 14. The bunp el ectrode 12 and the term nal
el ectrode 15 are fused together by therno-conpression bondi ng or

ul t r asoni chderdnegcomaised aimihet dusbbatinghceain eromede ther OFRESEDHr
device i s obtained. However, the sem conductor device having the
above- nentgforkd ahieiciumodtestrodet soethatl thee semicdnehiciodydéwnicdeuds mpt he
sem conduct or device have the foll ow ng probl ens. More specifically,

the al um nirBceke64 I BARohBuSIERDIRA thE OB it BolirdP dineeheockse Wheréhi s
reason, if water exists in the exposed alum num el ectrode portion, there

i's a possify lgrb¥nibajoardl UIERWE & ﬁ‘fﬁsé’”épd:& BosFIRY akedefor Sght time so

that the sem Conductor. device 1s not electrically conducted tothe circuit

board. In order t l.LahLb ity 'gﬁﬁ Nayl been
proposed 0 t|aﬁdgggﬁgég&egﬁ“{ﬁgkggﬁéé%ﬁﬁﬁ%Pgré evi ce g%%étt e circuit
boar d mﬁtqvgn insulati%&,resin. In this case,. Qome er, ther%lis a

possi bi | i t§PGHMEE PR SELyOPS Recaysk h@e organic board 1s generdlly

permeable to water and a lot of impurity ions are present in the
organic board. | |

In order to solve the above-mentioned problems iﬁ'the prior
art, it is an object of the present invention to provide an
electrode structure for a semiconductor device and a method for
forming the electrode structure and a mounted body including the
semiconductor device in which the semiconductor device can be
easily connected to a circuit board reliably.

To accomplish the above-mentioned object, the present
invention provides an electrode structure for a semiconductor
device which is suitable for mounting on a circuit board in the
face—down state, comprising a bump electrode formed on an
aluminum electrode of the semiconductor de%ice; and an aluminum
oxide film sufficient for the prevention of corrosion of the
aluminum electrode, which is formed on a surface of the aluminum
electrode exposed around the bump electrode. According to the
electrode structure for the semiconductor device, the aluminum
electrode is not corroded due to water and impurity ibné.when

mounting the semiconductor device on the circuit board.
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4 chlorine contained in the insulating resin pronote the corrosion of the
‘al umi num el ectrode so that the semiconductor device is not electrically
conducted to the circuit board. In the case where an organic board such as
a gl ass epoxy board is used for light weight and | ow cost, the corrosion
of the alum num el ectrode beconmes nore gerious because the organi c board
Is generally perneable to water- and a |lot of inpurity ions are present in
the organic board. In order to solve the above-nentioned problens in
the prior art In thesehtterbiecstnicture por e seniostdidtor devigeovi de an

el ectrode structure for a sem conductor device and a nmethod for formng

the el ect rétgt_ﬁu@tihﬁcwr@;ea@éegeﬂwﬁv%fc@eﬂy iGkUgrdbridiAe ERAR apRduCt O
device in which the sem conductor device can be "easily connected to a
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| of the aluminum electrode. '

In the electrode structure for a semiconductor device
according to the present invention, it is preferable that the
thickness of the aluminum oxide film should be 5 to 20 % ofgthe
thickness of the aluminum electrode. According to the preferred
example, a practical electrode structure for the semiconductor
device can be obtained. In other words, the thickness of the
aluminum oxide film which is smaller than 5 % of the thickness of
the aluminum electrode is not practical because it is very hard
to form the aluminum oxide film densely. Furthermore, the
thickness of the aluminum oxide film which is greater than 20 %

. of the thickness of the aluminum electrode is not practical
because the resistance value of the aluminum electrode portioﬁ is
increased too much.

In the electrode structure for a semiconductor device
according to the present invention, it is preferable that the
thickness of the aluminum oxide £ilm should be 0.05 to 0.2 m.
According to the preferred example, a practical electrode
strycture for the semiconductor device can be obtained. In
general, the thickness of the aluminum electrode is about 1xm.

Consequently, the aluminum oxide film having a thickness of 5 to



face-down state, conprising a bunp electrode fornmed on an al um num

‘el ectrode of the sem conductor device; and an al um num oxide film
sufficient for the prevention of corrosion of the alum num el ectrode,
which is forned on a surface of the alum num el ectrode exposed around the
bunp el ectrode. According to the electrgpde structure for the sem conductor
device, the alum num electrode is not corroded due to water and inpurity

i ons when nounting the sem conductor device on the circuit board.

5 | a0t beofelthet thikkmigsuof utle fadumanse rd lewrtttode ocard dei oktainsdor di ng
to the present invention, it is preferable that the alum num oxide film

for the preventjprhef et tdcoBteliOtire For #aniveddiytdidelhece oxidizing a

natural oxide filmon the surface of the al um num el ectrode. In the
el ectrode abEYF i} get;:sofh PRIERP NI ofle Vi €8s aﬁ»@@épam Rathegner esent
i nvention, It er abl'e that the thickness of the al um num oxide film
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to the pre
example, the surface of the bump electrode is not oxidized at the

step of forming an oxide film on the aluminum electrode of the
semiconductor device. Accordingly, the bump electrode made of Au
is convenient for the following bonding step. The reason i; that
if an oxide film is_formed between.the bonding layer and the
surface of the bump electrode, a good electrical conduction
cannot be obtained.

The present invention provides a method fof‘forming an
electrode structure for a semiconductor device which is mounted
on a circuit board in the face—-down state, comprising the sfeps
of forming a bump electrode on an alﬁminum electrode of the-
semiconductor.device; and forming an aluﬁinum oxide film
sufficient for the prevention of corrosion.on a surface of the
aluminum_electrode that is exposed around the bump electrode.
According to the method for forming the electrode structure for a
semiconductor device, it is possibie to obtain a semiconductor
device in which the aluminum oxide film for the prevention of
corrosion is formed on the surface of the aluminum electrode. As
a result, the aluminum electrode is not corroded due to water and
impurity ions ﬁhen mounting the semiconductor device on the

circuit board.



exanple, a practical electrode structure for the sem conductor device can
‘be obtained. In other words, the thickness of the alum numoxide film
which is smaller than 5 % of the thickness of the alum numelectrode is
not practical because it is very hard to formthe al um numoxide film
densely. Furthernore, the thickness of 2he alum numoxide filmwhich is
greater than 20 % of the thickness of the alum num el ectrode is not
practical because the resistance value of the al um num el ectrode portion
is increased Inotheiaethod for |formthagetlesteledtrade stiructuferfor a

sem conductor device according to the present invention, it is preferable

that the Jdiiekn@sstdl deRecal aviordingxtsleche presdotigiveatfo)S jttoif. 29 m
According to the preferred exanple, a practical electrode structure for

the sem Cqiehat) oMIe 1Mol SlbetRste drdu1doheIWmoliy (d1haksess of he

al um num rode is out rr] m Consequently, the "al um num oxi de
20 %or 1HOEHPBAEREE pRing Anine o T0% SRRl e BRSSO ©
is formed by the wire bonding method in the following manner. |
First of all, the tip of the Au wiré is fused by thermal energy
to form a Au ball. Then, the Au ball formed on the tip of the Au
wire is put on the aluminum electrode. Thereafter, a pressdre of
about 50 g is applied to the Au ball férmed on the tip of the Au
wire at a temperature of about 150°C so as to be bonded onto the
aluminum electrode by pressure. Finally, the Au wire is pulled
upward. After the above-mentioned steps, the bump electrode made
of Au is formed on the aluminum electrode. According to the
preferred example, the bump electrode can be forméd directly on
the aluminum electrode (a general electrode material) of the
semiconductor device. Consequently, the.bump electrode can be
formed easily on the general purpose semiconductor-device.

In the method for forming the electrode structure for a
semiconductor device according to the present invention, it is
preferable that the aluminum oxide film should be formedlby
exposing the semiconductor device having the bump electrode
formed thereon to the high—temperature state. According to the
preferred example, the aluﬁinum oxide film can be formed
efficiently in a short time. In this case, the high—témperature

state should have a temperature of 200 to 300°C. According to



I'n the electrode structure for a sem conductor device according to the
‘present invention, it is preferable that the bunp el ectrode should be made
of Au. According to the preferred exanple, the surface of the bunp

el ectrode is not oxidized at the step of formng an oxide filmon the
al.um num el ectrode of the sem conductorg device. Accordingly, the bunp

el ectrode nade of Au is convenient for the follow ng bonding step. The
reason is that if an oxide filmis formed between the bondi ng | ayer and
the surfame pfefdrerdduepasphst rthds, temppraduee exingec doesomeudavena kashnot be
obt ai ned. The present invention provides a nethod for formng an

el ect rode s$fenHehes o Thedsafitonanduet devdeei tesed ,clthas founted on a
circuit board in the face-down state, conprising the steps of formng a

burp_ el ect ;a6 0 Aftef L ThHUR @R T LEIR! ok Nehe SEIRCONGUaRerery ce; and

form ng an al um num oxi iI'm sufficient for the prevention.of corrosion

on a surface of th l.un | ect P Ss: 08 s
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electrode at a temperature of 200 to 300°C. According to the
preferred example, the steps of forming the electrode strucéure
for the semiconductor device can be simplified.

In the method for forming the electrode structure for a
semiconductor device according to the present invention, the
aluminum oxide film should be formed by immérsing the
semiconductor device having the bump electrode formed thereon in

: aﬁmonium persulfate or hydrogen peroxide. According to this
preferred éxample, the aluminum oxide film can be formed
efficiently in a short time.

The present invention provides a mounted body inciuding a
semiconductor device, comprising a circuit board having a
terminal electrode and a semiconductor device mounted on the
circuit boérd in the face-down state, a bump electrode formed on
an aluminum electrode of the semiconductor device and an aluminum
oxide film sufficient for the prevention of corrosion that is
fprméd on the surface of the'aluminum electrode exposed around
fhe bump electrode, the bump electrode being electrically

connected to the terminal electrode on the circuit board through



I mpurity ions when nounting the sem conductor device on the <circuit board.
) In the nethod for formng the electrode structure for a

sem conduct or device according to the present invention, it is preferable
that the bunp el ectrode should be formed by a wire bonding nethod using a
Au wire. For exanple, the bunp electrodeg is formed by the wire bondi ng
method in the following manner. First of all, the tip of the Au wire is
fused by thermal energy to forma Au ball. Then, the Au ball fornmed on the
tip of thea/wndingelageput Wartht tiee giresent maindedr bddy iHvdudafger, a
pressure of about 50 g is applied to the Au ball fornmed on the tip of the

Au W re asemidotidpeted Uderiek, abheltalimihehrélecieode i9 mat kondedbdidue t he
al um num el ectrode by pressure. Finally, the Au wire is pulled upward.

After the @@W%ﬂofﬁﬂxﬁ&Wimé.heAQUHPr@éaﬁQt,r HEr&Be noOpofyitig iftgr med
on the alum num el ectrode. According to the preferred exanple, the bunp

el ectrode gpi Bihe' QLPorliict6h! Ys Hbt B18ca HAIYTLEARE R R0 (rgener a

el ectrode nmaterial)
circuit board. Consequently, a mounted body including a

semiconductor device having high reliability can be obtained.

In the structure for the mounted body including a
semiconductor device according to the present invention, itﬂis
pfeferable that the circuit board should be formed from a board
including an organic material. According to the preferred
example, the following functions and effects can be obtained.
Recently, a board containing an organic material such as a glass.
epoxy board, a paper phenol board or the like has been used as a
circuit board for light weight and low cost. This kind of board
is permeable to water and contains a lot of impurity ions
therein. However, the aluminum oxide film for the prevention of
corrosion is formed on the surface of.the aluminum electrode that
is exposed around the bump electrode. Consequently, the aluminum
electrode is not corroded due to water and impurity ioms.
According to the preferred example, it is possible té prefent the
corrosion of the aluminum electrode while cbtaining a reduction
in wéight.and cost of the semiconductor device.

In the structure for the mounted body including a
semiconductor device according to the bresent invention, it is

preferable that the aluminum oxide film for the prevention of



sem conduct or devi ce. Consequently, the bunp el ectrode can be fornmed
‘easily on the general purpose sem conductor device. In the nmethod for
formng the electrode structure for a sen conductor device according to
the present invention, it is preferable that the alum numoxide film
shoul d be fornmed by exposing the sem caoductor device having the bunp

el ectrode forned thereon to the high-tenperature state. According to the
preferred exanple, the alum num oxide filmcan be forned efficiently in a
short ti necotrodibnsshask] behebtaigted bypfumthere oxidizings laonatutealy exade
tenperature of 200 to 300[err]C. According to

8 the prefnK ond thy A face! BE Stlie mlenahui & letgeddoes not have a bad
i nfl uence on the sem conductor device itself, that is, disconnection of an

internal wiring ort Lherdd reCP(Slseéliée%{lﬂted tﬂ@ﬁyamglﬁimgo&i de filmcan be

f or med eff|C|en y inas time. Furthernoré, it is preferable that the
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preferable that the bonding layer should be made of a conductive
adhesive. The conductive adhesive is obtained by mixing an
organic binder, which contributes to adhesion, and a conductive
filler, which contributes to electric conduction. An epoxyﬂ
resin, a polyimide resin and the like are used as the organic
binder. Ag, Cu, Au, Pd, Ni and the like haviﬁg a mean volume
particle diameter of 2 to 5¢m are used as a conductive filler.
In the case where the epoxy resin is used as the organic binder,
the content of the corductive filler is 60 to 70 % by weight. An
amine hardening agent or a phenol hardening agent is used. In
the case where the polyimide resin is used as the organic binder,
the content of the conductive filler is 60 to 90 % by weight and
the hardening temperature is about 200°C . According to the
preferred example{ the thermal stress on the junction caused by
the mismatching of phyeical property values (in particular,
coefficients of thermal expansion) of the semiconductor device
and the circuit board is relaxed. Thus,.the mounted body
including a.semiconductor device can be obtained with high
reliability. The reason is that the conductive adhesive has
excellent relaxation ability in stress because it is generally

softer than an inorganic material such as a solder.



preferred exanple, the steps of formng the electrode structure for the
'sem conduct or device can be sinplified. In the nethod for formng the .
el ectrode structure for a sem conductor ‘device according-to the present

i nvention, the alumnumoxide filmshould be formed by inmersing the

sem conduct or device having the bunp el qgtrode fornmed thereon in _anmoni um
persul fate or hydrogen peroxide. According to this preferred exanple, the
al um num oxi de filmcan be formed efficiently in a short tine. The

present invent IANtly Gtirdesure MaNtRd hoiditednbbayi iikladifgna conduct or
device, conprising a circuit board having a termnal electrode and a

sem conducidai ARTEETRILES RiborBEng Otd el phegert Iimvblieidmcatdaun state,

a bunp el ectrode forned on an al um num el ectrode of the seni conduct or
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ar ound electrode

connect ed geﬁn%l pg?% gdggﬁlﬁpf e d?ﬁ%ﬁ“ﬁ’gg‘%m r#‘%ﬁ&ﬁycan

9
be mounted at the same steps as the mounting of parts other than

the semiconductor device, for example, a chip resistor, a chip
capacitor and the like. As a result, the semiconductor device
can.also be mounted at the reflow soldering step together with
other parts than the semiconductor device. Consequently, the

process can be simplified.

In the structure for the mounted body including a
semiconductor device according to the present invention, it is
preferable that a gap between the semiconductor device and the
circuit board should be filled with én insulating resin. An
example of the insulating resin ié an epoxy resin. According to
the preferred example, the junction of the semiconductor device
and the semiconductor device itself cén be protected. In
particular, the influence of water under high humidity
conditions, such as the degradation of the junction or the
failure of the éemiconductor device, can be eliminated.

In the structure for the mounted body including a
semiconductor device according to the present invention, it is
preferable that the thickness of the aluminum oxide film should
be 5 to 20 % of the thickness of the aluminum electrode.

In the structure for the mounted body including a



a bonding layer. Wth the present nounted body including a sem conductor
‘device, the alum num electrode is not corroded due to water and inpurity
ions. As a result, there is no possibility that the sem conductor is not
el ectrically conducted to the circuit board. Consequently, a nmounted body
I ncluding a sem conductor device having high reliability can be obtained.
In the structure for the nmounted body i nttuding a seniconductor device
according to the present invention, it is preferable that the circuit
boar d shoskdidenduetoeddévive achopdihg itcithdi pgesentoigeantiongt et ind .
According to the preferred exanple, the follow ng functions and effects

can be obpabfeshbleReEaNtthe thibRASSS GFitAkbNA I\ FMmObY e F TRt Shdwdld such as
a glass epoxy board, a paper phenol board or the |like has been used as a

circuit bear@. d®red pght wei ght and | ow cost. This kind of board is
perneable to water and contains a lot of inpurity ions therein. However,
t he alun19y€1oxide filmfor the prevention of corrosionis forned on the
surface o he al um num el ectrode that is exposed around the bunp

el ectrode. Consequent t he al unj.,num el ectrode .is.ngi corroded due to
wat er and i rrpufrft S8 ‘\s{‘.icuﬁ,QC%PH' t“@“Pﬁ@gpl?%fyerlPQ&“ WA e, it is

possi ble to prev nt'thg corrosion of the alum numelectrode while
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preferable that the bump electrode éhould be made of Au.

The present invention provides a semiconductor device
suitable for mounting on a circuit board, comprising an aluminum
electrode; a bump electrode formed on the aluminum electrode; and
an aluminum oxide film sufficient for the prevention of corrosion
of the aluminum electrode, which is formed on a surface of the
aluminum electrode exposed around the bump electrode.

According to the electrode structure for the semiconductor
device of the present invention, the aluminum electrode is not
corroded due to water and impurity ions when mounting the
semiconductor device on the circuit board.

Accordiﬁg to the method for forming the electrode structure
for the semiconductor device of the present invention, the
semiconductor device in which the aluminum oxide film is formed
on the surface of the aluminum elecfrode is obtained. As a
result, the aluminum electrode is not corroded due to water and
impurity ions when mounting the semiconductor device on the
circuit board. |

According to the mounted body including the semiconductor



In the structure for the nounted body including a sem conductor device
‘according to the present invention, it is preferable that the al um num
oxide filmfor the prevention of 10
corrosion should be obtained by further oxidizing a natural oxide filmon
t he surface of the al um num el ectrode. In the structure for the
nmount ed body including a sem conductor aevice according to the present
invention, it is preferable that the bonding | ayer should be made of a

conduct i Vezevadaesk Ve ?%s&ﬂf‘dﬁﬁ;e'n‘f@oﬁdhﬁ@ Weuh Sm@PleabBefody 18 bPg an

organi ¢ bi nder, which ntributes to adhesion, and a conductive filler,
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it is possible to obtain the mounted body including the
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semiconductor device which is very stable and reliable.

Figure 1 is a sectional view showing an electrode structure
for a semiconductor device according to an embodiment of the
present invention; |

Figure 2 is a sectional view showing a mounted body
includihg the semiconductor device according to the embodiment of
the present invention;

Figure 3 is a sectional view showing an electrqde siructure
for the semiconductor device according to the prior art; and

Figure 4 is a sectional view showing a mounted body
including the semiconductor device according to the prior art.

A preferred embodiment of the presént inven;i&n will be
described below.

Fig. 1 is a sectional view showing an electrode structure
for a semiconductor device according to an embodiment of the
present invention. Fig. 2 is a sectional view.showing a mounted
body including the semiconductor device according to the
embodiment of the present invention.

As shown in Fig. 1; an'éluminum electrode 2 is formed on an

IC substrate 1. A passivation film 5 made of Si0, is formed on



the case where the polyimde resin is used as the organic binder, the
‘content of the conductive filler is 60 to 90 % by weight and the hardening
tenperature is about 200[err]C. According to the preferred exanple, the
thermal stress on the junction caused by the m smatching of physical
property values (in particular, coeffindents of thermal expansion) of the
sem conductor device and the-circuit board is relaxed. Thus, the nounted
body including a sem conductor device can be obtained with high

reniabi i tihe FRestbgeitd 4 LB e co0eHuaid b@ri\ﬂhﬁaw@obeﬁon QECeheent

rel axation ability 1n stress because it is general softer than an

I norgani c %f\%glr&/\nan: %2%0% Q_SOA% nSﬁ%‘Etmd 3 is formed! B @fducture for

?ES g?pnte Do f ngla ﬁen1c or device according to the present
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which is exposed around'the bump electrode 3. If the élﬁminum

oxide film 4 is formed on the surface of the aluminum electrode 2

that is exposed around the bump electrode 3, the aluminum

electrode 2 that is not corroded due to water and impurity ions

when the semiconductor device is mounted on the circuit board.

The bump electrode 3 is generally formed by the wire bonding

method at a comparatively low temperature of about 150°C. The IC

substrate 1 having about 100 aluminum electrodes 2 only passes

through a heat history at a temperature of 150°C for a very short

time of about 10 secs. For this reason, a natural oxide film

formed on the surface of the aluminum electrode 2 during wire

bonding has a thickness of about 0.0l;tm and is porous, and is

nbt sufficient to-prevent the corrosion of the aluminum electrode

2.

It is preferable that the thickness of the aluminum oxide
film 4 should be 5 to 20 % of the thickness of the aluminum
electrode 2. In general, the thickness of the aluminum electrode
2 of the semiconductor device is about 1z m. In this case, it is
sufficient that the thickness of the aluminum oxide film 4 is
about 0.1um. If the aluminum oxide film 4 is dense (there is no

pin hole), the thickness of the aluminum oxide film 4 may be



capacitor and the like. As a result, the sem conductor device can also be
‘nounted at the refl ow soldering step together with other parts than the
sem conduct or device. Consequently, the process can be sinplified.

In the structure for the mounted body including a sem conductor device
according to the present invention, it 15s preferable that a gap between

t he sem conductor device and the <circuit board should be filled with an
insulating resin. An exanple of the insulating resin is an epoxy resin.

Accor di ng drallbhe & gk’ edbr@nDB 2 1h he Thenthickmess bhetisenilomdoust or
device and the sem conductor device itself can be protected. In

particul ar xih@efim'tﬁ%@ﬁ%h%s%&aqueynﬁ%n i ghohughiedithi ckeesslidsi eps, such as

t he degradation o e junction or the failure of the sem conductor
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_the nDunte%LJ%ﬁ%%mgggJL%iepgh?Ckness of the aluminum oxide film 4 which is
greater than 20 % of the thickness of the aluminum electrode 2,
that is, 0.2 m, is not pracfical because the resistance value of
the aluminum electrode portion is increased too mﬁch. J
By way of example, the aluminum oxide film 4 can be formed
by exposing the IC substrate 1 having the bump electrode 3
provided thereon to the high—temperature state (for example,
300°C) in the air. More specifically, the aluminum oxide film 4
can be formed by a thermal oxidation method. Thus, the aluminum
oxide film 4 can be formed efficiently in a short time by using
the thermal oxidation method. In this case, it is preferable
that the high-temperature state should havé a temperature of 200
to 300°C. |
It is preferable that the bﬁmp electrode 3 should be made of
Au. The bump electrode 3 made of Au is convenient for the
following bonding step because the surface of the bump electrode
3 is not oxidized at the step of forming an oxide film on the
aluminum electrode 2. This is important because if an oxide film
is formed between the bonding layer and the éurface of the bump
- electrode 3, a good electric conduction cannot be obtained. In

this case, the'bump electrode 3 can be directly formed on the



12 sem conductor device according to the present invention, it is
‘preferable that the thickness of the alum numoxide filmshould be 0.05 to

0.2 [err]m In the structure for the nmounted body including a
sem conduct or device according to the present invention, it is preferable
t hat the -bunp el ectrode should be nmade @6 Au. " The present invention

provi des a sem conductor device suitable for nounting on a circuit board,
conprising an alum num electrode; a bunp el ectrode formed on the al um num

el ect r odealanthundi@laburods(aOkbferd] ldTestfdde imiterigl) theyPrRY ifriecon of
corrosion of the alum numelectrode, which is fornmed on a surface of the .

al umi num sbﬁ&iﬁ@%gggg?ﬁ}gaaomdwﬁ@ iAURRe S i) hdflfer as in £8E0! ding to

the el ectrode s _ the sem conductor device o pr esent
mpuri ty PSS SBLReA, O CRBSE 1S, i ShBRES1ELErod Bh e U7t boar .
e conduEESH HdATEEIorn (h EBREEL LTHTE FREFOAME o8 i sRductbr devi ce i n
whi ch tlqeggkgggvathxLﬁﬁ$féfe@kggdécg;n%%rmed by a plating method. In
this case, a thin film such as an adherence layer or a diffusion
preventive layer is formed on the_aluminum electrode and the bump
electrode is then formed on the thin film. For this reason;!the
complicated process and apparatus are required.
The formation of the bump électrode 3 by the wire bonding
method will be briefly deséribed below. First of all, the tip of
the Au wire is fused by thermal energy to form a Au ball. Then,
the Au ball formed on the tip of the Au wire is but on the
aluminum electrode. Thereafter, a pressure of about 50 g is
applied to the Au ball formed on the tip of the Au wire at a
temperature of about 150°C so as to be bonded onto the aluminum
electrode by pressure. Finally, the Au wire is pulled upward.
After these steps, the bump electrode 3 made of Au is formed on
the alumimum electrode 2. By setting a heating temperature to
the high-temperature state during wire bonding, that is, 200 to
300°C, the bump electrode 3 can be formed on the aluminum
~ electrode 2 and the aluminum oxide film 4 can be formed on the
sprface of the aluminum electrode 2 that is exposed around the |

bump electrode 3. If the bump.electrode 3 and the aluminum oxide

film 4 are formed at the same time, the step of forming the



on the surface of the alum numelectrode is obtained. As a result, the

:al um num el ectrode is not corroded due to water and inpurity ions when
nounting the sem conductor device on the <circuit board. According to
t he nounted body including the sem conduct or

13 device of the present invention, thf7aluninun1electrode I S not
corroded due to water and inpurity ions.”" As a result, possibility that

t he sem conductor device is not electrically conducted to the circuit

board is gneatrodd edvaeeurdofsregtenédnicondiictor merdickl earl deobt ai n the
nount ed body including the sem conductor device which is very stable and

reliable.simﬁéiff&gyre 1 is a sectional view showi ng an el ectrode structure
for a sem cohductor device according to an enbodi ment of the present
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present i’QQ%BELSEhctor device will be described below. As shown in Fig.
2, a conductive adhesive 8 is applied as a bonding layer to the
tip portion of the.bump electrode 3 of the semiconductor device
having the above-mentioned structure by a transfer method or a
printing method. Then, the semiconductor device is alignedlin
the face-down state in such a manner that the bump electrode 3
abuts on the termihal electrode 7 of the circuit board 6. Then,
the semiconductor device is mounted on the circuit board 6. When
the conductive adhesive 8 is hardened in this state, the IC
substrate 1 can be electrically connected to the'circuit board 6.
Finally, a gap between the IC substrate 1 and the circuit board 6
is filled ﬁith an insulating resin 9 such as an epoxy resin so
that the mounted body including the semiconductor device can be
obtained. By filling the gap between the IC substrate 1 and the
circuit board 6 with the insulating resin 9, the junction between
the board and the IC substrate 1 and the IC substrate 1 itself
can be protected. In particular. it is possible to eliminate the
influence of water at a high humidity, that is, the degradation
of the junction and the failure of the éemiconductor device. In
the mounted body including the semiconductor device, the above-
mentioned IC substrate 1, that is, the IC substrate 1 in which

the surface is exposed around the bump electrode 3, is used and



Figure 3 is a sectional view show.ng an el ectrode structure for the

‘sem conduct or device according to the prior art; and Figure 4 is a
sectional view showi ng a nounted body including the sem conductor device
according to the prior art. A preferred enbodi nent of the present
invention will be described bel ow 18 Fig. 1 is a sectional view
showi ng an el ectrode structure for a.sem conductor device according to an
enbodi ment of the present invention. Fig. 2 is a sectional view showing a -

mount ed  biggly thech Vehiim BRide nfidanduedried ahieceonccdhdirogoi®, tthe -
enbodi nent of the present invention. As shown in Fig. 1, an alum num

el ethOde.@l@nme%dénz 1€ b ebrabded duePt8awsterahh@Nikgurity made of
SiOferr] is tormed on 14  the IC

substrate Q t t N ' : )
eregtrodg 1291?52\ géﬁpgeﬁcecegé“[q&c)dgﬁ%&e?s? greggéda @3’ %Egﬂcéﬁ m ‘r‘g\'tﬁtr)nﬂe c?: nge 2 by a

wire bondipng met g, TS 3 Y0 ANMe 120RFLELRS RolAScal T PO W e il m 4
board 6; Consequently, it is possible to obtain the mounfed body
'iﬁcluding the semiconductor device with high reliability. In
addition, it is possible to use, for the circuit board 6, an
organic board such as a glass epoxy board which is permeablé to
water and contains a lot of impurity ions.. Consequently, the
weight and size of the semiconductor device can be reduced. An |
epoxy resin which is generally.used as the insulating resin 9 is
closely bonded to the metal surface by causing a hydroxyl group
in the resin to generate hydrogen bonding with an oxide on the
metal surface. By using a structure in which the aluminum oxide
film 4 is formed on the surface of the aluminum electrode 2
exposed around the bump electrode 3 as in the present embodiment,
the adhesion strength on an interface between the insulating
resin 9 and the aluminum electrode 2 is enmhanced. Thus, the
sealing effect of the insulating resin 9 can be enhanced still
more. |

If the conductive adhesive 8 is used as a bonding layer, the
thermal stress on the junction caused by thé mismatching of
physical property values (in particular, coefficients of thermal
expansion) of the IC substrate 1 with the circuit board 6 is

relaxed so that the mounted body including the semiconductor-



whi ch is exposed around the bunp electrode 3. If the alum num oxide film4
is formed on the surface of the alum numelectrode 2 that is exposed
around the bunp electrode 3, the alum num electrode 2 that is not corroded
due to water and inpurity ions when the sem conductor device is nounted on
the circuit board. The bunp electrode 3q9is generally formed by the wire
bonding nethod at a conparatively |low tenperature of about 150[err]C. .The
| C substrate 1 having about 100 al um num el ectrodes 2 only passes through

a heat hi deetiyeatart becobeabied with BbH eellisbibityd VEhy sdudoh ii€matof
about 10 secs. For this reason, a natural oxide film fornmed on the surface

of the al WhehdBhdlAGVEO8hds f¢f hag.&éaleaenﬂémmanaasmfﬂwgﬁs of about

0.01[err]mand is porous, and is not sufficient to prevent "the corrosion
Che. al umi RuRea Rorime) A€ isefitgrpiidn 2B BAGHFRRY Retoflad sleh e
2 of the SOHIEBnalR SerloP Rl eBhastry iy oPFTSH By pifue A St O
0. 1 orr ] RABREE HLLEH SRRREI SR S0r RUARSOPCHABRG: COPRBPELTR EHA1SBI n ol e).
the thiCk%%iihogo${¥§5%%ggi{gngfgékggcfégﬂgﬁitggz.b%&lepoxy resin, a
polyimide resin and the like are used as the organic binder. Ag,
Cu, Au, Pd, Ni and the like which have a mean volume particie
diameter of 2 to S5um are uéed as the conductive filler. If the
epoxy resin is used for the organic binder, the content of the
conductive filler is 60 to 70 % by weight and amine and phenol
hardening agents afe used. If the polyimide resin is used as the
organic binder, the content of the conductive filler is 60 to 90
% by weight and the hardening temperature is about 200C.
In.the present embodiment, the bump electrode 3 is formed by
the wire bonding method, which should not be construed as being
restricted. If the bump electrode 3 is directly fﬁrmed on the
aluminum electrode 2, an electroless plating method may be used.
While the conductive adhesive 8 is formed as the bonding
layer on the bump electrode 3 by the transfer method or the
printing method, the bonding layer instead may be formed on the
terminal electrode 7 of the circuit board 6 in advance.
While the conductive adhesive 8 is used as the bonding layer

in the pfesent-embodiment. other bonding materials such as a

solder may be used. In particular, if the solder is used as the



15 smaller, that is, about 0.05[err] m The thickness of the al um num
‘oxide film4 which is smaller than.5 % of the thickness of the alum num

el ectrode 2, that is, 0.05g m is not practical because it is very hard to
formthe al um num oxide film4 densely. Furthernore, the thickness of the
al um num oxide film4 which is greater2khan 20 % of the thickness of the
aluminumel ectrode 2, that is, 0.2g m is not practical because the

resi stance value of the alum num el ectrode portion is increased too nuch.
By way of bendimg dayebe therdemicooducteorf idenide ccan lbe hounkad apytk&posing the
| C substrate 1 having the bunp electrode 3 provided thereon to the

hi gh- t enpeaabustepy akethé aiowendng! 6f paids[ eth¢C)than the semicohuetor
specifically, the alum numoxide film4 . can be fornmed by a thernal

oxi dat i on JER4Bed folhegample, @l WHiipURRsIBtode 4idip cepachrorl @andethe
efficiently in a short tine by using the thermal oxidation nethod. In this
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electrodeaa%ugggalé% Q%e”%gfléﬁ soldering step together with parts other
than the semiconductor device. Consequently, the process can be
simplified.

While the aluminum oxide film 4 is formed by the thermél
oxidation method in the present embodiment, another method for
oxidizing the surface of the aluminum electrode 2 may be used.
As one example, the semiconductor device having the bump
electrode 3 formed thereon is immersed in ammonium persulfate or
hydrogen peroxide so as to form the aluminum oxide film 4.

While the semiconductor device which is mounted on the
circuit board in the face-down state has been described as an

example in the present embodiment, the present invention can be

applied to the case where other mounting methods are used.



Au. The bunp el ectrode 3 made of Au is convenient for the follow ng
‘bondi ng step because the surface of the bunp eIectrode__3_+s—n9L—e*+d¥zed
at the step of formng an oxide filmon the alunlnun} ctrode 2. Th! is

i nportant because if an oxide film is forned bet weeh!t ¥*%nd
the surface of the bunp electrode 3, a gpod electric c t be
obtained. In this case, the bunp el ectrode 3 can be di n the

16 al umi num el ectrode (a general electrode material) 2 by the wire
bondi ng nétHAId ISSCIAIMEDAJSW re in the sanme nmanner as in the present
enbodi ment. Consequently, the bunp el ectrode can be easily forned on. a

general purposg.sexi eledwebde sigucttire! for @e8ehitondues obuddv Rlccwhige is
formed by a plating nethod. In this case, a thin filmsuch as an adherence

layer or adishfi¥4shnd foRr a¥EALINE dn@¥CEit&iftObBRAG Ofh tth@ ghetidyw el ectrode
and the bunp electrode is then formed on the thin film For this reason,

the conpldecgied $and apparatus are required. The formation of
the bunp e %ectro@&&%ﬁﬁﬁ' he wi re bondi ng

a bump electrode formed on an aluminum electrode of said
semiconductor device; and

an aluminum oxide film sufficient for the prevention of
corrosion of the aluminum electrode, which is formed on a s;fface
of said aluminum electrode exposed around said bump electrode.

2. The electrode structure for a semiconductor device as
defined in Claim 1, wherein said aluminug oxide film for the
prevention of corrosion is obtained by further okidizing a
natural oxide film on the surface of said aluminum electrode.

3. The electrode structure for a semiconductor device as
defined in Claim 1, wherein the thickness of said aluminum oxide
film is 5 to 20 % of the thickness of said aluminum electrode.

4. The electrode structure for a semiconductor device as
defined in Claim 1, wherein the thickness of said aluminum oxide
film is 0.05 to 0.2z m.

5.. The electrode structure for a semiconductor device as
defined in Claim 1, wherein said bump electrode is made of Au.

6. A method for forming an electrode structure for a
semiconductor device which is to be mounted on a circuit board in
the face-down state, comprising the steps of: |

forming a bump electrode on an aluminum electrode of said

AR




method will be briefly described below First of all, the tip of the Au

wre is fused by thermal energy to forma Au ball. Then, the Au bal
the tip of the Au wire is put on the al un ihisSHeetildsBtRn Replacec

, a pressure of about 50 g is applied to the - on
the Au wre at a tenperature@2of about 150[er ;mm*a
, | S

formed on
Thereafter
the tip of
bonded ont

o the alum num el ectrode by pressure. Finally

pul l ed upward. After these steps, the bunp el ectrode 3 nade of Au is

fornmed on semicoatuatem desieet rank 2. By setting a heating tenperature to

t he high-t

t he bunp el ect fotmifg cam diemioumexkide fhbe duffioient dorcthederevention he

al um num o

enperature state during wre bonding, that is, 200 to 300[err]C

xide film4 can be fornmed on the surface of the al um num

el ectrode gf tdvirossoR X0 Guaface bft Baidalymiaimcélecarade that his bunp

el ectrode 3 and the alum numoxide film4 are forned at the sane tine, the
step of fo%fﬁdgédiaﬁound said bump electrode. 17 el ectrode
structure for the sem conductor device can be sinplified.

7. The method for forming an electrode structure for a
semiconductor device as defined in Claim 6, wherein the bump
electrode is formed by a wire bonding method using a Au wire.

8. The method for forming an electrode structure for é
semiconductor device as defined in Claim 6, wherein said aluminum
oxide film is formed by exposing said semiconductor device having
said bump electrode formed thereon to the high-temperature state.

9. The method for forming an electrode structure for a
semiconductor device as defined in Claim 8, wherein the high-
temperature state has a temperature of 200 to 300C.

10. The method for forming an electrode structure for a
semiconductor device as defined in Claim 9, wherein said alumiﬁum
oxide film is formed simultaneously at the step of forming the
bump electrode at a temperature of 200 to 300°C.

11. The method for forming an electrode structure for a
semiconductor device as defined in Claim 6, where said aluminum
oxide film is formed by immersing said semiconductor device
having said bump electrode formed thereon in ammonium persulfate
or hydrogen peroxide.

12. A mounted body including a semiconductor device,

comprising a circuit board having a terminal electrode and a

i
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The net hod for manufacturing the nmounted body includi ngtthe sem conduct or
‘device w Il be described below. As shown in Fig. 2, a g¢riggnéedtiHas BaetihBeplacec
8 is applied as a bonding layer to the tip portion of the e 3
of the sem conductor device having the above-nentioned stH :
transfer nmethod or a printing nethod. 23¥hen, the sem cond rraevice Is
aligned in the face-down state in such a manner that the bunp el ectrode 3
abuts on the termnal electrode 7 of the circuit board 6. Then, the

sem conduciqiicdadiietor Hemust gsurtedt ba said ¢irchbarbadi-d Wethe thace—
conductive adhesive 8 is hardened in this state, the IC substrate 1 can be

el ect 11 cal dyneanace! o vifipl Bee6tioadl Eobiad dnben Elmiahhun olegamdesbticen  he

| C substrate 1 an he circuit board 6 is filled with an insulating resin
9 such as an £ O e oAl NEAtROE 40 116 BeEt R ent
sem conduc ff%%é¥gé&%gﬂ: ede%g?%f%@d. By |ﬁPPng %%e dép between the IC
substrate a the circuit_.board G w th. i i S| t
junction bé‘?%e PERESTHLOR, O nFOTHRS 1PR gﬁ’bé}{"raigt gag&%ﬁ? ﬁcggl %E]rs%gset pgt el
itself can be protected. .In garticular, i t is.ao si bl tg q%ini ate the
i nfl uence stidyalamigum £lacirode HRasgd erymd said), u’ﬁ%fﬁﬁ& TPt t he
junction and the failure of the sem conductor device. In the nounted body
i ncl udi ng buep sdecisade haingdeleetricaldy pnectede ke Ak teeiidst rate 1,
that is, the I1C substrate 1-in which :
electrode on said circuit board through a bonding layer.

13. The mounted body including é semiconductor deviceﬂés'.
defined in Claim 12, wherein said circuit board is formed_from a
board including an organic material.

14. The mounted body including a semiconductor device as
defined in Claim 12, wherein said aluminum oxide film for the
prevention of corrosion is obtained by further oxidizing a
natural oxide film on the surface of said aluminum electrode.

15. The mounted body including a semiconductor device as
defined in Claim 12, wherein'said bonding layer is made of a
conductive adhesive.

16. The mounted body including a semiconductor device as
defined in Claim 12, wherein said bonding layer is made of a
solder.

17. The mounted body including a semiconductor device as
defined in Claim 12, wherein a gap between said semiconductor
.device and said circuit board is filled with an insulating resin.

18. The mounted body including a semiconductor device as

defined in Claim 12, wherein the thickness of said aluminum oxide
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the surface is exposed around the bunp el ectrode 3,—Ts used and
18 has the alunminumoxide film4 forned thereon. fh@g@&@nggséémRepﬁcamlnun1

el ectrode 2 is not corroded due to water and inpurity sult
there is a greatly reduced possibility that the IC s
el ectrically conducted to the circuit Bpgard 6. Conse

possible to obtain the nounted body including the senlconductor devi ce
with high reliability. In addition, it is possible to use, for the circuit

board 6, ailmOi§a®i 2Oakdos Ugle &makﬂé@ss%feaam Paiduhé rdttrddeer meabl e
to water and contains a lot of inpurity ions. Consequently, the weight

and si ze of thﬁgserTlfépﬁerﬁié’& By (iﬁcﬁ?dhr@gar gg‘”ﬁf‘%&éﬁ% Be(ﬁ%;e% ol §8i N which

is generally used as t Insulatrng resin to the netal
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t he alunl OXId Qﬁ 4.is fornmed on the surface of t he alunlnum
electrode }B&@e &Po nauﬂﬁe bunp el ectrode 3 as i'n the present

embodi nent ,
20. The mounted body including a semiconductor device as

defined in Claim 12, wherein said bump electrode is made of Au.
21. A semiconductor device suitable for mounting on a
circuit board, comprising:
an aluminum electrode;
a bump electrode formed on said aluminum electrode; and
an aluminum oxide film sufficient for the prevention of
corrosion of said aluminum electrode, which is formed on a
surface of said aluminum electrode exposed around said bump

electrode.
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t he adhesion strength on an interface between the insulating resin 9 and
the alum num el ectrode 2 is enhanced. Thus, the sealing effect of the
insulating resin 9 can be enhanced still nore. | f the conductive
adhesive 8 is used as a bonding |ayer, the thermal stress on the junction
caused by the n1snatch|ng of physical Poperty val ues (in particul ar,

coefficie f e circuit

oy o TR e G

19 devi cgyff \q gh rel'i a |1|ty reason i s that the
ve as excel I'ent

conductlve adhe5| rel axation ability in stress because it
Is softer than an inorganic material such as a solder. The conductive
adhesive is obtained by m xi r ' ﬁ%¢ﬁﬁ$§?§hi0h contributes to
adhesion with a conductive #ﬁg$ﬂgcpdﬂ?3ﬁ&c8 s to electric
conduction. An epoxy resin, a polyimde resin and the like are used as the

organi c binder. Ag, Cu, Au, Pd, N and the |ike which have a nean vol une
particle

An electrode structure for a semiconductor device and a
method for forming the electrode structure, and a mounted body
including the semiconductor device are provided in which the
semiconductor device can be easiiy connected to a circuit board
with high reliability. An aluminum electrode tZ) is formed on an
IC substrate (1). A passivation film (5) is formed on the iC
substrate (1) so as to cover the peripheral portion of the -

- aluminum electrode (2). A bump electrode (3) is foimed on the
aluminum electrode (2) by a wire bonding method. An aluminum
oxide film (4) is formed on the surface of the aluminum electrode
(2) that is exposed around the bump electrode (3). A conductive
adhesive (8) is appliéd-as a bonding layer to the tip portion of
the bump electrode (3) of the semiconductor device by a transfer
method or a printing method. lThe semiconductor device ié aligned

 in the face-down state in such a manner that the bump electrode
(3) abuts on a terminal electrode (7) of a circuit board (6), and
is provided on a circuit board (14). In this state, the
conductive adhesive (8) is hardened. A gap between the IC
substrate (1) and the circuit board (6) is filled with an

insulating resin (9).

FIGURE 2



diameter of 2 to 5[err] mare used as the conductive filler. If the epoxy
fesin is used for the organic binder, the content of the conductive filler
is 60 to 70 % by wei ght and am ne and phenol hardening agents are used. If
the polyimde resin is used as the organic binder, the content of the
conductive filler is 60 to 90 % by wei ght .and the hardening tenperature is
about 200[err]C In the present enbodi nent, the bunp electrode 3 is
formed by the wire bondi ng nethod, whi df 3shoul d not be construed as bei ng
restricted. If the bunp electrode 3 is directly forned on the al um num

el ectrode 2, an electroless plating nethod nay be used. VWil e the
conductive adhesive 8 is forned as the bonding |ayer on the bunp el ectrode
3 by the transfer method or the printing nethod, the bonding |ayer instead
may be formed on the termnal electrode 7 of the circuit board 6 in
advance. Wil e the conductive adhesive 8 is used as the bonding | ayer
in the present enbodi nent, other bonding materials such as a solder may be
used. In particular, if the solder is used as the
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bondi ng | ayer, the sem conductor device can be nounted at the sane steps
‘as the mounting of parts other than the sem conductor device, for exanple,
a chip resistor, a chip capacitor and the |like. As a result, the

sem conductor device can collectively be nounted at the refl ow sol dering
step together with parts other than the sem conductor device.
Consequently, the process can be sinp2y3ied. VWil e the al um num
oxide film4 is fornmed by the thernmal oxidation nethod in the present
enbodi ment, another method for oxidizing the surface of the al um num

el ectrode 2 may be used. As one exanple, the sem conductor device having
the bunp electrode 3 formed thereon is inmersed in anmoni um persul fate or
hydr ogen peroxide so as to formthe al um num oxi de film 4. Wi te the
sem conduct or device which is nmounted on the <circuit board in the .
face-down state has been described as an exanple in the present

enbodi nent, the present invention can be applied to the case where other
nount i ng net hods are used. _ 21
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VWHAT IS CLAI MED | S: 1. An electrode structure for a sem conductor
s‘device which is suitable for nmounting on a circuit board in the face-down
state, conpri sing: an Au bunp el ectrode foormed on an al um num

el ectrode of said sem conductor device; and an al um num oxi de film
sufficient for the prevention of corrosion of the alum num el ectrode,
which is forned on a surface of said alys num el ectrode exposed around
said Au bunp el ectrode. 2. The electrode structure for a

sem conductor device as defined in Claim1, wherein said al um num oxi de
filmfor the prevention of corrosion is obtained by further oxidizing a
natural oxide filmon the surface of said alum num el ectrode. 3. The
el ectrode structure for a sem conductor device as defined in Claim1l,
wherein the thickness of said al um nu ide filmis 5 to 20 %of the

t hi ckness of said al um num el ectrode. 4. The el ectrode structure for
a seni conductor device as defined i A m 1. wherein the thickness of
sai d al um num oxi filmis @~8 S - ﬁ A nmet hod for
formng an electro 5 NCDE .eV|é% which is to be
nmounted on a circuilt board N\ _1 RC & ; , conprising the steps
of : form ng an Au bunp - h un1e|ectrode of said
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22, sem conductor device; and . formng an al um num oxi de film
sufficient for the prevention of:corrosi-on on a surface of said al L%ma%t’q‘
el ectrode that is exposed around said Au bunp el ectrode. 6. The
met hod for formng an electrode structure for a sem conductor device as
defined in daimb5, wherein the bunp electlode is forned by a wi re bonding
net hod using a Au wre. 7. The nmethod for formng an el ectrode

r

structure-f eRi device as defined in daimb5, wherein said
X ge TI?'I %Li&fsmﬁgﬁiﬁgd

al um num o by exposing said sem conductor device having
sai d bunp el ectrqde rned .t hereop t echigh-tenperature sgate. . . 8.
The method for f I’m'éils %W@&r%&“&#&cf&?%f%ﬁmgoné"éﬁ{%rom&f’ﬁr"m ce
as defined in d ai erein the high-, te rature state has .a

t enper at ur e Ot %6%%‘5 &oupging on .°1r°'ﬂ[:€ dns the rfacerdgman

el ectrode structure for_a sem conductor device as defined in ClaimS8,

wher ei n sai Sy ROBPriESANEE filmis formed sinultaneousl y at the step of

formng the bunp electrode at a terrfperature of 200 to 300[err]C. .
: an Au bump electrode formed on an aluminum electrode of said

semiconductor device; and

 an aluminum oxide.film sufficient for the prevention of
corrosion of the aluminum electrode, which is formed on a surfaée
of said aluminum electrode exposed around said Au,bump electrode.

2. The electrode structure for a semiconductor device as
defined in Claim 1, wheréin said aluminum oxide film for the
prevention of corrosion is obtained by further oxidizing a
natural oxide film on the surface of said aluminum electrode.

3. The electrode structure for a semiconductor device as
defined in Claim 1, wherein the thicknéss of said aluminum oxide
film is 5 to 20 % of the thickness of said aluminum electrode.

4. The electrode structure for a semiconductor device as
defined in Claim 1, wherein the thickness of said aluminum oxide

film is 0.05 to 0.2 m.

5. A method for forming an electrode structure for a
. semiconductor device which is to be mounted on a circuit board in
the face-down state, comprising the steps of:

forming an Au bump electrode on an aluminum electrode of said
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10. " The nmethod for fornming an electrode structure for a seniconductor
device as defined in daim5, where said alum num oxide filmis forned by
i mrer si hg sai d sem conductor device having said bunp el ectrode forned

t hereon in amoni um persul fate or hydr@pen peroxide. 11. A mount ed
body i ncluding a sem conductor device, conprising a circuit board having a
termnal electrode and a 23

seni conductrieduetoriaiice:oAndai d circuit board in the face- down
state, an Au bunp el ectrode formed on an al um num el ectrode of said
seni conduct or dormjogaan akumdnumi oxidefiidn sufficienti orerthe prevention
prevention of corrosion which is formed on the surface of said alum num
el ectrode efpmsmdsionuon & a&mfAge bofsadide alumiim ellectnodduhatelisct r ode
being electrically connected to said termnal electrode on said circuit
boar d t hr oesposad heodnd gaidaAer bump eledtzode.The nount ed body including a

sem conductor device as defined in Caim1l, wherein said circuit board is
formed froma gboangiel nethsH Torafofiiiish BRéSticde structure for a
semiconductor device as defined in Claim 5, wherein the bump
electrode is formed by a wire bonding method using a Au wire.

7. Thé method for forming an electrode structure for ;
semiconducfor device as defined in Claim 5, wherein said aluminum
oxide film is formed by exposiﬁg said semiconductor device having
said bump electrode formed thereon to the high-temperature state.

8. The method for formiﬁg an electrode structure for a
semiconductor device as defined in Claim 7, wherein the high-
temperature state has a temperature of 200 tq 300°C .

9. The method for forming an electrode structure for a
semiconductor device as defined in Claim 8, wherein said aluminum
oxide film is formed simultaneously at the step of forming the
bump electrode at a temper‘ature of 200 to 300°C.

10. The method for forming an electrode structure for a
semiconductor device as defined in Claim 5, where said aluminum
oxide film is formed by immersing said semiconductor device
having said bump electrode formed thereon in ammonium persulfate
or hydrogen peroxide.

11. A mounted body including a semiconductor device,

comprising a circuit board having a terminal electrode and a
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13. ‘The nount ed body including a semiconductor device as defined in Claim
11, wherein said alunminumoxide filmfor the prevention of corrosion is
obtained by further oxidizing a natural oxide filmon the surface of said

al um num el ect r ode. 14. The nount ezB body i ncl udi ng a sem conduct or
device as defined in Caim1ll, wherein said bonding layer is nade of a
conducti ve adhesi ve. 15. The nounted body including a sem conduct or
devi Ce as séﬁickdiﬁﬁcltarca@«vmel&oun/eed e sadddc Pesdith o ein | the Edeeof a
sol de . The nmounted body |ncI uding a sem conductor device as
def i ned I ng, Qn%ﬁﬁhﬁﬁﬁ&%!e@frod@%ﬁ ce and
said ci rcwt boar'c!f:1 \A@?{thlfeﬂlw an i Nsu at| ng resin.

mount ed_bogy g nehiidng, 8e5e HeRAUEA arf Bt bR il @%'gh&%aaht

11, wherein ness sai m num oxi

2 oEL e o oo, Sl BBARAE el A 4 S hiHBe or
said aluminum electrode exposed around said Au bump electrode, the Au
bump electrode being electrically connected to said terminal
electrode on said circuit board through e bonding layer.

12. The mounted body ineluding a semiconductor device-as
defined in Claim 11, wherein said circuit board is formed from a
board including an.organic material.

13. The mounted body includiné a semiconductor device as
defined in Claim 11, wherein s.aid aluminum oxide film for the
prevention of corrosion is obtained by further oxidizing a
natural oxide film on the surface of said aluminum electrode.
| i‘.4 . The mounted body inciuding a semiggnductor device as
defined in Claim 11, wherein said bonding la;rer is made of a
conductive adhesive. | |

15. The mounted body including a | semiconductor device as
defined in Claim 11, wherein said bonding layer is made of a
solder. |

16. The mounted body including a semiconductor device as
defined in Claim 11, wherein a gap between said semiconductor
device and said circuit board is filled with an insulating resin.

17. The mouhted body including a semiconductor device as

defined in Claim {l.l. wherein the thickness of said aluminum oxide
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defrﬁed in Claim11l, wherein the thickness of said alum numoxide filmis

0.05 to 0.2[err]m 19. A sem conductor device suitable for nounting
on a circuit board, conprising: an al um num el ect r ode; an Au
bunmp el ectrode forned on said al um num el ectrode; and an al um num

oxide filmsufficient for the prevention 2 corrosion of said alum num
el ectrode, which is forned on a surface of said al um num el ectrode exposed
around said Au bunp el ectrode.
film is 5 to 20 % of the thickness of said aluminum electrode.
18. The mounted body including a semiconductor device as
defined in Claim 11, wherein the thickness of said aluminum oxide

film is 0.05 to 0.2 m.

19. | A semiconductor device suitable for mounting on a
circuit board, comprising:
| an aluminum electrode; o -
an Au bump electrode formed on said aluminum electrode; and
an aluminum oxide film sufficient for the prevéntion of
corrosion of said aluminum electrode, which is formed on a
surface of said aluminum electrode exposed around said Au bﬁmp

electrode.
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