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-This invention relates to a sem conductor device provi ded ’ﬁQﬁwcapy
package of the ball grid array (BGA) type and conpri sing

sem conductor chips connected by a flip-chip~“process to a resin
substrate with a nunber of solder ball termnals. - Packages for
packagi ng seni condu®ASd GRIDSARBAY TYRE: RACKAGE FORDHSEMIGONPUGROR REVECEN
i ncreasi ng nunber of base pins (lead wres).
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This invention relates to a semiconductor device provided
_with a package of the ball grid array (BGA) type and comprising
semiconductor chips connected by a £flip-chip process to a resin
substrate with a number of solder ball terminals.

~ Packages for packaging semiconductor chips have recently
beén provided with an increasing number of base pins (lead wires).
As one of such packages, there has been provided a package of
the pin grid array (PGA) type in which pins are disposed into
the shape of a grid on the overall backside of the package. In
the PGA type package, a ceramic substrate 1 provided with a
number of base pins embedded therein and includes a mounting
portion on which a number of electrode pads are provided. The
pins are connected via conductor patterns to the electrode pads
respectively. A semiconductor chip is mounted onto the mounting
portion of the substrate by a flip-chip process.

In mounting the semiconductor chip by the flip-chip process,
it is important to be able to dissipate or radiate heat produced
by the mounted chip not only from a mounted side thereof but also
from its backside opposite the mounted side. For this purpose,
a container-shaped cover plate is made of ametal such as aluminum,
for example. The cover plate is bonded to an upper side of the
giconductor chip and further at a periphery thereof to the
substrate. Heat produced by the semiconductor chip is
transferred from the backside or upper side thereof via an
adhesive agent to the cover plate, fromwhich the heat is radiated

outward. The cover plate serves to mechanically and electrically
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As '-'one of such packages, there has been provided a package of the pin

grid array (PGA) type in which pins are disposed into the shape of a
grid on the overall backside of the package. %n t he PGA type package,
a ceram c substrate is provided with a unber of base pins enbedded
therein and includes a nounting portion on which a nunber of

el ectrode pads apzopecti dbe. sHmiconductprnchipe asoweddt caB vt radiateoheat
patterns to the el ectrode pads respectively. A sem conductor chip is
nount ed onto t he thexafrag. portion of the substrate by a flip-chip
process. I.n nounting,the seni conductor chip by t l.i p- chi
process, it is YaHPous,RAtKaIsE Sg} gﬁ?ghﬂigs‘i‘bﬁ gar.;#/ayr g%’egﬂgﬁt Bave
pr oduced

recently been developed instead of the above~described PGA type

5 packages. The BGA type packages have recently drawn attention
as those of the surface mounting type. In the BGA type pacl':ages,
a number of ball-shaped solder terminals (solder balls) are
provided on connecting terminal conductors disposed into the
shape of a grid, instead of the pins. The solder balls are

10 disposed opposite the connecting terminal conductors
re'spectivély when the BGA type package is mounted on the printed
board. The solder balls are soldered in the block by reflow
processing to be electrically connected to the respective
conductors.

15 The soldered terminals are sometimes subjected to
mechanical stress in the BGA type package since the BGA type
package is mounted on the substrate without using terminals so
as to be closely adherent to the substrate. The package needs
to be rendered large in size with increase in the size of the

20 semiconductor chip. However, when a large-sized ceramic
substrate is mounted on the printed board, mechanical stress due
to changes in the temperatures of the substrate and the board
is increased to such an extent that the stress cannoﬁ be ignored.
The solder terminals located particularly at ends of the package

25 are subjected to a larger stress than those located at the center
of the package. This sometimes results in occurrence of cracks
in connecting portions of the solder or in disconnection or

circuit opening.



by the nounted chip not only froma nounted side thereof but also

ffomits backsi de opposite the nounted side. For this purpose, a

cont ai ner-shaped cover plate is made of a metal such as al um num for
exanpl e. The cover plate is bonded to an uppef side of the

sem conductor chip and further at a periphery thereof to the
substrate. Heat pr dthe abovierdeneribed  drnwhasks: regnpt from the difference

A IR P FCCRTTEA EERTDL SHER TR T R
‘The cover plate olq/ehe' QafGEftA" 18! dvertthe tfi6! dtfillldcks, the prior art has
proPésed use of a resin substrate as the substrate of the package
5 on which the semiconductor chip is mounted. By the use of the
resin substrate, the mechanical stress to which the connecting
portions of the solder is subjected can be eased or reduced.
Furthermore, the size of the substrate of the package can be
increased, so that the limitation in the size of the semiconductor
10 chip can be reduced.

However, stress betwesen the resin substrate and the
radiating cover plate sometimes warps the substrate when the
‘cover plate is attached to the resin substrate. Particularly
when the cover plate is made of a metal such as aluminum, the

15 stress deforms the resin substrate while the bonded cover plate
is being cooled. This stress adversely affects the
semiconductor chip, resulting in a new drawback.

It is important to maintain a desirable heat conductivity
between the cover plate and the semiconductor chip so that heat

20 generated by the semiconductor chip is efficiently radiated
through the cover plate. Accordingly, the heat conductivity of
the cover plate needs to be taken into consideration. In view
of this, a process as shown in FIGS. 14 and 15 is employed, for
example. Prior to a step of attaching a cover plate 1 to a resin

256 substrate 2, a predetermined amount of paste 3 with high heat
conductivity is applied to an inside of the cover plate 1 by a
dispenser 4 (see FIG. 14). In this state, the cover plate 1l is
bonded by an adhesive agent 7 to the resin substrate 2 on which



2 protect the sem conductor chip as well as to radiate heat therefrom
Various packages of the ball grid array (BGA) type have recently been
devel oped i nstead of the above-described PGA .Jype packages. The BGA type
packages have recently drawn attention as those of the surface nounting

e 1o BN PSR SIMTH el bl R IRRRC (HBh B 9k

into the inside portion of the cover plate 1 to which the paste 3 is applied
is maintained in contact with the semiconductor chip 5.

;.l!he step of applying the paste 3 to the cover plate 1 is

8 an independent step in an ordinary assembly line since only the
cover plate is processed in the step. Furthermore, this step
requires new equipment depending upon conditions such as the
shape and size of the cover plate 1, resulting in an increase
in the cost..

10 Furthermore, when having a low viscosity, the paste 3
overflows a predetermined applying area on the inside of the cover
plate 1, so that it becomes difficult to suitably apply a
necessary amount of paste 3 to the cover plate. '

Therefore, an object of the present invenfion is to provide

13 a semiconductor device provided with the BGA type package
including a cover plate wherein the above-described drawbacks
due to warp of the substrate can be prevented.

Another object of the invention is to provide a
semiconductor device provided with the BGA type package wherein

20 a high-temperature conductive paste can, even if it has a low
viscosity, be applied to the cover plate without overflowing and
can readily be applied by the conventional equipment with no
specific equipment being required.

The presént invention provides a semiconductor device

25 comprising a substrate made of a resin and having one side on
which a number of solder ball terminals are provided and the other
gside on which a chip mounting portion electrically connected to

the solder ball terminals is provided, and a cover plate made



shape of a grid, instead of the pins. The solder balls are disposed
opposite the connecting termnal conductors respectively when the BGA
type package is nmounted on the printed board, The solder balls are
sol deged in the block by reflow processing to be electrically connected to

b nespect Ve SOE SRl s aeckihedP Sk Mol 3= 0 WERWTES asyer
DFESES iy on: AL SIS SRl A0 chohud e A etk e
in size with increastcdndudtorsichépofist @dnnected to the resin substrate by a
| flip-chip process, the cover plate including a peripheral
5 portion provided with a plurality of bonding portions where the
cover plate is bonded tothe ubstraﬁe, the bonding portions being
discontinuous to each other. |
According to the above-described construction, the cover
plate includes a plurality of the peripheral discontinuous
10 bonding portions where the cover plate is bonded to the substrate
to which the semiconductor chip is connected. Stress due to
temperature changes occurs between the substrate and the cover
plate when the cover plate is bonded to the substrate. However,
the above-described construction can reduce the stress as
15 compared with the conventional construction in which the cover
plate has a continuous bonding portion. Consequently, the warp
of the substrate due to the bonding of the cover plate thereto
can be reduced even when the substrate is made of a resin.
Furthermore, even when a large-sized substrate is used! the
20 structure of the semiconductor device can be rendered
practically durable. |
In one preferred form, the bonding portions are arranged
into an axial symmetry. Consequently, since the stress is evenly
shared by the bonding pértions, the stress can efficiently be
25 dispersed. ‘
In another preferred form, the éover plate includes a base

in contact with the semiconductor éhip and at least oneconnecting .

portion connecting between the base and the bonding portions and



sem conduct or chi p. However, when a | arge-sized ceramic substrate is
mounted on the printed board, nechanical stress due to changes in the
tenmperatures of the substrate and the board is increased to such an extent

parti

that tje stress cannot be ignored. The solder term nals |ocated
larly at eniis fdfrmedcbplenijing ametalbptatedsoc that [thegbase; thesbonding

‘thosef | ocated at the center of the package. This sonmetines results in
‘occufrence of cracRertiong anckthe Rpqnaatisgspertion are fermed integrally with
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ccbrilé Céjrixotthoé}e.ni Egnsequently, the number of parts can be reduced
since the cover plate is obtained from a single metal plate.
Furthermore, the connecting portion is preferably divided into
a plurality of portions. Consequently, the stress canbe reduced
as compared with the case where the cover plate with a continuous
bonding portion is formed of a single metal plate by drawing,
whereupon the warp of the substrate can be reduced.

In further amother preferred form, each of the divided
connecting portions includes a portion connected to the base and
having a smaller length than the other portion thereof. In this
construction, the stress produced in the base is absori:ed by the
connecting portions, so that the stress produced between the
cover plate and the resin substrate can be eased and accordingly,
the warp of the substrate can be reduced.

In the above-described construction, an amount of heat
transferred through the connecting portions is decreased since
the connecting portions include reduced width portions
réspectively. Accordingly, the congtruction should be employed
when the reduction in the stress has priority over the heat
radiation. -

In further another preferred form, the connecting portion
is formed continuously so as to surround the base. The base and
the connecting portion serving to cover the semiconductor chip
are formed into the shape of a container. Consequently, this
construction is effective in the protection of the semiconductor

chip in addition to provision of the reduction in the stress.



3 The above-descri bed drawbacks result fromthe difference in
coefficients of linear expansion between the printed board and the
ceramic. To overcone the drawbacks, the prior. art has proposed use of a
resin substrate as the substrate of the package on whi ch t he sem conduct or

chip is nounted. By &Beﬂx'fﬁzﬁ ahgghfi.ei%&se}%g EI iy 1 H cBheP P td 18 dde

to which the connecting” portrons o Jected can be eased

or reduced. Furppe RE€al HMySiZ R inkhe sxpEAsBSE HeffieiRatkageal ko ke

larger than one of the resin substrate and equal to or smaller

than 20 ppm/°C. When the cover plate bonded to the resin substrate

5 is made of a metal with the above-described range of the linear

expansion coefficient, the warp of the substrate can effectively
reduced.

The cover plate is preferably made of copper (Cu) or

stainless steel. Either metal meets the above-mentioned range

10 of the linear expansion coefficient (Cu: 17.6 ppm/°C; and SUS:

17.3 ppm/°C). Since eaéh metal has a good heat conductivity,

the heat radiating effect can be improved.

Each bonding portion preferably has such a reduced width

that a predetermined bonding strength is ensured between the

15 resin substrate and each bonding portion. When the reduction
in the warp is taken into consideration, the width of each bonding
portion should be rendered smaller. However, a predetermined
bonding strength needs to be ensured in each connecting portion.
Accordingly, it is effective to render the width of each

20 connecting portion smaller so far as the predetermined bonding
strength is ensured.

Each bonding portion of the cover plate preferably has a
width ranging between 2 mm and 4 mm. Consequently, the warp of
the substrate can desirably be reduced even when the resin

25 substrate 40 mm square is used.

The invention also provides a semiconductor device

comprising a substrate made of a resin and having one side on

which a number of solder ball terminals are provided and the other



I ncreased, so that the limtation in the size of the sem conductor chip
€an be reduced. However, stress between the resin substrate and the
radi ati ng cover plate sonetines warps the substrate when the cover plate
is attached to the resin substrate. Particularly when the cover plate is

made of a nmetal gygR @ﬁuﬁ'ium i\laﬁiptﬂ@unﬁﬂgeﬁ&éséerdﬁ&b&cany ecnestedl €

whi | e the bonded cover plate is “being cooled his stress adversely
affects the sethaosdm&ﬁrbm Rermtndlsi Dy pnwimw dndwnaudver platetmade

important to naintain a desirable heat conductivity between the cover

pl ate and the sewifcansetabrandhaptacheddio beaemiconductor chip so as to cover

and come into contact with the same, the semiconductor chip being

5 connected to the resin substrate by a flip-chip process, the cover

plate including a peripheral portion provided with a plurality

of bonding portions where the cover plate is bonded to the

substrate, the bonding portions being discontinuous to each

other, the cover plate including a barrier surrounding a portion

10 thereof corresponding to a location of the semiconductor chip

and accommodating a paste for increasing a heat conductivity.

According to the above-described construction, even when

the paste appligd to the cover plate for improvement in the heat

conductivity has a low viscosity, the barrier accommodates the

15 predetermined amount of paste therein, retaining the paste while

the cover plate is bonded to the substrate. Conseguently, a

necessary amount of paste can be used effectively and steadily,

and the paste can be prevented from flowing outside the barrier.

The barrier is preferably formed integrally with the cover

20 plate. Alternatively, an adhesive sheet is preferably applied

to substantially the overall face except a portion thereof

brought into contact with the semiconductor chip, whereby the
barrier is formed.

The invention further provides a semiconductor device

25 comprising a substrate made of a resin and having one side on

which a number of solder ball terminals are provided and the other

side on which a chip mounting portion electrically connected to

the solder ball terminals is provided, and a cover plate made



generated by the sem conductor chip is efficiently radiated through the
cover plate. Accordingly, the heat conductivity of the cover plate needs
to be taken into consideration. In view of tJﬂs, a process as shown in

FIGS. 14 and 15 is enployed, for exanple. Prior to a step of attaching a
cover plate 1 to a resin _substrate 2, a predeterm ned anpunt of paste 3

with high heat @afhauRetel And athaghed £ @ aamicenductar chiPcBYAS Lo Faver
e by oS b B o b4 W, 6 e 088 YipBhafctot Sa 1
connected to the resin substrate by a flip-chip process. The

cover plate includes a peripheral portion provided with a

6 plurality of bonding portions where the cover plate is bonded

to the substrate. The bondingportions are discontinuous to each

other. The cover plate has an injection opening through which

a paste for improvement in heat conductivity is supplied into

an area of a space defined between the cover plate and the resin

10 substratewhen the cover plate is attached to the resin substrate.

The area corresponds to a location of the semiconductor chip.

According to the above-described construction, the paste
for improvement in the heat conductivity can be supplied through
the injection opening after the cover plate has been bonded to

15 theresinsubstrate. This eliminates equipment for applying the
paste to the cover plate previously. Consequently, the
semiconductor device can be fabricated with use of no special
assembling equipment.

The invention will be described, mere.ly by way of example,

20 with reference to the accompanying drawings, in which:

FIGS. 1A and 1B are schematic longitudinal side section and
top plan view of the BGA package of a first embodiment in
accordance with the present invention respectively;

FIG. 2 is a perspective view of the cover plate;

25 FIG. 3 is a perspective view of a quarter simulation model
of the package; '

FIGS. 4A to 4C are perspective views of modified cover plates

respectively;



4 t;he sem conductor chip 5 has been nounted (see FIG 15). The inside
portion of the cover plate 1 to which the paste 3 is applied is maintained
in contact with the sem conductor chip 5. The step of applying the
paste 3 to the cover plate 1 is an independé"t?t step in an ordinary
assenbly line since only the cover plate is processed in the step.
Furthernmore, this stcPIGS efaiandsSh areqerspestivesiews ofjothen modified cover
such as the shape and size of ,the cover plate 1, resulting in an increase
in the cost. plates respectively;
FIGS. 6A and 6B are perspective views of further other
modified cover plates respectively;
& FIGS. 7A and 7B are perspective views of still further other
modified cover plates respectively;
FIG. 8 is a perspective view of the cover plate used in the
BGA package of a second embodiment in accordance with the
invention, showing the inside of the cover plate;
10 FIG. 9 is a view similar to FIG. 1A;
FIG. 10 is a view similar to FIG. 9, showing a modified cover
plate; . -
FIG. 11 is a longitudinal side section of the BGA package
of a third embodiment in accordance with the invention, showing
15 a fabrication step;
FIG. 12 is a view similar to FIG. 1A;
FIG. 13 is a perspective view of the cover plate used in
the third embodiment;
FIG. 14 is a longitudinal side section of a conventional
20 cover plate, showing a fabrication step; and
FIG. 15 is a view similar to FIG. 1, showing the conventional
package. _ _
A first embodiment of the present invention will be
described with reference to FIGS. 1A to 3. Referring to FIGS.
206 1A to 2, a ball grid array (BGA) type package 11 for the
semiconductor device embodying the present invention is shown.

The BGA type package 11 comprises a rectangular BGA substrate
12 made of a resin and provided with a number of solder ball



Furtherrmre when having a | ow viscosity, the paste 3 overflows a

predet ermi ned applying area on the inside of the cover plate 1, so that it
beconmes difficult to suitably apply a neceszﬁry anount of paste 3 to the
cover plate. Therefore, an object of the“present invention is to
provide a sem conductor device provided with the BGA type package

i ncl udi ng a coverterminalsnd3 carrangedsbote- ﬁu%(ﬂhﬁbsdoﬁrai\ﬂﬁaldken the: backedde

of the substrate can be prevented. Anot her obj ect  of the i nvention is
to provide a serﬁ%ﬂﬁ% o?maeﬂﬁa(!"é’lﬁrvo'\'mﬁe&“‘?ﬁ% d2pdp about 24 mm,gquare

wherein a hi gh-tIPEhaht B VR R3S 53 vadh’ G2 fravididPoR ar'Wpper
side of the substrate 12 for connection to bonding pads of a
6 semiconductor chip 14. The pads are electrically connected via
wiring patterns inside the substrate 12 to the solder ball

terminals 13 on the backside of the substrate respectively.
The semiconductor chip 14 is connected to the central upper
side of the substrate 12 by flip-chip bonding. The semiconductor
10 chip 14 may be square or rectangular when having a chip size not
more than a 15 mm square, for example. A number of bumps (not
shown) are provided on the surface (backside) of the
semiconductor chip 14 connected to the wiring of electrode
patterns inside the chip. The bumps are connected to the BGA
15 substrate 12 by face-down bonding. Aresin 15 fills a gap between
the bumps and the substrate 12. In this state, a cover plate
16 is bonded to the upper side of the substrate 12 by an adhesive

17.

Referring to FIG. 2, the cover plate 16 includes a base or
20 Dbase 16a (23 mm square, for example) bonded to the upper surface
of the semiconductor chip in contact with the latter, connecting
portions 16 extending from four sides of the base 16a respectively
and hondin§ "portions 16c extending from the respective
connecting portions 16b. The cover plate 16 is formed by bending
25 a metal plate, for example, 'a. copper plate with a thickness of
about 0.2 mm, by pressing so that the base 16a, the connecting
portions 16b and the bonding portions 16c are formed integrally
with one another. Each bonding portion 16c is bonded to the BGA



viscosity, be applied to the cover plate w thout overflow ng and can
readil'y be applied by the conventional equipnment with no specific

equi pnent bei ng required. The present invention provides a

sem conductor device conprising a substrat e ldmde of a resin and havi ng one
side on which a nunber of solder ball termnals are provided and the other

side on which a sabetiatst120amdride0a ¥ideh bfaabout @ i, Fort examptesol der
ball termnals is provided, and a cover plate nade

An amount of bending (bending angle) of the connecting
portions 16b is adjusted for adjustment of a gap between the cover
plate 16 and the semiconductor chip 14 so that the cover plate

5 16 adheres closely via the adhesive to the semiconductor chip
14 when bonded to the substrate 12. Outside dimensions of the
cover plate 16 are preferably set so that the bonding portions
16c do not reach the peripheral edge of the substrate 12, namely,
so that the bonding portions 16c are located inside the peripheral

10 edge of the substrate 12.

The BGA substrate 12 is heated up to a predetermined
temperature, for example, about 150°C. The cover plate 16 is
bonded to thé substrate 12 under this condition in an assembly
step. Stress is produced between the substrate 12 and the cover

13 plate 16 in a cooling process. However, since the cover plate
16 is formed as described above, an amount of warp of the overall
package due to the stress is reduced. More specifically, the
cover piate 16 includes the four divided or discontinuous bonding
portions 16c corresponding to the sides of the base 16a. The

20 divided bonding portions 16c reduce the amount of warp of the
overall package. .

Toconfinnthiseffect,theinventorcarrie&outsinulations
for the cover plate 16 as described above and another cover plate
with an undivided or continuous bonding portion. The

25 simulations will be described with reference to FIG. 3. PFirst,
the conditions of the simulations will be described. TABLE 1
shows model sizes representative of the dimensions of'parts

sexving as input data. TABLE 2 shows material constants or the



of a netal and attached to a sem conductor chip so as to cover and cone
nto contact with the same under a condition where the sem conductor chip
is connected to the resin substrate by a flip-chip process, the cover
plate including a peripheral portion provid®¥ with a plurality of bonding
portions where the cover plate is bonded to the substrate, the bonding

portions being t #ﬂgﬂgg 0 uny ‘shfiodulus E
above-descri bed cons ?uéc on -o%lhgsggg%{rﬁéﬁf%t%(pm egﬂ%f% J‘réal ity gfu? he
peripheral di scopgpayoss the parts.

TABLE 1

Model size

B Size (mm) Thickness (mm)
BGA substrate 40X 40 1.0
Semiconductor chip 10X10 0.625
Cover Base 23X23 0.2
plate Bonding portion 2, 3 and 4

10 Adhesive agent 0.10
TABLE 2
Material values
Linear expansion Young’s module E
15 coefficient a (ppm/°C) (GPa)
BGA ubstrate' 14.6 23.5
Semiconductor chip 3.5 170.0
Supplieci resin 40.0 ' 7.0
Cover plate Cu 17.6 117.0
20 sus 17.3 '193.0
Al 24.3 ' 68.6
Adhesive agent 114.0 0.9

FIG. 3 schematically shows a model used in the simulation

25 or more specifically, one of four equally divided portions of
the package. The following conditions are set as parameters for

the simulation. First, simulations were carried out for cover

plates made of stainless steel (SUS) and aluminum (Al)



bondi ng portions where the cover plate is bonded to the substrate to which
the sem conductor chip is connected. Stress due to tenperature changes
occurs between the substrate and the cover plate when the cover plate is

educe the strosZeARECELRRLY B8 WAL A8 sRA S PARS SR BR Hotiss” e fror,
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can be rendered different values and simulations were carried out for

5 confifmation of the dependency on the linear expansion

coefficient which was considered an important factor as the

.material'value of the material of the cover plate 16. Third,

the width of each bonding portion 16c of the cover platé 16 was

set at three differeht values, 2 mm, 3 mm, and 4 mm and simulations

10 were carried out for confirmation of the dependency on the width

of each bonding portion 1lé6c.

Simulating conditions were set in view of actual onmes in
the assembly. A temperature in an initial state was set at 150°C
equal to the temperature in the assembly. It was assumed that

15 each part was subjected to no stress in this state. The cover
plate 16 was bonded to the BGA substrate 12 under this temperature
condition. Thereafter, the stress to which each part of the
cover p;ate was subjected was calculated when the temperature
was decreased to 25°C. At that time, an amount of deformation

20 of the overall cover plate 16 was obtained as an amount 6: warp
d as shown in FIG. 3. In FIG. 3, reference point O designates
the center position of the semiconductor chip 14. An amount d
of warp is an amount of vertical displace_ment at a corner of the
substrate 12 due to deformation.

26 The material dependency of the cover plate 16 was calculated
as the first simulation for obtaining grounds for the use of
copper as the material of the cover plate 16. Stainless steel

and aluminum were selected as materials to be compared with copper.



practically durable. In one preferred form the bonding portions are
arranged into an axial symetry. Consequently, since the stress is evenly
shared by the bonding portions, the stress can efficiently be dispersed.

In another preferred form the cover plate includes a base

in contact with

t he sem conduct omaBLEplashows matextialneocedfileiéenty of chesen materndals ng
bet ween the base and the bondi ng porti-ons and

10

15

20

25

As the result of the first simulation, the cover plate made
of copper revealed a smallest warp amount d (d=0.063 mm) and
achieved desired characteristics. The warp amount d was 0.064
mm in the case of the cover plate made of stainless steel.
However, the warp amount d was 0.197 mm in the case of the cover
plate made of aluminum. Consequently, aluminum found difficult
to be used as the material of the cover plate from the point of
view of the warp amount d. Actually, however, the material
should not be selected on the basis of only the above-described
results of simulation since a heat radiating characteristic is
a determining factor in addition to the warp amount d.

The dependency on the linear expansion coefficient a was
calculated as the second simulation. The linear expansion
coefficient o was considered to affect selection of the material
as a factor of the above-described material dependency.
Differing from the first simulation, the second simulation was
carried out to confirmthe erendency only on the linear expansion
coefficient &. Accordingly, the materials were assumed to have

the same Young'’s module as that of the copper (117). The values

of the linear expansion coefficlient «a used in the simulation
were set at a minimum value or the value of the substrate 12,
14.6 ppm/°C. In view of the applied metals, the linear expansion
coefficient was further set at values larger than 14.6 ppm/°C,
that is, 17.7 ppml“’C.

As the result of the second simulation, the warp amount d

was found to increase with increases in the linear expansion

coefficient a. Furthermore, the value of the linear expansion



6 is fornmed by bending a netal plate so that the base, the bonding
portions and the connecting portion are forned integrally with one
anot her. Consequently, the nunber of parts cgg be reduced since the cover
plate is obtained froma single netal plate. "Furthernore, the connecting
portion is preferably divided into a plurality of portions. Consequently,
the stress can bgoefficient @ determining ahpract yviaddowed crange: ofpwarp

with a continuous bondin ortion is_formed of a sipgle netal__plate b
dr awi ng, V\hereuﬁa‘ﬁ“f‘ﬁedv\gi‘g tpund, o, hes abeRt ¢9p ed&"e*d“ng' howevez,

the Young's module as an important condition regarding the stress
is another factor determining the material of the cover plate
"B 16 as well as the linear expansion coefficient a. Therefore,
the Young's module should be taken into consideration in
determination of the material.
The dependency on the width of each bonding portion 16c of
the cover plate 16 was calculated as the third similation. 1In
10 view of the practical range, simulations were carried out for
the cover plates including the bonding portions haviné three
different widths, 2 mm, 3 mm and 4 mm, respectively, as shown
in TABLE 2.
In the range between 2 to 4 mm, the warp amount d became
15 smaller as the width of each bonding portion 16c is reduced. This
tendency shows that the warp amount d is further reduced when
the width of each bonding portion 1l6c is at or below 2 mm.
Actually, however, the width of each bonding portion 16¢ should
not be determined on the basis of only the warp amount d. .For
20 example, other factors to be taken into account include bond
strength between each bonding portion 16c and the substrate, and
operating characteristics of the cover plate 16 depending upon
the width of each bonding portion 16c. The width of each bondiné
portion 1l6c is effectively set at about 3 mm with a margin being
25 included, as described above in the embodiment.
- According to the foregoing embodiment, the substrate 12 of
the BGA package is made of the resin. The cover plate 16 is

provided for covering the semiconductor chip 14 and for enhancing



In further another preferred form each of the di vi ded connecting portions
I ncl udes a portion connected to the base and having a snmaller |ength than

the other portion thereof. In this construc&'on, the stress produced in
the base is absorbed by the connecting porti'ons, so that the stress

produced between the cover plate and the resin substrate can be eased and
accordingly, thédestr padiationstiom rtixecchip.béTheecover. plate 16, ishprovided
above-descri bed construction, an anount of heat transferred through the

connecting porti otth Sour divided honding pasttenmdée: nFonaegquentlynthriwarp
reduced W dth POrLl Ot o ERRS bk Yaed T3%eh DY antdS BOTRE'SSH P paNdthg
the cover plate 16 as compared with the construction in which
5 the cover plate includes a continuous bonding portion, and
accordingly, a practically effective cover plate can be
obtained. |

The cover plate 16 is made of copper in the foregoing
embodiment. Consequently, the warp amount d of the substrate
10 12 can further be reduced as compared with the case where the
cover plate is made of a material with a high linear expansion
coefficient a, for example, aluminum. Furthermore, since the
width of each bonding portion l6c is set at about 3 mm, the warp
amount d can further be reduced with a sufficient bond strength

15 being ensured. .
FIGS. 4A to 7B illustrate modified forms of the cover plate
16. First, cover plates shown in FIGS. 4A to 4C includedifferent
shapes 6f the bonding portions 16¢ respectively. In the cover
plate 18 shown in FIG. 4A, one of two pairs of opposite bonding
20 portions 18a and 18b has a length larger than the other pair,
so that a bonding area is increased. FIG. 4B shows a cover plate
19 including four bonding portions 19a each of which has an
increased length by extending both ends thereof. In the cover
plate 20 shown in FIG. 4C, each bonding portion 20a is formed
28 into a trapezoidal shape so that a bonding area thereof is
increased.; In the modified forms of FIGS. 4A to 4C, too, the
warp amount d can be reduced with improvements in the bonding

strength and heat radiation as in the foregoing embodiment.



when the reduction in the stress has priority over the heat radiation.

In further another preferred form the connecting portion is formed
continuously so as to surround the base. The QRQase and the connecting
portion serving to cover the sem conductor chip are fornmed into the shape
of -a contai ner. Consequently, thls construction is effective in

protection of the serf and 5R; LL1uptrake coverophates Shaying d(iﬁgerent

reduction in the c%tnrnee%%'ing portions respectively. In the cover plate 21 shown

in FIG. 5A, a single narrow connecting portion 21b connects
between the base 21a and each bonding portion 21c. In the cover

5 plate 22 shown in FIG. 5B, two narrow connectihg portions 22b
connect between the base 22a and each bonding portion 22c. Both
constructions can achieve a further reduction in the warp amount
d as compared with the foreqoing embodiment. Three or more
connecting portions 21b or 22b may be provided on each side of

10 thebase. Furthermore, the locations of the connecting portions
may be changed.

FIGS. 6A and 6B illustrate cover plates 23 and 24 each of
which is a modified form of the cover plate 22 of FIG. 5B. 1In
each of the cover plates showp in PIGS. 6A and 6B, each connecting

16 portion is bent without strain for improvement in the workability
and flow stress is reduced with respect to the base. In the cover
platé 23 shown in FIG. 6A, each connecting portion 23b extending
from the base 23a is bent not at a root thereof but en route.
In the cover plate 24 shown in FIG. 6B, each connecting portion

20 24b has two notches 24c formed in opposite sides of a root thereof
respectively. The same effect can be achieved from each
construction as from the foregoing embodiment.

FIGS. 7A and 7B illustrate cover plates 25 and 26 in each
of which the base 16a and the connecting portions 16b are formed

25 into the shape of a container by drawing. In the cover plate
25 shown in FIG. 7A, four divided bonding portions 25¢ are formed
to correspond to the sides of the connecting ﬁortions 25b
respectiveiy. In the cover plate 26 shown in FIG. 7B, bonding



7 In further another preferred form the cover plate is nade of a
metal having a |inear expansion coefficient equal to or |arger than one of
the resin substrate and equal to or smaller than20ppm [err]C

Whent hecover pl at ebondedt ot heresi nsubstrate is nmade of a netal with the

cbove:descr 1 bod, | 204% 9 bBE 53018 BN RO WERRY o5 Bibie S B il &
o 5] (5 e gelened iyl T 8 e”%%mgzsﬂ
from each construction as from the forego1ng embodiment.
FIGS. 8 to 10 illustrate a second embodiment of the invention.
5 Differences between the first and second embodiments will be
described. Referring to FIG. 8, a cover plate 27 is shown which
includes a base 27a, connecting portions 27b and bonding portions
27c as the cover plate 16 in the first embodiment. The cover
plate 27 has a weir or barrier 28 formed by pr'essi.ng on the inside
10 of the base 27a so that a portion of the base opposed to the
semiconductor chip 14 is surrounded by the barrier. When a paste
30 is applied to a region 29 surrounded by the barrier 28, the
barrier prevents the paste 30 from flowing outside. The paste
30 with high heat conductivity is applied between the cover plate
18 27 and the semiconductor chip 14 as shown in FIG. 9, so that heat
produced by the semiconductor chip 14 is effectively dissipated
through the paste 30 to the cover plate 27 side.
. The paste 30 is previously applied to the region 29 of the
cover plate 27. The substrate 12 with the semiconductor chip
20 14 bonded thereto is then bonded to the cover plate 27. Since
the barrier 28 is formed on the cover plate 27, a necessary amount
of paste 30 can economically be applied to the region 23. Even '
when the used paste 30 has a lowviscosity, the barrier 28 prevents
the paste 30 from spreading outside. This prevents the paste
25 30 from flowing through slits or spaces between the connecting
portions 27b and improves the assembling efficiency.
FIG. 10 illustrates a modified form of the barrier. The
cover plate 16 same as in the first embodiment is used. An



17.3 ppmi[err]C). Since each nmetal has a good heat conductivity, the heat
radi ati ng effect can be inproved. Each bondi ng portion preferably has
such a reduced width that a predeterm ned bqonding strength is ensured
between the resin substrate and each bondi nﬁportion When the reduction
in the warp is taken into consideration, the width of each bonding portion
- shoul d be render calilmediviecsheetidliavis applpladdm ar bomdetd fhcechm 91frtilgcbver
needs to be ensured in each connecting portion. Accordingly,

effective to rendskatend6 atiwhich sidett %Gﬁﬁe‘étﬂlﬁé'-ep'bﬁ boaded a tbe sybsﬁsntas

th det i ned, bondi t th ed.
© predetermne lz.onnI B rtfori eon t:heI gdﬁgggve sheet 17a corresponding to the

region where the paste 30 is applied is eliminated, whereby a
b paste accommodating portion is defined. An opening resulting

from the elimination of the adhesive sheet 17a provides a stepped

portion equal to the thickness of the adhesive sheet. The

stepped portion of the opening serves as a barrier 17b.

Consequently, a precisely pressed portion as required in the
10 provision of the barrier 28 is not necessitated.

PIGS. 11 to 13 illustrate a third embodiment of the invention.
Differences between the first and third embodiments will be
described. Refe;ring to FIG. 13, a cover plate 31 includes a
base 3la, connecting portions 31b and bonding portions 3lc as

15 .the cover plate 16 in the first embodiment. The base 3la has
a centrally formed circular injection opening 32 corresponding
to the semiconductor chip 14. The paste 30 with high heat
conductivity is applied between the semiconductor chip 14 and
the cover plate 31. In this regard, the cover plate 31 is bonded

20 to the BGA substrate 12 and thereafter, the paste 30 is injected
through the opening 32 inside the cover plate 31. Thus, in the
third embodiment, the paste 30 is injected by a dispenser 33
through the opening 32 inside the cover plate 31 at the upper
face side of the cover plate 31 after the cover plate has been

25 bonded to the semiconductor chip 14, as shown in FIGS. 11 and
12. As a result, a necessary amount of paste 30 can be inﬁected
as shown in FIG. 12. .

According to the third embodiment, the paste 30 is applied



Each bondi ng portion of the cover plate preferably has a wdth ranging
between 2 nmand 4 nm Consequently, the warp of the substrate can
desirably be reduced even when the resin sug trate 40 mm square i s used.

The invention al so provides a sem conduct or

vice conprising a substrate

made of a resin and having one side on which a nunber of sol der ball
term nals are prosithedhendoveer plate 31 bonded to the semiconductor chip 14

10

15

20

25

without using specific equipment. This can eliminate the step
of previously applying the paste 30 inside the cover plate 31.
Consequently, the working efficiency in the assembly can be
improved and the aisemhling procedure can be s:lmplif;led.

In modifications, five or more bonding portions may be

. formed. For example, the side of each bonding portion may be

divided into two or more portions or three or more portions so
that eight or twelve divided bonding portions are formed.

The barr_ier 28 formed on the cover plate 27 in the second
embodiment and the injection opening 32 formed in the cover plate
31 in the third embodiment should not be limited to the cover
plates 27 and 31 with the four divided bonding portions 27a and
31c respectively. The barrier 28 and the injection opening 32
may be provided on and in a non~divided cover plate. The barrier
28 and the injection opening 32 may be formed on and in each of
the cover plates 18 to 27 described above as the modified forms
of the first invention.

The foregoing description and drawings are wmerely
illustrative of the principles of the present invention and are
not to be construed in a limiting sense. Various changes and
modifications will become apparent to those of ordinary skill
in the art. All such changes and modifications are eeh to fall
within the scope of the present invention as defined by the

appended claims.



8 side on which a chip nounting portion electrically connected to the

sol der ball termnals is provided, and a cover plate nade of a netal and
attached to a sem conductor chip so as to coggr and conme into contact with
the sane, the sem conductor chip being connéCted to the resin substrate by
a flip-chip process, the cover plate including a peripheral portion
provided with a WEBuEBRAIMy of bonding portions where the cover plate is
bonded to the substrate, the bonding portions being discontinuous to each
ot her, the cover plate including a barrier surrounding a portion thereof

corresponding to a | qcaly Quulbohlfcess S 'Rmptlhing:

a substrate made of a resin and having one side on which
5 a number of solder ball terminals are provided and the other side
on which a chip mounting portion electrically connected to the

solder ball terminals is provided; and
a cover plate made of a metal and attached to a semiconductor
chip so as to cover and come into contact with the same under
10 aconditionwhere the semiconductor chip is connected to theresin
substrate by a flip-chip process, the cover plate including a
peripheral portion provided with a plurality of bonding pbrtions
where the cover plate is bonded to the substrate, the bonding
portions being continuous with the base and discontinuous to each

15 other.

2. A semiconductor device according to claim 1, wherein the

bonding ‘portions are arranged into an axial symmetry.

20 3. A semiconductor device according to claim 1, wherein the
cover plate includes a base in contact with the semiconductor
chip and at least one connecting portion connecting between the
base and the bonding portions and is formed by bending a metal
plate so that the base, the bonding portions and the connecting

25 portion are formed integrally with one another.

4. A semiconductor device according to claim 3, wherein the

connecting portion is divided into a plurality of portions.

* [ L M S *



and accommodating a paste for -increasing a heat conductivity.

According to the above-described construction, even when the paste applied
to the cover plate for inprovenent in the heal. conductivity has a | ow
viscosity, the barrier accommobdates the predeterm ned anount of paste

therein, retaining t{‘f Baféﬁm&%tokm\éféccgﬁﬁ[deéo l?:(igg.ﬁ 5épgin each

substrate. Consequen necessary anoun can

effectively and Scii‘ﬁ.@ddy porﬁﬂéntbf ﬂ%t&rﬁﬁ%ﬁﬁgpfﬁi‘@ﬁﬁdﬂéﬁaﬂ @Vpastion
outside the barrier. he barrier is preferdbly forned integrally wth

the cover plate. co‘ﬂﬁe%lt%attd the béwe andekdving E%all%rpléﬁ@ﬂ@lthhnaﬂi& btHer
to substantially the overall face except a portion thereof

portion thereof.
B
6. A semiconductor device according to claim 3, wherein the
connecting portion of the cover plate is formed continuously so

as to surround the base.

10 | 7. A semiconductor device according to c¢laim 1, wherein the
cover plate is made of a metal having a linear expansion

coefficient equal to or larger than one of the resin substrate

and equal to or smaller than 20 ppm/°C.

15 8. A semiconductor device according to claim 2, wherein the
cover plate is made of ‘a metal having a linear expansion

coefficient equal to or larger than one of the resin substrate

and equal to or smaller than 20 ppml"C.

20 9. A semiconductor device according to claim 3, wherein the
cover plate is made of a metal having a linear expansion
coefficient equal to or larger than one of the resin substrate

and equal to or smaller than 20 ppm/°C.

25 10. A semiconductor device according to claim 4, wherein
the cover plate is made of a metal having a linear expansion

coefficient equal to or larger than one of the resin substrate

and equal to or smaller than 20 ppm/°C.

* c L ] S *



brought into contact with the sem conductor chip, whereby the barrier is
The invention further provides a sem conductor device
conprising a substrate nade of a resin and having one side on which a

f or nmed.

nunber of sol der

ball termnals are provided and the other side on which a

chi p mounting portionlkl eXtisentidonductopecdéeicd amcddrding dorchaim 5 cwhieralin
and a cover plate nade )

I s provided,

10

15

20

25

the cover plate is made of a metal having a linear expansion
coefficient equal to or larger than one of the resin substrate

and equal to or smaller than 20 ppm/°C.

12. A semiconductor device according to claim 6, wherein
the cover plate is made of a metal having a linear expansion

coefficient equal to or larger than one of the resin substrate

and equal to or smaller than 20 ppm/°C.

13. A semiconductor device according to claim 7, wherein

the cover plate is made of copper or stainless steel.

14. A semiconductor device according to claim 1, wherein
each bonding portion has such a reduced width that a predetermined
bonding strength is ensured between the resin substrate and each

bonding portion.

15. A semiconductor device according to claim 2, wherein
each bonding portion has such a reduced width that a predetermined
bonding strength is ensured between the resin substrate and each
bonding portion.

16. A semiconductor device according to claim 3, wherein
each bonding portion has such a reduced width that a predetermined
bonding strength is ensured between the resin substrate and each

bonding portion.

N
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9 of a netal and attached to a sem conductor chip so as to cover and cone
I nto contact with the sane. The sem conductor chip is connected to the
resin substrate by a flip-chip process. The cover plate includes a
peripheral portion provided with a pluralit®8of bonding portions where the
cover plate is bonded to the substrate. The bonding portions are

di scontinuous to eachy Ohhimgﬁﬁdﬁé‘ﬁ’é‘f divilce Qééogﬂi'?”@&télwne”fvﬁﬂrem

through which a paste for inprovenent in heat con vity I's supp

into an area of eachRAMiING porioahakaich B educed Wi it ide aipiedetariiined
substrate when the cover plate is attached to the resin substrate.
bonding strength is ensured between the reain substrate and each

bonding portion.

18. A semiconductor device according to claim 5, wherein
each bonding portion has such a reduced width that a predetermined
bonding strength is ensured between the resin substrate and each
bonding portion.

10

19. A semiconductor device according to claim 6, wherein
each bonding portion has such a reduced width that a predetermined
bonding strength is ensured between the resin substrate and each
bonding portion.

15
+20. A semiconductor device according to claim 7, wherein
each bonding portion has such a reduced width that a predetermined
bonding strength is ensured between the resin substrate and each
bonding pc'rtion.
20
| 21. A aemiconduc;tor device according to claim 13, wherein
each bonding portion has such a reduced width that a predetermined
bonding strength is ensured between the resin substrate and each
bonding portion. |
25

22. A semiconductor device according to claim 14, whereln

the width of each bonding portion of the cover plate ranges

between 2 mm and 4 mm.

DR V0



The area corresponds to a |ocation of the sem conductor chip.
According to the above-descri bed construction, the paste for inprovenent
in the heat conductivity can be supplied thrgggh the injection opening
after the cover plate has been bonded to thé&%resin substrate. This -
el i m nates equi pnent for applying the paste to the cover plate previously.
Consequently, the sy aosémitonddetor deniceeohpristaged W th use of no
speci al assenbling equi pnent. The invention will be described, nerely
by way of exanple, & tsubsgsratennade»f e resdanpadyhaving ane,gdde an yhich
FIGS. 1A and 1B are schemati ongi fudi nal sjde sectiQo nd
a number of socflc{er all termlinais are provira and the other side
on which a chip mounting portion electrically connected to the
5 soldex ball terminals is provided; and
a cover plate made of a metal and attached to a semiconductor
chip so as to cover and come into contact with the same under
a condition where the semiconductor chip is connected to the resin
substrate by a flip-chip process, the cover plate including a
10 peripheral portion provided with a plurality of bonding portions
where the cover plate is bonded to the substrate, the bonding
portions being continuous with the base and discontinuous to each
other, the cover plate including a barrier surrounding a portion
thereof corresponding to a location of the semiconductor chip

15 and accommodating a paste for increasing a heat conductivity.

24. A semiconductor device according to claim 23, wherein

the barrier is formed integrally with the cover plate.

20 25. A semiconductor device according to claim 23, wherein
the cover plate has a face bonded to the substrate and an adhesive
sheet is applied to substantially the overall face except a
portion thereof brought into contact with the semiconductor chip,
whereby the barrier is formed.

25

26. A semiconductor device comprising:
a substrate made of a' resin and having one side on which

a number of solder ball terminals are provided and the octher side

Ay



top plan view of the BGA package of a first enbodinent in accordance with

t he present invention respectively; FIG 2 is a perspective view of
t he cover plate; FIG 3 is a perspective view of a quarter sinulation
nodel of the package; FIGS. 4A to 4C aR& perspective views of

nodi fied cover plates respectively;
on which a chip mounting portion electrically connected to the

solder ball terminals is provided; and
a cover plate made of a metal and attached to a semiconductor
chip so as .to cover and come into contact with the same under
5 aconditionwhere the semiconductor chip is connected to the resin
substrate by a flip-chip process, the cover plate including a
peripheral portion provided with a plurality of bonding portions
where the cover plate is bonded to the substrate, the bonding
portions being continuous with the base and discontinuous to each
10 other, the cover plate having an injection opening through which
a paste for improvement in heat conductivity is supplied into
an area of a space defined between the cover plate and the resin
substrate when the cover plate is attached to the resin substrate,

the area corresponding to a location of the semiconductor chip.

e
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10 FI GS. 5A and 5B are perspective views of other nodified cover

pl ates respectively; FI GS. 6A and 6B are perspective views of further
other nodified cover plates respectively; FIGS. 7A and 7B are
perspective views of still further other no@8fied cover plates
respectively; FIG 8 is a perspective view of the cover plate used in
the BGA package of a second enbodi nent i E&lance with the invention,
showi ng the inside of the cover plate; 9is aviewsimlar to
FIG 1A BALL GRID ARRAY TYPE PACKAGE FOR SEMICONDUCTOR DEVICE

A semiconductor device with a BGA package includea a
5 substrate (12) mgde of a resin and having one side on which a
number of solder ball terminals (13) are formed and the other
side on which a chip mounting portion electrically connected to
the solder ball terminals (13) is formed, and a cover plate (16)
made of a metal and attached to a semiconductor chip (14) so as
10 to .cover and come into contact with it under a condition where
the semiconductor chip (14) is connected to the resin substrate
(12) by a flip-chip process. The cover plate (16) includes a
peripheral portion formed with a plurality of bonding portions
(16c) where the cover plate (16) is bonded to the substrate (12).

15 The bonding portions (16c) are discontinuous to each other.

FIGURE 1A



FIG 10 is a viewsimlar to FIG 9, showng a nodified cover plate,

FIG 11 is a longitudinal side section of the BGA package of a third
enbodi ment in accordance with the invention, showing a fabrication step;
FIG 12 is a viewsimlar to FIG 1A . FIG 13 is a perspective view of
the cover plate used in thé third enbodi nent; FIG 14 is a

| ongi tudi nal side section of a conventional cover plate, showi ng a

fabrication step; and FIG 15 is aviewsimlar to FIG 1, show ng
t he conventi onal
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package. A first enbodi ment of the present invention wll be
described with reference to FIGS. 1A to 3. Referring to FIGS. 1A to 2, a
ball grid array (BGA) type package 11 for the sem conductor device

enbodyi ng the present invention is shown. The BGA type package 11
conprises a rectangul ar BGA substrate 12 made of a resin and provided with
a nunber of sol der ball




termnals 13 arranged into the shape of a grid on the backside thereof.
For exanple, the substrate 12 is about 20 nm square and about 1 mmthick.
A nunber of pads are provided on an upper side of the substrate 12 for
connection to bonding pads of a sem conductor chip 14. The pads are
electrically connected via wring patterns inside the substrate 12 t'o the
solder ball termnal's 13 on the backside of the substrate respectively.
The sem conductor chip 14 is connected to the central upper

si deof t hesubstrat el2by fli p-chi pbondi ng. Thesem conductor chip 14 may be
square or rectangul ar when having a chip size not

16¢

FIG. 3



nore than a 15 nm square, for exanple. A nunber of bunps (not shown) are
provi ded on the surface (backside) of the sem conductor chip 14 connected
to the wiring of electrode patterns inside the chip. The bunps are
connected to the BGA substrate 12 by face-down bonding. A resin 15 fills
a gap between, the bunps and the substrate 12. In this state, a cover plate
16°is bonded to the upper side of the substrate 12 by an adhesive 17.
Referring to FIG 2, the cover plate 16 includes a base or base 16a (23 mm
square, for exanple) bonded to the upper surface of the sem conductor chip
in contact with the latter, connecting 18 .




portions 16 extending fromfour sides of the base 16a respectively and
bondi ng portions 16¢c extending fromthe respective connecting portions
16b. The cover plate 16 is formed by bending a netal plate, for exanple, a
copper plate with a thickness of about 0.2 mm by pressing so that the
base 16a, the -connecting port.ions 16b and the bonding portions 16¢c are
formed integrally 'with one-another. Each bonding portion 16¢c is bonded to
t he BGA




12 substrate 12 and has a wdth of about 3 nm for exanple. An anount
of bendi ng (bendi ng angle) of the connecting portions 16b is adjusted for
adj ust mrent of a gap between the cover plate 16 and the sem conductor chip
14 so that the cover plate 16 adheres closely via the adhesive to the

sem conductor chip 14 when bonded to the substrate 12. CQutside di nensions
of the cover plate 16 are preferably set so that the bonding portions 16¢
do not reach the peripheral edge of the substrate 123 nanely, so that the
bondi ng portions 16¢c are |located inside the periphefal edge of the
substrate 12. 238

23b
FIG. 6A




The BGA substrate 12 is heated up to a predeterm ned tenperature, for
exanpl e, about 150[err]C The cover plate 16 is bonded to the substrate 12
under this condition in an assenbly step. Stress is produced between the
substrate 12 and t-he cover plate 16 in a cooling process. However, since
the cover plate 16 is fornmed as descri bed above, an anmpbunt of warp of the
overall package due to the stress is reduced. Mre specifically, the

cover plate 16-includes the four divided or discontinuous bonding portions
16¢c corresponding to the sides of the base 16a. The divided bondi ng
portions 16¢ reduce the anount of warp of the overall pngage.

25b

FIG. 7B

26¢



To confirmthis effect, the inventor carried out sinmulations for the cover
plate 16 as descri bed above and another cover plate wth an undivided or
continuous bonding portion. The simulations will be described with
reference to FIG 3. First, the conditions of the sinulations will be
described. TABLE 1 shows nodel sizes representative of the di nmensions- of

parts serving as input data. TABLE 2 shows material constants or the-
13

28 2b 27

FIG. 8
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| i near expansion coefficients [err](ppm[err]C and Young's nodulus E

(GPa) of the parts.
Model size

substrate

10X10 0. 625
pl ate Bonding portion
0. 10

TABLE 1

Size (mm

Thi ckness (mm)

40X40 1.0 Sem conductor chip

Cover Base

23X23

2, 3 and 4 Adhesive agent

NN

‘FIG. 10

16
L]

2

17a,

BGA
0.2



TABLE 2 Mat eri al val ues Li near

expansi on Young's nodul e E coefficient a
(ppm[err]C (GPa) BGA substrate 14.6 23.5
Sem conduct or chip 3.5 170.0 Supplied resin

40.0 7.0 Cover plate Cu 17.6 .
117.°0 SUS 17.3 ©193.0

Al 24. 3 68. 6
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Adhesi ve agent 114.0 0.9 FIG 3
schematically shows a nodel used in the sinmulation or nore specifically,
one of four equally divided portions of the package. The foll ow ng
conditions are set as paraneters for the simulation. First, simulations

were carried out for cover plates nmade of stainless steel (SUS) and
al um num (Al) 14

FIG, 13



respectively as well as the cover plate nmade of copper (Cu) for
confirmati on of material dependency of the cover plate 16. Second, the

| i near expansion coefficient was set at three different val ues and
sinulations were carried out for confirrmation of the dependency on the

| i near expansion coefficient which was consi dered an inportant-factor as
the material value of the material of the cover plate 16. Third, the

wi dt h of each bonding portion 16¢c of the cover plate 16 was set at three
different values, 2 nm 3 mm and 4 mmand sinulations were carried out
for confirmation of the dependency on the wdth of each bonding portion
16c.
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warp d as shown in FIG 3. In FIG 3 reference point O designates the
center position of the sem conductor chip 14. An anount d

This invention relates to a semiconductor device provided
with a package of the ball grid array (BGA) type and comprising
semiconductor chips connected by a flip-chip process to a resin
substrate with a number of solder ball terminals.

Packages for packaging semiconductor chips have recently
been provided with an increasing numbé'r of base pins (leadwires).
As one of such packages, there has beén provided a package of
the pin grid array (PGA')' type in which pins are disposed into
the shape of a grid on the overall bac.:ksid'e of the package. In
the PGA type package, a ceramic sub-'strate is provided with a
number of base pins embedded therein and includes a mounting

portion on which a number of electrode pads are provided. The

pins are connected via conductor patterns to the electrode pads

respectively. A semiconductor chip is mounted onto the mountihg
portion of the substrate by a flip-chip process. |

In mounting the semiconductor chip by the flip-chip process,
it is important to be able to dissipate or radiate heat produced
by the mounted chip not only from a mounted side thereof but also
from its backside 6pposité the mounted side. For this purpose,
a container-shaped cover plate is made of ametal such as aluminum,
for example. The cover plate is bonded to an upper side of the
semiconductor chip and further at a periphery thereof to the
subétrate. Heat produced by the semiconductor chip is
transferred from the backside or upper side thereof wvia an
adhesive agent to the cover plate, from which the heat is radiated

outward. The cover piate serves to mechanically and electrically
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of warp is an anmount of vertical displacenent at a corner of the substrate
12 due to deformation. The materidal & ependency of the cover plate 16
was calculated as the first sinulation for obtaining grounds for the use
of copper as the material of the cover plate 16. Stainless steel and

al um num were selected as materials to be2conpared with copper.

15

protect the semicoénductor chip as well as to radiate heat
therefrom. o

Various packages of the ball grid array (BGA) type have
recéntly been developed instead of the above-described PGA type
packages. The BGA type packages have recently drawn.attention
as thosé of the surface mounting type. In the BGA type packages,
a number of ball-shaped solder terminals (solder balls) are
provided on connecting ‘terminal conductors disposed into the
shape of a grid, instead of the pins. The solder balls are
disposed opposite the connecting terminal conductors
respectively when the BGA type package is mounted on the printed
board. The solder balls are soldered in the block by :L_'eflow
processing to be electrically connected to the respective
conductors;

The soldered terminals are sometimes subjected to
mechanical stress in the BGA type package since the BGA type
package is mounted on the substrate without using terminéls so
as to be closely adherent to the substrate. The package needs
to be rendered large in size.with increase in the size of the
semiconductor chip. However, when a 'large-sized ceramic
substrate is mounted on the printed board, mechanical stress due
to changes in the temperatures of the substrate and the board
is increased to such an extent that the stress cannot be ignored.
The solder terminals .located particularly at ends of the péckage
are subjected to a larger stress than those located at the center
of the package. This sometimes results in occurrence of cracks
in connecting portions of the solder or in disconnection or
circuit opening.
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TABLE 1 shows material coefficients of these materials. As the result
of. the first sinulation, the cover pla¥e Made of copper revealed a
smal | est warp amount d (d=0.063 mm) and achi eved desired characteristics.
The warp anbunt d was 0.064 mmin the case of the cover plate nade of
stainless steel. However, the warp anmoung d was 0.197 nmin the case of
the cover plate nade of alum num Consequently, alum num found difficult
to be used as the material of the cover plate fromthe point of view of
the warp anount The Azbore+des¢nileedrdravibanks creaultsfvondthet dbéfeseneeed
on the basis of only the above-described results of sinulation since a
heat radi at iingcorfficients: p§ linear expansion between the printed board
and the ceramic. To overcome the drawbacks, the prior art has
proposed use of a resin substrate as the substrate of the package
on which the semiconductor chip is mounted. By the use of the
resin substrate, the mechanical stress to which the connecting
portions of the solder is subjected can be eased or reduced.
Furthermore, the size of the substrate of the package can be
increased, so that the limitation in the size of the semiconductor
chip can be reduced.

However, stress between the resin substrate and the

radiating cover plate sometimes warps the substrate when the
"cover plate is attached to the resin substrate. Particularly
when the cover plate is made of a metal such as aluminum, the
stress deforms the resin substrate while the bonded cover plate
is being cooled. This stress adversely affects the
semiconductor chip, resulting in a new drawback.

It is important to maintain a desirable heat conductivity
between the cover pléte and the semiconductor chip so that heat
generated by the semiconductor chip is efficiently radiated
through the cover plate. Accordingly, the heat conductivity of
the cover plate needs to be taken into consideration. 1In view
of this, a process as shown in FIGS. 14 and 15 is employed, for
example. Prior to a step of attaching a cover plate 1 to a resin
substrate 2, a predetermined amount of paste 3 with high heat
conductivity is applied to an inside of the cover plate 1 by a

dispenser 4 (see FIG. 14). 1In this state, the cover plate 1 is

bonded by an adhesive agent 7 to the resin substrate 2 on which
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a determning factor in addition to the warp anount d. The dependency
on the linear expansion coefficient [err] was calculated as the second
simul ation. The |linear expansion coefficient a was considered to affect
selection of the material as a factor of the above-described materi al
dependency. Differing fromthe first sinml.ation, the second sinmulation was
carried out to confirmthe dependency only on the |inear expansion

coefficient a. Accordin t he erials were assu to h he s
Young' s nodthe %Sm%ﬁang?XPﬁecBbeé Bfil enTﬂ8u9§F§E2593f iée P%ﬁéa
expansi on coeft|C|ent

or the val ukn8f FW%W Pgttehei]éoggrsﬂmgtllto th.crh ﬁe paste A3 Ts”éBSﬂ 3' ue
is maintained in contact with the semiconductor chip 5.

The step of applying the paste 3 to the cover plate 1 is
an independent step in an ordinary assembly line since only the
cover plate is processed in the step. Furthermore, this step
requires new equipment depending upon conditions such as the
shape and size of the cover plate 1; resulting in an increase
in the cost.

Furﬁhermore,-when having a low viscosity, the paste 3
overflows a predetermined applying area on the inside of the cover
plate 1, so that it becomes difficult to suitably apply a
necessary amount of paste 3 to the cover plate. | |

Therefore, an object of the present invention is to provide
a semiconductor device provided with the BGA type package
including a cover plate wherein the above-described drawbacks
due to warp of the sﬁbstrate can be prevented.

Another object of the invention is to provide a
semiconductor device provided with the BGA type .package wherein
a high-temperature conductive paste can, even if it has a low
viscosity, be applied to the cover plate w:.thout overflow:.ng and
can readily be applied by the conventlonal equipment with no
specific equipment being requlred.

The present invention provides a semiconductor device
comprising a substrate made of a resin and having one side on
which a number of solder ball terminals are provided and the other
side on which a chip mounting portion electrically connected to

the solder ball terminals is provided, and a cover plate made
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14. 6. ppmi[err]C In view of the applied netals, the |inear expansion
coefficient was further set at values larger than 14.6 ppm[err]C, that
is, 17.7 ppnmi[err]C. - As the result of the second sinulation, the warp
amount d was found to increase with increases in the |linear expansion
coefficient a. Furthernore, the value ofbthe |inear expansion

16 coefficient [err] determning a practically allowed range of warp

of a metal and attached to a semiconductor chip so as to cover
and come into contact with the same under a condition where the
semiconductor chip is connected to the resin substrate by a
flip-chip process, the cover plate including a peripheral
portion provided with a plurality of bonding portions where the
cover plate is bonded to the substrate, the bonding portions being
discontinuous to each other.

According to the above-described construction, the cover
plate includes a plurality of the ‘peripheral discontinuous
bonding portions where the cover plate is bonded to the substrate
to which the semiconductor chip is connected. Stress due to
temperature changes occurs between the substrate and the cover
platé when the cover plate is bohded to the substrate. H.owever,
the abov_e-described construction can reduce the stress as
compared with the conventional construction in which the cover
plate has a continuous bonding portion. Consequently, the warp
of the substrate due to the bonding of the cover plate thereto
can be reduced even when the substrate is made of a resin.
Furthermore, even when a large-sized substrate is used, the
structure of the semiconductor device can be rendered
practically durable.
| In one preferred form, the bonding portions are arranged
into an axiai symmetry. Consequently, since the stress is evenly
shared by the bonding portions, the stress can efficiently be
dispersed.

In another preferred form, the cover plate includes a base
in contact with the semiconductor chip and at least one connecting

portion connecting between the base and the bonding portions and

This is the replacoment sheet

Date: 18 FER 1908



anount d was found to be about 20 ppmi[err]C Actually, however, the
Young's nodul e as an inportant condition regarding the stress is another
factor determining the material of the cover plate 16 as well as the

| i near expansion coefficient a. Therefore, the Young' s nodul e should be
taken into consideration in determ nationgof the material. - The
dependency on the width of each bonding portlon 16¢c of the cover plate 16

was cal culated as the third _sinul ation. vi ew of the gracti CE\ range,
si nul ati ons #@rkormed bygbending a W%]c@;éﬂ:epﬁat%%a? e 888§t R eﬁb‘?\%‘g

ggrtslhg\rllws] haV| n E.grrlgeang Igﬁee%%r}}nevgtcgnr]g port:.on argn}formeél1 mmeéggffytv}:i/ghy’

one another. Consequently, the number of parts can be reduced
since the cover plate is obtained from a single metal plate.
Furthermore, the connecting portion is preferably divided into
a plurality of portions. Consequently, the stress can be reduced
as compared with the case where the cover plate with a continuous
bonding portion is formed of a singie metal plate by drawing,
whereupon the warp of the substrate can be reduced.

In further another preferred form, each of the divided
connecting portions includes a portion connected to the base and
having a smeller length than the other portion thereof. 1In this
construction, the stress produced in the base is absorbed by the
connecting portions, so that the stress produced between the
cover plate and the resin substrate can be eased and accordingly,
the warp of the substrate can be reduced.

In the above-described consﬁruction, an amount of heat
transferred through the connecting portions is decreased since
the connecting portions include reduced width portions
respectively. Accordingly, the construction should be employed
when the reduction in the stress has priority over the heat
radiation.

In further another preferred form, the connecting portion
is formed continuously so as to surround the base. The base and
the connecting portion serving to cover the semiconductor chip
are formed into the shape of a container. Consequently, this
construction is effective in the protection of the semiconductor
chip in addition to provision of the reduction in the stress.
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i n TABLE 2. In the range between 2 to 4 mm the warp anmount d becane
smal [ er. as the width of each bonding portion 16¢c is reduced. This tendency
shows that the warp anount d is further reduced when the width of each
bondi ng portion 16¢c is at or below 2 nm Actually, however, the wi dth of
each bondi ng portion 16¢c should not be d&ternined on the basis of only the
war p anount d. For exanple;, other factors to be taken into account include .

O S SaRLP 8 P R Rty Wi ol SIS 1 e

of each. bondi "y RULd10hathg DL MEEP QkpSASIoR08GLPBicient equal to or
larger than one of the resin substrate and equal to or smaller
than 20 ppm/°C. When the cover plate bonded to the resin substrate
is made of a metal with the above-described range of the linear
expansion coefficient, the warp of the substrate can effectively
reduced. |

The cover plate is breferably. made of copper (Cu) or
stainless steel. Either metal meets the above-mentioned range
of the linear expansion coefficient (Cu: 17.6 ppm/°C; anci Sus:
17.3 ppm/°C). Since each metal has a good heat conductivity,
the heat radiating effect can be improved.

Each bonding portion preferably has such a reduced width
that a predetermined bonding strength is ensured between the
_résin substrate and each bonding portion. When the reduction
in the warp is taken into consideration, the width of each bonding
portion should be rendered smaller. However, a predetermined
bonding strength needs to be ensured in each connecting portion.
-Accordingly, it is effective to render the width of each
connecting portion smaller so far as the predetermined bonding
strength is ensured.

Each bonding portion of the éover plate préferably has a
width ranging between 2 mm and 4 mm. Consequently, the warp of
the substrate can desirably be reduced even when the resin
substrate 40 mm square is used.

The invention also provides a semiconductor device
comprising a substrats made of a resin and haviﬁg one side on

which a number of solder ball terminals are provided and the other
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portion 16¢c is effectively set at about 3 mwith a mar gi n being included,
as descri bed above in the enbodi nent. According to the foregoing
enbodi ment, the substrate 12 of the BGA package is made of the resin. The
cover plate 16 is provided for covering the sem conductor chip 14 and for
enhanci ng 8 17 heat radiation fromthe
chip. The cover plate 16 is provided
side on which a chip mounting portion electrically connected to
the solder ball terminals is provided, and a cover plate made
of a metal and attached to a semiconductor chip so as to cover
and come into contact with the same, the semiconductor chip being
connected to the resin substrate by a flip-chip process, the cover
plate including a peripheral portion provided with a plurality
of bonding portions where the cover plate is bonded to the
substrate, the bonding portions being discontinuous to each
other, the cover plate including a barrier surrounding a portion
thereof corresponding to a location of the semiconductor'chip
and accommodating a paste for increasing a heat conductivity.
According to the above-described construction, even when
the paste applied to the cover plate for improvement' in the heat
conductivity has a low viséosity, the barrier accommodates the
predetermined amount of paste therein; retaining the paste while
the cover plate is bonded to the substrate. Consequently, a
neéessary amount of paste can be used effectively and steadily,
and the paste can be prevented from flowing outside the barrier.
The barrier is preferably formed integrally with the cover
plate. Alternatively, an adhesive sheet is preferably applied
to substantially the overall face except a portion thereof
brought into contact with the semiconductor chip, whereby the
barrier is formed.
The invention further provides a semiconductor device
éomprising a substrate made of a resin and having one side on
- which a number of solder ball terminals are provided and the other

side on which a chip mounting portion electrically connected to

the solder ball terminals is provided, and a cover plat;é made
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wi th four divided bonding portions 16c. Consequently, the warp anount d of
t he substrate 12 can be reduced in the step of bonding the cover plate 16
as conpared with the construction in which the cover plate includes a _
continuous bonding portion, and accordingly, a practically effective cover

pl ate can be obtai ned. The cover plgte 16 is made of copper in the
- f oregoi ng

can further be reduced as conpared with the case where the

enbodi nent. Consequently, the warp anount d of the substrate

made of a mefer metalt and atgachedete 2 gemitenducter i¢tirm@o @s fter cover

exanpl e,

respectively;

al umi num Furthernore, since the

and come into contact with the same. The semiconductor chip is
connected to the resin substrate by a flip-chip process. The

cover plate includes é peripheral portion provided with a

‘plurality of bonding portions where the cover plate is bonded

to the substrate. The bonding pori:ions are discontinuous to each
other. The cover plate has an injection opening through which
a paste for improvement in heat conductivity is supplied into
an area of a space defined between the cover plate and the resin
substrate when the cover plate is attached to the resin substrate.

The area corresponds to a location of the semiconductor chip.

12

cover plate is

According to the above-~described construction, the paste

for improvement in the heat conductivity can be supplied through

the injection opening after the cover plate has been bonded to

" the resin substrate. This eliminates equipment for applying the

paste to the cover plate previously. Consequently, the
sel;ticonductor'device can be fabricated with use of no special
assembling equipment.

The invention will be described, merely by way of example,
with reference to the accompanying drawings, in which:

FIGS. 1A land 1B are schematic longitudinal side section and
top plan view of the BGA package of a first embodiment in
accordance with the presént invention respectively;

FIG. 2 is a perspective viéw of the cover plate;

FIG. 3 is a perspective view of a quarter simulation model
of the package;

FIGS. 4A to 4C are perspective views of modified cover plates

Date: 18 FEB 1999
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wi dt h of each bonding portion 16¢c is set at about 3 mm the warp anount d
can further be reduced with a sufficient bond strength being ensured.

FIGS. 4Ato 7B illustrate nodified forns of the cover plate 16. First,
cover plates shown in FIGS. 4A to 4C include different shapes of the
bondi ng portions 16¢c respectively. In tq .cover plate 18 shown in FIG

4A, one of two pairs of opposite bonding““portions 18a and 18b has a length
| arger than the other pair, so that a bonding area is increased. FIG 4B
shows a cover plrEggs. 38 andcHBdirmopépspebondengiews bfaishd® modd €l edf coerh

has an increased |ength by extending both ends thereof. In the cover
plates respectively;

FIGS. 6A and 6B are perspective views of further other
modified cover plates respectively;

FIGS. 7A and 7B are perspective views of still further other
modified cover plates respectively;

FIG. 8 is a perspective view of the cover plate used in the
BGA package of a second embodiment in accordance with the
invention, showing the inside of the cover plate;

FIG. 9 is a view similar to FIG. 1A;

FIG. 10 is a view similér to FIG. 9, showing a modified cover
plate;

FIG. 11 is a 1ongitudina; side section' of the BGA package
of a third embodiment in accordance with the invention, showing
a fabrication step;

FIG. 12 is a view similar to FIG. 1lA;

FIG. 13 is a perspective view of the cover plate used in
the third embodiment;

FIG. 14 is a longitudinal side section of a éonventional
cover plate, showing a fabrication step; and

FIG. 15 is a view similar to FIG. 1, showing the conventional
packacje. |

A first embodiment of the present invention will be
described with reference to FIGS. 1A to 3. Referring to FIGS.
1A to 2, a ball grid array (BGA) type package 11 for ‘the.
semiconductor device embodying the present in\}ention is shown.
The BGA type package 11 comprises a rectangular BGA substrate

12 made of a resin and provided with a number of solder ball
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plate 20 shown in FIG 4C, each bonding portion 20a is forned into a

trapezoi dal shape so that a bonding area thereof is increased. In the

nodified forms of FIGS. 4A to 4C, too, the warp anount d can be reduced

with inprovenents in the bonding strength and heat radiation as in the

f oregoi ng enbodi nent . 11 18 FI GS.

5A and 5B illustrate cover plates having different
terminals 13 arranged into the shape of a grid on the backside |
thereof. For example, the substrate 12 is about 20 mm square
and about 1 mm thick. A number of pads are provided on an upper
side of the substrate 12 for connection to bonding pads of a
semiconductor chip 14. The pads are electrically connected via
wiring patterns' inside the substrate 12 to the solder ball
terminals 13 on the backside of the substrate respectively.

The semiconductor chip 14 is conr.lected to the central upper
side of the substrate 12 by f1ip-chip bonding. The semiconductor
chip 14 may be square or rectangular when having a chip size not
more than a 15 mm square, for example. A number of bumps (not
shown) are provided on the surface (backside) of the
semiconductor chip 14 connected to the wiring of electrode
patterns inside the chip. The bumps are connected to the BGA
substrate 12 by face-down bonding. Aresin 15 fills a gap between
the bumps and the substrate 12. In this state, a cover .plate.
16 is bonded to the upper side of the substrate 12 by an adhesive
17. '

Referring to FIG. 2, the cover plate 16 includes a base or
base 16a (23 mm square, for exéxnple) bonded to the upper surface
of the semiconductor chip in contact with the latter, connectihg
portions 16 extending from four sides of the base 16a respectively _
and bonding " portions 16c extending from the respective
connecting portions 16b. The cover plate 16 is formed by. bending

" a metal plate, for example, a copper plate with a thickness of
. about 0.2 mm, by pressing so that the base 16a, the connecting
portions 1.6b and the bonding portions 16c are formed integrally

with one another. Each bonding portion 16c is bonded to the BGA
This is the replacement sheet
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connecting portions respectively. In the cover plate 21 shown in FIG 5A
a single narrow connecting portion 21b connects between the base 2la and
each bondi ng portion 21c. In the cover plate 22 shown in FIG 5B, two
narrow connecting portions 22b connect ween the base 22a and each
"bondi ng portion 22c. Both constructions n achieve a further reduction in
the warp anount d as conpared with the foregoi ng enbodi nent. Three or nore

connecting gabkitedte?il andlHas iy Wikt @f dasbud Fakw, sféke etample. base.

Furthernore, the | ocations of the connecting portions nmay be changed.

FI GS. 6A and 6B an | améuate ofomndims ecb&ddbng 34qgtegh off the connecting
portions 16b is adjusted for adjustment of a gap between the cover
plate 16 and the semiconductor chip 14 so that the cover plate
16 adheres closely via the adhesive to the semiconductor chip
14 when bonded to the substrai:e 12. Outside dimensions of the
cover plate 16 are preferably set so that the bonding portions
16c do not reach the peripheral edge of the substrate 12, namely,
so that the bonding portions 16c are located inside the peripheral
edge of the substrate 12.

' The BGA substrate li is heated up to a predetermined
temperature, for 'exaxixple, about 150°C. The cover plate 16 is
bonded to the substrate 12 under this condition in an assembly
step. Stress is produced between the substrate 12 and the cover
plate 16 in a cooling process. However, since the cover plate
16 is formed as described above, an amount of warp of the overall
package.due to the stress is reduced. More spécifically, the
cover plate 16 includes the four divided or discontinuous bonding
portions 16c corresponding to the sides of the base 16a. The
divided bonding portions l6c reduce the amount of warp of the
‘overall package.

To confirm this effect, the inventor carried out simul#tions
for the cover plate 16 as described above and another cover plate
with an wundivided or continuous bonding portion. The
simulations will be described with reference to FIG. 3. First,
the conditions of the simulations will be described. TABLE 1
shows model sizes representative of the dimensions of parts

serving as input data. TABLE 2 shows material constants or the
This is the replacement sheet
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which is a nodified formof the cover plate 22 of FIG 5B. In each of the
cover pl-ates shown in FIGS. 6A and 6B, each connecting portion is bent

wi t hout strain for inprovenent in the workability and flow stress is
reduced with respect to the base. In the cover plate 23 shown in FIG 6A,
each connecting portion 23b extending frdéthe base 23a is bent not at a

root thereof but en route. In the cover plate 24 shown in FIG 6B, each
Foot ¢ her eoft LAehhaRs fon ‘SSREPLETERCE [ (oBRlCl A RO S M, 7
COTeL et O L pekege, 0 Srodrent. - FIGS TA and 7o
TABLE 1
Model size
Size (mm) Thickness (mm)
BGA substrate 40X40 - 1.0
Semiconductor chip 10X10 ‘ . 0.625
. Cover Base 23X23 0.2
plate Boﬁding portion 2, 3 and 4
Adhesive agent —_— 0.10
TABLE 2
Material values
Linear expgnsion Young’s module E
coefficient a (ppm/°C) (GPa)
BGA substrate 14.6 23.5
Semiconductor chip 3.5 | 170.0
Supplied resin 40.0 7.0
Cover plate Cu 17.6 117.0
Sus 17.3 - 193.0
Al ' 24.3 68.6
Adhesive agent 114.0 6.9

FIG. 3 schematically shows a model used in the simulation
or more specifically, one of four equally divided portions of
the package. The following conditions are set as parameters for
the simulation. First, simulations were carried out for cover

plates made of stainless steel (SUS) and aluminum (Al)
This ig the replacement sheet
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of which the base 16a and the connecting portions 16b are formed into the
shape of a container by drawing. In the cover plate 25 shown in FIG 7A,
four divided bondi-ng portions 25c are forned to correspond to the: sides of
t he connecting portions 25b respectively. In the cover plate 26 shown in

FI G 7B, bondi ng _ 14 19 portions 26¢c are
divided in the mddle portions of the sides of the connecting portions

26b.. The Sarr%s%]e]::%%.tvei%nats)ewgff Iaeel ethe cover plate made of copper (Cu) for

confirmation of material dependency of the cover plate 16.
Second, the linear expansion. coefficient was set at three
different values and simulations were carried out for
confirmation of +the dependency on the linear expansion
coefficient which was considered an important factor as the
material value of the material of the cover plate 16. .Third,
the width of each bonding portion 16c of the cover plate 16 was
set at three different values, 2 mm, 3 mm, and 4 mm and simulations
were carried out for confirmation of the dependency on the width
of each bonding portion léc.

Simulating conditions were set in view of actual ones in
the assembly. A temperature in an initial state was set at 150°C
equal to the temperature in the assembly. It was assumed that
each part was subjected to no stress in this state. The cover
plate 16 was bonded to the BGA substrate 12 under this temperature
condition. Thereafter, the stress to which each part of the
cover plate was subjected was calculated when the temperature
was decreased to 25°C. At rhat time, an amount of deformation
of the overall cover plate 16 was obtained as an amount of warp
d as shown in FIG. 3. 1In FIG. 3, reference point O designates
the center position of the semiconductor chip 14. An amount d
of warp is an amount of vertical displecement at a corner of the
substrate 12 due to deformation.

The material dependency of the cover plate 16 was calculated
as the first simulation for obtaining grounds for the use of
copper as the material of the cover plate 16. Stainless steel

and aluminumwere selected as materials to be compared with copper.
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from each construction as fromthe foregoi ng enbodi nent. FIGS. 8 to 10
il lustrate a second enbodi nent of the invention. D fferences between the
first and second enbodinents will be described. Referring to FIG 8, a
cover plate 27 is shown which includes a base 27a, connecting portions 27b
and bondi ng portions 27c as the cover plbﬁe 16 in the first enbodi nent.
The cover plate 27 has a weir or barrier 28 fornmed by pressing on the

i nsi de of. &JA%C Ig.els%l@vss%atﬂ@i ﬁ‘f,ft ei)%nééreofaa@ﬁemm&@&i&léhe

sem conduct or _ I'S surrounde arrier. Wien a paste 30.is
applied to a reqA®nird reduWagochd X st Bl Qtidd, the crer iplatiy Auaet s

the paste 30 fromflowi ng outside. The paste _

of copper revealed a smallest warp amount d (d=0.063 mm) and
achieved desired characteristics. The watp amount d was 0.064
mm in the case of the cover plate made of stainless steel.
However, the warp amount d was 0.197 mm in the case of the cover
plate made of aluminum. Consequently, aluminum found difficult
to be used as the material of the cover plate from the point of
view of the warp amount 4. Actually, however, the material
should not be selected on the basis of only the above-described
results of simulation since a heat radiating _characteristic is
a determining factor in additibn to the warp amount d.

The dependency on the linear expansion coefficient a was
calculated as the second simulation. The linear expansion
coefficient a@ was considered to afféct selection of thematerial
as a factor of the above-described material -dependency.
Differing from the first simulation, the second simulation was
carried out to confirm the dependency only on the linear expansion
coefficient @. Accordingly, the materials were assumed to have
the same Young’s module as thét of the copper (117). The values
of the linear expansion coefficient « used in the simulation
were set at a minimum value or the value of the substrate 12,
14.6 ppm/°C. In view of the applied metals, the linear expansion
coefficient was further set at values larger than 14.6 ppm/°C,
that is, 17.7 ppm/°C. |

As the result of the second simulation, the warp arhount d_
was found to increase with increaées in the linear expansion
coefficient a@. Furthermore, the value of the linear expansion
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30 with high heat conductivity is-applied between the cover plate 27 and
the sem conductor chip 14 as shown in FIG 9, so that heat produced by the
sem conductor chip 14-is effectively dissipated -through the paste 30 to

t he cover plate 27 side. The paste 30 is previously applied to the
region 29 of the cover plate 27. The sud$trate 12 with the seni conductor
chip 14 bonded thereto is then bonded to the cover plate 27. Since the

barrier 28 j A Nt L,z e of, ¢ 30
can econoni S3PES paensir Mot MNP pedstIcRIT e ATl buB L AhgetOL AILE .
has a | owi ghaghtyq WBS BBahECEC2BePRBYAR! 20 Hif/POSt ARSI D) SREREFERY

outside. This prevents the paste
the Young’s-module as an important condition regarding the stress
is another factor determining the material of the cover p‘laﬁe
16 as well as the linear expansion coefficient a. Therefore,
the Young’s module should be taken into consideration in
determination of the material. _

The dependency on the width of each bonding portion l6c of
the cover plate 16 was calculated as the third simulation. In
view of the practicél range, simulations were carried out for
the cover plateé including the lbonding portions having three
different widths, 2 mm, 3 mm and 4 mm, respectively, as shown
in TABLE 2.

In the range between 2 to 4 mm, the warp amounﬁ d became
smaller as the width of each bonding portion 16c is reduced. This
tendency shows that the warp amount d is further reduced when
the width of each bonding portion 16¢c is at or below 2 mm.
Actually, however, the width of each bonding portion 16c should
not be determined on the basis of only the warp amount d.  For
example, other factors to be taken intb account include bond
strength between each bonding portion 16c and the substrate, and
operating characi:eristics of. the cover platé 16 depending upon
the width of each bonding porfion 16c. The width of each bonding
portion 1l6c is effectively set at about 3 mm with_a margin being
included, as described above in the embodiment.

According to the foregoing embodiment} the substrate 12 of
the BGA package is made of the resin. The cover plate 16 is

provided for covering the semiconductor chip 14 and for enhancing
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30 fromflow ng through slits or spaces between the connecting portions

27b and i nproves the assenbling efficiency. FIG 10 illustrates a
modi fied formof the-barrier. The cover plate 16 same as in the first
enbodi nent is used. An 20 adhesive

sheet 17a is applied to a bonded face sid§ of the cover plate 16 at which
side the cover plate is bonded to the substrate

heat radiation from the chip. The cover plate 16 is provided
with four divided bonding portions 16c. | Consequently, the warp
amount d of the substrate 12 can be reduced in the step of bonding
the cover plate 16 as compared with the construction in which
the cover plate includes a continuous bonding portion, and
accordingly, a practically effective cover plate can be
obtained.

The cover plate 16 is made of.copper ih the foregoing
embodiment. Consequently, the warp amount d of the substrate
12 can further be reduced as compared with the case where the
cover plate is made of a inaterial with a high linear expansion
coefficient a, for example, aluminum. Furthermore, sinpe the
width of each bonding portion 16¢ is set at about 3 mm, the warp

- amount d can further be reduced with a sufficient bond strength
being ensured.

FIGS. 4A to 7B illusi:rate modified forms of the cover plate
16. First, cover plates shown in FIGS. 4A to 4C include different
shapes of the bonding portions 16c resp.e'ctively. In the cover
plate 18 shown in FIG. 4A, one of two pairs of opposite bonding
portions 18a and 18b has a length larger t'han the other pair,
so that a bonding area is increased. FIG. 4B shows a céver plate
19 including four bonding portions 19a each of which has an
increased length by extending both ends therecf. In the cover
plate 20 shown in FIG. 4C, each bonding portion 20a is formed
into a trapezoidal shape so that a bonding area thereof is
increased. In the modified forms of FIGS. 4A to 4C, too, the
warp amount d can be reduced with improvements in the bond"in-g
stréngth and heat radiation as in the foregoing embodiment.
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12. A portion of the adhesive sheet 17a corresponding to the region where
the paste 30 is applied is elimnated, whereby a paste accommobdating
portion is defined. An opening resulting fromthe elimnation of the
adhesi ve sheet 17a provides a stepped portion equal to the thickness of

t he adhesive sheet. The stepped portion gf t he opening serves as a barrier
17b. Consequently, a precisely pressed & rtion as required in the
provision of the barrier 28 is not necessitated. - FIGS. 11 to 13
illTustrate a thirzssnisadiamrhtspfillustratnicorer gldties cdraebnd et iEberéie

first and third enbodinments will be described. Referring to FIG 13, a

cover platecaﬁpéct&ndepontions respectively. In the cover plate 21 shown
in FIG. 5A, a single narrow connecting portion 21b connects
between the base 21a and each bonding portion 21c. 1In the cover
plate 22 shown in FIG. 5B, two narrow connecting portions 22b
connect between the base 22a and each bonding portion 22c. Both
constructions can achieve a further rgduction in the warp amount
d as compared with the foregoing embodiment. Three or more
connecting portions 21b or 22b may be provided on each side of
the base. Furthermore, the loéatibns of the connecting portions
méy be changed.

FIGS. 6A and 6B illustrate cover plates 23 and 24 each of
which is a modified form of the cover plate 22 of FIG. 5B. 1In
each of the cover plates shown in FIGS. 6A and 6B, each connecting
portion is bent without strain for improvement in the workability
and flow stress is reduced with respect to the base. 1In the cover
_pla;té 23 shown in FIG. 6A, each connecting portion 23b extending
from the base 23a is bent not at a root thereof but en route.
In the cover plate 24 shown in FIG. 6B, each connecting portion

| 24b has two notches 24c formed in opposite sides of a root thereof
respectively. The same effect can be achieved from each
construction as from the foregoing embodiment.

FIGS. 7A and 7B illustrate cover plates 25 and 26 in each
of which the base 16a and the connecting portions 16b are formed
into the shape of a container by drawing. In the cover plate
25 shown in FIG. 7A, four divided bonding portions 25c are formed
to correspond to the sides of the.cpnnecting portions 25b

respectively. 1In the cover plate 26 shown in FIG. 7B, bonding
This is the replacement sheet
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base 31a, connecting portions 31b and bonding portions 31c as the cover
plate 16 in the first enbodiment. The base 31la has a centrally fornmed
circular injection opening 32 corresponding to the sem conductor chip 14.
The paste 30 with high heat conductivit |s applled bet ween t he

sem conductor chip 14 and the cover plat In this regard, the cover
plate 31 is bonded to the BGA substrate 12 and thereafter, the paste 30 is

inj ected Bﬁéﬁ’éﬂbné hee @R @ WAddd'$nhdehehridadre Cf:d}i'ﬁicmébf thessidestde
third enbodinent, the paste 30 is injected by a di spenser t hrough t he

openi ng 32 tRéi §enhbBetingepoptabAs326bl thice upame effeet scaw bé ddieievedr
plate 31 after the cover plate has been
from each construction as from the foregoing embodiment.

FIGS. 8to 10 illustrate a second embodiment of the invention.
Differences between the first and second embodiments will be
described. Referring to FIG. 8, a cover plate 27 is shown which
includes a base 27a, connecting portions 27b and bonding portions
27c as the cover plafe 16 in the first embodiment. The cover
plate 27 has a weir or barrier 28 formed by pressing on the inside
of the base 27a so that a portion of the base opposed to the
semiconductor chip 14 is surrounded by .the barrier. When a paste
30 is applied to a-region 29 surroundEd by the barrier 28, the
barrier prevents ﬁhe paste 30 from flowing outside. The paste
30 with high heat conductivity is applied between the cover plate
27 and the semiconductor chip 14 as shown in FIG. 9, so that heat
produced by the semiconductor chip 14 is effectively dissipated
through the paste 30 to the cover plate 27 side.

The paste 30 is previously appiied to the region 29 of the
cover plate 27. The substrate 12 with the semiconductor chip
14 bonded thereto is then bonded to the cover plate 27. Since
the barrier 28 is formed on the cover plate 27, a necessary amount
of paste 30 can economically be applied to the region 29. Even
when the used paste 30 has a low viscosity, the barrier 28 prevents
the paste 30 from spreading outside. This prevents the paste
30 from flowing through slits or spéces between the connecting
portions 27b and improves the assembling efficiency.

FIG. 10 illustrates a modified form of the barrier. The

cover plate 16 same as in the first embodiment is used. Aan
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bonded to the sem conductor chip 14, as shown in FIGS. 11 and 12. As a
result, a necessary anount of paste 30 can be injected as shown in FIG
12. According to the third enbodi nent, the paste 30 is applied

21 wth the cover plate 31 bonded to the sem conductor chip 14 wi thout
using specific equipnment. This can elim n@e the step

adhesive sheet 17a is applied to a bonded face side of the cover
‘plate 16 at which side the cover plate is bonded to the substrate
12. A portion of the adhesive sheet 17a corresponding to the
region where the paste 30 is applied is eliminated, whereby a
paste accommodating portion is defined. An opening resulting
from the elimination of the adhesive sheet 17a provides a stepped
portion equal to the thickness of the adhesive sheet. The
stepped portion of the opening s.ervés as a barrier 17b.
cOnsequently., a precisely pressed portion as required in the
provision of the barrier 28 is not necessitated.

FIGS. 11to 13 illustratea thirdwembodiment of the invention.
Differences between the first and third embodiments will be
described. Referring to FIG. 13, a cover plate 31 includes a
base 3la, connecting portions 31b and bonding portidns 31c as
-the cover plate 16 in the first embodiment. The base 31la has
a centraily formed circular injection opening 32 COri:esponding
to the semiconductor chip 14. The paste 30 with high heat
conductivity is applied between the semiconductor chip 14 and
the cover plate 31. 1In this regard, the cover plate 31 is bonded
to ﬁhe BGA substrate 12 and thereafter, the paste 30 is injected
through the opening 32 inside the cover plate 31. Thus, in the
third embodiment, the paste 30 is injected by a dispenser 33
through the opening 32 inside the cover plate 31 at the upper
face side of the cover plate 31 after the cover plate has been
bonded to the semiconductor chip 14, as shown in FIGS. 11 and
12. As a result, a necessary amount of paste 30 can be injected
as shown in FIG. 12. |

According to the third embodiment, the paste 30 is applied
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of previously applying the paste 30 inside the cover plate 31.

Consequently, the working efficiency in the assenbly can be inproved and

t he assenbling procedure can be sinplified. In nodifications, five or
nore bondi ng portions nmay be forned. For exanple, the side of each bonding
portion may be divided into two or noreQfortions or three or nore portions
so that eight or twelve divided bonding portions are forned. The

D 20 SR e L P B 2ol HOC che s GIRRILE . i

shoul d not e LTt ed e Lhe: CPYE"eqbl Bl 27 Y Tha'sh i BRekOWheTbbglod
of previously applying the paste 30 inside the cover plate 31.
Consequently, the working efficiency in the assembly can.be
improved and the assembling procedure can be simplified.

In modifications, five or more bonding pottions may be
formed. For example, the side of each bonding portion may be
divided into two or more portions or fhree or more portions so
that eight or twelve divided bonding portions are formed.

The barrier 28 formed on the cover plate 27 in the second
embodiment and the injection opening 32 formed in the cover plate
31 in the third embodiment should not be limited to the cover
plates 27 and 31 with the four divided bonding portions 27a and
31c respectively. The barrier 28 and the injection opening 32
may be provided on and in a non-divided cover plate. The barrier
28 and the injection opening 32 may be formed on and in each of
the cover plates 18 to 27 described above as the modified forms
of the first invention.

The foregoing description and drawings are merely
illustrative of the principles of the present invention and are
not to be construed in a limiting senée. Various changes and
modifications will become apparent to those of ordinary skill
in the art. All such changesand modifications are seen to fall
within.the scope of the present invention as defined by the

appended claims.
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31c respectively. The barrier 28 and the injection opening 32 may be

provi ded on and in a non-divided cover plate. The barrier 28 and the

i njection opening 32 may be forned on and in each of the cover plates 18
to 27 described above as the nodified forns of the first invention.

The foregoi ng description and drawings a2@ .nmerely illustrative of the
principles of the present invention and are not to be construed in a
limting s eer,Nfjrt OUs changes and nodifications will beconme apparent to
those of ordrnary skill in the art. Al such changes and nodifications are:
seen to fall wthin the scope of the present invention as defined by the

1. A semiconductor device comprising:

a substrate made of a resin and having one side on which
a number of solder ball terminals are provided and the other side
on which a chip mounting portion electrically connected to the
solder ball terminals is provided; and

a cover plate made of a metal and attached to a semiconductor
chip so as to cover and come into contact with the same under

- acondition where the semiconductor chip is connected to the resin

substrate by a flip-chip process, the cover plate including a
peripheral portion prbvided with a plurality of bonding portions
where the cover plate is .bénded to the substrate, the bonding
portions being continuous with the base and discontinuous to each

other.

2. A semiconductor device according to claim 1, wherein the

bonding portions are arranged into an axial symmetry.

3. A semiconductor device adc.ording to claim 1, wherein the
cover plate includes a Ease in contact with the semiconductor
chip and at least one connecting portion conﬁecting between the
base and the bonding portioﬁs and is formed by bending a metal
plate so that the base, the bonding portions and the connecting

portion are formed integrally with one another.

4. A semiconductor device according to claim 3, wherein the

connecting portion is divided into a plurality of portionms.

. This is fhe replacement sheet
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appended cl ai ns. 22 WE CLAI M
1. A sem conductor device conprising: a substrate made of a resin and
havi ng one side on which a nunber of solder ball termnals are provided

and the other side on which a chip nounting portion electrically connected
to the

5. A semiconductor device according to claim 4 , wherein each
divided portion of the connecting portion includes a portion
connected to the base and having a smaller length than the other

portion thereof.

6. A semiconductor device according to claim 3, wherein the
connecting portion of the cover plate is formed continuously so

as to surround the base.

7. A semiconductor device according to claim 1, wherein the
cover plate is made of a metal having a linear expansion
coefficient equal to or larger than one of the resin substrate

and equal to or smaller than 20 ppm/°C.

8. A semiconductor device according to claim 2, wherein the
cover plate is made of a metal having a linear* expansion
coefficient equal to or larger than one of the resin substrate

and equal to or smaller than 20 ppm/°C.

9. A semiconductor device according to claim 3, wherein the
cover plate is made of a metal having a linear expansion
coefficient equal to or larger than one of the resin substrate

and equal to or smaller than 20 ppm/°C.

10. A semiconductor device according to claim 4, wherein
the cover plate is made of a metal having a linear expansion
coefficient equal to or larger than one of the resin substrate

and equal to or smaller than 20 ppm/°C.
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sol der ball termnals is provided; and a cover plate nade of a netal
and attached to a sem conductor chip so as to cover and cone into contact
with the sane under a condition where the sem conductor chip is connected
to the resin substrate by a flip-chip process, the cover plate including a
peri pheral portion provided with a plurality of bonding portions where the
cover plate is bonded to the substrate, 2he bondi ng portions being
continuous with the base and di sconti nuous to each other. 2. A

- sem conductor dqdice %@ﬁ_ﬁ&:@n‘&é&z‘?'dﬂﬁ@e adiiing R& claim 5, wherein
the cover plate is made of a metal having a linear expansion
coefficient equal to or larger than one of the resin substrate

and equal to or smaller than 20 ppm/°C.

12. A semiconductor device acéording to claim 6, wherein
the cover plate is made of a metal h_éving a linear expansion
coefficient equal to or larger than one of the resin substrate

and equal to or smaller than 20 ppm/°C.

13. A semiconductor device according to claim 7, wherein

the cover plate is made of copper or stainless steel.

14. A semiconductor device according to claim 1, wherein
each boriding portion has such a reduced width that a predetermined
bonding strength is ensured between the resin substrate and each

bonding portion.

15. A semiconductor device according to claim 2, wherein
each bonding portion has such a reduced width that a predetermined
bonding strength is ensured between the resin substrate and each

bonding portion.

16. A semiconductor device according to claim 3, wherein
each bonding portion has such a reduced width that a predetermined
bonding strength is ensured between the resin substrate and each

bonding portion.
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bondi ng portions are arranged into an axial symetry. 3. A

sem conductor device according to claim1, wherein the cover plate

i ncludes a base in contact with the sem conductor chip and at |east one

connecting portion connecting between thg base and t he bondi ng portions

and is forned by bending a netal plate éthat t he base, the bonding

portions and the connecting portion are fornmed integrally with one

anot her . 174. PAsemilcondiictionr désudices amoydiing o acllainn43, whereim

the - connecting portion is divided into a plurality of portions. .
each bonding portion has such a reduced width that a predetermined
bonding strength is ensured between the resin substrate and each

bonding portion.

18. A semiconductor device according to claim 5, wherein
each bonding portion has such a reducedwidth that a predetermined
bonding strength is ensured between the resin substrate and each

‘bonding portion.

19. A semiconductor device according to claim 6, wherein
each bonding portion has such a reduced width that a predetermined
bonding strength is ensured between the resin substrate and each

bonding portion.

20. A semiconductor device according to claim 7, wherein
- each bonding portion has such a reduced width that a predetermined
bonding strength is ensured between the resin substrate and each

bonding portion.

21. A semiconductor device according to claim 13, wherein
each bonding portion has such a reduced width that a predetermined
bonding strength is ensured between the resin substrate and each

bonding portion.

22. A semiconductor device according to claim 14, wherein
the width of each bonding pbrtion of the cover plate ranges

between 2 mm and 4 mm.
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23 5. A sem conductor device according to claim4, wherein each

di vi ded portion of-the connecting portion includes a portion connected to
t he base and having a smaller length than the other portion thereof.

6. A sem conductor device according to claim3, wherein the

26

23. A semiconductor device comprising:

a substrate made of a resin and having one side on which
a number of solder ball terminals are provided and the other side
on which a chip mounting portion electrically connected to the
solder ball terminalé is provided; and

a cover plate made of a metal and attached to a semiconductor
chip so as to cover and come into cqntact with the same under
a condition where the semiconductor chip is connected to theresin
substrate by a flip-chip process, the cover plate including a
peripheral portion provided with a plurality of bonding portions
where the cover plate is bonded to the substrate, the bonding
portions being continuous with the base and discontinuous to each
other, the cover plate including a barrier surrounding a portion
thereof corresponding to a location of the semiconductor chip

and accommodating a paéte for increasing a heat conductivity.

24. A semiconductor device according to claim 23, wherein

the barrier is formed integrally with the cover plate.

25. A semiconductor device according to claim 23, wherein
the cover plate has a face bonded to the substrate and an adhesive
sheet is applied to substantially the overall face excepi: a
portion thereof brought into contact with the semiconductor chip,

whereby the barrier is formed.

26. A semiconductor device comprising:
a substrate made of a resin and having one side on which

a number of solder ball terminals are provided and the other side

A R N 0
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connecting portion of the cover plate is fornmed continuously so as to
surround t he base. 7. A sem conduct or device according to claim1l
wherein the cover plate is nmade of a netal having a |inear expansion
coefficient equal to or larger than one of the resin substrate and equal
to or smaller than 20 ppm[err]C. 897A semiconduct or device according
to claim2, wherein the cover plate is nmade of a netal having a |inear
~expansion coefficient equal to or larger than one of the resin substrate

- and equal t®mwhsighl Rechipamonnt ppglpertion electrically connected to the

solder ball terminals is provided; and

a cover plate made of a metal and attached to a semiconductor
chip so as to cover and come into contact with the same under
a condition where the semiconductor chip is connected to the resin
substrate by a flip-chip process, the cover plate including a
peripheral portion provided with a plurality of bonding portions
where the cover plate is bonded to fhe substrate, the bonding
portions being continuous with the base and discontinuous to each
other, the cover plate having an injection opening through which
a paste for improvement in heat conductivity is supplied into
an area of a space defined between the cover plate and the resin
substrate when the cover plate is attached to the resin substrate,

the area corresponding to a location of the semiconductor chip.

—_—
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9. A sem conductor device according to claim3, wherein the cover plate is
made of a nmetal having a |linear expansion coefficient equal to or |arger

t han one of the resin substrate and equal to or smaller than 20

ppn [err]C. 10. A sem conductor device according to claim4, wherein
~the cover plate is made of a netal havinB8a |inear expansion coefficient
~equal to or larger than one of the resin substrate and equal to or snaller

than 20 ppmi[err]C ABSTRACT

BALL GRID ARRAY TYPE PACKAGE FOR SEMICONDUCTOR DEVICE

A semiconductor device with a BGA package ihcludes a
substrate (12) made of a resin and having one side on which a
number of solder ball terminals (13) are formed and the other
side on which a chip mounting portion electrically connected to
the solder ball terminals (13) is forméd, and a cover plate (16)
made of a metal and attached to a semiconductor chip_ (14) so as
to cover and come into contact with it under a condition where
the semiconductor chip (14) is connected to the resin substrate
(12) by a flip-chip process. The cover plate (16) includes a
peripheral portion formed with a plurality of bonding portions
(16c) where the cover plate (16) is bonded to the substrate (12).

The bonding portions (l6c) are discontinuous to each other.

FIGURE 1A
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24 11. A sem conductor device according to claim5, wherein the cover
plLate is made of a netal having a linear expansion coefficient equal to or
| arger than one of the resin substrate and equal to or snaller than 20
ppn [err] C ' 12. A sem conductor devjce according to claim®6, wherein
the cover plate is made of a netal having.a |inear expansion coefficient
equal to or larger than one of the resin substrate

16 14 11
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and equal to or smaller than 20 ppmi[err]C 13. A sem conduct or

devi ce according to'claim7, wherein the cover plate is nade of copper or -
st ai nl ess steel. 14. A sem conductor device according to claiml
wherein each bonding portion has such a reduced width that a predeterm ned
bondi ng strength is ensured between the-2esin substrate and each bonding
portion. 15. A sem conductor device according to claim?2, wherein
each bondi ng portion has such a reduced width that a predeterm ned

FIG. 2
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bondi ng strength is ensured between the resin substrate and each bonding
portion. 16. A sem conductor device according to claim3, wherein
gach bondi ng portion has such a reduced width that a predeterm ned bonding
strength is ensured between the resin su%§trate and each bonding portion.

'This is the replacement sheet



25 17. A sem conductor device according to claim4, wherein each
bondi ng portion has such a reduced width that a predeterm ned bonding
strength is ensured between the resin substrate and each bonding portion.
18. A sem conductor device according to cJaim5, wherein each bonding
portion has such a reducedw dth that a prkdeterm ned bonding strength is
ensured between the resin substrate and each bonding portion.

18

/

FIG. 4A

18a

18b
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19. A sem conductor device according to claim®6, wherein each bonding
portion has such a reduced width that a predeterm ned bonding strength is
ensured between the resin substrate and each bonding portion. 20. A
sem conduct or device according to claim7_ wherein each bonding portion
- has such a reduced width that a predeternﬁned bondi ng strength is ensured
between the resin substrate and each bonding portion. 21. A
sem conduct or device according to claim 13, wherein

2a 21

FIG. 5B
22b

22b
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each bonding portion has such a reduced width that a predeternined bonding
strength is ensured between the resin substrate and each bonding portion.
22. A seniconductor device according to claim14, wherein the wdth of
each bondi ng portion of the cover plate r-gnges between 2 mm and 4 mm
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26 23. A sem conductor device conprising: a substrate nade of a
resin and having one side on which a nunber of solder ball termnals are
provi ded and the other side on which a chip nounting portion electrically
connected to the solder ball termnals is provided; and a cover plate
nmade of a metal and attached to a sem conflact or chip so as to cover and
conme into contact wwth the same under a condition where the sem conduct or
chip is connected to the resin substrate by a flip-chip process, the cover
plate including a peripheral portion provided with a plurality of bonding
portions

25a
FIG. TA
- 25b
26
/ 264
FIG. 7B
26b

26¢
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where the cover plate is bonded to the substrate, the bonding portions
bei ng continuous with the base and di sconti nuous to each other, the cover
plate including a barrier surrounding a portion thereof corresponding to a
| ocation of the sem conductor chip and acconmpdating a paste for

I ncreasing a heat conductivity. 24§'A sem conduct or devi ce according
to claim23, wherein- the barrier is fornmed integrally wi'th the cover
pl at e. 25. A sem conductor device according to claim 23, wherein-
the cover plate has a face bonded to the substrate and an adhesive

28 217b 27
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sheet is applied to substantially the overall face except a portion

t hereof brought into contact with the sem conductor chip, whereby the
PBarrier is. formed. 26. A sem conductor device conprising: a
substrate made of a resin and having one side on which ‘a nunber of sol der
ball termnals are provided and the ot her<3i de . .

| /15 o
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27 on which a chip nmounting portion electrically connected to the solder

ball termnals is provided; and
attached to a seni conduct or
t he sanme under
the resin substrate by a flip-chip proc
peri pher al

cover plate is bonded to the substrate,

conti nuous with the base and di sconti nuous to each

havi ng an injection opening through which

a cover
chip so as to cover and come into contact with
a condition where the sem conductor chip is connected to

portion provided with a plurality of bonding portions
t he bondi ng portions being

pl ate made of a netal and

., the cover plate including a
where the

ot her, the cover -plate
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a paste for inprovenent in heat conductivity is supplied into an area of a
space defined between the cover plate and the resin substrate when the
cbver plate is attached to the resin substrate, the area corresponding to
a location of the sem conductor chip.

-E-
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