BESCRIPTI ON SEM CONDUCTOR DEVI CE AND METHOD

OF FABRI CATI NG THE SAME 5 TECHNI CAL FI ELD The invention
relates to a sem conductor device and nmet hod of fabricating the sane.
More particularly, the invention is concerned with a sem conduct or
device nmounted on a gl ass substrate of a liquid crystal 10 display panel
for use as a display unit of information equipnment such as t el evi si ons,
conputers, and so forth by the chHESCRIRTIEON (COG nethod, or a

sem conduct or device nounted by the chip-on-board (COB) nethod on a
printed circuit board built in electronic equipnent for perform ng control

SEMICONDUCTOR DEVICE AND METHOD
OF FABRICATING THE SAME

TECHNICAL FIELD
The invention relates to a semiconductor device and a method of
fabricating the same. More particularly, the invention is concerned with a
semiconductor device mounted on a glass substrate of a liquid crystal
10  display panel for use as a display unit of information equipment such as
televisions, computers, and so forth by the chip-on-glass (COG) method, or
a semiconductor device mounted by the chip-on-board (COB) method on a
printed circuit board built in electronic equipment for performing control
operation, and is also concerned with a method of fabricating the same.
15 |
BACKGROUND TECHNOLOGY
Taking an example of a semiconductor device mounted on a glass
substrate of a liquid crystal display panel by the COG method with an
anisotropic conductive film interposed therebetween, a conventional
20 semiconductor device is described hereinafter with reference to Fig. 18 and
19, |
Figs. 18 and 19 show a conventional semiconductor device,
respectively, Fig. 18 being a sectional view of the conventional
semiconductor device provided with straight wall bumps, and Fig.-19 a
25 sectional view of the conventional semiconductor device provided with
- mushroom bumps.

Fig. 20 is a schematic sectional view showing a condition wherein
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The semiconductor device 10 shown in Fig. 18 is provided with a
multitude of electrode pads 2 (only two pieces thereof as enlarged are
shown in the figure), made of aluminum, serving as I /O terminals, which
are formed on a surface of a semiconductor chip 10a (shown in a simplified
sectional view, however, a multitude of elements such as MOS transistors
are in fact formed thereon). An insulating film 3 having an opening 3a
over the respective electrode pads 2 is formed on the semiconductor chip

10a, and a plurality of the straight wall bumps 15 is provided at positions

- corresponding to the respective electrode pads 2 over the insulating film 3

through the intermediary of respective electrode films 12 kept in contact
with the respective electrode pads 2 through the respective openings 3a.

For the electrode film 12, a film composed of at least two layers,
one made of a metal for preventing mutual diffusion with the electrode
pads 2 and gold which is a constituent material of the bumps 15, and the
other made of a metal having a function of maintaining adhesion with the
bumps 15, respectively.

As shown in Fig. 20 by way of example, the semiconductor device |
10 is mounted on a glass substrate 16 of a liquid crystal display panel,
provided with wirings 17 patterned thereon by use of indium tin oxide
(ITO) in such a way as to sandwich therebetween an anmisotropic conductive
film 18 containing conductive particles 19 dispersed therein.

Hereupon, the bumps 15 is rendered electrically connecting with the

wirings 17 by sandwiching the conductive particles 19 between the bumps .

15 of the semiconductor device 10 and the wirings 17 formed on the glass
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2" ‘ t he seni conductor device shown in Fi g. 18 is mounted on the glass
substrate of the liquid crystal displ aé panel with the anisotropic
t

conductive filminterposed therebétween. The sem conduct or
device 10 shown in Fig. 18 is provided with a 5 nultitude of electrode
pads 2 (only two pieces thereof as enlarged are shown in the figure),
made of alum num serving as | /O termnals, which - are formed on a
surface ofsubstrate ck6)dandobychpplyifip hedowhd PpréssaréMhefdt8d  Insuldtfst | onal
view, however, a nultitude of elenents such as MOS transistors are in

fact for nietwieendha)bumps il5s wWdjddent td idachotheri e B8 meaintiined Irecafise over

the respective electrode pads 2 is formed on the sem conductor chip
10a, and dhpiconductiye particles 40raregiot sendivichedtheddbetwepnovi ded at positions
corresponding to the respective el ectrode pads 2 over the insulating film3
t hrough the int dheegondyctiver paicles 9 erecmaddeupi ofisa Iantipatedi filapnt act

with the respective, e]ectrode pads 2 through the respective openings 3a. 15
For the e|Cé>a§)PQﬁ?é of mﬁ(ﬁi (N2) and ;gold (Aaw e formedion| acsnfacarof nyenganic

polymer resin, and those having a diameter in the range of 5 pm to 10 um
are in use.
In Fig. 20, for the sake of convenience in illustration, two or three
pieces of the conductive particles 19 are shown to be sandwiched between
10  the respective bumps 15 and the respective wirings 17. However, in order
to secure electrical conduction with resistance at not more than 1 Q, at least
about ten pieces of the conductive particles 19 needs to be sandwiched .
therebetween.
Accordingly, it has become evident based on test results that in the
15  case wherein the conductive particles 19 are 5 um in diameter, an upper
surface area of the respective bumps 15 needs to be not less than 3000 pm?,
Thus, since the respective bumps 15 need to have an upper surface
area not less than 3000 um?, the respective bumps 15 were needed to be
formed in size at 60 um x 50 pm if the same were designed based on the
20  assumption that the bumps 15 are arranged at an alignment pitch of 80 pm,
and gap between the adjacent bumps 15 is set at 20 pm.
Further, the respective bumps 15 were designed to have a height
(height of an upper surface of the respective bumps 15 from the surface of
the insulating film 3) in the range between 10 pm and 20 pm, taking into
25  consideration capability of the respective bumps 15 for efficiently arresting

the conductive particles 19 over the top thereof, and the fact that a gap



ofie ndde of a netal for preventing nmutual diffusion wth the el ectrode
pads 2 and gold which is a constituent material of the bunps 15, and the
other made of a netal having a functiof of mai nt ai ni ng adhesion with the
bunps 15, respectively. 20 ' As shown in Fig. 20 by way of exanpl e,
t he sem conduct or device 10 is mounted on a gl ass substrate 16 of a
liquid crystal display panel, provided with wirings 17 patterned

Lher eon bibtavees HesbrHiBdhoR dvice 10 ehdhe Masd Sfinarify €95 4g ganaw oh

t her ebet ween an ani sotropi ¢ conductive ctive

particles fifed h@p@ith‘iésimﬁfrﬁt)asinéfthe re]m%s}?érdiﬁé %Hﬁ&ﬂctiw?é‘ﬁi@ s 15 s
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device 10 and the wirings 17 forned On the gl ass
3 and the conductive particles 19 were 5 um in diameter, the alignment pitch

5 (comnection pitch) of the bumps 15 as small as 50 pm could be
accommodated. |
Meanwhile, as shown in Fig. 19, there is also available a
semiconductor device 20 provided with the mushroom bumps 25.
The mushroom bumps 25 are made up of a laminated film
10 composed of gold (Au) or copper (Cu) and gold (Au), and are formed by
means of the plating. And as with the case of the straight wall bumps, the
mushroom bumps 25 are electrically connected with respective electrode
pads 2 of a semiconductor chip 20a via an electrode film 12.
In the case where the semiconductor device 20 having the
15 mushroom bumps 25 was mounted on a substrate by use of the anisotropic
conductive film in the same way as shown in Fig. 20, if the conductive
particles 19 are 5 pm in diameter, a connection pitch less than 80 pm could
not be accommodated because of a large diameter of the respective bumps
25. '
20 | As described above, there are available conventional
-semiconductors provided with either of two types of bumps, that is, either
the straight wall bumps or the mushroom bumps, and since, in either case,
the bumps are formed by means of the plating, variation in height thereof is
likely to occur. For example, if the bumps are 15 pm in height, variation
25 of a height in the order of 4 um (+ 2 pm) will occur. Consequently,
variation tends to occur to an electrical connection condition between the

bumps and the wirings as well, thereby unstabilizing electrical connection



substfate 16, and by applying heat and pressure thereto. Insulation

bet ween the bunps 15, adjacent to each_other, can be maintai ned because

t he conductive particles 19 are not sahdwi ched t her ebet ween.

The conductive particles 19 are nade up of a lamnated film 5 conposed of
nickel (Ni) and gold (Au), formed on a surface of an organic pol ymer
resin, and those having a dianmeter in the range of 5 [errJmto 10 [err]m

are in usefthe semlconductof devics- 1n%(e)p geﬁfsaltéaiﬁﬁi Whefol ¥ cOMaactdt
illustration, . two or three I eces the conductive particles 19 are
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respective wirings 17. However, |n or der to secure el ectrical

conduct i oiliquiid herystull sdisplay panelota meoblenh dms lafiserr hatathereawill be noabout
ten pieces of the conductlve particles 19 needs to be sandw ched

t her ebet welenying a possibility ofrfandtyodisplay, ocdurting. beconme evi dent based on test
results that in the 15 case wherein the conductive particles 19 are 5
[err]nSin di aneNow, seperfinerdisplay Jslbmngafeqmedmfaﬁqmdeegewlidmphynps 15
needs to be_not |ess than 3000 [err]nferr] Thus, since the
respect i vaTBLHp anImckeasing degace yaar g%tpwegnr&m}cmth somgr hguicberystals t han

3000 [err] merr], .the respective bunmps 15 were needed to be
display unit, a pixel p1tch is requlred to be in the range of 20 pum to 40 um

in size.
However, if the conductive particles are less than 5 um in diameter,
10 the bumps of a semiconductor device, corresponding to the pixel pitch from
20 pum to 40 pm, can be designed. But if the conductive particles are 5
pm in diameter, it is impossible to mount the semiconductor device 10 so
as to correspond to the pixel pitch as required such as from 20 yum to 40 um
because even in the case of the straight wall bumps 15, the connection pitch
15 is 50 pm at the minimum.

As a result, there was no choice but to design an mounting area by
widening the pixel pitch. If the pixel pitch is widened, a picture-frame
size of a liquid crystal display unit had to be enlarged, causing a problem of
depreciating a commercial value of the liquid crystal display unit of which

20 miniaturization is required.

Further, in order to obtain the connection pitch of 20 pm so as to
correspond to such a fine pixel pitch as 20 pum, the bumps need to be
formed such that a width of respective openings in a resist is not more than
10 pm to a thickness of the resist in the range of 10 um to 20 um. Asa -

25 result, a tight aspect ratio of the resist (ratio of the thickness to the width of
the openings) is required, thus causing a problem of difficulty being



formed in size at 60 [err]mx 50 [err]mif the sane were desi gned based on
the 20 assunption that the bunps 15 are arranged at an alignnent pitch of
80 [err]m and gap between the adpacent bunps 15 is set at 20 [err]m
Further, the respective bunps 15 were designed to have a hei ght

(hei ght of an upper surface of the respective bunps 15 fromthe surface of
the insulating film3) in the range between 10 [err]mand 20 [err]m taking

into 25 ﬁg&ﬁﬂ@sﬁmgﬁ%@%ﬂt@% El%éﬁ%sis?SpeCt've bunmps 15 for

eff|C|ent y arre | Ve partlcles 19 over the top

thereof, and thg, cﬁl%f‘tnf‘ Baseo the muamroo s as shown in the
4 bet ween the sem’con tor evi ce Iass substrate 16 is

ag. be _ sefditofidhctBr evice Ga Flgc.ow,oﬁ‘lé'gﬂféiﬁn&ft' ﬁﬁ&ﬁ%' 80CRAflUetthge film
minimum, and  accordingly, the connection pitch needs to be designed
5 wider relative the pixel pitch than in the case of the straight wall bumps.
In order to widen the connection pitch, a picture-frame size of portions of
the liquid crystal display unit, outside display regions thereof, needs to be
enlarged, thus resulting in further depreciation of the commercial value of
the liquid crystal display unit than in the case of the semiconductor device

10 provided with the straight wall bumps.

In the case of the mushroom bumps, it is practically impossible to
form the bumps with a height in the range of 10 pm to 20 pm,
corresponding to the connection pitch at 20 um due to a structural feature
of the mushroom bumps having a cap on top thereof.

15 The invention has been developed to solve such problems as
described above encountered by the conventional semiconductor device,
and an object of the invention is to provide a semiconductor device wherein
electrical connection in a packaged state is ensured and stabilized while the
connection pitch can be rendered sufficiently small, and also to provide a

20 method of fabricating the semiconductor device.

DISCLOSURE OF THE INVENTION
To this end, the invention provides a semiconductor device
comprising an insulating film formed on a surface of a semiconductor chip,
25 having an opening over respective electrode pads serving as a plurality of I
/O terminals of the semiconductor chip, a plurality of connecting electrodes

formed on the insulating film so as to be in contact with the respective

e
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't thé case where the bunmps 15 were of a straight wall bunp type and
the conductive particles 19 were 5 [el’Jé] min diameter, the alignnent pitch
5 (connection pitch) of the bunps 15 aS small as 50 pm coul d be

acconmodat ed. Meanwhi |l e, as shown in Fig. 19, there is also
avail able a sem conductor device 20 provided with the nmushroom bunps
25. The mushroom bunps 25 are nade up of a lamnated film 10

conposed eleqirdde pads tiroupdpitey rdspedtine Gpeains| And a ahermoplaktc Tesinby

means of the plating. And as with the case of the straight wall bunps, the
mushr oom Kformed 2én ¢he mspettive connecting edectdoddst, ha pheratity i ofepidcestofode

pads 2 of a sem conductor chip 20a via an electrode film 12. ] I n
the case woeductive pasticles bding contamedcin the respeéotiyet thermbplastictresion bunps 25
was nounted on a substrate by use of the anisotropic conductive film

in the same way The sénpeotive cannecting electiodes arauprefenably forpadt 0flaes 19
are 5 [errlmjin dianmeter, a connectiqgn pitch less than 80 [err] m_coul d

not beSactwemaysr dilm gvade aip of chromyumyi antk copper, oha thaepdayer filmunps
25. 20 As  described above, tqﬁre are available conventional
seni condud@?feupaf \chgemiwm, coppenandgoldwo t ypes of bunps, that is, either

A method of fabricating a semiconductor device according to the
invéhtion comprises the following steps from (1) to (5):

(1) a step of forming an insulating film having an obening over

10 respective electrode pads, serving as a plurality of I /O terminals of a
semiconductor chip, on a surface of the semiconductor chip;

(2) a step of forming a metal film on the insulating film so as to be
in contact with the respective electrode pads through the respective
openings;

15 (3) a step of forming a photosensitive resin film having
thermoplasticity substantially across a surface of the metal film, and
forming masks at positions corresponding to the respective electrode pads
by the photolithography;

(4) a step of removing portions of the metal film, not covered by the

20 masks of the photosensitive resins by etching, and forming a connecting
electrode in contact with the respective electrode pads in respective
portions of the metal film, covered by the masks; and

(5) a step of attaching conductive particles to the iespective
photosensitive resins.

25 In the step (3) described above, a photosensitive resin film having
thermoplasticity and containing conductive particles may be formed
substantially across a surface of the metal film.
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the sfraight wal|l bunmps or the rmushroom bunps, and since, in either case,
the bunps are forned by neans of the péating, variation in height thereof
i's likely to occur. For exanple, $f the bunps are 15 pmin height,
variation 25 of a height in the order of 4 pm( 2 [err]m wll occur.

Consequent |y, variation tends to occur to an electrical connection
condi ti on between the bunps and the wirings as well, thereby

unstabi | i zi ng elrpekdipod, WwREHISALthERtep (4), the portions of the metal film, not

5 of the sem'coiductdr devi cgl(r?’a pgc_kaged state, anJ%en a
sem condugb9ered by iy naksueh thé phibtbserlsttivel rbsinnfilnl Gié degioriddby. and
the like is nmountéd in a ligquid crystal display panel, a problem has

ari sen t hgtchihgf cand |thebeonnecting electrode i reasadti Wwitly the frespdctivéi spl ay
ceearr ng'electrode pads is formed in the respective portions of the metal film,
5 covered by the masks, the photosensitive resin film having thermoplasticity
' and containing conductive particles is left intact on top of the respective
connecting electrodes.
Consequently, the above-mentioned step (5) of attaching the
conductive particles to the photosensitive resins becomes unnecessary.

10 With reference to the above-mentioned methods of fabricating the
semiconductor device according to the invention, in the step of forming the
metal film, a two-layer film composed of chromium and copper, or a three-
layer film composed of chromium, copper, and gold is preferably formed
by the sputtering across a sufface of the semiconductor chip with the

15 insulating film formed thereon. |

Otherwise, after forming the insulating film on the surface of the
semiconductor chip in the above-mentioned step (1), a plurality of
connecting electrodes in contact with the respective electrode pads through
the respective openings, having a surface area larger than the respective

20 openings, may be formed on the insulating film by electroless plating, a
thermoplastic resin may be formed on top of the respective connecting
electrodes, and the conductive particles may be attached to the respective
thermoplastic resins.

Or by forming the thermoplastic resins containing the conductive

25 particles on top of the respective connecting electrodes formed by the
electroless plating, the step of attaching the conductive particles to the

respective thermoplastic resins becomes unnecessary. _
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5° ' Now, superfine display is being required of a liquid crystal

di spl ay unit to an increasing degtee year after year, and with sone
liquid crystal display unit, a pi%el pitch is required to be in the
range of 20 [err]mto 40 pm in size. However, if the
conductive particles are less than 5 [err]min dianmeter, 10 the bunps of a
sem conduct or device, corresponding to the pixel pitch from 20 [err]m
to 40 [err]m can be designed. But if the conductive particles are 5
[err]min dianeter, it is inpossible to nount the sem conductor device 10

SO aBRIEE DESCRIFTION ORTHEBRAWINGSs required such as from 20
[err]mto 40 [err]m because even in the case of the straight wall

bunps 15, .the chigeltis ansghematid Sectiendlovibwr showhtg ahembodiment of a

As a result, there was no choice but to_design an nounting area by

wi deni ng semigonducter devicelaccordingita ¢he fventions wi dened, a picture-frame
size of a liquid,crystal display unit had to be enlarged, causing a problem
of 5 depreci Highg to darpschematicacgtional views shawingcregpectivelstepsay uni t
of which 20 mniatyrization is required. i.n order to

. Furt her,
obtai n t hdl E6AHERTE ﬁus@wtmg 2 fist embadiment of @ memOQ&rfagl:S@aango such a

fine pixel, pitch as, 2 rrlm the,bunps. need to be formed such that a
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Fig. 8 is a process drawing showing a step of attaching conductive
particles to a photosensitive resin provided on top of respective connecting

10 electrodes of the semiconductor device provided with a multitude of the
connecting electrodes provided in a row thereon;

Fig. 9 is a schematic sectional view showing an initial step of
mounting the semiconductor device shown in Fig. 1 onto a glass substrate
of a liquid crystal display panel;

15 Fig. 10 is a schematic sectional view showing a step of pressing and
heating when mounting the semiconductor device shown in Fig. 1 onto the
glass substrate; |

Fig. 11 is a schematic sectional view showing a condition wherein
mounting of the semiconductor device shown in Fig. 1 is completed;

20 Figs. 12 to 14 are schematic sectional views showing respective
steps in sequence which differ from those of the first embodiment of the
method of fabricating the semiconductor device for illustrating a second
embodiment of a method of fabricating the semiconductor device according
to the invention;

25 Figs. 15 to 17 are schematic sectional views showing intermediate |
steps for illustrating third and fourth embodiments of a method of

fabricating the semiconductor device, according to the invention;



10 [efr]mto a thickness of the resist in the range of 10 pmto 20 [err]m
result, a tight aspect ratiolgf the resist (ratio of the thickness

As a 25

to the width of t he openings) is

difficulty being

encountered in stable formation of the resist.
in the case of the mushroom bunps as shown in the

in Fig. 19, theFad ongeatid MY Gl isth8Mabi® ctidil views)iAcHUShowitg a

accordingly,

t he pi xel

to wi den the connection pitch, a picture-frane size of portions of
liquid crystal Higmhys arschematicssedtionnk pieay shevinga pdvkaged struetms t o be
thus resulting in further depreciation of the comrercial val ue of
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of the conventional semiconductor device shown in Fig. 18 when mounted

on a glass substrate ofa liquid crystal display panel.

BEST MODE FOR CARRYING OUT THE INVENTION
Preferred embodiments of a semiconductor device and a method of
fabricating the same, according to the invention, are described hereinafter

with reference to the accompanying drawings.

Construction of a Semiconductor Device: Fig. 1

First, an embodiment of the semiconductor device according to the
invention is described with reference to Fig. 1. In Fig. 1, patts
corresponding to those in Fig. 18 are denoted by the same reference
numerals.

The semiconductor device 1 shown in Fig. 1 is provided with a
multitude of electrode pads 2 (only two pieces thereof are shown in
enlarged form in the figure) serving as 1 /O terminals, which are formed on
a surface of a semiconductor chip 1a (shown in a simplified sectional view,
however, a multitude of elements such as MOS transistors are in fact
formed thereon).

 An insulating film 3 is formed sé as to cover a surface of the
semiconductor chip la, and is provided with an opening 3a over the
respective electrode pads 2.

A plurality of connecting electrodes 4 is provided at positions

corresponding to the respective electrode pads 2 over the insulating film 3

equi red, thus causing a probl em of

In particular,
sem conduct or devi ce

t he Tonnection pitch needs to be designed 5 wder relative

diffefent ekampls dftiecomentional semidorRingtir d@kite; s . I n order
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the Ifquid crystal display unit than in the case of the seniconductor

device 10 provided with the straight |1 bunps. In the case
of the mushroom bunps, it is practicalm i npossible to formthe bunps
with a height in the range of 10 pmto 20 [err]m corresponding to the
connection pitch at 20 [err]mdue to a structural feature of the

mushr oom bunps having a cap on top thereof. 15 The i nvention has
been develgppggl tb0be dhveomtteh witloltheniespective eleternde pads b evoughceient er ed
by the conventional sem conductor device, and an obj ect of the

i nvent i on respdativer opedings 3e)iandn the: respettiviec comtevtiign electrodssedt atecal
connection in a packaged state is ensured and stabilized while the

connect i orprpwvided oeithba resimled chvdngf thermoplastiity, | foramedl dhereono pAovi de a
20 met hod of fabricating the sem conductor device. DI SCLOSURE OF
THE | NVENplurality of pieces (mreferablyemot lese tham cteni pieceshwfdeenductive

sem conduct or, devjc .conprising an insulating filmformed on_a surface
of a sém @swtckesY (gmciﬁ,) issattachedyton ot eataingd dnedn upppe surkase Mether ode

pads serving as,a plurality of | /O termnals of the sem conduct or
chip, a pFEPREGLVE 1861 necting el ectrodes

The insulating film 3 is formed of a silicon nitride (SiN) film with a
thickness in the range of 0.2 pm to 3 um. Besides the silicon nitride (SiN)
film, as an inorganic film, for example, a silicon oxide film containing

10 impurities, such as a phosphoric silicate glass (PSG), or a polyimide film
which is an organic film may be used. Also, a two-layer structure
composed of a combination of the inorganic film as represented by the
silicon nitride (SiN) film, and the organic film may be used instead.

The respective connecting electrodes 4 are preferably formed of a

15 single-layer metal film of gold (Au), silver (Ag), copper (Cu), and so forth,
a laminated metal film composed of two layers, made of chromium (Cr)
and copper (Cu), or a three-layer film made up of chromium (Cr), copper
(Cu) and gold (Au). Otherwise, a two-layer film made up of titanium
(T1)-tungsten (W) alloy and gold (Au) may be used instead.

20 The connecting electrode 4 is formed to a thickness in the range of
0.5 pymto 5 um. If the connecting electrode 4 is formed to a thickness in
excess of 5 pum, this is not desirable because not only time required for
forming the same by the sputtering described hereinafter will be lengthened,
but also time required for etching the metal film to form the connecting

25 electrode 4 will be lengthened. Furthermore, this is not desirable also
from the viewpoint of difficulty with obtaining good etching characteristics

because a sidewall at opposite ends of the connecting electrode 4 tend to be



made 6f a metal filmformed by sputtering or the vacuum evaporati on,

7 which are formed on the insulating filmso as to be in contact
with the respecti-ve el ectrode pad@ t hrough t he respective openings,
and a t hernmopl astic resin fornmed directly on the respective connecting
el ectrodes, a plurality of pieces of conductive particles being
contained in the 5 respective thernoplastic resin and provided so as to be

in cont aCtin‘@fth?eféﬂI?hape. connecting el ectrodes. The respective
connecting el ectrodes are preferably fornmed of a two-| ayer film nmade

o, S ) FReseein. :0asid thhoBgtiny omed odtgn o i 7 7
accor di ng doﬁn‘ebﬁﬁg electrode 4, a photosensitive resin is used gin view of a method
| of fabricating the same as adopted, and a rubber base resist or a diazide
5 base resist, for example, THB manufactured by JSR, OMR 83 (negative
resist) or OFPR 800 (positive resist) manufactured by TOKYO OHKA
KOGYO CO., LTD. or the like is used.
However, if the photolithography is not employed when fabricating
the same, there is no need for using the photosensitive resin, and use of a

10 thermoplastic resin may suffice.

It is desirable that the respective resins 5 are formed to a thickness
ranging from one third to three times a diameter of the conductive particles
9 so as to enable the same to have a function of holding the conductive
pafticles 9 to be attached thereto in the manner described later.

15 In particular, if the respective resins 5 have a thickness more than
three times the diameter of the conductive particles 9, there arises a
possibility that the shape of the respective resins 5 will collapse and the
resins 5 will spread out on both sides thereof during a process of attaching
the conductive particles 9 thereto in the manner as described later, thereby

20 raising a risk of a gap between the respective connecting electrodes 4,
adjacent to each other, being filled up with the resins 5. In such a case,
the gap between the respective connecting electrodes 4, adjacent to each
other can not be filled up with an insulating resin (adhesive) when
mounting the semiconductor device 1 on a substrate through the

25 intermediary of the insulating resin as described later, representing an
undesirable case from the viewpoint of reliability in respect of a packaged

structure.
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step of formng an insulating f|In1haV|ng an openi ng over

el ectrode

conprises the followi ng steps from (1) to (5):
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sem conductor chip, on a surface of the sem' conductor chip; 15
step of formng a nmetal filmon the insulating filmso as to be
contact with the respective el ectrode pads through the respective
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thernoplasticity substantially across a surface of t he net al

tof D5 i dnrdiatifetéy, hovdverone &ﬁﬁie@éﬂoﬁf&e@ﬂni@ bE@ot aeRCL i ve
pads by the photollthography (4) a step of

renovi ng RﬁaﬁiS)Piré of Theecorludtive! particleat 9 ey shadk 8P & core maMSF a0f the

openi ngs;
havi ng

film and
el ectrode

phot osensi tive

(1) a

respective

(2)

in

ins by etching, and form ng a connecting el ectrode

a

in cont act tier résie with pelahinated £k co dsed%flrﬁckﬁqmﬁztandegolé (At i ons of

t he net al

m covered by the nasks; an a step o

at t achisng foumedcbnvdaqaasmfadees’ft thet loere. esitiovever, a composlqsan@ftthee resins
by applying heat to the photosensitive resins, and

10

15

conductive particles 9 is not limited to the above~ment10ned and simple
metal particles and alloy particles, composed of nickel (Ni), palladium (Pd)
/ tin (Sn), gold (Au), silver (Ag), copper (Cu), and so forth, may be used
instead.

Thus, since the semiconductor device 1 is provided with the resin 5
having thermoplasticity formed on top of the respective connecting
electrodes 4, direct contact of the respective connecting electrodes 4 with
air can be prevented. Consequently, this enables use of a metal relétively
susceptible to oxidation such as silver (Ag), copper (Cu), and so forth on
the surface of the respective connecting electrodes 4, thereby enabling cost
of fabrication to be reduced.

Further, as the conductive particles 9 are provided on top of the

' respective connecting electrodes 4 by attaching the former onto the

20

25

respective thermoplastic resins 5, a multitude of the conductive particles 9
can be brought into contact with Wiﬁngs only at the locations where the
respective connecting electrodes 4 exist, when the semiconductor device 1
is mounted on the substrate by press-bonding the former with the latter.
As a result, electrical connection when the semiconductor device 1 is
mounted can be maintained in an excellent condition.

In addition, uniformity in the height of the respective connecting
electrodes 4 can be improved by forming the same with the use of the

sputtering or the vacuum evaporation, and consequently, a condition of



8’ - providing the conductive particles capable of being in contact
with the connecting el ectrode. 4 In the step (3) descri bed
above, a photosensitive resin filn1hav*ng t hernopl asticity and
cont ai ni ng conductive particles which are provided 5 capable of being in
contact with the netal filmmy be formed substantially across a
surface of the netal film Ther eupon, when, in the step (4),

the porti qomnettibhewithtthe widings sdll become highlgdutiforinhe Maskyeadlt!ire

phot osensitive resin film are renoved by etching, and the connecting

el ect r ode the casatwilwdrevthelzenticonductec devicelD is alcmtted da p gikssisabktrateed i n
the respective portions of the netal film covered by the masks, the

phot osensidf aeliqei wrystaindisplay gparedy empetenti display perfoamincencan rbeng

conductive particles is left intact on top of the respective

connectingﬂﬁwgﬁdwodes. Consequently, the above-nentioned step

(5) of 5at tachi n%‘utra?er, since the semiconductor device 1 is constructed such that
the conductive particles 9 are not present in any part thereof other than the
connecting electrodes 4, imsulation characteristics are improved if
thermosetting resin, thermoplastic resin, or optosetting resin is used for the
insulating resin (adbesive) at the time of mounting the semiconductor

10 device 1.

Also, since the conductive particles 9 are provided over the -
respective connecting electrodes 4 only, and none of the conductive
patticles 9 is sandwiched between the respective connecting electrodes 4,
adjacent to each other, electrical insulation between the respective

15 connecting electrodes 4 can be enhanced. Accordingly, excellent
insulation can be maintained even if spacing between the respective
connecting electrodes 4 is narrowed down, and consequently, electrical
connection at a connection pitch finer than for the conventional case can be
attained.

20 For example, in the case where the semiconductor device 1 is
mounted on a glass substrate of a liquid crystal display panel, the
connection pitch in the range of 20 pum to 40 pm can be accommodated.

-Since the conductive particles 9 may be not more than 5 pm in
diameter, smaller than the conventional ones, a surface area of the

25 respective connecting electrodes 4 can be reduced to that extent. This
contributes to implementation of connection at a connection pitch

corresponding to a fine pixel pitch of a liquid crystal display panel.



5 conductive particles to the photosensitive resins becomes unnecessary.
Wth reference to the above-nenti oned ﬂﬁthods of fabricating the

sem conduct or device according to the vention, in the step of formng the
metal film a two-layer filmconposed of chrom um and copper, or a three-

| ayer film conposed of chrom um copper, and gold is preferably formed 20
by the sputtering across a surface of the sem conductor chip with the

: n?%?%”@f(‘iﬁéﬂ Pmbodiment 6£ s Fabrication Method: Figs. 1 to 8

A method of fabricating the semiconductor device 1 shown in Fig. 1
is described hereinafter as a first embodiment of a method of fabricating a

| semiconductor device according to the invention.

5 Figs. 2 to 7 are schematic sectional views showing steps of the
method of fabricating the §ame in sequence, and Fig. 1 shows the
semiconductor device which has been completed by the method.

As shown in Fig. 2, an insulating film 3 having an opening 3a over
respective electrode pads 2 is first formed to a thickness in the range of 0.5

10 pum to 5 pm on a surface of a semiconductor chip la provided with a
plurality of the electrode pads 2 formed thereon.

The insulating film 3 is formed of a silicon nitride (SiN) film across
the surface of the semiconductor chip 1a by the plasma chemical 'vapor
deposition (CVD). Thereafter, a photosensitive resin is applied to a

15 surface of the SiN film, openings are formed in portions of the

| photosensitive resin, corresponding to the respective electrode pads 2, by

use of the photolithography, and the SiN film is etched using the
photosensitive resin as masks, thereby forming openings 3a.

Next, as shown in Fig. 3, a metal film 14 is formed to a

20 substantially uniform thickness in the range of 0.5 pm to 10 um across an
upper surface of the insulating film 3 on the semiconductor chip 1a by use
of the sputtering or the vacuum evaporation. The metal film 14 is formed
of any of a single-layer metal film and a multiple-layer metal film,
preferably a two-layer film composed of chromium and copper, a three-

25 layer film composed of chromium, éopper, and gold, or a two-layer film
composed of a titanium-tungsten alloy and gold.

The metal film 14 is in contact with the respective electrode pads 2



9" P BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1is a

schematic sectional view show ng an e di ment of a sem conduct or

devi ce according to the invention; 5 Figs. 2 to 7 are schematic
sectional views show ng respective steps i n sequence for illustrating
a first enbodi nent of a nmethod of fabricating t he sem conduct or

devi ce, according to the invention; Fig. 8 is a process draw ng

showi ng a thiqixtothétrbqsdttive 6pesings i3t of the idBhlatiwceilho3a MM aRaAli tive

resin provided on top of respective connecting 10 €l ectrodes of the
sem-condudiled 1deiy €ermed \ofdedneral il huving gded dhtibidte contactowithcttieng

el ectrodes provided in a row thereon; Fig. 9 1is a schematic
sectional ejectrodd paidsd? anadeidfi alunsinam dbr underkayent and is ersed ofraduct or
device shown in Fig. 1 onto a glass substrate of a liquid crystal

di spl ay panefal film having a high electric conductivity for upper layer.

5 Subsequently, as shown in Fig. 4, a film of a photosensitive resin 5
having thermoplasticity is formed across a surface of the metal film 14.
Thereafter, as shown in Fig. 5, patterning of the photosensitive resin 5 is
performed by use of the photolithography whereby exposure and |
development processes are applied to the photosensitive resin 5 such that

10 masks having a surface area larger than the respective openings 3a of the
insulating film 3 are formed at portions thereof, corresponding to the
respective electrode pads 2.

In this connection, in the case of wet-etching the metal film 14

when respective poﬂioﬁs -of the photosensitive resin 5, left intact as the

15 masks, have a surface area, which is the same as or smaller than the size of

the respective openings 3a of the insulating film 3, there is a possibility that

a portion of the respective electrode pads 2 will be etched at the same time

~ when the metal film 14 is etched as described later. Accordingly, the

photosensitive resin 5 is patterned in such a shape as to overlap the

20 respective openings 3a to the extent of not less than 2 pum from the
periphery thereof.

In the case of patterning the metal film 14 by dry-etching, the
respective portions of the photosensitive resin 35, left intact as the masks,
can be rendered to have a surface area equivalent to or smaller than the size

25 of the respective openings 3a of the insulating film 3 proVided that an etch
selectivity between the metal film 14 and the electrode pads 2 is increased.

Subsequently, by etching the metal film 14 using the respective



I5 Fig. 10 is a schematic sectional view show ng a step of pressing

and heati ng when nounting the seni',]conductor device shown in Fig. 1
onto the gl ass substrate; Fig. 11 is a schematic sectional
vi ew showi ng a condition wherein nmounting of the sem conductor device
shown in Fig. 1 is conpleted; 20 Figs. 12 to 14 are schematic
sectional views show ng respective steps in sequence which differ from
those of thigtibnsséf € Plioresinsitivd kesin S, 18Rt iMeaLtohs fthérmagks, nénd

sem conductor device for illustrating a second enbodi nent of a met hod

o 013 pntons o el ey 1y povpms o, 25
steps for rebinuS} racompediing electmbdeodiris Hormeddinmeespective sportions dofothe
100 " etal Filin 14, covered by the photosensitive rosin 5, 2 shown in Fig. 6.
5 [Even after completion of this etching process, the portions of the .
photosensitive resin 5, left intact, are not removed.

Then, as shown in Fig. 7, a flat plate 30 with a multitude of
conductive particles 9 placed on a surface thereof at a high density is
prepared. Meanwhile, the semiconductor chip 1a shown in Fig. 6 is

10 fixedly attached to the underside surface of a press heating tool 40
incorporafting a heater 41 therein such that a surface of the semiconductor
chip la with the photosensitive resins 5 formed thereon points downward.
Hereupon, the semiconductor chip 1a is fixed to the press heating tool 40
by vacuum holding. Subsequently, the press heating tool 40 is caused to

15 descend, thereby pressing the photosensitive resins 5 side of the
semiconductor chip 1a against the flat plate 30.

Thereupon, a thermoplastic photosensitive resins 5 are softened to
some extent by heat applied by the heater 41 inside the press heating tool
40, so -that the multitude of the conductive particles 9 placed on the flat

20 plate 30 can be attached to the photosensitive resins 5. The flat plate 30 is
then loses the number of the conductive particles 9 thereof to the extent that
have been attached to the photosensitive resins 5.  After completion of this
step of processing, the semiconductor device 1 provided with the plurality
of the conductive particles 9 attached to the photosensitive resins 5 on top

25 of the respective connecting electrodes 4 as shown in Fig. 1 is completed.

In the step of attaching the conductive particles 9 as described

above, an effective load for pressing is set in the range of 1 kg to 5 kg,



Frgs.?iB and 19 are schematic sectional views, each show ng a
different exanple of a conventional seg conductor device; and

Fig. 20 is a schematic sectional viewshow ng a packaged structure of
t he conventional sem conductor device shown in Fig. 18 when nmounted 5 on
a glass substrate of a liquid crystal display panel. . BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON Preferred enbodi nents of a

sem condugieatingeréhferatiite at TI0CY a0l a duratiGPfohé4 tﬁ%h’f‘ﬁl& eafgordl ng
to the invention, are described HRereinafter 10 wth teferenc€ to the

accorrpanylsagoﬂd@w N0seconds. Construction of a Sem conductor Device: Fig.
1 First, an enbodi nent of the sem conductor device according to

agecor r es:bg\r/ngintngp?od?sﬁgfge Flgnﬂ??gwﬁlgugrﬁze enot g%lQbf;-/latg%dea;‘rsle;(hnrgIﬂrg‘ef e?%e%cepar e
30 are caused to be attached to the photosensitive resins 5 at a high density,
5 and that a density at which the conductive particles 9 are placed on the flat
plate 30 satisfies at least a relationship S1 > S2 x 10 provided that a surface
area of the respective connecting electrodes 4 is defined S1, and a surface
area of the conductive patticles 9 after press-bonded as seen by projecting
the same in the direction of press-bonding is defined S2. |
10 With this embodiment, since the metal film 14 is formed by use of
the sputtering or the vacuum evaporation, and the respective connecting
electrodes 4 are formed by etching the former, variation in a height thereof
(film thickness) falls within 0.5 um, and consequently, substantially
uniform connecting electrodes with very small variation in thickness can be
15 obtained.

Furthermore, this embodiment wherein a plating process as required
in the conventional case is not necessary has also an advantage of
shortening a fabrication process.

In an example described above, two pieces each of the connecting

20 electrodes 4 and the photosensitive resins 5 with the conductive particles 9
attached thereto are provided on the semiconductor chip 1a for the sake of
convenience in illustration, however, in practical applications, a multitude
of the connecting electrodes are installed on the semiconductor chip. Fig.
8 shows in detail a step of attaching the conductive particles 9 to the

25 respective photosensitive resins 5 in such a case. In Fig. 8, parts
corresponding to those in Fig. 7 are denoted by the same reference

numerals.



rumer al s. The semi conductor device 1 shown in Fig. 1 is

provided with a mul titude of electrode pads 2 (only two pieces thereof
are shown in enlarged formin the ﬂﬁgure) serving as | /O termnals,

whi ch are forned on 20 a surface of a sem conductor chip la (shown in a
sinmplified sectional view, however, a nultitude of elenents such as MOS
transistors are in fact formed thereon). An insulating film

i la, and

3 i's formed so ap ig. GOYAY sHowy'sl Aftplafe 30 provided Fith P HtiARe S

. : . fude
is provided with an~opéni‘ng 3a ov respective electrode pads 2.

A plurali tdbﬁéfucﬁ%ﬁéﬁﬁbﬁﬂ g?ﬁ%b&@ﬁ&%oﬁ iha éﬁrﬁgh@ﬁﬁaﬁﬁe@ aal{(bYSHows a

corresponding to t resp Ive el ectrode padsS 2 over the insulating film3
_condition wherein a surface of a semiconductor chip la, on the

photosensitive resins 5 side thereof, where the connecting electrodes 4 and
5 the photosensitive resins 5 are formed, is butted against the conductive
particles 9 placed on the flat plate 30.

And, (c) shows a condition wherein the semiconductor chip 1a is

being pressed and heated by the press heating tool 40,
And, (d) shows a condition wherein a mﬁltitude of the conductive
10 particles 9 are caused to be attached to the respective photosensitive resins
5 after the semiconductor chip 1a is detached from the flat plate 30, thereby

completing the semiconductor device 1.

Method of Mounting the Semiconductor Device: Figs. 9to 11
15 | Next, a method of mounting the semiconductor device shown in Fig.
1, fabricated by the method of fabrication as described in the foregoing, on
a glass substrate of a liquid crystal display panel will be described
bereinafter.
As shown in Fig. 9, an insulating resin (adhesive) 13 serving as a
20 sealant is applied with the use of a dispenser to an area on a glass substrate
16 of the liquid crystal display panel, with wirings 17 patterned thereon,
where the semiconductor device 1 is to be mounted. Subsequently, the
wirings 17 are aligned with the connecting electrodes 4 of the
semiconductor device 1, and pressure and heat are applied from the rear
25 surface side of the semiconductor device 1 by the press heating tool 40,
thereby curing the insulating resin 13.

As shown in Fig. 10, when heat and pressure are applied from the



SO as‘to be in contact with the respective el ectrode pads 2 through the
respective openings 3a, and the respective connecting electrodes 4 are
provided with a resin 5 having therno@@xﬁicity, formed thereon. A
plurality of pieces (preferably, not |less than ten pieces) of conductive 5
particles 9 (beads) is attached to or contained in an upper surface of the
respective resins 5. . The insulating film3 is fornmed of a

si1,con niseit ARG el fWehlcanductor BBYIRKNCS the'phds Heafilg 861 02 [err1m

to 3 [err es the silicon nitride as~an 1 norganic

film for the3HdtSseritiveé iresis X igtete réSpeefiveidonm@cifly d18Bbded FSaresuch as
a phosphoric silicate glass (PSG, or a polyimde film which is an

organi ¢ figofteried, e tsedtheAlregpectiveveohduetive tpartitlese9d are sandwicird of a

conbi natton of the inorganic filmas represented by the silicon
nitride (3Bevetnlthe respedtive commstting ¢leotrodys deand die respeetive wirings
The respective connecting electrodes 4 are preferably formed of a 15
si ngl esl aylét imeswth fa wayfsogak dio( he) in <iontaot Wwith) botloppdhetcnpon,athe so
forth, a lamnated metal filmconposed of two |ayers, nmade of chrom um
(Cr) respeatiiepeond@tive particles Desandaiched iinrhetwden gauses eleotricalm (Cr) ,
copper (CUE and gold_ (Au). therwi se, a two-]ayer filmnade up of
titani um conduction to occur between the respective connecting electrodes 4 and the
respective wirings 17, however, the conductive particles 9 which are not
sandwiched therebetween maintain insulation by the photosensitive resin 5
10 and the insulating resin 13.

When using the insulating resin 13 formed in a sheet-like shape, the
insulating resin 13 is disposed on the glass substrate 16 by press-bonding
the same thereto with the use of the press heating tool.

When using thermosetting resin or thermoplastic resin for the

15 insulating resin 13, a light source lamp 50 shown in Fig. 10 is unnecessary,
however, when using optosetting resin, the insulating resin 13 needs to be
cured by irradiating the same with light by lighting up the light source lamp
50 disposed on a side of the glass substrate 16, opposite from the
semiconductor device 1 while keeping the semiconductor device 1 in a

20 pressurized condition.

_ Fig. 11 shows a condition wherein the semiconductor device 1 is
mounted on the glass substrate 16 in such a way as described above (that is,
a packaged structure).

In this packaged condition, the respective connecting electrodes 4

25 of the semiconductor device 1 and the respective wirings' 17 on the glass
substrate 16 are in contact with each other through the intermediary of the

conductive particles 9 contained in the respective photosensitive resins 5,



(Ti)-tungsten (W alloy and gold (Au) may be used instead. 20
connecting electrode 4 is formed to a thickness in the range of
to 5 pm
excess of 5 [err]m this is not desirable because not only tine required
form ng the same by the sputtering described hereinafter will be

| engt hened, but also tinme required for etching the netal filmto form

t he connecﬁﬁd\g;o%eq@#rggt ' figeclbothdallyPEonGRdbd WRH. edch SEEOHRwiErS 15 not

for

desirabl e al so

| f the connecting el ectrode 42ls forned to a thickness in

mthe viewpoi'nt o

The
0.5 pm

ifficulty wth obtalning’ good

et chi ng chihieasdmiectingelectrodedsCadiatent & siRhdtheflare iRaHhtR] BOHSeféh t he

connecting electrode 4 tend to be
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_ other sideereleeticabepanection through the intermediary of the conductive

particles 9 does not occur therebetween.

The conductive pafticles 9 sandwiched between the respective
connecting electrodes 4 and the respective wirings 17 undergo deformation
to the extent of 5 to 50 % thereof, and by curing the insulating resin 13
while keeping the conductive particles 9 in such a deformed condition, a
connection condition described above is maintained, so that excellent
electrical connection can be maintained.

The same applies not only to a case of mounting the semiconductor
device 1 on a glass substrate of a liqﬁid crystal display panel but also to a
case wherein the semiconductor device 1 is mounted on a printed circuit

board incorporated in various electronic equipment.

Second Embodiment of a F abrication Method: Figs. 12 to 14

Next, a second embodiment of a method of fabricating a
semiconductor device, according to the invention, is described hereinafter
w_ith reference to Figs. 12 to 14. |

The second embodiment of the invention, up to steps of forming an
insulating film 3 and a metal film 14 on a surface of a semiconductor chip
la with electrode pads 2 provided thereon, is the same as the first
embodiment as described with reference to Figs. 2 and 3.

As shown in Fig. 12, in the case of the second embodiment,
thermoplastic and photosensitive resin 6 with a multitude of conductive
particles 9 mixed therein is applied to the metal film 14 formed across a

surface of the semiconductor chip la, thereby forming a photosensitive



For the resin 5 having thernoplasticity, fornmed on top of the

connecting electrode 4, a photosensiti ,(2 resin is used in view of a nethod
of fabricating the sane as adopted, ang a rubber base resist or a diazide
5 base resist, for exanple, THB manufactured by JSR, OVWR 83 (negative

resist) or OFPR 800 (positive resist) manufactured by TOKYO OHKA KOGYO
CO., LTD. or the like is used. However, if the photolithography
i's not enprnedimhen fabricating the sane, there is no need for using

t he photosensitive resin, and use of a 10 thernoplastic resin nmay suffice.

It is desirabl e Theteaftee, aeshomin (e FigsilB; pattoraingoofiete tphatosdnsitiness
ranging fromone third to three tinmes a dianeter of the conductive

particles resin 6%ssperformed byaisecof the photelithograpky asfwithtthecasé ofidheli ng t he
conducti ve garticl es 9 to be attached thereto in the manner descri bed
later. 15 first embodimenttsuchl that masks havings p surfiace aresslangersthiaavthose ofii ckness
more than three times the dianmeter of the conductive particles 9,
there o i stespective openingdild of teainsulating s & are formedeat ipostipasi ns 5
will collapse and the _resins 5 will spread out .on bath sides {hereof
during a ptheseef «orespesding to the rkespeciivet elgstrpdet inadss 2 oRetheo in

t he manner as,desgribed later, thereby 20 raising a risk of a gap between
t he respech@Q%ﬁWé@W -ectrodes 4,

Subsequenﬂy, as shown in Fig. 14, by etching the metal film 14
using remaining portions of the photosensitive resin 6 as the masks,

10 connecting electrodes 4 are formed over the respective electrode pads 2.
Thus, the semiconductor device 1 with the photosensitive resin 6
containing the conductive particles 9, provided on top of the respective
connecting electrode 4, is completed.  Consequently, with this
embodiment, the step of attaching the conductive particles 9 to the
15 respective photosensitive resins 5 as required in the first embodiment

becomes unnecessary.

Third and Fourth Embodiments of a Fabrication Method: Figs. 15 to 17
With the first and second embodiments of the method of fabricating
20 the semiconductor device according to the invention, described
hereinbefore, the insulating film 3 is formed on the surface of the
semiconductor chip 1a provided with the electrode pads 2 formed thereon
by use of the sputtering or the vécuum evaporation. In contrast, with third
and fourth embodiments of the invention, a connecting electrode 4 made up
25  of a metal film, composed of two layers or three layers, is formed only over
the respective electrode pads 2 by electroless plating as shown in Fig. 15.

To this end, a photosensitive resin film is formed across a surface of



adj acent to each other, bei ng filled up with the resins 5. In such a case,
the gap between the respective connectégg el ectrodes 4, adjacent to each
other can not be filled up with an ins

ating resin (adhesive) when

nmounting the sem conductor device 1 on a substrate through the 25

internediary of the insulating resin as described |ater,
undesirabl e case fromthe viewoint of

struct ur e. 3 semiconductor chig %ar, é)rovided with an insulaltin§ i;ilgﬂé%ilﬁgn%erdot%e{eon,

The conductive particles

to 15 [errjmd by abpipiigeexpsute waid dévedosineitpicesSisy ®RotheFho

than 5 [err]m The conductive particles 9 are nmade up of "a core nade of a

pol yner r esgisin filti) an Openingt 8forirled atoppeitiods dhereof kedrrésgondimgl tgche ( Au) ,
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spherical particle

respective electrode pads 2. Subsequently, electroless plating by use of,
for example, nickel (Ni) is applied using remaining portions of the
photosensitive resin film as masks, thereby forming a nickel film within the
respective openings only, and further, by applying gold (Au) electroless
plating, a metal film is formed on top of the respective nickel films, so that
the connecting electrodes 4, each made up of a two-layer metal film, are
formed. Thereafter, upon removal of the remaining portions of the
photosensitive resin used as the masks, the semiconductor chip 1a will be
in a condition as shown in Fig. 15.

With the third embodiment of the invention, as shown in Fig. 16, a
film of photosensitive resin 5 having thermoplasticity is formed across a
surface of the semiconductor chip la, provided with the connecting
electrode 4 formed on the respective electrode pads 2 as described above,
and patterning of the photosensitive resin 5 is performed by applying
exposure and development processes thereto such that portions of the
photosensitive resin 5, only over the respective connecting electrodes 4, are
left intact, and by attaching.conductive particles 9 to respective remaining

portions of the photosensitive resin 5 as with the case of the first

embodiment, the same semiconductor device as that shown in Fig. 1 is -

completed.

With the fourth embodiment of the invention, as shown in Fig. 17, a
film of photosensitive resin 6 having thermoplasticity and containing
conductive particles 9 mixed therein is formed across a surface of the

semiconductor chip 1a, provided with a connecting electrode 4 formed on

representing an
reliability in respect of a packaged

t6Sertiveor €



5'forn"e'_d on the surface of the core. However, a conposition of the
conductive particles 9 is not limted é t he above-nenti oned, and sinple
netal particles and alloy particles, c %posed of nickel (N ), palladium

( Pd) [ tin (Sn), gold (Au), silver (Ag), copper (Cu), and so forth,
may be used I nstead. 10 Thus, since the sem conductor device 1
Is provided with the resin 5 havi ng thernopl asticity forned on top of

the T especidspechpsndestedde pads 2! 45 hofes it Figl NS laDpadeinial ohahe

respective connecting el ectrodes 4 wt ir can bé prevented.

Consequent pNotosBhsitivaasRst is pefformedep hppBiing expoyure and deweleptente to

oxi dati on such as silver (Ag), copper (Cu), and so forth on 15 the surface
of the respruiessess theretcsuciy thedtquontions softhet plestebgnsitiveiresin G orith the  of
fabricati-on to be reduced. Further, as the conductive particles
9 are proveomductive partifles Bemixed thersimconlyeovemthec rispgctive conngeting by
attaching the former onto the respective thernoplastic resins 5, a

mul }1 i t uile electiodes dpdrelaftintpet: t | As @sresultpthecspme semicangictondevice a8 act

with wirings only at the |ocations where the respective connectin

el ect r odesthatshown inigs 1dHs completadhiuct or device 1 P i s mount ed ongt he

substrate by press-honding . the forney with the |atter. . a result,
el ectri cal Connegtmﬁﬁfqmnﬂpnéem@ﬂ@ﬁmk 6Y1C9é¥ﬁ558%§dillefemb%%01'e, e
semiconductor device fabricated in this way can also be securely mounted
on a glass substrate or a printed circuit board through the intermediary of

10 an insulating resin (adhesive).

INDUSTRIAL APPLICABILITY
As is evident from the foregoing description, according to the
invention, the connecting electrodes, each made up of the metal film having
15 a very high uniformity in height in comparison with the bumps of the
conventional semiconductor device, are provided, and the thermoplastic
resin containing the conductive particles mixed therein is provided on top
of the respective connecting electrodes, so that the conductive particles can
be provided beforehand at a high density only at spots where electrical
20 connection is required. Acéordingly, the conductive particles not more
than 5 um in diameter can be used. Consequently, when mounting the
semiconductor device according to the invention on, for example, a glass
substrate of a liquid crystal display panel, it becomes possible to implement
a packaged structure with a fine connection pitch at less than 40 pm.
25 Further, when the semiconductor device is attached to a substrate
by thermal press bonding, the conductive particles can be prevented from

spilling out because the respective connecting electrodes are formed of the



nmount ed can be maintained in an excellent condition. 25 I n addition,
uniformty in the height of the respective connecting el ectrodes 4 can
be inmproved by formng the sane with t use of the sputtering or the
vacuum evapor ati on, and consequently, a condition of

14 connection with the wirings will becone highly uniform As a
result, in. the case where the sem conductor device 1 is nmounted on a
gl ass subspieple film whict? dand®edheld/do ifli height palke, thexcabsé eof thespl ay
per f or mance can ke ensured. 5 Further, since the sem conductor
devi ce 1 igoppstticrat tempsicso that conductivecbeadsdvan ibeceffectivelyearestede not
present in any part thereof other than the connecting el ectrodes 4,

I nsul at i onpoeBethrRciespestive sonmectingoelevirddes.

Hence, the semiconductor device according to the invention is
5 effective for use as various types of semiconductor devices such as ICs for
driving a liquid crystal display panel, ICs, LSIs, etc. mounted on a printed

' circuit board of various electronic equipment, gate arrays, and so forth.



t hernmosetting resin, thernoplastic resin, or optosetting resin is used for
t he I nsul ating resin (adhesive) a& the tinme of nounting the

sem conductor 10 device 1. leo, since the conductive particles
9 are provided over the respective connecting electrodes 4 only, and
none of the conductive particles 9 is sandw ched betweenthe
respective connecting el ectrodes 4, adj acent to each pog-imcyas A er-]
i nsul ati on between the respective 1TLAINMECting el ect rOde“ﬂmylnquﬂﬂmr
enhanced. Accordingly, excellent “insulation can be mal ntained ey f
spaci ng bet ween l.heA sepixdriduetor device cortprisigg:el ect rodes 4 is narrowed
down, and consequently, electrical connection at a connection pitch
finer than for tam inswatingi Glml formed oanamarface ofitat sémimdbndector chip,  For
exanpl e, ‘in the case where the sem conductor device 1 is mounted on a
gl ass subshaving at openingeeraegpectiveieleptrade padsiserding as a phualiteof n pitch
in the range of 20 [err]mto 40 [err] mcan be accomobdat ed.

Si nce the £Qtemminaleobihie senicondugtor dddpnot nore than 5 [err]min

dianeter, snmaller thap the conventiopal ones, a surface areag of_.the 25
respective conne%Pi‘-H@ﬂ@YQ £Peaechng ¢ tméesimgiopdﬁ@ﬁa@l@twgﬁlm i s
eontri DUt €3, bk TR CBRER: Wit @ o3BT oSl Fadi BRGSEA He RlspRlive

openings; and

a thermoplastic resin formed on the respective connecting
10 electrodes,

wherein a plurality of pieces of conductive particles are contained
in the respective thermoplastic resins. |

2. A semiconductor device according to claim 1, wherein the
respective connecting electrodes are formed of a two-layer film made up of

15 chromium, and copper.

3. A semiconductor device according to claim 1, wherein the
respective connecting electrodes are formed of a three-layer film made up
of chromium, copper, and gold.

4. A method of fabricating a semiconductor device, comprising

20 the steps of:

forming an insulating film having an opening over respective
electrode pads, serving as a plurality of I /O terminals of a semiconductor
chip, on a surface of the semiconductor chip;

forming a metal film on the insulating film so as to be in contact

25 with the respective electrode pads through the respective openings;
forming a photosensitive resin film having thermoplasticity

substantially across a surface of the metal film, and forming masks at
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corresponding to a fine pixel pitch of a liquid crystal display panel.

15 First Enbodi nent of a Fabrigztion Method: Figs. 1 to 8

A net hodum"”ﬁﬁ Hﬁmlrn he sem conduct’or device 1 shown in Fig. 1 I's
descri be A ioRlrkanit a first enbodi nent of a nethod of fabricating a
sem condutt ot devi’ce®actording to the invention. 5 Figs. 2 to 7 are
schematic sectional views show ng steps of the nmet hod of fabricating
the same ipositiongnceorréspdnding toshhes refpective elevirodedysider bigvithe which
has been conpl eted by the nethod. As shown in Fig. 2, an

i nsul at i ngphotolitBopeaphyy an opening 3a over respecti ve el ectrode pads

2 is first formed to a thickness in the range of 0.5 10 [err]mto 5 [err]m
on a surface of remevingopoiansrof Hiemetabfilm detl onveredaby the masks of

the photosensitive resin by etching, and forming a connecting electrode in
5 contact with the respective electrode pads in respective portions of the
metal film, covered by the masks; and
attaching conductive particles to the respective photosensitive
~ resins. |
5. A method of fabricating a semiconductor device according to
10 claim 4, wherein, in the step of forming the metal film, a two-layer film
composed 'of chromium and copper, or a three-layer film composed of
chromium, copper, and gold is formed by the sputtering or the vacuum
evaporation across a surface of the semiconductor chip with the insulating
film formed thereon.
15 6. A method of fabricating. a semiconductor device, comprising
the steps of:
forming an insulating film having an opening over respective
electrode pads, serving as a plurality of I /O terminals of a semiconductor
chip, on a surface of the semiconductor chip;
20 forming a metal film on the insulating film so as to be in contact
with the respective electrode pads through the respective openings;
forming a photosensitive resin film having thermoplasticity and
containing conductive particles substantially across a surface of the metal
film, and forming masks at positions corresponding to the respective
25 electrode pads by the photolithography; and
removing portions of the metal film, not covered by the masks of

the photosensitive resin by etching, and forming a connecting electrode in
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pl ur al I'i:t_y —of..the- el—eet—Fede pads 2 formed thereon. The

I nsul atin f|Im3| d of asilic nitride (SIN film across t he
surface tor chip la t he pl asna chem cal vapor
depositl M ter a photosensitive resin is applied to a 15
surface of t |Im openings are fornmed in portions of the

photosen3|t|ve reS|n corresponding to the respective el ectrode pads 2, by

use of thecgitato lwﬁli'(lﬁéaﬁ@pecw dlédroddNphils i fespestied puitionst 6 the

phot osensitive resin as masks, thereby form ng opeéeni ngs “3a.

Next, as Sﬂretﬂlﬁlm&@erédbgthetmdlsﬁstl m1l1l4 is formed to a 20 substantially
unlformthlckness in the range of 0.5 [err]mto 10 [err]m across an

upper surface of7.t hé imethbdtofifatiridating asehticondwitopdéviveoacadrding to by use
of the sputtering or the vacuum evaporation. The .netal film 14 is_ formed

of any of eclaiin@, whesgia; indhelstép lof fomhing rthe tiogtad -filny,ea twerkayer ifilm
preferably a two-|layer film corrposed of chrom um and copper, a three- 25

| ayer f5 | neemppset dfochrominm and @@pper,,oaradﬂy@ﬁ ayer flm wompesed of | m
conposed of a titaniumtungsten alloy and g The netal film
14 is in cehromiumy cappefe ansk geld iy ogn@dtbsbdbe pisteping or the vacuum

evaporation across a surface of the semiconductor chip with the insulating
film formed thereon.
8. A method of fabricating a semiconductor device, comprising
10 the steps of:
forming an insulating film having an opening over respective
electrode pads, serving as a plurality of I /O terminals of a semiconductor
chip, on a surface of the semiconductor chip;
forming a plurality of connecting electrodes in contact with the
15 respective electrode pads through the respective openings on the insulating
film by electroless plating;
forming a thermoplastic resin on top of the respective connecting
electrodes; and
attaching conductive particles to the respective thermoplastic resin.
20 9. A method of fabricating a semiconductor device, comprising
the steps of:
forming an insulating film having an opening over respective
electrode pads, serving as a plurality of I /O terminals of a semiconductor
chip, on a surface of the semiconductor chip;
25 forming a plurality of connecting electrodes in contact with the
respective electrode pads through the respective openings, having a surface

area larger than the respective openings, on the insulating film by
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16 ’ t hrough the respective openings 3a of the insulating film3. The
net al filml1l4 is forned of a meta& fil mhaving good intimte contact
with the el ectrode pads 2 made of A uni num_f or under! ayer. and is
formed of a metal filmhaving a high electric conductlwtﬂ for

layer. 5 Subsequently, as shown in Fi. gm"llmlllullmlm w

phot osensitive resin 5 havi ng t hernopl astic 0sSs a
surface Ofelhbﬁ'ol@ki\ﬂaﬁﬂ Mand- Thereafter, as shown in Fi g. 5,
patterning of the photo ensitive resin 5 is performed by use of the

phot ol i t hogr aphyfothigng W tieespasplastianesin, contignigigopomdictiveopativies, aome

applied to the photosensitive resin 5 such that 10 masks having a surface

area | ar gefopt dibthet tespectiyeconnectimgeeleaged&a of t he insulating film3
are formed at portions thereof, corresponding to the respective

el ectrode pads 2. In this connection, in the case of

wet -etching the metal film 14 This Sheet Has Been Rep
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when respective portions of the photosensitive resin 5, left intact as the
15 masks, have a surface area, mhichsgf the sane as or smaller than the
si ze of t he respective openings of the insulating film3, there is
a possibility that a portion of the respective electrode pads 2 wll
be etched at the same tine when the netal film14 is etched as
described later. Accordingly, the phot osensitive resin 5 is patterned
in such a shape as to overlap the ABSTRAEECt i ve openings 3a to the extent
of not less than 2 pmfromthe peri phery thereof. In the

case of patterniAg irdselathig ! filio | (3)1Kabingday- epehingg (3ahover resgeetﬁmt ive
s,

portions of the photosensitive.resin 5, left Intact as the mas can

be render eglectrodavpads s(R) aservinmgaasqai phirelity t of of Adekémminalsmnof he size
25 of the respective openings 3a of the insulating film3 provided that an
etch serhieoniductor dhipWida) is fiermed an 4 surface ofrtlie tsemiconductonehimds 2 is
ir gg :)thsie\(jé(la), and a plurali%lr %Sf%?)lrjl(ralgét!n{g efe%tfotd%rs“(z? ist 1r"]o(j:1‘fmne‘31t cirlx tlfxé linn;u%gtirlljgs 'ng the
film.(?:) s0 as to be in contact with the respective electrode pads (2) through
the respective openings (3a). A thermoplastic resin (5) is formed on the
respective connecting electrodes (4), and the respective thermoplastic
resins (5) are caused to be attached with or to be contéjned with a plurality
10 of pieces (preferabljr not less than ten pieces) of conductive particles (9),
thereby making up a semiconductor device (1). When mounting the
semiconductor device (1) on a substrate with wirings patterned thereon,
placement of the semiconductor device (1) is decided upon such that the
respective connecting electrodes (4) are positioned opposite to the
15 predetermined wirings, and the semiconductor device (1) is pressed into
contact with the substrate to which an insulating resin is applied before
heating the same, thereby causing electrical connection to occur between
the connecting electrodes (4) and the wirings by a plurality of conductive
particles (9) pressed and sandwiched therebetween.

20
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portions of the photosensitive resin 5, left intact as the masks, and by

renovi ng portions of the netal film 14, not covered by the photosensitive
resin 5, a connecting electrode 4 is forned.in respective portions of the
metal film 14, covered by the photosensitive resin 5 as shown in Fig. 6.
5 Even after conpletion of this etchifpg,process, the portions of the

photosensitive resin 5, left intact, not renoved. Then, as
shown in Fig. 7, a flat plate 30 with a multitude of conductive
particles 9 pJaced on a surface thereof at a high density is pr epar ed.

Meanwhi | e, the sem conductor chip | égo in Fig. 6 is 10 fixedly
attached to the undersi de surface J?I pwiss heating tool 40

i ncorporat.ing a heater 41 therein such that a surface of the sem conductor
chip la with the photosensitive resins 5 formed thereon points downward.
Her eupon, the sem conductor,chip:lais fixed to the pres heating tool 40
by vacuum hol di ng. Subsequefit|y, the press heat5n99too;// is caused to 15
descend, thereby pressing the/phot osengtlve reg de - of the :

seni conduct or ch|p I.
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Thereupon a thernopl astic photosensitive resins 5 are softened to

sone extent by heat applied by the heater 41 inside the press heating tool
40, so that the nultitude of the conductive particles 9 placed on the flat
20 plate 30 can be attached to the photosensitive resins 5. The flat plate

30 is then | oses the nunber of t onductive particles 9 thereof to
the extent that have been attach o the photosensitive resins 5.
After conpletion of this step of pradcessing, the sem conductor device
1 provided with the plurality of the conductive particles 9 attached
to the photosensitive resins 5 on top 25 of the respective connecting
el ectrodes 4 as shown in Fig. 1 is conpleted In the step of
att-achi ng t-he conductive particles 9 ﬁfg ri bed above, an effectlve
| oad for pressing i.s set in the rang&f 149 to 5 kg, '
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heating tenperature at 100[err]C, and a duration for heating in the range
of 5 seconds to 10 seconds. It is desirable that the
conductive particles 9 placed on the flat plate 30 are caused to be
attached to the photosensitive resins 5 at a high density, 5 and that a
density at which the conductive particles 9 are placed on the flat

plate 30 satisfies at |east a relat|g§;h|p S1 > S2 x 10 prOV|ded ‘that a
surface . area of the respective ﬁhectlng el ectrodes 4 is defined S1,

and a surface area of the conductive particles 9 after press- bonded as
seen by projecting the same in _the direction of press-bonding is" ,
defined S2. 10 - Wth this enbod;nent since the nmetal film14 is
formed by use of - the sputtering.or. the vacuum €vaporati oh, and the
respective connecting. . electrod ci?hzvforned by etching the forner,
variation in a height thereof IEI ickness) falls within 0.5

[err]m and consequently, substantially = - .uniform connecting el ectrodes -

with very small variation in thickness can be 15 obt ai ned. :
Furthernore, this enbodi nent wherein a plating process as required . in
the conventional case is not necessary has al so an advantage of

shortenlng a-fabrication process hn an exanple described
above, two pieces each of the’ cdj:i9ffn
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20° el'ectrodes 4 and the phot osensitive resins 5 with the conductive

particles 9 attached thereto are provided on the sem conductor chip | a
for the sake of convenience in illustration, however, in practical
applications, a nultitude of the connecting electrodes are installed
on the sem conductor chip. Fig. 8 shows in detail a step of attaching
the conductive particles 9 to the 25 gyégpective phot osensitive resins 5 in
such a case. In Fig. 8, parts C r9esponding to those in Fig. 7 are
denoted by the sane reference nuner al s.

19 In Fig. 8, (a) flat plate 30 provided wth a

nmul titude of the conductive agﬁfggl

9 placed thereon in a conpact

. | : _ 9 -
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manner, and (b) shows a

(b)

(c)
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condltlon wherein a surface of a sem-conductor chip la, on the
phot osensitive resins 5 side thereof, where the connecting el ectrodes 4 and
5 the photosensitive resins 5 are forned is butted against the conductive

particles 9 placed on the flat plate 30. And, (c) shows a
condition wherein the sem conductor chip la is bei ng pressed and
heated by the press heating tool 40. 5 ‘And, (d) shows a condition
wherein a multitude of the conductive ] parti-cles 9 are caused to be
attached to the respective photosensitive resins "5 after the

sem conductor. chip la is detached fromthe flat plate 30; thereby

conpl eting the sem conductor device 1. -Met hod of Mounting the

Sem conductor Device: Figs. 9 to 11 15 - Next, a nethod of nounting

t he sem conductor device shown in Fig. 1, fabricated by the nmethod of
fabrication as described in the foregoing, on: a gl ass substrate of a
liquid crystal display panel will be described herei nafter..

As shown in Fig. 9, an insulating resin (adhesive) 13-serving as a 20
sealant is applied with the use of a dispenser to an area on a glass

substrate FlG 9

| £17




16 of the liquid crystal display panel, with wirings 17 patterned thereon,
where the sem conductor device 1 is to be nounted. Subsequently, the
wirings 17 are aligned with the connecting el ectrodes-4 of the

sem conductor device 1, and pressure and heat are applied fromthe rear 25

surface side of the sen1conductor de 1 by the press heating tool 40,
-"thereby curing the insulating resin 189 As shown i'n Fig.” 10,

when heat and pressure are applied fromthe .

20 : rear surface side of the sem canduct or deV|ce 1 by t he press
-heating tool - 40, t he photosefg (5vé1(}5|ns 5 on the respective
" connecting electrodes.4 are soitened, so that the respective

conductive particles 9 are sandwrehes
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bet ween t he respective connecting electrodes 4 and the respective wrings
5 17 in such a way so as to be in contact with both. Thereupon, the
respective conductive particles 9 sandw ched in-between causes el ectrical
conduction to occur between the respective connecting el ectrodes 4 and the
respective wirings 17, however, the 3fnductive particles 9 which are not
sandwi ched t herebetween maintain ins ion by the photosensitive resin 5
to and the insulating resin 13. When using the insulating
resin 13 formed in a sheet-like shape, the insulating resin 13 is

.di sposed on the gl ass substrate 16 b press bondi ng the sane thereto

with the use of the press heatianq '!2% When usi ng
t hernosetting resin or thernoplasticre for the 15 insulating resin 13,

a light source lanmp 50 shown in Fig. 10 i.s unnecessary, however, when
using optosetting resin, theg insulating resin-13 ngeds to be cured by
irradiating the same with | ¢ght by Iighting Lm)ghe I-i ght source | anp

' , _ rpoosite fromthe.
‘%ﬁ& R Ya =Yae «\ ' q-v'ce 1ina 20
/” DY ,}),‘}2“}‘}}})})'5};5& \(’;’{(Z’r[:‘rg!} 1 wherein'the
& e <SS gte 16 in such a

sem conduct or- devi ce
pressuri zed condi ti oB?
sem conduct or devi ce[\
way as described abo
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a Hackéged structure). In this packaged condition, the

respective connecting el éctrodes 4 25
the respective wirings 17 on the gl ass

of the sem conductor device 1 and
substrate 16 are in contact

wi th each other through the internediary of the conductive particles 9

contained in the respective photosensi
21 and consequently, are elec

ive resins 5,
cally connected with each other.

However, t he connecting el ectrod 594,_adjacent to each other, are
i nsul ated from each ot her since electrical connection through the

I nternmedi ary of the conductive {Fﬂé;

t herebetween. 5 The conduc

ti tfs 9 does not occur
péf cles 9 sandwi ched between the

respective connecting el ectrodes 4 and the respective wirings 17

under go deformation
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to the ext%nt o 5 to 50 %thereof, and by 6uring the insulating resin 13
whi | e keeping the condugkd,ve partlcles 9 in such a deforned condition, a-
connection condition described above is naintained, so that excellent 10

el ectrical connection can-be nalntalned _ The sanme applies not
only to a case of nounting the senic ctor device 1 on a gl ass
substrate of a liquid crystal dlsplay nel but also to a case wherein
t he sem conductor device 1 is nounted oh a prlnted circuit board

i ncorporated in various el ectronic equipnent. " Second Enbodi nent of
‘a Fabrication Method: Figs. 12 to Eelrﬁ' r']l(ﬁ Next, a second enbodi nment
of a nethod of fabricating a ctor. device, according to the
invention, is described hereinafter Wi th 1 fq ence tonFigs. 12 to 14.
20 ' The second enbod2nerdd of the inventi p-to ps of form ng an
insulating film3 and a netal film 14 oR a sur ac . of sem'conductor chip
la with el ectrode pads 2 g}?;ﬂﬂld therépn, is ne as the first .

enbodi nent as descri bed
shown in Fig. 12, in
and. phot osensi tive r¢sT
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barticles 9 mxed therein is applied to the metal film 14 formed across a
surface of the sem conductor chip |a, 'ééereby formng a photosensitive

22 resin film Thereafter, as shown in Fig. 183,
patterning of the photosensitive resin 6 is performed by use of the
phot ol i t hography as with the case of the first embodi ment such that
masks having a surface area |arger than those of 5 respective openings 3a
of the i nsgheduinterdd iﬂ@tﬁbﬁﬁ)ﬁrﬂtﬂﬂbﬂhe%ﬁstons thereof, correspondi ng
to the respective el ectrode pads 2 on the sem conductor chip |a.

Subsequent |y, askmspanticular, Ainotheldasetnf diechiusbirddil BiEhph afs'dli@vllffm the using
remaining portions of the photosensitive resin 6 as the masks,

~ semiconductor device in Fig. 19, the alignment pitch is 80 pm at the

minimum, and accordingly, the connection pitch needs to be designed
5 wider relative the pixel pitch than in the case of the straight wall bumps.
In order to widen the connection pitch, a picture-frame size of portions of
the liquid crystal display unit, outside display regions thereof, needs to be
enlarged, thus resulting in further depreciation of the commercial value of
the liquid crystal display unit than in the case of the semiconductor device

10  provided with the straight wall bumps.

In the case of the mushroom bumps, it is practically impossible to
form the bumps with a beight in the range of 10 um to 20 pm,
corresponding to the connection pitch at 20 ym due to a structural feature
of the mushroom bumps having a cap on top thereof.

15 The invention has been developéd to solve such problems as
described above encountered by the conventional semiconductor device,
and an object of the invention is to provide a semiconductor device wherein
electrical connection in a packaged state is ensured and stabilized while the
connection pitch can be rendered sufficiently small, and also to provide a

20 method of fabricating the semiconductor device.

DISCLOSURE OF THE INVENTION
To this end, the invention provides a semiconductor device
comprising an insulating film formed on a surface of a semiconductor chip,
25 having an opening over respective electrode pads serving as a plurality of I

/O terminals of the semiconductor chip, a plurality of connecting electrodes
formed on the insulating film so as to be in contact with the respective

- This Sheet Has Been Replaced
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10 " connecting electrodes 4 are forned over the respective el ectrode pads

2. Thus, the sem conductor _device 1 with the photosensitive
resin 6 cont ai ni ng the conductive7particles 9, provided on top of the
respective connecting electrode 4, is conpleted. Consequently, with
this enbodi nent, the step of attaching the conductive particles 9 to

thé 15 respective photosensitive resins 5 as required in the first

enbodi Uentelectrodéjﬁﬁgg‘%ﬁrd_{gﬁEﬁié *&ipéctive openirgy, rﬂl@&%&%&?&sﬁﬂ%@@'em s _of
a FabricatTo - T FIgS. 1510 L7 _ TS nd second
enbodi mentfpnekd! 66 thet Refesfivé %h@éﬁté% %188rod&E a PhiRaliey WC biced ef ce

according to the rnvention, descri ~herernbefore, the rnsulating
film3 is donduetivepatrticles bieiwe eontaindibin the respedtbrthesindplasticiresin, pr ovi ded
with the-electrode pads 2 forned thereon by use of the sputtering or
the vacuum evapQrted irespectivecominexsing electrodes rate prefembdly ffommied ofzpdi ment s
of the invention, a connecting electrode 4 made up 25 of a netal film
conposéd diwa-layelraffbnsmadetup e chrpmnism,i and woppér,oot v three-layer filhe
respective electrode pads 2 by electrol ess plating as shown in Fig. 15.

To this emiadeuprofidweminm,weppesiandgoldhi s forned across a surface of

A method of fabricating a semiconductor device according to the
invention comprises the following steps from (1) to (5):

(1) a step of forming an inéulating film having an opening over

10 respective electrode péds, serving as a plurality of I /O terminals of a
semiconductor chip, on a surface of the semiconductor chip;

(2) a step of forming a metal film on the insulating film so as to be
in contact with the respective electrode pads through the respective
openings;

15 (3) a step of forming a photosensitive resin film having
thermoplasticity substantially across a surface of the metal film, and
forming masks at positions corresponding to the respective electrode pads
by the photolithography;

(4) a step of removing portions of the metal film, not covered by the

20 masks of the photoseﬁsitive resins by etching, and forming a connecting
electrode in contact with the respective electrode pads in respective
portions of the metal film, covered by the masks; and

(5)_a_step of attaching conductive particles to the respective

photosensitive resins.
25 In the step (3) described above, a photosensitive resin film having

thermoplasticity and containing conductive particles may be formed

substantially across a surface of the metal film.
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23 a sem conductor chip la, provided with an insulating film3
fornmed thereon, and by applying eﬁgosure and devel opment processes to
t he phot osensitive resin film an ®pening is forned at positions

t hereof, corresponding to the respective el ectrode pads 2. o
Subsequently, electroless plating by use of, 5 for exanple, nickel (N) is
applied using renmai ning portions of the phot osensitive resin -film as

masks, thereby Phejdigpon, W%ﬁ'inyjég}%@ié% ﬁgroqons of maqﬁ%{a'ggawmi ngs

only, and further, by applying g _ _ l'ess 'nd, a netal
filmis focowstednbyomeoindsks & s Photesehisiil r{:éih”ﬁlm,s aref fl?ﬁoved byhe

connecting el ectrodes 4, each made up of a two-layer neta m are 10

formed. Tewhing! and whencomneetalg @ledthode cifBicontit PWith ahe Séspcbtive
phot osensitive resin used as the masks, the sem conductor chip’la wll be

electrode pads is formed in the respective portions of the metal film,

5 covered by the masks, the photosensitive resin film having thermoplasticity
and containing conductive particles is left intact on top of the respective
connecting electrodes.

- Consequently, the above-mentioned step (5) of attaching the
conductive particles to the photosensitive resins becomes unnecessary.

10 With reference to the above-mentioned methods of fabricating the
semiconductor device according to the invention, in the step of forming the
metal film, a two-layer film composed of chromium and copper, or a three-
layer film composed of chromium, copper, and gold is preferably formed
by the sputtering across a surface of the semiconductor chip with the

15 insulating film formed thereon.

Otherwise, after forming the insulating film on the surface of the '
semiconductor chip in the above-mentioned step (1), a plurality of

connecting electrodes in contact with the respective electrode pads through

the respective openings, having a surface area larger than the respective
20 openings, may be formed on the insulating film by electroless plating, a

thermoplastic resin may be formed on top of the respective connecting

electrodes, and the conductive particles may be attached to the respective

thermoplastic resins.
Or by forming the thermoplastic resins containing the conductive

25 particles on top of the respective connecting electrodes formed by the
electrdless plating, the step of attaching the conductive particles to the

respective thermoplastic resins becomes unnecessary.
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in a condition as shown in Fig. 15. Wth the third enbodi nent
of the invention, as shown in Fig. 16, g filmof photosensitive resin
5 having thernoplasticity is forned ac®ss a 15 surfacg_q/tﬁe_/

sem conductor chip la, provided with the connecting el ectrode 4 fornmed
on the respective el ectrode pads 2 as descri bed abog lnulullmﬂmterm ng
of the photosensitive resin 5 is perfornmed by appl yHm and
devel opment processes thereto such (TRAIMEtions of the * "phdt osensi tive
resin 5, only over the respective connecting electrodes 4, are 20 |left
intact, and by altadhsermicondiecsd devie@cbimprizing: t o respecti ve remaining
portlons of the photosensitive resin 5 as wth the case of the first

enbodi ment, t he amirswatingofitmcformedevnce susfaceadf sheamidohduceor &hips

conpl et ed Wth the fourth enbodi nent of the invention, as
shown in @iwngmn epesingf oven respedtineslentrote pads asiving dsealghuahty of I
t her m)pl as I City. and cont ai ni ng conductive particles m xed therein

is forrke terainglsof thecsemicondyctor chipeni conductor chip |a, provided with
a connectl ng el ect{od 4 formed on

a plurality of connecting electrodes formed on the insulating film so

as to be in contact with the respective electrode pads through the respective
openings; and | |
a thermoplastic resin formed on the respective connecting
10 electrodes,

wherein a plurality of pieces of conductive particles are contained
in the respective thermoplastic resins.

‘2. A semiconductor device according to claim 1, wherein the
respective connecting electrodes are formed of a two-layer film made up of
15 chromium, and copper.

3. A semiconductor device according to claim 1, wherein the
respective connecting electrodes are formed of a three-layer film made up
of chromium, copper, and gold.

4. A method of fabricating a semiconductor device, comprising

20 the steps of:

forming an insulating film having an opening over respective
electrode pads, serving as a plurality of I /O terminals of a semiconductor
chip, on a surface of the semiconductor chip;

forming a metal film on the insulating film so as to be in contact

25  with the respective electrode pads through the respective openings;
forming a photosensitive resin film having thermoplasticity

substantially across a surface of the metal film, and forming masks at
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24 respective el ectrode pads 2 as shown in Fig. 15, and patterning
of the phot osensitive resin 6 |SC2??erforrTed by applyi ng exposure and
devel opnent processes thereto su t hat porﬂmﬂﬁm osensitive
resin 6 with the conductive particles 9 m x G'm mm fover t he
respective connecting 5 electrodes 4, are |left Tnt%ct-. a r*esult t he
sanme sem conduct or device as that shown in Fig. 14 is corrpl et ed.
Similarly goRitidyss S@ﬁh@@%@h@xh?r REVile fapettived eiesifididehads b;yhethe

sem conductor device fabricated in this way can al so be securely nounted
on a gl asplmodlithograpley; a printed circuit board through the intermediary of
10 an insulating resin (adhesive). . I NDUSTRI AL APPLI CABI LI TY

As is evident fremovimg fportigns o thesaetabtfilom, netccoveteddit the beasks of

the photosensitive resin by etching, and forming a connecting electrode in

5 contact with the respective electrode pads in respective portions of the
metal film, covered by the masks; and

attaching conductive particles to the respective photosensitive

resins.
5. A method of fabricating a semiconductor device according to
10 claim 4, wherein, in the step of forming the metal film, a two-layer film
composed of chromium and copper, or a three-layer film composed of
chromium, copper, and gold is formed by l;he sputtering or the vacuum
evaporation across a surface of the semiconductor chip with the insulating
film formed thereon.
15 6. - A method of fabricating a semiconductor device, comprising
the steps of: |
forming an insulating film having an opening over respective
electrode pads, serving as a plurality of I /O terminals of a semiconductor
chip, on a surface of the semiconductor chip;
20 forming a metal film on the insulating film so as to be in contact
with the respective electrode pads through the respective openings;

forming a photosensitive resin film having thermoplasticity and

containing conductive particles substantially across a surface of the metal

film, and forming masks at positions corresponding to the respective
25 electrode pads by the photolithography; and
removing portions of the metal film, not covered by the masks of

the photosensitive resin by etching, and forming a connecting electrode in
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1npvention, the connecting el ectrodes, each nmade_up of the netal film having
A5 a very high uniformty in height ié&pcorrparlson with the bunps of the

‘conventi onal semni conductor device, ar rovi ded 'uﬁem' “ﬂlﬂ Imml astic
resin containing the conductive particles m xed ded on top
of the respective connecting el ectrodes, so that thé condlctd vé particles

can be provi ded beforehand at a hi gh density onIy at spots where

el ectri calcofactCRifie ¢he %s%éctf ew&%&gg@g (i'h%b PO O Ve
particles not nore pmin di ter can e us Consequent |y,
when nountmel fiim, coverajabycm@ﬁmskgr device according to the i nvention on,
for exanple, a glass substrate of a liquid crystal display panel, it

becomes possi bl §.t oAl nmuithodt raf fabricatingar kemicbrrhuctort deviceidcbordihgne
connection pitch at less than 40 [er rfm 25 Further, when the

seni conducilaim dgvwhersin, i the istep ob farmings theineetal filmhya t\me{layd:r filmss
bondi ng, the conductive particles can be prevented from spilling out
becausé t leompeseas: of vehrommner tandg cepper, ron esthaee-ldyernfitmotompesed of
2 chromium, copper, and gold is formed by the sputtering or the vacuum
evaporation across a surface of the semiconductor chip with the insulating
film formed thereon. |
8. A method of fabricating a semiconductor device, comprising
10 the steps of:
forming an insulating film having an opening over respective
electrode pads, serving as a plurality of 1 /O terminals of a semiconductor
chip, on a surface of the semiconductor chip; '
forming a plurality of connecting electrodes in contact with the
15 respective electrode pads through the respective openings on the insulating
film by electroless plating;
forming a thermoplastic resin on top of the respective connecting
electrodes; and
attaching conductive particles to the respective thermoplastic resin.
20 9. A method of fabricating a semiconductor device, comprising
the steps of:
forming an insulating film having an opening over respective
electrode pads, serving as a plurality of I /O terminals of a semiconductor
chip, on a surface of the semiconductor chip;
25 forming a plurality of connecting electrodes in contact with the
respective electrode pads through the respective openings, having a surface

area larger than the respective openings, on the insulating film by
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metal fil m whi ch can be held lowin height unlike the case of the
conventional bunps, so that conductive heads can be effectively arrested

over the respective connecting el ectrodés. Hence, the

sem conductor device according to the invention is 5 effective for use as
various types of sem conductor devices such as ICs for driving a liquid
crystal display panel, ICs, LSIs, etc. nounted on a printed circuit
board of v aricoufitetba GhIsRiBle fBRHARBRYY tho Ry " ays. and so forth,

26

In particular, in the case of the mushroom bumps as shown in the
semiconductor device in Fig. 19, the alignment pitch is 80 pm at the
minimum, and accordingly, the connection pitch needs to be designed

5  wider relative the pixel pitch than in the case of the straight wall bumps.
In order to widen the connection pitch, a picture-frame size of portions of
the liquid crystal display unit, outside display regions thereof, needs to be
enlarged, thus resulting in further dépreciation of the commercial value of
the liquid crystal display unit than in the case of the semiconductor device

10  provided with the straight wall bumps.

In the case of the mushroom bumps, it is practically impossible to
form the bumps with a height in the range of 10 pm to 20 pm,
corresponding to the connection pitch at 20 pum due to a structural feature
of the mushroom bumps having a cap on top thereof.

15 The invention has been developed to solve such problems as
described above encountered by the conventional semiconductor device,
and an object of the invention is to provide a semiconductor device wherein
electrical connection in a packaged state is ensured and stabilized while the
connection pitch can be rendered sufficiently small, and also to provide a

20 method of fabricating the semiconductor device.

DISCLOSURE OF THE INVENTION
To this end, the invention provides a semiconductor device
comprising an insulating film formed on a surface of a semiconductor chip,
25 having an opening over respective electrode pads serving as a plurality of I
/O terminals of the semiconductor chip, a plurality of connecting electrodes

made of a metal film formed by sputtering or the vacuum evaporation,
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1. (anended) A sem conductor device conpri sing: an insulating
filemformed on a surface of a sem conductor chip, havi ng an openi ng
over respective el ectrode pads serving ds a plurality of I 5 /Oterninals
of the sem conductor chip; a plurality of connecting el ectrodes
made of a nmetal filmforned by Sputtering or the vacuum evaporati on,
whi ch are fornmed on the insulating filmso as to be in contact with

the resPeCtdeEhehﬁcféﬂﬁédRﬁPﬁaél rﬁ%&é%lﬁ@n%ﬁlﬁ so a$ %pﬁt,“iﬁvc"orﬁé’&“{v'i‘ﬂf'thé““d 10

a thernoplastic resin forned e respective connecting

el ectrodes,respective _electrt¥de” YPaisa tArougH | the Ofespﬁéﬁﬁé Stﬁg{géuctahae a

particles are contained I n the respective er nopl fesins and are

provi ded cahshhephistibatsih fotmed diré @y 8 ith¥réspettive %ﬁﬁ?@ﬁi\}\g gllaxdesodes.

15 2. A sem conductor device dccordingto claim erein the

respect i ve zoplaealitynofepiedesodf s cendudtivergshrtitles being ayitaidedminagdse up of

chrom um and copper. 3. A sem conductor device according to
clai m 15 whrespéctivehthermoplastrpresin wad proveded sy aslte der indeontace with thel of a
three-layezxkgéghgg%iuigxi%‘of chrom um copper, and gol d.

The respective connecting electrodes are preferably formed of a
two-layer film made up of chromium, and copper, or a three-layer film
made up of chromium, copper, and gold.

10 A method of fabricating a semiconductor device according to the
invention comprises the following steps from (1) to (5):

(1) a step of forming an insulating film having an opening over
respective electrode pads, serving as a plurality of 1 /O terminals of a
semiconductor chip, on a surface of the semiconductor chip;

15 (2) a step of forming a metal film on the insulating film so as to be
in contact with the respective electrode pads through the respective
openings;

(3) a step of forming a photosensitive resin film having
thermoplasticity substantially across a surface of the metal film, and

20 forming masks at positions corresponding to the respective electrode pads
by the photolithography;

(4) a step of removing portions of the metal film, not covered by the
masks of the photosensitive resins by etching, and forming a connecting
electrode in contact with the respective electrode pads in respective

25 portions of the metal film, covered by the masks; and

(5) a step of attaching conductive particles to the respective

photosensitive resins by applying heat to the photosensitive resins, and
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4. (amended) A nmethod of fabricating a sem conductor devi ce, conpri sing
the:steps of: formng an insulating film having an openi ng over
respective el ectrode pads, serving®as a plurality of I /O termnals of
a sem conductor 25 chip, on a surface of the sem conductor chip;

formng a nmetal filmon the insulating filmso as to be in contact

with the respective el ectrode pads throu the respective openings;

formng a CREABSiHel Fe T | Prox :

substanti aﬁlhg acrgsgﬁdaégﬁggg%? (?fa %lggﬁae%%l% Wmﬁag%gﬁ; ()C?jrnnién% Wés gheat
positions wmﬁaﬁﬁg@lmré@,t he respective el ectrode pads by the

phot ol i t hogr aphy;

In the step (3) described above, a photosensitive resin film having

thermoplasticity and containing conductive particles which are provided
5 capable of being in contact with the metal film may be formed substantially
across a surface of the metal film.

Thereupon, when, in the step (4), the portions of the metal film, not
covered by the masks of the photosensitive resin film, are removed by
etching, and the connecting electrode in contact with the respective

10 electrode pads is formed in the respective portions of the metal film,
covered by the masks, the photosensitive resin film having thermoplasticity
and containing conductive particles is left intact on top of the respective
connecting electrodes.

Consequently, the above-mentioned step (5) of attaching the

15 conductive particles to the photosensitive resins becomes unnecessary.

With reference to the above-mentioned methods of fabricating the
semiconductor device according to the invention, in the step of forming the
metal film, a two-layer film composed of chromium and copper, or a three-
layer film composed of chromium, copper, and gold is preferably formed

20 by the sputtering across a surface of the semiconductor chip with the

insulating film formed thereon.
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5 ) renmoving portions of the metal film not covered by the masks of
the:phot osensitive resin by etching, and formng a connecting electrode in
contact with the respective el ectrode s in respective portions of the
metal film covered by the nmasks; and attachi ng conductive
particles to the respective photosensitive 10 resins by appl'ying—heat—tao
t he photosensitive resins, and providing the conducti ve jpafbi cl es

capabl e of being in contact with theCgoupgsti ng el ect r04m" ”] , Hmuum
5. A nethod of fabricating a sem conductor device according to ¢ L
wherein, in the di@mme&idéd)r mAngmitendater doviea cémPri@iﬂg’:}yer film 15

conposed of chrom um and copper, or a three-layer Tilm™conposed of

chroni um copper anaimsudating iffinf dormed bon thsushoeé toff & nendicohBctoRCEHP)
evaporation across a surface of the seniconductor chip with the |_nsu1 ating
fi | m for mechaving @aropening over respetiyeretettodde padesdrvinghs faapluiralitlyl 6f0I a

*

sem conduct or device, 20 conprising the steps of: formng an
i nsul at ng /Q terminalsrof the sepdeondpatorchipspect i ve el ectrode pads,
serving as a plurality. of |/Otermnals of a sem conductor chip, on a

surface of the sé@PEslitycelgonnecting electrodes made of a metal film formed by
sputtering or the vacuum evaporation, which are formed on the insulating
film so as to be in contact with the respective electrode pads through the
respective openings; and

10 a thermoplastic resin formed directly on the respective connecting
electrodes,

wherein a plurality of pieces of conductive particles are contained
in the respective thermoplastic resins and are provided capable of being in
contact with the connecting electrodes .

15 2. A semiconductor device according to claim 1, wherein the
respective connecting electrodes are formed of a two-layer film made up of
chromium, and copper.

3. A semiconductor device according to claim 1, wherein the
respective connecting electrodes are formed of a three-layer film made up

20  of chromium, copper, and gold.

4.(amended) A method of fabricating a semiconductor device,
comprising the steps of:

forming an insulating film having an opening over respective
electrode pads, serving as a plurality of I /O terminals of a semiconductor

25  chip, on a surface of the semiconductor chip;

forming a metal film on the insulating film so as to be in contact

with the respective electrode pads through the respective openings;
REPLAGEMENT SHEET
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formng a metal filmby sputtering or the vacuum evaporation on 25 the
insulating filmso as to be in contactzyvith t he respectlve el ectrod\ﬁa

through the respective openings; formng a m mrm sin
filmhaving thernoplasticity and 'fﬂ”m
28 cont ai ni ng conductive particles capable of bei ng fncontast W th
the netal filmsubstantially across a surface of the netal film and
form ng nmasks atfonningosa t pﬁ&@seﬁgm%p%simgﬁlm tivihg s RReihyplastieryr ode
pads by the phot ol'i t hogr aphy; and renovi hg portions of the
netal fil nsubstantialieragosy at berfaes kf ﬂie metal finphatd sforsiihg vaasksian by
etching, and formng a connecting el ectrode in contact with the
respect i vepesitions odmrpesponiding espedthe vaeppedtivenselettiode pads by the
photolithography;
5 removing portions of the metal film, not covered by the masks of

the photosensitive resin by etching, and forming a connecting electrode in
contact with the respective electrode pads in respective portions of the
metal film, covered by the masks; and
attaching conductive particles to the respective photosensitive
10 resins by applying heat to the photosensitive resins, and providing the
conductive particles capable of being in contact with the connecting
electrode.
5. A method of fabricating a semiconductor device according to
claim 4, wherein, in the step of forming the metal film, a two-layer film
15 composed of chromium and copper, or a three-layer film composed of
chromium, copper, and gold is formed by the sputtering or the vacuum
evaporation across a surface of the semiconductor chip with the insulating
film formed thereon.
6.(ameded) A method of fabricating a semiconductor device,
20 comprising the steps of;
forming an insulating film having an opening over respective
electrode pads, serving as a plurality of I/O terminals of a semiconductor
chip, on a surface of the semiconductor chip;
forming a metal film by sputtering or the vacuum evaporation on
25 the insulating film so as to be in contact with the respective electrode pads
through the respective openings;

forming a photosensitive resin film having thermoplastwity and
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metal film covered by the nmasks. 7. A nmethod of fabricating a
senm conduct or device according to 10 génai m 6, whereim, in the step of

formng the netal film a two-layer fi conposed ; njn
copper, or a three-layer film conposed of chrom urlwmlmmn 1l B ldis
formed by the sputtering or the vacuum evapor ati on*acfos's d sdrface of
the sem conductor chip with the insulating filmfornmed thereon. 15

8. (cancel ¢@sthining cobfluctive particles capable of being in contact with the metal
film substantially across a surface of the metal film, and forming masks at
positions corresponding to the respective electrode pads by the
photolithography; and

5 removing portions of the metal film, not covered by the masks of
the photosensitive resin by etching, and forming a connecting electrode in
contact with the respective electrode pads in respective portions of the
metal film, covered by the masks.

7. A method of fabricating a semiconductor device according to
10 claim 6, wherein, in the step of forming the metal film, a two-layer film
composed of chromium and copper, or a three-layer film composed of
chromium, copper, and gold is formed by the sputteting or the vacuum
evaporation across a surface of the semiconductor chip with the insulating

film formed thereon.

15 8. (cancelled)
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9. (cancelled)
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