2105107 Seni conduct or Device and Fabricati on Method thereof 5 The present

I nventdon rel ates to sem con- ductor devices and a fabrication nethod.

t her : and nore particularly to count er measures agai nst humdity
faul \6¥/10 Humidity faults caused by noisture are one of the major fault

nodes of sem conductor devices. Such a humdity fault is caused by the
corrgsi on of alum num (AL) in the sem condudtor device. As is 15 vveli Iﬁ]SVT ,7
in the art, alumnumis a very widely used material in sem conductog 1 i) 1%
devi ces because it is easily worked and inexpensive. Specifically, alum num
I's used in a sem cogpduct chip.f I Qpndl ds and bondi ng
wres for elec- 20 ¥ . R YA§ o posts. The

al um num t hus used | |l e to corrode mhen it contacts mnth noi sture

whi ch has penetrate%g$$$§£the package. This .corrosion is nore |liable

to occur especially if there are-ions such as NaJerr] or Cferr]. or - 2-
stains in the vicinity of the alumnumor if a voltage is biased upon an

al um num | ayer. :

5

The present lnventlon relates to semicon-
ductor devices and a fabrlcatlon method thereof,.and
more particularly to countermeasures against

humidity faults.

10
Humidity faulﬁs ceused'by'heistere are one of the
major fault modes of semiepnducﬁor devices. Such
a humidity fault is caused by the corrosion_of
aluminum (AZ) in the semiconductor device. As is

15 well known in the art, aluminum is a very widely
used -material in semiconductor devices because
itis easily worked and inexpensive. Specifically,
aluminum is used in a semiconducto:'chip for wiring
layers, bonding pads and bonding wires for elec-

20 trically connecting the bonding pads to lead posts.
The aluminumithus used is liable to corrode.yhen it
contacts with moisture which has peﬁetrated into the
package. This corrosion is more liable to occur

especially if there are ions such as Na® or ¢t” or



There have been proposed in the art a variety of nmethods for preventing

such humdity faults. In 5 one of the known nethods, noting that an

al ym num oxi de ([err]s) has an excellent corrosion resistance, the surfa.
of alumnhumis oxidized to forman alum numoxide filmso that it my o
t her’éby be‘ prevented from corroding. 10 ~In Japanese Patent Laid-Open .
Publ{cation No. 52 - 117551, for exanple, théf& is a disclosure that a
bonding wire and a bondi ng pad nmade of alum num have their: surfaces _
oxi di zed to formoxide filns. In Japanese Patent. Laid-Open Publication No.

53 -9470, 15 st@inshelmtthey Nionhitherf the falmiaudi scl df§uaevbhiagen
alumnumw ring layer in a chip has its surface oxidised to forman oxide
film No natter ifopiaeed | epentde 2bWRHBMBNLRESFst ance of the al uni num

oxide filmis, however, there exists 20 no_practi cal Eroduct.in which a
bondi ng ‘pad of al um nuMBERE PHEHRIRP RFPPRA cbinklei BRT WAt KaFhet¥or ner

have their surfaces oxidjsed to formoxide filnms. |n order to prevent
humidity faults9 “ﬁt}'ﬁ‘isc -0 BYEHRA-IT 61“5&(?‘3‘6‘%&% 'ﬁ’rblttsh'g P3ckage gas

LI % PRI g MBS AL o WEiminie, LTS
preventing the @%ﬁd@t0h2203) has an excellent corrosion resistance,
' the surface of aluminum is oxidized to form an

aluminum oxide film so that it may thereby be
preventéd from corroding. |

10 In Japanese Patent Laid-Open Puﬁlicaﬁioh.No; 52 -
117551, for examplé, there is a di#closure that a
bonding wire and a bonding pad 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 férm an oxide film. |

No matter how excellent the corrosion resistance

of the aluminum oxide film is, however, there exists

20 ' ' no practical product in thch a bonding pad of aluminum
and a bonding wire for éonnection with the former have
their surfaces 6xidised to form oxide films. In order
to prevent humidity faults in practice, reliance'i§
pladed upon making the package gas tight or

25 on improvements in the resin material. The



fault in the prior art as thus far described is because the method of "

\

the=prior art has failed 5 to fort the alum numoxide filmin a
sa actory manner. More specifically, the.prior art nethod has failed to
ently forman al um num oxide film having a uniformthickness and good *
‘0si on resistance. This cause has not3-been made clear and 10 raises a

" COETX
serious difficulty. Mreover, the construction of the prior art has a
_problemthat the wiring is frequently broken at the bonding pad portion sg;;
that it daddure! taalsen goodlunimetidxide £hllinms o5 beeasgefawben the 15

exposed surface of the bonding pad is : oxidized to forman al um num
oxi de fi lofy afllwmioomdwicdh regii@w it mtevemtiregl thee chymidithe surface
portion but reaches deep into - t he al um num | ayer thereby

det eri or §audg the thenPrdoromaieasedhushd aat Wesamad | ayer of the bonding
pad and the alum num l'ayer of the wiring. The construction_of the prior art
has anot H& prRAABHE hat the MEeS &f e Reire Fct kasifpibedd to a

sUffic%ent'gxtent' This .is because aluninun1¥n underlying a

final PasSi SREFoRNE AHPITER Giide £ilm i) L FLRIB5EHY stur e vhi ch
penetrat ge haEOUINoEeAG e i ¥R 1Y) e Ty PASS NS SY A4S M
féiled to effiéiently form an aluminum oxide £film
having a uniform thickneés and good.cﬁrrosion
- resistance. This.cause ha§ not been made clear énd‘
10 .raises a sérious, difficulty. |
Moreoﬁer, the construc;;on_df the priqr art.
has a problem that the wiring_is frequeﬁtly‘broken
‘at the bonding pad-porﬁion.éo that it does not
- make a good connection._.This'is because,.ﬁhen the
15 exposed surface of the bonding pad ié _ oxidized
to form an aluminum oxide film, the oxidized region
is not limited merely to the surface bortion but
_.reéches_ deep into the aluminum layér thereby
deterior&ing. the connection between the aluminum_
20 layer.qf the bqnding pad and the aluminum layer of
the'wiriné.
| The construction of'thé prior art has- another
problem that the corrosion fesiStance_is not improved
to a sufficient extent. This is because aluminum

wiring underlying a final passivation film is caused



Aécording to a first aspect of the'present invention, there is provided a
sem conduct or device 5 conprising: a sem conductor substrate having a Ry

plurality of bonding, pads disposed on an insulating filmand nade of an =
alum num material containing a netal additive having an ionization
tendency; 10 a plurality of |leads disposed in the vicinity of the
semicgnductor substrate; a plurality ef gbending wires made of an alum num )
materi al, each having one end connected with a correspondi ng bondi ng pad
and*t he other end connected with a corresponding 15 [ead, the al um num
materi al of the bonding wires cotaining the sane additive as the al um num

mat eri al of thedaoinrudedey mmis el whichxperetratesf thomodgbn t he.

surfaces of the bonding wires and fornmed on the surfaces of the bonding 20
pads whi ch ar e axasksed amedirih ythe fimapopasshvathenebilmhi ch are _
connected to the correiggnding bondi ng_ wire. Preferablz the nmetal additive

of each bondi ng pad is &FepbErd ned et | Birsiceeparhgof othespPEBAgNEspect of

the present 25 .invention, there s provided a nmethod of fabricating a

seni conduct or d@VieEiqmithareglis providedcassepiepndnepari AgVaseh a
seniconductgr L, _

: comprising:

a semiconductor substrate having a plurality of
bonding pads disposed on an insulating film and made of an
aluminum material containing a metal additive having an
ionization tendency:;

10 a pluiality of léads disposed in the vicinity of
the semiconductor substrate; |
a plurélity of bonding wires made of an aluminum
material, each having one end connected with a canxsﬁmtﬁng
bonding pad and the other end connected with a corresponding
15 . lead, the aluminum material of the bonding wires containing
the same additive as the aluminum material of the bonding
pad; and |
aluminum oxide filﬁs formed on the surfaces of the
bonding wires and formed on the surfaces of ‘the bondiné
20 pads which are exposed outwardly of the portions thereof
which are connected to the corresponding bonding wire.
Preferably the metal additive of each bonding pad
is a copper material. .
According to a second aspect of the present

25 invention, there is.provided a method of fabricating a

semiconductor device, comprising:



substrate |nclud|ng a plurality of bonding pads fornmed on an insul ating
ﬁr\ 5 and made of an alum nummaterial containing a netal

WAt | ve haV|ng an ionization tendency, and a plurality of |eads dlsposed
a‘g-rn1nate in the vicinity of the sem conductor substrate and to
correspond to the bonding pads; 10g - the step of connecting the
bondi ng pads and the corresponding | eads, respectively, by neans of wireg/
made of an al um num material containing the same additive as the al umi ntumgs
material of the bonding pads; and 15 . the step of formng filns of

al um num oxi de upothé heespréacgtephring berHi AJsemieond@uEtidie bondi ng pads
by oxidizing the surfaces with the plurality of |eads being electrically

connect ed subdtitd hindéPadisngrny be nmmi ntai ned -at an equal potential . - 6-
An enbodi ment of the present invention will be described in the follow ng
with reference to d hglecabippngf ngoddingnpads\iiermed om an Fig. 1is a

sectional view showi ng a portion of a finished product of a sem conduct or
device ac@msnhqﬁlmgtfmﬂmresent invention; Fig. 2 is a top plan view
'schenatécally shomnqg made of an alumlnum material contalnlng a |
metal additive hav1ng an ionization tendency, and-a-
pluralify of leads disposed to terminate in‘thé
vicinity of the.semiéonductor substrate and to
correspond to the bonding bads: .
10 the step of connecting the bonding pads and the
corresponding leéds, respectively; by means of wires
made of an aluminum material containing the same.
‘additive as the aluminum material of the bonding pads;
and | '
15 _.the step of forming films of aluminum oxide
upon.the surfaées of the bonding wires and the bonding
pads by oXidizing the surfaces with the plurality of

~ leads being electrically connected so that the leads

may be maintained at an equal potential.



)
a bondi ng pad of the sem conductor device of Fig. 1 10 in an enl arged .

scale; and Figs. 3Ato 3F, Fig. 4 and Fig. 5 are views showng a o

falrication process of the sem conductor device of Fig. 1. 15 Fig. 1 is ai
sectional view schematically showi ng an enbodi nent of the present

invention. This enbodinent provides a construction in which the present -
i nveRgion is applied to a resin nold type sem conductor device. 20 The @
whole of this seniconductor device is encap$dlated in a nolded resin 31,
except a portion of a'lead 4 which provides an external term nal thereof.

| ncidental Iy, the Iegﬁ{FggQQ&ﬁ&g% §eghéoBggﬁghgm&ggehggoﬁeg&ggnggctor

device is omtted from eérence nuner al lcates a

silicon serm - gescrAndiONHIURY RUDMAHP vid) ddbSranddtitind, there is

fornmed such.a sem conduct or ement as Wi Il be shown in Fig. 3A. Over the

substrate 1, IR i ifrl aiﬂa@l,{ggerame&élqured a first alumnum | ayer 6
which is 5 Iocated on a ﬁfrst |nterﬁayer insulating filmb5 nade of Si Q2.

That al umi num |l ayer 6 fornms both a part of a bonding pad 28 and a | ower

wiring layer for connectlng the bondi ng pad 28 and another‘gortlon (i.e.,
an aIun1nun5Iayer 81Figen k Hét %ISRAtifRal view showing a portion

of a finished product of a semiconductor device
-'according to the pfesenp.invention;
| Fig. 2 is a top §1an view schematically showing
a bonding pad of the semiébnductor device of Fig. 1
50'in an enlérged scale; and | .
Figs. 3A to 3F, Fig. 4'and Fig. 5 are views
showing a fébricationlprocess Qf.the semiconductor

device of Fig. 1.

15
Fig. 1 is a -sectional viéw schematically showing

an embodiment of the present invention. This embodiment
péovides_a construction in which thé present invention
is applied to a resin mold type semiconduc;or‘device.

20 The whole of this semiconductor device is encapsulated. in
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'éemiconductor dévice
is omitted from Fig. 1.

25 Reference numeral 1 indicates a silicon semi-



«layer 6, there is forned a second interlayer insulating film7 of
8rr],  on which second alum num | ayers 80 and 81 are forned. These
ynum | ayers are made of alumi num naterials which contain 1% of silicon |
and 1% of copper (Cu). 15 Those al um num | ayers*construct the
upper wiring layer 81 and the boading portion 80 which forns:a part of the
bondi.ng pad 28. Thanks to the stacked structure of the bonding pad 28
conposed of the aforenentioned al um hum|ayer 6 and the bondi ng 20 portiog;\
80, it is possible to prevent the break which m ght otherw se take place at
t he porti comiudtner wubstrpped dini shisheubateatexildi tdweiren icf al um num f or
form ng an alum numoxide film12. - -8- The additive silicon is added to
prevent tHformednsuch fa csemiconduryodi plemeng as waddt bey shown heat
treatment at a portion, in which it contacts with a sem conductor region
‘formi ng aigh&idw JAinctPeer the subpsrabe do PorsksPeeifdeaxllah. On the

ot her hand, the copper is added to preyent an alunm numwring from being

" broken by there| kst %?ﬂl%@a%i%hrﬁﬁeﬁiﬁﬂhammﬁxﬁa & ybighd i%1 i ndicate

al um num Qxide filns which are forped on.the top and.side surfaces of the
bond n 10652t e OR g Bor ShAL T LARENSAAALIGE SH0m $1 BAdE pect | vel y

(1€ on e St 2°Shat! Slufiful®1ayBr" 8" 8%hs"bbth' 1° part of

a bonding pad 28 and a lower wiring layer for

connecting the bonding pad 28 and another portion
(i.e., an aluminum layer 81). On that aluminum

10 layer 6, there is formed a second interlayer
insulating film 7 6f sio,, on which second aluminum
layers 80 and 81 are formed. These aluminum layers
are made of aluminuﬁ materials which contain 1% 6f
silicon (Si) and 1% of copper (Cu).

15. Thoée aluminum layers construct the upper
wiring 1a§er:81 and the bonding portion 80 which
forms:'a part of the bonding pad 28. Thanks to the.

- stacked structure of the bonding pad 28 composed of
the aforementioned aluminum layer 6 and the bonding

20 portion 80, it is possiblé to prevent the Eréak
which miéht otherwise take place at the éortion-of
the bonding pad during the'later oxidization of

aluminum for forming an aluminum oxide £ilm 12.



irﬁerlayer insulating film5). They are prepared by oxidizing the surfaces

of the bonding portion 80 and the alum numwring |ayer 81, 15

respectively. The alum numoxide films thus formed are made mainly of @
[err].” The alumi numoxide filnms 90 and 91 are di sposed bel ow a final
passivation filmdescribed below so that tlgy act as protecting filnms to '
prewept the alum numlayer 81 from corroding and 20 are effective to
prgvent. corrosion especially if a crack or the like forns in the

fin&l passivation fi'lm The whole surface of the chip except the bonding

pad 28 is covered w tthet kddiitiale @adsiooat iien ddded Xb reventhtld i s nade

of a phospho-silicate glass film(i.e., -9- a PSGfilm. The structure
thus far descrilbednus drembowdgedtaldya diffusdady Db yraactisngdfby ao] d-silicon
eutectic 3. That tab lead 2 forns a part of- the lead frane and 5 is nade of

a 42 alloy (oheghotpestmendnad) a @entHenot Hey whdieh ItheEPhagtTonnecting '
lead 4 formng a part of the |lead frame and made of 42 all oy (or phosphor
bronze) has i FdtBné SRALICONAMFERL Fegion FRATTHMS S ARy i T WFE$E9™m 11 for

the wirg 10 bopding Purppse andyits Ol end g Qadide f g 4fig, outside of

| the copper.ig added to prevent an aluminum wiring
from being broken by the.eléctromigration'phenomena,
Numérals_90 and 91 indicate aluminum_bxide.films which
are-forméd on the top and side surfaces of the bondihg

10 portion 80 and the aluminum wiring iéyer él,-respeétiﬁely
(i.e. on the surfaces which are not in contact with the
interlayer insulating film 5). |
They are prepared by oxidizing the surfaces of the
bonding portion 80 and the aluminum wiring layer 81,

15 respectively. The aluminum oxide films thus fogmed
are made mainly’of'A1203.' The aluminum oxide films
90 and 91.are disposed below a final passivation film
dgscribedl below so that they act as protecting films
to prevent the aluminum layer 8l from corroding and

20 are effeétive to prevent corrosion especially
if a crack orlthe like forms in the finai
passivation ‘film. | |

The wﬁole 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.,



Ref erence nuneral 10 indicates a bonding wire which is used to connect the
r-connecting |lead 4 and the bonding pad 28 and which has its one end 15
ded.t o the bonding pad 28 and its other end bonded to the alum num .

eposited film 11 overlying the outer connecting |l ead 4: That
g'wire is made of an alum numpmaterial which contains 1 % of silicon
and 1 % of copper. That is to say,‘ﬁCcording 20 to the present inventiogQ/
a material having an identical ionization tendency to that of the bondingi,
portion 80 ¢§GU§§9m¥9 make the bonding wire. The Inventor has investigated
the causes for the tailure to efficiently forma highly corrosion- 25
resistive alum neie oxtgec£ht& BAVENEaz dekskeiBeldhiigkaaeEs-bondd has
reveal ed that the causes conme fromthe cell reaction which take place -

| ocal |y it tdecath Clenad y2 oby stieng par i goldssiid ievndieigkordien I.he surface
of an alumnummaterial _is oxidized to forman alumnumoxide 5 film It
has al so Theen talvebdadl Asfarmesal paot bifs thevdegidgfiiame tamt one of the
~causes for establishing that .1ocal cell reaction conmes fromthe difference
bet weerd tike maderefila of2 tdbloy ufPrurheEpPhey bapazedonst ructing the bonding
pad and the material of the 10 alum humwre. Usually, silicon and copper
are added to théPhlthe RFRSF rRagdr afBe, olitere songectddy Aftdhmgnesi um

4 forming a part of the lead frame and made of 42

alloy (or phosphor bronze) has its one end formed
with an aluminum vapor-depositéd film 11 fgr the Qi;e
10 bonding purpose and its other end protruding to the
outside of the resin 31.
Reference numeral 10 indicates a bondinq wire
which is ﬁsed tq'connect the oﬁter connectihg iead
4 and the bonding pad 28 and which has its one ehd
15 bonded to the bonding pad 28 and its other énd bonded
to the aluminum vapor-depésited film 11 6verlying
the outer connecting lead 4. That bonding wire is
made of an aluminum méterial whiéh contains i % of
silicon énd i ¥ of copper. That is to say, according
20 to the presenﬁ.invention, a material having an identical
ionization tendency to that of the bonding pdortion 80
is used tb make the.bonding wire. |
The Inventdr has investigated the causes
for the failure to efficieﬁtly.form a highly corrosion—

- 25 résistive_aluminum oxide film having a uniform thickness



are added to the alumnumwire. In accordance with the differences in the
materials and quantities of 15various additives having different ionizatie
t endenci es and added to the al um num except the silicon, there is

est abl'i sheda difference in the ionization tendency between the alunin
w ring layer and the alumnumwre. 20 To the alumnumwring |8
foﬁkgxanple, there i s added the copper (Cu) for preventing the

el ectromigration thereof.. To the al um numl@~re, on the other hand, there

i s<added t he nmagnesi um (My) for nmaking the hardness (especially during the
25bondi ng St gpd Weeeldetialdd) tHHES RS cawded ! ¢bnig frorm Ochidiecexperi ments
conducted by the Inventor, the oxidization rate of the alum numwring

| ayer is subxeapitiain whiqbaltdke tflaticedflqualklalinm thenvidiniegs dfie
oxidization rate of the alumnumwre is far 5 hi gher than that of the
pure al um nusush th@ordicm aserd salaviiditred Wi fiHengurffacheohHoani on of the
wiring layer is formed. This is found to be caused partly by the fact that
a local cell alamdgum mageriglc dssoxistigedtadionmran aldninun \@xisddst ances -
havi.ng 10 different ionization tendencies, and partly by the fact that

the ionizat? &&lfenddicn@s FLsendesnykmeraatet ahe FRAYLEY & aPisexpressed

by Tnequal 15 M 5akion Phae et UFAle cddied A LbBESNAL®

that local cell reaction comes froﬁ the difference
bgtwéen the material of the aluminum wiringllayer
constructing the bonding p€d and the material of the
1da1uminum.ﬁire. | - |
Usually, silicon and copper are added to the
aluminum wiring layer, whe:eas silicon and magnesium
are added to the aiuminum wire. In accordance with
thé differences ih the materiéls aﬁd quantities of
15various additives having different ionization tendencies
and added to the aluminum-excepf the silicon, there
is established a difference in the ionization tendency
between the aluminum wiring layer and the aluﬁiﬁum
wire. | | .

200 To the.aluminum wiring layer, for example,
théré is added the copper (Cu) for préventing the
electromigration thereof. To the aluminum wire, |
on the other hand, there is added the magneéium.

(Mé) for making the hardhess (especially during the

25pbonding step) excellent. In this case, according



nnlsture and the al um num.is pronoted by the catalytlc 15 - action of the
magne m having a higher ionization tendency than the alum numso that a
st agl e um num oxide is formed.. Since the copper has a | ewer ionization .
t’e 0 than the aluminum on the contrary, the catalytic action described
ghove is not 20. est abl i shed s% that the oxidization rate of the .
al um-tdm becones substantially the sang LdS that of pure al um num Moreovey
‘this difference in the oxidization rates is further enlarged as a result - o
that the novement of el ectrons duri the oxidization is restricted by the
25 af ofbmeHil GRESTOERCL A ieta oy She ChaPengSrkEhE™: he ai um um

and the. alumpumwi re of nmaterials

5 al
bt o Laed R SIS DA L AR 10 ST DR IS O et 1 he
ocour rence, 6 Le 1:959 Geldr A AN I Sl ol B gh e sEaDe caused by

the difference befwee Ioni - encr es fhe alum num wi ri ng

| ayer - and chBe ol TMTH e fod 'Er?e'élxﬁﬁ’ﬂ?umt@frgrf?w pgrrates of the
‘oxide filnms to be. formed on the surfaces of the two can be nmade equal so

t hats a unhighert khakNesatc VT el pradd A NegindRr£OVERat shnce the
oxi di zati.ons proceed uniformy at an equal rate all over the surfaces,
al um num ekriidieti aiamiavum @xddee Xicin etiarg uehe tyoLelobeobbthRened.

Furthernore, since a uniformthickness can
wiring layer is formed. This is found to be caused

partly by the fact that a local cell.is equivalgntly :
constructed by moistﬁre and the two substances having

10 different ;on;zation tendenciés and partly by the
'factlthat the ionization tendencies of the aluminum
‘and the additives are expressed by inequalities |
Mg > AL > Cu. Specifically, the reation between the
moisture and the_aluminum is bromoted by the cataiytic

15 action of the magnesium having a higher ionizaﬁion
tendéhcy than the aluminum so that a stable aluminum
oxide is formed. Sihce_the copper has a lower ionization
tendency than the alu@inum, on the'contrary, the
catalytic action described in the above is not

20 established so that the oxidization rate of the aluminum
becomes substantially the same as that of pure aluminum.
Moreover, this difference in the oxidization rates B
is further ehlarged as a result that the movement of
electrons during the oxidization is restricted by the

25 aforementioned local cell reaction.



bé attained, in contrast to the prior art, the dis- 15 advantage that :one

of the oxide films has a larger thick- ness than that required so as to -

retain a necessary thickness is elimnated so that the formation of the /. °
oxide filns cantbe efficiently effected. The resultant effects;thus farégg
described are 20 not limted to the case where the additive to the

al ym num -13- region is copper. Mrewspecifically, if a sub- stance

havThg :an i oni zation tendency. is used as an additive in either the bonding

pad<-of -al umi num-or the bonding wire, the aforenmentioned effects according
to 5 the"present invention can be enjoyed, if the . sane substance is added

13

to the other, no matter what the additive is. In this instance, it is
desired that the quantiBy makdddi then alaminuwm witringsl aypxl fasmpngsthee. .
10 - I ncidentally, the hardness of the alum numwre, which may be

i nportant in theondbngnpadt apd the pdumiaums witreh|af fmateniabsnbavigneur pose
by adding the silicon and copper thereto. Al um numoxjde filns 12 and 13
are so forned 13Rakdenticadr ippdzagiracéendendib HohdishPPesiPba BO BREVERE
bonding wire 10 of the structure thus _w re- bqonded. Those two al um num

oxide films are*RBrRAETUEFBLPAPEi Ffet RO 1edes THAF O Wit AR eEF ons

5 otherwise be caused by the difference between 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 quaiity can
be oﬁtained. Furthermore, since a uniform thickness can
be attained, in contrast to the prior art, the dig-

15 advantage that one of the oxide films has a larger.thick-
ness than that required so as to retain a necessafy |
thickness is eliminated so tha;'the formaﬁion of fﬁe
oxide films can be efficiently effecteé. |

The resultant efféctswthus far.described'are

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



cover and are nmade mainly of [err]. The two 20 al um num oxide fil ns
B0 formed as to nerge into an integral film By formng the al um num
sge/ filns in the manner thus far described, the bonding.wire 10 and the -
ng portion 80 can be prevented fromcorroding thereby to-have their

.".hunidfty 25 resistances renar kabl=3+nmproved. On the ot her hand, - -14-

reference nunerals 12, 13 and 14 indicate alum numoxide filnms which nerqe
into an integral layer and which are forned by sinultaneously oxidizing the.
bondi ng portion 80, the bonding wire 10 and the 5 al um num vapor-deposite
film11XegéSFedsS FORPeYn MRFSH SR EEFDOHT meift 2 S¥Rre are forned both the
al um num oxi de fil.nms 90 and:-91, which cover the u r alumnumwring | ayer

underLyFﬁGnFﬁehPWHﬂg'&&ﬂﬁQﬁﬁqqﬁ+QQI?ﬁn ¥ e af AT ndh BRide 10 films 12
o 13 SRRSO Sl ST AL IE bR Dopdgg pad (a0 he
99,712 BonbTHEE s, | i Al OE R4 L0845 0 pOr i on
o eLesL B! RERRAY SR Mk Tl VBT LT,
substance is added to the other, no matter what the
additive is. 'In this instance, it is desired that =
the guantity of addition_bg at a ratio as equal as.
_possible..
10 Incidentally, the hardness of the aluminum -
wire, 'which may be'importanﬁ in the bonding stép, can be
made suitable ﬁor the_bonding purpose by-adding the
silicon and copper thergto; '
| 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 filmé are formed
b;'OXidizing the surf&ces of the aluminum regions
they cover and are made mainly of AL,0,. The two
20 aluminum oxide films are so formed as to merge into
an integral film. By forming the aluminum oxide
filmé in the manner thus far described, the bonding
.wire 10 and the bonding portion 80 can be prevented
from corroding thereby to have their humidity

25 resistances remarkably improved. On the other hand,



or through the cl earance between the resin 31 and 20 the lead 4, and the - .-
lons of inpurities contained. By the alum numoxide filns 12, 13 and 1A B
noy eover, the bonding portion 80, the alumnumwre 10 and the alumn :
vapor -deposited film 11 covered thereby can be prevented from corrodi ny:
Stigl I noreover, si'nce 25 those al um num oxigg_filns nerge, the corrosion

W | k_not proceed fromthe boundaries between the afore- nentioned three
regiens. On the other hand, even if a crack is formed in the final
pasSivation film 27 by nol d stress, which is caused by the bridging
reactions of tHRefesgher onmgyadise 12hr ilikiang ditd dsliade @umdnifi f er ence i n
the coefficients of thermal expansion of the respective regions, or other
vari ous mechanP¥afesfidmseyhich megger odinge G dfRCagddr 1AYRH MR wiri ng
l-ayer 81 is prevented by the -alumnym 10 oxide film91. ., Furthernore, since
t he aIuninun1oYPHELfFFﬁsf?§m§ dggosﬁ@P&EaPﬁﬂﬁﬁéﬁﬂ?ﬁﬁﬁﬁéﬁn% €orrosion can

b . d f din : Gl. h d ti
be prevent et {poppacesdyaat Jhouahe hecled ce Ul ueep e end port on
2 i h ti o) Vi ' ivdi [ d 28 of Fi
2 15,2 scherglLshon.ll GRpYLeHeRRaNLAN WhL:1Y sodondian pad 20 of Flo,

renmoved f. or conveniQﬂpehhécbfggghgr@hﬁg@@%égépgtﬂéyging1region 80 or 10.

formed both the aluminum oxide films 90 and 91, which

cover the uppér aluminum wiring layer underlying
the final passivation film, and the aluminum oxide
' 40 films 12 and 13 (and 14) which cover the aluminum
wire and the bonding pad (and the aluminum vapor-
deposited £ilm). Moreover, the aluminum oxide fiims
12 and 90 are so formed as to merge into an integral
film at the bonding portion 80.
15 With the present embodiment, theréfore,.
the aluminum can be prevented.from corroding by the
éoéctions beéween the moisture, which penetrates from
the outside of the IC either into the resin 31 itself
or through the clearance between the resih 31 and
20 the lead 4, and the'iOns of impuritiés contained.
By the aluminum oxide films 12, 13 and 14, moreover,
the bonding portion 80, the aluminum wire 10 and the
aluminum vapor-deposited £ilm 11 covered thereby
-can be prevented from corroding. still moreover,'sinCe

25 those aluminum oxide films merge, the corrosion



The first aluminumlayer 6,formng part of the stacked structure
M) he bondi ng pad 28, as indicated by single-dotted |lines, and the bondi ng
/tion 80, which is the second al um num | ayer, as |nd|cated by

doubl e-dotted lines, contact directly 25 with each other through a contact
hole 32 which is - -16- opened, as iny§cated by broken lines, in the

inter- layer insulating film (although not shown) formed.inbetween.  That:

to say, in the contact hole 32, the bonding pad 28 is constructed of a -éf__

stacked w3 19 1 Lﬁfoéébd"“ff&ntf?&?eflbéﬁﬁdéf‘ﬂe§eﬁ@&deéh“%h@“&fb%léerS 6 and 8
are in direct contact. The wire bonding step is so effected as to cover the

porti on pin ditied Atk Bdfiisl €, 0h - he bEReEO0RLAGT BOLR 82 Specifically,
the wire bonding step is etffected such 10 that the boriding region in which
the al un RiracK ris lfbmied tire {100 Of 112 PO 4§ v EOi6ANERTH gonpl etely covers’
t he contact hole 32, as indicated by the broken lines 33 in the Figure.
Thus, ibyls possilid esttnessa,rrmrertcai Vipraemesed 1oy stied brbdgakgat t he bondi ng
"pad as m ght otherw se be causedwhen the alum numoxide film 12 is forned
by oxﬁdﬂ-'ﬁlam}lm wdhdihey grgidroeBRy the shyinrimgostdessilm 12 is formed.

on _ %IOHS ot her_than the portion covered with the PSG film
_ o the difference in the coeff1c1ents of thermal

.exPanslon of the respect;ve reglons, or o;her various
mechanical stresses, corrosion of the upper
‘aluminum wiring layer 81 ié preventéd by the aluminum
10-oxide filﬁ-?l. Fﬁrfhe;more, since the aluminum oxide
filmsllz and 90 mergé into each gher, |
the COrrosion can_be prevented'from proceeding through
the clearance between the end portion of the final
passivatidn 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. In the same
Figure, the aluﬁinum oxide film 12 or 13 is shown partially
removgd for convenience, to show the underlying aluminum

region 80 or 10.
20 The first aluminum layer 6,forminq.part of the
stacked structure of the bonding pad 28, as
indicated by single-dotted lines, and the bonding
" portion 80, which is Ehe second aluminum layer, as
indicated by double-dotted lines, contact directly . .

25 with each other through a contact hole 32 which is



20;27 and the bonding region 33 (which is covered with the alumnumwre 6

10), and not on the portion over- lying the contact hole 32. As a result, (&
even if the bonding portion 80 is wholly oxidized fromthe surface to the L
bottomthereby to allow the alum numoxide 25 film12 to-allow the '
underlying interlayer insulating -17- film7, the electric connection is

mei Nt ai ned at an excellent |evel by the stackeg-structure at the contact
hol&-32. The bondi ng portion in the bonding region 33, which is covered
with the alumnumwire 10, is 5 not.oxidized because it is not exposed to
the noi sture i spanedxi dsziindizaredpbyr Brokésn diresl tin tdhe domreact i on
bet ween the bondi ng portion 80 and the underlying alum numlayer 6 through
t he contact holey82 tasubetimgntfdilmedadtthamgixoeitl exitowrdy dfarnedi
Figs. 3Ato 3F, Fig. 4 and Fig. 5 show a fabrication process of a
senmi conduct or inbetweeh.t hEhptedsntoi s@aant iion.theén adndaet yywalssi33 con
sem conductor substrate 1, there is formed by the well-known process a
sem - 15 conduth®rbendipdt Padi é8 s spestructEdyoBA2 f Gtaskathle. This
sem conductor. el enent is,an NPN type hipolar transistor which has its -
Col | ector rogi SREEGREFFULRCHROPRakAR FiFSS B 68 SoRyhr LERIAHE N - type
epi taxi al Iayeia%grslgsaggsgorgggogncgg%gegp%%%egét. The wire
bonding step is so effected as to cover the portidn
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 hole 32, as inaicatéd by the
broken lines 33 in the Figure.
Thus, it is possible to completely 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 éortion 80. The
aluminum oxide film 12 is formed on regions
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 80 is wholly oxidized ftpm’the surface

to the bottom thereby to allow the aluminum oxide

25'film 12 to allow the:underlyihg interlayer insulating



K29 a P-type region 19 and its enmitter region constructed of an N -type
ion 20. In order to isolate that bipolar transistor from another
g¢m conductor elenent, there are forned both a field oxide film 18, which
"~ is made of Si®2, and a P -type channel stopper 16 25 which underlies the *
« film 18. The P -type channel - -18- stopper 16 and N -type buried | ayer
- 15 are formed by ion inplantation or Thé‘llke before the formation of the
epitaxial |ayer 17. Ch the other hand, the field oxide film18 is forne

Xﬂ
- by local Iy gxidi Jﬁ? h £S conduct or
el enent tf us fﬂrzt[ es- g._p %ghi a:. eég{lj ét ?at gmhas its whol e
surface %Q%%ﬁQ@nEYIe%Eﬂ 3 éﬂé]séééﬁaé5§%&&é€hfér§£ LREeEbAY¥8Eei nsul ating

film by em-cal 10 Vapor Deposition). Then, contact

hol es 23no3d ezlzd 23rh@r @adwaem;d gt 6P OEe tonkdEng OLgLbRr , base and
emtter regions, respectively. Next, as shown in Fig. 3B, a first wiring

| ayer i s3Borwadch IhecSw@%dHIwﬁﬂhIﬁﬁblarnminumewdwéabe 1bscovered by a
first alumnum | ayer having a thickness of 2 [err] by vacuum
evapor §t hok. oxiBigedebechuste dltunisnnt Bxposed pad t Eimatoi sthage a deS|red
shape thereby to formthe alum numlayer 6 which forns a part of the

bondi ng pBdaRgosidimdns: agResphensot uhs a result, the connection

between the bondlng por;;on 80 and the underlylng
aluminum layer GIthrough the éontact holef32 can be
maintained at an éxcellent-level, | |
1  Figs. 3A to 3F, Fig. 4-and Fig. S show a
fabrication process of a .semiconductor device of
the present invention..
On the P-type siiicon semiconductor substfate
1, there is formed by thé well-known process a semi-
15 conductor eiement which is shown in Fig. 34, for
example. This sémigonductor element is an NPN type
bipolar transistér which has its collector region
constructed of an N+-type'buried layer 15 and N -type
epitéxial layer 17, its base region constrgcted of
20 a P-type.region 19 and its emitter region constructed
6f an N+—typé region 20. 1In order to isolate that |
bipqlar transistor from another semiconductor element,
thefe are formed both a field oxide film_ls) which
is madé of Si0,, and a pt-type channel stopper 16

25 which underlies the film 18. The P+-type channel



another region in the chip. Sinul- taneously with this, noreover, there are
formed alum numwiring |ayers 24, 25 and 26 for connecting the res- pective
sem conductor regions. 25 As shown in Fig. 3C, a second wiring |ayer
and 1 -19- the.bonding portion 80 of the bonding pad 28 are fornmed. The
Siferr] film7 is forned as the second interlayer insulating filmall over
the Surface by the CVD. .Then, the contact,gole for connecting the wring

20" and whi ch provides a connecting.-w ring between the bonding pad 28 and (ijj

| ayers and 5 the contact hole 32 for constructing the bonding pad 28
into the stack§{5g§g§tiy 1A @ WL EyRR e LA 180 etknat. alBeeWbpke surface is
covered by vacuu evaporal?on mﬁ?%athe a ﬁninugslayerahaving a thickness of

4 [err] and cop ai bR GidplavtagidhCop eRd 1iReObeffre tRBPEBEmatibhs iS
then patterned into a desired shape to formthe bondi ng portion 80 of the

bondi ng pad 2&Hfthidapi takesl slapet UL, SORUth@neehskyhahdh thes, the
second wiring layer 81 is.forned. Next, as shown in Fig. 3D, a first

al umi num 15 = fiedidiedtdeontfiln chhidist formedf by niobal iy uokndiedngde fil ms 90
and 91. By leaving the wafer as a whole in‘the atnosphere at a tenperature
of 120 [errPC ¥Rl apidaxial adrireprbdsure of 2 atnms for ten minutes, the

exposed .y _ '
After the semiconductor element thus far des-

cribed has been fbrmed; the substrate has its whole
~surface covered by the SiO, film 5 as the first |
interlayer inéulating film by CvD (i.e., Chemical
10 Vapo: Deposition). Then, éonﬁécﬁ holeé 23, 22'and'
21 are opened_td correspond.to the coilector,-base
and emitter regions, respectively.
| Next, as shown in Fig. 3B, a first.wiring layer
is formed. .The.sio2 £ilm 5 has its whole surface
15 o©vered by. a first aluminum layer having a thickness
of 2 pm by vacuum evaporation. Moreover, that
aluminum layer is patterned to have a desired'shape |
thereby to form the aluminum layer 6 thch forms a
part of the bonding pad 28 of the stﬁcked Strﬁcture
20 and which providés a connecﬁing wifing between the
bonding pad 28 and Ahother region in the.chip. Simul-~
taneously with-this,'méréover, there are formed aluminum
&iring layers 24, 25 and 26 for dcnnectiﬁg the res- |
pective semiconductor regions.

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



§%§§faces of the patterned alum numwring |layer 81 20 and t he bondi ng
ftion 80 are oxidized. By these oxidi- zations, the alum num oxide filns
90 and 91 are fornmed. These al uninumoxide filnms are nade,mainly of [err].
The- al um num oxi de filns are di sposed below a final passivation filmto be
formed | ater and act as protecting 25 films to prevent the al um num
| ayers 80 and 81 from -20- corrodingl80 that they are effective in thQJ
corrosion prevention especially in case a crack is fornmed in the final i

passi vati%f%ﬁm _??cf@?ioﬁh@wnoifntﬁiegbo%%iﬂghepa%scie‘ia{fE Foimedo formed

as the final passiv on mall over the surface of the wafer by .CVD to

a thi cknepge 051 800 I &r 7] isMepeauar ashetla taecdautinuupigte fil m 90 and
the PSG film 27 #n the bonding portion 80 are renoved by a dry etching

process sugdubsrifg PLamMaliloverctoli BuirFaeeewy e @bt o ®igiwse the
al um num surface of the bonding portion 80 to the outside. The wafer thus

covered wthd ¢dretdctahopasforatbanetitiimg £heti ed g Hatydrs iandli vi ded into
"separate pellets, which are then di e-bonded to the tab l'ead 15 on-t he

1 ead franehe Beemtade kolle g2 £he abositrwabiinge the dandigveiarrd o -t he bonding
pad on the pellet and the outer connecting lead of the |ead frane, .
respect i v&$ yintipathe| ghaakad construction are opened. After

that; the whole surface is covered by vacuum
evaporation wiﬁhlﬁhe aluminum layer havingla_thickness
of 4 Fm and containing 1 % of éilicon aﬁd 1 % of
10 copper; This“is theﬁ patterned into a desired shape
to férm the bohding'portion 80 of the boﬁdihg pad 28
of the stacked'structurg. Simultaneously with this,
the second wiring layerlél islforﬁed.
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 in.
the aﬁmosphefe a£ a temperature of 120 ©c.and under
a vapor pressure.of.z atms for ten.minuteé,-the e#posed
surfaces of the patternéd aluminum Wiring-layer 81
20 and the bonding portion 80 are oxidized; By these oxidi-
zatioﬁs, thé aluminum oxide films 90 and 91 are forﬁea.
These aluminum oxide films are made mainly of A2203.
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
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wire is made of an alum num material having a dianeter 20 of 30 [err] AN
and containing 1 %of silicon and | % of copper. The material used for t 2 )
alum numw re has the sane ionization tendency as that of the bonding
portion 80, as :has been described herei nbefore. Thus, the |ocal cel
‘reaction, which is caused 25 by the difference in the ionization

t endency during -21- a later-descri bed&¥tond al um num oxi di zati on, can

be\gfevented to forman al um num oxide film having. an excellent quality and

I e D e o e

conducted at the por p has e stac

structure, as SPOWEL| i : | , ;ab t Qe ac I 2.; JMOT eover,
t he bondi ng st%p 'S gggﬁrgﬁpégl%%§%0ﬁ§u§¥§ Eugﬁg?kaggtﬁgrﬁgﬁdég surface of

t he bondi ng W ¢ge COVEAS &Qgsiaagyéﬁagglhmcluding t he -contact hol e 32.
I ncidentally, the wre-bonded state will be-clearly understood in view of

Figs. 1, 3F and 4. Neméxtasashehowhnihi gig3F3Eq theopdcalfinlimn@m dsi @iozati on
is conducted to formthe al um num oxide 15 layers 12, 13 and 14. First of
al |, 't hesrenarkeirhgd t &$ nthe ufiinain passévakhion, fifiimchlar eveat thal |y fornmed
on the exposed surface of the bonding portion 80, the surface of the

al um num wi r e SWrEgee 1o thenvafer by .CVD to a thickness.

of 8000 . Moreover, both the aluminum oxide f£ilm 90
and the PSG. film 27 on the bonding portion 80 are
removed by a dryletching process such as the plasme_

10 etching process therebyito expose the aluminum su}face_
of the bonding portion 80 to the.outside.

The.wafer ﬁhus eovered with the final passivaﬁion
£ilm 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
te the bonding pad on the pellet and the outer connecting
lead of the lead frame, respectively. That a;uminum
wire is made of an aluminum material having a diameter .

20 of 30 pm and containing 1 % of silicon and 1 % of
copper. The material used for that aluminum wire
Ihas the same ionization tendencY as that of the bonding
portion 80, as has been.deseribed hereinbefore.
' Thus, the locel_ce;l reaction, whieh is caused

25 by the difference in the ionization tendency during



7apOy - deposited film 11 (which should be referred to 20 Fig. 1) on the | ead

G’%Ei de of the Figure, are renoved as a pretreatnent of the al um num-

Kxtdi.zation. For this treatment, those surfaces are dipped in oxalic acid,

f or—~€xanpl e, so that they may be etched. This pretreatnent is effective

~for making dense the alum num 25 oxide film.which will be forned later,

and for formng -22- a filmhaving azgnifornlthickness. Next, the secon
I

! .

al um num oxi di zation is carried out by aving the lead frame, to which i
pellets are bonded, as a whole in the atnosphere at a tenperature of i
~120[ err] 40 SMAROL 5, Ar & it The, expoasede sur face of

t he bond%%%ggggtggﬁcgé¥§?hgeghr a??#?ﬁﬁﬁﬁ;éﬁaﬁﬁﬁﬁﬁééa?e 10%§%d t he

al um nunp¥apehtdanresi E8emf bhMalhmihd @ dicrd MUl ide Gy tdle Figure are
oxidized'to formthe alum numoxide films 12, 13 and 14 respectively.

These al gptaumenki §ealdtyl bhds adipiFede hidkAeds At 203. The. al um num oxi de
films 12, 13 and 14 act as protecting filnms to prevent the bonding portion
80, the @Thanwhum bondihg amept Rtrual uni num vapor - deposited film 11l on the
I'ead outside of the Figure fromcorroding, respectively. Mreover, the

al um nBnfas descdibed ks ¢endugtadd at4 thee pogrhiet t dowvhgiech nt o not only
each other but also into the alum num oxide filmunderlying the final

passi vat Faf Penrdingi BAdh48 BRScibp BEasked sdFustune fas AWM num

oxidization_so that,K - ' -
in Fig. 2, i.e., above the contact hole 32. Moreover,

the bonding step is desired to be conducted such that

thé'bbnded surféce of.thé bonding wire covers the
'10.su:face iﬂéludinq the'Coﬁtact'hole 32. Incidentally,'

the wire-bonded-staté.will be clearly understood in

view of Figs. 1, 3F and 4. :
Next; as shown in Figq. 3F, a second aluminum

oxidization is conducted to form the alﬁminum.oxide.

15 layérs 12,'13 and 14. First of all, the rémarkably
thin aluminum oxide films, which are #aturally.formed ]
on the exposed sﬁrface 6f'the bonding portion 80,
fhg-surface of the aluminum wire 10 and the aluminum

' vapof-deposited film.ll (which should be:rgferred to

20 Fig. 1) ;n the'leaa"outside'of the Figure, ére removed
as a pretreatment of the aluminum oxidization. For
this treatment, those surfaceé ére dipped in oxalic
acid, for examéle, so that_they'méy be etched. Thié_
pretreatment is effeéti#e for making déhse'ﬁhe aiuminum

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



a high corrosion prevention effect may be achieved, as 20 witl be describe
hereinafter. Preferably all the |eads are short-circuited by nmeans of a
short-circuiting portion 34, as shown in Fig. 4, when that second alumn
oxi di zation is carried out. 25 -23- The Inventor has investigated the
causes for the failure to efficiently forman al um num oxi de film having an
excq%Lent corrosion-resistance and a uni Logm thi ckness and has found that
the Fauses are 5 invited by the cell reaction which is established |ocally
in #he vicinity of the portion oxidized when the alum nummaterial has its
surface oxidized to formthe alum.numoxide film According to the results

f the i ' ' he | Qr, ' . h I b f d
Chat one of  he Sabil8 POVLHaR ROCSPIELp oAt Rt e <ERS ORPERRAI act
that th tenti th I dj ‘ | ead
i’ fer ont byt e ORRAERCPRERRERFARB.dL, Lot M g oy SRSy g fRE 1 a
sem conductor SUpsLg! €8 dnlan kel 18eROUAC L IHAR | AL ifASIEneRSeRL he

port i ons connect]| ng e Sem condtc regli ons an e alumnumwr

|ayers. The al geptahGoRUPE 8t aNeeRBetiidle Uf MHIEAend" udder P bUBBE ONS

and the contact potentia ..
5 pressure of 2 atms. The exposed surface of the bonding

‘portion 80, the surface of the aluminum wire 10 and the
aiuminum Qapor—deposited f£ilm 11 of the lead outside
df the Figure are oxidized to fbrm the aluminum oxide
_filmé 12, 13 and 14 respectively. ‘These aluminum oxide
10 films are made maiﬂly of AL203. The aluminum oxide films
12, 13 and 14 act asiprOtecting films to prevent the
bonding portio; 80, the.aiuminum wire 10 and the aluminum
vapor—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 inta not
only éach other but also into the aluminum oxide film
underlying the final passivatioh film'which'has:already
been formed by the first aluminum oxidization so that
a high corrosion prevention effect may be'achieved, as
20 will be described hereinafter.

Preferably éll the leads aré.short-circuited
b&Imeans of a short-circuiting portion 34, as shown in
.Fig. 4,lwhen that:second aluminum oxidization is carried
out. |

25



nces at the portions connecting the respective 20 seni conduct or
and the alum numw ring |ayers do appear as the relative potenti al
nces of the respective bonding pads. Since the bonding conditions
are common for all the leads, the potential differences of the bonding pads ?
¢ beconme, as they are, 25 the relative potential differences between the
respective -24- leads. If the chip aB3that state is left in a wt =~ =
at nosphere, the potential difference between the | eads and the noisture ﬁqﬁ;

. the at nosphere actThgsgggégiggndhg%é?Bgséggﬁgggdxﬂﬁgnééﬂségfference

between the two 5 s ances of a a solvent, respectively,
thereby ¢or CORs!tugiuPl egUbYRheREnkaGAlEobA bl b1 dilin i YR

there is connected wth a first bonding pad at a certain potential a second
bondi ng path Ryt DEg 2aki 8Re&1PeheNtbekokhan~khe ikeaiRe Hadd enti al .
according to the experinents conducted by the Inventor, the form ng rate of.
the al unimdfexi tieiékhessnahichasofenndt ichaed thier efausad iaxehi gher than that
of the alum numoxide filmon the second pad so that a thick alum num oxide
filmis frnvitesid. Bhi shd5cedlcresetibn whéchads ebaebilisheldectrons gener at ed
in the course of that oxidizing reaction are attracted to the relatively

hi gher poeeatlylinithe (vieinityneofetbadppationdexidikredomingn wor ds, the

el ectrons . - . .
) the aluminum materlal-has its surface_oxldlzed.to form

the aluminum oxide film. According to the results
of the investigatiohs of the Inveﬁtor, mo;ebve;, it
10 has also been found that one of thé causes for that
1oca%_cell reaction results'f?om.the fact that the
pdﬁential at the respective boﬁding_pads ;nd léads-
~ are made different bj the potential differences at
the PN junctions in the semiconductor substrate and
15 by the contact potential differences at the portions
connecting the semiéonductor regions and the aluminum
wiring layers. The algebraic sums of the potential
differences at the PN jundtions and the contact.poteﬁtial
.\' differences at the_porfions connecting the:respective
20 semicéndﬁctor_regions.and the aluminum wiring layers
dolappear as the relative potential diffefences of
the respective bonding pads. Since the bonding
conditions are common for all the leads, the potential
differences of-the bondiné pads become, as they are,

25 the relative potential differences between the respective.



generated at the first pad are attracted to the side 20 of the second pad.

As a result, the first pad proceeds in its alum numionization, because i?k
el ections are hel d outside of the system of the oxidizing reaction, so .
it becones liable to be oxidized. On the contrary, the second pad is i
suppressed from 25 having its alum numionization by the excessive

el egtrons -25- so that is becones reluctant to be oxidized. Al the

| eads 4 may be electrically short- circuit by neans of the

sort-circuiting portion 34. By having all the |leads short-circuited, it is
possi bl-e 5 to g¢@@%nt THchhecehiprabcthah, statenissleftisén Byvwelte potentlal

di fference between those |eads, and to_make the growing rates of all the

alun1nun1OX|deat@ﬁ%P%e%ﬂuaPh%op?ﬁﬁﬁtbﬁi|ﬂhfﬁﬁ#?ﬁﬁeabﬁﬁW?BPnFFﬁléﬁﬁé§s can
be forned. Mbreo since the oxidizing reaction proceeds at a 1Q uniform

rate all over ¥ ?ﬂﬁf@ﬁ%ﬁt?ﬁelsnpﬁg%lﬁ BOEBNEER 2GR ERCEPFEREPBRAde film
ne i a7t er erk ﬁ%%n"%#is%ﬁ HOETR Fh AT RSN cEecTRER BNB: REP T egi on
o o 9T RS 4 A, RS Betctliale s
efficiently efdtiast d8*donddud0de Siatvatést ! SolR) 8detarihe resin
| - For example, .if thers is connected with
a first bonding pad at a certain potential a second
bonding pad having a higher potential than the former
10.potentia;; according to the ekpé;iments conducted by
the Inventor, the forming rat§ sf the aluminum oxide
film on the aforementioned first pad is_higher than
that of the aluminum.oxids £ilm 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 cou:sé 6f_that oxidizing reaction are attracted
to_the_relativély'higher potential side (i.e.,_the
ssCOnd pad side). 1In other words, the electrons
generaseg at the first pad are attra;ted to the side
20 of the seconé pad. As a result, tﬁe first pad proceeds
in its sidminum.ionization, because the electrons
are held outside of the system_of the oxidizing |
‘reaction, so that it becomes liable to be oxidized.
On £he contrsry, the second pad is suppressed from

25 having its aluminum ionization by the excessive electrons



and the short-circuiting portion 34 is subsequently 20 cut off to form

8\l eads 4 into a desired shape. Next, as shown in Fig. 5, the

n: nol ded -26- sem conductor .device is dipped in a solution of

XU uric acid (H2SO err]), for exanple, to renove the oxide fi'lmfromthe
surfaces of ‘the | eads 4. ‘More specifically, the undesired oxide fil'-m which

is formed on the surfaces 5 of the leads of 42 alloy (or bronze coppegL)
because the | eads have been held in_azgoiLsture atnosphere for the alun1nuqka
oxi di zation, is exclusively and IocaIIy renmoved by meki ng use the

di fference betmeen the properties of the alum num oxide.filmand the
undesired 10 oxide film For this purpose, the solution of sulfuric
acid i s usS@ thatas®e becemes selustantdiP the exidiggf-oxide filmbut is
operative to etch on the oxide filmon the leads 4, _This oxide filmis
renoved by dierm;Q%g thegleads, 4 may Le Rlestaicallys ghoghsut five

t E f t. th t | ut f | d trat
Thio the rEeruitad g rnRae. a5 Hhee FsY ﬂﬁv#%a&é&ﬁpﬁ@%‘iﬂ”?erznﬁs
t he bondi d’ d b t-h I th th
not. i nf1 ueREepavin AFLoERS s ghas" SHB R LTI S, | TX7ha" Brisat i b hoe
been fo%rere”g\? 3: he sgr §8§€I gﬂiah @Sq&smg'urlﬂgcﬁhe aI sg%n‘b%mt%lezat [ pn

can be

. potential difference between those leads, and to make
the grcwing.féteé.of all the aiuminhm oxide'layefs equal .
so that a fiim'having a unifbrm thickness can be formed.
Moreover, since_the oxidizing reaction proceeds at a
10 uniform rate all over the surface, it is possible to
form an excellent oxide film having a uniform thickness.
lSince the film thickness can be ﬁade uniform, as is
different from the prior art, the disadvantage that another
region has a Iafger £ilm thickness than that reqqired
15 so as to attain a necessary thickneés is obviated so
“that the aluminum oxidization can be efficiently o
effected. | '. | "
Next, the ﬁhole structuré is molded in the resin
31, énd the short-circuiting portion 34 is subsequently
20 cut off to form the leads 4 into a desired shape.

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



alum numoxide film As a result, 25 at |east that oxide filmon the
surfaces of the |eads, -27- mhich i s exposed to the outside, can be
coopl etely re- noved to expose the clean surfaces of the leads to the
outside. As a result, the electric connectiggs can be maintai ned at such an
excel | ent | evel as to enhance the 5 reliability of the IC On the other
héﬁb’ if solder layers are to be formed on the lead surfaces, the sol der-

i ng operation g ﬂ&&eeéﬁft&gv Oe ﬁ%i@é@&t 9¥1yaeébﬁﬂhéﬁ’ht Beukuelaparat el y

subjecting the leads to the surtface treathent tor the sol dering operation.
10 -  Thecpa esn$oi Ny epds caxsheut (86t r@ﬁobé%h@dokgdéhﬁlﬁﬁbegbﬂem

t hus far descri bed. &or4exanple before the chip is nolded in a resin, it
may be under cogiedsit fdcds SOf t thi@UPE @8t 4 esMOreUsPeas £88aRIY; | kheesin.
Then, it is:possible to prevent the alumnumw res from 15 bei ng broken by
the nol d stressdwslitdd oesder fhbing hehthnis nformedesnf then serfigcespar at ed.
to allow the noist- ure to reach.the pellets. it is also possible to
inprove The hwf dihy lexdstafick? #Fliohefeooreronse peppent beeanseon can be
applied 20 to packages other than the resin nmold type such as a ceranic
type or gl ass #pel PR RRVS PePruthe tost Bahsberecatvearhpra &°Fi gh

rellablllt mhlle e t he
y {Emihuﬁ oxidization, is exclusxvgly and locally

wth the resin, by maki ng use of the difference in property fromthe @

removed by making use the difference betwéen_the
propertiés.of the aluminum oxide film.and the undeéired
10 oxide fiiﬁ.' Fdr.this purpoée, the solution of sulfuric
acid is used, because it does not act upon | |
the alumlnum oxlde film but is operatlve 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 about five minutes. Evén if, at this time, the
solution of sulfuric acid penetrates into the resin,
the‘aluﬁinum vapor~deposited film,.the aluminum wire
and the bonding pad are protected by the aluminum oxide
layer so thaﬁ they a#e 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 resin, by making use of £he difference in
property from the aluminum oxide_film. As a result,

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



features of the respective packages. Two UK Patent applications hb.84.02057f

( | i shed 25 under Nunber 2135121 ) and Nb. 84. 02099 (Published under
er 2134709 ) have been divided fromthis applic- .ation. - 28 -
Ms: 1. A sem conduct or devi ce conprising: a sem conduct or

substrat e having a plurality of bonding pads disposed on an insulating film
-and made of an al um num materi al contalnlng a netal 5 additive having an.
‘ioni zation tendency; a plurality of ?gs di sposed in the vicinity of the

. seni conduct or substrate; a plurality of ‘bondi ng wires nade of an al uni num
materi al, each having one end connected with 10 a correspondi ng bondi ng pad
and t he other end connected with a corresponding | ead, the alum num -

materi al ofwhiteh hidéRposiedetoc ehieicutgides eaﬁebaddbhpuemyt lre-al uni num
material of the bonding pad; and alum num oxide filnms formed on the

surfaces 1moed Neo bewpgoasg thecclaah fsurfaces dfcther laads do tihe bondi ng
pads whi ch are exposed outwardly of the portions thereof which are
~connect ed tomtidideorAssaondsnd thorthienelectrif. connections cardb® or devi ce
accordingto claim1,

maintained at such an excellent 1eve1 as to enhance the

5 reliability of the IC. _On the other hand, if solder

layers are to penformed cn the lead surfaces, the solder-

ing operation.cen be conducted to a satisfactory extent

without elaborstely subjecting the leads-to the surface

treatment for the'scldering operation.

10 The present lnventlon should not be limited to y
the embodlment thus far descrlbed. For example, before
the chip is molded in a resin, it may be undercoated
with a soft underccat resin suéh as an RTV-11 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 inprove
the humidity-resistance. . |
Fﬁrthermore,.the present invention can be applied
20 to packages other than the resin mold type such as a
ceramic type'or-glass.tyPe package so that tne cost can
be reduced with a high reliability while enjoying the
features of the respective packages.
Two UK Patent'appiications No.84;02057_(Punlished
25 under Number 2135121 ). and. N6.84.02099 (Published under
 Number 2134709 ) have been divided from this applic-

ation. .



20 mherelh the metal additive of each bondi ng pad i's a copper material. 3.

A seni conductor device accordlng to claiml1l or claim2, wherein the o

seni conduct or substrate and the -bonding wires are nol ded in resin mat e
.

529 - 4. " A nethod of fabricating a sem conductor device,

conpr|5|ng: the step of preparing bothsg SEH]eendUQLQL_§#E§;LS£§+InC|ua

5 . a plurality of bonding pads formed o | nsul'a Ll m and .

n@'B’e of an alum num material containing a netal rmmmﬂrmmﬂ .
ate in e

“ionization tendency, and a plurality of |eads d
10 vicinity ofcCnAmMSem conduct-or substrate and to corresbond t© the bondi ng
pads; the step of connecting the bonding pads and the correspondi-ng | eads,
respectively, by neans of wres made of an al um num naterial containing the
sane 15 additive as the alum num material of the bonding pads; and the step
~of forming filks of alAnsembcorddetapodeviicesapmpeésing:t he bondi ng wires
and. the bondi ng pads by oxidizing the surfaces with the plurality of 20
Ieads bei ng eIectr|caJ¢ySQmmm@%@@§t95 shbstrhtel bavéing a plurality

of bonding pads disposed on an insulating film and
made of an aluminum ﬁaterial containing.a metall
5 .additive-heving an ionization tendency;
a’'plurality of leads disposed in the v1c1n1ty
of the semlconductor substrate,
a plurallty of bondlng wires made of an’
aluminum material, each having one end connected with
10 a corresponding bonding paa and the othet end connected
with a corresponding lead, the aluminum material of the
bonding wires containing the same additive as the
‘aluminum material of the bonding ped; and
| aluminum oxide films formed on the surfaces
15_ of the bonding wires and formed on the surfaces of the
'_.bonding pads which.are exposed outwardly of the portions
thereof which are.eonnected to the corresponding bending
wire,
2. A semiconductor device.éccording to claim 1,
20 wherein the metal additive of each bonding pad is a
- copper material. |
3. - A semiconductor device according to claim 1 or
claim 2, wherein the semiconductor substrate and the

bonding wires are molded in resin material.



may be maintained at an equal potenfial. 5. - A seni conduct or devi ce
f abpfqti ng nmet hod accoridng to clai m4, furtheL_cQHpLLiLﬂgLrlﬂg_iPep of
nmof 4ig\.t he sem conductor substrate 25 and a portion of the leads7in a

5 and .t h - of Vi h ide fil f f the-
lrg t he lstep 0 rgrmw ng t f (2);0 -e. il ms ”!'"!H"'ﬂ'mms"m!',o t he
4. A method of fabficating a semiconductor device,
'comprising: : é |

the step of preparing-both a Semiconductor
substrate including: .
5 . a plurality of bonding pads formed on an
insulating film |
and made of an aluﬁinum material containing a
metal additive having an ionization tendency, énd a
plurality of leads disposed to terminéte in the
10 vicinity of the semiconductor substrate and to-
corre;;ond to the bonding pads;
| the step of connecting the bonding pads and the
.corresponding leads, respecﬁively, by means of wires
made of an aluminum material containing the'séme
15 .additive as the aluminum material of fhe bonding pads;
and - ’
the step of forming films of aluminum oxide
"upon the surfaces of the bonding wires and the bonding
pads by oxidizing the surfaces with the plurality of
20 leads being eleétricélly connected so that the leads
may be maintained at an edual_potential;
5. A semiconductor device fabricating method
accoridng to claim 4, further comprising:-
the step of molding the semiéonduCtdr substrate
25 and a portion of thé'leads in a resin; and.
the step of removing the oxide films from the

surfaces df the leads.




