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"SEM CONDUCTOR DEVI CE AND METHOD. OF PRODUCI NG THE SAME BACKGROUND OF THE

- INVENTI,ON (Field of the Invention) The present invention relates to a
$sem conductor device in which a copper fine wire (Cu wire) is used as a
wire material and a die bonding material used for bonding a sem conduct or

chip on a die padgzwkcamiotreon Wﬁr 3% 105 B EEBBUE&E& el %&E ;” -

which a copper ( _ j

eNectrode pad within a predetermned tine and the height of the squashed Cu -
“ball is ruled , is described in British application No. 9323785.7 which is

di vi ded fromgAd<GRIND O8 ITHE INFigN | on Rel ated Art) Fig. 1 is a cross

secti.onal side view of a conventional sem conductor device. In the
drawi ng, a se(Fisidiust othe ipreing Soonded onto a die pad 3 serving as a
| ead frame by an epoxy resin 4 serving as a die bonding material. An Al

el ectrode pad 5 i sTips qviesshtonidventiod ansl aed o seHerdadinchuat ozhidevicet he
surface of the portion without the Al electrode pad 5 being covered with a
[err] gl ass ciomtwhigh 3 eseppenfime wideng(Qu omagr ricgsivaech\as @wiintei es in
the nolding resin of the Chgf 1. The Al electrode pad 5 and-an inner |ead
7 are el ectrimatesizbrandtdRimdrnding macerial wyad £or bgndiag @ ating 9
and 2 is plated on the surface of
- semiconductor chip on a die pade
A method of
manufacturing a semiconductor device in which a copper (Cu)
o _ ' ball is brought into cbntact with an aluminum (Al) electrode
pad within a predetermined time and the height of the
' squashed Cu ball is ruled, is described in British application No.

9323785.7 which' is divided from this application.
(Description Related Art)

Fig. 1 is a cross sectional side view df a conventional
semiconductor device. ,Inithe drawing, a semiconductor chip
1 is bonded onto a die pad 3 serving'as a'leﬁd frame by an
epoxy resin 4 serving as a . die bonding material. An Al
electrode pad 5 is provided on the surface 6: the
semiconductor chip 1, the surface c£ the portion without the
Al electrode pad 5 being covered with a.SiOz glass coat for
prebenting Al wiring f:ém corro#ion by imﬁurities in the
molding resin of the chip 1. The A; electrodé_pad 5 and an
inné:_léad 7 a:g electricall?'connected each oghe: by a Cu

~ wire 8. Silver plating 9 and 2 is blated on the surface of
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material a copper alloy or an iron nickel ‘alloy. Fig. 2 is a

nal side view of another conventional sem conductor device

I

same as that shown in Fig. 1 excggt t hat Au- Si (gold-silicon),

used as a die bonding naterlal t he conventi onal

r- devi ces described above, it is general ly. necessary to sel-ect~

t abl t th
5Pl R0E MR é?‘dcﬁ% yAenttRcsed of difphe fines dand

M R r“%yr?@fn T8 g

n8RY%EY %Qib? 4 is cured at a low tenperature of [err] to [err],
e th

ot degrad

e sem conductor chip 1. However, sonme problem

e wreigondi ¢ Breesss. sEc9§on§f‘ @9&3«%@5% ea%‘?afﬁééé’e' y aplan
e pa :

ross sectional side view of the Al el ectro of the
to@hbhtlobandeémﬂaohhﬁcdbe @édz@ewhﬁfbﬁfﬁ%‘ﬂﬁéqeame as that

shown in Fig. 1 except that Au-Si (gold-szllcon) solder 10
is used as a die bonding_meterlal;

In the. conventional semiconductor devices described
above, it is generally necessa:y tio’ select ‘the suitable die
bond;ng.mate:xal.-- An unsuitable materxal causes the
degradation ef the semzccnductc;schip~by-the heating
temperature in die bending'prccess'and-jﬁnction feult:in
;ire bonding process. The detailsfa:e describedfbelow.

When a’die bonding material is the epexy resin 4 (Fig.

1 case), the epoxy resin 4 is cured at a.low temperature of

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

chip 1. However, some problem occurs in the wire bonding

process.

Figs. 3A and 3B are respectively a plan view and a

‘cross sectional side view of the Al electrode pad 5 of the

semiconductor chip 1 bonded on the die pad'3-with'the epoxy

‘resin 4, when the Al eleCtrodeiéad 5 is etched by nitric

acid (HNO3) after a Cu ball has been bonded "to the Al.

. electrode:pad 5, 'In-these draﬁings, Al is- excessxvely

excluded to form an Al excluded portion 11, and a 5102 film



resin 4, when‘the Al electrode pad 5 is etched by nitric acid [err] after a
Cu ball has been bonded to the Al el ectrode pad 5. In these draw ngs, Al
i%s excessively excluded to forman A excluded portion 11, and a SiQ2 film
- (13), which is an under layer of an Al filml I s thus exposed. As a
result, for exanple, the reliability of at a high tenperature storage life
tegty deteriorates, as described in Japanese Patent Laid-Open No. 1-143332.

I'f Tl trasoni c @ngro%nWehChsCRHSBAGAL SXGbHSLENah Safleei fRsesl, B Q@ alloy
| ayer does not nake so large that the reliability at a high tenperature

Storage'test dgipysed.at ensciat ReBulthi Sorcekafpls, cshé MBd Brhyale ke Wiy &
bondi ng tenperature is [err] to [err] and the glass transition tenperature
Tg of the epohyighetiempesakere] storhgerlifantestedétehidtaties plaastical ly
defornmed on the Al electrode pad 5 by with applying the greater ultrasonic
vi brati on enerdpscrided Hat JapahkesecBatent bhaideOmed INoi Hatl4333fenerdliy
used. And nore work hardening properties of the Cu ball is higher than that
of the Au ballultWasondcdesergydiwhgchucauses Ad exelysi®@ ispldemreesedri ¢ 2
case), the die bondin% tenperature i s higher than :

Cu-Al alloy layer does not make so large that the
‘reliability at a high temperature storage test deteriorates
either. e

This reason is estimated that the wire bonding
temperature is 250°C to 300°C and the glass transition
'tem?erature Tg of the epoxy resin is 110°C t0.150°C1 and the
Cu ball is plastically deformed on the Al electrode pad 5 by

" with applying the greater ultrasohic vibration energy than
that in the case of an Au ball, that is generally used.
And more work hardening properties of the Cu ball is higher
than that of the Au ball.
| When a die bonding material is the Au-Si solder 10
(Fig. 2 case), the die bonding temperature is higher thah
i_/ 370°C which is the liquidus temperature of the Au-Si solder.
. This causes cracks in the glass coat 6 and degrades the
semiconductor chip 1. The details are described 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



[err] which is the liquidus tenperature of the Au-Si solder. This causes
cracks in the glass coat 6 and degrades the sem conductor chip 1. The
details are described below. Fig. 4A is a perspective view of the ¥
sem conductor chip 1 and the die.pad 3, and Fig. 4B is a cross sectional"

side view taken along the line A“/Ain Fig. 4A Fig. 5is a plan view of _

t he semi conductor ship 1 which is done the  structural analysis. In.the j
drawi ngs, Al _wiring 14 is entirely_covered with the glass coat 6. lt_thagﬂ
structural &FEIMFEMEads ABALYSEShondEl ERApREaAvIRGEr AL YRR the dF ack in |

. f- the SBRITONC hip 1 b d t he di ad 3 wit the
o) 250 oAt sRedly LUUeREl LONRUERS! QTR JopPrE ! Pt g :[sSt_rzF’acha“phori c
id r] gl ., aapd | WiLi : er: ss coat.’ 6, was
S thet. | TRRRe1gR:8 AsLes aRRinbhed sUbbLDY, SEhIIER dolnd GRS i

tests after thesiglalBl dode!l € ber 8h€SsemidbhguéEssUhip LU &h hat the

cracks 15 is caused by the concentration of stress iI'n a certain portion of
the glass cdde padaverwibethe Mar5D0sd¥deber@lsen{dte welffninfd AES i¢f ot her mal

“expansi on of the glass coat 6 and the sem conductor chip 1is different
(Si @2 of theodhasencodt 800£65992°¢ ephdspiricd ddiad syroanduezorzochi p: 3.5 x -
[err]/O). The reason _ ' ' ' '
minutes, and thé-Al wiring 14 under the glass coat 6 was
etched. Then the resin mold chip deﬁeriorates_in the
pressure cooker tests after resin mb;d'deteriorates. This .
reason is esﬁimated:that the cracks 15 is caused by the :SJ
'concentration.of stress ih:a certain portidn of the glass
coat 6 ovef-thé.Al-wiring 14, because the-Coefficignts of
therﬁal expansioh 6f.the glass-ééatls-ahd the sémiConductor
chip 1 is different (SiO2 of the glass coat: 0.65 x 10~6/°C,
Si of the semiconductor chip: 3;5 ¥ 10-6/°C) . The reason
why the die bondihg materials is'Au~Si solder”ld is that the-
wire bcnding'temperature should be raised to a higher
témperature than.that of an Au wife to progress the mutual
diffusion betweéh the Cu wire and the Ai electrode.

'iﬁ.the aboVe-describéd semiéonductor device, when a die -
:bonding material is the epoxy reéih,hthe sehiconductor chip
is'not'bonded hardly because the heating temperature of wire

' bpnding.;s higher:than thét of-thé glass transition )
' temperature of the epoxy resin. In éddition)_the Cu ball

is plastically'defo;med on the'Al electrode pad with



why the die bonding materials is Au-Si solder 10 is that the w re bonding

t enper atiur.e should be raised to a higher tenperature than that of an Au
Wire to progress the nmutual diffusion between the Cu wire and the Al

el ectrode. In the above-described seni conduct® device, when a die bonding
material is the epoxy resin, the sem conductor chip is not bonded hardly
becayse the heating tenperature of wire bonding is higher than that of the
gl a%s transi tapml gisngperte readert hel tap®@on icesiibrat iba addirgiyoBhahheh&y bal |
is plastically deforned on the Al electrode pad with - applying the
greater ultrabriirc A4 hagtli obensarsgy thieawarkathagkean ngu prabertgeofushet te
wor k hardening property of the Cu ball is higher than that of the Au.ball.
It causes Al R3deh i RfIhex e thatcofodbepdy badd -Si OFtusaesesi Ahis thus

exposed, and the sem candyctor, device |ife deterjorates in.a high

tenperature. set"_bcr%a e EYS er{A“lfj i _eﬁg-rgdes &a(‘jlér t?’?. g_ﬂr?@d upgrTt ﬁg 1ButPose of

e g or T GRS ot Sl RO HR0ED 3130k iR0el Bk "

sem conductor; chi @4 Agyge perat ure.i n die bonding, and thus the
lﬂ”Hlkggh‘QE%ueslI##ﬁ‘é%%&% et

resin nold chip deteriora € pressure cooker test and nore it
When the Au-Si solder .is used for the purpose of

setting a heating'temperature of wire bonding which is
higher than that in ﬁhe case of an Au wire, there occurs the
K/l : .cracks in the glass.coat of the semiconductor chip at the
heating temperature in dié'bbnding, and thus the resin mold
chip deteriorates in the pressure cooker test and more it
has no economiqal merits.
SUMMARY OF THE INVENTION
The present invention has been achieved in order to
solve thé above-described éroblems, and it is an object of
the present invehtion to provide a semiconductor device
using Cu wire whosé die bonding material is able to bond
firmly the whole_of the semiconductor chip on a die pad and
at a lqwer temperature not to cause any cracks in a glass
coat. |
It is-anothe; object of the presenﬁ invention to
provide a method of producing a semiconductor device whiéh
flames-out at one end of a Cu wire; holds heat in cu ball,

prevents a film oxide growing on the Cu ball surface and



has no economical nerits. SUMVARY OF THE | NVENTI ON The préesent i‘nvention
has been achieved in order to solve the above-described problens, and.it is
an object of the present invention to provide a sem conductor device .using #
Cu wire whose die bonding nmaterial is able to bond firmy the whole of the
sem conductor chip on a die pad and at a | ower tenperature not to cause any.
cracks in a glass coat. It is another object of the present i nvention to »~; .
provi de a nethod of producing . a sem conductor device which flanmes out at ﬁfg
one end of L | ds: tdd s 1, .event s j | moxide growi ng -
on the Cu bgfl?zlg\é‘rs#gl er&glr‘?d%a_\-rl_-\E%?lrle(:érégalg".i%négi ’hea'ﬁér%riﬁe%éﬂé?f, and applies

the ult rasoghgrégg{.ﬁg %Hr’&t&%‘?{jii'?ﬂ %ﬁ%b{%ﬁ% MA&?%@ZIPAO vibrate

efficiently w thout A exclusi-on. Acco e presen ion, there -

i s providedzgomgMeeORd Mrladle _,@Ef‘ﬂi%%.egf%iﬁf |ﬂ€(}g,d_}€ %%}%%P&ﬂ ng as a |lead

frame; a sem conductor -chip provide sal aving an :

al um ni um el ect r gdeoR@dng? Qr@.ﬁ%ﬁé ;irﬁ,éfﬂf&{" Usiggh-& 0 g bondi ng- sai'd
| 'and having a li1q

sem conductor chip to said die pa ui dus tenperature at
provided a semiconductor device comprising: a die pad

serving as a leéd, frame; a semiconductérl éh_ip .provided on’

said die pad and -ljxairirig an aluminium -:élec.trode pad, and a

glass coat; --a s_qlc_ier used for b_ondi-ng'sai.d semiconductor

chip to said die -pad and hairit;_g a liquidus temperature at \.J
which no crack oécdf_s" due _'td' the d:i-.ffe_.:ence in thermal
fexpansion_betweeri .said glass ¢6_at ar’xd---_sa_id semiconductor _

chip (Si); and a fine copper ﬁir-e bonded to said aluminium

electrode pad.

. BRIEF DESCRIPTION OF THE DRAWINGS. .
Figs. 1 and 2 are cross sectional side views of

conventional semiconductor devices;



whi ch no crack occurs due to the difference in thermal expansi on between
sai.d gl ass coat and said sem conductor chip (Si); and a fine copper wire
‘bonded to said alum nium el ectrode pad. BRI EF DESCRI PTI ON OF THE DRAW NGS
Figs. 1 and 2 are cross sectional side viepgs of conventional sem conductor
devi ces; Figs. 3A and 3B are respectively a plane view and a cross
sect;ional side view of the Al electrode pad of 'a conventional seniconductor

devTce at which ispgdgee sirsgsussl apoatyspece FHdlsy é&mﬂ; 4Be¥ @nd a
respectively a perspéctive.view and a cross sectional" side view of a

conventional gepksosduUEiORalETidE widwroslithdaridi@ctitictie paids oF Bl an vi ew
of the sem conductor chip at which is done the structural analysis of a

gl ass coat creokvahebonakesemboohdictor evice dite-Widrted sardnehi ch is
i mersed in a phosphoric acid solution; Fig. 6 is a cross sectional side
vi ew of a senstondtigtrai d@&lzelaccordlng to one enbodi nent of the present
I nventiion; Fig. 7 is a schematic view of the arrangenent inawre
Flgs 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 semlconductor chip at
which is done the structura; analysis of a glass coat crack
~ when a semiconductor chip is die-bonded and'which.is
'immersed-in a phosphoric a;id solution;
Fig  6 is a cross sectional side view of a
‘semiconductor device according to one embodiment of the
present 1nventlon,
Fig. 7 is a schematic view of the arrangement in a wire
bonding step éfter formin§ a Cu ball; |
o Figs. 8 ‘and 10 ére_cross sectiénal side views which
‘show states wherein a Cu ball is bonded to an Al electrode
R | o
- " Fig. 9 is a diagram which shows the reiétién between
the height of a Cu ball and the time from Cu ball formation
- to the contéct with an Al electrode péd: |

Fig. 11 is a Weibull plot which_shows the high

temperature storage life test results of a semiconductor
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bonding step after forming a Cu ball; Figs.'8 and 10 are cross sectional

side views which show states wherein a Cu bal
pad; Fig. 9 is a diagramwhich shows the relation between the height of a
and the tinme fromcCu ball formation to the contact w th an_ Al
el ectrode pad; Fig. 11 is a Weibull plot whigh shows the high tenperature

. Cu Dbal

storage life test results of a sem conductor devi ce according to the.

pr esent

i nvention and a conventional seniconductor device; Fig. 12 is a ..

Wi bul |- pl ot qeRijclh skeerdihy RLeThe predeker iheshtE85ULAS ch@nventional

sem conduct or device according to the present .invention and a conventi ohal

is bonded to an Al el ectrodeg

&d '

(2%

sem conduct oised8\¢otduckiogs de¥3Aegnd 13B are respectively a plan view and-a
cross sectional side view of- an Al el ectrode pad after etching of a Cu bal

on it by nitric a€iid;. a2dilsi @ weédbullappbanwhiew Shows SEmne

which is done the structural analysis of a glass coat crack when the chip

IS d|e bondedoamdrwhesh mesn&usroédalBeaipbndpboorcd@ﬁideSi¢¢5rthg to

the present invention and a conventional semiconductor

devxce.

Figs 13A and 133 are respectively a. plan view and a

cross sectional Side View of an Al electrode pad after

etching_of_a-Cu ball,on it by nitric acid; and
Fig. l4-is a plan view of a semiconductor chip at which

is done the structural analysxs of a glass coat crack when

the chip is die-bonded and which is immersed in a phosphoric

acid solution

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT

The present invention is more different from prior art

in the first point that, in spite of the change of a wire

material from Au to Cu, a problem to be solved is not

clearly analyzed in the prior art, the prior art was not

able to improve the deVice reliability and did not establish

a mass-production technique

£ chip at-

\-J.

o
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DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENT The present invention is nore
di fferept. fromprior art in the first point that, in spite of the change of
@ wire material fromAu to Cu, a problemto be solved is not clearly

anal yzed in the prior art, ‘the prior art was not able to inprove the device
'rellablllty and did not establish a mass- production technique. 1In the

progent - nventi on ard enbopdbalnEnLROALISHCD B3 PBeRMAY AdbdeLagr e

| i%é, may be sel ect genera OWs many achi eve has a

i quidus tenpeg@éﬂfgsO@bLE%rknoéoi§é§ QECEHéelhke'Sm&9der§dlgetQaeve”t
gl ass coat cracking at the heating tenperature of the sem conductor chip.

An enbodi ment ﬁﬁléﬂeg@ﬁéﬁamlylﬁhéﬂelﬁa %ﬂh&h?év@ﬁéﬁ&bbeﬂnanhﬁgta'| bel ow
with reference to the draw ngs. is a cross sectional side view of

an enbodi nent piqﬁhaupreemperauueatoen3vo%mh¢ﬁraé§§emé&EESQUMeraés 1to3
and 5 to 9 denote the sane as those in the conventional sem conductor

devi ce. For esqapred soTpréiredt biyes csapr oxadkingsaanthe- heaalihgzed

| ayer 16 on the rear side of the sem conductor chip 1, and Pb-5% Sn sol der
i s situated astempetraturé7obetheecsemheconductor chip.

'An embodiment of the present invention will be

described in detail below with reference to the

U drawings. Fié 6 is a crbss sectional side view of an
embodxment of the present lnventzon 1n which reference
numerals 1l to 3 and 5 to 9 denote the same as those in
the conventlonal semzconductor devxce For example, a
T1-N1-Au layer is provided as an Au-metaliized lajer 16

~on the rear side-of the semicondncter chip 1, and Pb-5%

Sn solder is situated as a solder 17 between the

metallized layer 16 and tne_silver plating 2 on



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 schemat|c_
view of the arrangenent in a wire bonding step after formng a Cu ball.
In the drawing, a capillary chip 18 is staygd above the sem conductor chip
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 pl aced under the die pad 3. In the above .

nmentioned sg c ugt gr d 8a .i s, downwar d aned together &g-'
with the cap| |§?§ gha 3 ?de g"%“é‘?etclﬁostfé“ w‘g‘ 1 gOFi g. 8,
and the forggealut ;5039 |s | oaded on the Al electrode pad 5 and the
.ultrasonic V|brat|on energy is supplied through the capillary chip 18 and

the heat energy fagoup lsra]gcmémawp@wf&fapreiéﬂ%zf}g%tgelme%kl% l,3,.grder -

to understand the quantitative value of the Cu ti C defo%ﬁﬁtlon

the Cu bal | b8adiag beegedrteort ferMingl £y qsler pad EInbléh%pla'r)éhﬁﬂ - same
anount of ultrasonic vibration energy through the capillary chlg 1 t he

hei ght h of capelCarpathiBal§ susiastegsd ilso e ame %@m&'&ldnauelﬁaﬂgbﬂgpt *ﬂe time
t fromthe Cu ball 8a formation to the
. 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 deVice, the Cu
'ball 8a is downward moved together with 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.S and
the ultrasonic v1bration energy is supplied through the
capillary chip 18 and the heat energy (about 280°C) is
supplied from the heat block 19. _
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 5 by applying the same amount of |
ultrasonic vibration energy through the capillary chip 18, _ Q‘J-
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 with the Al electrode pad 5. |
The results of the measurements are,shown in Fig..s.

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

150 ms the_height of the Cu ball 8a is almost constant,
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‘ . . .
contact with the Al ‘electrode pad 5. The results of ‘the neasurenents are
shown-in Fig. 9. It is found fromthe drawing that. in the tinme t of |ess

fthan 150 ns the height of the Cu ball 8a is al npbst constant, while in
the time of over 150 ns the height of the Cu'dall 8a is not kept constant
and_widely varies. It is therefore found that the plastic deformation of

th&>Cu ball 8a is stable as the tinet is decreasi ng, and that al so judging
fromthe vi ewpdiilte din tthe nEmeawifcaveki 50 mé the pebghictoHnt ke uCyprimnt L 3
used, the tinme of less than 150 ns is the best condition. I n addi tion,

the time t of 8aesis tiedn kEZT wonstaptefodaplidelynvarkest | melt b tisTrefore
100 ms exhibits excellent results. If the hei ght of the Cu ball 8a squashed
is 25 [err] orfausk thatCrhs pdassyccasfpsmpEbances §%$é¢? RethdAR H®king

damage to the sem _conductor chip 1, while if :over r al cannot
be -produced sfaRL%®S \?&hten&}tmen'&kﬂ-ﬁgdﬁﬁﬁﬁaélf’g'tﬁ% sé?ﬁ'ﬁo‘?’nlcﬁfbt A%%T

of the Lapi || A5PRIRE ‘éis' TRARY PR BPG. PSORSPREACHOREE K '%ytfewa&%“ﬁc i

(squashed) s Gedqel{%n% Rl FAY LORE GES1806°:RENEEE hECud SR DR O the_

condition. In addition, the time t of less than 120 ms is

preferable, -and the time from 150 ms to 100 ms exhibits

excellent results.
N ] If the height of the Cu ball 8a squashed is 25 um or
less, a Cu-Al.alloy can be produced'safely without making‘
damage to the semiconductor chip ‘1, while if over 25 um, an
-alloy cannot be produced sufficient.without making damage to
the semiconductor chip'l,'this may induce the deterioration
in the device reliability. In the case of the capillary
chip '18a shown in Fig. 10, the height h of the Cu ball 8a
(squashed) is defined as the shortest distance between the
recess 8b of the Cu ball 8a and the:Al electrode pad 5
In Fig. 9; the cufve A shows the result; obtained when the
Cu ball 8a sphere formed had a small diameter, and the curve
B shows the resulﬁs obtained 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.



In Fig. 9, the curve A shows the results obtained when the Cu-ball 8a
sphere fornmed had a small dianmeter, and the curve B shows the results . |
obt ai ned when the Cu ball 8a sphere formed had a | arge di aneter.

Generally, the dianeter of the Cu wire 8 |%6about 25 [err], and the

di aneter of the Cu ball 8a (squashed) is 1 [err] or |ess. H gh.
tenperature of [err] storage tests were done to eval uate the seniconductor: |

device life and ffyen’ $544a¢§53 ¥ Fddc %%?Eaggb%giﬂf . ?%%en from \af

this, the life (denoted by t curve
semi conduct ora RN NS SBIIEdTBIRR 2%16aTRaE 8latth! Pnlhedbify (RAOL ed by

the curve D) of the conventional sem conductor eV|ce ressur

tests at [esf]Fand 1D Ripesaredlone also seval #aba thes Sepheongdpgt or deVl Ce
life and the Weibull plot of Fig. 12 is obtained. As seen fromthis, the

1ife (denot &iernteadcdyuthe dirvef dhefprhsepres8HENLhvENEESH conduct or devi ce
i's much inproved as conpared with the life (denoted by the curve F) of the
convent i ona¥emigandurhian slewiog ds. muchhémproxed| Asntomestéd Switle tH&O.
support ed the structural analysis of this sem conductor chip. hbnely,
Figs. 13A a%ofe.LSﬁSl%%we@ﬁev&u}‘V& P)aré thewcemvent tomsk sectional side

view of the Al el ectrode
‘semiconductor d%v1ce : Pressure cooker tests at 121°C and

lOO%'RH'werewdone to evaluate:the'semicondUCtor device-life
and the Weibull plot of Fig. 12 is obtained. As seen from
this, the life;(denoted hy the”curve E) of che oresent _ o
lnventlon semlconductor dev;ce is much lmproved as. compared
with the 1life (denoted by the curve F) of the conventlonal

' semlconductor-dev;ce. -_These excellent results are also
supported'by'the'structural analysis of this semiconductor
chip. ~Namely, Figs. 13A and 13B are respectively a plane
view and a Croés sectional side view of the Al electrode pad

- after the Cu ball 8a was etched by nitric ac1d (HNO3) . As
.seen from the draw1ngs, although Al is sllghtly excluded to
form an Al excluded portion 11,_the S;Oz film 13 which is an - <
under layei of:theiAl'filmdis not exposed. Further, as

'shownhin Fig. 14, when thefdie bonded semiconductor chip 1

was immersed in a phosphorlc ac1d (H3P04) solution at 80 to

- 90°C for 20 mlnutes, no corrosxon was found in the Al wiring

and no crack occurs in the glass coat.



L . .
after the Cu ball 8a4 was etched by nitric acid [err]. As seen fromthe
dramﬁngs,,although Al is slightly excluded to forman A excluded portion
the [err] film13 which is an under layer of the Al filmis not -
exposed Further, as shown.in Fig. 14, when the di e bonded sem conduct or
chip 1 was imersed in a phosphoric acid [err] solution at 80 to [err] for
20:mM nutes, no corrosion was found in the Al wiring and no crack occurs in

t h&’gl ass coat. Al t hough the above-described enbodi ment enploys t he
Pb-5% Sn sol der as rial her . sql.der s, ch I|qU|dus
tenpe?atures i s [er$}§3§g$ sgﬁeggéggﬁrgéF8r¥§8 FOPR 1§ﬁﬁ§ ?ﬂﬁh@ysas that -
Sy, PooAg. poche PRISHCSATRbfaeR ally %giﬁa"{nﬁggrﬁa( iaﬁa%agﬁéid"f n
addition, alth e h bek i er

t he surface ofggﬁéeigyeihiah f%q%%?ﬁ% mﬁéﬁ?t%ﬁe%rfi”?9?<ﬁ<§§gﬂ% e an
Ag-retal | ized bayeapsdChoagser 1A9thay§5m "mbAfek! kS, cHEY BBsUsedleds the
nmetallized | ayer. A sem conductor nmade of a conpound such as or the

}: lkren 815 hteL et Rlaalgﬁggtrr%dgszggﬁs@iea §H!Qaé£-aESmp$BSdU8€ePbLQﬂer(Sﬂf okhe A
more of Sn), Pb-Ag, Pb-In, Sn-Ag, Pb-Ag-Sn, Pb-Ag-In
and the like can be used. .In additier, although the
Ti-Ni-Au iafer is used as the metallized layer 16, the

o/ - surface of the.layer may‘be-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 layer.

A semiconductor made of a compound such as GaAs or
the like ether'than Si may be used as a substrate.
The under layer of the a1 film of the.Al.eiectrode pad
5 is not limited to the SiOz film, and other materials
hay be good.

'~ As described above, the present invention is able
to prevent.the glass coat from cracking and able to
bond'firmly the whole of the semiconduetor chip on the
die pad by solaer situated between the silver plating

on the die pad and the An-metall;zed layer formed on

the rear side of the semlconductor chip.



-—‘TTT?TTEE—TTF;?;a‘tO the [err] film and other materi al s may be good. As :
| the present invention is able to prevent the glass .cqat, , -
“ m l“ mu“ud able to bond firmy the whole of the sem conductor chip . %
M

e pad* by sol der situated between the silver plating on the die pad
and the Au-netallized | ayer fornmed on the rear side of the sem conductor .
chip. WHAT IS CLAIMED IS 1. A sem conductor device conprising: a dies ;"
pad servingg;m 134 A¥ ;'@.Séﬁiconductor chip provided on said die pat®
and havi ng 1ﬁr%£:ﬂﬁﬂﬂﬂﬂﬁg§§;i¢ode pad and a gl ass coat; a solder used for
bondi ng said sem conductor*¢éht§ to said die pad and having a |iquidus -
tenperature at which no crack occurs due to the difference in thermal _
expansi on between said glass coat and said senm conductor chip (Si); and a -

fine copper wire bonded to said al uminiumelectrode pad. 2. A device
according tq C aip[nslemi/&a{cma;@@i&e'\yiggig&%i.iggnégrrperat'ure Is [err] or
| ess. 3. A device according to Caim1l, erein said sol der :

a die pad éérving'as'a lead frame;
a sémicondﬁctor.chip.provided oﬁ”séid die é#d And
_having'an éluminiﬁm‘eléctrode.éaa-and a'giass_coat;
a solder used fqr bondiné_said.SemiCOdductér chip
to said die pad aﬁd having a liquidﬁs teﬁperature at
- which no ¢rack occurs due ts the difference in thermal
expansion between said glas§ coat and said | |
semiconduéﬁbr chip (Sif{ ana :
- a f‘ine coppér wire bonded to Sai_.d _aiuminium eiectrode pad.
2. A device accor¢ing.t6 Claim 1, Qherein said
liquidus line temperaﬁure is 370°C ox less.l
3. A device acco:ding to Ciaim’i. wheréin said.solde:
is composed of Pb-5% Sn.. | | | |
4. A device éccording to'CIéim 1, whereih.said.soldér
is selected fféﬁ the gfoups.coﬁéigting of Pb-Ag, Pb-In, \aJ.
Sn-Ag,.Pb-Ag-Sn and_Pﬁ-Ag—In. | : |
5. -A'dévice.accofding to Claim'l further comprising a
metallized.iayé: fofmed be:wéen said solder and said
semiconductor dhip.: | | |
6. A devicé according to Claim 5, wherein said

metallized layer is a gold-metallized layer.



i's conposed of Pb-5% Sn. 4. A device accor di ing to daiml i ﬂ”ill

sol.der |s. selected fromthe groups consisting of Pb-Ag, P ﬂll' I“ﬁ“
#Db-Ag- Sn and Pb-Ag-In. 5. A device according to Clalnll

conprising a netallized | ayer formed between said sol der -and said
sem conductor chip. 6. A devi ce accor ding to daimb5, wherein said

;al i zed | d- | I A d dj
G avm 6. wher 417 sai P QP ReReroRSte |49 G 1aim Grpene i ST ] |

A devi ce accordin e id.ne | ayer is a

silver-netalli zelag'lzéaﬁég%ni;&ig\hd%nJf:é;mé‘g%%‘?a?%% 1\;’Cfl'dp«‘;{‘f'rn 8, V\/ner ein said
silver-netal lizeg |aygr A &' devi ce
substantial |y asgdesc}rgl ée‘?jn\%vlé)t &fddre ce to |rgu5re '%?ég (}Ee accorrpanyl ng

drawi ngs. metallized layer is a silver-metallized layer.

9. A device according to Claim 8, wherein said
silver-metallized layer is composed of Cr-Ag.

10. A semiconductor device eubseantially as described
with reference to Figure 6 of the accompany:.ng

drawzngs




