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Description

SUBSTRATE FOR MOUNTING SEMICONDUCTOR CHIP, METHOD OF

FABRICATING THE SUBSTRATE AND SEMICONDUCTOR DEVICE

Technical Field
This invention is related to a sﬁbstrate for
mounting a semiconductor chip (called semiconductor chip
package substrate hereafter), a method of fabricating the
semiconductor chip package substrate, and a semiconductor
device comprising the semiconductor chip package substrate

onto which the semiconductor chip is mounted.

Background Art

There is a growing need for a smaller semiconductor
device package with multiple terminal pins due to increases
of an integration rate and an operation frequency in the
recent semiconductor device. However, a package size of a
conventional peripheral terminal type utilizing a leadframe
has to be made larger if a nﬁmber of the terminals should
be increased further. One of countermeasures is to
decrease a terminal pitch in the package. However, it is
difficult to make the terminal pitch narrower than 0.4 mm.

To accommodate such increasing number of the

terminals, an area array type package with its terminals
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disposing over a surface plane is introduced. The area
array type package requires to have a wiring substrate for
providing wiring from chip terminals to external terminal
electrodes. The chip may be mounted either at the upper
surface or the lower surface of the wiring substrate when
the external terminal electrodes are disposed at the lower
surface of the wiring substrate. When the chip is mounted
on the upper surface of the wiring substrate, interlayer
connections between the upper surface and the lower surface
of the wiring substrate have to be provided. When the chip
is mounted on the lower surface of the wiring substrate,
the interlayer connections will not be required. However,
a hollow space has to be provided to ébsorb total thickness
of the chip and its sealing material when the chip is
mounted on the lower surface of the wiring substrate.

The hollow space is called a cavity, and a structure
with the cavity at the lower surface of the wiring
substrate is called a cavity down structure. Typically,
the structure can be made by hollowing out a substrate, or
by making a hole through the substrate and adhering a base
plate thereto. Wiring for a multiple layer structure is
regquired when heights of chip bonding portions and external
electrodes are changed because the wiring is also disposed
on the same surface in this structure. According to the
methods described above, a wiring structure, which

satisfies required conditions for a three dimensional
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spatial relationships among the chip mount portion, the
chip bonding portion and the external electrode portion.

One of the area array type semiconductor package is
Ball Grid Array (BGA) in which solder balls are used as
connection terminals. Cost of the BGA is higher than that
of a semiconductor device fabricated with a conventional
leadframe, and reduction of the cost is anticipated. The
higher cost is due to a fact that a structure and
fabricating process of the semiconductor chip package
substrate are more complex than that of a substrate with
the leadframe. Accordingly, it is anticipated the
development of simpler structure and fabricating process of
the semiconductor chip package substrate.

The wiring substrate used for the area array type
semiconductor package is typically called an interposer.
The interposer may be roughly classified into a film type
and a rigid type. A number of the wiring layers can be
either one, or two, or three and more layers. Generally,
the fabricating cost is lower for a fewer number of the
wiring layers.

The lowest cost is expected with the single layer
wiring structure. If the wiring is disposed at least in
both surfaces of the interposer, the semiconductor chip
mount portion and the external terminals may be divided at
the upper and the lower surfaces. However, the

semiconductor chip mount portion and the external terminals



The present invention relates to a spindle unit for a magnetic disc

devi ce, an optical disc device and the |ike and a nethod of assenbling
t he spindle 5 unit. A disc of a magnetic disc device and
opti cal disc device is rotated by a spindle unit. As a speed of

t he magnetic disc device and optical disc device is . increased, a slide
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single layer wiring structure. In such a single layer
wiring structure, it is required to have the cavity portion
on the wiring surface with a depth at least comparable to a

5 thickness of the chip so as to store the chip therein. A
method of fabricating such a cavity portion has become an
important subject.

In the interposer so called TAB (Tape Automated

Bonding) or TCP (Tape Carrier Package) and their packaging

10 technology, the center portion of the interposer is bored
through to store the semiconductor chip. With the rigid
plate, the center portion of the interposer is similarly
bored through to hollow the semiconductor chip store
portion out and adhere a metal plate as the base plate

15 thereto, or the cavity portion is fabricated at the center
portion of the interposer. The wiring is disposed qnly in

a flat plane portion, not inside the cavity portion.

Disclosure of Invention
The present invention is made by considering the
above mentioned subjects. An object of the present
20 invention is to provide a semiconductor chip package
substrate for mounting a semiconductor chip(s) and a method
of fabricating the semiconductor chip package substrate,
and a semiconductor device wherein a semiconductor chip(s)

is mounted on the semiconductor chip package'substrate,



as a bearing systemof the spindle unit. The slide bearing systemis

conplex I n construction because a hub
by a thrust slide

for driving a disc is journal ed
bearing and a rotary shaft for driving the hub is

15 - journaled by a radial slide bearing which is separate fromthe
thrust slide bearing, respectively Furt her, in the slide bearing, the
di mensi on of a cl earance ween t he be ring, and {he hub of, the rotary
shaft is those RF aFeich %&ﬂ?ﬁ?tt?hﬁeﬁ%??oaaﬁ g%z%f 1Rgrepfgethe
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reliability, reduce the cost, and make the standardization
of design and fabricating method easier.

The above object of the present invention is
accomplished by a semiconductor chip package substrate with
a cavity portion, or a semiconductor device fabricated by
mounting at least one semiconductor chip in the cavity
portion and sealing with plastic sealant, wherein said
semiconductor chip package substrate comprises wiring
disposed along a surface of the substrate and wall surfaces
of the substrate in the cavity portion, the wiring
comprises an external connection terminal portion for
connecting to external connection terminals which are
provided on the surface of the substrate at a side of the
cavity portion's opening, an internal connection terminal
portion for connecting to the mounted semiconductor chip,
and a wiring portion disposed in between the external
connection terminal portion and the internal c¢connection
terminal portion, the wiring portion is buried in a surface
of the substrate and one of said wall surfaces of the
substrate in the cavity portion and the internal connection
terminal portion is disposed inside of the cavity portion.

For example, the wall surface of the substrate in
the cavity portion may be extended toward the bottom
surface of the cavity portion with a slant angle which is

set within a predetermined angle range. Concretely, the



20 bearihg. Particularly, a bearing nenber and the hub constituting

the thrust slide bearing portion nust be finished with high accuracy,
t hus they have | ow nass- productivity and beconme a cause of high
manuf act uri ng cost. - 2-

slant angle may be within a range of 5-40°, and preferably
within a range of 10-40°. The slant structure may be
fabricated so as that a ratio L/G is within a range of
1.5<L/G<10, where G is a height of the slant structure of

5 the wall surface of the substrate in the cavity portion,
and L is its horizontal dimension. More preferable range
of the ratio L/G is 2<L/G<10, and the most preferable range
is 3<L/GK10.

The cavity portion is, for example, formed by a

10 press forming process utilizing a pfess pattern with a
projected portion. The cavity portion may also be formed
into a multiple step structure.

Alternatively, the cavity portion may be provided
with a semiconductor chip mount portion for mounting

15 semiconductor chip, which is formed by hollowing the cavity
portion out further. A depth of the semiconductor chip
mount portion which has been hollowed out is preferably
larger than a thickness of a semiconductor chip to be
mounted therein.

20 Furthermore, a height of a ramp between the external
connection terminal portion disposed on the substrate
surface and the internal connection terminal portion
disposed inside of the cavity portion may be preferably not
less than 0.05 mm in the semiconductor chip package

25 substrate and the semiconductor device according to the

present invention.



SUMVARY OF THE | NVENTI ON An object of the present invention
is to provide a spindle unit which is sinple in construction, can
secure a necessary di nension of a clearance even if 5 a thrust slide
bearipg portion is not finished with high accuracy and is excellent in
mass- productivity and a met hod of nanufacturing the spindle unit.

é}fPhgglgarnLgugfﬁOqun%ﬁB”?%ﬂ% pres e semicon uc%%&p%hﬁ% %%% %da
inside of the cavity portion and the internal connection
terminai portions are wire-bonded, or, directly connected
by a face-down bonding.

5 Furthermore, the wiring in the semiconductor chip
package substrate and the semiconductor device according to
the present invention may be preferably disposed in an area
of the wall surface which does not include any of corner
sections of the cavity portion.

10 Furthermore, the cavity portion may be formed
substantially at the center of the major surface plane of
the substrate, and the semiconductor chip may be mounted
inside of the cavity portion so as the semiconductor chip
to be positioned substantially at the center of a dimension

15 of the thickness of the semiconductor chip package
substrate. Alternatively, the semiconductor chip may be
offset-mounted in the cavity portion with an offset amount
of not bigger than 30% of the substrate thickness from the
center position of the substrate's thickness along a

20 direction of the thickness. The cavity portion may have a
size large enough to mount a plurality of device elements
on its bottom surface area, and may be provided with a
plurality of wiring sets to the plurality of device
elements, and a plurality of semiconductor chips and

25 passive device elements may be mounted in the cavity

portion.



10. hub including a boss projecting froma bottom center of the hub to

an inside of the cup, having a shaft engaging strai ght through hol e
and |l oosely fitted into the housi ng; a substantially cylindrical
beari pg nenber including a radial slide bearing formed on an inner 15
cylindrical surface thereof and thrust slide bearings formed on both
end surfaces thereof and press fitted into the housing wth_aone of the

thrust slide bear i §§&thermoge;. ndheoWirdnGednthe S5MESQ toFe R he boss
wth a package substrate and the semiconductor device according to
the present invention is preferably formed by utilizing a
squeeze shapeable wiring construction body consisting of
5 only metals, the squeeze shapeable wiring construction body
having a multiple layer structure including at least the
first metal layer for constructing the wiring and the
second metal layer which functions as a carrier layer.
Furthermore, a depth of the cavity portion may be
10 less than a thickness of the semiconductor chip to be
mounted, and the cavity portion may be hollowed out at the
bottom surface of the cavity portion from the center
portion along a direction of a thickness of the
semiconductor chip package substrate up to a depth within a
15 range of 0.5-2.5 times a thickness of the semiconductor
chip to be mounted. Alternatively, a depth of the cavity
portion may be less than a thickness of the semiconductof
chip to be mounted, and the cavity portion may be hollowed
out at the bottom surface of the cavity portion, and the
20 semiconductor chip package substrate may be further
comprising a plastic layer formed by hardening prepregs so
as to have an exposed hollowed-out bottom surface at least
consisting of nonwoven fabrics.
In this case, a metal plate with a thickness of not
25 less than 0.035 mm may be adhered to a reverse side of the

plastic layer wherein the cavity portion was formed, a



first predeterm ned clearance; a shaft |loosely fitted 20 into the bearing
menber with a predet erm ned cl earance and having a strai ght end
portion press-fitted into the shaft engagi ng strai ght through hol e of
t he bess and i ncluding a collar disposed at an end thereof opposite

to the press-fitted straight end portion and confronting 25 the other of
the thrust slide bearings with a second predet er m neq clea ance; a

fluid seal fIPRER PS5 ZReeRavity portipn WBXsPﬁgmegﬁfFBonn&eFﬁe 2 5 cap

fixed to the
thickness of the semiconductor chip to be mounted, and the

bottom of the cavity portion may be hollowed out to expose
the metal plate. Alternatively, a metal plate with a
5 thickness of not less than 0.20 mm may be adhered to the
reverse side of the plastic layer wherein the cavity
portion was formed, a depth of the cavity portion may be
made to be less than a thickness of the semiconductor chip
to be mounted, and the bottom of the cavity portion may be
10 hollowed out into the metal plate as much as the hollowed
out depth in the metal plate is not less than 0.05 mm.
Furthermore, the hollow-out process of the plastic
layer may be stopped before reaching the metal plate.
The above object of the present invention may be
15 accomplished by a fabricating method of a semiconductor
chip package substrate, comprising the steps of: pressing
to adhere a squeeze shapeable wiring congtruction body to a
plastic substrate, the wiring construction body consisting
of all metals and having a multiple layer structure
20 comprising at least the first metal layer and the second
metal layer which functions as a carrier layer;
- coincidentally shaping the plastic substrate so as to form
a cavity portion therein with its wall surfaces having
inclination angles within a predetermined range; and
25 removing the metal layers except the first layer; wherein

the wiring, which is buried in the substrate surface and



other _end of the housing to forman oil chanmber together

- 3- with the housing and the fluid seal; fluid filled in the oi
chanber, a notor for driving the hub in rotation i ncluding a stator
fixed,on an outer cylindrical surface of the housing and a rotor fixed

on an inner cylindrical

wall surface of the substrate in the cavity portion, is
formed and disposed along the substrate surface and the
wall surface of the substrate in the cavity portion; and
the wiring comprising an external connection terminal

5 portion for connecting to externmal connection terminals
disposed on a surface of the substrate on a side of the
cavity opening, an inner connection terminal portion for
connecting to a semiconductor chip to be mounted, and a
wiring portion in between the external connection terminal

10 portion and the inner connection terminal portion.

A percentage elongation after fracture of the
sgueeze shapeable wiring construction body is preferred to
be not less than 2%. A thickness of the carrier layer
composing the squeeze shapeable wiring construction body is

15 preferred to be within a range of 0.010-0.050 mm. A slant
angle range of the wall surface of the substrate in the
cavity portion is preferred to be from 5° to 40°, and a
depth of the cavity portion is preferred to be at least not
less than 30% of a thickness of a semiconductor chip to be

20 mounted. The hollow-out process may be performed on the
bottom surface of the cavity portion after the cavity
portion is formed, and after the hollow-out process, other
metal layers may be removed. Performing the hollow-out
process while having the other metal layers enable to

25 increase a process accuracy at hollowed out edges.

The above object of the present invention may be

10



5 surface of the hub in opposed relationship with the stétor.

Furthér, method of assenbling the spindle unit according to the
present invention conprises the steps of preparing a jig having an
outside dianeter fittable 10 into the housing and a recess into which the
collar is fitted having a depth of the thickness of the collar

plus the first and second predeterm ned cl earances; sggagrtiqg t he
shaft on theGeepRiishad ¥ & Hegb¥irAting method of a semiconducto

chip package substrate having at least one cavity portion
for mounting at least one semiconductor chip and wiring,
comprising the steps of: a step for making a depth of the

5 cavity portion less than a thickness of a semiconductor
chip to be mounted, and a step for hollowing out the cavity
portion at the bottom surface, wherein the wiring to the
semiconductor chip mounted is cut during the hollow-out
process, and the cut edge portion of the wiring reaches a

10 fringe portion of a cavity portion formed by the hollow-out
process. A process accuracy at edges of the cavity portion
increase.

According to the present invention, a fine pitch

wiring corresponding to a connection pitch of the

15 semiconductor chip ﬁay be disposed while forming the cavity
portion which is capable of mounting the semiconductor chip,
and is suitable for an area array type semiconductor
package. The semiconductor package utilizing this
technology is suitable for CSP (Chip Scale Package), FBGA

20 (Fine Pitch Ball Grid Array), BGA (Ball Grid Array), LGA

(Land Grid Array) or the like.

Brief Description of the Drawings
Figure 1 is a cross sectional view showing an
example of a cross sectional structure of a semiconductor

package according to the present invention;

11



collar is fitted into the recess of the jig; fitting the 15 housing into

whi ch the bearing nenber is press fitted onto the jig to abut an end
surface of the jig agai nst one of the end surfaces of the bearing
menber; press fitting the hub onto the shaft to abut the end surface

of the boss against the other end surface of the bearing 20 nenber; and
renmoving the jig and fixiggjyhe cap to an

. end of the housi after
filling the fluid. Flgure 2" is a cnqss Reddionfle Vifi% "flﬁtgﬁ’r‘%g%‘ht

| nvention, example of the cross sectional structure of the
semiconductor package according to the present invention;
figure 3 is a cross sectional view showing an
5 example of a cross sectional structure of the semiconductor
package according to the present invention, in which a
plurality of semiconductor chips are mounted;

Figure 4 is a cross sectional view showing an
example of a cross sectional structure of the semiconductor

10 package according to the present invention, having an
efficient heat dissipation function:

Figure 5 is a cross sectional view showing an
example of a cross sectional structure of a wiring
construction body which is composed of all metals and can

15 be squeeze-shaped;

Figure 6 is a cross sectional view showing other
example of the cross sectional structure of the wiring
construction body which is composed of all metals and can
be squeeze-~shaped;

20 Figure 7 is an explanatory view illustrating an
example of material compositions for press shaping wherein
nonwoven fabric prepregs are included in the material
composition;

Figure 8 is an explanatory view illustrating an

25 example of material compositions for press shaping wherein

bored through prepregs are included in the material

12



since_the bearing nenber which is a single part includes t he radi al
slide bearing and the thrust slide bearings, 25 the bearing structure
beconmes a sinple structure. Further, since the coupling of the shaft
with the hub is arranged as a press-fitted structure for conpensating
the finished dinension of the bearing nmenber, the

composition;

Figure 9 is an explanatory view illustrating an
example of material compositions for press shaping to
fabricate an efficient heat dissipation type with a metal

5 plate adhered to the back surface;

Figure 10 is a cross sectional view showing other
example of the semiconductor device according to the
present invention;

Figure 11 is a cross sectional view showing other

10 example of the semiconductor device according to the
present invention;

Figure 12 is a cross sectional view showing other
example of the semiconductor device according to the
present invention;

15 Figure 13 is a cross sectional view showing other
example of the semiconductor device according to the
present invention;

Figure 14 is a cross sectional view showing other
example of the fabricating method (press configuration) of

20 the semiconductor device according to the present
invention;

Figure 15 is a cross sectional view showing other
example of the fébricating method (press configuration).of
the semiconductor device according to the present

25 invention;

Figure 16 is a cross sectional view showing other

13



-4- _ clearance of the thrust slide bearing portion can be set to a
necessary anount regardl ess of the finished di mensi on of the bearing
menber. As a result, since the beari ng nmenber need not be finished

wi t-h hji gh accuracy, 5 it can be nade at a | ess expensive cost and the
mass- productivity thereof can be inproved. BRI EF DESCRI PTI ON

DRA IS verjical cross, sectjonal view of
gF THE VV@%%%ple of the fabrigé%i&g megho {press con igura%fbn of

the semiconductor device according to the present
invention;

Figure 17 is a cross sectional view showing bther

5 example of the semiconductor device according to the
present invention;

Figure 18 is a cross sectional view showing other
example of the semiconductor device according to the
present invention;

10 Figure 19 is a cross sectional view showing other
example of the fabricating method (press configuration) of
the semiconductor device according to the present
invention;

Figure 20 is a cross sectional view showing other

15 example of the fabricating method (press configuration) of
the semiconductor device according to the present
invention;

Figure 21A is a cross sectional view showing other
example of the semiconductor chip package substrate

20 according to the present invention;

Figure 21B is a cross sectional view showing other
example of the semiconductor device according to the
present invention;

Figure 22A is a cross sectional view showing other

25 example of the semiconductor chip package substrate

according to the present invention;

14



first enbodi ment of a spindle unit according to the 10 present invention;

FIG Z is a perspective view of a bearing menber used in the spindle
unit according to the present i nventi on; FIG 3is a
pl an vjiew of the bearing nenber of 15 FIG 2 show ng distribution of

dynam c pressure by a radi al slide bearing; FIG 4is a

cross sectional view taken along . . .
Figure 22B i§ a cross sectional view showing other

example of the semiconductor device according to the
present invention; and
Figure 23 is a cross sectional view showing other
5 example of the fabricating method (press configuration) of

the semiconductor device according to the present invention.

Best Mode for Carrying Out the Invention

An embodiment of an semiconductor device according
to the present invention will now be explained with
reference to Figures 1-4. However, the present invention

10 1is not only limited to the following embodiment.

As shown in the figures, the semiconductor device in -
the present embodiment comprises a semiconductor die
{semiconductor chip) 1, an insulation substrate 7 with a
cavity portion or a through hole portion to mount the

15 semiconductor chip 1, external electrodes 5 which are
disposed on a surface plane of the insulation substrate 7
to establish electrical connections to the semiconductor
chip 1 and outside of the device when the device is
packaged, and plastic sealant 4 for sealing the cavity

20 portion or the through hole portion after the semiconductor
chip 1 is mounted therein.

The semiconductor device of the present embodiment
further comprises wiring 2 for electrically connecting the

semiconductor chip 1 and the external electrodes 5. The

15



the line IV - IV of FIG 3 show ng distribution of dynam c pressure by

thrust slide bearing; 20 FIG 5 is a cross sectional view
simlar to FIG 4 showing a nodification of the thrust slide
beari ng; FIG 6 is a plan view of another nodification
of the bearing nenber; 25 FIG 7 is a cross sectional view of.
t he bearjn nggber_and t he shaft show ng a grooved radial

wiring comprises an inner conneéction terminal portion

éohnected to wire 3 for connecting the semiconductor chip 1,
an external terminal portion connected to the external
electrode 5, and a wiring portion disposed between the
5 inner connection terminal portion and the external
| connection terminal portion. A ramp is formed between the
inner connection terminal portion and the external
connection terminal portion of the semiconductor device.
The wiring 2 connecting the wires 3 and the external
10 electrodes 5 is buried continuously into a surface layer of
the substrate surface portion where the external electrodes
5 are disposed, and to a surface layer of the cavity
portion wall or its bottom plane. The semiconductor chip 1,
the wires 3, the connection portion between the wires 3 and
15 the wiring 2 (the inner connection terminal portion), and
major parts or all parts of the wiring 2 are disposed
inside the cavity portion and sealed by the plastic sealant
4.
Numeral 6 in Figures 1-4 indicates a surface
20 1insulation layer formed on a surface of the insulation
substrate 7, and numeral 8 in Figures 1 and 4 indicates a
metél plate disposed on the bottom surface side of the
insulation layer 7.
The semiconductor device and the semiconductor chip
25 package substrate are fabricated by pressing to adhere a

squeeze shapeable wiring construction body to a plastic

16



bearin?; - 5- FIG 8
Is a plan view of other nodification of t he bearing nenber show ng a
grooved thrust bearing; FIG 9A, FIG 9B and FIG 9C are
Cross . sectional views showi ng assenbling steps of the first

substrate, the wiring construction body consisting of all
metals and having a multiple layer structure comprising at
least the first metal layer and the second metal layer
which functions as a carrier layer, coincidentally shaping
5 the plastic substrate so as to form a cavity portion
therein with its wall surfaces having inclination angles
within a predetermined range, removing the metal layers
except the first layer, so as to form wiring, which is
buried in the substrate surface and wall surface of the
10 substrate in the cavity portion, and disposing the wiring
along the substrate surface and the wall surface of the
substrate in the cavity portion, wherein the wiring
comprises an external connection terminal portion for
providing a connection to an external connection terminal
15 disposed on a surface of the substrate on a side of the
cavity opening, an inner connection terminal portion for
providing a connection to the mounted semiconductor chip,
and a wiring portion between the external connectibn
terminal portion and the inner connection terminal portion.
20 When the squeeze shapeable wiring construction body
is pressed and adhered to the plastic substrate, and all
the metal layers except the first layer are removed, three
surfaces of the first metal layer, i.e. the wiring, which
were not faced to the other metal layer, are buried into
25 the plastic substrate, and the surface which had been faced

to the other metal layer is exposed at a plane coinciding a

17



5 enbaqdi nent of the spindle unit according to the present I nventi on;

FIG 10 is a vertical cross sectional view of a second enbodi nent of
the spindle unit according to the present invention; and 10

FIG 11 is a partially enlarged view show ng a ~seal ed portion of the
second enbodi nent of the spindle unit according to the present

I nventi on.

surface plane of the plastic substrate. It is assumed that
the burying of the wiring is carried out in such a way
described above in the present invention.

With the wiring construction body which may be

5 squeeze-shaped, a width (a) of a wiring surface of the
wiring (the first metal layer) faced to the other metal
layer is larger than a width (b) of a wiring surface
opposite to the wiring surface (a). In the present
invention, the larger width wiring surface (a) is exposed,

10 and this surface may be used as a terminal. Accordingly,
it is possible to increase a wiring density per unit area
so as to realize a higher density package.

The squeeze shapeable wiring construction body may
have a multiple layer structure at least comprising the

15 first metal layer functioning as the wiring and the second
metal layer functioning as its carrier layer, or may
comprise the first metal layer functioning as the wiring,
which is formed from a metal foil by carrying out a half
etching process using a predetermined resist pattern from a

20 side of the metal foil, and the second metal layer
functioning as its carrier layer.

When the squeeze shapeable wiring construction body
is pressed and adhered to the plastic substrate, and the
other metal layers except the first metal layer are removed,

25 parts of the other metal layers may be left to form the

inner connection terminal portions, the external connection

18



DETAI LED DESCRI PTI ON OF PREFERRED EMBCDI MENTS A first
enbodi nent of a spindle unit according 15 to the present invention wll

be described with reference to FIG 1 to FIG 9. A
cylindrical housing 13 is fixed to a base plate 3. A hub 1 to which a
magnetic disc or optical disc 21 is fixed through a spacer 23 and a

clanp 22 has 20 a substantially. cup-shape and is fornmed with a boss 4
proj ect ed fF%ﬁménﬁﬁtPBHF&@HFePro¥hFh ikeiln FOrofEPUPLR -

The cavity portion is press formed with a mating
projected die. The semiconductor mount portion for
mounting the semiconductor chip 1 is embodied by the cavity

5 portion itself or by hollowing the cavity portion out
further. There, the cavity portion may be formed from a
plurality of cavities.

| A depth of the semiconductor chip mount portion
formed from the cavity portion itself or by further

10 hollowing the cavity portion out may preferably be larger
than a thickness of the semiconductor chip 1 to be mounted.

If the cavity portion should be hollowed out further,
the other metal layer (the carrier layer) may be removed
after the hollowing-out process.

15 A slant angle of a slant portion wherein the wiring
2 is disposed in the present embodiment may be set to a
value within a predetermined angle range which'is set in
correspondence with fabricating conditions in the
fabricating method of the semiconductor device described in

20 detail hereafter.

Concretely, the slant angle of the wall surface of
the cavity portion may be set to a value within a range
between 5 and 40 degrees. More preferably, the value may
be set within a range between 5 and 25 degrees, and further

25 preferably the value may be set within a range between 5

and 18 degrees. The slant angle may be determined

19



i nside of the cup. The boss 4 has a shaft engagi ng strai ght through

hole 31 and loosely fitted into the housing 13. A fluid seal 10 is
fixed to an end portion 25 of the boss 4 confronting the housing 13. A
stator, 7 is fixed to an outer cylindrical surface of the housing 13

and a rotor 8 is fixed to an inner cylindrical surface

according to not only a shape of the die used for the press
forming but also physical characteristics of the wiring
construction body (transfer metal foil) which may be
squeeze-shaped and used for fabricating the wiring 2, or

5 fabricating conditions during the cavity portion press
forming, or the like. The slant angle here means the
maximum slant angle.

The slant portion may also be characterized by a
height of the slant portion G and a horizontal length L

10 {see Figure 1). As to the slant portion of the
semiconductor device of the present embodiment, a ratio L/G
may be set within a range 1.5<L/G<10. More preferably the
ratio L/G may be set within a range 2<L/G<10, and the most
preferably 3<L/G<10.

15 Furthermore, a height of the ramp is preferably 30%
of a thickness of the semiconductor chip 1 to be mounted.
Typically, the thickness of the semiconductor chip 1 is in
a range between 0.2 and 0.5 mm. Accordingly, the ramp
height should be at least in a range between 0.06 and 0.15

20 mm.

The ramp height may be varied in accordance with a
height of the external electrodes 5. When solder balls are
used as the external electrodes 5 as shown in Figures 1-4,
a margin in the ramp height may be varied in accordance

25 with a size of the solder ball. For example, if a diameter

of the solder ball is about 0.7 mm, the sufficient distance

20



- 6- , of the hub 1 in confronting relationship with the stator 7.
The st'ator 7 and the rotor 8 constitute a notor 9 for driving the hub

inrotation. _ A substantially cylindrical bearing nenber 2
5 s press fitted into the housing 13 with an end surface t her eof
confronting an end surface of the boss 4. A shaft 5 is loosely fitted

into the bearing nenber with a redeterm ned cl earance and a straight
end portion kgtween the package and the mother board may be

accommodated with utilizing a low profile wire bonding
process and keeping a height of the plastic sealant 4 to
less than about 0.2 mm. It will be difficult to provide
5 the sufficient distance between the package and the mother
board without the cavity portion if the diameter of the
solder ball is less than 0.4 mm.
Furthermore, it is necessary to dispose a wire
bonding connection portion inside the cavity portion for
10 LGA (Land Grid Array) without using the solder balls.
Corner portions are the most easily breakable part
when the ramp of a square or rectangular shape is
fabricated in the insulation substrate 7 for mounting the
semiconductor chip 1. The corner portions may be largely
15 deformed even if it were not broken. Accordingly, it is
preferable not to have the wiring at the corner portion
since it may cause some troubles in a long term and lower
the reliability if the wiring is disposed in the corner
section. If the wiring should be disposed in the corner
20 section, it may be preferable to make the corner section
round.
Furthermore, the semiconductor chip 1 may be mounted
in the cavity portion of the insulation substrate 7 in such
a way that the mounted semiconductor chip 1 is positioned
25 at the center portion of the substrate in a direction along

its thickness. Accordingly, a warp of the semiconductor
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the shaft 5 is press-fitted into the shaft engaging 10 straight through
hole 31 of the boss 4. A collar 6 is formed to the other end of the
shaft 5 and it confronts the other end surface of the bearing nenber
2.-A cap 12 is fixed to an end of the housing 13 and forns an oil

chanber 14 together with the housing 13 and the fluid 15 seal 10. The
oi I chanmber 14 is filled with fluid 11 shown in FIG. 2,
FIG 3 and BFEicg whgp heat gygles atenppplied,mayybe &%0&1139 pder

ring 2
bea g ca a smaller value.

When the semiconductor chip is offset mounted from
the center portion, a substantial reliability, which is
5 related to a rigidity of the substrate and an amount of
cure shrinkage of the plastic sealant, may be ensured up to
an offset amount of 30 % of the substrate thickness.
The mount portion for mounting the semiconductor
chip 1 may be formed not only by the press forming of the
10 cavity portion but also by hollowing out an additional
cavity inside the cavity portion as shown in Figures 1 and
4 so as to fabricate various types of the semiconductor
chip package substrates. The hollow out process is widely
used in a print wiring board industry. An end mill device
15 may be used to conduct the hollow out process mechanically
while controlling machining dimensions precisely in XYZ
directions.
In the present embodiment, a depth of the hollowed
out cavity is required to be set within a range between Q.5
20 times and 2.5 times the thickness of the chip to be mounted.
This is related to how easily the wire bonding connection
can be fabricated. In a low loop wire bonding with a lower
profile, it is preferred to have less height difference
between a chip side bonding location and a substrate side
25 Dbonding location.

A surface condition of the hollowed out plane
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formed on an inner cylindrical surface thereof and thrust slide _
bearings 2b fornmed both end surfaces 20 thereof. The bearing nenber 2 is

di sposed in the housing 13 such that when the hub 1 is rotated, one of
the thrust slide bearings 2b has a predeterm ned clearance with the
end surface of the boss 4 and the ot her thrust bearing 2b has a

predeterm ned_clearance 25 wth the collar 6 of the shaft 5. )
As shown in ®FEeCks the pddehence| patBEQrVAEh the semiconductor chip 1

and with the plastic sealant 4. When the substrate 7 for
mounting the semiconductor chip 1 is fabricated from
continuous glass fiber of a fabric type, the glass fiber

5 and the plastics may be detached at the hollowed out plane.
A wettability with the plastic sealant or die bonding
plastic is low at the hollowed out plane, and the adhesive
force is weaker in such a case. When nonwoven fabric is
used, the hollowed out plane becomes smooth since the

10 nonwoven fabric is composed of short glass fibers.
Accordingly, the wettability with the plastic sealant or
die bonding plastic is high at the hollowed out plane, and
thus the adhesive force is stronger. The fabricating
method will be described in detail in the following.

15 Furthermore, the substrate may be fabricated by
forming the wiring and a cavity portion at the center
portion of the insulator substrate 7 with an insufficient
depth for mounting the semiconductor chip, hollowing out
the cavity portion further, and cutting a part of the

20 wiring 2 during the hollow out process so as that the end
portion of the wiring 2 may reaches the brink of the cavity
portion formed by the hollow-out process.

Furthermore, as shown in Figure 3, the substrate may
be fabricated by forming the wiring 2 and a cavity portion,

25 wherein a plurality of components may be mounted, at the

center portion of the insulator substrate 7 so as to mount
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2a conprises three arcs 15 di sposed equi angul arly and these three arcs
15 are di sposed such that clearances

-7- defined between the arcs and the shaft 5 are gradually

narrowed in the rotational direction of the shaft 5. Therefore, when
the shaft 5 is rotated, since dynam c

a plurality of semiconductor chips and/or passive elements
in the cavity portion. The wiring 2 may be used for wiring
between the semiconductor chips within the cavity portion,
and between inside and outside of the cavity portion.

5 Furthermore, a metal portion which can be functioned
as a heat dissipation layer or the like may be
simultaneously integrated into one body when a metal plate
is placed at the bottom side during the press forming of
the cavity portion.

10 Furthermore, as shown in Figure 4, the substrate may
be fabricated by hollowing out the insulator substrate 7
with the metal plate 8 attached to the bottom side so as to
expose a metal surface at the bottom plane of the cavity
portion. It is necessary to cut into the metal plane when

15 the end mill is used in the hollow out process to expose
the metal layer surface. Accordingly, the metal plate 8 is
required to have an sufficient thickness. If a thin metal
plate should be used, it will be difficult to make a
substantial compensation with an order of precession

20 comparable to a thickness of the plate during the end mill
machining. However, it will be possible to fabricate such
a substrate by utilizing a laser beam machining or plasma
machining or plastic etching, or utilizing these process
with the end mill machining. Alternatively, the substrate

25 may be fabricated by hollowing through the substrate at a

portion need to be hollowed out and adhering another
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pressures are distributed as showmn in FIG 3, the shaft 55 is held at a
proper position. Further, first oil grooves 17a are forned between the
adj acent arcs 15 and extend in a longitudinal direction of the bearing
menbes 2. Cutout surfaces 16 are forned on portions of an out er
cylindrical surface of the bearing nenber 2 10 corresponding to the first

oil grooves 17a. Further, second oil grooves 17b are fornmed on the end
surface of Substygkepern pngerdipBladeand extend in radial directions to

Methods of fabricating the semiconductor device in

the present embodiment will now be explained with reference
5 to Figures 5-8.

The first example will now be described.

In the instant example of the fabricating method, a
three layer structure foil is utilized as a transfer metal
foil for fabricating wiring which may comprise the wiring 2

10 as shown in Figure 5 or Figure 6 for example. The three
layer structure foll is formed by plating a 0.5um thick
nickel layer 11 over a 35 um copper foil 10 (carrier foil)

and further forming a 5 um copper layer 12 thereon. This

copper foil is fabricated by NIHON DENKAI Co.

15 | The transfer metal foils having structures other
than the instant example may be also used in the present
invention as long as it comprises from all metal substances
and includes no plastic. Namely, the transfer metal foil
is preferred to have at least a carrier layer (the copper

20 foil 10 in the instant example) and a wiring layer (the
copper layer 12 in the instant example). When the same
type of metal is used for the carrier layer and the wiring
layer, a barrier layer (the nickel alloy 11 in the instant
example) comprising the different type of metal should be

25 provided between the layers. The carrier layer will be

removed by etching in later process. A part of the carrier

25



communicate with the first oil grooves 17a and the cutout surfaces 16.
The sécond oil grooves 17b forma 15 circul ati on passages of the fluid

together with the first oil grooves 17a and the cutout surfaces 16. In
pl ace ,of the cutout surfaces 16, third oil grooves 1l7c extending in
the | ongitudinal direction of the bearing menber 2 may be formed as
shown in FIG 6. Further, it should be noted that the same

beari ng func%@%%rc%ﬂybﬁeo%?ﬁFn@ﬂrﬁﬁgﬁeﬁns?héscE%euRh%+6e the remaining

part of the carrier layer as terminals.

The transfer metal foil is required to have a

percentage elongation after fracture of not less than 2 %

5 (and preferably not more than 100%) within a process
temperature range (press temperatures of 150-250 °C). A
thickness of the carrier layer of the transfer metal foil
should be within a range between 0.010-0.050 mm. Handling
of the transfer metal foil may become difficult if the

10 carrier layer is thinner than the above range, and shaping
in accordance with the die may become dAifficult if the
carrier layer is thicker than the above range. A surface
of the carrier layer, a side of which the wiring layer is
not formed, may be etched over the whole surface area to

15 make the carrier layer thinner just before the press
shaping of the transfer process.

In the instant example, the copper layer 12 with 5Sum
thickness is employed as the wiring material, and is etched
after forming a resist pattern with a conventional photo-

20 resist method. The etching solution is needed to have a
selectivity for etching only copper and not nickel. Alkali
etchants which are widely used in the print board industry
are preferred as the etching solution. The carrier layer
with 35um thickness is protected by the resist from being

25 etched.

The patterned copper foils 10-12 are heat pressed in

26



the radial slide bearing 2a is formed on the surface of the shaft 5 in

pl ace of on the bearing nenber 2. As shown in FIG 4, each
of the thrust slide 25 bearings 2b conprises ridges 18 fornmed between
adj acent second oil grooves 17b. Therefore, when the hub 1 is
rotated, dynamic pressure is generated between the thrust slide
bearing 2b and_the_end s%rf ce of, tgg boss

an arrangemen own in Figure 7 for two hours at a

temperature of 180°C and a pressure of 25 kg/cm®’. Figure 7
illustrates the arrangement between the press shaping upper
die 13 and the press shaping lower die 17, where a

5 plurality of aluminum foils 18, the patterned copper foil
with the three layer structure (copper f£oil 10, nickel
alloy 11, copper wiring 12), a plurality of glass fabric
prepregs 14, nonwoven prepreg 15, the glass fabric prepreg
14 and the copper foil 16 functioned as the metal plate are

10 arrayed from top to bottom of the figure.

A cross sectional shape of a projected part 13a of
the press shaping upper die 13 is trapezoidal, and its
height is 0.15 mm and a slant angle of its side surfaces is
45°. Three aluminum foils 18, each with a thickness of 25um,

15 are placed in between the die and the copper foil 16 so as
to provide a cushion layer during the press shaping process.
The prepregs, which are fabricated by Hitachi Chemical Co.,
Ltd. by impregnating heat resist epoxy into glass fabric or
the like, are used.

20 In the instant example, eight pieces of the glass
fabric prepregs 14 each with 0.1 mm thickness are used in
total. Furthermore, a piece of the glass fiber nonwoven
prepreg 15 with 0.2 mm thickness is used. The nonwoven
prepreg is placed between the sixth and seventh piece of

25 the glass fabric prepregs. A glass epoxy substrate

fabricated under the conditions described above contains a
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-8-. 4 of the hub 1 (refer to FIG 4) to thereby support the

wei ghts of the hub 1, disc 21 and the like. Inclined surfaces 18
each having a clearance between it and the hub 1 gradually narrowed
inthe rotational direction of 5 the hub 1 nmay be formed in place of the
ri dges 18, as shown in FIG 5. Wien the bearing nenber 2 is nade of

sintered nEtgiur£{§E§'gPeéeé§cga¥§i s?sé éﬁdggéﬁ¥ié¥ng the same wiring

and the same cavity portion. The carrier copper foil 10 of
the glass epoxy substrate is etched by the alkali etchant
described above to remove the carrier copper foil 10 from
5 the whole surface area, and then the nickel layer 11 is
etched away by an etching solution for selectively etching
nickel.
According to the above mentioned conditions, the
cavity portions each with 0.15 mm depth are formed in the
10 substrate with 1.0 mm thickness, and the continuous wiring
is disposed at the surface layers including surfaces of the
cavity portions. The cavity portions of the substrate are
further milled to a depth of 0.55 mm by the end milling
machine for adjusting the depth so as to be able to mount
15 the semiconductor chips. Solder resist layers are formed
using a conventional method, and 5um thickness of nickel
and 0.5um thickness of gold are plated at the terminal
portions.
The semiconductor chips 1 of 0.28 mm thickness are
20 adhered in the cavity portions, and connected by the wire
bonding. The semiconductor chip 1 and the wire bonding
portion (wire 3 and the inner connection terminal portion
of the wiring 2) are sealed by the plastic sealant 4.
After the solder balls 5 are attached, the substrate is
25 diced and separated by the unit to complete the fabrication

of the semiconductor device.
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hi gher than that of the inclined surfaces 18'. That is, when t he

bearing nmenber 2 is made of the sintered netal, 10 the radial slide
bearing 2a is formed after the thrust slide bearings 2b are nolded. In
this case, since the ridge 18 is formed in a symmetrical shape, it can
cope with rotation in both directions. As a result, the radi al

slide bearing 2a cgn be fornmed w.tho taking the .15 ot ati.onal .direction
of the thrust siideisraTmes b, the ¥appiarihg dBenat d-xqF AT GHRYS hand,
stnce a the structure shown in Figure 1 may be obtained, for

example. Such a construction enables to fabricate a

comparatively smaller package which is closer to the chip

5 size, the chip scale package.

The second example will now be described.
The three layer structure foil, formed by plating a
0.5um thick nickel layer over a 35um copper foil (carrier

10 foil) and further forming a 5um copper layer, is also used
in the instant example of the fabricating method. The
copper foil is made by NIHON DENKAI Co.

The copper layer with 5um thickness is etched after
forming a resist pattern with a conventional photo-resist

15 method. The etching solution is needed to have a
selectivity for etching only copper and not nickel. Alkali
etchants which are widely used in the print board industry
are preferred. The carrier layer with 35um thickness is
protected by the resist from being etched.

20 The patterned copper foils comprising the copper
foil 10, the nickel alloy 11 and the copper layer 12 are
heat pressed in the arrangement shown in Figure 8 for two
hours at a temperature of 180°C and a pressure of 25 kg/cm®.
Figure 8 illustrates the arfangement between the press

25 shaping upper die 13 and the press shaping lower die 17,

where an aluminum foil 18, the patterned copper foils in
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rotatjonal directionis limted in the inclined surface 18', the

radi al slide bearing 2a nust be fornmed so that It does not conflict
with the rotational direction. As 20 a result, the rotational direction
of -the thrust slide beari ngs nust be taken into consideration upon
form ng the radial slide bearing, thus the inclined surfaces 18

are inferior_ to he ri %es 1%5 n, mass-productivi, shown

in FIG 8, ItQﬁd§ t§e IFYRE RGHCIYTS§CORPET£OF '3p. t RdKedg & 1P ﬁay

di sposed to aBpBQSMQ%lng 12), a glass fabric prepreg 14, a plurality

of prepregs 19 having hollowed through portions, a
plurality of glass fabric prepregs 14, and the copper foil

5 16 functioning as the metal plate are arrayed from top to
bottom of the figure.

A height of a projected part of the press shaping
upper die 13 is 0.5 mm and a slant angle of its side walls
is 30°. A piece of the aluminum foil with a thickness of

10 25um is placed in between the die and the copper foil so as
to provide a cushion layer during the press shaping process.

The prepregs fabricated by Hitachi Chemical Co., Ltd.
by impregnating heat resist epoxy into glass fabric or the
like are used. The prepregs are hollowed out at positions

15 corresponding to the projected portions of the upper die 13.
These hollowed-out prepregs are piled so many layers as to
make the total thickness of the hollowed-out prepregs
comparable to the height of the projected portion. In the
instant example, five pieces of the hoilowed-out prepregs

20 with 0.1 mm thickness and five pieces of the prepregs
without a hole are used for the projected portion of 0.5 mm
height.

The glass epoxy substrate fabricated by the
conditions described contains a plurality of device units,

25 each comprising the same wiring and the same cavity portion.

The carrier copper foil 10 of the glass epoxy substrate is
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edge and an outside edge. In the thrust slide bearings 2b arranged as

descri bed above, since the fluid 11 i ntroduced fromthe second oi
grooves 17b to the ridges -9-
18-is:dammed up by the lands 19, 17 disposed to the i nsi de and

out si de edges, a pressure increase effect is

etched by the alkali etchant described to remove the
carrier copper foil 10 from the whole surface area, and
then the nickel layer 11 is etched away with an etching
solution for selectively etching nickel.
5 According to the above mentioned conditions, cavity
portions of 0.5 mm depth are formed on the substrate of 1
mm thickness, and the continuous wiring is buried at the
surface layer including surface planes in the cavity
portions. Solder resist layers are formed using a
10 conventional method, and layers of a 5um thick nickel and a
0.5um thick gold are plated at the terminal portions. The
semiconductor chips 1 are adhered in the cavity portions,
and connected by the wire bonding. The chip and the wire
bonding portion are sealed by the plastic sealant 4. After
15. the solder balls 5 are attached, the substrate is diced and
separated by the device unit to complete the fabrication of
the semiconductor device.
According to the fabricating method described above,
the structure in which the metal plate is attached at the
20 Dbottom side of the substrate as shown in Figure 2 or 3, may
be embodied, for example. Such a structure enables to
decrease the fabricating cost since no hollow out process
is required though the package size becomes larger. This
is due to longer slant portions with less slant angle.
25 Furthermore, there is a merit of being able to mounting a

plurality of the chips and simultaneously form the wiring
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i nproyved to thereby inprove a pressure distribution of fluid film and
the rigidity of the bearing is increased. 5 Further, it should
be noted that the sane beari ng function can be obtained also in the
case where the thrust slide bearing 2b is formed on the end surface
of the boss 4 or the collar 6 in place of on the bearing menber 2. 10

I nstead of the radial slide bearing 2a and_t he thrust slide bearing
2b, a groov &tWEEPaFLﬁegbﬂﬁﬁ'aés shown 10° Figure 3.

The third example will now be described.
The three layer structure foil, formed by plating a
5 O0.5um thick nickel layer over a 35um copper foil (carrier
foil) and further forming a 5um copper layer, is used in
the instant example of the fabricating method. The copper
foil is fabricated by NIHON DENKAI Co.

The copper layer with 5um thickness is etched after

10 forming a resist pattern with a conventional photo-resist
method. The etching solution is required to have a
selectivity for etching only copper and not nickel. Alkali
etchants which are widely used in the print board industry
are preferred. The carrier layer with 35um thickness is

15 protected by the resist from being etched.

The patterned copper foils are heat pressed in the
arrangement shown in Figure 9 for two hours at a
temperature of 180°C and a pressure of 25 kg/cm?. Figure 9
illustrates the arrangement between the press shaping upper

20 die 13 and the press shaping lower die 17, in which an
aluminum foil 18, the patterned copper foils with the three
layer structure (copper foil 10, nickel alloy 11, copper
wiring 12), a plurality of glass fabric prepregs 14, 19,
and a copper plate 16' as the metal plate are arrayed from

25 top to bottom of the figure.

A height of a projected part of the die is 0.20 mm
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shown_in FIG 7 and grooved thrust bearings as shown in FIG 8 may be
enployed In the radial grooved bearing showmn in FIG 7, a plurality
of grooves 32 having an 15 arrow head shape are formed on the shaft 5.
When t.he shaft 5 is rotated, the fluid is forced into the grooves

32 and pressure is increased, so that bearing function I S gener at ed.
In the thrust grooved bearlng shown in a plurality of %rooves
33 ext endi n@RAdR aF1§ntrangde °fo¥ﬁ%dsbﬂet%%1%ﬁdl§u?@acerplﬁﬁé Bda

menber 2. \Wen i . )
aluminum foil 18 with a thickness of 25um is placed in

between the die and the copper foil to provide a cushion
layer during the press shaping process.

5 Six pieces of the prepregs, which is fabricated by
Hitachi Chemical Co., Ltd. by impregnating heat resist
epoxy into glass fabric or the like, with a thickness of
0.1 mm are used. The second and third prepregs 19 are
hollowed out at positions corresponding to the projected

10 portions of the upper die 13. Furthermore, the copper
plate of 0.40 mm thickness, to which an adhesion roughing
process is carried out, is disposed in the bottom side of
the substrate, and the press forming process is executed.
The total thickness after the press forming process is 1.0

15 mm.

The glass epoxy substrate fabricated by the
conditions described above compriées a plurality of device
units each comprising the same wiring and the same cavity
portion. The carfier copper foil 10 of the glass epoxy

20 substrate is etched by the alkali etchant described above
to remove the carrier copper foil from the whole surface
area, and then the nickel layer is etched away by an
etching solution for selectively etching nickel.

According to the above mentioned conditions, the

25 cavity portions of 0.20 mm depth are formed in the

substrate with 1 mm thickness, and the continuous wiring is
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the hub 1 or collar 6 opposing to the grooves 33 is rotated, the fluid
Is forced into the grooves 33 and pressure is increased, so that
bearing function is generated. Also in these grooved bearings, the
greoves 25 nmay be formed on the bearing nenber 2 in place of the

shaft 5 and the end surface of the boss 4 or the collar 6 in place of

t he bearin nenb xt t of assenbli.ng the i ndl e
uni t 9 1sposed at the surface'Y%yérzidgiJEing surf%ce pl es Pp

the cavity portions. The substrate is milled further by an

end milling machine up to 0.65 mm depth for mounting

semiconductor chips. Solder resist layers are formed using
5 a conventional method, and layers of 5um thickness of

nickel and 0.5um thickness of gold are plated at the

terminal portions.
The semiconductor chips 1 are adhered in the cavity
portions, and connected by the wire bonding. The chip and

10 the wire bonding portion are sealed by the plastic sealant
4. After the solder balls 5 are attached, the substrate is
diced and separated by the device unit to complete the
fabrication of the semiconductor device.

According to the fabricating method described above,

15 the structure shown in Figure 4 may be obtained, for
example. Such a structure enables to decrease the
fabricating cost and attain high reliability since the heat
dissipation plate may be attached to the substrate during
the same press forming process.

20 According to the first to third examples, it is
possible to provide a semiconductor chip package substrate
for mounting a semiconductor chip(s) and a method of
fabricating the semiconductor chip package substrate, and a
semiconductor device wherein a semiconductor chip(s) is

25 mounted on the semiconductor chip package substrate, those

of which enable to reduce the size, increase the
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- 10 - w Il be described with reference to FIG 7a to FIG T7c.

First, a jig 24 having an outside dianeter fittable into the housing
13 and a recess 25 into which the collar 6 is fitted is prepared. The
recess 25 has a 5 depth of the thickness of the collar 6 plus sume of
t he first and second predeterm ned cl earances. The shaft 5

reliability, reduce the cost, and make the standardization

of design and fabricating process easier.

Next, other embodiments of the semiconductor device,
5 the substrate and the fabricating method of the present
invention are now explained with reference to Figures 10-16.
The semiconductor-device of the present embodiment
is fabricated by forming cavity portions at parts of a
wiring substrate and mounting semiconductor chips in the
10 cavity portions. In the semiconductor device, continuous
wiring conductors are buried in a surface layer of the
wiring substrate, which includes surfaces of the cavity
portiomns.
Concretely, as shown in Figure 10, for example, the
15 wiring substrate having two or more than two surface layers
with different heights is-formed by providing an external
connection terminal portion connecting to the external
connection terminal 5 in the first surface layer, providing
an inner connection terminal portion connecting to the
20 semiconductor chip 1 on the second surface layer, providing
a ramp with a height not less than 0.05 mm between the
first and second layers, and burying the continuous wiring
conductors on the first surface layer, the second surface
layers and surface layers in between.
25 The wiring substrate may be embodied by the

fabricating method wherein the wiring conductor is formed
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is supported on the jig 24 in a state that the collar 6 Is fitted into
the recess 25 of the jog 24. The housi ng 13 into which the bearing
menber 2 is press fitted is 10 fitted onto the jig 24 and the end surface
of the jig 24 I s abutted agai nst one of the end surfaces of the
bearing nenber 2. The hub 1 is press fitted onto the shaft 5 to cause
the end surface of the boss 4 to be abutted agai nst the other end

surface of tPR BeUPFAY Te51 FBABeRS2COPRRE Prgthe Likpendhedthfdmekelcap 12
I's fixed foil is adhered to the plastic layer at the same time the
cavity portion is formed.

The wiring substrate may be aiso embodied by a

5 fabricating method of the wiring substrate with the cavity
portion by pressing a pile of glass fabrics impregnating
the plastic and the metal foil comprising the wiring
conductor, wherein parts of the glass fabrics corresponding
to the cavity portions are removed prior to the pressing

10 process.

In another example of the present embodiment of the
wiring substrate with the cavity portion, the wiring
substrate and its fabricating method, wherein the cavity
portion is formed into two step sections, one for the wire

15 bonding portion and the other for the chip adhesion portion,
are provided as shown in Figure 11, for example. In a
method for forming the two step cavity portion, the first
cavity step is fabricated by press forming the prepregs
- using a die with a projected portion, and the second cavity
20 step by the milling.

The semiconductor device may be fabricated by
forming a plurality of the cavity portions on single wiring
substrate, adhering chips on each cavity, sealing with the
plastic, attaching the solder balls, and dicing to separate

25 each device.

Figures 10-13 are cross sectional figures showing
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to the end of the housing 13 after the fluid is filled.
must be noted that when the bearing nenber 2 is finished smaller t

a predeterm ned di nensi on,

the shaft 5is 20 automatically increased, whereas when the bearing

nmenber

press-fitted |l ength of the hub 1 onto the shaft 5 is automatically

2 is finished larger than the predeterm ned di nension,

|t
han

the press-fitted length of the hub 1 onto

t he

decreased sot¥YPhtal ngepiconductoprderiges in the ppeserb, pRBOPdReRbns is

autonmatically set tgQ the
y Numeral 1 in the figures indicates the semiconductor

10

15

20

25

chip, 2 indicates the wiring, 3 indicates the wire, 4
indicates the plastic sealant, 5 indicates the external
terminal electrode, 6 indicates the surface insulation

layer, 7 indicates the insulation substrate, 8 indicates

the metal plate, and 9 indicates the insulation plate.

A part of the cavity portion shown in Figure 11 may
comprises a through hole. As shown in Figures 12, 13, the
metal plate 8, the insulation plate 9 may be used as a

support at the bottom side of the semiconductor device.

An example of the fabricating method of the
semiconductor device in the present embodiment will now be
explained with reference to Figure 14.

A three layer structure foil, formed by plating a
0.5um thick nickel layer 11 over a 35um copper foil 10
(carrier foil fabricated by NIHON DENKAI Co.) and further
forming a 5um copper layer, is prepared. The copper layer
with 5um thickness is etched after forming a resist pattern
with a conventional photo-resist method so as to form the
wiring conductor 12.

The etching solution is required to have a
selectivity for etching only copper and not nickel. Alkali

etchants which are widely used in the print board industry

are preferred. The carrier layer with 35um thickness is
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25 .predeterm ned val ue e. As described above, since the
beari ng nmenber 2 as a single part includes the radial slide bearing 2a
and the thrust slide bearings 2b, the bearing structure

becones a sinple structure. Further, since the coupling

protected by the resist from being etched.
The copper foils with the pattern (wiring conductor
12) are heat pressed in the arrangement shown in Figure 14
for two hours at a temperature of 180°C and a pressure of
5 25 kg/cm?. A projected portion of the die 13 has a height
of 0.15 mm with a slant angle of 90°. Sheets of teflon
(Dupont Co.) with a thickness of 50um, which is not shown
in the figure, are placed in between the dies 13, 17 and
copper foils 10, 16 to provide cushion layers during the

10 press shaping process.

Prepregs (without holes), which are fabricated by
Hitachi Chemical Co., Ltd. by impregnating heat resist
epoxy into glass fabric are used.

A glass epoxy substrate fabricated by the conditions

15 described above contains a plurality of units each
comprising the same wiring and the cavity portion. The
carrier copper foil of the glass epoxy substrate is etched
by the alkali etchant described above to remove the carrier
copper foil from the whole surface area.

20 Next, the nickel layer is etched away by an etching
solution for selectively etching nickel. According to the
above mentioned conditions, the cavity portions of 0.15 mm
depth are formed in the substrate with 1 mm thickness, and
the continuous wiring is disposed on the surface layer

25 including surface planes of the cavity portions. The

substrate is milled further by a milling machine up to 0.5
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of the shaft 5 with the hub 1 is arranged as a press- fitted structure
for conpensating the finished di nension of the bearing nenber 2, the
cl earance of the thrust 5 slide bearing portions can be set to a
necessary anount regardl ess of the finished dinension of the bearing
menber 2. As a result, since the bearing nmember 2 need not be finished
wi th high accurac |t can be nade_by nDIdln% and thus the

t

mass- producmmvp??¥ph§P€oW°H§ﬁlﬁg tTG PEPLEPBJUCERL: FBAPSslncanth&1CRhyst

slide bearlngsseparate each unit. The semiconductor chip 1 is adhered
in the cavity portion, and connected by the wire bonding.
The semiconductor chip 1 and the wire bonding portion are
5 sealed with liquefied plastic sealant to complete the

semiconductor device.

Another example of the fabricatiﬁg method of the

semiconductor device in the present embodiment will now be
10 explained with reference to Figure 15.

A patterned copper foil 10 with the similar
construction as that of the example shown in Figure 14 is
heat pressed in the arrangement shown in Figure 15 for two
hours at a temperature of 180°C and a pressure of 25 kg/cm®.

15 In the instant example, a projected portion of the die 13
has been fabricated to have a height of 0.5 mm with a slant
angle of 45°.

Sheets of teflon (Dupont Co.) with a thickness of 50um,
which is not shown in the figure, are placed in between the

20 die/die 13, 17 and copper foils 10, 16 as cushion lavers
during the press shaping process.

Prepregs 14 fabricated by Hitachi Chemical Co., Ltd.
by impregnating heat resist epoxy into glass fabric are
used. The prepregs 15 are hollowed out at positions

25 corresponding to the projected portion of the die 13, and

piled so many layers as to make the total thickness of the
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are di sposed on both end surfaces of the bearing nmenber 2, bearing

rigidity is increased to thereby prevent the falling-down of the hub 1
and the shaft 5. Next, a second enbodi ment of the spindle
uni-t .15 according to the present invention will be described W th
reference to FIG 8 and FIG 9. The second enbodi ment is different
fromthe first _enbodi nent in that a gnetig¢ fluid.is filled in the
oi | chanber Ppdlowed-qyfs Rrepregs ;GOmp i??fﬁhﬁ(?%ﬁgﬂtzﬂ#jEP%creW/sea
28

projected portion.
In the instant example, five pieces of the hollowed-
out prepregs 15 with 0.1 mm thickness and five pieces qf
5 the prepregs 14 without a hole are used for the projected
portion of 0.5 mm height. A glass epoxy substrate
fabricated by the conditions described above contains a
plurality of units each comprising the same wiring and the
cavity portion. The carrier copper foil of the glass epoxy
10 substrate is etched by the alkali etchant described above
to remove the carrier copper foil from the whole surface
area, and then the nickel layer is etched away by an
etching solution which selectively etches nickel.
According to the above mentioned conditions, the
15 cavity portions of 0.5 mm depth are formed in the substrate
with 1 mm thickness, and the continuous wiring is disposed
at the surface layer including surface planes of the cavity
portion. The semiconductor chips 1 are adhered in the
cavity portions, and connected by the wire bonding. The
20 semiconductor chip 1 and the wire bonding portion are
sealed with liquefied plastic sealant. After solder balls
5 are attached, the substrate is diced and separated by
each device unit to complete the fabrication of the
semiconductor device.
25

Another example of the fabricating method of the
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20 i s disposed on an outer cylindrical surface of the boss 4

confronting the magnetic fluid seal 10. The screw seal 28 is disposed
in such a direction as to force the magnetic fluid 11 into the oi
chanber 14 by the rotation of the boss 4. The magnetic fluid seal 10
25 conprises a magnet 30 di sposed to generate a |line of magnetic force

chanoer 15 siedhenRing s Bhrboh, FOURL resont.ibohiehPLfat skl e
di sposed on bOtEalnea with reference to Figure 16.

A patterned copper foil 10 with the similar

construction as that of the example shown in Figure 14 is

5 heat pressed in the arrangement shown in Figure 16 for two
hours at a temperature of 180°C and a pressure of 25 kg/cm?.
A projected portion of the die 13 has been fabricated to
have a height of 0.5 mm with a slant angle of 45°. Sheets
of teflon (Dupont Co.) with a thickness of 50um, which is

10 not shown in the figure, are placed in between the dies 13,
17 and copper foils 10, 16 to provide cushion layers during
the press shaping process. Prépregs fabricated by Hitachi
Chemical Co., Ltd. by impregnating heat resist epoxy into
glass fabric are used.

15 A glass epoxy substrate 18' with 0.5 mm thickness is
hollowed out at position corresponding to the projected
portion of the die 13. In the instant example, a piece of
the prepreg 14 of 0.1 mm thickness without a hole is placed
in between the glass epoxy substrate 18' and the patterned

20 copper foils 10, and three pieces of the prepregs 14 are
placed the lower side of the glass epoxy substrate 18°'.

The glass epoxy substrate fabricated by the
conditions described above contains a plurality of device
units, each comprising the same wiring and the same cavity

25 portion. The carrier copper foil of the glass epoxy

substrate is etched by the alkali etchant described above
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- 12 ; t he magnet 30. Wth this arrangenent, the
magnetic fluid 11 Is sealed by the magnetic circuit of the magnetic
fluid seal 10 in a stationary state, whereas the magnetic 5 fluid
11-is.sealed by the action of the nmagnetic fluid

to remove the carrier copper foil from the whole surface
area, and then the nickel layer is etched away by an
etching solution for selectively etching nickel.
According to the above mentioned conditions, cavity
5 portions of 0.5 mm depth are formed in the substrate with 1
mm thickness, and the continuous wiring is disposed at the
surface layer including surface planes of the cavity
portions. The semiconductor chips 1 are adhered in the
cavity portions, and connected by the wire bonding. The
10 semiconductor chip 1 and the wire bonding portion are
sealed with liquefied plastic sealant. After solder balls
5 are attached, the substrate is diced and separated into
each units to complete the semiconductor device.
According to the present embodiment, the
15 semiconductor device may be provided with a simple
structure, and fabricated utilizing simpler fabricating

process of lower cost.

Next, other embodiments of the semiconductor device,
20 the substrate and the fabricating method of the present
invention are now explained with reference to Figures 17-20.
As shown in Figure 17, the semiconductor device of
the present embodiment is provided with a semiconductor
chip 1, an insulator substrate 7 having a semiconductor
25 chip mount portion for mounting the semiconductor chip 1,

external electrodes 5 formed at an surface of the
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seal 10 and the screw seal 28 when the hub is rotated. As a result,
the séal performance of the second enbodi nent is inproved as conpared

with the fir
Al t hough the
conprise the
respectively
pressure gen

st enbodi ment whi ch does not conprise the screw seal
radi al slide bearing 2a and the thrust slide bearings
three dynam c pressure generating arcs and ridges,

10

3PERL Al LaPe EORRATAL 0 S 8 LeREA1ERLIY. bonnbcted " ne/ "am ©

semiconductor chip 1 for making connections to outside when
the semiconductor chip 1 was mounted, plastic sealant 4 for
sealing the semiconductor mounting portion in which the

semiconductor chip 1 had been mounted. Furthermore, the

semiconductor device of the present embodiment is provided

10

15

20

25

with ramps between wire 3 for connecting to the
semiconductor chip 1 and the external electrode 5, and
wiring 2 disposed along slope portion of the ramp
connecting in between. A numeral 6 in the figure indicates
a surface insulation layer formed at a surface of the
insulation substrate 7.

The semiconductor chip mount portion of the
semiconductor device of the present embodiment is
fabricated by further hollowing out a base surface of a
cavity portion of the semiconductor device package
substrate, which is fabricated by a fabricating method
which will be explained in the following section with
reference to Figure 20, for example.

A slant angle of side surfaces of the cavity portion
is less than 45°. The slant angle may be determined in
accordance with a slant angle of the projected portion of
the die for the press forming, or a balance between a
rigidity of a transfer copper foil (carrier layer) 10 and a
pressure during the press forming.

The semiconductor device of the present embodiment
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- 13- WAT IS CAMDIS 1 A spindle unit, conprising:
a cylindrical housing (13); a cup-shaped hub (1) including a
boss (4) projecting froma bottomcenter of said hub (1) to an

L

10

15

20

25

is not limited to an example shown in Figure 17. The
semiconductor device may be provided with a multiple layer
structure as shown in Figure 18, wherein the wiring 2 is
disposed in the bottom surface of the cavity portion
instead of its side walls, and a ground layer 1801 is
provided below the wiring 2 while having an insulation
layer in between. Furthermore, the semiconductor device
may be provided with interlayer connection portions 1802
for connecting the ground layer 1801 and the external
electrodes 5.

In the present embodiment, a method for forming the
ground layer 1801 and a method for interconnecting the
layers are not limited to any particular arts. For example,
the multiple layer structure of the substrate may be formed
by placing a copper foil or a copper pattern which forms
the ground layer 1801 at a position facing to the wiring
substrate, placing insulation adhesive sheets such as
prepregs in between them, piling up the prepregs further,

and press forming them altogether.

An example of the fabricating method of the
semiconductor chip package substrate in the present
embodiment will now be explained with reference to Figures
19, 20.

Basic structure of the fabricating method of the

present embodiment is the same as that of two previous
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i nside of the cup, having a shaft engaging straight through hole and
| oosely fitted into said housing (13); a substantially
cylindrical bearing menmber (2) including a radial slide bearing (2a)
formed on an inner cylindrical surface thereof and thrust slide bearings
(2b) formed on both end surfaces thereof and press fitted into said
TR ER AR B T I TR S A e
explanation, only parts of the fabricating method different
from the previous embodiments will be explained, and detail
explanations regarding the similar parts will be omitted.
5 A three layer structure foil comprising a 25pum thick
copper foil 10 (carrier layer), a copper layer 12 which
will comprises the wiring layer, and a barrier layer 11
placed between the carrier layer 10 and the copper layer 12,
is used as a transfer metal foil for forming the wiring 2
10 in the instant example of the fabricating method of the
present embodiment, as the same way as in two previous
embodiments. The two layers 11, 12 are shown together in
the figure.
As shown in Figure 19, the copper foil with the
15 pattern 10-12 is heat pressed between top boards 1902 and
heat boards 1901 at a temperature of 190°C with a pressure
of 30 kg/cmz. A piece of aluminum foil 18, the patterned
copper foil of the three layer structure 10-12, a plurality
of prepregs 1905, 1906, and a copper foil 16 with a
20 thickness of 35um are arrayed from top to bottom of the
figure between the upper die 13 and the lower die 17.
A projected portion of the upper die 13 has a
trapezoidal cross sectional shape and slant side surfaces
with a slant angle of 30°. The prepreg 1906 has a through

25 hole at a position corresponding to the projected portion

of the die 13, and is placed below the first prepreg 1905.
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a shaft (5) loosely fitted into said bearing nenber (2) with a _

predet ermi ned cl earance and having a straight end portion press-fitted
into the shaft engaging straight through hole of said boss (4) and
inciuding a collar (6) disposed at an end thereof opposite to said
press-fitted straight end portion and confronting the other of said thrust
slide bearings (2b) wth_a second predetermnm ned cl earance; a

fluid seal (10) fixdd &kFiG;igo Sgthod of the present embodiment is

not limited to only the example shown in Figure 19, but
also an arrangement shown in Figure 20 may be used.
Namely, the copper foil with the pattern 10-12 is

5 heat pressed between top boards 1902 and heat boards 1901
at a temperature of 190°C with a pressure of 20 kg/cm’.
Three pieces of aluminum foils 18, the patterned copper
foil of the three layer structure 10-12 including the a
35um copper foil 10, a piece of prepreg 1906 with a through

10 _hole, a plurality of prepregs 1905, 1906, and a copper foil
16 with a thickness of 35um are arrayed between the upper
die 13 and the lower die 17 from top to bottom of the
figure, the die 13 having a projected portion with side
surfaces of a slant angle of 45°.

15 According to the fabricating method shown in Figure
20, the semiconductor device may be provided with the
cavity portion with side walls of a lesser slant angle as
shown in Figure 17.

The semiconductor chip package substrate of the

20 present invention may be a semiconductor chip package
substrate with a cavity portion as shown in Figure 21A or
Figure 21B comprising wiring disposed along the top surface
of the substrate and wall surfaces of the cavity portion,
wherein the wiring comprises an external connection

25 terminal portion for connecting external connection

terminals formed on a surface of the substrate at an
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housi ng (13) confronting said boss (4); a cap (12) fixed to the
other end of said housing (13) to forman oil chanber (14) together with
said housing (13) and said fluid seal (10); fluid (11) filled in
sai-rd oil chanber (14); - 14 -

opening side of the cavity portion, an internal connection
terminal portion for connecting to the mounted
semiconductor chip, and a wiring portion disposed between
the external connection terminal portion and the internal
5 connection terminal portion. Furthermore, the wiring is
disposed on the substrate surface and wall surfaces of the
cavity portion, and the internal connection terminal
portion is disposed inside of the cavity portion.
In Figure 21A, Figure 22B, numeral 7 indicates the
10 insulation substrate, numeral 2 indicates the wiring buried
in the substrate surface and the wall surfaces of the
cavity portion. A through hole at the center of the cavity
portion is formed in the semiconductor chip package
substrate of Figure 21A. Figure 21B shows a semiconductor
15 device utilizing the semiconductor chip package substrate.
In Figure 21B, numeral 1 indicates the semiconductor chip
which is adhesive-mounted on the substrate, numeral 4
indicates plastic sealant, numeral 5 indicates the exfernal
connection terminals. The cavity portion of the substrate,
20 in which the internal connection terminal portion of the
wiring is formed, is sealed by the plastic. The substrate
may be fabricated by the fabricating method described above.
The semiconductor chip package substrate of Figure
22A has cavity portions formed at both edges, which can be
25 fabricated by forming a plurality of device units, each of

which corresponds to the semiconductor device, on the
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a notor (9) for driving said hub (1) in rotation including a stator (7)
fixed on an outer cylindrical surface of said housing (13) and a rotor
fixed on an inner cylindrical surface of said hub (1) in opposed
relatijonship with said stator (7). 2. A spindle unit according to

claim11, wherein

seal (10) conprises a magnetic fluid seal and a _screw seal (28) for
forci ng sai dShhghtate fipgcgibed) abpve.sand by dicing at the cavity

10

15

20

25

portions to separate the each unit. The semiconductor
device utilizing such a substrate is shown in Figure 22B.
In Figure 22B, numeral 1 indicates the semiconductor chip
which is adhesive-mounted on the substrate, numeral 4
indicates plastic sealant, numeral 5 indicates the external
connection terminal. The cavity portions at the both edges,
in which the internal connection terminal portions of the
wiring are formed, are sealed with the plastic.

According to the present invention, the
semiconductor chip package substrate with a plurality of
the units may be fabricated by single press‘forﬁing process.

Figure 23 shows a cross sectional view of a
arrangement of the press forming for fabricating the
semiconductor chip package substrate with a plurality of
the device units. Numeral 13 indicates the die provided
with a plurality of the projected portions 13a, numeral 17
indicates the lower die, numeral 10 indicates a copper foil
in which a plural sets of the wiring are formed, and

numeral 14 indicates prepregs.

A plurality of the cavity portions and the wiring 12,

which is continuously buried into the substrate surfaces
from the external connection terminal portion to the
internal connection terminal portion in the cavity portion
via the wall surfaces of the cavity portion, are formed by

single press forming process utilizing a plurality of the

48

(8)

said fluid (11) conprises magnetic fluid and said fluid



oil chanber (14) by rotation of said boss (4) is disposed to a portion of
said boss (4) confronting said nmagnetic fluid seal (10). 3. A
spindle unit according to claiml or claim 2, wherein said radial slide
beariang (2a) of said bearing nmenber (2) conprises a plurality of arcs (15)
di sposed equi angularly and said plurality of arcs (15) are disposed such

t hat cl earances defined between said_ arcs (15 and said shaft (5) are
gradual | y nRregested, portions 13a, which are arrayed and evenly

separated from each other in longitudinal and lateral
directions. According to the instant example, the external
connection terminal portion on the substrate surface may

5 precisely keep its position on the surface plane, at where
the external connection terminal portion receives equal
tensile forces generated during the formation of
neighboring cavity portions, during the press forming
process (high dimension stability). Namely, the formation

10 of the multiple device units on the semiconductor chip
package substrate of the present invention enables to form
the cavity portion without causing any shifts from the
designed position of the external connection terminal
portion on the surface plane, which is set prior to the

15 press forming process. An alignment process for forming
the solder resist at areas other than locations, where
external connection terminals of the external connection
terminal portion are to be formed, becomes easier when the
position of the external connection terminal portion on the

20 substrate surface is kept the same as before the press
forming process. In the outermost area, dummy projected .
portions 13b may be disposed along circumference of the die
13. According to the dummy projected portion 13b, the
positional shift of the external connection terminal

25 portions disposed at the outermost area of the substrate,

and flows of plastic of the prepregs may be prevented. A
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the rotational direction of said shaft (5). 4. A spindle unit
according to claim3, wherein first oil grooves (17a) extending in

| engt hwi se direction of said bearing nenber (2) are di sposed between
adj-acent arcs of said plurality of arcs (15) and second oil grooves (17b)
communicating with said first oil grooves (17a) and extending in radial
directions are disposed on an end surface of said bearing nenmber (2). 5.
A spi ndl e urflumhae @i the 2kt iple Aevirg appits on the substrate is

preferred to be not less than 7 x 7.
According to the present invention, the

semiconductor device may be fabricated by the steps

5 comprising; a step for preparing the press forming assembly
including the upper die with a plurality of the projected
portions arrayed evenly in longitudinal and lateral
directions, the wiring construction body comprising wiring
positioned in correspondence to the projected portions and

10 the carrier metal foil, prepregs, and the lower die; a step
for pressing the assembly in between the upper and the
lower dies to form a plurality of cavity portions on the
substrate consisting of the pressed prepregs, and to bury
the wiring into a surface of the substrate and wall

15 surfaces of the substrate in the cavity portion in single
process; a step for removing the carrier metal foil; a step
for mounting the semiconductor chip; a step for sealing the
cavity portions with plastic; a step for forming the
external connection terminals; and a step for dicing and

20 separating into each device unit.
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cutout surfaces (16) comunicating wth-sai'd second oi

e of said bearing nmenmber (2).

(17b) and extending in the | engthw se dirgction of said bearing nenber

R Sl e o no- NI HPAY

10

11

12

13

14

15

16

17

18

19

20

i n

What is claimed is:
1. A semiconductor device fabricated by forming at
least one cavity portion on a semiconductor chip package
substrate, mounting at least one semiconductor chip in said
cavity portion, and sealing with plastic sealant, wherein:

sald semiconductor chip package substrate comprises
wiring disposed along surface of said substrate and wall
surfaces of said substrate in said cavity portion,

said wiring comprises an external connection
terminal portion for connecting to external cénnection
terminals which are provided on the surface of said
substrate at a side of said cavity portion's opening, an
internal connection terminal portion for connecting to the
mounted semiconductor chip, and a wiring portion disposed
in between said external connection terminal portion and
sald internal connection terminal portion,

said wiring portion is buried in a surface of said
substrate and one of said wall surfaces of said substrate
in said cavity portion, and

said internal connection terminal portion is

disposed inside of said cavity portion.
2. A semiconductor device in'accordance with Claim 1,

wherein:

said wall surface of said substrate in said cavity
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third oil grooves (17c) connun|0ﬁb|ng with said second oil grooves (17b)

and éxtendi ng |n irection of said bearing nenber (2) are
ormed on the
formed on the  oul I

urface of said bearing nmenber (2). 7.
A--spindl e unit accdrdlng to cIa|n11 or claim 2, wherein each of said

thrust slide bearings (2b) of said bearing nenber (2) includes a plurality

of second oil grooves él?b%?extendlng in radial directions and_ di sposed

equi angfl ar PYTRAGD F8geXtERAPdpEPYHRER LBPabRRFOM surface of said

5 cavity portion with a slant angle which is set within a

6 predetermined angle range.

1 3. A semiconductor device in accordance with Claim 2,
2 wherein:
3 sald slant angle of said wall surface of said

4 substrate in said cavity portion is in a range of 5°-40°.

1 4. A semiconductor device in accordance with Claim 2,

2 wherein:

3 a ratio L/G is within a range of 1.5<L/G<10, where G
4 is a height of said slant structure of said wall surface of
5 said substrate in said cavity portion, and L is its

6 horizontal dimension.

1 5. A semiconductor device in accordance with Claim 1,
2 wherein:
3 said cavity portion is formed by a press forming

4 process utilizing a press pattern with a projected portion.

1 6. A semiconductor device in accordance with Claim 1,

2 wherein:

3 said cavity portion is formed into a multiple step

4 structure.
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second oil grooves (17b): - A spindle unit according to claim7,
wherein each of sald t B@@?llde bearlngs (2b) of said bearing nenber

(2) further includes ”ﬂ”ﬂ"LCh are as high as apexes (20) of
sai dsridges (18) and dls si de edge and an outside edge. 9.

A met hod of assenbling a splndle uhi t*  conpri si ng: a cylindrica

housi n 13
g]ﬁ ;. A semiconductor device in accordance with Claim 5,

2 wherein:
3 said cavity portion is provided with a semiconductor
4 chip mount portion for mounting semiconductor chip which is

5 formed by hollowing out said cavity portion further.

1 8. A semiconductor device in accordance with Claim 7,

2 wherein:

3 a depth of said semiconductor chip mount portion

4 which has been hollowed out is larger than a thickness of a

5 semiconductor chip to be mounted therein.

1 9. A semiconductor device in accordance with Claim 1,
2 wherein:

3 a height of a ramp between said external connection
4 terminal portion disposed on said substrate surface and

5 said internal connection terminal portion disposed inside

6 of the cavity portion is not less than 0.05 mm.

1 10. A semiconductor device in accordance with Claim 1,
2 wherein:

3 terminals of the semiconductor chip mounted inside
4 of said cavity portion and said internal connection

5 terminal portions are wire-bonded.

1 11. A semiconductor device in accordance with Claim 1,
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a cup-shaped hub (1) including a boss (4) projecting froma bottomcenter
of said hub (1) to an ,inside of the cup, having a shaft engagi ng straight

t hr ough hol e and Iooselyj UM

J " ﬂ i d housing (13); a
substantially cylindri Hm#r (12) including a radial slide
M s *

. [
beari*ng (2a) forned on an t
2 wherein:
3 terminals of the semiconductor chip are directly

4 connected by a face~down bonding.

1 12, A semiconductor device in accordance with Claim 1,
2 wherein:

3 said wiring is disposed in an area of said wall

4 surface which does not include any of corner sections of

5 said cavity portion.

1 13. A semiconductor device in accordance with Claim 1,
2 wherein:

3 said cavity portion is formed substantially at the
4 center of the major surface plane of said substrate, and
5 the semiconductor chip is mounted inside of said

6 cavity portion so as the semiconductor chip to be

7 positioned substantially at the center of a dimension of

8 the thickness of said semiconductor chip package substrate.

1 14, A semiconductor device in accordance with Claim 1,

2 wherein:

3 the semiconductor chip is offset-mounted in said

4 cavity portion with an offset amount of not bigger than 30%
5 of said substrate thickness from the center position of

6 said substrate's thickness along a direction of the

7 thickness.
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i nner cylindrical surface thereof and thiust slide bearings (2b) formed on

bot h end surfaces thereof Hﬂﬂ,”m ' into said housing (13) with one
of said thrust slide bearli m, "?ﬁ nted with an end surface of
sai d-boss (4) with a first prédetert ned « cl earance; a shaft (5)

| oosely fitted into said bearing nenber (2) with a predeterm ned cl earance
and having a . . . . :
1 15. A semiconductor device in accordance with Claim 1,

2 wherein:

3 said cavity portion has a size large enough to mount
4 a plurality of device elements on its bottom surface area,
5 and is provided with a plurality of wiring sets to said

6 plurality of device elements, and

7 a plurality of semiconductor chips and passive

8 device elements are mounted in said cavity portion.

1 16. A semiconductor device in accordance with Claim 1,
2 wherein:

3 said wiring is formed by utilizing a squeeze

4 shapeable wiring construction body consisting of only

5 metals, and

6 said squeeze shapeable wiring construction body has
7 a multiple layer structure including at least the first

8 metal layer for constructing said wiring and the second

9 metal layer which functions as a carrier layer.

1 17. A semiconductor chip package substrate provided with
2 at least one cavity portion for mounting at least one

3 semiconductor chip, comprising:

4 wiring disposed along a surface of said substrate

5 and a wall surface of said substrate in said cavity portion.

6 wherein:

7 said wiring comprises an external connection
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straight end portion press-fitted into the shaft engag ough
hol e of said boss (4) and including a collar (6) dispo Hmﬁ ' m M' m
thereof opposite to said press-fitted straight end portitroncand s

confronting the other of said thrust slide bearings (2b) wth a second
predet erm ned cl earance; a fluid seal (10) fixed to an end of

fgi?hehouaggg@%ﬁﬂéﬂcg&&&gghl rs%b%nggis %4%5 external cd%ﬁg@%f%%?) fixed
9 terminals which are provided on the surface of said
10 substrate at a side of said cavity portion's opening, an
11 internal connection terminal portion for connecting to the
12 mounted semiconductor chip, and a wiring portion disposed
13 in between said external connection terminal portion and
14 said internal connection terminal portion,
15 said wiring portion is buried in a surface of said
16 substrate and one of said wall surfaces of said substrate
17 in said cavity portion, and
18 said internal connection terminal portion is

19 disposed inside of said cavity portion.

1 18. A semiconductor chip package substrate in accordance
2 with Claim 17, wherein:

3 a depth of said cavity portion is less than a

4 thickness of the semiconductor chip to be mounted, and

5 said cavity portion is hollowed out at the bottom

6 surface of said cavity portion from the center portion

7 along a direction of a thickness of said semiconductor chip
8 ©package substrate up to a depth within a range of 0.5-2.5

9 times a thickness of the semiconductor chip to be mounted.
1 19. A semiconductor chip package substrate in accordance

2 with Claim 17, wherein:

3 a depth of said cavity portion is less than a
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housing (13) to forman oil chamber (14) together with said housing{t3)

(s o TS ol (9) for ariving Safé”huL'L'Sd“wll MENEI AT

including a stator (7) fixed on an outer cylindrical surf@acé of s&i ot
housing (13) and a rotor (8) fixed on an inner cylindrlcal surface of said

' t t hod
Egﬁpgﬁélkg tﬁgggﬁggggg%gtkggsgg 1gghgug%5g g gpogo(gg mgghte and said

5 cavity portion is hollowed out at the bottom surface of

6 said cavity portion, and

7 saild semiconductor chip package substrate further
8 comprises a plastic layer formed by hardening prepregs so
9 as to have an exposed hollowed-out bottom surface at least

10 consisting of nonwoven fabrics.

1 20. A semiconductor chip package substrate in accordance
2 with Claim 17, further comprising:
3 a metal plate adhered to the reverse side surface of

4 a plastic layer at which said cavity portion is formed.

1 21. A fabricating method of a semiconductor chip package
2 substrate, comprising the steps of:

3 pressing to adhere a squeeze shapeable wiring

4 construction body to a plastic substrate, said wiring

5 construction body consisting of all metals and having a

6 multiple layer structure comprising at least the first

7 metal layer and the second metal layer which functions as a
8 carrier layer, while shaping said plastic substrate so as

9 to form a cavity portion therein with its wall surfaces

10 having inclination angles within a predetermined range; and
11 removing the metal layers except the first layer,

12 wherein:

13 said wiring, which is buried in the substrate
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preparing a jig (24) having an outside dianeter fittabte into said ‘housi ng
(13) and a recess

said collar (6) is fitted having a depth of the th| cknﬂ“l“ﬁmumﬂlmmlth

(6) plus said first and second predeterm ned cl earances?

14

15

16

17

18

19

20

21

22

23

24

25

surface and wall surface of said substrate in said cavity
portion, is formed and disposed along said substrate
surface and said wall surface of said substrate in said
cavity portion; and

said wiring comprising an external connection
terminal portion for connecting to external connection
terminals disposed on a surface of said substrate on a side
of said cavity opening, an inner connection terminal
portion for connecting to a semiconductor chip to be
mounted, and a wiring portion in between said external
connection terminal portion and said inner connection

terminal portion.

22, A fabricating method of a semiconductor chip package
substrate in accordance with Claim 21, wherein:
a percentage elongation after fracture of said

squeeze shapeable wiring construction body is not less than

2%.

23. A fabricating method of a semiconductor chip package
substrate in accordance with Claim 21, wherein:

a thickness of said carrier layer composing said
squeeze shapeable wiring construction body is within a

range of 0.010-0.050 mm.

24. A fabricating method of a semiconductor chip package
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supporting said shaft (5) on said jig (24) in a state that said colTar’

is fitted into said recess (25) of said jig (24); “l,l mm)ulm"m“m
housing (13) into which said bearing member (2) is press

jig (24) to abut an end surface of said jig (24) against one of thd &nd*
surfaces of said bearing nenber (2); press fitting said hub (1)

t.he end rf c of _sai boss (4) agai nst the
onto Sald Sg%%%t 2 e H% %%%%rdance wi % aim 21, ﬁgeréin (4) 9

3 a slant angle range of said wall surface of said

4 substrate in said cavity portion is from 5° to 40°, and

5 a depth of said cavity portion is at least not less
6 than 30% of a thickness of a semiconductor chip to be

7 mounted.

1 25. A fabricating method of a semiconductor chip package
2 substrate comprising at least one cavity portion for

3 mounting at least one semiconductor chip and at least one

4 set of wiring, wherein:

5 said cavity portion has a depth of less than a

6 thickness of a semiconductor chip to be mounted, and is

7 hollowed out at the bottom surface of said cavity portion,
8 and

9 said wiring to the semiconductor chip mounted is cut
10 during the hollow-out process, and the cut edge portion of
11 said wiring reaches a fringe portion of a cavity portion

12 'formed by the hollow-out process.

1 26. A fabricating method of a semiconductor chip package
2 substrate in accordance with Claim 21, wherein:

3 a hollow out process is conducted at the bottom

4 surface of said cavity portion after said cavity portion is
5 formed, and

6 said removing process of the metal layers except the
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7 first layer is conducted after said hollow-out process.

1 27. A semiconductor chip package substrate in accordance
2 with Claim 17, wherein:

3 said wall surface of said substrate in said cavity

4 portion extends toward the bottom surface of said cavity

5 portion, and has a slant angle within a predetermined range.

1 28. A semiconductor chip package substrate in accordance
2 with Claim 27, wherein:
3 said slant angle of said wall surface of said

4 substrate in said cavity portion is in a range of 5°-40°.

1 29. A semiconductor chip package substrate in accordance
2 with Claim 27, wherein:

3 a ratio L/G is within a range of 1.5<L/G<10, where G
4 1is a height of said slant structure of said wall surface of
5 said substrate in said cavity portion, and L is its

6 horizontal dimension.

1 30. A semiconductor chip package substrate in accordance
2 with Claim 17, wherein:

3 said cavity portion is formed by a press forming

4 process utilizing a press pattern with a projected portion.

1 31. A semiconductor chip package substrate in accordance
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said cavity portion is formed into a multiple step

structure.

32. A semiconductor chip package substrate in accordance
with Claim 30, wherein:

said cavity portion is provided with a semiconductor
chip mount portion for mounting semiconductor chip which is

formed by hollowing out said cavity portion further.

33. A semiconductor chip package substrate in accordance
with Claim 32, wherein:

a depth of said semiconductor chip mount portion
which has been hollowed out is larger than a thickness of a

semiconductor chip to be mounted therein.

34. A semiconductor chip package substrate in accordance
with Claim 17, wherein:

a height of a ramp between said external connection
terminai portion disposed on said substrate surface and
said internal connection terminal portion disposed inside

of the cavity portion is not less than 0.05 mm.
35. A fabricating method of a semiconductor device,

comprising steps of:

preparing a press forming assembly including the
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upper die with a plurality of the projected portions
arrayed evenly in longitudinal and lateral directions, a
wiring construction body comprising a plurality of wiring
sets positioned in correspondence with the projected
portions and a carrier metal foil, prepregs, and the lower
die;

pressing the press forming assembly in between the
upper and the lower dies to form a plurality of cavity
portions on said substrate consisting of said pressed
prepregs, and to bury said wiring into a surface of said
substrate and wall surfaces of said substrate in said
cavity portions in single process:;

removing said carrier metal foil;

mounting the semiconductor chips;

sealing said cavity portions with plastic;

forming external connection terminals; and

dicing and separating into each device unit.

36. A fabricating method of a semiconductor device in

accordance with Claim 35, wherein:

said upper die is provided with a plurality of dummy

projected portions along its circumference.
37. A semiconductor chip package substrate with at least

one cavity portion, comprising:

wiring disposed along a surface of said substrate
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and a wall surface of said substrate in said cavity portion,
wherein:
said wiring comprises an external connection
terminal portion for connecting to external connection
terminals which are provided on the surface of said
substrate at a side of said cavity portion's opening, an
internal connection terminal portion for connecting to the
mounted semiconductor chip, and a wiring portion disposed
in between said external connection terminal portion and
said internal connection terminal portion;
said wiring portion is buried in a surface of said
substrate and said wall surface of said substrate in said
cavity portion; and

said internal connection terminal portion is

disposed inside of said cavity portion.
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