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TITLE OF THE INVENTION
FLIP-CHIP TYPE SEMICONDUCTOR DEVICE AND

METHOD OF MANUFACTURING THE SAME
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Field of the Iavention

The present invention xelates to a £lip-chip type
semiconductor device obtained by mounting a semiconductor
¢hip on a multi~layered wiring substrate and a manufacturing
method of the same and, more particularly, to a £lip-chip
type semiconductor device which can be reCycled, has high
mounting reliability, and can be manufactured at a low cost
and a method of manufacturing the same.
Description of the Related Art

FIG. 1A is an illustration showing a donveﬁtional
flip-chip type semiconductor device, and FIG. 1B is an
illustratiopn showing a mounting state of a conventional
£lip~chip tYpe semiconductor device.

‘As shown in FIG. 1a, an 4 conventional £lip-chip type
semiconductor devxce 100, pProjecting solder bumps 101

.provideq_in area axray arrangament on a Peripheral portion

Or an active region of a chip. .

~ The fllp-chlp type semzconductor device 100 13 ‘mounted -

_on 2 Multi-layered wiring substrate. 102 . (mounting substxate)

pattern as the bump arrangement pattern of the £lip-chip



3

R

. ‘This Sheet Has Been Replaced

o R

type semiconductor device 100 on the side of an end user.
When the flip-chip type semiconductor device 100 is mounted

on the multi-layered wiring substrate 102, if a bump
material is a solder, the £lip-chip type semiconductor
device 100 is mounted by an IR reflow (infrared reflow)
process using‘a flux.

However, after the conventional flip-chip'type
semiconduétcr device 100 is mounted on the malti~layered
witing substrate 1bz, due to incoincideﬁce (mismatch)
between linear expansion.cbefficients of the multi-layered
wiring substrate 102 and the flip-chip tyye semiconductor
device 100, esPecially,'the teﬁperature cycle
characteristics 6f the mounting reliability are deqraded
disadvantageously. In order to solve the problem, the
following measure is conventionally performed.

In order to make the linear expansion coefficient of
the multi-layered wiring substrate close to the linear |
expansion coefficient of silicon, a ceramic-based material
such as AlN, mﬁllite, or glass ceramics which is
substantially expensive among a material is used to minimize
the mismatch between the linear expansion coefficients,
thereby perférming an attempt to improve the mounting
reliability. This attempt is effective from the viewpoist
of improvement in mounting reliability. However, since the
expensive ceramic-based material is used as the material of

- the multi-layered wiring substrate, the applicatiod of the

measure is limited to a super computer, a la¥ge-scale
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In contrast to this, in recent years, the following

technique is proposed. That is, an under £ill resin is
arranged between a semiconductor chip and 2 multi-layered
wiring substrate which is relatively low in cost and which
uses an oxganic material having a large linear expansion
coefficient to construct a flip-chip semiconductor device,
so that mounting reliability can be improved. In this
manner, the under £ill resin is arranged between 2 ,
semiconductor chip and a multi-layered wiring substrate
using an organic material; $0 that a shearing stress acting
on a bump joint portion existing between the semiconductor
chip and the multi~layered wiring substrate using the
organic material is dispersed, and the mounting reliability
can be improved. When the under £ill resin is interposed
between the semiconductor chip gnd the mﬁlti-lays:ed wiring
substrate using the organic material, a multi-layered wiring
substrate using an inexpensive -organic material can be used.
However, in this conventional technique, when a void
exists in the under £ill resin, or when the adhesive
characteristics of an-interface between the under £ill rzesin
and the semiéonductor chip ahd an interface between the
under f£ill resin and the multi-layered wiring substrate
using_an organic material are poor, in a moist absorption
reflow process of a product, a peeling phenomenon occurs on

the interface, and a defeéctive product is manuactured

'disadvantageously; For this reason, 'the conventional
_ftechn;que -gannot’ :el;ably advance a reduction in cost of a

_hfllp-flop type-semiconductor devige, © T MU0
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In addition, since a flip-chip type semiconductor chip
is'génerally used in an LSI having high performance, the
products itself is expensive. Therefore, when a portion
except for the semiconductor chip is defective in an
electric selection process performed after the £lip-chip
type semiconductor chip is mounted on a multi~layered wiring
substrate, non-defective gsemiconductor chip must be recycled.
However, when an under £ill resin is interposed between the
semiconductor chip and the multi-layered wiring substrate
uéing an organic material, the semiconductor chip cannot Be

recycled. In this case, since peripheral devices including

the multi-layered wiring substrate using the organic

matérial become defective, a reduction in cost can hardly be

always advanced by using the multi-layered wiring substrate

using the organic material.

On the other hand, when a ceramic-based multi-layered
wiring substrate is used in a semiconductor chip, the linear
expahsion coefficient of the ceramic-based material is
optimized to eliminate the necessity of an under f£ill resin.
For ﬁhis reason, a recycle process for a non-defective
semiconductor chip can be relatively made easy.

FIG. 2A is an illustxat;on showing a removing méthod
of a flip-chip type semiconductor device, and FIG. 2B is an

illustration showing the flip-chip type semiconductor device

recycled, a heating absorption tool 103 absorbs the . -
- Semiconductor device 100 by sucking the semiconductor device '

100 by means of avacu\.md.g‘uce(nctshm) Qmﬁeted SO ALY I
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exhaust pipe 104 formed in the hgating absorption tool 103,
and the semicoanductor device 100 is heated to a high
temperature by a heater 105 to melt solder bumps 101 an the
rear surface of the semiconductoi device 100, thereby
drawing the semiconductor device 100 from the multi-~layered
wiring substrate 102. In this manner, the non-defective
semiconductor device 100 can be removed.

However, when the semiconductor device 100 is removed,
the semiconductor device 100 is heated to a high temperature.
. For this reason, a passivation film consisting of a
polyimide (PI) -based organic material or an inorganic
_material-such as Si0 and formed to protect the solder bumps
10la of the removed semiconductor qevice 100 or the barrier
metal joint portion between the solder bumps 101 and ﬁhe
semiconductor device 100, and the active region of the
semiconductor device 100 is damaged. For this reason, the
non~defective semiconductor chip may be defect;ve. In this
manner, due to the above~described problem, it is difficult

to recycle a non-defective flip=chip type semiconductor chip

in the conventional technique.

SUMMARY OF THE INVENTION
It is‘an object of the present invention to provide a
flip-chip type semiconductor device which can be recycled,
“haﬁ“high mnuntiﬁqfreliability;-and oan be manufactured at a
_low cost and a method of manufacturing the same.

A £lip-chip type. semiconductor device according to the

,wﬂwp£$§gn§Wingﬁntiqqﬁinqlnggi;.semicoadnctorwsuhstraté?“aﬁﬁﬂi”**“”““
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electrode formed on the semiconductor substrate, an
insulating film formed on the eniire surface of the
semiconductor substrate to be opened above the pad electrode,
a wiring portion patterned on the p#d electrode and the
insulating film, an electrode formed on the wiring portion,
a metal ﬁump formed on the electrode, a support plate in
which holes each having a diameter larger than the diameter
of the metal bump are formed at positions adjusted to the
metal bumps and which is arranged such that the metal bumps
project with an appropriate interval above the semiconductor
substrate, and an insulating resin layer formed to bury the
electrode between the semiconductor substrate and the
support plate.

In the present invention, since the insulating resiﬁ
layer is formed on the semiconductor substrate, evea though
a thermal stress or a mechanical stress acts on the metal
bump, the stress acting on the metal bﬁmp can be moderated
by the elasticity of the insulating resin layer. For this
reason, an active region'or the like formed on the
semiconductor substrate can be more protected, and the
- mounting reliability of the semiconductor device is improved.
In addition, siace an under £ill resin is not used unlike a
conventional device, the semiconducter device can be
recycled without damaging peripheral devices including the
malti-layered wiring substrate. Furtheymoxe, since the o
 metal bump is formed on the electrode buried in the’
insulating. resin layer to project from the surface of the =

. support. plate,..the. height between the semicendicter ™ ~ T
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substrate and the metal bump can be increased. For this
reason, when the sémiconductor device is mounted on a multi-
layered wiring printed board or the like, a gtandoff height
which is the interval between the semiconductor substrate
and the multi-layered wiring printed board can be increased.
Therefore, when the semiconductor substrate and the multi-
layered wiring printed board are offset due to the mismatch
between the linear expansion _cOefficiénts of the
semiconductor substrate and the multi-layered wiring printed
board, the offset can be re&uced. Especially the
temperatu:e cycle characteri.stics. of the mounting
'relia.bility can be improved.

In the present invention, the periphery of the joint
portion between the metal bump and the electrode is
prefexably covered with the insulating resin layer. In this
manner, since the joint portion between the metal bump and
the electrode is reinforced, the mechanical strength of the
joint port-.ion of the metal bump is improved to improve
protection properties against an extmal stress.

Furthermore, in the present invention, for example,
the support plate can be nmade of a.conduétive material, an
insulating f.ilm and a metal film can ba formed on the
suﬁport plate in the ordex named, and a metal bump, having a
ground potential, of the metal buwmps can be connected to the

metal £ilm with & conductive adhesive agent. ‘Por example,

the support plate can be made of an insulating material, a
metal £ilm can be formed on. the surface of :the support plate,

o and a metal bqu, hav:.ng 2 ground. po'cential. of the metdl - s
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bumps can be connected to the metal f£ilm with a conductive

adhesive agent. In this manner, since the metal film can be

used as a GND plane function, the following electric
characteristics can be improved. That is, a GND inductance
in a package form can be reduced, EMI (slecgtamagnetic wave
impedance) shield effect can be improved, and crosstalk

noise can be reduced.

In addition, in the present invention, the insulating
resin layer preferably contains at least one resin selected
f?om the group consisting of an epoxy-based resin, a
silicon-based resin, a polyimide-based resin, a polyolefin-
based resin, a cyanate ester-based resin, a phenol-based
resin, a2 naphthalene-based resin, and a fluorene-based resin.

In addition, in the présent invention, the insulating
£ilm can be made of a photosensitive material. Purther, the
~insulating film prefexably has a thexmal decomposition
temperature of 200°C or more. |

In a method of mannfacturing a £flip-chip type
semigonductor -device according to the present invention, a

pad electrode is formed on a semiconductor substrate. An

insulating film is formed on the entire surface of the
semiconductor substrate, and the part of the insulating £ilm
that is on the pad electrode is removed to form an opening.
A metal thin film layer is formed on the entire surface of

the semiconductor substrate and the metal thin f£ilm layer is

ot the entire gurface of the semiconductor substrate. The

... resist film is patterned to remove the resist £iln ey the "= " 7
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wiring porxtion, and an elecﬁrode is formed in the opening.
A metal bump is formed on the elec¢trode. A support plate is
arranged above the semiconductor substrate with an
appropriate interval betweén the support plate and the
semiconductor substrate. In the support plate, holes eaéh
having a diameter larger than the diameter of the metal bump
are formed at positions adjusted to the positions where the
metal bﬁmps are arranged. Aan insulating resin is injected
_bgtween the semiconductor substrate and the support plate.

In the present invention, since packages can be
manufactuxed by the process in the state of a semiconductor
device, the number of steps can be considersbly reduced in
comparison with a packaging method in which packages are
- manufactured from a-conventionél state of small pieces so
that the cost can be considerably reduced.

In the present invention, the suppoxt plate can be
made of a conductive material, an insulating £ilm and a
matgl £film can Se formed on the support plate in the'order
named, and a conductive adhesive ageat can be buried into
the hole of the support plate located at the metal bump,
having the ground potential, of the metal ‘bumps.

Furthe:more, the present invention preferably inoludes
the step of burying a conductxve adhesxve agent into the

hole of the support plate located at the metal bump having e

.. the ground potential, Gf the metal bumps when the support
_plate is made of an insulatzng'mate:;al and a metal £ilm zs .“.me“mm

....formed on the  surface of the support plaee.

um¢ﬂ§t411~£u:thezﬁbte;'zn the pxesent'inVenéiéﬁ,“éﬁe siep
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of arranging the support plate ahove the semiconductor
substrate is to place the support plate on jigs arranged at

both the ends of the semiconductor substrate and each having

an appropriate interval thickness.

BRIEF DESCRYPTION OF THE DRAWINGS

FIG. lA is an illustration showing a coaventional
flip-chip type semiconductor device, and FIG. 1B is an
illustration showing a mounting state of a conventional
flip-chip type semiconductor device;

F1G. 2A is an illustration showing a method of
removing a flip-chip type semiconductor device, and FIG. 2B
is an illustration showing the flip-chip type semiconductor
device after the removal;

FIG. 3 is a sectional-view showing a flip-chip type
semiconductor device according to the first embodiment of
the present invention;

FIG. 4 is an enlarged view of a section A in PIG. 3;

FIGS. 5A and SB are secﬁional views sequentially
showing the steps in a method of manufacturing a £lip-chip
type semiconductor device according to this embodiment;

FIGS. GA_to 6C are sectional views sequentiélly

showing the steps next to the steps in FIGS. 5A and SB;

FIGS. 7A ©o
-showing the steps

1C are sectional views sequentially

‘next to the gteps in FIGS. ;A.to 6C;

FIGS. BA to 3C are sectional views sequentially

showing the Steps -next to the steps in FIGS. .7A to 7C; -

m:FIGS-nQAMtqwse+g:9msecﬁionaluviews~§equent&a11ywi~=~~w~

FETE W E
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steps next to the steps in FIGS. BA to 8C;

showing the

FIGS. 10A and 10B are sectional views sequentially

showing the steps next to the steps in FIGS. 9A to 9C;

FIGS. 11A and 11C are sectional views sequentially

showing the steps next to the steps in PIGS. 10A and 10B;

FIGS. 12A and 17B are sectional views sequentially

showing the steps next to the steps in FIGS. 11A and 11B;

FIGS. 13A and 13B are sectional views sequentially

showing the steps next to the steps in FIGS. 12A and 12B;
FIG. 14 is a2 sectiocnal view sequentially showing the
step next to the steps in FIGCS. 13A and 13B;
PIG. 1S ié 2 sectional view showing a flip-chip type

semiconductor device according to the second embodiment of
the present invention;

FIGS. 16A and 16B are sectional views Sequentially
showing steps in a manufacturing a flip-chip type
semiconductor device according to the second embodiment of
the present iuvengion; and _

FIGS. 17A and 17B are sectional views seguentially
showing the Steps next to the steps in FIGS. 16A and 16B.

DESCRIPTION OF THE PREFERRED EMBODIMENT
A flip-chip type semiconductor device according to an .
exbodiment of the present invention and a method of

. masufacturing the same will be described belew with

reference to the accompanying drawings. PIG. 3 is a

sectional view showing.a flip-chip‘type-semicoudnCtof deviee =~
~ according to the f£irst embodiment of the-present imvemtion, =
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and FIG. 4 is an enlarged view of a section shown by two-dot

chain line A in FPIG. 3. In the flip~-chip type semiconductor
device of this embodiment, pad electrodes 2 are formed on
the semiconductor substrate 1 as external terminal
| electrodes such that the pad electrodes 2 are located on the
peripheries of chips in units of chips. The portion of the
semiconductor substrate 1 that is between the pad electrodes
2 serves as an active region la. A passivation £ilm 3 is
formed on the active :egioﬁ la and an outer edge portion of
th.e semiconductor substrate 1. An insulating resin layer 4
for protecting a re-wixing layer is formed on the
passivation film 3. An opening 6 is formed above the pad
electrode 2. |

A péd electrode adhesive metal £ilm 7, a plating feed
layer metal film 8, and a Cu plating layer 11 are
sequentially formed as a wiring layer on the pad electrode 2
and the insulating reein layer 4 in the order named. Thig
wiring layer is patterned like a re-wiring pattern to form a
re-wiring pattegn §ortion lla. In the re-wiring pattern
portion 1la, an external terminal forming land portion 1lb
is formed. |

A metal post electrode 15 is formed on the external
texminal forming land portions 1lb lacated on ﬁe- active
region la. A. éolder bump 16 is formed on esach of the metal
post electrode 15. As shown in FIG. 4, a support plate 17 . . .
"J.n wh:.ch a hole having a d;.ameter 1a:qet than the diameter
' of the solde: bump 16 is tomed at a position adjusted to.
" the solder b\mp 16 is fomed with an appropriate interval o,
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projects from the support plate 17. An insulating resin
layer 20 is formed between the support plate 17 and the
semiconductor substrate 1 to buffer a stress acting on the
solder bump 16. The electrodes 2 are connected to
corresponding electxodes of a mouating substrate through the
solder bumps 16.

In this ewbodiment, the insulating resin layexr 20 is
formed on the passivation film 3 of the flip-chip type
semiconductor device. ror'this xeason, when a
heating absorption fool is used to recycle a semiconductor
device as described ahove, even though a thermal stress and
a mechanical stress act on the solder bump 16, these
stresses are buffered by the elasticity of the insulating
resin layer 20, and the passivation film 3 and the active
region la are protected effectively more thah a convehtional
semiconductoxr device, so that mounting reliability is
improved. ,fherefoxe, a flip-chip type semiconductor device
which can be recycled can be provided. In addition, since
an under fill resin is not used unlike & conventional device,
the semiconductor device can be recycled without damaging
peripheral devices or the like including a multi-layered
wiring substrate.

In this embodiment, Since the solder bump 16 which is
... formed to be mounted on a printed wiring board on an end
user side is forﬁgd on the metal .post electrode 15 |
~ surrounded by the insulating resin layer 20, a standoff .

. beight cap be increased. For this reason, when heat or the ..
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like is applied to the semiconductor device while the
semiconductor device is mounted on the'multi-layered wiring

printed board, even though the semiconductor gubstrate 1 and
the multi-layered wiring printed board are offset due to the
mismatch between the linear expansion coefficients of the
semiconductor substrate 1 énd the multi-layered wiring
pPrinted board, the offset can be reduced. Therefore, a
stress acting on the solder bumé 18 can be reduced, and
peeling or the like of the substrace can be prevented. In
this manner, the mounting reliability can pe impzoved. In
particular, temperature cycle characteristics can be
improved. ' '

In addition, in this embodiment, since the lower
portion of the solder bump 16 formed on the metal post
electrode 15 and the periphery of the joint portion between
the soldex bump 16 and the metal post electrode 15 are
covered with an insulating resin, the joint portion between
‘the metal post electrode 15 and the solder bump 16 is
reinforced by the insulating resin layex 20; ’ the mechanical
Streagth of the soldexr bump 16 itself and the protection-
effect against an external stress are improved due to the
reinforcement effect by this resin layer 20. Por this
Teason, the mouating reliability for a boaxd in a £inal
package form is improved. In this manner, in. this
‘embodiment, the standoff height can be increased, and'a "
.swt::egs_ h;uffer effect obtaihed_ by the iasulating resin -1ayér' :

20 _can be added. For this reason,.since a stress acting on

the solder bump 16 can be more poderated, a-.fliﬁ-chip -£ype--- B AT



* This Sheet Has Been ch_laced';

semiconductor device baving high mounting reliability can be

| provided. ‘

A method of manufacturing a £lip-chip type
semiconductor device according to the embodiment of the
present invention will be described below. FIGS. 5A and 5B,
FIGS. 6A to 6C, FIGS. 7A te 7C, FIGS. BA to 8C, f‘IGS. 9A to
9C, FIGS. 10A and 10B, FIGS. llA and 11B, FIGS. 12A and 12B,
FIGS. 13A and 138; and FIG. 14 are sectional views
sequentially showing steps in the method of manufacturing a
£lip-chip type semiconductor device according to the
embodiment of the present invention.

As shown in FIG. SA, on the semiconductor substrate 1,
as external terminal electrodes, the pad electrodes 2 made
of, e.q., Al, Cu, or the like are formed in units of
semiconductor chips to be located at the outer peripheries
of the semiconductor chips. The passivation f£ilm 3 made of,
e.g., an inorganic material such as $i0, or an organic
material such as polyimide is formed on the outer
peripheries of the pad electrodes 2 and the active region la.

s shown in FIG. 5B, the insulating resin layer 4
consisting of, e.g., an organic material such as polyimide
is formed on the pad elect;odes 2 and.the passivation f£ilm 3.
‘By the insulating resin layer 4, a function for protecting a
~ re-wiring layer (which will be formed later) is achieved.’
If the insulating resin layer 4 contains.a material = .- - -
~ including a thcmse#tin'g component, the cross-linking

~reaction of the resin component is advanced, and a heating . ...

 process is performed at a predetermined LeMPAYALUIE 0. ... - .- wn -
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obtain a physical value. As the material of the insulating
resin layer 4, a resin material having a thermal
decomposition temperature of 200°C or more is preferably
used. When the thermal decomposition temperature of the
insulating resin layer 4 is 200°C or more, during formation
of the solder bump 16, the connection between the pad
electrodes 2 and the Cu plating layer 11 is not prevented by
thermal decomposition occurring when the insulating resin
layer 4 is heated to 200°C and reflowed. .

As shown in FIG. 6A, a photoresist film 5 is formed on
the insulating resin layer 4.

As shown in FIG. 6B, exposure and development are
applied to the photoresist film 5 by, e.g., a
phetolithographic method to pattern the photoresist £ilm 5,
thereby forming an opening Sa at a position adjusted to the
pad electrode 2.

As shown in FIG. 6C, the insulating resin layer 4 is
removed by, e.g., an etching method ox the like by using the
'photoresist £ilm 5 as a mask to form an opening 6 reaching
the pad electrodes 2.

As shown in FIG. ?5, the photoresist £ilm 5 is removed
.by peeling. When the insulating resin layer 4 is made of a
photogsensitive material, the photoresist £ilm 5 need not be
formed, and the exposure and developing procegsses may be
~directly performed to the insulating resin layer 4 to
pattérn.thg insulating resin layer 4, thereby forming the
 opening 6.

As shown in FIG. 7B, a pad .electrode-adhesive metal =
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£ilm 7 made of a metal or allaoy such as a Ti-based alloy or

Cu is formed by, for example, a sputtering method or the
like on .the entire surface of the semiconductor substrate 1
as an underlying metal thin £ilm layer of the re-wiring
layer. The pad electrode adhesive metal £ilm 7 preferably
has good adhesive properties to the material of the pad
electrodes 2, small metal diffusion between the €ilm 7 and
the electrode -2' and good adhesive prxoperties to the
insulating resin layer 4.

As shown in FIG. 7C, the plating feed layer metal f£ilm
8 which functions as a plating feed layer for a re-wiring
layer and has a low electric resistance property is formed
on the metal film 7 by, e.g., & sputtering method or the
like. The plating feed layer metal £ilm 8 is made of,'e.g.,
a metal material such as Cu.

as shown in FIG. 8Aa, a photo:e#ist £ilm 9 is formed on
the ent;‘.re suxrface of the plating feed layer meeal_' £ilm 8 to
form a re-wiring layer by an eleétrolytic plating process.

As shown in fIG. 8B, the resultant structure is
exposed and developed by, e.9., @ photolithographic method
to expoée the plating feed layer metal f£ilm 8 of only a
portion correspoending to the re-wiring pattern portion lla
to pattern the photoresist f£ilm 9. 1In this ﬁanner. a resist
residual portion 10 is left on the plating feed layer metal
CEEIm B, e e e
~ As shawn'in FIG. B8C, the Cu plating layer 11 is fémed
~on the plating feed layer metal film 8 by, e. g., anp v

M_electrolytic Cu plating. procgss,. -In-cthis- manner, a wiying ~° T
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layer constituted by the pad electrode adhesive metal £ilm 7,

the plating feed layer metal £ilm 8, and the Cu plating
layer 11 is formed. This wiring layer is formed like a re-
wiring pattern. The external terminal forming land portion
11b is formed in the re-wiring pattern portion lla.

As shown in FIG. 92, the xesist residual portion 10
subjected to the pattern process is removed to form an
opening 12 in the Cu plating layer 11, thereby exposing the
plating feed layer metal £ilm 8.

As shown in PIG. 9B, a photoresist £ilm 13 having a
large thickness is formed on the entire suxface of the
semiconductor substrate 1. _

As shown in FIG. 9¢, the photoresist film 13 is
exposed and developed to partially remvg the photoresist
film 13, and an opening 14 is formed to expose the external
terminal forming land portion 1llb. At this time, when the
developing properties of the photoresist £ilm 13 are poor,
good develop:.ng properties may be secured by performing a
dxy etching process using a plasma surface processing
technique to the photoresist film 13.

As shown in FIG. 10A, the plating feed layer metal
£ilm 8 is used as a feed layer, the metal post electrode 15
consisting of a metal material such as Cu or Ni is formed in '
the opening 14 openad on the éxteraal terminal forming land |
portion 1ib. ‘At this time, when a _vaxi:ation- in the heights
of the formed x’nef.al pbst electrodes 15 is large, a dummy
soli.d pattern may be added at the outer periphery of the

sem.conductor substrate 1 to achieve a means for. unifoma.ng
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a cathode current density distribution in an effective
region of the semiconductor substrate 1.

As shown in. FIG. 10B, the photoresist film 13 is
subjected to a removing process to expose the metal post
electrode 15 formed on the external terminal forming land
portion 1llb.

As shown in FIG. 1lA, by using the Cu plating layer 11
as a mask, the platiﬁg feed layer metal £film 8 on the bottom
of the opening 12 is removed by using, e.g., a wet etching
method or a dry étching method.

As shown in FIG. 11B, by using the Cu plating layer 11
as a mask, the pad electrode adhesive metal film 7 on the
bottom of the opening '12 can be subjected to a removing
process to electrically insulate the ree-wiring pattérn
portions lla from each other.

as shown in FIG. izz\, a flux is supplied onto .the'
metal) post electrode 15, and a solder ball (not shown) is
mounted and suhjécted to heatj.ng reflow to form the soldex
bumps 16 on the electrodes 15 as external terminals. At
this time, when the activity of the flux is high, after the
Solder bump 16 is formed, the flux is preferably washed to
secure the cleanness of the sample.

Ag shown in FIG. 12B, height -adjustmeﬁt jigs 19 each

having a predetermined heiglit are arranged on both the sides

‘of the semiconductor substrate 1, and the support plate 17 -.... .. ..

~in which holes each having a diameter larger than that of

the solder bump 16 are formed in the same pattexn as the

« e - AETANgement. pattern of the solder bumps 16 is arranged P



FEA e e e -

eet Has Been Replaced |

o T

the height adjustment jigs 19 such that the support plate 17
and the inner peripheral surfaces of the holes are net in
contact with the metal post electrodes 15 and the solder
bumps 16. In this manner, an insulating resin can be filled
to reach the periphery of the metal post electrode 15 and
the joint portion between the solder bump 16 and the metal
post electrode 15 and to have a predetermined thickness.
Note that a resin injection portion 18 for injecting an
insulating resin is formed in the support plate 17 in
advance. As the material of the support plate 17, any one
of a conductive material and an insulating material may be
used. | .

As shown in FIG. 133, an insulating resin is injected
from the resin injection portion 18 formed in the support
plate 17 to £fill a portion between the support plate 17 and

the semiconductor substrate 1 with the insulating resin,

‘thereby forming an insulating resin layer 20. In this

wanner, the periphery of the metal post electrode 15 and the
joint portion.between the solder bump 16 and the metal post
electrode 15 are covered with the insulating resin.

As shown in FIG. 13B, the height adjustment jigs 19
ar:anged.at the ends of the semiconductoi substrate 1 are
removed. The insulating resin layer 20 to be injected is

made of, e.g., a thermosetting resin, the resin may be

. hardened. (cured) under predetermined conditions. ... .

As shown in FIG. 14, a disassembling process for

cutting the semiconductor substrate 1 into semiconductor

. chips by a dicing blade 21.to change from the atate of .the



e ———
eet Has Been Replaced

T

semiconductor substrate 1 to the state :f the semiconductox
chips is performed. In this wanner, a flip-chip type
semiconductor device as shown in FIG. 3 can be manufactured.
In this embodiment, since respective packages can be
manufactured by the processes in the state of the
semiconductor substrate 1, the number of steps can be
considerably reduced in comparison with a conventional
packaging method for manufacturing packages from the state
of small pieces, and the cost can be considerably reduced.
The second embodiment ¢of the present invention will be
described below. FIG. 15 is a sectional view showing a
flip~chip type semicondﬁctor device according to the second
embodiment of the present invention. The same reference

numerals as in FIGS. 3 and 4 denote the same parts in FIG.

.15, and a description thereof will be omitted.

In this embodiment, in comparison with the first
embodiment, an insulating layer (not shown) made of, i.e.,
polyimide is formed on a support plate 173, and a metal foil

layer 30 made of, e.g., Cu is formed on the insulating.layer.
The metal foil layer 30 is arranged like a conductive

pattern. The second embodiment is the same as the first
embodiment except for the following configuration. ihat is,
of solder bumps 16a, 1éb, and 16c, the solder bump 16a

serving as a GND external terminal is connected to the metal

- foilk- layer-30 on the support plate 17a by buxying a hole:

with a conductzve adhe:xve agent 31. It xs.dct-:n;neduzn

- advance on. the stage ¢of design for a semiconductor element

- -+that the solder bumps 16a,. 16b, and~16c~fo:ﬁed»on»ammetaim«-ﬂwén~uwmw~-
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post electrode 15 serve as a GND external terminal, a Sig
(signal) external terminal, and a power supply external
terminal which are electric functions of the external
terminals.

" In this embodiment, in comparison with the first
embodiment, the metal foil layer 30 in the support plate 17a
having a.conductive pattern can be used as a GND plane
function. For this reason, improvements in electric
characteristics such as a reduction in GND inductance in a
package form, an BMI shield effect, a reduction in crosstalk
noise, and the like can be achieved.

A method of manufacturing a £lip-chip type
semiconductor device according to this embodiment will be
described below. FIGS. 16A and 16B are sectional views
sequentially showing steps in manufactuxing a flip-chip type
semiconductor device according to the seconad embodiﬁentlof
the present invention, and FIGS. 17A and 17B aie sectional
views sequentially showing the steps next to the steps in
FIGS. 16A and 15#. .

In this embodiment, the same steps as the steps up.to
the step.sﬁown'in.PIG. 12A in the manufacturing method of
the first embodiment are used. An explanation will be

started from the ste§ next to the step shown in EIé. iza.

. As shown in ?IG; 16A, height adjustment jigs 19 each

--having a predetermined height are arranged on both the sides
of the_§gmi¢gnductor_sub§grate 1, and the_suppbrtvp}gtg 129ﬂm 

~in which holes having diameters larger than that of the

-solder bumps.16a, 16b, and 16¢ are formed in the same
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pattern as the arrangement pattern of the solder bumps 1l6a,

16b, and 16¢ is arranged on the height adjustment jigs 19
such that the support plate l7a and the inner peripheral
surfaces of the holes are not in contact with the metal post
electrodes 15 and the soldei bumps l6a, 16b, and 1l6c. In
this manner, an insulating resin can be filled to reach the
periphery of the metal post electrode 15 and the joint
portions between the soldex bumps l6a, 16b, and 16c and the
metal post electrode 15 and to have a predetermined
thickness. A resin injection portion 18 for injecting an
insulating resin is formed in the support piate 17a in -
advance. In addition, An insulating layer (not shown)
consisting of, e.g., polyimide is formed on the support

plate 17a, and a metal foil layer 30 comsisting of, e.g., Cu

"is formed on the insulating layer. The metal foil layer 30

is formed like a conductive pattern. As the material of the

support plate l7a, any one of a conductive material and an

insulating makerial may'be used.

As shown in FIG. 16B, the conductive adhesive ageat 31

'is buried into gap portions between the solder bump 16a,

serving as the GND externmal texminal, of the solder bumps
16a, 16b, and 16c and the holes formed in the support plate
17a having a conductive pattern. At £his_timg, a

thermosetting process may be performed to the ¢onductive

_-adhes;ve agent 31 under predeterm;ned condxtlons as needed.

As shown in FIG. 17A, an ;nsulatxng resin is injected
from the resin injection portion 18 of the support plate 17a

having a conduetive pattern, and the anulatlng resin is



This Sheet Has Been Replaced.

i

filled to reach the peripheries of the metal post electrodes

15 and the joint portions between the solder bumps l6a, 16b,
16c and the metal post electrodes 15 to form an insulating
resin layer 20 between the support plate l7a and the
semiconductor substrate 1. At this time, as a method of
forming the insulating resin layer 20, when a liquid resin
| to be injected as the insulating resin layer 20 has
excellent fluidity characteristics, the insulating resin can
be injected from the resin injection portion 18 by potting.
' In this manner, the insulating resin can be easily filled
between the semiconductor substrate 1 and the support plate
17a.

As shown in FIG. 17B, the height adjustment jigs 19
arranged on both sides ¢of the semiconductor substrate 1 are
removed. At this time, when the insulating resin layer 20
is made of a thermosetting resin, a resin hardening process
may be performed under predetermihed conditions, and the
height adjustment jigs 19 may be removed.

As in the first embodiment, a disassembling process
for cutting the semiconductor subsérate 1 into semiconductor
chips by a dicing blade 21 to change from the state of the |
semiconductor substrate 1 to the state of the semiconductor
chips is performed. In this mannexr, a flip-chip type
semiconductor device as shown in FIG. 15 caa be ﬁanufactu:ed.

In this embodiment, as described above, flip-chip type
semiconductor devices haviné électric characteristics which
ere more excellent than those of the first embodiment can be

- manufaotured as packages by thé procésseé at wafer ievelQ-
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For this reason, since the number of steps can be
considerably reduced in comparison with a conventional
péckaqing method for manufacturing packages from the state
of small pieces, the cost can be considerably reduced.

In any one of the embodiments, although a polyimide-
based resin is used as the material of the insulating resin
1a§er 20, the material is not limited to the polyimide~based
resin. The insulating resin layer 20 may contain at least
one resin sélected from the group consisting of an epoxy-
based resin, a silicon-based resin, a polyolefin=based resin,
a cyanate esterx=based resin, a phénol—bésed resin, a

naphthalene~based resin, and a flvorene-based resin.
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. A'flip-ChiP type semiconductor device comprising:

What is claimed is:

a semiconductor substrate;

a pad electrode formed on the semiconductor substrate;

an insulating £ilm formed on the entire surface of the
semiconductor substrate, said insulating £ilm having an
opening above the pad electrode;

a wiring portion patterned on the pad electrode and
the insulating £ilm; |

an electrode formed on the wiring portion;

a metal bump formed on the electrode;

a support plate having holes each having a diameter
larger than the diameter of the metal bump and formed at
positions adjusted to the metal bumps, said support plate
being arranged above the semiconductor substrate with an
appropriate interval between said support plate and said
Semiconductor gubstrate such that the metal bump projects
from said support piate; and

an insulating resin layer formed between the
semiconductor substrate and the support plate, said
electrode bein§ buried in the insulatinq regsin layer.

2. A flip-chip type semiconductor device accoxding to
claim 1, wherein the periphery of the joint portion between
the metal bump and the electrode is covered with-the |
insulating xesin layer.

3.a fiipfchip type semiconductor device according to
cClaim 1, wherein theisuppo:t plate is ﬁ#de 6f'a conductive

material, an iasulating film and a metal film are formed on
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the suppart plate in the order named, and a metal bump,

having a ground potential, of the metal bumps is connected
to the metal film with a conductive adhesive agent.

4. A flip-chip type semiconductor device according to
claim 1, wherein the support plate is made of an insulating
matexial, a metal film is formed on the surface of the
support plate, and a metal bum#, having a ground potential,
of the metal bumps is connected to the metal film with.a
conductive adhesive agent. '

S. A flip-chip type semiconductox deviée according to
claim 1, wherein the insulating resin layex contains at
lsast one resin selected from the group'consisting'of an
- epoxy-based resin, a silicon-based resin, a polyimide-based
rtesin, a polyolefin-based resin, a annate ester-based resin,
a phencl~based resin, a naphthalene-based resin, and a
fluorene-based resin..

| 6. A flip-chip type semiconductor device according to
claim 1, wherein the insulating film is made of a

photosensitive material.

7. A flip-chip type semiconductor device according to
cléim 1, wherein fhe insulating £ilm has a thermal
decomposition temperature of not less than 200°C.

8. A method of manufacturing a flip=-chip type
semiconductor device comprising the steps of:
| forming a pad electrode on a semiconductor substrate;

forming an insulating film on the entire surface of
the seﬁieonduétor substrate and removing the inSuliting film

on the pad electrode to form an opening;



v This Sheet g

TR}

forming a metal thin £ilm layer on the engire surface

of the semiconductor substrate and patterning the metal thin
film layer to form a wiring portionm; | '

fb:ming a resist film on the entire surface of the
semiconductor substrate, patterning the resist £ilm to
remove the resist £ilm on the wiring portion, and forming an
opening to form an electrode in the opening;

forming a metal bump on the electrode;

~ arranging a support plate above the semiconductor
substrate with an apérOpriate interval between said support
plate and said semiconductor substrate, said #upport plate
having holes each having a diameter larger than the diameter
of the metal bump and formed at positions adjusted to the
positions where the metal bump are arranged; and

Iinjecting an insulating resin between the
semiconductor substrate and the support plate.

9. A method of manufacturing a £lip-chip type
sémiconductor device according o claim 8, whexein the
support plate is made of a conductive material, and an
insulating film and a metal £ilm are formed on the suppoxt
plate in the order named, and said'method comprises burying
a conductive adhesive agent into the hole of the support
plate located at the metal bump, baving the ground potential,
of the metal bumps is held.

10. A method of manufacturing a flip-chip type
semiconduqtor device according to claim 8, wherein the
support plate is made of an insulating material, and a metal

"film is formed on the surface of the insulating material,
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and said method comprises burying a coanductive adhesive
agent into a hele of the support plate located at a metal .
bump, having a ground potential, of the metal bumps.

11; A method of manufacturing a flip-chip tyﬁe
semiconductor device accoxding to claim 8§, wherein the
support plate is arranged above the semiconductor substrate
by axranging jigs each having an appropriate thickness at
both ends of the semiconductor substrate and placing the

support plate on said jigs.



