1-/é£ Foanduct or Devi ce and Fabrication Method thereof 5 The present
nvent gXf/rel ates to senicon- ductor devices and a fabrication nmethod
thereof, and nore particularly to count er measur es agai nst humm di ty
1éu|t£;"10 Hunmidity faults caused by, noisture are one of the najor fault
odes of_ seni conductor devi ces. Such a hunigiiy fault is caused by the
corrosion of alum num (AL) in the sem conductof device. As is 15 well known
n the art, alumnumis a very widely used material in sem conductor

levi ces because it is easily worked and inexpensive. Specifically, alum num
s used in a sem condugbhi coRidlictel PeiiBe hAdCFaprieadibn Madpoand bonding
wWres for elec- 20 tricatrtyTomectrg—theomdrmg—pads—to teat—posts. The
Al um num t hus used i s khakkeft 0 corrode when it contacts with noisture

vhi ch has penetrated i nTo tne package. This corrosion S nore |iable
0 occur especially if there are ions such as Na or CC or -2- stains in
he vicinity of the alumnumor if a voltage '

5

The present inveg@ion relates to semicon-
ductor devices and a fabrication method'théreof, and
more particulérly to countermeasures against
‘humidity faults.

10
Humidity faults caused by moisture are one of the

major fault modes of semiconductor devices. Such
2 humidity fault is caused by the corrosion of
aluminum (A{) in the semiconductor device. As is
15 well known in the art, aluminum is a very widely
used material in semiconductor devices because
! | it is easily worked and ipexpensive. Specifically, .
| hlumin&m is ﬁsed in a.semiconductor chip for wiring
layers, bonding pads-and'bondiné wires for elec-
2ot.rically coﬁnec;ing the bonding pads to lead posts.
.The aluminum thus used is iiable to corrode when it
contacts with moisture which has penetrated into the |

-

package. This corrosion is more liable to occur

especially if there are ions such as Nat or ot~ or




i $ bi ased upon an al umi num | ayer. There have been proposed in the art a

-variety 6f nmethods for preventing such hunidity faults. In 5 one of th
known -net hods,
exce%lent corrosion resistance,

‘ufi-num oxi de fil'm so that

an a

noting that an alum numoxide (Alerr](ferr]) has an

10\,. 1-n Japanese Patent ‘Lai d-Open Publication No. 52 - 11755L, for

exanpl e,

there is a disclosure that a bonding wire and a bohding pad made

the surface of alumnumis oxidized to forn1“
It may therebyz.be prevented from corroding.

of al um num ha rk.ac Fel] f ' |5 nese

Paten;J La:Jd Qo\é%tbgg' (J:'g'fltfc')‘% %C%W}%t&ﬁqf&ﬁé{rﬁ Jf J't er chre

is found a di schasyiadditugdh @ raﬁﬂﬁﬁﬂ%d'IEQéﬁWer inachip has its
e

surface oxidise
corrosion resistance Ofrhiehd Naved Heen® ,%d‘gégn,_lns,tﬂpwra vaigletyexi st's

20

i s pllaced 2ipon walei of the knownmeriods ,gmotimg®That am alumiowmments in

to form an oxi IIm No ter how excellent the

no practical product in which a bondlng pad of alum num and a

bondi ng wire fobfcaerbedisolEoy idreviandigdigreuchatunidtity sanulases i dised to
formoxide filnms. In order to prevent humdity faults in practice, reliance

the resin material. The failure to use al um num oxide filnson the

surface

10

15

20

25

oxide_(Alzos) has an excellent corrosion resistance,
the surface qf'aluminum'is oxidized to form an
aluminum oxide film so that it may thereby be
prevented from corroding.
In Japanese Patent Laid-Open Publication No. 52 -
117551, for example, there is a disclosure that a
bondin§ wire and a bonaing pad made of aluminum have
their surfaces oxidized to form oxide films. In
Jépanese Patent Laid-Open Publication No. 53 -9470,
on the other hand, there is found a disclosure that
an alumiﬁum wiring Jayer in a chip has its surface
oxidised to form an oxide film.
No matter how excellent the corrosion resistance
of th; aluminum oxide film is, howevér, there exists
no practical product in which a bondihé‘pad bf aluminum
and a bonding wire for connection with the former have
their surfaces oxidised to form oxide films. 1In ordér
to prevent humidity faults in practice, reliance is
placed upon making the package gas tight or

on improvements in the resin material. The



4

,of alun1nun1mnth a viewto preventing the humdity fault in the prior art

as ithus far described is because - the nmethod of the prior art has
aited 5 to formthe alumnumoxide filmin a satisfactory manner. More

g ifically, the. prior .art nmethod has failed to efficiently forman

alAm num oxi de f|In1haV|ng a uni form t hi-@eness and good corrosion L
resfstance. This cause has not-been made clear and 10 raises a serious -

difficulty. Mreover, the construction of the prior art has a problemthat

the wri ”Qaﬂuﬁ:&eq’be@{éey br okAifiin dad B iEAA ma%h RAUd iAf-ffed hat it does
not make a good connection. This is because, when the 15 exposed surface of

the bondi g RAGmifium with 20X%Hdw ab tprdvainBidg aherhusddRdyde film the
oxidized region is not limted nmerely to the surface portion but reaches

deep .int #ault in the Pruwmuret agerthusefalyy dedelirdbed ating the connection
bet ween the al um num 20 | ayer of the bonding pad and the al um num | ayer of
the wiringis Thderarse uct i dheometmodrafdrther priay @t thas Faidlesin t hat. t he
corrosion resistance is not inproved to a sufficient extent. This is - .
because5 to fO&Mu#m#umlmmmnﬂylﬂﬂﬁ§33ﬁ¥%?e}ﬁ|au§aq¥§iﬂqkﬂﬂxwlf|In1|s caused

4 manner. More specifically, the. prior art method has
failed to efficiently form an aiuminum oxide film
having a uniform_tﬁickness and good corrosion
resistance. This cause haé not been made clear and

10 raises a serious difficulty.

Moreover, the constructlon of the prior art
has a problem that the w1r1ng 1s frequently broken
at the bonding pad portlon so that it does not
make a good connection. This is because, when the

15 exposed surface of the bonding pad is - oxidized
to form an alumihum oxide film, the oxidized fegion
is not limited merely to the éu:face portion but
reachei deep into the aluminum layer thereby’.
déteriér&dng. the connection between the'gluminum

20 layer of the bonding pad and the aluminum layer of

_the wiring.
The construction of fﬁe prior art has- another
- problem that the corrosion resistance is not improved
to a sufficient extent. This is because aluminum

wiring underlying a final passivatioﬂ?film is caused '



t'o corrode by noi st ure whi ch penet rat es t hrough cracks forned in the fi naI
il

passivation film According to one aspect of the present invention, thereg
|s provi ded ‘a seni conductor device conprising : 5 an al um num

. Fayer formed-on a first insulating filmover a_sem conductor substrate; a -
film of. an al uni num ox! de formed on the surface of the al um num | ayer; a
sagpnd insulating filmformed on the al um num 10 oxide film a hole so
formmed in the alum numoxide filmand in the second insulating filmas to
expose a portion of the aluninun1|ayer,\Mﬂ*ﬂTforns abondi ng pad, to the
out si de; 15 a bonding wire having a connected portion con- nected
with-the alum num layer which is exposed through the hole; and an al um num

~oxide filmfor Q rt n I r his
exposed t hr ougglig’o %{Q&?& z’g’;f%%%&%%ﬁek@@nne& E%t% t ﬁo#mgf’%é%' k i ng

W re. Preferabl LA IRL Wi 1 $ateqSatliod! wihgum and has an alunlnum

oxi de fllnlforne on |ts surface. Afcording to a second aspect of the

present in- 25 vention pRYIEdihgPdViohed adpiRictheE ehel pheisedi! Bavention,
sen1conductor devi ce, conpri si ng
there is provided a semlconductor device comprising :
5 an aluminum layer formed on a first lnsulatlng
film ovef a semiconductor substrate;
a film of an aluminum oxide formed on the surface
of the aluminum layer; |
a second insulating £ilm formed on the aluminum
10 oxide film;
a hole so formed in the aluminum oxide film and
in the second ihsulating film as to expose a portion
of the alﬁminum layer, which forms abonding pad, to the
outside; : ~
15 a bonding wire having a connected portion con-
nected with the aluminum layer which is exposed through
the hole; and . .
| an-aluﬁinum oxide film formed on that surface
portion of the aluminum layer, which is exposed through
20 the hole around the connected portion'df said bonding
wire. |
Preferably the bonding wire is made.of aluminum
and has an aluminum oxide.film formed on its surface.
According to a second aspect of the present in-
25 vention there is provided a methoé of fabricating a

semiconductor device,comprising :

»



Fnum on a first insulating filmover a sem conductor substrate; the
p of formng an al'um num oxide filmb5 over the surfaces of the wiring « -
-ayer and the bondi ng pad; the step of forming a second insulating filmon
the al um num oxi de- film covering the sem ¢onductor substrate; 10 e
: the step of so locally renoving the al um num oxide filmand-the second v
“insulating filmas to expose a portioncof the surface of the bonding pad to
the outside; the step of bonding a mnrg to an exposed area 15 of the
bondi ng pad; and the step of forming an al um num oxide filmon the surface
portion of the exposed area of the bonding pad other t han the surface

portion to which. sai gy éeebso?OEdﬁﬂmgoa_mﬁh?h reffreéﬁaoé boka rgsent

i nvention will be described in the .follTowing w erence to the

acconpanyi ngpd@pWwhsh dPereade &f aluminkmg.od as:’frr@ecinsmmtmgzw show ng
_a pOI’t i on-

-@stepi of formng a wiring |ayer and a bondi ng pad, which are nmade of

film over a semiconductor substrate;
the“step'of forming.an_aluminum-oxide film
S over the surfaces of the wiring layer and the bonding
pad; |
the step of forming a second insulating film
on the aluminum oxide film, covering the semiconductor
substrate;
10 the step of so locally removing the aluminum
oxide film and the second insulating film as to expose
a portion of the surface of the bonding pad to the
outside;
the step of bonding a wire to an exposed §rea
15 of the bonding pad; and
the step 0f forming an aluminum oxide film
on the surface portion of the exposed area of the -
bonding pad other than the surface pbftiqn'to which
said wire is bonded.

20 .



of a finished product of a sem conductor device according to the present ;
invention; Fig. 2 is a top plan view schematically show ng a bondi ng pad o%=
\;he seni conductor device of Fig. 1 10 in-an enlarged scale; and Figs. 3A to
BFH{ELQ- 4 and Fig. 5 are views showing a fabrication process of the

sentdonductor device of Fig. 1. 15 Fig. 1 is a sectional view schematically
skewi ng an enbodi nent of~the present invenT?bn._This enbodi nent provides a
construction in which the present invention is applied to a resin nold type

-sem conduct or devi ce,..20 . I L S... ] C Ay | S

encapsul ated in a mﬁaedﬂ%g}ﬁr@'gl, g(%ée;k)%"s%é%gqrt Ion o Pé;tn Id‘gladf}%mi ch

provi des an e el Rk [We| - ke ft- hand side
éE%FQ?EeHexﬁ Rile %B&l%@%ggib&%h ¢RERiretce £BC the

sectional vi.ew o e sem conduct or cels omtted fromFig. 1. 25
Ref erence nungegb ah@dh@augguangguiQggrgqm;- -7- conductor substrate.
In this substrate 1, there is fornmed such a sem conductor elenent as wl|
be shown in Fig. 3A. Over the substrate 1, nore specifically, there is

formed a first alumnumlayer 6 which is_5 l.ocated qn a first ,interlayer
insul ating Pilm5 nadég. 1 is a sectional view showing a portion

of a finished product of a semipbnductér device
according to ‘the preéen;'invention; . |
- Fig. 2 is a top plan view schematically shaﬁing
a bonding pad of the semicbnductor device of Fig. 1
50'in an enlérged scale; and
Figs. 3A.to 3F, Fig. 4'and Fig. 5 are views
showing a fabrication process af'the semiconaucto:

device of Fig. 1.

15
Fig. 1 is a .sectional view schgmatically showing
- an embodiment of the present invention. This embodiment
p?ovides a construction in which the presént inventiqn
is appiied to a fesin mold type semiconduc?or device.
20 The whole of this semiconductor devicé is encapsulatedtin
a molded resin 31, except a portion of a lead 4 which provides
.an external terminal thereof. Incidentally, -the left-
hand side sectional view of the semiconductor device

is omitted from Fig. 1l.

25 Reference numeral 1 indicates a silicon semi-
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3

. 287and anot her portlon (i.e., an alumnumlayer 81). On 10 .that alum num
| ayer 6, there is forned-a second inter- |ayer insulating film7 of

~SiJerr], on which second aluminum | ayers 80 and 81 are formed. These =~ -
“alun1nun1|ayers are made of aluminummaterials which contain 1 %of silicow
(Si) and 1 % of copper (Cu). 15 - 7 = Those al uminum | ayers construct

the upper wiring layer 81 and the bondi ng portion 80 which fornms a part of

t he bondi ng pad 28 having the stacked structure nentioned above. The

21 urm num | ayorSeauliobn§uB8RERRE - Dorpi SR80S RAKESS  polbfbfeTo prevent
br eaki ng Wi ¢l gt 89%65%35%&85&19&896 bmbe BQTUAED 6L LigaPONdi no pad

during the later oxidizatiron o um num an alumnum oxide film

12. The addipt ip¥g,Shhi,CoBves afdedubatPhg¥en!, hB?eaéﬂgbi‘f'ﬂ‘:éIPW musutal 'y
diffusing or reacting by a heat treatnment at a portion, iIn

contacts withtaegenigongembar ar €gre8 EQﬁﬁhﬂﬁm31598k|GMWhHBEtiQH 5
thereby to break the junction. On the other hand, the copper is added to
prevent ars al QUwcattedwoni agfirst interlayer insulating film 5 made

' of'SiOz. That aluminum layer G_forms both a part of
a bonding pad 28 of a stacked structure and a lower
wiring layer for'connéctiﬁé the bonding pad 28 and
another portion (i.e., an aiuminum layer 81). On
10 that aluminum layer 6, there is formed a second inter-
layer insulating film 7 of Sioé, on .which second
aluminum layers 80 and 81 are formed. These
aluminum layers are made of aluminum materials which
.~ contain 1 % of silicon (Si) and 1 % of copper (Cu).
15 .Those aluminum layers construct the upper
wiring layer 81 and the bonding portion 80 which forms
a part of the bonding pad 28 having the stacked
structure mentioned above. The stacked structure
of the bonding pad 28 composed of the aforementioned
20 aluminum layer 6 and the bonding portion 80, makes
it possible to prevent breaking which might otherwise
take place at the portion of the bonding péd dufing

the later oxidization of aluminum for forming an

aluminum oxide film 12.



from bei ng broken by the el ectronigration phenomena. Nunmerals 90 and 91 wégg;
i ndi cate al um num oxide filnms which are formed on the top and side surfaces

of, the-bonding 10, = portion 80 and the alum numwring |ayer 81,

‘respectively (i.e. on'the surfaces which are not in contact with the

interf ayer insulating filmb5). They are prepaged by oxidizing the surfaces

of \the bondi ng portion 80-and' the alumi numw ring |ayer 81, 15

respectively. The alum numoxide filnms thus forned are made mainly of

[

Alerr](err] The al um num oxide films 90..and 91 are di sposed bel ow a
final passivation filnfhessddbtivepsiddcos iBarddedy tecPreyeptotheting
films to prevent the alum numlayer 81 from corroding and 20 are

effective to prajuminumn frep, myshsaldypdifiusgngs o FrAGEiHT PNedl | ke f or ms
ih the final passivation-film -The whol e surface Qf the chip except the
bondi ng pad 28 P&3EotEreE™APERAENR PPﬁEE°Bas§PvHP’SH i FPBFASES  which
(5, e of 2 PUGIBACSHLCRLRaRhgss ERLILA' eEening, o apda3SF, SibBkeodie,
0910 L850 458y o THEAL BpL AR SART EnPRhl Brakioni) (7o 0
the copper is added to prevent an aluminum wiring
from being broken by the electromigration phenomena.
Numerals 90 and 91 indicate aluminum oxide films which
are formed on the'top and side'surfaces of the.bdnding
10 portion 80 and the aluminum wiring layer 81, respectively
(i.e. on the surfaces which are not in contact with the
interlayer insulating film 5). |
They are‘prepared by oxidizind the surfaces of the
bonding portion 80 and the aluminum wiring 1ayer.81,
15 ' respectively. The aluminum oxide filmé thus fogﬁed
are made'mainlj'of'alzoa. The aluminum oxide films
90, and 91 are disposed below a final passivation film
des:r%pea ngOW'sd that they act aé protecting £ilms
to prevent the aluminum layer 81 from corroding and
29 are'effeétive'to pfevent corfosion eépecially
if a crack or the iikeﬁforms in the final
passivation -film. _
The whole surface of the chip except the bonding
‘pad 28 is covered with the final passivation film 27

25 which is made of a phospho-silicate glass film (i.e.,



t he ot her ‘hand, the outer connecting lead 4 formng a part of the |ead
fMrane and nmade of 42 alloy (or phosphor bronze) has its one end formed with
af) -al um num vapor -deposited film 11l for the wire 10 bondi ng, purpose and its,
ot her end protruding to the outside of the resin 31. Reference nuneral 10
ﬁ'ndicates a bonding wire which is used to connect the outer connecting |ead
4 -and. t he bondi ng pad 28 and which ha®=ts one end 15 bonded to the bondi ™y
pad 28 and its other end bonded to the al uni num vapor-deposited film 11
overlying ttu;ganfiaﬁgqnnecting | ead 4. That bonding wire is nade of an
al um num mat ér al i'ch contains 1 %of silicon and 1 % of copper. That is
to say, according g (it ke Wills | FRACTHdSUY i od™l €1 A BN 2N -

i dentical ionization tendency to that of the bonding portion 80 is used to
make the bepdiaGay Nead e By widY dB igo/RH4 IPLth (decdaisessfor the
failure to efficientl'y form'a highly corrosion- 25 resistive alum num oxi de
film havi nghaturidtorreddiZidvass a paf: ofdtHeslemyeptane taid the causes

"cone fromthe cell reaction which take place locally in the vicinity of
such a pd tisomasie iaf &i4R zddlayhelont Iphorplar oxdnze) al umi num material is
oxi di zed to form an al um num oxi de

On the other hand, the outer connecting lead

-

4 fofming a part of the lead frame and made of 42
alioy (qr phosphér_brpnze)_has its one end formed
with an alqminum vapor-dgposited film 11 for the wire
10 bonding purpose énd ité other end ﬁrotruding to the
| outside of the resin 31. |
B Refergﬁce numeral 10 iﬁdicates a bdnding wire
which is used to connect the outer connecting lead
4 and the bonding pad 28 and which has its one end
15 bonded to the bonding pad 28 and its 6the: end bonded
té the aluminum vapor-deposited film 11 overlying
the outér connecting lead 4. That bonding wire is
made of an aluminum material which contains 1% of -
silicéh and 1 & of copper. That is to say, according
20 to the presenf invention; a méterial having an identical
iqnization tendenéy to that of the bonding portioh 80
is used to make the bonding wire.
The Inventor has investigated the causes
= for the failure to efficiently form a highly corrosion-

25 resistive aluminum oxide film héving a uniform thickness



5 film It has also been revealed as a result of his investigation that ongx
of the causeés for establishing that |ocal cell reaction cones fromthe

di f ference between the material of the alumnumwring |ayer constructing

t he bonding pad and the material of the 10 alumnumwre. Usually, silicon
and_€dpper are added 'to the alum numwiring | ayer, whereas silicon and
magnesi'um are added to the aluninunlmﬁre.-I;lﬁpcordance with the

differences in the materials and quantities of 15various additives having

Gilicon. i hor cah8 Bas ERYERLo:ehRF: Eheraklns! RaleoRFOH HAR BBNCnc,
be! h | um i o I h ' wia M To th
ar unt num w r herapes ¥, EKER Blfck ToBa LT tnd' RctaPercof (o |

prevent i ng thesGLfC ' AGGIGh| 88 18°650A1zedoWhER EhTLALFRUEI Be 4R e

ot her hand, there is ‘added the magnesi um maki ng t ess

(especial |y dusiagiste mebepdanoisteriatseal konEorm! Bnt Bl &mEAGA. oncger di ng
to the experinments conducted by the lnventor, the. oxidization rate of the

al umi num wi r iSwgilmyerIt shasibalsot bebhyregaaleoashat resubtr of ahig num
whereas the oxidization rate of the alumnumwire is far .
investigation that one of the'causes for establishing
that local cell reaction comes froﬁ the difference
between the material of the aluminum wiring layer -
constructing the bonding p;d and the material of the
10 almninum._w.ire. i
Usually, silicon and copper are added to the
aiuminum wiring layer, whe;eas silicon and magnésiuﬁ
are added to the aluminum.wire; In accordance with
the differences in the materials and quantities of
15various additiveé having different ionization tendencies
and added to the aluminum except the silicon, there
is.establi#he& a aifference in the ionization tendency
bé:ween the aluminum wiring layer and the aluminum °.

» _ o
wire. E :

?

20 Tp_the aluminum wiring layer, for example,
.there is addeq thg copper (Cu) for preventing the
‘electromigration theredf.fﬂrd the aluminum wire,

on the other hand, there is ?dded the magnesium .
(Mg) for making the hardness (especially during the
25bonding step) excellent. 1In this.casé, accoxrding



é&}_ hi gher than that of the pure al uminumso that a -thicker alumi num

tlé filmthan the portion of the wiring layer is formed. This is found to

f caused partly by the.fact that a local cell is equivalently constructed

by noisture and the two.substances having 10 different ionization

dencies and-partly by the fact that the -ionization tendencies of the -

l'um num and the additives are expressed«py-i nequalities My > AL> Cu.

Specifically, the reation between the noisture and the alum numis pronoted

by the catalytic 15 action of.the magnesi um having a. hi gher ionization
tendency thge the xperitents tdbiidtﬁffd@lﬂye e MnveA Loy deches f or ned.

Si nce the copper has a |lower ionization tendency than the al umi num on the
contrary, tloecichtzatiion ratle @f ddecalwmdiun Wisririy dmyer e 20
establ i shed so that the oxidi-zation rate of the al um num becones

subst ant i-al ispbsitantimd lys equal do tivat aflpurenalvmigowmr whereasdi f f er ence
in the oxidization rates is further enlarged as a result t hat the novenent
of el ect r on§hguoxidization mate iafh tﬂ'@ rAddminum wige e far

aforenmentioned_ | ocal cell reaction. -12- By naklnq‘the al umi num wi ri ng
| ayer Porni RGoheE S ﬁ‘ﬁfad’faﬁd‘et lfé“oﬂ FHUREAWR (80 dhatat%rial s having an
dentical | QqlsERl O kb BROSE ereide A1 10 YN e BERUH of ene

wirlng layer is formed. This is found to be caused
partly by the fact’ that a local cell is equzvalently
constructed by moisture and the two'substances having
10 -different ionization gendenciés and partly by the
fact that the ionizatioﬁ tendencies of the aluminum
and the additives are expressed by inequalities _
Mg > AL » Cu. Specifically, the reaﬁipn between the
moisture and the aluminum is promoted by the catalytic
15 = action of the magnesium haviné_a higher ionization
éendency than the aluminum so that a stable aluminum
oxide is formed. Since the copper has a lower ionizétion
tendeﬁgyithan the aluminum, on the contrary, the .
catélytic action described in the above is not
20 establxshed so that the oxidization rate of the aluminum
becomes: substantially the same as that of pure alumlnum.
Moreover, this difference in the oxidization rates
is further enlafged'as a result that the movement of
electrons during the oxidization is restricted by the

25 aforementioned local cell reaction. -

-



-the occurrence of the local cell ‘reaction which mght 5 otherw se be cau-.
by the difference -between the ioni- zation tendencies of the alumnum =7,
wiring l.ayer and the alumnumwre. |If this is done, the grow ng rates of

=the oxide filns to be forned on the surfaces of the two can be nade equal
so_that a uniformthickness can be 10 attained. Mreover, since the
oXi dizations proceed unifornly at an equal rate all over the surfaces,
aruni num oxi de films having an excel |l emt l@uglity can be obtai ned.
Furthernore, since a uniformthickness can. be attained, in contrast to the
prior art, the dis- 15° advantage that one of the oxide filns has a |arger
t hi ck- ness than that required so as to retain a neceisaré thickness i's

elimnated so that the 3%TaKIRG the (FupinuR ¥iF1R9IcLAYBE ELPFRingths

ffected. Th fects:thus, far described 20, inited t
The case’ vihor o AN BI4 A00 SHE SHORAG, vr8 792 pEeoiate BaMRS.  orc

specifically, i %jﬁé%éﬁ‘égfq§§hfggg ZP%%§€%%?ELf?h%28§§§§¥bi§.Egegfﬁieﬂp:

additive in eit ondi'ng pad o g W re,

T P U S SIS0 58 4y 0800 PLEEETL ol BUERE QRN WbNEN) 01
is. In thisinsidseise tbé Scélgsed oy t£19é difference between the ioni-
zation tendencies of the aluminum wiring'laygr and the
aluminum wire. If this is done, the growing rates'of
the oxide films to be formed on the surfaces of the two
can be made equal so that a uniform thickness can be
10 attained. Moreover, since the oxidizations proceed
unifbrmly at an equal rate all over the surfaces,
aluminum oxide films having an excellent guality can
be obtained. Furthermore, since a uhiform thickness can
be attained, in contrést to the prior art, the d{gé
15 advantage that one of thé oxide films has a larger thick-
ness than that réqﬁired so as.to retain a necessary -
thickness is eliminated so that the formation of tle
oxide films can be efficiently effected.

The resultant effects thus far described are

20 not limited tq'the case where the additive to the aluminum



t A quantlty of addition be at a ratio as equal as possible. 10

1 :vo*ntally t he hardness of the alum numw re, which nay be inportant in
e bondlng step, can be made suitable for the bonding purpose by adding
the silicon and copper thereto. Al um numoxide films 12 and 13 are so . :
fQ?‘ned 15 as to covér the surfaces ofl3he bonding portion 80 and the e
b

"

nding wire 10 of the structure thus wire- bonded. Those two al umi num ey
oxide filns are formed by oxidizing the surfaces of the al um num regions
they cover and are nade mainly of At O The two 2 3 20 al um num oxi de
films are seegiPmeds a@OPBeRer gMOFat 8PaFLEAcaYLY) if larsubBy forming the
al umi numoxide filps in the panner thus far described, .the bonding wire 10
~and the bonﬂ?ﬁ%°$0P¥thg8ﬁnchﬁnﬁéaﬁFGVeﬁﬁﬁéeﬂFﬁniEoPFﬁﬂlH§ f8Rereby to have

heir hum di d he other hand,
(of er once. MARYS griér':sé %5 heThadifa’ BRa oA, ALERLLM PErERRN oh ror go
i i h coys| di zi h
bondi ng portHRLED HEFe: bﬁha. REosFPEntIoaRA PRESEER) SRFREHLON.EP. Geposited
| film i1, 5E¥H§“$£&§iﬂt 18vERE1BhCEEH" nE BRYLYEA!  1E"BhE Bhfe

substance is added to the other, no matter what the

additivé is. 1In this instance, it_isudesired that
the quantity. of éddition be at a ratio as equal as
possible. ' |
10 Incidentally, the hardness of the aluminum
wire, which may be important in the bonding step, can be
made suitable for the bondlng purpose by adding the
silicon and copper thereto. '
Aluminum oxide films 12 and 13 are so formed
15 as to cover the surfaces of the bonding portion 80
and. the bonding wire 10 of the structure thus wire-
bonded. Those two aluminum oxide films are formed
- H;ﬁoiiQizing'the surfaces of the aluﬁinﬁﬁ regions
' they co&gr and are made mainly of'Al203;' The two
20 aluminum oxide films are so formed aé to merge into
.an integral film..“By forming the alumiéum oxide
films in the manner thus far described,}the bonding.
wire 10 and thej$§q§ing portion.so cg# ﬁe pfevented
from corroding thégéby to have their humidity

25 resistances remarkably improved. On the other hand,
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f'ormed hoth the al um numoxide filnms 90 and 91, which cover the upper
al um num wi ring 1layer underlying the final passivation film and the '

al um num oxide 10 filnms 12 and 13 (and -14) which cover the alun1nun1mnre
and the bonding pad (and the al uni num vapor - deposited filnm. Moreover, the
'aluﬁfnun1OX|de films 12 and 90 are.so fornmedl4s to.nerge into an |ntegral
film at .the bonding porti-on 80. 15 - Wth the present enbodinent,

t herefore, the alum num can be prevented fromcorroding by the coacti ons

Thio the resin EbenY SShPERRHCReT AT AR el ) S
and 20 the leaq°€§d ngi%ﬁg wRESh Ohed ESSaﬁoﬂﬁﬁé 81 g%yépeaﬁaun1nun1

oxide filns 12 nor eover, ondl ng por I on t he al um num
wire 10 and theg, S ¥aPRE Oﬁmﬁﬂtahéahsi cesefama eggey can be
prevent ed fron1corrod|ng St ?dﬁgreover si nce 5 t hose a?un1nun1OX|de

films merge, thSoﬁ&iﬁ?SpﬁftionWBbL fré séﬁasﬁd “ie@ theahauenari es bet ween
the afore- nmentioned three regions. On the other hand, even if a crack is

formed in thesfabamipassvapbredepositéd Hilm llnntdspéctivelyhlch is caused
by the bridging 5 reactions of the region or by the shrinking stress
In the present embodiment, there are
formed both the aluminum oxide f£ilms 90 and 91, which
cover-the upper aluminum wiring layer underlying
the final passivation film, and the aluminum oxide -
' 10 films 12 and 13 (and 14) which cover the aluminum
| wire and the bonding pad (and the aluminum vapor-
deposited filmi. Moreover, the aluminum oxide films
12 and 90 are so formed as to merge into an integral
film at the bonding portion 80.

15 With the.present embodiment, therefore,
the aluminum can be prevented from corroding by the
coactions between the moisture, which penetrates from
the outside of the IC either into the resin 31 itself
or th:ough the tlearance between the resin 31 and

20 the lead 4, and the ions of impurities contained.

" By the aluminum oxide films 12, 13 and 14, moreover,
the bonding portion 80, the aluminum wire 10 and the
aluminum vapor-deposited film 11 covered thereby
can be prevented from corroding. Still moreover, since

-

25 those aluminum oxide films merge, the corrosion
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r ctive regions, or other various nmechanical stresses, corrosion of

t pper aluninun1m[ring | ayer 81 i.s prevented by the al um num 10 oxi de .
film9i.. Furthernore, since the alum numoxide film 12 and 90 herge into
Céach ot her, the corrosion can be. preveniyedl from proceedi ng through the .

cl earance betmeen the end portion of the final passivation film27 and t hew

dgggio the difference in the coefficients of t hermal expansion of the
4]

- bondi ng portion 80. 15 Fig. 2 is a schematic top plan view show ng
the oxidi zpgh gﬂ-cf@éb@&f%m':tﬂe Boun&iribs Sé‘EWeghg‘Hﬁ@ afbpeal um num
oxi de f|In112 or I's shown partially renoved for convenience, to showthe”~

under | yi nGned 5B i réicns 10. onOthe othefhﬁaﬁd[sévéﬁuﬂfnun1|ayer
*6,formng part of the stacked structure of the bonding pad 28, as indicated

by singl e-#lcddack lighetormedl inetlh@neingl ppassdvationvdilh 23 the second
alum num | ayer, as indicated by double-dotted lines, contact directly 25
W th eachbyt her tnoldigtressntwitichois Gﬁusedchylishe bridginmgened, as
i ndi cated by broken lines, in the inter- |ayer insulating film (al though
not -shon)reéagtimns rﬂﬁtﬁhﬁarﬁem ¢x by the, shninkingostresshole 32, the
bondi ng pad 28 is constructed of a stacked
due to the difference in the coefficients of thermal
expansion of the respectxve regions, or other various
mechanical stresses, . corros;on of the upper
aluminum wiring layer 81 is prevented by the aluminum
10 oxide filn-91. 'Furﬁhermo:e, since the aluminum oxide
films 12 and 90 merge into each dher,
the corrosion can be prevented from proceeding through
the clearance between the end ébrtion of the final
passivation film 27 and the bonding portion 80.
15 Fig. 2 is a schematic top plan view showing
the oxidized bonding pad 28 of Fig. 1. 1In the same
Figure, the aluminum oxide £ilm 12 or 13 is shown partielly
removed £or convenlence, to show the underlying alum;num

--i

regxon 80 or 10. '_.- e

20 The first aluminum layer 6, forming part of the

stacked structure of the bonding pad 28, as
‘.indicated by single-~dotted lines, and the bonding

portion 80, which is the second aluminum layer, as

indicaﬁea by double-dotted lines,'contact directly

25 with each other through a contact hole 32 which is



direct contact. The wire bonding step is so effected as to cover the
porti-on of that stacked structure, i.e., the-contact hole 32. Specifi
the wire boridi ng step is effected such 10 that the bonding region in mhlch
th ﬁruntnuntmnre 10 and the bonding portion 80 contact conpl etel y covers
t contact hol e 32, as -indicated by the brokké=lines 33 in the Figure.
Thus, it is p055|ble to conpletely prevent 15 such a break at the bonding
pad as m ght otherw se be causedwhen the al.um numoxide film12 is forned
by oxi di zi ng topeneddi ag podicatedoby bHrekenudines,oindshe imtex—-i s for med
regi ons other than the portion covered with the PSG film.20 27 and
the bondi ng reb¢5§33§nﬁﬂhﬁ§hngsfébﬂeﬂé&thPPEhtn@taﬁbﬂﬁﬁdwﬁﬂFﬂe 10), and not
on the partion,over- |lying_the ¢ontact hol As a result, even if the
bondi ng porti ohnRet VgeﬂholP?aﬁx%8|EEdSFY0n§Ph§h§uFPEGé°FOhPH@ Bétrt om

th by t | t | de 25 2.t II | yi :
ncerl ayer | nothe Prpding pad' 2K 48/ 83pRbrhiean: 2 cBnnaEACHAd o mai niai ned

t | h : t le 32. Th
Bondngport BotFE¥FRER) shuPIbACERE PLEE! bl Beckh %&%%wo e e
: layers 6 and 80 are in direct contact. The wire

5 structure in which the first and second al uni num | ayers 6 and 80 aglgi_
1y,

bonding step is so effected as to cover the portion
of thafvstacﬁéd structure, i.e., the contact hole 32.
Specifically, the wire bbnaing'étep is effected such
10 that the bonding region in'which the aluminum wire
. 10.and the bonding portion 80 contact completely -
.covers the contact hole 32, és indicated by the
broken lines 33 in the Figure. |
Thus, it is possible to ¢ompiete1y prevent
15 such a break at the bonding pad as might otherwise
be caused when the aluminum oxide fiim 12 is
formed by oxidizing the bonding portion 80. The
aluminum oxide £ilm i2 is formed on regions ‘t
other than the portion covered with the PSG film
20 27 and the bonding region 33 (which is covered with
the aluminum wire 10), and not on the portion over—-
lying the contact hole 32. As a result, even if the
bonding portion'ao is whoily oxidized from the surface
to the bottom thereby to allow the aluminum oxide

25 film 12'to'a11ow the underlyihg'interlayer'insulating



it-ﬁ"i  exposed to the noisture in an oxidizing atnosphere.

As a result,

t he; ®dMpect i on bet ween the bonding portion 80 and the underlying al um num

evet. 10
process of

process a

exanple. This sem conductor el enent

has its co
. N-type. ep

18. -Th& Mok rgxidized

are forned
epi taxial |

10

.

15

20

a sem conductor device of th&

dxcd et devel Mgt thet Stackednstbactiré YAE Ehéi €6ntayer

6. t hrough the contact hole .32 can be maintained at an excell ent

Firgs. 3Ato 3F, Fig. 4 anf Fig. 5 show a fabrication
B?esent I nvention. On the P-type

silicon sem conductor substrate 1, there is forned by the well-known

Sefim 1) @ RILeOEr £ CEBRhedbich L8 RAONPained 8¢ 24 for _
I's .an NPN type bipolar transistor which

15 and

taxial layer 17, 1ts base region constructed of 20 a P-type
region 19 &wule t32 enTHerbomdimn portioncindthé bonding ypegieni on 20. In
order to isolate that bipolar transistor from another 'sem conduct or
el ement, tH3e whicl digmbvered with| thexalwmintmwirew®chiss nade of
SiJerr], and a P[err]-type channel stopper 16 25 which underlies the film

by ion inplantation or, the like before the formation of the

in an oxidizing ARRPheESy, A$ 2 result, the connection
between the bonding portion 80 and the undgrlyihg

aluhinum'layer_G through the contact hole 32 can be

maintained at an excellent level.

Figs. 3A to 3F, Fig. 4-and Fig. 5 show a
fabrication process of a 'semicondnctor device of
the present invention.'

On the P-type silicon semiconductor substrate
1, there is formed by the well-known process a semi-
conductof element whidh is shown in Fig. 3A, for
example. This semiconductor element is an NPN type
bipolar tﬁansist&r which has its collector region
cbngtrgctgd of an N+-type buried layér 1S and_N'etype‘
epitéxfﬁl 1ajer 17, its base'région constrgcted of

a P-type region 19 and its emitter region constructed

of an N+-type region 20. In order to isolate that

25

bipolar transistor from another semiconductor element,
there are formed both a field oxide film 18, which.
is made of Sioz, and a P+-type channel stopper 16

which underlies the film 18: ° The P+—£ypé channel

«t

-+

e itibppret 1expesed| ko the ymeistured | ayer 15



field oxide film18 is fornmed by locally oxidizing 5 the epitaxial |ayer
17. After the sem conductor elenent thus far des- cribed has been forne
the substrate has its whole surface covered by the- SiQ filmb5 as the

first interlayer insulating filmby. CWD (i.e., Chem cal 10 Vapor .
Deg@sﬁtion). Then, contact holes 23, 22 and 21 are opened to correspond to :
tRe collector, base and emtter regions, regpectively. Next, as shown in

Fig. 3B, a first wiring |layer is:forned. Téﬂﬁqew]fiHnShm its whole

f 15 d b fi | umi n I havi a _thick of 2 -
by - “vacuum 853PBEL: £6nand\B SYER BrrARd. AateruAs AT8, TOERBR: tcr ned to
h desi red,shape.t he f t l. i I ' f
e B e oAby ARTRFhRARA Bt BBe" S MR VBB o
connecting wirpBorRgl UpERakiE1300RRI1AI] & 2RU BRAECHaRAYI @Rl N he
chip. Sinmul- taneously wt I S, “noreover, there are fornmed al um num

wiring layers gfe185oRideZ€ilfr 18088 ¢brheal By ie&aln9cskaai§§ﬁbconductor
regions. 25 As shown in Fig. 3C, a second wiring |ayer and -19-

t he ‘bondi ng §otheocepBLarialhtaperdl7y pad 28 are forned. The SiJerr] film
7 is formed as the second interlayer '

After the semiconductor element thus far des-
cribed has been formed, the substrate has its whole
surface covered by the Si0, film 5 as the first |
interlayer insulating film by CVD (i.e., Chemical

10 Vapor Deposition). Then, contact holes 23, 22 and
21 are openéd to correspond to the collector, base
and emitter regions, respectively.

Next, as shown in Fié. 33; a first wiring layer
is formed. The sio, film S5 has its whole surface

15 ©vered by. a first aluminum layer having a thickness
of 2 jm by vacuum evaporation. Moreover, that
aluminum layer is patterned to have a desired shape
thereby to form the alumigum.layer 6 which forms a .
part ;f the bonding pad 28 of the stacked structure
20 and which provides a connecting wiring between the
bonding pad 28 and another region in the chip. Simul-
taneously with this, moreover, ihere are formed aluminum
wiring layers 24, 25 and 26';0: connecting the res-

pective semiconductor regions. .

25 .  As shown in Fig. 3¢, a second wiring layer and



nl

insulating filmall over the surface by the CVD. Then, the contact hole

. for. connecting the wiring |layers and 5 the contact hole 32 for
.Co@Riructing the bondi'ng pad 28 into the stacked construction are opened. -
A that, the whole surface is covered by vacuum evaporation with the

gfuh?nun1layer having a thickness of 4 [err] and containing 1 %of silicon .
nd 1 %of 10 copper. -This is then patig&«ned into a desired shape to
formthe bonding portion 80 of the bonding pad 28 of the stacked structure.

Si nul t aneous| ith this, the second wiring |layer 81 s formed. Next, as
Shown i n Fi PR BonAing Borktes 60, 95 the Bonding: BAd S8 aRALEPERSEe form -

. L. ! | A
B A ek W i
?ay"fér 1 28%2%% jts‘?% €%i#§fp%¥?¥ R8s uPEaG; B Ehe E'Eg'th'ggnﬁ"pxi gi-
oxi de 11 1o s SHRRE ST fofledtndplity U LIRS LIVERE B "

di sposgd bel e acdritadt NiSEé V34 | 6 f EbAkELuBeihg’ ¥R bah@ing"gadct as
protecting 25 films. to prevent the alum num| ayers 80 and 81 from

-20- corrodi2g imwed hetie tdicacked cohstruveion hife opened.Onafter

that, the whole surface is covered by vacuum
evaporation with the aluminumllayer_haviﬁg a thickness
" of 4 pm and'éongaining 1l % of silicon and 1 & of
10 copper. This is then'patterned'inﬁo a desired shépe
to form the bonding portion 80 of Ehe bonding pad 28
of the stacked structure. 'éimultaneously with this,
the second wiring layer 81 is formed.
Next, as shown in Fig. 3D, a first aluminum
- 15 oxidization is conducted to form the aluminum oxide _
films 90 and 91. By leé%ing the wéfe: as a whole in"
the atmosphere at a temperature of 120 ©¢ and under
a vapor pressure of 2 atms for ten minutes, the expcsed_
surfaéés of the patterned aluminumfwirinq layer 81
20 and the bonding portion 80 are oxidized. By these oxidi-
zations, the aluminum oxide films.so and 91 are formed.
These aluminum oxide £ilms are made méinly of ABZOS'
The aluminum oxide films are disposed below a final

- passivation film to be formed later and act as protecting

25 films to prevent the aluminumilayers 80 and 81 from



prevention especially in case a crack is formed in the final passivation .
film Next, as showh in Fig. 3E, the PSGfilm27 is so 5 formed as the,s,
i nal paSS|vat|on filmall over the surface of- the wafer by CVD to a P
t hi ckness of- 8000 [err]. Moreover, both the alum num oxide filmgo and
PSG(fvrn127 on the bondi ng portion 80 are ! aned by a dry etching
prgcéss such as the plasma 10 et chi ng pr9cCess thereby to expose the
al’um num surface of the bonding portion 80 to the outside. The wafer thus

.covered with th@o&é@ingaﬁ'!ﬂatoené%' BrbSefegetivel DAt th& Esrgb¥igad into

separate * whi ch are then die-bonded to the tab | ead

15 on the | epfevéntEon BOsPeéi 81 2pdsn0babicaabyRbRUIE VELEméd &he bonded
Eo t he bondi ng pad on the pellet ‘and the outer connecting |lead of the | ead

rame, respectitiodyfindbapassivationwEitmis nade of an al um num nateri al
having a di anmeter 20 of 30 [err] and containing 1 %of siticon and 1 %
of copper. The nateriN¢xtsedsfshowhainaFigi ndB, wthe R&6 fhdms2iFeis so

i oni zation tendency as that of the bonding portion 80, as has been
descri bed Sher ei $@%Red cas Thhe final| paasivationcfilmoallnaver thecaused 25

by t he dlfference én éhe |8Qézagkgg Lgnqgﬂgy C“E'éﬁkckneéﬁ--

1 " of 8000 8. Moreover, both the aluminum oxide film 90
' ' and the PSG: £ilm 27°on the bonding portion 80 are
removed by a dry etching prccess such as the plasma

10 etching process thereby to expose the aluminum surface

v et r———

of the bonding portion 80 to the cutsxde.

The wafer thus covered with the final passivation

film is died so that it is divided into separate

pellets, which are then die-~bonded to the tab lead
15 on the lead frame. |
Both the ends of the aluminum wire 10 are bonded
'to the bonding pad on the pellet and the outer connecting
lead of the lead frame, respectzvely. That aluminup

wire {s made of an alumlnum material having a diameter

20 of 30 pm and contaxnxng 1 % of silicon and 1 § of
copper. The material used for  that alumlnum wire
has the same 1onlzatlon tendency as that of the bonding
po:tlon 80, as has been described herelnbefore.
| | Thus, the local cell reaction, which is caused

25 -by the dlfference in the 1on1zat10n tendency during



a Iater-descrlbed second al um num oxi di zation, can be prevented to form an

ﬂ‘ num oxi de filmhaving an excellent quallty and a uni formthickness.

re bonding step'thus 5 far described is conducted at the portion in

eh the bonding pad 28 has the stacked structure, as shown in Fig. 2,

.&., above the contact hole 32." Moreover, "the bonding step is desired to:
¢ conducted such that. the bonded surfacg f the bonding wire covers the 18
surface including the contact hole 32. Incidentally, the wire-bonded state

w |l be clearly understood in view of Figs. 1, 3F and 4. Next, as shown in

Fig. 3F, 2a50aeed -HedBribad dedichl islinin 0 Miidiah diod OBy e al uminum -
oxi de 15 | ayers 12, 13 and 14. First of all, the renarkably thin alum num ,

oxi de fil rr‘pre%wedarte Eirs @l Y Mugiifiush Wﬁm&ﬁm fazce of the
bondi ng portion 80, the-surface of the alum numwre 10 and the al um nuni.
vapor - depogixiced lenitmghhlity ands 2o und form dhdckedsgsa 20 Fig.-1) on the |ead
outside of the Figure, are renoved as a pretreatnent of the al um num

oxi di zat i offheFatinenhibondiog ratep thwsse surfaces are dipped in oxalic acid,
for exanpl e, so that, they nay be etched. This pretreatment is effective for

maki ng déh$axt Resgribied iy sopduated |ak the menkiian hdn whiah | ater, and
for f
or orn1n%he bonding pad 28 has the stacked structure, as shown

»~

"in Fig. 2, i.e., above the contact hole 32. Moreover,

the bcnding srep'is:desiree to be cdﬁdﬁeiedfsueh-that

‘the bonded surface of the bonding wire covers the
1O.surface idcluding the cen;act;hole'Bz. Incidentally,

the wire~bonded state will be;piearly uhderstood in

-view.of Figs. l;_BF and 4. |

Next, as shown in Fig. 3F, a second aluminum

oxidization is conducted to form the aluminum oxide
15 layers 12, 13 and 14. First of-all, the remarkably

thin aluminum oxide filme, ﬁhidh are naturally formed

on the exposed surface of the bondzng portlon 80,

the surface of the alumlnum w1re 10 and the aluminum,

’ vapor—deposited £ilm 12 (which shoula be referred to
20 Fig.~ 1) on the lead out51de of the Flgure, are removed
as a pretreatment of the alumlnum oxidization. For
.this treatment, those surfaces are dipped in'oxalic
acid, for exampie, so that'thef may be etched. ‘This

pretreatment is effective for making denselEhe aluminum

25 oxide film, which will be formed later, and for forming



222- a filmhaving a uniformthickness. Next, the second al um num R
oxi di zation is carried out by leaving the .lead frame, to which pellets arﬁF‘
bonded,” as a whole in the atnpbsphere at a tenperature of 120[err]C and '\
under a vapor 5 pressure of 2 atns. The exposed surface of the bonding
portion 80, the surface of the alumnumwire 10 and the al um num
vapor-deposited film 1l of the | ead outside of the Figure are oxidized to
formthe al um num oxide films 12, 13 amT%@lTespectively. These al um num
.oxide 10 films are made mainly of Alerr]Jerr]. The al um num oxide filns
12, 13 and 14 act as protecting filns to prevent the bonding portion 80,

the al um num w rse £iQ A iy & WHIREEY AP ckifaS) [ ofbstt | el s¥edde | ead
outside of the Figure fromcorrodi ng, respectively. Mreover,: - the al unm num

15 oxide.fil ms alumihnd kil 7t drorie dfried Gsut b Tedviny elaclead her
but also into the alum num oxide filmunderlying the final passivation film
whi ch has al r eadiramesn tioowleichh\pdliets rate dhomdedin axialividle@niscehidat a
hi gh corrosion prevention effect nay be achieved, as 20 will be descri bed
hereinafter. Préftmaspherd |at [ Yanparature hof 1120 1€ 1and dandemnenapsr a
g RN SN R M MR R TR
‘portion 80, the surface of the aluminum wire 10 and the
aluminum vapor-deposited film 11 of the lead outside
of the Figure are oxidized to form the aluminum oxide
films 12, 13 and'14 respectivély.' These aluminum oxide
10 films are made mainly of.31203. The aluminum oxide films
12, 13 and 14 act as protecting films to prevent the
bonding portion 80, the aluminum wire 10 and the aluminum
#apor-deposited film 11 on the lead outside of the Figure
from corroding, respectively. Moreover, the aluminum
15 oxide films 12, 13 and 14 are formed to merge in£; not
only each other but also into the aluminum oxide film e
.underlying the final passivation film which has already
.been formed by the first aluminum oxidizafign so thag'
a high corrosion prevention effect may be achieved, as
20 will be described hereinafter.
P#eferably all the leads are short-circuited
by means of a short-circuiting portion 34, as shown in
_Fié, 4, when that second aluminum oxidization is carried
out.

25



The Inventor has.investigated the causes for the failure to
ently form'an al um num oxi de filmhaving an excel | ent _
i on-resi stance and a uni formthickness and has found.that the causes ..
are invited by the cell- reaction which is established locally in the
(;crhity of the portion oxidized when the al'uminum material has its surface:
oXi dtzed to formthe al umi num oxide film =2@cording to the results of t he ™

i nvestigations of the Inventor, noreover, it 10 has al so been found t hat

one of the causestLgtl}rtbgain*&g@é%gﬁ%s rﬁ?&%e{%%‘??&le;{ e fQpadbe fact that

the potential at pectrve ng pads a S are nade different

by the pot L i ' | | 44 Sk ) uct or
substrate ?r?(f %ﬂyé%%%%ﬁ%géf%iﬁeégﬁixrﬁw&n%s atﬁ?kr?éfg?)ér]t I ons
connect i ng #3ien HAVIGRN Wi (e ELEY Scarifbs ith-te i seR N rafg dayers. The
al gebraic suns of the potential differences at the PN junctions and the
contact potuiiificrm dHifgkmuseand .Hde fmind otisat Gl (Gawge s hexe espective 20
sem conductor regions and the alum numw ring |ayers do appear as the
rel ati ve $pdmwittedl by ffles eoekl rdadtion edpixt i dotrablishpedis. Since the
bondi ng conditions are common for all the |eads, the potential differences
of the bondiogglipidmhdhenyviciknitieobirthe Fontion axidizedorken i al :
di fferences between the respective :

the aluminum material has its surface oxidized to form

©

theaaluminum oxide film. - According to - the results
of the investigations of the Inventor,.moreovér, it
10 has also been found that one of ﬁhe caﬁses for that
local cell reaction results ffoﬁithe fact that the
potential at the respective b§£ding pads and leads
are made different by the poteﬁtial differences at
the PN junctions in the semiconductor substraté and
15 by the contact potential differences at ‘the portioné
connecting the semiconductor regions and the aluminum
wiring layers. fhe algebfaic sums of the potential
differences at the PN junctions and the coniact potential

L ' - : -
* differences at the portions connecting the respective

20 semiconductor regions and the -aluminum wiring layers

do appear as the relativé.potenfigl differences of
?the respective bonding pads; Siﬁéé the bonding
conditions are common for all the leads, the potential
differences of the bqnding pads become, as éhey are,

25 the relative potential diffgfgﬂéei.betheén the respective

- - . . - - -



-24- leads. If the chip at that state is left in a wet atnosphere, the

potential difference between the | eads and the noisture in 'the atnospher e

hct to «correspond to the contact potential difference between the two 5 . }’

5ubstan\ces of a battery and a solvent, respectjvely, thereby to construct
€dqui val ent | ocal battery. For exanple if there is connected with a

fhfst bondi ng pad at a certain potential @sggecond bondi ng pad having a

higher potential than the former 10 potential, according to the experinents

conducted by the | nvent the fornmn éhrate of the al um.pum oxide filmon

t he ﬁforerrentji fi rh ‘ﬂ%ﬁi T}E‘?\kl ?Haﬂt?ﬁat fﬁfl? 13 Hf‘u?n‘t’ﬁl% OXIhde film
15
s EaﬁsZSCES FEesther the ok %f?n”ﬁgtﬁ%#aﬁsa'»%‘%ﬁsn°€s Seas Lﬁgt
e the 222%*%%%@?#3@4 th e "SRR P LB GoBFL ARG SL0
the first pad g4 ?btfe}ﬂ:ﬁfjedff)fé’{'eﬁéé ﬁﬁﬁgaus%e ‘ﬁ‘? a result,

the first pad procee s In it um num 1 onl zat 1 on ectrons

are hel d outSsigigndiaddits V6L BAtdRe £d b ZLODvéRES !+ OEpeSOIVEEY, |
beconmes |iable to be oxidized. On tHe contrary, the second pad is

S ;Jppr essed froghel¥elip\td gcdu-tseuaietm anl req@r»irézw nlé¥al atséLpsi ve
? eetrons ‘ For example,  if there is connected wzth
a first bonding pad at a. certa;n potent1a1 a second
bondzng pad havxng a higher potential than the former
10 potentzal, according to: the experiments conducted by
the Inventor, the forming rate of the aluminum oxide
£film on the aforementioned first pad is higher than
that of .the aluminum.oxide filﬁ_on the second pad.
so that a thick aluminum oxide film is formed. This
15 is caused by the fact that the electrons generated
in the course of that oxidizing reaction are attracted
to the relatively h;gher potent;al side (i.e., the
' second pad side). In. other words, the electrons .
generated at the f1rst pad are attracted to the side
20 of the second pad. As a result, the first pad proceeds
.in its alumlnum ionization, because the electrons
are held outside of the system of the oxidizing
reactlcn, so that it beccmes 11ab1e to be oxidized.

On the contrary, the second pad is suppressed from

25 having its aluminum ionization by the excesslve electrons



- 25 - so that”is beconmes reluctant to be oxidized. Al the |eads 4 may be

electrically short- circuited by means of the sort-circuiting portion 34.
(@ving all the leads short-circuited, it is possible 5 tq prevent |ocal ..

c reaction, which is caused by the potential difference between those

| eads, and to make the growing rates of all "the alum num oxide |ayers equal :

éb‘that a filmhaving-a uniformthickness can be forned. Moreover, since

the oxidizing reaction proceeds at a_lQguniformrate all over the surface,

it is possible to forman excellent oxj&é filmhaving a uniformthickness.

Since the filmthickness can be made uniform as is different fromthe

prior art, the disadvantage that another region has_a larger filmthickness

than that re®® ftddtisisbegones xekygtant kesbergxidizedess is obviated so

t hat the al um num oxi di zation can be efficiently effefied. Next, the whole

structure is nol ded MY Hehe k830814 DAY b eLegrricallyi shegtportion 34 is
subsequent |y A0 ol iy enmhbt Wd SRS 1 110 Budgophetizhogy. Xt &
By having all the leads short-circuited, it is possible
5 to prevent local.cell reaction, which is caused by the
. potential différence.between those leads, and to make
the growing rates of all the aluminum oxide iaYers.equal
so that a £film having a uniform thickness can be formed.
Moreover, since the oxidizing reaction proceéds at a
10 unifbrm rate all over thé surface, it is pogsible to
form an excellent oxide film having é uniform thickness.
Since the film thickness can be made uniform, as is
different from the prior art, the_disédvantage that another
region ﬁas a larger filmlthickness than that reqqired |
15 so as to attain a necessary thickness is obviated so
that the aluminum oxidization can be efficiently
effected. o St
Next, the whole structure is molded in the‘résin
' 31, and the short—circuiting portion 34 is subsequently
20 cut off to form the leads 4 into a desired shapé.

Next, as shown in Fig. 5, the resin-molded



;(H[err]SO[err]), for exanple, to renove the oxide filmfromthe surface .
fthe l.eads 4. More specifically, the undesired oxide film which is for &
“on the surfaces '5 of the leads of 42 alloy (or bronze copper) because-
t hg- l'eads have been'held in a noisture atnosphere for the al um num
axrdi Zation, is exclusively and locally r d by nmki ng use the
. difference between the properties of the alum numoxide filmand the _
-undesired 10 oxide film For this purpose, the solution of sulfuric
acid is used, samimenductamaievice :is dipped hin 22 sokutiaxiek Fulfumig s
operative to etch only the oxide filmon the leads 4. This_oxide filmis
renoved by digshhglHJRO kadfor exanple, Sto Kempve the oxide fidn frcom

‘minutes. Even.f, at_this time, the solution of sulfurjc acid penetrates
into the resirEhe AREfaces of Vo lerdR st ¢ e 1978 rﬁP‘E‘F?eda‘F‘iﬁMrfa?ﬁ re and

o o e Pl SR LSS A AL [l Sle St iled oY 21 ¢

been f d f,th d ' h I | di zati

oan be r Smovehithe {4868 o8 43 "G 1EP (fod %4 Koiel) RAURE 220107,

difference in HOPRIIdS TEAPR 6ed WA O dSidthre dindopiietd (foRS A
il t he- ' o

ileast t hat oxi de mon the surfaces o eads, .
! the aluminum oxidization, is exclusively and locally

~26-  sem conduct or devibe Is dipped in a sol ution of suffuric acid r£2§§

removed by'making'use;thé'difference between the
properties of the aluminum oxide film and the undesired
10 oxide film. For this purpose, the solution of sulfuric
acid is used, because it does not act upon
the aluminﬁm oxide film but is opefétive to etch only
the oxide film on the leads 4. This oxide
film is removed by dipping the leads 4 in that solution
15 for abouﬁ five minutes. Even if} at this.time, the
solution of sulfuric acid penetrates into the resin,
the aluminum vapor-depositéd film, the aluminum wire
and thé bonding pad are pfotected by the aluminum.okide'
layer.So that they are not influenced in the least.
20 Thus, the oxide film, which has been formed
on the surfaces of the leads during the ‘aluminum
oxidization can be removed after the molding step
with the resih, b&_making use of the difference in
'propefty from the aluminum oxide film. As a result,

25 at least that oxide film on the surfaces of the leads,



g 27 - which is exposed to the outside, can be conpletely re- noved to
rrse the clean surfaces of the |eads to the outside. As a result, the
‘ i c connections can be naintained at such an excellent -[evel as to
Eﬁﬁte the 5 reliability of the IC. On the other hand, if solder |ayers

0 be forned on the | ead surfaces, the ‘solder- ing operation can be -
ECOﬂducted to a satisfactory extent mﬁthout el aborately subjecting the | ead®
to the surface treatnent for the solderlng operation. 10 The
present invention should not be I|n1rea 10 the enbodi nent thus far
described. For exanple, before the chlp is nolded in aresin, it may be
undercoated with a soft undercoat resin such as an RTV-1| resin. Then, it

|5 possi bl e LAiBhCYENbxhBReRl YU RHE Wutl1de,OBatd WP idihelletily Ippt he ol d

stress and the resin an aluminumwres-from ei ng “separ to all ow

the noist- umevea teagitpbbe Rekl el2an gur¥atled o & hldads ignnwe the
hum dity resistance. Furthernnre the present invention can be applied 20

to packages oubsidebanst Beregalt,he eletitid) duhnecdtdlols Cdny/[e or gl ass
type package so that the cost can be reduced with a high reliability while
enj oyi ng t hemhéntainedoatt sache amceticed leartk dparel Bs toamliarateé dthéhas been
di vided out of U K. 25 Patent Application No.82.21354 (Published under
Nunber 21G5168AjabAlibydefi the Q. oDrl' Hedxe a:mhﬂltdtanﬂw iif sl der

layers are to be formed on the lead surfaces, the solder-

'ing operation can be conduoted‘to a satisfactory extent .
without elaborately subjecting the leads to the surface
treatment for the soldering operation.

10 The present invention Should not be limited to
the embodiment thus'far described. for example, before
the chip is molded in a resin, it may be undercoated
w1th a soft undercoat resin such as an RTV-ll resin.
Then, it is possible to prevent the aluminum wires from

15 being broken by the mold stress and the resin and the
alum inum wires from being separated to allow the moist-~ -
ure to reach the pellets. it is'also.possible to iﬁprove
the humidity resistance. | |

Furthermore, the present inveution can be applied

20 to packages other than the resin mold type such as a

. ceramic type or glass type package so that the cost can
be reduced with a high reliability while enjoying the
features of the respective packages.
Thls appllcatlon has been d1v1ded out of U.K.

25 .Patent Appllcatlon No. 82 21354 (Publlshed under Number

2105107A). Also divided out of that application is U.K.

" Patent Application No.84.02099 (Published under No.2/34707A).



~ Patent Application No.84.02099 (Published under No.2134709A): - 28- A’g’
CLAI NG:-- 1. A sem conduct or devi ce conpri Si an_al um num | ayer fo
on a first insulating filmover a sen1conductO?QEUBEFFETE“é‘f%+ﬁ+of an ——~

aIun1nun1OX|de fornmed on the.surface 5 of the al | ayer; a second

|nsulat|ngfllmforrred on the aIumnumomdefHHH’ﬂ Juﬁﬂuf dlnthe
alhum hum oxide filmand i'n the second-pgsul ati ng

portion of the 1Q alum num | ayer, which fornms a bondlng pad, °to* the

~out si de; a bond&@lﬂﬁe havi ng a connect ed portlon connected with the
al um num | ayer vﬂl ch i,s ex Ose%ﬂf hrou h_the and _an al um num oxi de

filmfornmed on ttfat s@rfs o egfcfh‘éoﬂf’ﬁﬁfhﬂ?ﬂ | ayer, which is
exposed through t he h(g e alru?tﬂrﬁ%m“i (égn?g%g BRI’LI rQE §ﬁ%ﬂ Qgﬂql%ng W re.
. on

A seni conduct or “device accor aimi1, er ein ing wire

[ s made of alu Eﬁm FYbas s%‘?:uﬁ:%nﬁhﬁ%?“ghﬁéhgﬁté'-l mformed on its’
surface. 3. sem conduct or device according to claim1 or claim2,
wher ei n the sen conduGl @rilntpE adl a1amdnbfindki@e formed on the surface
| 5 of the alumlnum layer,
a second insulating film formed on the aluminum
oxide film; _
a hole so formed in the aluminum oxide film and in
the second insulating £ilm as to expose a portien of the
10 aluminem layeg, which f;rms a bonding pad, to the outside;
a bonding wire having_e connected portiop
connected with the aluminum layef which is exposed
through the hole; and
an-aluminum oxide film formed on that surface
15 portion of the aluminum layer, which is exposed through
the hole around the connected portion of said bonding
wire. - | . .
2; ' A semicohductor device according to Claih 1,
wherein the bonding wire is made of aluminum and has an
20 aluminum oxide film formed on its surface.
3; A semicondﬁctor device eccording'to claim 1 or
* claim 2, whereih the semiconductor substrate.and bonding
wire are molded in resin material. |
h 4. A semiconductor device substantially as herein
25 described with referehce to and as illustrated in the
accompanying drawings.

5. A method of fabricating a semiconductor device,



wi e are nolded in resin material. 4. - A sem conductor device
S antially as herein 25 described with reference to and as illustrated
[ e acconpanyi ng draw ngs. . 5. A net hod of fabricating a sem conduct or »

devi ce, * C L- M S -29- conpri sing: rmng a
wi'ting | ayer and -a bondi ng pad, which are rnade of ﬂmﬂm’lﬂ" Im first o
insul ating filmover -a sentconductoréyﬁmnrate o
formi ng an al umi num oxi de filmover tHe surfaces of the wiring Iayer and

t he bonding p éﬁ* % step of formng a second insulating filmon the

al um num oxi d ? m - c vering the sem conduct or substrate 10 t he

step of so locally gxdmatd|d dferHniH ENWRY 19y i adat BepaRa9Ag
insulating filmas to expose a portion of the surface of the-bonding pad to

the outside; pa@, siieiciwfak®iiide) of | Ninifnangn X ROFAG sl eas@liat®nghe
bondlng pad; and the step of formng an alum num oxide filmon the surface
portion of t heilxposex armnxﬁoﬁdm:ttnmchutgﬁmte)t her than the surface
portlon to which said wire is

5 the step of formxng an aluminum oxide film over

the surfaces of the wiring layer and the:bondzng pad;
the step of fofming a second insulating film on
the aluminum oxide film, éovering the semiconductor
substrate;  |
:10 the step of so 16ca11y removing the aluminum
oxide film and the second insulating £ilm aS to expoée
a portion of the surface of the bonding pad to the
outside; |
the step of bonding a wire to an exposed area of.
15 the bonding pad; and
the step of forming an aluminum oxide film on the
surface portion of the expoééd area of the bonding pad
other than the surface portion to which said wire is
bonded. o
20 6. A.semiconductor'devicé'fabricating method
according to Claim 4, wherein the bénding wire is made
of aluminum and has an aluminum oxide film formed on
its surface simultaneously with the step of forming the
aluminum oxide film on the surface portlon of the
25 exposed area of the bondlng pad other than the surface
portlon to which the bonding wire is bonded.
7. A method of fabricating a semiconductor device

substantially as herein described with reference to and



tfonded._— 20 6. A sem conductor device fabricati ing.to
Cl'ai m,-4, wherein the bonding wire is nade of al un1 num and has an al un‘ir@:

Qxi de filmformeq on its surface simultaneously f form

the alemi num oxide filmon the surface portion o “EE‘“ d area of

t he bond| ng pad ot her than the surface portion t kchitth® bonding wire is
bdwded. 7. - A nethod of fabricati ng a3@em conduct or device substantially

as herein described with refeerence to and -30- as-illustrated in the '

acconpanyi ng dr amsnég_lus_trated in the accompanying drawings..




