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-1-, Sem conduct or Device and Fabrication Method thereof 5 The present S oq
hnveég@on relates to sem con- ductor devices and a fabrication met hoda \ Obw

fher , and nore particularly to ~ counterneasures against humdity .
f-aul 10 Hum dity faults caused by noisture are one of the major fault

nodes of sem conductor devices. Such a -Tﬁnﬁdity fault is caused by the
corrosion of alumnum{[err] in the sem conductor device. As is 15 well

known in the art, alumnumis a very widely used ., material in T

sem conductor devisgas BRGNS, tnd fi &25hhY PREESda2RdyT BRXRAAST V.
Speécifically, alu ‘ing | ayers,
‘bondi ng pads and § ' wires for elec- 20 trically connecting the bondi ng
pads to | ead post QQ of | umi num thus used is liable to corrode when it

contacts with noisture which has penetrated into the package. This _
corrosion S nore liable to gccur especially if there are ions such as
[err] or [err] or -2- stains in the vicinity of the alumnumor if a

vol t age %s bi ased upon an al um num | ayer.

The present invention relates to semicon-
ductor devices and a fabrication.method thereof, and

more particularly to countermeasures against
humidity faults.
10

Humidity faults caused by moisture are one of the

major fault modes.cf semicondgctor devices. Such
a humidity fault is caused by the corrosion of
aluminum (A{) in the semiconductor devicé. As is

15 well known in the art, aluminum is a very widely
used material in;semic§nductor devices becausé
it is easily worked and ipexpensive. Specifically, -,
alumin&m is used in a semiconductor chip for wiring.
layers, bonding pads and bonding wires.for elec-

20 tricélly connecting the bonding-paés to lead posts.

‘The aluminum thus used is liable to corrode when it

contacts with moisture which has penetrated into the

package. This corrosion is more liable to occur

. ) N " . ' + » =
especially if there are ions such as Na or C¢ or



fherexhave been proposed in the art a variety of methods for preventing
such hunmidity faults. In 5 one of the known nethods, noting that a )
al am num oxi de (At 203) has an excellent corrosion resistance, the sur_
of/"al um numi's oxidized to form an al um num,oxide filmso that it may -
t-hereby be prevented from corroding. 10 I n. Japanese Patent Laid-Open
‘Publication No. 52 - 117551, for exanple, there is a disclosure that a
bondi ng wire and a bondi ng pad made of al um num have their surfaces
oxidized to f&EMLDR 48 fthemyiqinifypafestheatturingmdorpéf. apusltegei on No.
53 -9470, 15 qQn the other hand, there_is found a disclosure that an

al uni num wi ri 4§ PdFsed peen A FHMIRWNLAYETe oxi dised to form an oxide

film No matter how excellent the corrosion resistance of the al um num

oxide filmis, howevéRSTEhSAYSeReR™s BXPPOSeR D BREi EF Br¥AGLE YN which a
bonding P20 oLe bR AT 10 30000 wige f o coRTECT By o4 (hbie for e
P 0 6 201 Ll PSR il SRR HELERETHHRETMP IR pockage uao
L?eezﬁti g g'hgw%g%mégtm;@f WA U S A8t 8L YBh AL Yt DnBeY ! €W O
the surface of aluminum is oxidized to form an
aluminum oxide film so that it maf thereby be
prevented from corroding.
10 In Japanese Patent Laid-Open Publication No. 52 -
117551, for example, there is aldisclosure that a
bonding wire and a bonding éad made of aluminum have
their surfaces oxidized to form oxide films. 1In
Japanese Patent Laid-Open.Publication No. 53 -9470,
15 on the other hand, there is found a disclosure that
an aluminum wiring layer 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, however, there exists
20 no practical product in which a béhding pad of aluminum
. aﬂd a bonding wire for connection with the former have
their surfaces oxidised to form oxide films. In order
to prevent humiditj faults in practice, reliance is

placed upon making the package gas tight or

25 ' on improvements in the resin material. The



faul't in the prior art as thus far described is because t he met hod of
e-prior art has failed 5 to formthe alum numoxide filmin a

§f actory manner. Mre specifically, the. prior art nethod has failed =
fficiently forman al um num-oxi de fid.m having a uniformthickness and

“ . good corrosion resistance. This cause has not been made cl ear and 10 raises

a serious difficulty. Mreover, the construction of the prior art has a <

 problem kg yLie o K0 | S TARMEN Yobi 8L Al RO chENduAGapRT pOrtion s

that it does not nake a good connecti on. ecause, en the 15 o

exposed S baGhsakmt W3 PWLPAD iPreventing OkhEl KBtk LT ™ an al uri num

oxi-de film the oxidized region is Imted nerely to the surface

portion puhitednhehe $RERDT dWO as thus Ifi adégéfr%%%éayer thereby.

deteriorating the connection between the al um nu | ayer of the bonding

pad and tikze alpggduse | ayerthd nidvhdd réNkhd her£8AShFEChhgn Fafilelde prior art
has anot her problemthat the corrosion resistance is not inproved to a
suffichebd €sknthe Blumirfurbenaiie film iml ansavdsBacitbgyunderlying a
final passivation filmis caused - -4- to corrode by noisture which
penet r at manhérougNMorkeaate didfinell 1y, ttitee fpridr pasti method hialsm
failed to efficiently.form an aluminum oxide film
having a uniform thickness and good corrosion
resistance. This cause hag not been made clear and
10.raises a sérious difficulty.
Moreover, the construc;ion of the prior art-
has a problem that the wiring.is frequently'broken
at the bonding pad portion éo fhat_it does not
make a good. connection. This is because, when the
15 exposed surface of the bonding pad is ‘oxidized
to form an aluminum'oxide film, the oxidized_region.
is not limited merely to the surface portion but
reaches deep into the aluminum layer thereby .
: deteriér&ing " the connection between the aluminum
20 layer of the bonding pad and the aluminum layer of
_the wiring.
The construction of.tﬁe prior art has- another
problem that the corrosion.fésistance is not improvéd

to ‘a sufficient extent. This is because aluminum

wiring underlying a final passivation film is caused



Accordirng-to0 one aspect of the present invention there is provided a | Bl
sem conductor device conprising 5 a first conducting |ayer fornpdsg
a first insul- atipg filmover a sem conductor substrate; A second
fnsulating fil'mformed on the first conducting | ayer having a contact
exposi ng a portion of the first conductin%‘layer to the outside; 10
a second conducting | ayer made of al um Aum and formed on the second
insulating filmand to_cover that portion of the first conducting |ayer.
Phich i's expostll SHFTRAR PRETEOREUCE HERLE™ BPRETALES: GBEOHH0 AP re so
connected wth.the second copduct- 15 i.ng,l.ayer..as to cover the contact

hol e; and a fi??ﬁ%%.elﬁfg%ﬁ gfﬁﬂﬁnﬁﬁﬁgiygél dfﬁgphed on the surface

portion of the second: L po.lLayer, h rf cq R, P
t hereof with which thé£§€%g§%gamf%exﬁs gok%%%t%%éggk %r%%eni re g?a y
the bonding w L {8d5r %18 NUE3RENA/T LR AR EomErdS iRy ed on
its surface. 1%&?#?rstd§%ndﬁc%?ng Fayer #ay al so %gqﬁgﬁe g¥Ja|dﬁ£LUWl
According t® a second aswﬁgtot:oﬁhacl&&agemagke& foiteldOBn! REFA dst AmMAUded a
met hod of- fabricating a sem - 25 conductor device, conprising : the step
of form ng a fatsigchiImcoéves hayemiedndukitost substhratieg fil mover a
sem conduct or substrate; _

A second insulating film formed on the first

éonducting layer having a céﬁtact'hole'éxposing a portion
of the first conducting layer to the outside;

10 a second conducting layer made of aluminum and
formed on the second insula;ing film and to cover that
portion of the'first conducting layer which is exposed
through the contact hole to the outside;

- a bonding wire SO-connecteﬁ with ﬁhe second conduct-
15 ing layer as to cover the contact hole; and
a film made of an aluminum oxide and formed on
the sﬁrface portion of the second conducting layer, other
than the surfaée'portion thereof with which the bonding
'wire is connected. |
20 Preferably the bonding wire is made of aluminum
and has an alﬁminum oxide formed on its surface. The
first conducting layer may also be made of aluminum.
Aécording to a second aspect of the present in-
ventioh there is provided a method of fabricating a semi-

25 conductor device, comprising :



’rﬁ“*mhjch has a contact hole for exposing a portion of the first _

. §efuicting layer to the outside; the step of formng a seeond conducting N
| ayer in the contact hole and on the second insulating film 10 the second
conducting | ayer being nade of - alum num the step of so connecting a

bonding wire with the second conducligg_layer as to cover the contact hole;
and the step of formng a filmof an alum num oxi de 15 on the surface R
portion of the second conducting |ayer other than the surface portion A\

thereof, wth whic h i 1 i Ceﬂﬁﬁet = 6 odi nent of
the present invent :%gtne %%%gief]%g%é%}i n e?%[‘?%‘_\i\}:ﬁggwf?%??gf erence to
the accompaRylngidsaniiinl MIHFINIR over a Sdflicdnadcosecti onal view
showi ng-a portion of a finished product of a sem conductor device according

to the pregeplsthrae@ition; Fig. 2 is a top plan view schenmatically show ng a
bondi ng pad of the sem conductor device of Fig. 1 10 in an enl arged scal e;

and Figs. 3A to 3Fthd Gtep & fomnirg B theVsisgowesgdactahgi cation
process of the sem conductor _

5 layer a second insulating film which has a contact
hole for exposing a portion of the first conducting
iayer to the outside;

the step O€ forming a second conducting layer
in the contact hole_ahd on the second insulating_film,
10 the second conducting léyer being.made of aluminum;
the step of so connecting.a'bonding wire with
the second conducting layer as to covér the contact
hole;. and |
the step of forming a film of an aluminum oxide
15 on the surface portion of the second conducting i;yer

other than the surface portion thereof, with which . .

the bonding wire is connected.



device of Fig. 1. 15 Fig. 1 is a sectional view schenmatically show ng an
enbodi ment of the present invention. - This enbodi nent provides a -
“copstruction in whieh the present invention is applied to a resin nold
sem conduct or device. 20 The whole of this sem conductor device is
encapsul ated in a nolded resin 31, except-&=portion of a |lead 4 which
provi des an-external termnal thereof. Incidentally, the left- hand side

sectional view of the senmi gonductor device is onitted fromFig, 1. 25
Refierence nuner al 1RPnd?§%§€§”5‘%€IFE%nP§€ﬁFPt inventdQngwitldr PSubstrate.

In this substrate. t her rrmed such .a sem conduct or e+enent as wll
o af

, - f
be shown in FF§ET3 ed &e%hlteiéf NG YLD BRReEHRCE i FRaFNS. there is
- f d fi : i . i is .5 t ed first interl
T e g 1 BEcBrBTRY B b o 8 forms both & part of

a bonding pad 28 of a stacked structure according to the present invention.
and a |ower wiring layer for connecting the bonding pad 28 and anot her
portion 105(i.e., amig.ul dend aeJtibhal vlew hshowlhgi aupokeyen 6, there
is formed-a second interlayer insulating film?7 of Si O, on which second

al um num | ayefsa8@iaidhell preoduntredf all==micdndhctor! dgeiseare nmade

according to the presenﬁ'invention;
. Fig. 2 is a top plan view schematically showing
a bonding pad of the semicbnductor device of Fig. 1
%O-in an enlarged scale; and
Figs. 3A to 3F, Fig. 4'and Fig.-s are views
showing a fabrication process sf the semiconductor

device of Fig. 1.

15
Fig. 1 is a sectional view schematicaily showing
' an embodiment of the present invention. This embodiment
provides a construction in which the present invention
is apéiied to ‘a resin mold type semiconduc?or_device.
20 The whole pf this semiconductor device is enéapsulated.iﬁ'
a molded resin 31, except a portién 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. 1. |

25 Reference numeral 1 indicates a silicon semi-



pher (Cu). Those al uminum | ayers construct the upper wiring |ayer 81 and
8 /bondi ng portion 80 which forns a part of the bonding pad 28 having the
dcked struc- ture according to th present invention. Thanks to 20 the
stacked structure of the bonding pg 28 conposed of the aforenentioned

al umi num |l ayer 6 and the bonding pdrtion 80, it is possible to prevent the
br eak mhjcgpgkght ot herwi se t'ake pl ace ﬁ$ t he po t|o of the bonding pad-—<«

during £PB F Spb§trateon ofn Hrs skrag f52atSal umi num oxineé
film12 he additive siligon is ed to preyent, the al um num from
nusutalF?rﬂFgfﬁyF gaoﬁqmﬁﬁﬂqéﬁf aﬂ%%.n?r% tﬂ%ﬁ? be ﬁhBBPtlon in mhlch

it contact ornming a shatl unction,

t her eby?® PoﬁﬁEEEQA?h ﬁﬁggﬂggtor %gn {héT°ﬁ nBPEERELESHdEr i s added to
_prevent ggr%u#glr Er#;n"ggr sqcm%g%lga B %r,\egyst‘gﬁ gkeg%rom g_ratlon

phenonena T oX1d& fiTms which are

- f t f ti 80-and
- he APuRISBECH 9.‘%%”‘*&?5?‘8 ATEOEERET IATS PRI Bt s malR 2" e are

not in SEngﬁét “‘%Ba%h%ﬂdﬂfﬁdﬁWT%FéP5§|P&fﬁﬂ £6£H1§)?aI@e£fare prepared by —-

oxi di zi ng the2 surfaces of the bon i ng portion 80 and tThe al um num w ri ng
| ayer 84, bonding pad 28 of a stacked structure according -

to the present invention and a lower wiring layer
. for connecting the bonding pad 28 and another portion

10 (i.e., an aluminum layer 81). On that aluminum

layer 6, there is formed;a second interléyer insulating

£ilm 7 of $io,, on which second_éluminumilayers 80 U

and 81 are formed. These aluminum layers are made

of aluminum materials which contain 1 % of silicon
45 (Si) and 1 % of copper (Cu).

Those alumindm layers construct the upper

wiring layer 81 and the bonding portion 80 which forms

a parﬁ of the bonding pad 28lhaving the stacked struc-

ture according to th present invention. Thanks to =
20 the stacked structure of the bonding pad-28 composed -
of the aforementioned aluminum layer 6 and the bonding
portion 80, it 15 possible to'prevént the break
which might otherwise take place at the pdrtion of

the bonding pad during the'léter_oxidization of aluminum

25 for forming an aluminum oxide film 12



15 Crespectively. The aluminumoxide filns thus formed are made_ mai -. B
of [err]. The alum numoxide films 90 and 91 are disposed bel ow a final ey
pagsivation filmdescribed below so that they act as protecting filnms to
prevent the al um numlayer 81 from corrodi n’Q'and_ 20 ~are effective to
pr event - corrosion especially if a crack or the like forms in the

final passivation-film The whol-e surface of the chip except the bonding

28 i d w t Lwal passivati,on fJj 7 25 which is nmade
chprongie & 1oty e Hih [0 S e et e
a - -
eu'ltJth I c. 3. %}jét ta%él g%%“zﬂggggn%igypgg?l%gf%e qreé:cf?w 5}?1‘6 S {mde of

|1 asfbr J t her nd, .the outer. connecting
?egg j f8¥rr§%eitlpart oﬁﬁgéﬁ)egdgfg?réngn %rra")glggg‘f J'AFZ cé‘ﬁ%ay&isor phosphor

bronze) has i}iSepne £k Qe Y-t aal el vV ap k., [ 44 11 for
the. wre 10 bolflt(':li ng purp%@éagngl&%t geg?ﬁgr %ﬁﬂg‘]ﬁotr%&%‘% i"ﬁﬂc ﬁu%rg} de Sf
the resin 31.tHFHPNeS BHERX 2thd 05LAELE8HSS BnPRRY RERYL chos use
to connect the outeli3 connecti ng Ie%d 4 anh t he bon% ng padq& and Wi ch has
its one end the copper is added to prevent an aluminum wiring

ST

from being broken .by the_electromigration'phenomena._
Numerals 90 and 91'indicate_aluminum:bxide films which
are formed on the top and side surfaces of the bonding
10 portion-SQ-and the aluminum wiring layer 81, respectively
(i.e. on the surfaces which are not in contact with the
interlayer insulating film S).
They are_prepéred by oxidiziné_the surfaces of the
boﬁdiné portion 80 and the aluminum wiring layer 81, -
15 respectively. The aluminum oxide films thus fofﬁed

aré made mainly of 'AIZO The aluminum oxide films

3"
90 ‘and 91 are disposed below a final passivation film
descr%ped below so that they act as protecting films
to prevent the aluminum layer 81 from corroding and |

- 20 dre effective to pr.:event -~ corrosion especially -

if a crack or the like forms in the final

passivation -film. |

The whole sﬁrface of the ‘chip except the bonding

pad 28 is covered with the final passivation film 27

25 ~which is made of a phospho-silicate gla’ss'film (i.e.,



N

5 .bonded to the bonding pad 28 and its other end bonded to the al um num
§§;ar-dep05|ted film1l1l overlying the outer connecting |lead 4. That bondi ng.
rld i s made of an al uminum material which contains 1 %of silicon and 1 %>*
copper. That is to say, according 20 to the present invention, a

mat eri al having an identical ionizati8n tendency to that of- the bonding

portion 80 is used to make the bonding wire. The.lnventor has investigated.
t he causes b ailure to efficiently forma highly corrosion- 25 el
5 Eafed

resistive? Ride filmhaving a uniformthickness ~10- and has~

reveal ed that thﬁggagggggggggc g%nt cﬁ%éc{ 'g%i |zeécgﬂ£8§§hplace

locally in the vi 1o as e surface

of an alu ngnkggtfégglzlg resﬁ%f ‘éc%fégf@ggl ngglgétgg § film It

has al so been revea I NVes |on oné of .the
causes f §§tEQB'§P5892t é¥¥|of6@ﬁ |Pga&og§§mgrgghthe di fference
bet ween t e material of t un1mAr|ng ayer constructing the bondi ng

pad andst e HB&E" bl a0k 2t amg a(ldﬁngnﬁagnéﬁ bEHak)y, silicon and copper

are added to the alumnumw ring |ayer, whereas silicon and magnesi um are
added to the al uphndReWotBer han®,CaHNeetett Bohh8ctlihgeLenges in the

materials and quantities of
4 forming a part of the lead frame and made of 42
alidy (or phosphor bronze) has iﬁs one end'formed
with an aluminum vapor-deposited film 11 for the wire
10 bonding purpose and its other end protruding to the
outside of the resin 31.
Reference numeral 10 indicates a bonding wire
which is used to connect the outer conpecting lead
4 and the bondiné pad 28 and which has its one end
15 bonded to the bonding pad’28 and its_othér end bonded
to the aluminum vapor-deposited film ll'overlying
the outer connectihg lead 4. That bondinj wire is
made of an aluminum material which contains 1 % of °
silicdﬁ and 1 % of copper. That is to say, according |
20 to the present invention, a material-having“an identical
ionization téndency to that of the bonding portion 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



15 various additives having different ionization tendencies and added to
the al um num except- the silicon, there is established a difference int
io?iZation t endency between the alum numw ring | ayer and the al um num'
W fFe. 20 "To the aluminumw ring layer, for exanple, there is added
the copper (Cu) for preventing the el ectreigg ation thereof. To the
alum numw re, on the other hand, there is added the magnesium (M) for

making the hapdness RARAPIE | ohdl B0 ERGsée BORET REoR! @RL @%qqllent. In

14 g
tTﬂJ; case, according. to the experinents conducteg by the Inventor, the

oxi di zati on_ g3l tdlort i MIkEN N dLo1bEYELy| SnSHRE! dRLEALLY equal to
that of pure alum num whereas the oxidization rate of the-alimnumwre is
far 5 hi gseicht RapddtaloPfad Nes Rk £a B2 WHEh SEhehahir&akli elfeianal um num
oxide filmthan the portion of the wiring layer is forned. This is found to
be caused paahihibyunt htatfertial hid oxidTpedcedl fosmeati ARy osiger uct ed
by noi sture and the two substances having 10 ‘different ionizat ion
t endenci es fufdlmart IIt had Eldadiedmatevémlédnagadi pestitrdeficitas of t he
al um num and the additives are exp ressed by inequalities My > [err] > Cu.
Speci fi cal | y investigatiion Hhateame hef nhet cavsesdfoheeatabilisiming pronot ed
by the catalytic 15 action of the magnesium having a hi gher ionization
that local cell reaction _comes from the difference

between the material of the aluminum wiring layer
. constructing the bonding péd and the material of thé_
10 aluminum- w‘j.re. |
Usuélly,. silicon and copper are added to the
aluminum wiring layer, whereas silicon and mégnesium-
are added ﬁo the;aluminum wire. 1In accordance with
the:differences in the materials and guantities of
15ﬁariou$ additives having different ionization tendencies
and added to the aluminum except the silicon, there
is established a difference in the ionization tendency
bétweeq.the alumihum wiring layer and the aluminum ‘.

# ) . _

' wire. _ . »

20 To the aluminum wiring layer, for example,
.fhere is added the copper (Cu) for preventing the

électromigration thereof. To6 the aluminum wire,

on the other hand, there is added the magnésium |
(Mg) for making the hardness (especially during the

25gbnding step) excellent. In this case, according



t~-déncy than the alum num so that a stable alum numoxide is fornmed. Since
esecopper has a |lower ionization tendency than the alunminum on the
(; fary, the catalytic action described in the above is not 20 i
e

~dbl i shed so that the oxidization rate of the al um num becones
substantially the sanme as that of pure <adminum Mreover, this difference
in the oxidization rates is further enlarged as a result that the novenent .
of. electrons during the oxidization is restricted by the 25 e
‘af or enent itendthe ®xpexishéntsaconducted bylthe Bnvmrkion, tthe al umi num wirNag
| ayer form ng the bonding pad and the alum numwre of materials having an
i denti cal ®iiizatipnieatiene§, the adupdssimpmd ningrlarar ise occurrence of
the local cell reaction which mght 5 otherw se be caused by the difference
bet ween t fdbsgAnt Lt }vreqialchei Ebasr ofh@uneu AL AR (WPSESRT and t he

alumnumwre. If_this, is done, the growing rates of the oxide filns to be
formed on fe Xidirkior TRkt RS EH% B&"H‘Pgd’émbd‘i}aﬂes‘ostﬁ?a’f a uni-form '

be
e

i £5r ey FAhA S FE L, tBRCRNER SRS SR o ab i e
TR0 20 Al ALY 38508 S RS lQ R Sop ige 2 TOr
advant agev}i*}%%gorieafért{@ P8HAEal! | FR113S P A e d B causea
) partly by‘the fact that a local cell is equivalently
constructed by moistﬁre and the t&o substances having
10 different ionization tendenciés and partly by the
fact that the ionization tendencies of the aluminum
and the édditiveS'are expressed by inequalities
Mg > AL » Cu. . Specifically, th;_reation between the
moisture and tﬁe aluminum is ﬁromoted by the catalyﬁic
15 action of the magnesium having a higher ionization
tendéncy than the aluminum so that a stable aluminum
oxide is formed. Since the coppér has a lower ionization
tendquy.than the aluminum, dn_the contrary, the |
catalytic action described in the above is not
20 established so that the oxidization rate of £he aluminum
becomes substantially the same as that of pure aluminum.
Moreover, this differeﬁce in theloxidization rates
is further enlarged as a result that the movement of

electrons during the oxidization is restricted by the

25 aforementioned local cell reaction.



ness'than that required so as to retain & necessary t hi ckness is eI|n1nateﬂﬁ.
'sQ that the forrmation of the oxide films can be efficiently effected. The& X
[esultant effects thus far described are 20 not limted to the case whf
tHe additive to the al um num -13- region is copper. Mre specifical
IT a sub- stance having an ionizationd4erglency is used as an additive in
either the bonding pad of al'um numor the bonding wire, the aforenentioned
qﬁ ects according to 5 the present invention can be enjoyed, if the sane

Rstance is added to the other, no matter what the additive is. In this
instance, it is desired that the quantity of addition be at a ratio as
equal as possible. 10By makingqcthRemluminumheindrdnkayest formingushrum
~wire, which may be inportant_in the bonding step, can be nade suitable for
" the bondi ng pRgindPad@Ang thee %1‘F’bebmaﬂﬁr€o$5e¥‘a‘f—ﬁ§%é%6 hwaﬁsnum
oxide filns 12 and, 13 ar so formed 15 as_to cover the surf gies of

‘bondi ng porti &P dfenkd %ﬂﬂiﬁQﬁfQRrEFﬁﬁﬁﬁ?ythéts%?uE?ﬁ§é ﬁu§°mPngent

~ bonded.. Those ,two alun1nun1o<%€ fl|ﬂ8 ai %ggngd bﬁ OXIthIgg t surfaces
~of the alumin %%ﬁﬁ?ﬂﬁfﬁqﬁSI A e HaFht§™ 3 g The two
20 alum hurg O)Sé#‘erfd & baéecaﬁ.?séé’rﬁﬁ?dtﬁé éf’ff@frgﬁcénﬁgtween the ioni-

zation tendencies of the aluminum wiring layer 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
uniformly at an equal rate all over the surfaces,
aluminum oxide films having an excellent quality can
'be obtained. Furthermdfe, sincé a uniform thickness can )
be attaineé, in contrast to the prior art, the di;—

15 advantage that one of the oxide films has a larger thick-
ness than that reqﬁired so as to retain a hecessary
thickness is eliminated so that the formation of tle
oxide fiims can be efficiently effected.

The resultant effeétswthus far described are

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



\ntegral film By form ng the alum numoxide filns in the manner thus
_|Fpe\ldescri bed, the bonding wire 10 and the bonding portion 80 can be
Yeyented fromcorroding thereby to have their humdity 25 resistances .
remar kably i nproved. On the ot her ~hmd, -14- reference nunerals 12, 13

~. and 14 indicate aluninumoxide films which nerge into an integral |ayer

and which are forned by sinultaneously oxidizing the bonding portion 80, _~
the bonding.wire_1 t he 5 _al um . -deposited film 11, —
respect39%$§$hl%st%88§g5§enpggﬁbégéggg%ggﬁﬁﬁbe %I?grheh ggth the al uni wdm
oxi de fi 91, keh s r. .t e ' LI ] I

u?(]l:ler |y:%€§?§% ﬁggéﬁ&pgﬁg#\ggf'l&%\rﬁﬁ"l %%n%{%?%%%%u# (r)églgge %ii lms 12 -
and 13 s 14 Lchs ' | Ly ' [ d dth

ol Ui purd a5 ve gehc g EKE] chlt bRl B (e ARG BE e PR L700 Snd
90 are %A@{H@\,dwﬁ%t O HEl 48R ng.dd@a‘i%fﬁheéﬁ _”&ééoh‘i'fngoﬂé! ng portion
80. 15 th fhe present enbodi nent, therefore, the alum numcan be

preveny eghdr §8hE08hoankYohhe Oﬁﬁjéﬂﬁb wepn {he eBpsture, which
penet?%tes f?g%1the outs?deoof Fﬁé IC miﬂggainto the resin 31 itself or

through 4hesehfasanscabaencesd the oddidt Shashties hehaeaeghd, and the ions
.of inpurities contained. _ : _
additive is. 1In this instance, it is desired that
the quantity of ;ddifion.bg at a ratio as equal as
possible.
10 Incidentally, the hardness of the aluminum
wirg, which may be important in the bonding step, can be
made suitable for the bonding pﬁrpose by adding the
siliéon 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
: B;ioXiqizing the surfaces of the aluminum regions ™
they cover and are made mainly of A2293; The two
20 aluminum oxide films are so formed as to merge into
.an integral film. By forming the aluminum oxide
films in the manner thus far described, the bonding
wire 10 and the bonding portioﬁ 80 éan be prevented

from corroding thereby to have their humidity

25 resistances remarkably improved. On the other hand,



°By the al um num oxide filnms 12, 13 and 14, noreover, the bonding portio

80, -the alumnumw re 10 and the al um num vapor -deposited film 11 cover ed~
‘thereby can be prevented fron1corroding.'_§%LII nor eover, since 25 those

‘al umi num oxi de filnms nerge,. the corr.osion will not proceed fromthe

. Houndari es between the afore- nentioned three regions. On the other hand,
even if a crack is fornmed in the f.iinal passivation film 27 by nol d

stress, whiclrdferaisethiyetd®s 12 (0lB0ahdr ¢aCinditadle tdlauntieginon or by the
éhLLnking stress due to the difference in the coefficients of therm
expansi on of dicle efilms iwieicleohenge Ofinebhah latiegtdlTHay®Y @ald stresses,
corrosion of the upper alumnumwring |layer 81 is prevented by the

al um num 10 ehidrh faten Sdrmeduby heirmleaneonsdyt baidizingurbhexi de fil nms 12
and 90 nerge into each dher, the corrosion can be prevented from proceeding
t hr ough t he dogatiang epdoetimnn8d hetbadbpodingnwdfiret 19 fandaltheassi vation film
- 27 and the bonding portion 80. 15 Fig. 2 is a schematic top plan

vi ew showi 5y alwmiguin vaporodePegipad £8lor 1d,grespeatived ¥ane Figure, the
al umi numoxide film12 or 13 is shown partially renoved for convenience, to
show t he under| yi ngIal &henprassfitorerdimant, 2bhere areThe first al umi num

| ayer 6,form art of the stacked structure of the bondin ad. 28, as
y fokded both the aluminum oxide Films 80 &nd 9L, whidh' -

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 film). Moreover, the aluminum oxide films
12 and-90 are so forﬁed 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;éugh the ciearance between the resin 31 and
20 the lead 4, and the ions .of impurities contained.
By the alﬁminum oxide films 12, 13 and 14, moreover,
the bonding portion 80, fhe aluminﬁm wire 10 and the
aluminum vapor-deposited film li covered thereby
can be prevented from corrod;ng.' Still moreover, since

25 those aluminum oxide films merge,. the corrosion



siscat ed by single-dotted |ines, and the bonding portion 80, which is the
d al um num | ayer, as indicated by double-dotted |ines, contact

ly 25 with each other through a contact hole 32 which is, -16- S
. #d, as indicated by broken lines, ipsthe inter- layer insulating film
. (al though not shown) forned i nbetween. That is to say, in the contact hole
32, the bonding pad 28 is constructed of a stacked 5 structure in which the_

Faa N

“first angrisaceist Procsed E2pfr ehe BBEndArdesd betdideAritHOH fske- The wire
bonding step is so effected as to cover the portion of that stacked &/
st ruct ur grenti®ned NEhr@dt 26§i6AEC 30n tRECokhed hand hevidd eiponding step
is effected such 10 that the bonding region in which the alumnumwre 10
and the kordiauk e tforméd LAnthet fiaapl phekyvadiens filen @nt act hole 32,
as indicated by the broken lines 33 in the Figure. Thus, it is possible to
conpl et elby prevendldstreds a whiak it thaskdnbynt¢heabrEsigiirght ot herw se be
causedwhen the alum numoxide film12 is formed by oxidizing the bonding
porti of Beacthlomsalaf then negilenf oknby2the Bbrimftimg stress egi ons ot her
than the portion covered with the PSG film 20 27 and the bondi ng region 33
(whi ch i dueoter dthenidif fecencentnutthei coefficiendsnof dhatrmrdorti on over-

expansion of the respective regions, or o?her various
mecﬁanical stresses, ' corrosion of the upper
aluminum wi:ing layer 81 is prevented by the aluminum
10.oxide.filﬁ 91. Furfhermore, since the aluminum oxide
films 12 and 90 merge into each dher,
the corroéion can be prevented from proceeding through
the clearance between the end pbrtién of'the final
'passivation film 27 and theﬂbénding.portion 80.
15 Fig. 2 is a schematic top plan view showing
the oxidized bonding pad 28 of Fig. 1. In the same
Figure, the aluﬁinﬁm oxide film 12 or 13 is shown partially
#emoved ﬁqr convenience, to show the underlying aluminum
region'SO or 10. |
20 The first aluminum layer 6,forming part of the
stacked structure of the bonding pad 28, as
indicated by single—dottedjlines, and the bohding
portion 80, which is the second aluminum layer, as
indicated by aogble-dotted_lines, contact diréctly

25 with each other through a contact hoie'32 which is



I yingthe contact hole 32. As a result, even if the bonding portlon 80 is =~
whol I’y oxi di zed fromthe surface to the bottomthereby to allow the <3
al.um num oxide 25 film 12 to allow the underlying interlayer insulating /3
7~ film7, the electric connection is main %Tﬂed at an excellent |evel
k e stacked structure at the contact hole 3Z: e bonding portion in the
bondlng region 33, which is covered with the alumnumwre 10, is 5 not

|d zed because it is not _ex d to the noisture in an oxjdizing
a phere. /2Peneds 2% ip@ic Bﬁaebﬁ’l BH"S&’\A@@TP?% Wit gt botiT on 80 and

t he underly| al um num | ayer ugh.the contact hole 2_can be

mai nt ai ned at aaXF’éx{:’é? nie?u’f T“évg 8aq'th°“9k1:| 3€° . 4 and Fig.
5 show a faer |on rocess. of a sentconductor deV|c resent
Cavont | on. e o83 s o B I L g otdoapiose

b h [ - 15 d h h
Ao EA,“Efor%%%F’% £53 rBa oPP  draRenat e O 1B %@%Z b1 b0l ar

. ' b d
transli%o;£¥g§¥kégﬁiétf cgkkg t?ﬁer F;{(%Hgngéggﬁgl @ﬂ'&h type burie

| ayer ype epltaX|a base region constructed of 20

a P-type reglfgyéﬁsa@daﬁaswnstae&nr QI W E4iet 20 Bfe AR P - tyPe Tegion

20. 'In order to 1solate that
bonding step is so effected as to cover the portlon

of that stacked structure, i.e., the contact hole 32.

Specifically, the wire Bonding step is effected such
10 that the bonding region in which the aluminum wire

10 and the bonding portion 80 contact completely

covers the contact héle 32, as indicated by the

broken lines 33 in the Figuré.

Thus, it is possible tb combietely.prevent

15 such a break at.the bonding pad as might otherwise

be caused when the aluminum oxide film 12 is

formed by'oxidizing'the bonding portion 80. The

aluminum oxide film 12 is formed on regions

other than the portio_n covered with the. PSG film
20 27 and the bonding region 33 (which is covered with
the aluminum wire lOL,aﬁd not on the portion over-
lying the contact hole 32. As a result, even if thé
bonding portion 80 is wholiy oxidized from the surface.

- to the bottom thereby to allow the aluminum oxide

.25 film 12 to allow the underlying interlayer insulating



- @l ar transistor from anot her sem conductor elenment, there are forned
!!ﬁkaafield oxi-de film 18, which is nmade of [err], and a [err]-type
_tifaiel stopper 16 25 which underlies the film 18. The [err]-type channel |
(ﬁl cﬁ’stopper 16 and N+-type buried | ayer, 15 are fornmed by ion inplantation

- -

.or*the like before the fornmation of the“€pitaxial layer 17. On the other
hand, the field oxide film18 is forned by locally oxidizing 5 the

- epi taxi algillaver, ¥he Al@sitihe 66RheeRIBa! 95 RadmRaliddd!ad aln des- cribed &
has been fornmed, the substrate. has its whol e surface covered by the [err]

filmb5 asxdedlentstlevebrbpyetiei 86dbREENG tubuRE at theC\¥erdtack . Chemi cal
10 Vapor Deposition). Then, contact holes 23, 22 and 21- are opened to

correspohelieo he did dmdrdindaserafdneiht the beadany reggRectively. Next,
as shown in Fig. 3B, a first wiring layer is.forned. The SiQ2 film5 his
its whol 83sumihdeh 1% comemzd byithfthet adhmihommwtiagenohadisng a thickness. .
of 2 [err] by vacuum evaporation. Mreover, ‘that alumnumlayer is
pat t er BeBioto orddd ze & dsigaus & hilpel $ hmotbexposkdr ot hbheamoiistume ayer 6
which fornms a part_of the bonding pad. 28 of the stacked structure 20 and
whi ch pr 8%i 88s O¥iddmiag iafgrasphencbet A8ed rheubtndithe wadn2@timh anot her
region igeigge%h%%é gggg{hg_porF%on 80 and the unaerlying
aluﬁinum layer 6 through the contact hole-32 can be
maintained at an excellentilevel.
10 | Figs. 3A to 3F, Fig. 4-and Fig. 5 show a
fabrication process of a .semiconductor device of
the present invéntion.
On the P-type silicon semiconductor substrate
1, there is fqrmed by the well-known prochs a semi-
15 conductof element_wbich.is shown in Fig. 3A, for
example. This semiconductor element is an NPN type
bipdlar trénéist&r which has its qollecto; region
cbn§truct¢d of an N+-type buried layer 15 and N-—type.
: epitéxgal layer 17, its base fegion c9nstr?cted of
20 a P-typgfregion 19 and its emitter region constructed
| of an Nf—type region 20. In order to isolate'that
‘bipolar transistbr from_another,semicohducto; element,
there are formed both a fiel& oxide film 18, which
is made'qf SiOz, and a P+-typ§ channel stopper 16

25 which underlies the film 18: © The P+—'type channel




taneously with this, noreover, there are formed alumnumwring | ayers 24, -
25 and 26 for connecting the res- pective-sem conductor regions. 25 - -
As shown in Fig. 3G a second wiring |ayer and -19- the bondi ng por
8Q  of the bonding pad 28 are formed. The SiO film7 is formed as the
second interlayer 2 insulating filmall over the surface by the CVD.
Nbe contact hole for connecting the wiri nmt8ayers and .5 t he cont act
3% _for constructi nge t EIEE bondi ng pad 28 into the stacked construction are
opgned. After SHRRPSR Hé AR N sTFYRR ePhE1edy LR¥BThY Sy ACGuROTF@Sor ation with
t he al umi num | .ayer, having a thickness of 4%Lerr and containing 1 % of

silicon and 1% of*Ofp 1MPiARfRFion 1or sthe Lhke psfeeendde fymatded red

h to f t bondi. ' 80 t he bondi d,28 of the stacked
St rocture. Si R EHRGRE SRk Thres The' cBrobRepRrRS PaRd 48 s 1 or nod
Next , h . 1 g, ) fiyst, al pm o) Ldi zat.iQn .i duct ed
Lo f orm t ho et Ft kf obf 88T By Recding PRI RRED oo o whol o

in the atnD%pQﬁgge .E%%fgimi dregpf 120 C and under a vapor pressure of 2
atms for teh mnutés, the exposed surfaces of the patterned al umi num wiring

layer 81 20 and thghanding fhido0a 80t BE Ce 2UhdhEe EnusB N3G OXi di -

cribed has been formed, the substrate has its whole

surface covered by the 5i0, film 5 as the first
interlayer insulating film by - CVD (i.e., Chemical'
10 Vapor Deposition). Then, contact holes 23, 22 and
21 are opened to- correspond to the collector, base
and emittef regions, respectively.
Next, as shown in Fig. 3B, a first wiring layer
is formed. The éiozlfilm.s has its whole surface
15 ®vered by a first aluminﬁm layer haQing a thickness.
of 2 pm by vacuum evaporation. Moreover, that
aluminum layer is patterned to have a deéiréd shape"
thereby-to form the aluminum layer 6 wﬁich forms a .
part_;f_the bonding éad.zs of the stacked structure
20 and which provideé a connecting wiring between the
bonding pad 28 and another region in the chip. Simul-
:taneously.with this, moreover, there are formed aluminum
wiring layers 24, 25 and 26‘§6r connecting the res-

pective -semiconductor regions. .

25 <t As shown in Fig. Bé,ia second wiring layer énd



zat irons, the alum numoxide filns 90 and 91 are formed. These al um num
oxide.-filnms are nmade mainly of [err] The al umi numoxide filnms are di sposed
'=?‘ a final passivation filmto be forned |ater and act® as protecting 25 *
#\to prevent the alum numlayers 80 and 81 from -20- corroding so
. hey are effective in the corrosionlfrevention especially in case a "
cracK is fornmed in the final passivation film Next, as shown in Fig. 3E ™

h fi ' d he.fi nal ' ' fdl I o
he sur f a0 POrEARAT PR ID L B2a th BERECETh PB00R [ 12O it bover '
both th ' id ! 0 h G__film27 he. bondi '
80 aro reADiNp SN Lotk ROBPAc B8 SO AoEe Ehd A &0 ciching
Phe.outsi dB=oes e R ATE SubE SHE R¥ReeR, By ' B Ty | 0%

S0 that i s g dad i £6PALBLACBRLLE! She"iseh Y 8 4y diey bonded to

the tab | ea on t rane.. Bo e ends “of e alumnumwre 10

are Hondeqdpld ot RANHINE P38 88rt BBnRRruel idkd tHaf Hiiding guect i ng | ead

of the lead frane, respectively. That alumnimwre is nmade of an al um num

rrag er1 i 0a/l _?%Vii'i‘&oa_tdiear?éﬁké’@ conStré@tlien hr@anégeddl nigweelr % of silicon
an 00 :

that, the whole surface is covered by wvacuum

evaporation with the aluminum layer having a thickness
of 4 Pm_and containing 1 % of silicon and 1 % of
10 copper. This is then patterned.into a desired shape
to fofm the bonding portion 80 of the bqnding-pad-za
of the stacked struéture. Simﬁltaneously 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 leaving the wafer as a whole igh
the atmosphere at a temperature of 120 ©c and under
a vapor pressure of 2 aims for ten minutes, the exposed
surfaées of the patterned aluminum wiring layer 81
20 and the bonding portion 80 are oxidized. By these oxidi-
zations, the aluminum oxide films 90 and 91 are formed.
These aluminum oxide films are made mainly Of'Alzoj'
The aluminum oxide films are disposed below a final

passivation film to be formed later and act as protecting

25 films to prevent the aluminum-layers 80 and 81 from



‘copper.: The material used for that alumnumw re has the sane ioniZatLon

tendency as that of the bondi ng portion 80, as has been described c A
. hereinbefore. Thus, the local cell reaction, which is caused 25 by fE;;F
dikfference in‘the ionization tendency duLbpg -21- a later-described—".

second al um num oxi di zati on, can be prevented to form an al um num oxi dé=
fil mhaving an excellent quality apd a uniformthickness. The w re bondi ng
step thus 5 feordedingbsd ithatortheyt exkente f factpive i im the whdrhoshenbondi ng
pad 28 has the stacked structure, as shown in Fig. 2, i.e., above the
contact hol e peevebtéoncespecd aldnydiimng cas® a soxiack rbsl formedcbnduct ed such
that the bonded surface of the bonding wire covers the 10 surface including
the contact hthe 8xnalnppgsivatiipn tfidm re- bonded state will beclearly
understood in view of Figs. 1, 3F and 4. Next, as shown in Fig. 3F, a
second aIuninun1oxidN§§Fhoﬁsi§h9MﬂhkR<§$Q{)3$Mrﬁ@ﬁeP%ﬁuﬁ%%EngaxFaes?S

| ayers 12, 13_and 14. First qof all, the repmarkap thin al um num oxi de
films, Which HPEMR tGFaF%ﬁ #&Hﬁ%ﬂHﬁf%%ﬂ??%&ﬂné&&éu?*%c%vﬁ¥ tRE. bondi ng
portion 80, the _surface of the alug nu i re 10 .,and.the al um num

‘vapor - deposi t%'drfg‘?ﬁ?h ?% | SRiE Y 'g)gwr &Peft %”‘tcgmfogﬁ:i g. 1) on the lead

outsi de of tthFbeHbeR.arﬁoE%%E%&q_both the aluminum oxide f£ilm 99

and the PSG. film 27 on the bbnding portion 80 are

removéd by a dry etching process such as the plasma
10 etching proéess thereby to expose the aluminum surface
of the bonding portion 8b to.the outside.

The wafer thus covéred with the final passivation
film is died so.that it is divided into separate
pellets, which are then die-~-bonded to the téb 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 Fhe 1ead frame, respectivelY.._That aluminum

| wire {s made of an aluminum material having a diameter
20 of 30 um and.containing 1 & of silicon and 1 % of
copper. The maﬁerial usea for that aluminum wi;e_
has the same ionization tendency as that of the bonding
portion 80, as has been described hereinbefore.
Thué, the local ceil reaction, which is caused

25 bj'the difference in the ionization tendency during



. "~ as a pretreatnent of the al unmi num oxidization. For this treatnent, those

.spgrraces are dipped in oxalic acid, for exanple, so that they may be
¢/ §; This pretreatnent is effective for nmaking dense the al ym num 25
film which will be forned later, and for form ng -.22 - afilm "
- PaVvMg a uniformthickness. Next, the seédnd al uni num oxidization is :
carfried out by leaving the lead frane, to which pellets are bonded, as a o

-whol e in _the at pher, a tenperature of [err] and under a vapor 5

pr essureaoaafed:t%scr?ﬁ’&aixiﬁﬁ%’ggsﬁ;PQééuﬂlf oMeiz@tdiong e iksh 80, the v
surface of the al @ nymw re 10, and the al.um nym vapor.-deposited film1l o

the | eadPFGVEN (?d;f % #g;qﬂ R ALupipRmgpxide; §1d8y BavH@9aldFni num oxi de

[ 12 d,14 tively. Th I pum oxi de 10 filnms are nade
];nlal msy OFX%EH‘?]%FHI?@%;%&%CMO%‘&%"??’?ngﬁg}:ﬂiﬁsénd 14 act as protecting
fil t t ndi ortion 80, the alumnumwre 10 and the
a:ugfngﬁf$§§§§3§bSﬁiéiﬂguéﬁééﬁﬁﬁ%ﬁ t he Leaq outsi de of the Figure from
cort odingar! geBeckibed s MyRAKHe ;QE EhebRET bR 9Kl GRakh M 12, 13 and

14 are formed to nerge into not only eacl er-but also _|ﬁ o the al um num
oxide [ bHeuBBRRIGNGa2d I BRsStYaLKER CLEMop-Eh Bas glgady been
formed by the first alum num oxidization so that a |dh corrosion
preventi gn eigeck, My el AHYWY the a8okBalt! holle d9scrMBedoherei nafter
the bonding step is desired to be conducted such that
the bonded surface of the bonding wire covers the
10 surface including the contactAhole 32. Incidentally,

the wire-bonded state will be clearly understood in

view of Figs. 1, 3F and 4.
Next, as shown in Fig. 3F, a second alﬁminum_

oxidization is conducted to form the aluminum oxide
15 layers 12, 13 and 14. Firsﬁ oflall; the remarkably

thin aluminum oxide films, which are naturally formed

on the exposed surface of the bonding portion 80;

éhg surface of the aluminum wire 10 and the élﬁminumx
* vapo¥—é;positéd film 11 (which should be rgferred to
20 Fig. 1) ;n the lead outside of the Figure, are removed

as a pretreatment of theialuminum oxidization. For

this treatment, those surfaces are dipped in oxalic

acid, for eiampie, so that they may be etched. This:

pretreatment is effective for making dense the aluminum

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



Preferably all ‘the |l eads are short-circuited by neans of a short-circuit}
pOFIIQﬂ 34, as shown in Fig. 4, when that second al um num oxi di zation i §
carrled out. 25. -23- The Inventor has investigated the causes for t
faiflure to effi‘ciently forman al unmi num oxide film having an excel | ent
corrosion-resistance and a uniformthickpgss and has found that the caus€s
arg_b invited by the cell reaction which is established locally in the
vicCinity of the portion oxidized when the alum num material has its surface
oXidi.zed to forn1the al um num oxide film According to the results of the

I nvéstigations o he I nventor, npreover,.it 10 has_al so peen found that
one of the cau§e§ hawing G dnikqym rgé’c‘flf’b?ls?tesﬂ?’étfr'blﬁ?tﬁ%c?ﬁ t that

t he potenti al a t he respec |v bondi n

+ ads, ar e. i rent
by the potenti & Wﬂﬁﬁﬂﬁ %Qﬂaﬁﬁu *? r@? ¥h¥F§%ﬁ€§oﬁ5 8?
Substrate And Trahe o SHNAE P0G | e BAASLENCES AlwhOPPERILARS

connecting the Sem-don mf nUm W ring | ayers.

al gebrai ¢ suns gqi, meﬁ'é'téﬂ% Fé&?f@soﬁtlidi'ecp%a%ﬁaéﬁnﬁ @QBthe

contact potenti al erences at the portions connecting the respective 20
sem conduct & rﬂi!s@iﬁ'éﬂlft thea @M Nk VékpHded 2y€Fface of the bonding

portion 80, the surface .of the aluminum wire 10 and the
aluminum vapor-depoéited film 11 of the lead outside
‘of the Figure are oxidized to form the aluminum oxide
films 12, 13 and 14 respectively.. These aluminum oxide
10 films are made mainly of A1203. The aluminum oxide films
12, 13 and 14 act as protecting films to prevent the
bonding portion 80, the aluminum wiré 10 and the aluminum
- vapor-deposited film 11 on the lead outside of ﬁhe Figure
from corroding, respeqtively. Morebver, the aluminum
- 15 oxide films 12, 13 aﬁd 14 are formed to merge inté not
only each other but also into the aluminum oxide film
underlying the final passivation film which has already
been formed by the first aluminum éxidization so that
a high corrosion prevention effect may be achieved, as
20 will be described hereinafter.
Preferably all the leads are short-circuited
by means of a short-circuiting portion 34, as shown in
Fig. 4, when that second aluminum oxidization is carried
out.

25



do appear as the relative potential differences of the respective bondi ng
_ pags,_ Since the bonding conditions are common for all the |eads, the

g (al differences of the bonding pads becone, as they-are, 25 the
T ¥ e potential differences between the respective -24- leads. If the
chi’p that state is left in a wet atnbgéhere, the potential difference:

bet ween the | eads and the noisture in the atnosphere act to correspond t s’/

the contact potentpal #h{

and a sol vent, respectlve%y, t hereby to consStruct an equival ent | ocal
batt ery.£dzore X o Pure tol é££1BLERLLE €BRRCANCA 1M i fdiR{e DONdi ng pad
at a certain potential a second bondi hg pad having a higher potenti al
the formEnm Gpotetan ex86LDERE Not fokhonexpeiistaiice eraluct ed by the

the formng rate of the alum num oxide filmon the aforenenti oned
first pagiiforn dieickhesstand Wast heualuthagtmtdel dadsdsnaye t he second pad.
so that a thick alumnumoxide filmis fornmed. This 15 is caused by the
fact Bhdmvited|lwettloanscgkberasetion whichotissesafablliatheski di zi ng reacti on
are attracted to the relatively higher potential side (i.e., the second pad
side). locadiherimothis, vitenktecof ohbegportibead cadidileed iwhsin pad are
attracted to the side' 20 of the second pad. As a result, the first
proceed¢he aluminum material has its surface oxidized to form

| nventor,

the aluminum oxide film. According to the results

of the investigations of the Inventor, moreover, it

10 has also been found_that_one of the causes for that

local cell reaction results from the fact that the

potential at the respective bonding pads and leads

are made different by the potential differences at

the PN junctidns in the semiconductor substrate and

15 by the contact potential differences at the portions

connecting the semiconductor regions and the aluminum

wi;ipg layers. The algebraié sums of the potential

differences at the PN junctions and the contact potential

- ‘ . .
+ differences at the portions connecting the respective

20 semiconductor regions and the aluminum wiring layers

do appear as the relative potential differences of

the respective bonding pads. Since the bonding

conditions are common for all the leads, the potential

differences of the bonding pads become, as they are,:

25 the relative potential diffeféhces_bet&een the respective

3
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|~/its.aluninun1ionization, because the electrons are held outside of the
systenlof t he oxidizing reaction, so that it becones liable to be oxidizegs

Qhethe contrary, the second pad is suppressed from25 having its aluml1i
IQ i zation by the excessive electrons -25- so that is becones rel uctph
t'o be oxidized. Al the |leads 4 nay be el e@d~ cally short- circuited by
me&pns of the sort- circuiting portion 34. By having all the |eads

sRort-circui t gdadst | S£PeAS a5 dt0 A St at OoR fdﬂ {gagti,gp, which is
cauved by the potential difference between those and to nmaeke the

grow ng rat esathosphet8e ﬂh&mp@ﬂ@dvﬂékidfﬁ@§§EEﬁéaﬁe€§EéHathé Lehgshaving
a uniformthickness can be fornmed. Mreover, since the oxidizing reaction

proceeds at aadd th@lﬁﬁiﬁtuaeelﬁ|Ehéﬂatﬂdﬁpﬁéﬁéaﬁét td cér99§?bhde to form
an excellent oxide filmhaving a uniformthickness. Since‘the Tilm

t hi ckness cantbetmadeontaétr ppteatialdidifferinde Gatweenrte end, the

di sadvant age that another region has a larger filmthickness than that
required 1g§s%u%%t4@ce§tafnaabnetesyaapdﬂa(sotxents rExpedeiveby} hat the

al um num oxi di zation can be efficiently effected. Next, the whole structure
is nol ded in EMRrelEi o 3¢onghyuChe ash@quisialant i fapabriaotesy. | s

subsequently 20 cut off to formthe leads 4 into a desired shape.
For example, if there is connected with

a first bondlng pad at’'a certaln potential a second

bonding pad hav1ng a higher potential than the former
10'potent1a1, accordlng to the experiments conducted by

the Inventor, the formlng rate of,the aluminum oxide

film on tne.aforementioned'first pad is higher than

that of the aluminum oxide filn.on the second pad--

so that a thick aluminum oxide film is formed. This
13 is caused by the fact that the electrons generated
in the course of that okidizing reaction'are attracted
to the relatively higher potential side (i.e., the
second'pad side). In other words, the electrons ’-
generated at the first pad are attracted to the side
20 ;af the second pad. As a result, tne first pad proceeds

in its aiuminum.ionization,'because the electrons

are held outside of the system of the ox1d121ng

'reactlon, so that 1t becomes liable to be oxidized.

On the contrary, the second pad 1s suppressed from

- -

25 having its aluminum ionization by the exce551ve electrons
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Next, as shown in Fig. 5, the resin-nolded -26- sem conductor device is
. dipped in a solution of sulfuric acid [err], for exanple, to renove the
ol defilmfromthe surfaces of the |eads 4. Mre specifi-cally, the !
Siyed oxide film which is formed on the surfaces 5 of the | eads of .
. .oy (or bronze copper) because tdw Jeads have been held in a rmistu\r\i6
atnwpsphere for the al um num oxi di zation, is exclusively and locally reno
by maki ng use the difference between t he properties of the al umi num oxi de; -
filmand the undesired 10 oxide film For this purpose, the solutio
of sulfuric acid is used, because it does not act upon the al um num oxi de
filmbut isoophattigebecomeshreluytiam ®o de fodidimedhe | eads 4. This
oxide filmis renoved by dipping the leads 4 in.that solution 15 for
about five m nutesAllEtbe lkadst 4t may tieneleadbrisd iy shaxft-sul furic acid
penetrates into the resin, the alum num vapor-deposited film_the alum num
w re and tﬁergunuadgbwaaeané pﬁot@@t§QUQWQNﬁ¥QﬂQNﬂ9uBn¥%GQna3%yer so that
they are not influenced in the |east. - Thus, the oxide film
whi ch has B¥ehavépgealdnthge 1§aﬁiﬁa(§é9ré'-f‘°@+¥é"4% dhf .#@ ROESEPYA num

oxi di za |on can be re r the nolding step with th re5|n by maki ng
use of ?het8i PFEVEREe ﬁagrSSQit§ePF5ﬁFFhe ﬁﬁﬁlﬁﬁn?ﬁﬁ By nthérs 3

result, potential difference between those leads, and to make

the growing rates of all the aluminum oxide layers equal
so that a film having a uniform thickness can be formed.
Moreover, since the oxidizing reacfion'proceeds at a

10 uniform rate all over the surface, it is possible to.
form an excellent oxide film having a uniform thickness.
Since the film thickness can be made uniform, as is
different from the prior art, the di;édﬁantage that ‘another
region has a larger film thickness than that required

15 so as to attain a necessary thickness is bbviated so
that the alumiﬁum oxidization can be efficiently
effected. | _

Next, the whole structure is molded in the resin

31, and the short—circuiting portion 34 is subsequently

20 cut off to form the leads 4 into a desired shape.

. Next, as shown in Fig. 5, the resin-molded
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25 " rat least that oxide filmon-the surfaces of the |eads, -27- which

I S. exposed to the outside, can be conpletely re- noved to expose the c
~surfaces of the leads to the outside. As.a result, the electric conned
an be nmaintai’ned at such an excellent |evwe~.as to enhance the 5
~sfeliability of the IC. On the other hand, if solder |ayers are to be forned :
oR the | ead surfaces, the solder- ing operation can be conducted to a-

ST ST act o gt eah A RO GOt ol sull 551Nl BEs LAY Ly kig S ace

t¥eatnment fo g°261° G n§ SopeTation. resent invention

Mol d ot bechamihed g 52U {0\eddbe dERCT bhEde ERIncKREE

| e,
before the ¢ is Roldéd in aresrn, it ma e undercoat e a soft

under coat 1 eshl SHEBaR8.ABARTN] 1 dsthl M. TheSkol Lpksi POSSIBYE LAgPT even!

‘the alum numwres from 15 bel ng notd stress and the resin

and the al umhAUEY; Wele @M Aaid)d HERA A $dedmak| GW Lhe YBEsheeyr e tO
reach the pellets. it is also possible to inprove the humdity resistance.

Furt hesnor e, oEhener asads ioFv a2 AN BAN e BPehze0dc38PptP) PBEkAdse ot her than
the resin nold type such as a ceramc type or glass type package so that

t he cost canthe leddschawe! benhihgld cln abihoiytubel atnospheng £be feat ures
of the respective packages. This application has been divided out of U K
the aluminum oxidization, is exclusively and locally
reﬁéved'by making use the difference.between the
properties of the aluminum oxide film and the undesired
10 oxide film. For this pﬁrpose, the solutibn of sulfuric
acid is used, because it does no£ act upon
the aluminum oxide film but is oéerative to etch only
the oxide film on the leads 4. This oxide )
film is reﬁovedn'by dipping the leads 4 in that solution
;S for about five minutes. Even if; at this time, the
; 'sintion of suifuric acid.penetratés into the resin,
the aluminﬁﬁ vapo:—deposited film, the aluﬁinum wire
and the bonding pad are protected by the aluminum oxide
1ayer.§o that they -re not-influenged.in the least.
20 ' Thus, the oxide film, which has been formed
on the surfaces of the leaas during the ‘aliminum
ogiaization can be removéd after the molding step
with the resin, by making use of the.difference in

property from the aluminum oxide film. As a result,

25 - at least that oxide film on the surfaces of the leads,
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Application No.82.21354 (Published under No.2105107A). Al so
t of that application is UK Patent Applic- ation No.82. 02057 _
under No. 2135121A). -28- CLAIMS: - 1. A-sem conduct or 2

‘conprising: a first conducting |layer fornmed on a first insulating

a sem conduct or substrateidﬁ{egcond insulating filmformed on the
onducting | ayer having a ¢ act hol e exposing a portion of th@eJ)‘
ucting layer to the outside; a second conducting |ayer made of °_j

al um num and formed on the second insulating filmand to cover that portiQy

of the fir
to the out
| ayer as t
and forned
than the s
2. A se
i's nade of
A sem cond
conducti ng
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st conducting | ayer which is exposed 10 through the contact hole
shde' g bonding wire so eonnepted:mﬁth t he secon conducting :
Whighed S RXRAFAG O Hehre : cukgide  Fan nﬁ%lec‘BH‘P?aﬁ al¥n¥BOm oxi de
mab s e A e A 258 e COREUTRARE, KRV ERe LT 18
BYERERNCt ¥ PHERPECURL I8 L8 I tbEE LN L ey ond ng e
HASAE AU RN Ll At el 26 HASHEL chE® 111!
reliability of the IC. On the other hand, if solder
layers arefto be formed on the lead surfaces, the solder-
ing operation can be conducted to a satisfactory extent
without eiaborately subjecting the leads to the surface
treatment for the soldering'eperatien. _

The present invention shoula not be limited to
the embodiment thus far described. :For example; before
the chip is molded in a resin, ‘it mey Be undercoated
with a soft undercoat resin such as an RTV—lllresin. |
Then, it is possible to prevent the aluminum_wires from
being broken by the mold stress and the resin.and the |
alum inum wires from being separatea to allow the moist-
ure to reach the pellets. it is alse possible to iﬁprove
the humidity'resistance. | | :

-Furthermore, the present invention can be applied
to packages other than the resin mold type.sﬁch as a
ceramic type or Qlass type paekage so that the cost can
be reduced with a high reliability while eﬁjoying the
features of the respective paekages.

This application has been divided out of U.K. _
Patent Application No.82.21354 (Published under No.2105107A).
A150'divided.out of that applicatioﬁ is UK Patent Applic-

ation No.82.02057 (Published under No. #*I35/2/A ).



‘a.l um num 4. A sem conduct or devi ce accordai-ng—toe—ahy—one—of- cI aim 1.
"3, ‘wherein the sem conductor substrate and 2 nol ded
res’rh material . 5. A met hod of fabricatin Iﬂmﬁm mﬂ @ﬂ, deV| ce,
corrprlsmg. -29 - the step of formng a fi ayer on
AAirst insulating filmover a sem condyctor substrate; the step of for
‘ol_the first- conducting |ayer a second insulating fil mwhich has a cont act
hgie for 5 exRdIMP:a portion of the first conducting | ayer to the outside;
e,step of form ng _a second conducting |ayer in the contact hole and on

the second i ndul at i By SEMYFONGHE LOZC 68 1E6n FOMPTHG indfer bei ng made of

al um num 10 the step of so connecting a bonding mnre with the second

- conducting |ayer as & & IESFeCoRRCEIRGale YRS ot e SstEdFsdf fornming a
filmof an al um nym. axid the surface portion of the second conducting
“layer 15 ot hermlsr‘f;{ gd‘ﬁ‘i“h@é(eﬁofat |58ﬁ‘lt‘1p‘?éﬂdé‘(‘fft°"\mst"15? K28 it he bondi ng
Wi re is connected.

6 th t t he bondi
wire is made of al ufl r?l?r‘ﬁo 1515191' la%(icorgﬁrig‘ Lfor‘ﬁrm?% [Od 5‘5’% ?l?rl?andeonoPt |Sng_
surface S'gutk%%@w£¥fﬁg layer having a contact hole exposing a |

portion of the first conducting layer to the outside;

a second conducting iayek made of aluminum and
formed on the second insulating film and to cover that
portion of the first conducting layer which,is.exposed

10 through the contact hole to the outside;

a‘bonding wire so connected with the second
conducting layer as to cover the contact hole; anﬁ

a film made of an aluminum qxide anq formed on the
surface portion of the second conducting layer, other

15 than the surface portion thereof with which the bonding
wire is connected.

2. A éemiconductor device according to_Claim 1,
wherein the bonding wire is made of aluminum and has an
aluminum oxide formed on its surface.

20 3. A semiconductor device accérding to Claim 1 or
Claim 2, wherein the.first conducting layer is made of
aluminum.

4. A semiconductor device according to any one of
claims 1 to 3, wherein the semiconductor substrate and

25 bondihg wire are molded in resin material.

5. A method of fabricating a semicohductor device,

comprising:



20 mnth t he

step of forn1ng t he al um num oxi de f|In1on The second

-29-~

CQ o' ayer LU .

10

15

20

the step of forming a first;conductiﬁg laYer 6n a
first insulétihg film over a semiconduqtor substrate;

the step of forming on the first conducting layer
a seéond insulating £ilm which has a contact ﬁole for
exposing a portion of the first conducting layer to the
outside; | |

the step of forming a second conducting layer in
the contact hole and on;the second insulating film, the
second conducting 1ayer'being made of aluminum;

the step of so connécting‘a bonding Qire.with the
second conducting layer as to.cover the contact hole;
and | -

the step of forming a film of ah aluminum oxide
on the surface portion of the second conducﬁing layer
other than the surface portion théreof, with which the
bonding wire is connected.
6. A method according to Claim 5, wherein the
bonding wire is made of aluminum and a film of an
aluminum oxide is formed on its surface simultaneously

with the step of forming the aluminum oxide film on the

second conducting layer.




