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15 relates to a wiring substrate and a semiconductor device which are
preferable to three-dimensional mounting, and a method of manufacturing

such a wiring substrate.

Background Art

20 The tendency is toward a more improved mounting density of
electronic components on a printed wiring substrate. On such a printed
wiring substrate, spaces are reduced between terminals for electrically
connecting the electronic elements, and between wirings extending from the
terminals. In order to assure reliable connections between the terminals,

95 between the wirings, and between the terminals and wirings, a micro-wiring
technology and a multi-layered wiring technology have been remarkably
developed. Further, high density mounting of electronic components such
as semiconductor elements is extensively promoted by making the best use of
the micro-wiring and multi-layered wiring technologies.

30 Generally, in a popular semiconductor element such as a resin-
encapsulated semiconductor element, a bare chip is mounted on a lead frame,
and the bare chip and an inner lead of the lead frame are resin-molded. The
bare chip is an integrated circuit and includes passive and active elements
mounted on a silicon substrate. Various methods such as a pin-insert

35 mounting type method and a face mounting type method are available for

mounting the resin-encapsulated semiconductor elements.
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to concgptrahe nale %hfp%%%ﬁﬂ&r&%%%eé}&ﬁ WErddaewhile terminals on a second
main surface of the wiring substrate are electrically connected to an external
unit using a secondary connection electrode. Solder balls, solder pastes or

the like are used as the primary and second connection electrodes. Further,
the foregoing semiconductor device can have a so-called three dimensional
25 mounting structure, i.e. bare chips are arranged in a plurality of layers in a
package, or a plurality of packages are laid one over after another. This
further promotes high density mounting of elements.
The semiconductor device of the CSP structure seems to have the
following problems.
30 (1) Terminals provided on the wiring substrate and wirings extending from
these terminals tend to be arranged with reduced pitches therebetween, and
are made of thin films having a thickness in the order of um. If a
connection electrode, e.g. a solder ball having a thickness in the order of
millimeters (mm), is provided on such a thin film terminal used in order to
35 arrange bare chips or packages in multiple layers, stress resultant from a

thermal cycle tends to concentrate on a connecting region between the



3 termnal and the connection electrode, so that the connecting region

woul d* be danmaged. As a result, electric conductivity may be adversely
affected, whjch makes it difficult to realize the three-dinensional
~mounting of elenents. 5 (2) If the foregoing connecting region is
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20 Disclosure of Invention
The present invention has been devised in order to overcome the

foregoing problems of the related art, and is intended to provide a wiring
substrate in which terminals can be downsized, a great number of terminals
can be arranged, and elements can be three-dimensionally mounted.

25 Another object of the invention is to provide a semiconductor device
in which terminals can be downsized, a great number of terminals are
mounted in a packed state, and semiconductor elements can be
three-dimensionally arranged.

A final object of the invention is to provide a method of

30 manufacturing a wiring substrate with a reduced number of manufacturing
processes. Particularly, the reduced manufacturing processes can lead to
reduction in the manufacturing and product costs, and improve the
manufacturing yield.

According to a first feature of the invention, there is provided a

35 wiring substrate comprising: a conductive surface layer; a plurality of buried
conductors electrically connected to the conductive surface layer on a rear



4 surface thereof and an insulating base having a first main surface in
contact wth the rear surface of the front conductive |ayer and a second
main surface ,which is opposite to the first main surface and is arranged
-i-n-contact wth a side wall of the buried conductors. The front conductive
layer is patterned 5 in order to forma mnrlng, a termnal and so on on a
wiring region of the first main surfacetof the insulating base, and an

“el ectrode for electrical connection wth a bonding pad of a bare chip on a
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20 region and a semiconductor element mounting region; a connection hole
formed in the wiring region and extending between the first and second main
surfaces of the insulating base; and a wiring layer which has one end thereof
connected to each connection hole on the first main surface of the insulating
base and the other end thereof positioned on the semiconductor element
25 mounting region.
The wiring region and the semiconductor element mounting region
are flush with each other but are at different positions. For instance, the
semiconductor element mounting region may be positioned between wiring
regions, or the semiconductor element mounting region may be surrounded
30 by the wiring region. The first main surface is opposite to the second main
surface, and the former may be a front main surface while the latter may be
a rear main surface. The connection hole serves as a viahole through
which the buried conductors extend in order to electrically connect the
wiring layer on the first main surface of the insulating base to other
35 semiconductor devices mounted on the second main surface of the insulating

base or terminals of another wiring substrate. In other words, the



base or termnals of another wiring substrate. In other words, the 5
connection hole is preferable to electrically connecting a plurality of
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and be subject to minute patterning. Therefore, wirings and terminals can
be minimized and increased in the number thereof, and the terminals can be
arranged with reduced pitches therebetween. All of the foregoing are
effective in downsizing the wiring substrate.

Still further, the connection hole can be used for aligning components
for the three-dimensional mounting structure, i.e. components can be aligned
without increasing the number of components and without using a
complicated mounting structure. Alternatively, thin metallic films which
are selectively formed on the rear surface of the wiring layer exposed in the
connection hole may be used in place of the buried conductors.

With a third feature of the invention, there is provided a wiring
substrate comprising: an insulating base having a wiring region and a
semiconductor element mounting region; a buried conductor provided in the
wiring region and extending between the first and second main surfaces of
the insulating base; and a wiring layer having one end thereof electrically
connected to the buried conductor on the first main surface of the insulating
base and the other end thereof positioned on the semiconductor element
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35 connected to the buried conductor on the first main surface of the

insul ating base and the other end thereof positioned on the sem conductor
el ement 6’nDynt|ng region. The wiring region and the sem conductor el enent
-mounting region are flush with each other and are at different positions as
stated with respect to the second featurg. The buried conductor nay be
tgrranged on either the wiring region or ?he sem conduct or el enent nounting
5 region. The buried conductor may be nade of a cylindrical, rectangular,
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20 wirings and terminals can be minimized and increased, and the terminals
can be arranged with reduced pitches therebetween. All of these features

ore,

are effective in downsizing the wiring substrate. In this case, the second

main surface of the insulating base may be flush with the bottoms of the

buried electrodes, or the bottoms of the buried electrodes may project
25 compared with the second main surface of the insulating base.

In the wiring substrates with the second and third features, the
electrode may be formed by thickening the wiring layer in the semiconductor
element mounting region. In such a case, a bonding pad of a bare chip can
be directly connected to the electrode in a face-down state (flip-chip), for

30 example. In other words, the electrode of the wiring layer can be
electrically connected to the bonding pad of the bare chip without passing via
the front and side surfaces of the bare chip and second main surface of the
wiring substrate, which enables a two-way connection in the size of the bare
chip, and is effective in minimizing the wiring substrate.

35 According to a fourth feature, there is provided a semiconductor

device comprising: a first insulating base having wiring regions and a



chip, and is effective in mnimzing the wiring substrate. 35 According to
a fourth feature, there is provided a sem conductor device conprising:. a
first insulating base having wiring regions and a 7 sem conductor el ement
-mounting region; a first connection hole formed in the wiring region and
extendi ng between a first nmain surface and a second main surface of the
first insulating base; a first wiring |ayer provided on the first main
“surface of the first insulating base, having one end thereof 5 connected to
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20 In accordance with a fifth feature of the invention, there is provided a
semiconductor device comprising: a first insulating base having wiring
regions and a semiconductor element mounting region; a first buried
conductor provided in the wiring region and extending between a first main
surface and a second main surface of the first insulating base; a first wiring

25 layer provided on the first main surface of the first insulating base, having
one end thereof connected to the first connection hole and the other end
thereof positioned in the semiconductor element mounting region; and a first
semiconductor element connected to the first wiring layer at the
semiconductor element mounting region. As described with respect to the

30 fourth feature, the semiconductor element may be a bare chip, a package
including a bare chip, or the like. The first buried conductor may be
provided in the wiring region or in the semiconductor element mounting
region as in the third feature.

In the semiconductor device with the fifth feature, the wiring

35 substrate is as effective and advantageous as the wiring substrate according
to the third feature. In the wiring substrate of the fifth feature, the wiring



region as in the third feature. In the sem conductor device with the fifth
feature, the wiring 35 substrate is as effective and advantageous as the
wiring substrate according to the third feature. In the wiring substrate
-of ‘the fifth feature, the wiring 8 region is effectively protected agai nst
the breakdown, and has a reduced t hi ckness. Further, it is possible to

m nimze and increase the terminals. Wth the seni conductor devices having
the fourth and fifth features, the thin wirings and termnals and thick
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90  at least conductive bumps, solder balls, gold (Au) bumps, solder pastes,
anisotropic conductive materials, and so on. In the semiconductor device of
the fourth feature, a plurality of wiring substrates each of which has a
semiconductor element may be stacked one over after another using buried
conductors in the connection hole and the inter-substrate connectors. This
25 is effective in improving the packaging density of components.

Further, the semiconductor device of the fifth feature can adopt the
three-dimensional mounting structure if it further comprises inter-substrate
connectors provided on wiring regions of a first wiring layer of the wiring
substrate, a second buried conductor electrically connected to the

30 inter-substrate connectors, a second insulating base for embedding the
second buried conductor, a second wiring layer with one end thereof
connected to the second connection hole on the first main surface of the
second insulating base and the other end thereof being present in a
semiconductor element mounting region, and a second semiconductor

35 element connected to the second wiring layer on the semiconductor element
mounting region. Needless to say, the second buried conductor may be



connected to the second connection hole on the first main surface of the
second insul ati ng base and the other end thereof being present in a

sem conduct or el ement nounting region, and a second sem conductor 35

-el ement connected to the second wiring |ayer on the sem conductor el ement
nmounting region. Needless to say, the second buried conductor may be 9
formed in the wiring region or the senicdnductor el ement nmounting region.
1n the foregoing descrlptlon only the two-layer structure is referred to
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90  the buried conductors. Further, the insulating base may extend all over the
buried conductors including the bottoms thereof.

If the steps (4) and (5) are simultaneously executed, it is possible to
reduce the number of manufacturing processes. This is effective in
improving the manufacturing yield, and reducing manufacturing cost,

25  product cost and so on. Further, the insulating base covering the patterned
buried conductors can be used as a mask for reducing a thickness of the
buried conductors. This can obviate a process for forming a mask (e.g. a
resist film formed on the second main surface of the wiring substrate), which
means the reduction in the number of manufacturing processes.

30 Further, the step (1) preferably comprises forming an etching stop
layer on a rear conductive layer, and forming a front conductive layer on the
etching stop layer. The etching stop layer is made of a material having an
etching rate which is lower than that of the rear conductive layer. Further,
an etching rate of the front conductive layer is lower than that of the etching

35 stop layer. For instance, when the etching stop layer is made of a nickel
(Ni) film, and the rear and front conductive layers are made of thin copper



laayer on a rear conductive layer, and formng a front conductiv
the etching stop layer. The etching stop Iager is made of a ma'?elr?;?r o
having an etching rate which is |ower than that of the rear conductive
sl-ayer. Further, an etching rate of the front conductive layer is |ower
than that of the etching 35 stop layer. For instance, when the etching stop
,l ayer is made of a nickel (N) film ald the rear and front conductive
Lg%te;isna:]e made of thin ggpper 10 (Cu) filmnms or copper alloy filns
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15 Fig. 2 is a top plan view of the wiring substrate and the
semiconductor device.
Fig. 3 is a cross section showing how the wiring substrate is formed.
Fig. 4 is the continuation of Fig. 3.
Fig. 5 is the continuation of Fig. 4.
20 Fig. 6 is the continuation of Fig. 5.
Fig. 7 is the continuation of Fig. 6.
Fig. 8 is the continuation of Fig. 7.
Fig. 9 is the continuation of Fig. 8.
Fig. 10 is the continuation of Fig. 9.
25 Fig. 11 is the continuation of Fig. 10
Fig. 12 is the continuation of Fig. 11.
Fig. 13 is the continuation of Fig. 12.
Fig. 14 is the continuation of Fig. 13.
Fig. 15 is the continuation of Fig. 14.
30 Fig. 16 is a cross section showing how the semiconductor device 18
formed in the first embodiment.
Fig 17 is the continuation of Fig. 16.
Fig. 18 is a cross section showing how a semiconductor device of the
three-dimensional mounting structure is formed in the first embodiment.
35 Fig. 19 is a schematic cross section of the semiconductor device of the

three-dimensional mounting structure in the first embodiment.



30 Fig. 16 is a cross section showi ng how the sem conductor device is
formed in the first enbodinment. Fig 17 is the continuation of Fig. 16. Fig
18 is a cross section show ng how a sem conductor device of the '
-t<hr ee- di mensi onal nounting structure is formed in the first enbodiment. 35
Fig. 19 is a schematic cross section of the sem conductor device of the

t hree- di nensi onal mounting structure in dhe first enbodinment. 11 Fig. 20 is
a cross section of a nodified sem conductor device in the first

enbodi nent. Fig. 1 ihbg Al I view of Pl ' i nd
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Structures of Wrghg sauist RS sBBJorreiaCRReHE ndsdifiediwiring substrate in the
fifth embodiment.
15 Fig. 27 is a cross section of a second modified semiconductor device in
the fifth embodiment.

Fig. 28 is a cross section of a semiconductor device in a further

embodiment of the invention.

20 Best Mode for Carrying Out the Invention
The invention will be described with references to first to fifth

embodiments shown in the drawings. In the drawings, like or
corresponding parts are denoted by like or corresponding reference numerals.
It is to be noted that the drawings are schematic and that the relationship
95 between thickness and dimensions, and ratios of thickness of respective
layers may differ from actual sizes of components. Further, some drawings

are depicted with different scales.

( First Embodiment )
30 [ Structures of Wiring Substrate and Semiconductor Device ]
Referring to Fig. 1, a semiconductor device of the first embodiment
has the CSP structure in which a semiconductor element 2 is mounted on a
wiring substrate 1.
The wiring substrate 1 comprises: an insulating base 10 having a
35 wiring region 101 and a semiconductor element mounting region 102, and is
provided on the wiring region 101 and having connection holes 11 extending



Referring to Fig. 1, a sem conductor device of the first enbodi nent has
the CSP structure in which a sem conductor element 2 is nounted on a

wiring substrate 1. The wiring substrate 1 conprises: an insulating base 10
-having a ' 35 wiring region 101 and a semni conductor el enment nounting region
102, and is provided on the wiring region 101 and havi ng connection hol es
11 extending 12 between a first main surface (upper side in Fig. 1) and a
second nmain surfaces (lower side in Fig 1) of the insulating base 10;
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20 may be rectangular, pentagonal or polygonal. The buried conductors 12 are

provided in the connection holes 11 without reaching the second main

surface of the insulating base 10, so that recesses 110 (aligning parts) are

defined by inner walls of the connection holes 11 and by raised first main

surfaces of the buried conductors 12. The recesses 110 are used for aligning

25 the wiring substrate 1 (e.g. a first wiring substrate 1a) and another wiring

substrate 1 (e.g. a second wiring substrate 1b) when a plurality of wiring
substrates are stacked one over after another (refer to Fig. 19).

The buried conductors 12 function not only as electrodes (terminals)

for electrically connecting to another wiring substrate on the second main

30 surface of the wiring substrate 1 but also as through-hole wirings or via-hole

wirings for electrically connecting the wiring layer 14 of the wiring substrate

1 and another wiring substrate 1. Further, the buried conductors 12

thicken the wiring layer 14 (especially a terminal 14A) on the first main

surface of the wiring substrate 1, mechanically reinforce the wiring layer 14,

35 and form the aligning recesses 110 for stacking a plurality of the wiring

substrates 1. Fundamentally, the buried conductors 12 may be preferably
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Specifically he bondi ng pads 20 are connected to a plurality of high

i mpurity deﬁbipby regions (i.e. source/drain regions or emtter/collector
The semiconductor element 2 is a semiconductor chip in which active

20 and passive elements and so on are integrated on a front surface of a single
quartz silicon substrate (single quartz silicon chip).  Further, the
semiconductor element 2 is a bare chip, and is not encapsulated by a resin
mold or the like as shown in Fig. 1. A plurality of bonding pads 20 are
provided on the semiconductor element 2, and are used in order to

95 electrically connect between an integrated circuit including active and
passive elements, and the electrode 14C of the wiring layer 14.

Specifically, the bonding pads 20 are connected to a plurality of high
impurity density regions (i.e. source/drain regions or emitter/collector
regions) where donors or acceptors of approximately 1X108cm-3 to 1X 1021

30 cm-3 are doped on the element forming surface of the semiconductor element
2. A plurality of electrode layers made of metal such as aluminum (Al), an
aluminum alloy (Al-Si, Al-Cu, Al-Cu-Si) or the like are formed in order to
come into ohmic contact with the high impurity density regions. On the
electrode layers is provided a passivation film made of an oxide film (SiO2), a

35 PSG film, a BPSG film, a nitride film (SisNy), a polyimide film or the like. A
plurality of windows are formed in a part of the passivation film in order to
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20 wiring substrate 1 is effective in arranging a great number of bonding pads
20 of the semiconductor element 2 in the shape of an area array with reduced
pitches between the terminals.
An etching stop layer 13 is provided in the connection hole 11
between the buried conductors 12 and the terminal 14A of the wiring layer
25 14. The etching stop layer 18 is conductive and has an etching rate which is
different from an etching rate of the buried conductors 12 (and the wiring
layer 14), and is made of a thin nickel (Ni) film with a thickness of 0.1 umto
0.3 um, preferably 0.2 um.
An anisotropic conductive material 3 is used in order to mount the
30 semiconductor element 2. Specifically, the anisotropic conductive material
3 can stick the semiconductor element 2 with a plurality of bonding pads 20
and the electrode 14C kept conductive but with the other parts insulated,
and is made of an insulated resin such as an urethane or epoxy resin which
is mixed with a gold (Au) powder, a silver (Ag) powder, a nickel (Ni) powder, a
35 titan-nickel alloy (Ti-Ni) powder, or the like. The anisotropic conductive
material 3 conducts electricity only to the area where stress is applied, so
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element 2 in a face-down state In other words, the terminal 14C and
20 bonding pads 20 can be connected without passing over the front, side and
rear surfaces of the semiconductor element 2, and they can be mutually
connected on the semiconductor element 2. This is effective in minimizing

the wiring substrate 1. |
Still further, it is possible to protect the terminal 14A at the wiring

25 region 101 of the wiring layer 14 against break-down. The wiring region
101 is thinned in order to minimize the terminal 14A and wiring 14B or
increase the number of terminals 14A. The aligning part 110 can be made
without complicating the structure of the wiring substrate 1. As a result,
the semiconductor device becomes suitable to the three-dimensional

30 mounting structure as shown in Fig. 19, which shows that a plurality of
semiconductor devices of Fig. 1 are stacked one over after another using
inter-substrate connectors 6.

Referring to Fig. 19, a lower first wiring substrate la comprises: a
first insulating base 10a having a wiring region 101a and a semiconductor

35 element mounting region 102a, and having a first connection hole 11a in the
wiring region 101a, the first connection hole 11a extending between first and



i-ncrease the nunber of termnals 14A. The aligning part 110 can be nade
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The upper second wiring substrate 1b is identical to the lower first
20 wiring substrate la, and comprises a second wiring region 101b and a
semiconductor element mounting region 102b. A second connection hole
11b is formed at the wiring region 101b of a second insulating base 10b, and
extends between first and second main surfaces of the second wiring
substrate 1b. The second buried conductor 12b is embedded in the second
25 connection hole 11b. A space near the bottom of the second connection hole
11b serves as an aligning part 110b, into which the inter-substrate connector
6 is fitted, so that the first and second wiring substrates la and 1b can be
automatically aligned. The second buried conductor 12b has its one end
connected to the second wiring layer 14b on the first main surface of the
30 second wiring substrate 10b, and the other end thereof extending to the
semiconductor element mounting region 102b. A bonding pad 20b of the
second semiconductor element 2b is connected, on the semiconductor
element mounting region 102b, to an electrode 14C of the second wiring layer

14b.
35 The first and second semiconductor elements 2a and 2b are attached

by anisotropic conductive members 3a and 3b which enable electric



lib serves as an aligning part 110b, into which the inter-substrate
connector 6 is fitted, so that the first and second wiring substrates | a
and I'b can be automatically aligned. The second buried conductor 12b has
-i-ts one end connected to the second wiring |ayer 14b on the first main
surface of the 30 second wiring substrate 10b, and the other end thereof
extending to the seniconductor el ement Mounting region 102b. A bondi ng pad
-20b of the second sem conductor elenent 2b is connected, on the
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sem conduct eemp i@ﬁﬁ&ﬂsﬁﬁﬁg‘iﬂrpng region 102, i.e. three netal layers are
for med. TheiM@hoﬂWﬁhhf&thﬁYl@Wﬂﬁﬂg|Si1b@51QdefJ0r making the buried
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with reference to Fig. 3 to Fig. 15.

20 (1) As shown in Fig. 3, a front conductive layer 140 is formed on a rear
conductive layer 120 with an etching stop layer 13 extending over the wiring
regions 101 and the semiconductor element mounting region 102, i.e. three
metal layers are formed. The rear conductive layer 120 is used for making
the buried conductors 12, and is preferably made of a thin copper film which

25 is approximately 50 ¢ m to 80 1 m, preferably 65 4 m, thick, for example.
The front conductive layer 140 is used to form the wiring layer 14, i.e. the
terminal 14A, wiring 14B and electrode 14C, and is made of a thin copper
film of which thickness is 30 #m to 40 4 m, preferably 35 #m. The
etching stop layer 13 is preferably made of a thin nickel (Ni) film whose

30 thicknessis 0.1 £mto 0.3 im, preferably 0.2 ym.

(2) A resist film is coated over the rear conductive layer 120 (lower surface
thereof shown in Fig. 3), and is exposed and developed, thereby forming an
etching mask (not shown). If made of a positive resist film, the etching
mask extends only over an area where the connection hole 11 is to be formed

35 on the wiring region 101 of the rear conductive layer 120. The etching mask

is used to remove the rear conductive layer 120 by etching, and a plurality of



25 is approximately 50 u in to 80 u in, preferably 65 u in, thick, for
exanpl e. The front conductive layer 140 is used to formthe wiring layer
14, i.e. the ,termnal 14A, wiring 14B and el ectrode 14C, and is nmade of a
-thin copper filmof which thickness is 30 ,uinto 40 ,u in, preferably 35
ii m The etching stop layer 13 is preferably made of a thin nickel (N)
fil mwhose 30 thickness is 0.1 ji mtold 3 Am preferably 0.2 Am (2) A
resist filmis coated over the rear conductive layer 120 (lower surface
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20 by Hitachi Chemical Co., Ltd. which is non-woven glass filler cloth
impregnated with epoxy resin, for example, The insulating base 100 is
thicker than the buried conductors 12, and is approximately 51 «m to 130
1m thick, for example. Specifically, the thickness of the insulating base
100 is determined so that a distance from the bottom of the buried

95 conductors 20 to the second main surface of the insulating base 100 is
preferably between 1 #m or and 50 #m. The flattening member 16 1is
preferably copper foil having a thickness of 18 4 m, for example, which 1s
not roughened but has a smooth shiny surface, and is in contact with the
insulating base 100.

30 (5) The insulating base 100 is sandwiched between the buried conductors
12 and the flattening member 16. Then, pressure is applied to the
insulating base 100 via the flattening member 16. The insulating base 100
is pushed toward the buried conductors 12, and can remain flat on its surface
(lower side in Fig. 7). Further, a part of the insulating base 100 is pushed

35 around the buried conductors 12, and surrounds them. The insulating base

100 in contact with the shiny surface of the flattening member 16 can be



100 is determ ned so that a distance fromthe bottom of the buried 25
conductors 20 to the second nain surface of the insulating base 100 is
preferably between 1 amor and 50 ,u m The flattening nenber 16 is
-preferably copper foil having a thickness of 18 gm for exanple, which is
not roughened but has a smooth shiny surface, and is in contact with the
i nsul ating base 100. 30 (5) The i nsul atilAg base 100 is sandw ched between
-the buried conductors 12 and the flattening nenber 16. Then, pressure is
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the rotatedggnt conductive layer 140 is fixedly attached on a level block via the surface
20 where the adhesive is hardened. A predetermined amount of abrasives is
applied onto a rotary disc which is substantially parallel to the level block.
The level block is then lowered toward the rotary disc, which is the rotated
while load of 14.7 kPa is being applied thereto for approximately 15 minutes.
By this polishing process, the bottoms of the buried conductors 12 can be

25 exposed from the insulating base 10.
(8) Thereafter, a resist film is laminated on the front conductive layer 140
(shown in Fig. 11), and is exposed and developed, so that etching masks 145
are formed as shown in Fig. 11. The etching masks 145 cover the front
conductive layer 140 only at areas where electrodes 14C of the
30 semiconductor element mounting region 102 are to be made, and do not
extend over the other parts of the front conductive layer 140. The resist
film may be made of RESIST Hi-RC manufactured by Hitachi Chemical Co.
Ltd., RESIST 401y25 manufactured by Nippon Synthetic Chemical Co., Litd.,
or the like. When 401y25 is used, the resist film is laminated on the front
35 conductive layer 140 at a roll temperature of 110 C and a rolling speed of

0.6 m/min. Further, the resist film is exposed by a total exposure energy of



while load of 14.7 kPa is being applied thereto for approximately 15

m nutes. By this polishing process, the bottons of the buried conductors
12 can be 25 exposed fromthe insulating base 10. (8) Thereafter, a resist
-filmis lam nated on the front conductive layer 140 (shown in Fig. 11),
and is exposed and devel oped, so that etching masks 145 are forned as
shown in Fig. 11. The etching masks 145 20over the front conductive | ayer
-140 only at areas where electrodes 14C of the 30 sem conductor el enent
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20 and the bottoms of the buried conductors 12. The half-etching is performed

using a solution whose main components are sulfuric acid and hydrogen

peroxide, e.g. chemical polishing solutions SE-07, CPE-750, CPS, or a

mixture of these solutions which are produced by Mitsubishi Gas Chemical

Co., Ltd. In the etching solutions, a density of hydrogen peroxide is 2.0 g

95 /100ml to 10.0 g/100ml, and a density of copper is 3.0 g /100ml to 10.0

g/100ml. The half-etching is carried out by showering the etching solution

of 20 °C to 30 C and by using a conveyer etching system. The etching
mask 145 is removed by a sodium or potassium hydroxide solution.

(10) Thereafter, the resist films are laminated on the front of the front

30 conductive layer 141 and the rear surface of the insulating base 10 (the

upper and lower surfaces shown in Fig. 13). The resist films may be

laminated simultaneously or at different times. The resist film on the front

surface of the front conductive layer 141 is exposed and developed using a

prepared mask. Etching masks 146 are formed using front resist masks as

35 shown in Fig. 13. The etching masks 146 are particularly patterned in

order to extend only over the terminals 14A, striped wirings 14B, and



per oxi de, e.g. chem cal polishing solutions SE-07, CPE-750, CPS, or a
t hese sol utions which are produced by M tsubishi Gas Chem cal

n the etching solutions, a density of hydrogen peroxide is 2.0 g
o 10.0 g/100n, and a density of copper is 3.0 g /100mM to 10.0
g/ 100m . The halfetching is carried out by showering the etching solution
of 20 Cto 30 C and by using a conveyer gg¢t ching system The etching mask
-145 is renoved by a sodi um or potassiun1hydroxide solution. (10)
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wiri gs214 D:llrg {'r(r:lgldnaqs sﬁown in Fig. 14. The terminals 14A, wirings

14B and electrodes 14C are shaped as shown in Fig. 2. This etching is
performed using an etching solution mainly containing ferric chloride and
copper (ID chloride, or an alkali etching solution such as A PROCESS
SOLUTION manufactured by Mel Strip Co., Ltd.

(12) The etching masks 146 and 147 are then removed using a sodium or
potassium hydroxide solution. Thereafter, a solder-resist film is preferably
formed on the exposed part of the insulating base 10 except for the buried
conductors 12 and the wiring layer 14. The solder-resist film prevents the
wirings 14B of the wiring layer 14 from break-down, and reduces an area to
be plated if plating is performed in a post-treatment process. The
solder-resist film may be made of RESIST FC HARD manufactured by
Shikoku Chemical Co., Ltd., is applied by a screen printing process and is
then cured by heat (no solder-resist film is formed on the wiring substrate 1
of the first embodiment).

(13) Plated layers are formed on the buried conductors 12, terminals 14A,
wirings 14B and electrodes 14C of the wiring layer 14. The plated layers
are made of nickel (Ni), gold (Au) and so on, and are formed by
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performed using an etching solution mainly containing f [ [
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SCLUTI ON manuf actured by Mel Strip Co., Ltd. (12) The etching masks 146 and
- 147 are then renoved using a sodiumor 25 potassium hydroxi de sol ution
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appropriated thickness. To be more specific, the wiring layer 14 is thinned
90  in order to minimize or increase the terminals while the buried conductors
12 are thick in order to reinforce the wiring layer 14. Insertion of the
etching stop layer 13 enables the rear conductive layer 120 to be patterned
without adversely affecting the thickness of the front conductive layer 140,
thereby forming the buried conductors 12 in the shape of a bump.
95 [ Method of Manufacturing Semiconductor Device ]
The following describe how the semiconductor device of the first
embodiment is assembled, with reference to Figs. 1, 2, 16 and 17.
(1) First of all, the anisotropic conductive material 3 is applied to the
semiconductor element mounting region 102 of the wiring substrate 1, and is
30 heated at a predetermined temperature and pressed with a predetermined
load for a predetermined period of time. In this state, the anisotropic
conductive material 3 is temporarily in pressure contact with the wiring
layer 14. The anisotropic conductive material 3 may be an anisotropic
conductive film manufactured by Hitachi Chemical Co., Ltd.
35 (2) The semiconductor element 2 is placed on the anisotropic material 3,
and has its bonding pads 20 aligned with electrodes 14C of the wiring



20 in order to mnimze or increase the termnals while the buried
conductors 12 are thick in order to reinforce the wiring layer 14.
Insertion of the etching stop |ayer 13 enables the rear conductive |ayer

- 120 to be patterned without adversely affecting the thickness of the front
conductive |layer 140, thereby formng the buried conductors 12 in the
shape of a bunp. 25 L Method of Nhnufacﬁ@ring Sem conductor Device | The
-foll ow ng descri be how the sem conductor device of the first enbodinent is
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20 wiring substrate 1 via the anisotropic conductive material 3. Alternatively,
the semiconductor element 2 may be directly fixed to the wiring substrate 1
without the temporary fixing.
[ Method of Manufacturing Semiconductor Device of Three-dimensional
Structure ] o
25 The semiconductor device of the three-dimensional structure will be
assembled as follows as shown in Figs. 18 and 19.

(1) Referring to Fig. 18, inter-substrate connectors 6 are formed on
terminals 14A of a first wiring substrate 1la. The inter-substrate connectors
6 are solder balls, which can be easily made using a solder ball machine

30 manufactured by Hitachi Via Mechanics Co., Litd.

(2) As shown in Fig. 19, a second wiring substrate 1b (identical to the first
wiring substrate 1) is placed on the first wiring substrate 1la. The
inter-substrate connectors 6 on the terminals 14A of the first wiring
substrate 1a reach aligning parts 110b on the rear surface of the second

35 wiring substrate 1b, so that the first and second wiring substrates la and 1b
will be automatically aligned. The solder reflow is carried out in order to



sem conductor elenment 2 itself is nechanically strongly attached to the 20
W ring substrate 1 via the anisotropic conductive material 3.

Alternatively, the sem conductor elenent 2 nmay be directly fixed to the
-wWiring substrate 1 w thout the tenporary fixing. [ Method of Manufacturing
Sem conduct or Device of Three-dimensional Structure] 25 The sem conduct or
devi ce of the three-dimensional structu4 will be assenbled as follows as
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face-up bonding method, although not shown in detail.

20 A plurality of wiring substrates 1 comprising the foregoing
semiconductor elements 21 are stacked one over after another similarly to
the semiconductor device shown in Fig. 19, thereby accomplishing the

three-dimensional structure.
In the three-dimensional structure, not only a plurality of the
95 semiconductor elements 2 or 21 are stacked one over after another but also
wiring substrates including the semiconductor elements 2 and those
including the semiconductor elements 21 may be alternately stacked.

Further, the semiconductor element 21 may have the TAB structure.

30 (Second Embodiment )

In a second embodiment, a wiring substrate 1 comprises electrodes
14C whose shape differs from that of the first embodiment. Fig. 21 is a top
plan view of the wiring substrate 1 which is in the manufacturing process
shown in Fig. 13. .

35 A plurality of combined electrodes 14C are prepared. An etching

mask 146 extends across these electrodes 14C, and is used to pattern a front



a resin-nol ded portion. The bare chip is attached to inner |
face-up bonding nethod, although not IOshown in detail. 20 A pFﬁ(erI ib%/yaof
Wi ring substrates 1 conprising the foregoing seniconductor elenents 21 are
- stacked one over after another simlarly to the sem conductor device shown
in Fig. 19, thereby acconplishing the three-dinmensional structure. In the
t hree- di mensi onal structure, not only a2plurality of the 25 sem conductor
ELSQFPSGZ or 21 are stacked one over after another but also wring
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three-dimensional structure as shown in Fig. 19.

( Fourth Embodiment )
Referring to Fig. 23, a semiconductor device comprises: an insulating
20 base 10 having wiring regions 101 and a semiconductor element mounting
region 102; connection holes 11 extending between first and second main
surfaces of the insulating base 10; wiring layers 14 each of which has one end
thereof connected to the connection holes 11 and the other end thereof
extending to the first main surface of ‘the insulating base 10; and a
25 semiconductor element 2 connected to the wiring layer 14 at the
semiconductor element mounting region 102. In this embodiment, no
buried conductors 12 are present in the connection holes 11. Specifically,
thin metal films 15 are selectively provided on the rear surfaces of the wiring
layer 14 exposed in the connection holes 11, and are 5 ¢ m to 30 4 m thick
30 nickelplated films or a nickel-plated films covered by a 2 £m to 30 um
gold-plated film. These thin metal films 15 are made by the same process
as that of the thin metal film 15 on the wiring layer 14 in the fourth
embodiment.
The connection holes 11 have large spaces which can be used as
35 aligning parts necessary for the three-dimensional structure. In other
words, the aligning parts can be made without increasing the number of



20 base 10 having wiring regions 101 and a sem conductor el enent nounting
regi on 102; connection holes 11 extendi ng between first and second main
surfaces of the insulating base 10; wiring |layers 14 each of which has one
-end thereof connected to the connection holes 11 and the other end thereof
extending to the first main surface of the insulating base 10; and a 25
sem conductor el ement 2 connected to th&bwiring |ayer 14 at the
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the etching estctzl?mg r%tgrli s%curaecieﬁ rTﬁdebune con(fuctgrs 12 and wiring layers 14 are
made of copper (Cu), and the etching stop layers 13 are made of nickel (Nb).

20 Thin metal films 15 are provided on the bottoms of the buried
conductors 12, and may be nickel-plated films or nickel-plated films which
are covered by a gold-plated film or the like. The second main surface of the
insulating base 2 is flush with the bottoms of the thin metal films 15.

Even when the second main surface of the insulating base 2 is flush

95  with the bottoms of the thin metal films 15, the semiconductor device of this
embodiment is effective in minimizing the terminals 14A and wirings 14B
and increasing the number of terminals 14A as in the first embodiment.
Therefore, this embodiment can minimize the semiconductor device and 1is
suitable to the three-dimensional structure of the semiconductor device.

30 Fig. 25 shows a first modified example of the semiconductor device of
the fifth embodiment. The semiconductor device comprises: an insulating
base 10 having wiring regions 101 and a semiconductor element mounting
region 102; buried conductors 12 extending between first and second main
surfaces of the insulating base 10 at the wiring regions 101; wiring layers 14

35 each of which has one end thereof connected to the buried conductor 12 on
the first main surface of the insulating base 10 and the other end thereof



20 Thin netal filnms 15 are provided on the bottons of the buried

conductors 12, and nmay be nickel-plated filnms or nickel-plated filnms which
are covered by a gold-plated filmor the like. The second main surface of
.the insulating base 2 is flush with the bottons of the thin netal filns
15. Even when the second main surface of the insulating base 2 is flush 25
with the bottorms of the thin metal film#715, the semniconductor device of
-this enbodinment is effective in mnimzing the termnals 14A and w rings

14B and ingcreasing.th u ' 14A0aating kBeiohi N9L; eavddanent .
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20 the insulating base 10. For instance, when a total thickness of each buried
conductor 12 and each etching stop layer 13 is approximately 50 «m to 80
¢t m, preferably 65 (£ m, and a thickness of the insulating base 10 is
approximately 30 4m to 60 Lm, the semiconductor device can be easily

" structured as shown in Fig. 26.

25 ~ In the structure shown in Fig. 27, a semiconductor element 2 is
mounted on the front conductive layer 140 which is patterned in order to
form wiring layers 14 provided with terminals 14A, wirings 14B and
electrodes 14C. The semiconductor device of Fig. 27 comprises: an
insulating base 10 having wiring regions 101 and a semiconductor element

30 mounting region 102; buried conductors 12 extending between first and
second main surfaces of the insulating base 10; wiring layers 14 each of
which has one end thereof electrically connected to each buried conductor 12
and the other end thereof extending to the semiconductor element mounting
region 102; and the semiconductor element 2 connected to the wiring layers

35 14 at the semiconductor element mounting region 102. The buried
conductors 12 are provided with thin metal films 15 on their bottoms.



bottons of the buried conductors 12 project fromthe second main surface of
20 the insul ating base 10. For instance, when a total thickness of each
buried conductor 12 and each etching stop layer 13 is approximtely 50 u
-in-to 80 *,u. m preferably 65 u m and a thickness of the insulating base
10 is approximately 30 u mto 60 u in, the sem conductor device can be
easily structured as shown in Fig. 26. 285 . In the structure shown in Fig.
-27, a sem conductor elenent 2 is nounted on the front conductive |ayer 140
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substrate 1 beforehand. In such a case, it is not possible to secure a gap for
20 the solder paste between the terminals 14A and the screen printing mask.
Further, the inter-substrate connectors 6 may be an anisotropic conductive
material (e.g. an anisotropic conductive film) identical to the anisotropic
conductive material 3.
As shown in Figs. 1, 17 to 20, 22 to 25 or 27, the semiconductor
25 devices provided with integrated circuits are mounted on the wiring
substrates 1 in the face-down state (flip-chip state). However, the present
invention is not always limited to the flip-chip mounting. As shown in Fig.
28, bonding wires 25 may be used to connect the bonding pads 20 around the
semiconductor element (semiconductor chip) 2 to the electrodes 14C of the
30 wiring layers 14. The semiconductor element 2 and the electrodes 14C are
molded by a protective resin 31. When the bonding wires 25 are used, it is
possible to reduce a height difference between the bonding pads 20 (first
bonding area) and the electrodes 14C (second bonding area) because the
electrodes 14C are thick. Therefore, bonding can be facilitated, and it is
35 possible to prevent shorting between corners of the semiconductor element 2

and the bonding wires 25, which is effective in improving the manufacturing



substrate 1 beforehand. In such a case, it is not possible to secure a gap
for 20 the sol der paste between the termnals 14A and the screen printing
mask. Further, the inter-substrate connectors 6 may be an ani sotropic

. conductive nmaterial (e.g. an anisotropic conductive filn) identical to the
ani sotropi c conductive material 3. As shown in Figs. 1, 17 to 20, 22 to 25
or 27, the semiconductor 25 devices préfided with integrated circuits are
-nmounted on the wiring substrates 1 in the face-down state (flip-chip
state). Howeveyr, 4.0 [ | E | I it Bl tash & ehd MAB
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14C are t hi sdsendhéiieAor @, theokikié.ng can be facilitated, and it is 35 possible
to prevent Short'ﬁ%ﬁ%hﬁg&gﬁg;@?%dﬂﬂeﬁ@e thEMveA Hg“ﬁﬁ’srtrﬁtleeﬁ?ﬁ:{aﬂbeaﬂd t he

bondi ng wires 25, 've In 1 hproving the manufacfuri ng%a\

yi el d. Fur tjented hiaccﬁ'u;rbgudngammqe@mmiscmwtﬂm@dnﬁewwr%@i% { REIWAB
tape. The first .e [ [ [ ' tinatlikdre i ntegrated
circuit is ‘Erﬁ’g&sli#}lg’g%ﬁ’r@g')a @Pﬂ?@éﬁﬁ?ﬁsﬁﬁgg’é t_l(hgillliégon sj ngl.e
crystalichi p). 5 Rurthient thy huedceondiictonsa2 pnd the wiaing lawescbh r
made of gal | ium ( ' iesialdng enbodi nent s,
the wiring ?%Qgﬁgbéﬁ%%%yx%gﬁg Iﬁ%ﬁaﬁgggﬂgﬁ%%ﬁag&ar d,..an inte rgt e?l
circuit board, a Ehéspidtandoscopel ¢fqmed1nw§1naﬂr@rﬁ@&eabn{1@(€9n y the

transparent&%lr%sﬁ%fﬁ%leagééeq{&h,(ilgfmghe | ike. 10 Further, the buried

conductors ring layers 14 of the wring substrate 1 nay be
made of different nmetallic materials. The spirit and scope of the invention

are to pe lb?f-e%xﬁsgof)dﬂeyf[ﬁﬁnh%ﬁ ternms of the appended clainms. 15 Effects of

ef Tective in dowRbe ANEREIAB COBHOSHINOMIEEH BDHAAR HhIFL e AR o 1o

i ncreasi ng yBGnalAAY (R SemddshdubtéredevidenByt htinimizng dang nisicoswing the
structure. terminals, and in realizing the three-dimensional structure.

The invention can provide the semiconductor device which is effective

20 in downsizing the semiconductor device by minimizing and increasing the
terminals, and in realizing the three-dimensional structure.

Further, the invention can provide the method of manufacturing the

wiring substrate which is effective in reducing the number of processes, the

product cost and manufacturing cost, and improving the manufacturing

25 yield.



The invention can provide the sem conductor device which is effective 20
i n downsi zing the sem conductor device by mnim zing and i ncreasing the
termnals, and in realizing the three-di nensional structure. Further, the
- i-nvention can provide the method of nanufacturing the wring substrate
which is effective in reducing the nunber of processes, the product cost
and manufacturing cost, and inproving t € manufacturing 25 yield. 30
-CLAIMS 1. Awring substrat e conprising: a conductive surface layer; 5 a
plurality of buried conductors electrg Fg_hﬁgconnected to the conductive
surface layer on a rear surface thereof, and an insulating base having a
fi.rst main surface in contact with the rear surface of the conductive

surface Iayer @&ﬂ %rsﬁ?ocs?l[b& ges rjpface which is opposite to the first

mai n surface, range ontat with side walls 10 of the buried
conductors. 2. Tmacmdmatglesaunf gedlagent claim 1, wherein: the insulating

base is dn contact Yﬁrtaﬁﬁttﬁ%goﬁlﬁrlga E&Sd&%iv@%l@@t‘i‘%@kor&nn@%da tdi ghance

bet ween t he bottoms uri ed conductors and the second mai n surface
of the i nsutatdurgiveamefie layensn artear sk fosegharedd nd m or | ess. 3. The

W ring substrate of 1ﬁL @b%hﬁbﬂ%ﬁeﬁmtﬁ%m <Rk fdchanbedtadt wmmctu@t ors

are exposed on the |nsu he w ring substrate of L
wher ei n thereaa*cxurtﬂaqurthemotl vetivg suface lawpay and ﬁ@e%’éjemaénﬁpﬁ ewr 1ﬁ the

bottoms of fsbéj%;fb;éﬁﬂee%f ﬁ}%%ﬁ b4 13y dsulsk-fae'eh Qnd 4118884 RS cbAtRt AFithstddwdlls

wherein the he burie conductors proj ect conpared with the
second Mi noSthef bewedfconductonsul ating 25 base. 6. A wiring substrate
conprising: an insulating base having a wiring region and a sem conduct or
el ement nounting region; 30 a connection hole fornmed in the wr.i n re ion

and ext endi BgThetwiesre sebstrateraficlaimy 1s sthenginnghp inghlagingbase ’lSHB ating
base; and aw}“l{ b ohSFthB ;Mr{w &%u‘éwﬂfst Qﬁ‘d Qfﬁmﬁﬁiil:@%tﬁdeﬁ ghé roetmmmfct i on
|

hol e on the rst main surface of th e| sul.atin gﬁg andthg other
t her eof posthe breiedandnetors snddhauecend BIARSW IS hg dnsilg

15 4 m or more and 50 £ m or less.

3. The wiring substrate of claim 1, wherein the bottoms of the buried

conductors are exposed on the insulating base.

20 4. The wiring substrate of claim 3, wherein the second main surface of the
insulating base is flush with the bottoms of the buried conductors.

5. The wiring substrate of claim 3, wherein the bottoms of the buried
conductors project compared with the second main surface of the insulating

25 base.

6. A wiring substrate comprising:

an insulating base having a wiring region and a semiconductor
element mounting region;

30 a connection hole formed in the wiring region and extending between

the first and second main surfaces of the insulating base; and

a wiring layer having one end thereof connected to the connection
hole on the first main surface of the insulating base and the other end
thereof positioned on the semiconductor element mounting region.

35
7. The wiring substrate of claim 6, further comprising a buried conductor



35 7. The wiring substrate of claim®6, further conprising a buried
conductor 31 which is provided in the connection hole w thout reaching the
second main surface of the insulating base and is electrically connected
-to-the wiring layer. 5 8. The wiring substrate of claim®6, further
conprising a thin metallic film which is selectively provided on the rear
surfaces of the wiring |layer exposed irmlthe connection hole. 9. A wring
-substrate conprising: 10 an insulating base having a wiring region and a

sem CO”dUCt‘gh oif fg?%n%@?ﬂ%hg%ohﬁgéﬁ& lﬁléJWxt}ﬂﬁltCM@hﬁig)th@e@wnﬂedmn t he

Wi ring regi etween the first, a secon |n sur faces of
t he i nsul at sifateasé; thanmsa ating hpseaged 1R ?(Ffﬁlcéﬂé‘ &0 the WaHPEC4 | y
connect ed tga pe 15 buried conductor on the first main surface of the

i nsul ating dse and the other end thereof posi ti oned on the sem conduct or
el ement nounti ng region. 10. The wiring substrate of claim®6, wherein the

second MR Ng Sk, a\gﬁbr?é fhﬁgiﬁ*awﬁi’lc '8 PSStk %ofd]ﬂ@sﬂn@ﬁé Bhih hﬁltbllm ﬁimt he

buri ed conduct or W ring substrate V\ﬂg a
of the buri ehidoimsaedivelppapeided oxoihsaread syt faﬁeﬁ ﬁgaé%%ﬁ&‘ Vir %995 e of

t he insul at a5 wiring substrate of any one of claims 6 to 11,
wher ei n theh\?\na%é)ng efgépa%geir conprises: a wiring and a termnal positioned

near the wiring region; and an el ectrode positioned near the sem conductor

el enent nougt é’ﬁ%dcoBg;Bﬁﬁn hi cker than the wiring and the
term nal . g A&%glerﬁeg%ﬂgﬂcto evi ctg conprising: 30 a fi,rst |nsuln@hlpog base

having #0wi ring reyi msudafdng kase be Nﬂl&t%wlr&%ﬁﬁﬁl‘)l‘rﬁ&ﬂt Pnge

first connegd n?&nbﬁxlo ftﬁlr %1619 the wiring region and extending between a
first main SUPface and a mai n surface of the first |ns | at.i ng. base

35 a first wiri ngalb\}lelﬁdp‘?@ﬁ‘ww droyideds 1n She Winng FeHeR 4 teﬁ‘é

| nsul at i ng 'B@E\Seexb & RYstONR eg%nfdhﬁ@ﬁeéu@@awcﬂm insulditng bass; amhnect i on

hol e 32 and the end thereof positi neh e, sem conduct o} %I nt
mount i ng a W1r1ng layer having one end t ereof e ectrically connected t fHE
15 buried conductor on the first main surface of the insulating base and the

other end thereof positioned on the semiconductor element mounting region. -

10. The wiring substrate of claim 6, wherein the second main surface of the
insulating base is flush with a bottom of the buried conductor.

20
11. The wiring substrate of claim 6, wherein a bottom of the buried conductor

projects compared with the second main surface of the insulating base.

12. The wiring substrate of any one of claims 6 to 11, wherein the wiring
25 layer comprises: a wiring and a terminal positioned near the wiring region;
and an electrode positioned near the semiconductor element mounting

region and being thicker than the wiring and the terminal.

13. A semiconductor device comprising:
30 a first insulating base having a wiring region and a semiconductor
element mounting region;

a first connection hole formed in the wiring region and extending
between a first main surface and a second main surface of the first insulating
base;

35 a first wiring layer provided on the first main surface of the first

insulating base, having one end thereof connected to the first connection hole



rregion; and a first sem conductor el enent positioned on the sem conductor
el ement nounting region and connected to the first wiring layer. 5 10 14.
The sem conductor device of claim 13, further conprising a buried

- eonductor which is enbedded in the connection hole w thout reaching the
second main surface of the first insulating base and are electrically
connected to one end of the first mﬁrin&zlayer. 15. The sem conduct or
-device of claim 13, further conprising a thin nmetallic filmwhich is

sel ectively, ' gﬁfg SHEASE fn e EhBidondsitctor dlem@nt ayeuntirgposed
in the fi rs%rp(%:%énec |ré?r%!*1égﬁé.é@%550 16. A sem conductor device conprising: a

fi.rst insulmgionj ske having a wiring region and a seni conductor el enent
TOuNt i N eQi 0N A fidhSkoRiiorRhofR UGhERS DpoMHIREd  on ties wiemingndegioen and
extending between a ftI_I‘St mal n surface a chond. TR N surface of the
first insuleeiment @ounting region;and CoRRaC F%@@r 5oV ITHRE 1Bt he first main
surface 5of the first insulating base, having one end thereof connected to
the first buried conductor and the other end tglerﬁof posi ti.oned |n the
sem conduct b4. Blhereemicondustomderiegi oh claimy bl e ?rstcogﬁ)rﬁl%Bﬁdﬁct’Bpe

el enent conbethfifol bR if iendbedidd! 18 thaXshnaition 16 Witkanneldhing thuent
mounting regron. 30 17. ‘f e sem conductor devi.ce of clai 16, ‘W} rein the
second mai nsexonflageainf surfasef of sthe st amsdaing e Ppee 14RERALH 6031}98?%/ om of

the first b&%%@ggﬁpygﬁ%gﬁg_oﬁhe fiket weihgaagact or device of claim 16,

wherein the irst buried conductor projects conpared with
the secthhd nain surface of the first insulating base. 35 19. The

sem conduct g5 $5YisefiBindARor0REviel of bRiifiP13 Hirthdrbcompulsisigna thirs metalli ng
ayer conprises: a wring and a termnal . positio near Wi I

regi on; andfilm whichissetecsiyslt penvade Qarthgﬁgagéﬂf Bﬁagﬁ%ﬁrgﬁ‘g}%{ﬁg%ﬁé
mount i ng r egiOfkeand thRi Mt hhAk@iod hale. the wiring and the terminal, and
wherein a bonding pad of the sem conductor elenent is connected to the

15 16. A semiconductor device comprising:
a first insulating base having a wiring region and a semiconductor

element mounting region;
a first buried conductor provided in the wiring region and extending
between a first main surface and a second main surface of the first insulating

20 base;
a first wiring layer provided on the first main surface of the first

insulating base, having one end thereof connected to the first buried
conductor and the other end thereof positioned in the semiconductor element
mounting region; and

25 a first semiconductor element connected to the first wiring layer at

the semiconductor element mounting region.

17. The semiconductor device of claim 16, wherein the second main surface of

the first insulating base is flush with a bottom of the first buried conductor.
30

18. The semiconductor device of claim 16, wherein the bottom of the first

buried conductor projects compared with the second main surface of the first

insulating base.

35 19. The semiconductor device of any one of claims 13 to 18, wherein first

wiring layer comprises: a wiring and a terminal positioned near the wiring



el ectrode. 5 20. The sem conductor device of any one of clains 13 to 15 and
claim19, further conprising at least: an inter-substrate connector
provided on the wiring region of the first wring |ayer of the wiring
-substrate; 10 a second insul ating base having a second connection hole in
which the inter-substrate connector is enbedded; a second wiring |ayer
havi ng one end thereof connected to theégecond connection hole on the
‘first main surface of the second insulating base and the other end thereof

positioned | %151? 23RN £HPNE1dEr8he € pBERIFnedD UitlarNGhe 1éeﬁﬁ@mluct<ancblame¢ond
sem conduct™o

ement connect ed tg the second wirin 1
seni conductmoustisgeragionand heingHh 1§£e1 ilianfﬂé @gﬁ?g@ﬁ’%ﬁ%wr&%\ﬂa&agg any
one of claifgRelfnte ﬂ(ﬂ]%ﬁé‘rﬁ;ﬂisbf tRO $efRbh&LAEr leleastis @mnieotesl tedbst rat e
connect or prov ed ont wring region of the first wring |ayer of the
wi ring substleatrede.a second buried conductor electrically connected to the

inter-sybstrate connector; 25 a second insulating base for enbedding at

| east the second buried _conductor therein ond [ ayar: hayvd ng
one end the?@oThélS@mmm@wt?rcd@ﬂ#@cf’gan@’d’nec ﬂ%c Eigmﬁ f%&n@o‘ﬁah ti(% on
the first égrﬁﬁﬁsﬁ{g Lhragecond |nsul ating base and the other end

t her eof pos |one

sem conduct or e nountin nd a
second semi conduc@l@ﬂn@reﬂr\@ﬁtﬁl?’ééﬁﬂ’é’é?"éarPBO‘P% Qg%ﬁa”w*}% ?ré?gt ﬁrsqt he

sem conduct gk fxgqg?@omiﬁﬁ LABLAte;22. A nethod of manufacturing a
W ring substra conpri si.ng %

form a front cQ nductiyve l.ayer. rear

conduct1&e | ayer ; a seepnd ingelafing-hess gg"g‘%arﬁe%’? {40neeky nc‘b"ﬁ%dcﬁigvgc ayer
and form ngyg, frePiiibBlatOBEMEd@bs i SxbBbadedn | nsul ating base in contact
with the front conductive | ay 3 }t\he i nsul at Est raetc N2 ?}qg%}%ﬁ%t
| east around the Bsecen WaHAgdeYe: a%’é’lge‘iﬁq% h5P ﬁ?% par
front condugfhN&tlyRble on the first main surface of the second insulating base and

the other end thereof positioned in the semiconductor element mounting

16 region; and
a second semiconductor element connected to the second wiring layer

of the semiconductor element mounting region.

91. The semiconductor device of any one of claims 16 to 19, further
20 comprising at least:

an inter-substrate connector provided on the wiring region of the first
wiring layer of the wiring substrate;

a second buried conductor electrically connected to the inter-substrate
connector;

25 a second insulating base for embedding at least the second buried
conductor therein;

a second wiring layer having one end thereof electrically connected to
the second buried conductor on the first main surface of the second
insulating base and the other end thereof positioned in the semiconductor

30 element mounting region; and
a second semiconductor element connected to the second wiring layer

in the semiconductor element mounting region.

22. A method of manufacturing a wiring substrate comprising:
35 forming a front conductive layer on a rear conductive layer;
selectively removing a part of the rear conductive layer and forming a



5 selectively thinning a part of the buried conductor; and patterning the
sel ectively thinned front conductive layer and formng a wiring and a
termnal. 23. The method of claim22, wherein formng a front conductive

. l-ayer on a 10 rear conductive |layer conprises: applying an etching stop

| ayer on the rear conductive layer when etching the rear conductive |ayer,
the etching stop layer having a slow etdhing rate conpared with an etching
.rate of the rear conductive |ayer; and applying the front conductive |ayer

on-the etching st er when etching the etching stop | ayer, front
conductive%%’@%&cﬁgwéntgy’a 15 slow etching rate conpared with the etching

stop | ayer. forming an insulating base in contact with the front conductive layer,
the insulating substrate extending at least around the buried conductor;
selectively thinning a part of the front conductive layer;
5 selectively thinning a part of the buried conductor; and
patterning the selectively thinned front conductive layer and forming

a wiring and a terminal.

93. The method of claim 22, wherein forming a front conductive layer on a
10  rear conductive layer comprises: applying an etching stop layer on the rear
conductive layer when etching the rear conductive layer, the etching stop
layer having a slow etching rate compared with an etching rate of the rear
conductive layer; and applying the front conductive layer on the etching stop
layer when etching the etching stop layer, front conductive layer having a

15  slow etching rate compared with the etching stop layer.



