‘METHQD OF. PRODUCL NG A SEM CONDUCTOR DEVI GE? BACKGROUND, OF dHE.$ NVENTI ON
(Field of the Invention) The present invention relates to a nethqQd of

manuf acturing a semn conductor device in which a copper (Cu) ba@l&? l‘r@bﬂk@ .
into contact with an al um huni'fAl,) el ect pode pad Wthin a predetermn ned
time and the height of the squashed Cu ball is ruled. A sem conductor
device in which a copper fi LR M Le) ] sed as a wire material and
a die bonding nmateri al used@@ Y 6 rENHddCt or chip on a die pad
are described in a co-pendi i~ RRh w AP publ i cati on No. -GB
2238929) from which this ap md%@@ I‘i}fﬁiﬂ Jescription Related Art)
Fi g.“"-fL Is a cross sectional side view of a conventional sem conduct or
device.- In the drawing, a sem conductor chip 1 is bonded onto a die pad 3
serving as a lead frane by an epoxy resin 4 serving as a die bonding

mat eri al . An Al electrode pad 5 is provided on the surface of the

sen condugh@KGIOOND OF TeEIWVENORf the portion without the Al el ectrode
pad 5 being covered wth a SiO2 glass coat for preventing [err] wiring from
corr osi on(K¥igldi ofké Irvefition)r the nol ding resin of the chip 1. The [err]

el ectrode pad 5 and an inner lead 7 are electrically connected each ot her

by a Cu wire 8. Silver plating 9 and 2 is plated on the surface of

The present invention relates to a method of matmfacturing a semiconductor
device in which a copper (Cu) ball is broﬁght into contact with an aluminum (A1)
~ electrode pad within a predetermined time and the height of the squéshed Cu ball is
ruled. | | o

A semiconductor device in which a copper fine wire (Cu wire) is used as a wire
material and a die bonding material used ,for' bonding a semiconductor chip on a die
pad are described in a cd-pénding British application (publication No. GB 2238929)
from which this application is divided. . o
- (Description Rélated Art) _

E’ig.. lis a crcﬁ_ss $ectional side view of a éonventional
semiconductor device. In the drawing, a semiconductor _chip
1l is bonded onto a die pad 3 serving as a lead frame by an
epoxy resin 4 ser\}ing-as a die bbnding matefial . An A.l
elecﬁrode' pad 5 is; prov_ided o_n.the 'sﬁrfa.ce- of the
semicdnductor chip 1, the surfac_e of the por.tian' wiﬁhout t.f:e
Al electrode pa_d 5_ being cbvered with a Si02 glass coat for
preventing Al wiring from corrésion by ifnpuricies in the N

molding resin of the chip l The Al electrode pad 5 and an
inner lead 7 are electrically connected each other by a Cu.l

wire 8. Silver plating 9 and 2 is plated on the surface of



the inner lead 7, and both the die pad 3 and the inner lead 7 are formed by
using as material a copper alloy or an iron nickel alloy. Fig. 2 is a cross
secti-onal side view of another conventional semni conductor device which is
the sane as that shown in Fig. 1 except that Au-Si (gold-silicon) solder 10
is used as a die bonding-material. In t he Zonventi onal semni conductor .

devi ces described above, it is generally. necessary to select the suitable
di e bonding naterial . An unsui'tabl e material causes the degradation of
the sem tedusiner dégxd by, tared heath nghé egperpddir® anddtkebondery 1padcess
and junction fault in wre bondlng process. . The. details are described -,
bel ow. Wienze diogmigshding:sin@raninatetivet epoxgppesial ogFog. ad teon), tIE
epoxy resin 4 is cured at: a low tenperature of [err] which does not degrade
the seni 83fdgd &llavp 1. However, some problemoccurs in the wire :
bondi ng process. 3A and SB_are_re ectively a plan view and a cross
sectional sid€3d ev@go‘fs t#}é‘{‘e?fr]s%qfekﬁf? SR G ‘Pﬁeag‘éﬁhﬁﬁnduct or chip
1 bonded on the .die pad 3 with the e resin 4,, when t err]. el ectrode

pad 5 is 8?8ﬁ&§ﬂﬂ?§ﬁt§??&%ﬁﬁ TER?] ?ﬁ %P%iPtﬁﬁltﬁﬁss%@ n2BoRB&8 to the
(o7 STespsase . en e, s laszeiyeet
is used as a die bonding material
In the conventional semxconductor dev1ces descrlbed
above, it is generally necessary to select the suitable dze.
bonding material. An unsuitable material causes the
degradatlon of the semlconductor ch;p by the heatlng
temperature in dle bonding process and junctlon fault ln:_'
_w1re bondzng process.f_ The detalls are descrlbed below
When a dle bonding material lS the epoxy res;n 4 (Frg
1 case), the epoxy reszn 4 is cured at a low temperature of

150°C to 250°C, which does not degrade the semlconductor

chip 1. However, some problem occurs in the.w1re.bondlnq
process.
- FigsldBA and 3B are'respectively_a plan view and a QJ

cross'sectionalhsidehview'of the Al electrode pad 5 of the
semiconductor chip 1 bonded on the die pad 3 WLth the epoxy
resih 4, when'the Al electrode pad 5 is etched by nltrzc
acid (HNO3)'after a Cu ball has been bonded to the AL
electrode pad 5.  In these'drawings,lAl is excessively

‘excluded to form an Al excluded portioh'll} and a Siqé film



(13), which is an under layer of an Al film12, is thus exposed. As a
resul't, for exanple, the reliability of at a high tenperature storage life
test deteriorates, as descri.bed in Japanese Patent [|aid-Open No. 1-143332.
| f ultrasonic energy which causes Al exclusion is-d&creased, a Cu-Al alloy
| ayer does not nmake so large that the reliability at a high tenperature
storage test deteriorates either. This reashn is estimated that the wire
bondi ng tenperature is [err] and the glass transition tenperature Tg of the

epoxy resin is [err] and the Cu ball is plastically defornmed on the Al
el ecir.ode - ped) 5 Wyioht hSappl phagrt haygreaternupilr £4dm @ 2vi Wraattilors ener gy
than that in the case of an Au_ball, that is generally used. And nore work

har deni ng $FRPEE: es BF BhEeSUlBal Forsexagrde,t khe readability Af B 12
Wien a die ponding nmaterial is the Au-Si solder 10,(Fi%. 2 case), the die
bondi ng t SHRER HHFREFALRFEHEEOFRIR LafR) tRALCACFeriREaERGui &F tenperature

of the Au-Si solder., This causes_cracks_in the gl ass coat8% %Ed-de rades
t he senipd#ﬁﬂ?ﬁ ed iy apangfg Bataprslate-Hest: NBedipdrt 3% g. is a
perspect|VQEV|em10f t he sen1cgndgctor ChIRll and t-he die Bgd 3, an @g} 4B

is a Crossu %E??%fhh? %{lﬁﬁgy wiiichh causes .eXclusion is ecrea_se

Cu-Al alloy layer does not make so large that the
reliability at a-high_temperature,storage test deteriorates
either.
S This reason is estimated that the wire bonding
temperature is 250°C to 300°C and the glass transition
temperature Tg of the.epoxy resin is 110°C to 150°C, and the
Cu-ball-is plasticall¥ deformed on. the Al electrode pad 5 by
with applying the greater ultrasonic vibration energy than
that in the case of an Au ball, that is generally used. .
And more work hardening properties of-the.Cu ball i$ higher
than that of the Au ball. |
When a die bonding material is the Au-Si solder 10
(Fig. 2 case), the dielbonding temperature is higher ;han'
370°C which is ﬁhe liquidus temperature of the Au-Sifsolder.
This causes cracks in the glass coat 6 and degrades the
semiconductor chip 1: The. details are déscribed below.
Fig. 4A is a perspective view of the semiconductor chip
1 and the die- pad 3, and Fig. 4B is a cross sectional side
view taken along the line A-A in Fig. 4A. = Fig. 5 is a plan

view of the semiconductor ship 1 which is done the



- view taken along the line AAAin Fig. 4A Fig. 5is a plan view of the . .
sem conductor ship 1 which is done the structural analysis. In the
drawings, Al wiring 14 is entirely covered with the glass coat 6. It the
structural analysis after die bonded sanples, there's found the crack in
the gl ass coat 6 of the sem conductor chip 1 boned on the die pad 3 wit {he
Au- Si sol der 10, which was imersed in a gsolution of 80 to [err]phosphoric
acid [err] mnutes, and the Al wiring 14 under the glass coat 6 was:etched.
Then the resin nold chip deteriorates in the pressure cooker tests after -

resin ol g deLentaiabasrysili s TRAIMA L3RI oG Wialiddio pragks 15 T
caused by the concen;rgt#bn of stress.in g_ceﬁﬁ%ip portr%ﬁ?g% tﬁ% gl ass ;*f
coat 6 ovéhtib€1 cWieirad M-a:nbeﬁeugqatsfse cRef fg.ci entts wife tde¥umySxpansi on
of the glass coat 6 and the sem conductor chip 1 is different (Si Q2 of the
gl ass coadnalesi$ SEtek dWie bewdedndamplles;hitperetls IfoundlRehd aassdn Woy t he
die bonding materials is Au-Si solder 10 is that the wre bonding -
t enper at wrkee sgibas s boataibsed theaskmdkenduenper ahipe it bameadiain afhean Au
wire to progress the mutual diffusion between the-Cu wire and the Al
el ectrodedie rpadie3 avdtetbesdprBddsoddecodfuc whdclievase impexsed dire dondi ng
material is-the epoxy _resin, the sem conductor chip
-solution of 80 to 90°C phosphoric acid (H3PO4) for 20
minutes, and the Al wiring 14 under thelglassfcoétls'wass~'
etched.. Then the resin mold chip déteriorates_ih the
pressure cooker tests after resin mold deteriorates. . This.
reason is estimated that ‘the cracks 15 is caused by the
" concentration of stress”in a certain portion of the glass
coat 6 over the Al wiring 14, because-thé#éoefficiéntS'of-_
thermal expansion of the glass“coat:é.andgthé semiconductor
chip 1 is different (SiO2 of theﬁglassncoat:.O;ES.x 10‘5/°C{
Si of the semiconductqr'chip;'3;5-2 10‘5/9C)@ The reason
why the die bonding.materiais is Au-Si solder 10 is that the
wire_bonding-tempefaturershould'be*raiseq_tbfa higher
température than that of an Au wire to progress the mutualf
diffusion between the Cu wire and the Al electrode.
- In thé'above*deséribed semicdnduétdr-devicet-when a die
bonding material is the epoxy resin, the'sémiconductot:chip
is not bonded hardly becauée.the heating temperature of wire
bonding is higher than that of the glass transition.

temperature of the epoxy resin. - In addition,.the Cu ball

is plasticallyideformedwén the al eléctrode pad with



i's not, bonded hardly because the heating teefpdratuje of wige ponding is

hi gher than that of the glass transition tenperature of the epoxy resin.

In addition, the Cu ball is plastically deforned on _the [err] electrode pad
Wit h applying the greater ultrasonic vibration“energy than that of an Au
bal |, because the work hardening property of the Cu-ball is higher than .
that of the Au ball. It causes Al excluding ¥ the A electrode pad, the
Si 2 under filmis thus exposed, and the sem conductor device life
deteriorates in a high tenperature storage test. Wen the Au-Si solder is

usedfor t heppLy Nogetiné Eeéhheg a182akbRd ol SIRRLAUYE dHe iy frhﬁ’é’ﬁ‘d&ﬂ gWhi ch

is hidgher than that in the case of an Au wire, there occurs e cracks in

the glass anfitamfAulsa B BeBdligeoLhenBrRt nhRaeRIdly RE-Jidmey AErenlncdi e
bondi ng, and thus the.resin nold chip deteriorates i'nthe pressure cooker

test and niball tidhasigive=conani enhtmoEi the AUMMARY .OF TidE dAWGNTIAON The
present invention has been achieved in order to solve the above-described

probl ens, @#FiIWding ain obhechlotlehbrpdespatl,i hhensSion tumdermo idan ai dvet hod
of producing a sem conductor device which f [anes eut at one end of a Cu
wire, h0|m£%ﬂ§ﬂexnp%§4h aRd| the semiconductor device life deteriorates
in a high temperature storage test.
When the Au-Si solder is used for the purpose of
setting a heating temperature of wire bonding which is
s _ higher than that in the case of én Au Qire, there occurs -the
cracks in the glass coat of the semiconductor chip at the. -
heating temperature in die bonding, and thus the resin mold
chip deteriorates in the pressure cooker testland more it .
has no econcmigal merits.
SUMMARY OF THE INVENTION
The present invention has been achieved in order to

solve the above-described problems, and it is an object of. -

the present invention to provide a

Method ©f producing a semiconductor device which.
flames out at one end of a Cu wire, holds heat in a Cu ball,

prevents a film oxide growing on the Cu ball surface and



prevents a fil m.oxide growi ng on the Cu balu surfagé. and.? .$ increasing

' the ‘har dness , and applies ultrasonic “Vibration in bondi ng to cause
both Cu and Al atons to vibrate eff|C|en§Iy wi t hout Al excl usion. According
to the present invention, there is provided a nethod of producing a

sem conuct or device conprising the ste steps of: formng a copper ball by
flami ng out at one end of a copper fine wire; lowering said copper ball and
bringing it into contact with an al um num el ectrode on a sem conductor chip
within a tinme of 150 ns or less fromthe formation of said copper bal | ;.. and
pressurlnglsgrea@Gmmemhnﬂhaxdnsssd al unmi pni andebpplliede pad so that theh,
hei ght of said copper ball is 25 umor |ess. BRI EF DESCRI PTION OF THE
DRAW NGS FH4§rasomi¢ Midmatiensindeonding $odmuseechattoCucaml/@nt i onal

sem conductor devices; - Figs. 3A‘and 3B are respectively a plane view and

a atoms to vzbrate effzclently without Al excluszon.
Acco:dlng.;g the present lnventlon, there is
_ pnwﬂhnz;mamgiofpnnuﬁnza=r¢nmmmmwrdaﬁceb&umnnngthesumsof:
. forming a copper ball by flaming'out_atfone.end of.
a copper f;ne wzre,_” |
lowerlng sazd copper ball and brzngzng ic Lpto
contact with an aluminum glect:ode on a-sem;copdncto; Q‘J
chip within a time of 150 ms or less froﬁ_the.fp:ﬁacion
of said qoppe; ball; and. .__' -
pressuring'sgid copper bgll to ééid'aiuminium.
electrode pad so that the height pf said coppg:.ba1l is
25 um or less. _ |
BRIEF b_zsca_IPnoN_ OF THE DRAWINGS |
. Figs. 1 and 2 are c:oss_sec;ional side_views of

conventional semiconductor devices;



crqoss sectignal side view of the Al el ec't x:dde.: pad"ﬁof.‘a con:'/enti onal

'semi conduct or device at which is done structiiral .anal ysis; Figs. 4A and 4B
are respectively a perspective view and a cross sectional side view of a
conventi onal sem conductor ‘device after die bonding{ Fig. 5 is a plan view
of the sem conductor chip at which is done the structural analysis of a

gl ass. coat crack when a seniconductortﬂy[)is di e- bonded and which is

i mrersed in a phosphoric acid solution; Fig. 6 is, a cross sectional side
view of a semi - conductor device manufactured according to one enbodi ment
of the present Jd.nvention; Fi 7_is_a _schenati.c view of the arrangenent in
a wiT® bonding F Q%sp a#é)e 'n?o?ﬁi ﬁﬁea*’-‘&BPB&?P;"e&P’gé. Pgalif VPFE*arPLrdss
sectional gi Vi ews. whi £h W, t erei,n bal | is, bonded to an
[err] elec%égia%%%§a¥§%f §f$§ giégaéiaﬁgﬁhséhe§ﬁ§%§° e BA% 8% fh bet ween
t he hei ght. _Qf I _ ' n.Cu_bal l .formati to the contact
with an [Eacro(r}]veg‘tec %es%g °£€|8‘5&§§ géggk%lagu%iﬁﬁog%vm#c T shows the hi gh

tenperatuggfgegﬁggaIg§§a§§§g;reyﬂts of a sem conduct or
"Figs. 4A and 4B are respectively a perspective view and
a cross sectional side view of a conventional semiconductor
device after die bonding:
Fig. 5 is a plan view of the semiconductor chip at
— which is done the structural analysis of a glass coat cfack
when a semiconductor chip is die-bonded and which is
immersed in a phosphoric ;cid solution;

Fig. S is a cross sectional side view of a semi-
cbnductor device manufactured according to one embodiment ..ofthe
present invention;

‘Fig. 7 is a -schematic view of the arrangement in.a wire
bonding step after forming a Cu ball;- |

Figs. 8 and 10 are cross sectional side vier which
show states wherein a Cu ball is bonded to an Al electrode
pad; | _

‘Fig. 9 is a diagram which shows the relation between
the height of a Cu ball and the time:froﬁ Cu ball formation
‘to the contact with an Al electrode pad;

Fig. 11 is a Weibull plot which shows the high

temperature storage life test results of a semiconductor



_devi ce manufactured: accordlng to the presdht'lnventlon an& geconventi onal
sen conduct or devi ce; Fig. 12 is a Weibull plot whi ¢ shows T he pressure’
cooker test results of a sem conductor device manufactured according to the
present invention and a conventional sem conductor device; Figs. 13A and
13B are respectively a plan view and -a cross sectional side view of an A
el ectrode pad after etching of a Cu ball qghlt by nitric acid; and Fig. 14
is a plan view of a seni conductor chip at ich is done the structural

anal ysis of a glass coat crack when the chip is die-bonded and which is

i mersed in a phosphoric acid solution. DETAI'LED DESCRI PTI ON OF- PREFE
EVBODI VENTeviiee msurmenwmnsstmm iiesert dnvehtinm pnd ar canveritiobdle ™
first point that, in spite of the change of a wire material fromAu to Cu,
a problenFF8158n§&9RRF|§FY&ﬁ tlearly analyzed in the prior art, the'prior

art was not ab to rove th evice reliability and did. not establlsh a
nmass- product i ok?‘ﬁecﬂr#m \K;ﬁ %‘-‘d”r PiRF e‘ﬁb’o‘iﬁ "%ft}i?lepﬁ?ﬁ’éﬁf’

i nventi.on, firsi, .a so ype terlal selected in order
Lo apply tREEERSbeRE ¥ &ﬁoﬁ PR Sem Samibgkos, degTos, mneuraskured, aseoreian Lo

ngngog:}:ﬁédp%g%&ﬁef fvdrt {5 SRS éo%}ém! Bl hseerplégéaucgefom“on o

.device;

Figs. 13A and 13B are resbectiveiy a plan Viéwa;nd'é
cross sectional side view of ah;Al'éleCttbde pad. after
etching of a Cu ball on it“ﬁy nitric acid; -and-

Fig. 14 is a p1an.view'of a Semicdnductorschipﬂat which
is done. the struétﬁ:él analysiS'of'afglass-coaf crack when
the chip’is-die-bonded and:whiéh:iSfiﬁmérsed in a ph°sphdric
acid solution. | | | _

DETAILED DESCRIPTION OF- PREFERRED E.imonmsu'r;

‘The p:esent‘invention is-more=di£ferént-from_prior art
in the first pdint that, in s§ite_df-the_change'of a wire
material from—Au7;o Cu,"a p:oblem-ﬁp-be_sélved is not
clearly‘gnal§zed in the prior a#t, therp;ior art was not' ) 'Q.i

"able to improve the device reliability and did npt_esﬁablish
a mass-production teqhniqﬁe; Hhilé, in-an'émbddiﬁent of the present
invention, first, a solder-type die bonding material is
selected in order té*abply ultrasonic-viﬁ;ations.effeccively
to the Cu ball and the Al electrode pad because it is

- necessary to‘imbrOVe the plastic defo:matidn of the Cu ball,



whose work hardenjng property is greater: thdn it hat; of ‘t he Aﬁ bal I .
Secondarily, a |iquidus tenperature of a die bonding material is selected
such as Pb-5% Sn sol der, which generally shows nmany achi evenents, or the
like, of [err] or loss because it is required to prevent glass coat
cracking at the heating tenperature of the sem conductor chip. Lastly, the
time fromthe Cu ball formng to the contacEimAth the [err] electrode pad °
is set to 150 ns or | ess because the |onger ' takes, the nore the film
oxide on the Cu ball surface grows, and the worse rakes the plastic

def ornation property of the Cu ball, and the Iess is the heat energy in the
Cu barl itswhdése wéukt hardeniagheirgpe rafy tie grpatshetAn bohat abfethe Au
pressing is ruled as snmall as possible, i.e., 25 umor |ess. An enbodi nent
of the preseamilinvention will be described in detail below with reference
to the drawings. Fig. 6 1s a cross sectional side view of an enbodi nent of
t he present invefetondagilyi.ch Adfuidwse tramperatuze taf 32 ahie Sbenddndenot e
the same as those in the conventional seniconductor device. . For exanple,.
a Ti-N -Au material psospdegtsd suchuasefH1SY &N |38iden6 Yhi¢he rear side
of the sem conductor chip 1, and [err] solder is situated as a sal der 17
bet ween t hed®ReERliYcghpHpemany Achigvengntfr 9F dhhgldken of 370°C or

loss because it is required to prevent giasé coat c;aéking
at the heating.temperathre of the.semiéonductér chip.
Lastly, the time from the Cu ball forming to the
contacf with the Al electrode paa is set to 150 ms or less
because'the longer it takes, the more the film oxide on the
Cu ball surface grows, and the worse makes the plastic
deformation property of ﬁhé Cu béil, and the less is the
heat energy in the Cu ball itself. Fﬁfther; the height of
the squaShed Cu ball éftér.piéssing is ruled aé small as
possible, i.e., 25 pm or less.
An émbodiment of the.pfésent'invéntion will be described in
detail below with reference to the draﬁings. Fig. 6 is a crosé
N sectional side view of an embodiment of the present
invention in whiéh referencélnumerals 1 to 3 and 5 t6'9.'f
denote thé.same as.those in the Conventiona; semiconductor
device. For exampie, a Ti-Ni-Au 1ayer.is provided as an
Au-metallized layer 16 on the réar Side of thé semiconductor
chip 1,.and Pb-S% Sn solder is situated as a solder 17

between the metallized layer 16 and the silver plating 2 on



the die pad 3 in order to bond the sem conductor chip 1 on the die pad 3..
Fig. 7 is a schematic view of the arrangenent in a wire bonding step after
formng a Cu ball. In the drawing, a capillary chip 18 is stayed above
the sem conductor chip 1 to press the Cu ball 8a on the A electrode pad 5,
and a heat block 19 for heating the die pad 3 is placed under the die pad
3. In the above nentioned sem conduct or ice, the Cu ball 8a is downward
noved together with the capillary chip 18 onto the [err] electrode pad 5,

as shown in Flg 8, and the force about 150 g is | oaded on the Al el ectrode

pad 5 andnkhgidl baasenisn Y e%t't]@"b%?ﬂg)hé %mﬁaﬁce&wgﬁ:tb%ﬁap' gy

chip 18 an eat energy.|err| is su Led fromthe heat ock 19
order togHadgsstgad Bhe quantitative value of - the Cu-ball 8a plastic
deformation, the Cu ball 8a was bonded to the A electrode pad 5 by

appl yi ng the sage anaenta ekhématdzoniiew ide Al enaigiméit Oligha thitre
capillary chip 18, -the height h of the Cu:ball 8a (squashed):was neasured
whi | e chesgiiiggt Beepi aEtierl Forning @I CwlbBaBa f orimttle drawimgcoatact with
the Al electrode pad S. The results of the nmeasurenents are shown-in Fig.
9. It |Scapmmdatyochtbelarwm mgayad.abovduxnerﬁ;ﬂlqﬂndwﬁnptrnhnp 1

to press the Cu ball 8a on the Al electrode pad 5, and a

~ heat. block 19 for heating the die pad 3 is placed under the

die pad 3. ; | . e

-In the above mentioned semiconductor dev1ce, the'Cu N i o
ball 8a is downward moved together w1th the capillary chip
18 onto the Al electrode pad 5, as shown in Fig 8, and the
force about 150 g is loaded on the Al electrode pad 5 and
the ultrasonic vibration energy is supplied through the
capillary chip 18 and the heat energy (about 280°C) is
supplied from the heat block 19 o .'

In order to understand the quantitative value of the Cu
ball 8a plastic deformation, the Cu ball 8a was bonded to
the Al electrode pad S by applying the same amount of | |
ultrasonic v1bration energy through the capillary chip 18,
the height h of the Cu ball 8a (squashed) was measured while
changing the time t from the Cu ball 8a formation to the
contact w1th the Al electrode pad 5 |

The results of the measurements are shown in Fig 9

It is found from the drawrng that in the time t of less than

150 ms the height of the Cu ball 8a is almost constant,



150 ms the height of the Cu ball 8a is alnpst constant, while in the
time of over 150 ns the height of the Cu ball 8a is not kept constant and

wi dely vari es. It is therefore found that the plastic deformation of the
Cu ball 8a is stable as the tine t is decreasing, d that also judging
fromthe viewpoint of the nmechanical limt of the ‘production equi pnent =~ -
used, the time of less than 150 ns is the bHst condition. I n addition,

the tine t of less than 120 ns is preferable, and the tine from 150 nms to
100 s exhibits excellent results. If the height of “the Cu ball 8a squashed
S 2%yim o, i £pe. 18 EHe kil B¢ 690-P3sk! UGl sAignt Wi W SRKLID
damage to the sem conductor chip 1, whil'e 1T'f Over um=-"an alToy cannot

be producedgsui$igbeniept! BBHsLHRE! AY d%ﬁg&‘iyt Yaldl&sSen Cﬂ:”ck%tﬁ]e{#&é’

this may induce the deterioration in the device reliability -he case

of the capitdwkd €hhe ifia E'meibndEfam&Qiohh%fh%'n@bm pH11 g Qu bal | 8a
(squashed) is defined as the shortest distance between the recess 8b of the
Cu bal | 8a syubideadl tReeelimede paddeckBabkiifig,dandnenat st i dde
results obtained when the Cu ball 8a sphere forned-had a small dianeter,
and the cursaond shewsitwpoingubfsthét neshdnikal limi€u dfalthe3prptiriteion
formed had a | arge di aneter. Cenerally, the dianeter of _

- equipment used, the time of less than 150 ms is the best

condition. In addition, the tiﬁe t of less than 120 ms is
preferable, and the time from 150 ms to 100 ms exhibits
% excellent results. | _

If the height of the Cu ball 8a squashed is 25 um or
less, a Cu-Al alloyfcaﬁ be produced safely without making -
damage to the semicondﬁctor chip 1, while if over 25 um, an
alloy cannot be produced sufficient without making damage to
the éemiconductor chip ‘I, this may induce the deterioration
in £he device reliability. In the éase'of the capillary
‘chip '18a shown in Fig. 10, the height h of the Cu ball 8a
(squashed) is defined as the shortest distance betweenlthé
recess 8b of the Cu ball 8a and the Al electrode pad 5 .

.In Fig. 9, the curve A shows the reSults'bbtained when the
Cu ball 8a sphere formed had a'smail diameter, and the curve
‘B shows the results oﬁtained when the Cu ball 8a sphere’

formed had a.large diameter. Generally, the diameter of .

the Cu wire 8 is about 25 um, and the diameter of the Cu

ball 8a (squashed) is 100 um or less.



.Lhe Cu wire 8 is about 25 um and the diameter of the Cu ball 8a (squashed)

Is 100 umor |ess. Hi gh tenperature of [err] storage tests were done to
eval uate the sem conductor device life and the Weibull plot of Fig. 11 is
~obtained.: As seen fromthis, the life (denoted by the curve C of the

present invention sem conductor device is nmuch inproved as conpared w t-h
the life (denoted by the curve D) of theegonventional sem conductor device.
Pressure cooker tests at [err] .and 100% RH were done to eval uate the

sem conductor -device life and the Weibull plot of Fig. 12 is obtained. ~ _As

seen fromthigighk h@ehbéﬁaédﬁéob@j 2bpether6paye Ebsth WeePidRmRNtd nvent ')9‘“
sem conductor device Is nuch inproved as conmpared with the l'ife (denoted by

the cur@-fludte t fReCoBMEBbhANRLoZCHRORBEUC TR dadi the Weldraa exiasd | ent
results are al'so supported by the structural analysis of this sem conductor

chip. J¥rmiy., Figss dBLasnddl3B aseseenpdrbmvehisa phand ifiew and a cross
sectional side view of the Al electrode pad after the Cu ball 8a was etched
by nitrilemotedeby]the ésrseeﬁ)foﬁnthhepdeanmngépV&hthough Al is. sllghtly
excluded to forman [err] excluded portion 11, the Si@ film 13 which is an
under | memicgndhetdrrdpvicenissmaeh . éwaégeed ‘asFgpmparedaisokhe n Fi g

14, when the di e bonded. sem conduct or chlg
life (denoted by the curve D) of he . conventlonal

semiconductor_devige% rR;éssu;e_conenﬁtests at 121°C and
100% RH were done td evaluate.th§3semiéonductor device life
and the Weibull plot.pf Fig. 12 is obtainéd..._As_seep-fiom N\
this, the life (denoted,b?ﬁ;hé;dufvé E) of the p:eségt-'
' invention semiconductor dé#icé.is_mucﬁgimprbved_as compared
with the life (deno;édlby_the_éurve:F)-of the éonventional
-semicohductor device, _ Theée_éxcellen§ :esults are_a;so
supported by'the.struCturél:ané;YSis_qf_this_sehicgnductor'
chip. = Namely, F;gs,513A;énd_13B ageh:espéctivély a plane 
view and a cross sectional side view of the Al elgctiode pad
after the Cu ball 8a was gﬁ;ped by'nitric acid (HNO3). As
‘seen from the drawings, althoﬁgh:Ai.isfslightly e#cluded_to
form an Al excluded pp;tipn_li;fthess;Og_fi;m.13_which-is an
under layer of the_Al film is.nqﬁ.eqused,_ . Further, as
shown in Fig. 14,'when thé die bonded:semicondﬁctor chip 1 -
was immersed in a phbsphoric acid_(H3P04) §olution atuso.tq
90°C for 20 minutes, no corrosion.was found in the Al wiring

and no crack occurs in the glass coat.



wds i.mmersed in a phosphoric acid [err] solution at 80 to [err] for 20

m nutes, no corrosion was found in the Al wiring and no crack occurs in the

gl ass coat. Al t hough the above-descri bed enbodi ment enpl oys the Pb- 5%
Sn solder as a soldering material, any other solders, which Iiquidus
tenperatures is [err] or |ess;“are able to use in the ‘same manner as that
descri bed above. For exanple sol der conposed of Pb-Sn (5% or nore of .
Sn), Pb-Ag, Pb-In, Sn-Ag, Pb-Ag-Sn, Pb-Ag- | h2and the I'i ke can be used. In
addi tion, although t he T|-N|*Au Iayer is used as the'netallized Iayer 16,

the sypface of t%&ﬁéf&ﬁh - Sﬁw%ahéséﬁgbgﬁe%b%klﬁﬁmf% pﬁl?é?? Se Hb-

Ag-metdl | i zed | ayer Suc ayer may be

metal lized |gyedn f&iz{i@?rastﬁ' §o]‘|.§:¥ %h ériki 303IPLed 0 é%ltcfeaz“ss' stor

chip which is not a anar type any glass”coat an

i nsul ating fdﬂl@k?”ffk?@:?d@sst%ékh%res 1§e§‘7‘6°edgﬁt 9k s8Bdg Qf a%l%owund

such as GaAs or th i ke other  than Si may be used as a Substrate.

under |ayer e ti}e ¥hefsime OhahRer/hsCLRELT Qd8cPBea hBORAL |1 Mgyed to the
[err] film and other nmaterials may be good. As descri bed above, the

present inveiidmple s $bl&etOconpysed dhepgheas (seabrf me¥eCbdClSng PBe-23f €
to bond firmy
Pb-In, Sn-Ag, Pb-Ag-Sn, Pb-Ag-In and the like can be used.
In addition, although the Ti-Ni-Au layer is used as the
metallized layer 16, the surface of the layer may be
s metallized by Au or Ag, for example, an Ag-metallized .layer

such as Cr-Ag layer or the like, may be used as the
metallized lavyer.

Further, this invention is also adapted to a traﬁsistcr
chip which is not a planar type IC without any glaSs coat - -
and any insulating film such as a $i02 £ilm. A
semiconductor made of a compound such as GaAs or the like
other than Si may be used as a substrate. The under layer
of the Al film of the Al electrode pad 5 is not limited to

_\,/. the SiO2 film, and other materials may be good.-

As described above, the present invention is able to
'prevent the glass coat from cracking and able to bond firmly
the whéle of the semiconductor chip on the die pad by solder
situated between the silver plating on the die pad and the
Au-metallized layer formed on the rear side of the
semiconductor Chip. The present invention is also able to

decrease the work hardening property of the Cu ball and thus



t he whol e of the sem conductor chip on the die pad by sol der situated

bet ween the silver plating on the die pad and the Au-netallized | ayer
formed on the rear side of the sem conductor chip. The present invention
is also able to decrease the work hardening property of the Cu ball and

t hus prevent [err] from being excluded when the Cu ball, is bonded ¢gn
the Al el-ectrode pad Further, it ?ood state for the Cu ball plastic’
deformation to nmake all oys with- the [efft el ectrode pad. It is also
possi ble not to nake the Al exclusion by certainly applying ultrasonic

acvant agt oot ol Atn Be bl eRB0A0E dhof (L' CUTRETS o oBoprbdcol ooz
oy et B AL IEae Had? DAL, e L1 G éeaégngbggt REOES?S

wi t hout ange rea e prac use TelrTabi Yfor the
sem conwlor (gegeﬁﬁ defo Jf\@‘ do malée'?i s Q4 ,.B.Fogjg& 1$? a sem conduct or
devi.ce conpri'sing the steps o formng a copper b am ng out at one
end of electrode pad. It 1s also possible not to make the Al :

exoiﬁsion by certainly-applylng ultrason1c-v1brations-to
both the Cu ball and the al electrode pad. .. Bﬁtethe
"greatest advantage of the present 1nventlon is that, the
same bonding process employed in an Au wlre can be performed.
as the Cu wire: bondzng process wlthout big change, and- so it | \—)
realize the practlcal-usezrellabl;lty for the semioonductor

device.



a copper fine wire; lowering said copper ball and bringing it into contact
with an al um num el ectrode on a seniconductor chip wthin a timeof—150 s

or less fromthe formati on of said:copper,Dall; qng ' lad; COpper
ball to said al uminium el ectrode pad so t¥at the h ,m"mm""mmigg per bal |
Is 25 umor |less. 2. A nethod according to aim?® ,cwheresn,s ore said
copper ball is forned, said sem conductor chip is bonded to a die pad by

usi ng a sol ﬂgiCh is used for bonding a sem conductor chip to a die pad
and whi ch oy i‘qui dus tenperature which does not: allow the occurrence of

crackgs: due to the difference in thermal expansion between the glass coat of
sai d Semi conductor chip and sai d seniconductor chip (Si). 3. A net hod

3 """ A methdd of PpFETREhG % RSN FomLoPERUCLESARTAFR |y a6 herei n
descri bed méggpggggksp%%é(£é§§§”§§:6 po 9 of the acconpanyi ng draw ngs.

forming a copper ball by flaming out at one end of
a copper fine wire;

lowering said copper ball and bringing it into
contact with an aluminum electrode on a semiconducébr'
chip within a time of 150 ms or less from the formation
of said copper ball; and

pressuring said copper ball to said aluminium
electrode pad so that the_height of said'copper ball is
25 um or less.
2. A method according to Claim 1 , wherein, before
said copper ball is formed, said semiconductor chip is
bonded to a die pad by using a solder which is used for
bonding a semiconductor chip to a die pad and which has
a liquidus temperature which does not allow the
occurrence of cracks due to the difference in thermal
expansion between thélglass coat of said semiconductor
chip and said semiconductor chip (Si).
3. A method according to Claim 2, wherein said
liquidus temperature is 370°C or less.
4. A method of producing a semiconductor device,
substantially as herein described with reference to

Figures 6 to 9 of the accompanying drawingsf




