DESCRI PTI ON

TI TLE OF I NVENTI ON: LASER PROCESSI NG METHOD, METHOD FOR
PRODUCI NG SUBSTRATE, LASER PROCESSI NG APPARATUS,
SUBSTRATE, AND SEM CONDUCTOR PACKAGE SUBSTRATE

TECHNI CAL FI ELD
[ 0001]

The present invention relates to a | aser
processi ng net hod, a method for producing a substrate, a
| aser processing apparatus, a substrate, and a

sem conduct or package substrate.

BACKGROUND ART
[ 0002]

The trend of sem conductor package substrates has
changed from “More Than More” to Systemon a Chip (SoC)
in which a systemis nmounted on one chip, and the
devel opnent is actively progressing along this trend.

[ 0003]

The sem conduct or package substrate has had
conpl ex and hi ghly dense configuration, and an apparat us
usi ng excimer |aser has been applied for producing its
base substrate.

[ 0004]

For exanmpl e, Patent Docunment 1 describes a |aser
processi ng net hod of processing a shape of an object to
be processed until a predeterm ned depth position by
using laser light, wherein a | aser power of the |aser
light and a relative notion speed between the object to
be processed and the laser light are increased so that
an energy per unit length of the laser light optimally

set according to the object to be processed is within an



energy range so as not to penetrate the object to be
processed even when the | aser power increases due to
power deviation with an oscillator of the laser I|ight,
and the nunber of irradiation tinmes required for the
| aser processing is reduced.
[ 0005]

Pat ent Docunent 2 describes a |aser processing
met hod of sequentially irradiating an excavated regi on
of an object to be processed with [aser |ight having a
beam cross section smaller than the excavated region to
process the excavated region, the nmethod including: a
first processing step of sequentially irradiating an
entirety of the excavated region with laser |ight having
a beam cross section of a first shape and having a first
irradiation region corresponding to the beam cross
section of the first shape on the object to be
processed; and a second processing step of sequentially
irradiating the excavation region with [aser |ight
havi ng a beam cross section of a second shape small er
than the first shape and having a second irradiation
region corresponding to the beam cross section of the
second shape on the object to be processed, wherein, in
the first processing step, irradiation with the | aser
l'i ght having the first irradiation region is
sequentially performed so as to form an overl apped
regi on where parts of the first irradiation regions are
overl apped with each other, and in the second processing
step, irradiation with the laser |ight having the second
irradiation region is sequentially performed so as to
contain the second irradiation region in a region other
t han the overl apped region in the excavated region.
[ 0006]

Non Patent Docunment 1 introduces formation of



hi gh-quality and hi gh-aspect Si through hol es using

Bessel beam

Cl TATI ON LI ST

PATENT LI TERATURE

[ 0007]

Pat ent Docunent 1: JP 2009-22978 A
Pat ent Docunment 2: WO 2013/094025 Al

NON PATENT LI TERATURE

[ 0008]

Non Patent Docunent 1: Koji Sugioka, “Formation of High-
Qual ity and Hi gh- Aspect Si Through Holes with Optim zed
U trashort-Pul se Bessel Beani, FORM TECH REVI EW 2016,
VOL. 26.

SUMVARY OF | NVENTI ON
TECHNI CAL PROBLEM
[ 0009]

There has been conventionally a problemthat a
recess formed by | aser processing with higher resol ution
has a smaller width of a bottom of the recess conpared
with a width of an opening of the recess in an initial
processed surface, nanely a taper shape. There has been
al so conventionally a problemthat a through hole forned
with higher resolution has a smaller width of an opening
on a |l ower end of the through hole conmpared with a wi dth
of an upper end of the through hole, nanely a taper
shape. The formation of the taper recess and/ or through
hol e as above is inconvenient for formng a highly fine
and conpl ex pattern (for exanple, a circuit pattern).

Particularly, nmetal wiring nmay be enbedded in the

processed recess in application of a substrate for a



sem conduct or package, and a highly fine pattern

i ncreases wiring resistance. To prevent this increase
in the wiring resistance, deep processing with a |arge
width to the bottomis demanded. Perform ng such
processi ng can produce a substrate for a sem conduct or
package having low wiring resistance and high quality.
[ 0010]

The present invention has been nade to solve the
above problens. An object of the present invention is
to provide: a |aser processing nethod that can inhibit a
taper shape of a recess and/or through hole to be fornmed,
and can consequently forma highly fine and conpl ex
pattern even when the recess and/or the through hole is
formed with high resolution; a nethod for producing a
substrate that can produce a substrate having a highly
fine and conplex pattern; a |aser processing apparatus
that can inhibit a taper shape of a recess and/or a
t hrough hole to be fornmed to provide a high-quality
sem conduct or package substrate having |low wiring
resi stance, and consequently forma highly fine and
conpl ex pattern even when the recess and/or the through
hole is formed with high resolution; a substrate that
can achieve a highly fine and conplex wiring pattern; a
substrate that can achieve a VIA electrode pattern with
inhibited tapering froma front face to a back face; a
sem conduct or package substrate having a highly fine and
conplex netal wiring pattern; and a sem conduct or
package substrate having a VIA electrode pattern with
inhibited tapering froma front face to a back face.

SOLUTI ON TO PROBLEM
[0011]
To solve the above problem the present invention



provides a | aser processing nethod for formng a recess
and/ or a through hole on an object to be processed using
| aser, wherein

processing is performed with an irradi ati on shape
in which intensity distribution of the |aser on a
surface to be processed of the object to be processed is
set such that an intensity of an outer portion is |arger
than an intensity of an inner portion in the intensity
di stri bution.

[0012]

The | aser processing nethod as above can inhibit
reduction in the width of the bottom of the recess
conpared with the width of the opening of the recess on
the initial processed surface even when the recess is
formed with high resolution. |In addition, the |aser
processi ng net hod as above can inhibit reduction in the
wi dt h of the opening on the |lower end of the through
hol e conpared with the width of the upper end of the
t hrough hol e even when the through hole is formed wth
hi gh resolution. That is, the |aser processing nethod
of the present invention can inhibit a taper shape of
t he recess and/or through hole to be formed even when
the recess and/or the through hole is formed with high
resol ution, and can consequently formthe highly fine
and conpl ex pattern.

[ 0013]

For exanmpl e, the processing nay be performed while
changi ng the shape of the intensity distribution of the
| aser on the surface to be processed of the object to be
processed as the processing proceeds in a depth
direction of the object to be processed.

[ 0014]
As above, the intensity distribution of the |aser



may be changed as the processing proceeds in the depth
direction of the object to be processed. Note that, in
t he present invention, processing is performed with the
irradiation shape in which the intensity of the outer
portion is larger than the intensity of the inner
portion in the intensity distribution of the |aser on at
| east one surface to be processed of the object to be
processed, and the intensity distribution of the |aser
I's not necessarily changed conti nuously.

[ 0015]

In this case, processing may be perfornmed while
changi ng the shape of the intensity distribution of the
| aser so that the intensity of the outer portion is
| arger than the intensity of the inner portion in the
intensity distribution of the |aser as the processing
proceeds in the depth direction of the object to be
processed.

[ 0016]

The processing as above can nore certainly inhibit
t he taper shape of the recess and/or through hole to be
formed, and can consequently formthe highly fine and
conplex pattern nore certainly.

[0017]

For exanpl e, processing may be perforned while
changi ng the shape of the intensity distribution of the
| aser so that the intensity of the outer portion is
| arger than the intensity of the inner portion in the
intensity distribution of the |aser as the processing
proceeds in the depth direction of the object to be
processed by passing |aser having intensity distribution
in which a laser intensity at a center is largest and a
| aser intensity in a base is small through a prism
[ 0018]



A neans for setting the irradiati on shape of the
| aser so that the intensity of the outer portion is
| arger than the intensity of the inner portion in the
intensity distribution is not particularly limted. For
exanple, the irradi ation shape of the | aser nay be
changed by passing the [ aser through the prism
[ 0019]

In this case, a conponent including a roof prism
or a conical prismmy be used as the prism for exanple.
[ 0020]

For exanmple, the irradiation shape of the |aser
may be set to be the irradiation shape in which the
intensity of the outer portion is |larger than the
intensity of the inner portion in the intensity
di stribution by using the prismcontaining the roof
prismor the conical prism
[ 0021]

I n addition, the present invention provides a
| aser processing nethod for formng a recess and/or a
t hrough hole on an object to be processed using | aser,
wherein an optical systemis used, the optical systemis
configured to shape an irradi ation shape of the laser in
which an intensity of an outer portion is larger than an
intensity of an inner portion in intensity distribution
of the laser into a top-hat-shaped irradiation shape.

[ 0022]

By processing the object to be processed with
| aser using such optical system processing with the
irradi ation shape of the laser, in which the intensity
of the outer portion is larger than the intensity of the
i nner portion in at |least a part distanced fromthe
surface in the object to be processed, can be achieved.

The | aser processing nethod as above can inhibit



reduction in the width of the bottom of the recess
conpared with the width of the opening of the recess in
the initial processed surface even when the recess is
formed with high resolution. 1In addition, the |aser
processi ng net hod as above can inhibit reduction in the
wi dt h of the opening on the |lower end of the through
hol e conpared with the width of the upper end of the

t hrough hol e even when the through hole is formed with
hi gh resolution. That is, the |aser processing nethod
of the present invention can inhibit the taper shape of
the recess and/or through hole to be formed even when
the recess and/or the through hole is formed with high
resol uti on, and can consequently formthe highly fine
and conpl ex pattern.

[ 0023]

For example, an initial surface to be processed of
t he object to be processed nmay be processed with | aser
havi ng the top-hat-shaped irradiati on shape, and

at |l east a part of the object to be processed
except for the initial surface to be processed nmay be
processed with | aser having the irradi ation shape in
which the intensity of the outer portion is |arger than
the intensity of the inner portion.

[ 0024]

As above, the initial surface to be processed of
t he object to be processed nmay be processed with | aser
havi ng the top-hat-shaped irradi ati on shape.

[ 0025]

For exanmple, a substrate for a sem conductor
package may be processed as the object to be processed
to forma recess and/or a through hole on the substrate
for a sem conduct or package.

[ 0026]



The object to be processed is not particularly
limted, and the sem conductor package substrate may be
used as the object to be processed, for exanple.

[0027]

Processing the sem conductor package substrate
i ncludes a processing pattern in which the through hole
and the recess, for exanple, VIA processing and groove
processing are mxed. In this case, the processing can
be perfornmed in the single step by the nethod of the
present invention w thout separating steps for the VIA
processi ng and the groove processing from each ot her.
The sem conduct or package substrate has had hi gher
density, and a laser drilling nethod, conventionally
performed in the VIA processing, increases the
processing time due to increased nunmber of processing
hol es involved with the higher density. In contrast,

t he present method does not increase the processing tine
due to the increased nunber of processing holes and the
finer pattern.

[ 0028]

For example, the |aser may be oscillated by using
an excinmer |aser oscillator.
[ 0029]

The | aser light source is not particularly limted,
and the excinmer |aser oscillator may be used, for
exanpl e. Use of the exciner |aser can efficiently
process an object to be processed conposed of an organic
materi al, such as, for exanple, an ABF substrate, to
enabl e processing with high productivity. |[In addition,
since the excimer |aser has | ow coherence, use of the
exci mer | aser enables extrenmely uniform beam formati on.
[ 0030]

The object to be processed may be irradiated with



the |l aser through a photomask.
[ 0031]

The | aser processing of the present invention may
be performed by using the phot omask.
[ 0032]

Processing may be perfornmed while relatively
scanning the laser relative to the surface to be
processed.

[ 0033]

The | aser processing of the present invention may
be scanni ng processing.
[ 0034]

For exampl e, ablation processing nay be perforned.
[ 0035]

According to the | aser processing nethod of the
present invention, the ablation processing nmay be
perforned, for exanple.

[ 0036]

For exanple, the recess and/or the through hole
having a width of 20 um or less may be formed.
[ 0037]

According to the | aser processing nethod of the
present invention, a highly fine pattern having the
recess and/or the through hole having a width of 20 um
or |l ess can be forned.

[ 0038]

For exampl e, the recess and/or the through hole
having a depth of 20 um or less may be formed.
[ 0039]

According to the | aser processing nethod of the
present invention, a highly fine pattern having the
recess and/or the through hole having a depth of 20 um
or |l ess can be forned.

10



[ 0040]

As the recess and/or the through hole, a recess
and/ or a through hole in which a ratio of a height of a
processed portion relative to a width of a bottom of the
recess or to a width of an opening on a | ower end of the
t hrough hole is 1.0 or nore may be forned.

[ 0041]

According to the | aser processing nethod of the
present invention, the recess and/or the through hole
havi ng such a high aspect ratio can be forned.

[ 0042]

The recess may be formed in which a width of a
bottom of the recess is 70% or nore of an opening w dth
of the recess on an initial processed surface of the
object to be processed, and/or

the through hole may be formed in which a w dth of
an opening on a |lower end of the through hole is 70% or
nore of a width of an opening on an upper end of the
t hrough hole on the initial processed surface of the
object to be processed.

[ 0043]

According to the | aser processing nethod of the
present invention, for exanple, the recess in which a
wi dth of a bottom of the recess is 70% or nore of an
opening width of the recess on an initial processed
surface of the object to be processed, and/or the
t hrough hole in which a width of an opening on a | ower
end of the through hole is 70% or nore of a width of an
openi ng on an upper end of the through hole on the
initial processed surface of the object to be processed
may be formed.

[ 0044]
A plurality of the recesses may be forned, and a

11



di stance between bottons of the adjacent recesses may be
set to 110% or less of a width of the bottom
[ 0045]

According to the | aser processing nethod of the
present invention, the plurality of the recesses may be
formed with a high density.

[ 0046]

I n addition, the present invention provides a
met hod for producing a substrate having the recess
and/ or the through hole, the nethod including a step of
formng the recess and/or the through hole on a
substrate being the object to be processed by the |aser
processi ng net hod of the present invention.

[ 0047]

As not ed above, the | aser processing nethod of the
present invention can forma highly fine and conpl ex
pattern. Therefore, the nethod for producing a
substrate of the present invention including the |aser
processi ng net hod of the present invention can produce a
substrate having the highly fine and conpl ex pattern.

[ 0048]

I n addition, the present invention provides a
| aser processing apparatus for form ng a recess and/or a
t hrough hol e on an object to be processed by using |aser,
t he apparatus incl uding:

a laser light source configured to oscillate the
| aser; and

an optical system configured to shape an
i rradi ation shape of the laser into an irradiation shape
in which an intensity of an outer portion is |arger than
an intensity of an inner portion in intensity
di stribution of the laser on a surface to be processed

of the object to be processed.

12



[ 0049]

By using the | aser processing apparatus as above,
reduction in the width of the bottom of the recess
conpared with the width of the opening of the recess in
the initial processed surface can be inhibited even when
the recess is formed with high resolution. 1In addition,
by using the | aser processing apparatus as above,
reduction in the width of the opening on the | ower end
of the through hole conpared with the width of the upper
end of the through hole can be inhibited even when the
t hrough hole is formed with high resolution. Therefore,
according to the | aser processing apparatus of the
present invention, the taper shape of the recess and/or
t hrough hole to be formed can be inhibited even when the
recess and/or the through hole is formed with high
resol uti on, and consequently the highly fine and conpl ex
pattern can be forned.

[ 0050]

The optical system preferably includes:

a prismconfigured to convert |aser having
intensity distribution in which a |aser intensity at a
center is largest and a |laser intensity in a base is
small into laser having the irradiati on shape in which
the intensity of the outer portion is |arger than the
intensity of the inner portion in the intensity
di stribution of the laser; and

a shaping optical system configured to convert the
irradi ati on shape of the | aser converted by the prism
into a top-hat-shaped irradiation shape.

[ 0051]

The optical system may include, for exanple, the
prism and the shaping optical system
[ 0052]
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In this case, the apparatus may include a
conponent including, for exanple, a roof prismor a
conical prismas the prism
[ 0053]

For example, the prismincluding the roof prismor
the conical prismmy be used for setting the
irradi ation shape of the laser in which the intensity of
the outer portion is |larger than the intensity of the
I nner portion in the intensity distribution.

[ 0054]

The laser light source preferably includes an
exci mer | aser oscillator.
[ 0055]

The | aser light source is not particularly limted,
but, for exanple, the excinmer |aser oscillator my be
used. By using the exciner |laser, an object to be
processed conposed of an organic material, such as, for
exanpl e, an ABF substrate, can be efficiently processed
to enabl e processing with high productivity. In
addi tion, since the exciner |aser has | ow coherence, use
of the excimer |aser enables extrenely uniform beam
formation.

[ 0056]

The | aser processing apparatus may further
I ncl ude:

a stage on which the object to be processed is to
be nounted; and

a photomask positioned between the optical system
and the stage.

[ 0057]

The | aser processing apparatus of the present

i nvention may include the stage and the photonmask as

above.
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[ 0058]

In this case, the |aser processing apparatus my
further include a controller configured to synchronously
nove the object to be processed on the stage and the
phot omask.

[ 0059]

The | aser processing apparatus of the present
i nvention may include such controller.

[ 0060]

As a substrate of a first aspect, the present
I nvention provides a substrate used for a sem conduct or
package substrate, wherein

the substrate includes at | east two recesses on a
front face of the substrate, the recesses being adjacent
to each other on a cross section perpendicular to the
front face,

a di stance between bottons of the recesses on the
cross section is 110% or less of a width of the bottom
of the recess,

a depth of the recess on the cross section is 20
um or less, and

a ratio of the depth of the recess relative to the
wi dth of the bottom of the recess on the cross section
is 1.0 or nore.

[ 0061]

I n such substrate, by incorporating wiring in the
recess, the highly fine and conplex wiring pattern can
be achi eved.

[ 0062]

The width of the bottom of the recess is
preferably 70% or nore of an opening width of the recess
on the front face.

[ 0063]

15



I n such substrate, a wiring pattern with | ow
Wi ring resistance can be achieved when wiring is
i ncorporated in the recess. Since a contacting area on
an interface between the wiring and the substrate can be
i ncreased, defects such as peeling of the wiring hardly
occur .

[ 0064]

The opening width of the recess on the front face
is preferably 20 pm or less.
[ 0065]

I n such substrate, the nmore highly fine wiring
pattern can be achi eved.
[ 0066]

The ratio of the depth of the recess relative to
the width of the bottom of the recess on the cross
section may be 1.1 or nore.

[ 0067]

Alternatively, the ratio of the depth of the
recess relative to the width of the bottom of the recess
may be 1.5 or nore.

[ 0068]

Alternatively, the ratio of the depth of the
recess relative to the width of the bottom of the recess
may be 2.4 or nore.

[ 0069]

Alternatively, the ratio of the depth of the
recess relative to the width of the bottom of the recess
may be 3.4 or nore.

[ 0070]

In the substrate of the first aspect, the ratio of
t he depth of the recess relative to the width of the
bottom of the recess is 1.0 or nore, and may be 1.1 or

more, 1.5 or nore, 2.4 or nore, or 3.4 or nore, for

16



exanpl e.
[ 0071]

For example, in the substrate, the width of the
bottom of the recess may be 70% or nore of the opening
wi dt h of the recess, and

the ratio of the depth of the recess relative to
the width of the bottom of the recess nay be 2.4 or nore.
[ 0072]

I n such substrate, a highly fine wiring pattern
with | ow resistance can be nore certainly achieved.
Furthernore, the contacting area on the interface
between the wiring and the substrate can be increased,
and therefore defects such as peeling of the wiring
hardly occur.

[ 0073]

The recess may include a trench.
[ 0074]

The plurality of the recesses may include a trench
that extends in a direction parallel to the front face
of the substrate, for exanple. Alternatively, the
plurality of the recesses may be a blind hole having a
circular or rectangul ar pl anar shape.

[ 0075]

The substrate may have a back face being on an
opposite side to the front face, and

t he substrate may further include a through hole
t hat goes through fromthe front face to the back face.
[ 0076]

Wth such substrate, a package substrate further
having a VIA electrode pattern can be achi eved.

[0077]
For example, a width of an opening on an upper end

of the through hole on the front face may be 20 um or
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| ess.
[ 0078]

Wth such substrate, the highly fine and highly
dense VI A el ectrode pattern can be achi eved.
[ 0079]

A ratio of a processing length of the through hol e
relative to a width of an opening on a | ower end of the
t hrough hole on the back face may be 1.0 or nore.

[ 0080]

The ratio of the processing length relative to the
wi dt h of the opening on the |lower end of the through
hole is not particularly limted, but may be 1.0 or nore,
for exanpl e.

[ 0081]

A width of an opening on a | ower end of the
t hrough hole on the back face is preferably 70% or nore
of a width of an opening on an upper end of the through
hole on the front face.

[ 0082]

Wth such substrate, the VIA electrode pattern
with inhibited tapering fromthe front face to the back
face can be achi eved.

[ 0083]

A ratio of a processing length of the through hol e
relative to a width of an opening on a | ower end of the
t hrough hol e on the back face is preferably 1.0 or nore,
and

a wdth of the opening on the | ower end of the
t hrough hole is preferably 70% or nore of a width of an
openi ng on an upper end of the through hole on the front
face.

[ 0084]
Wth such substrate, the highly fine VIA el ectrode

18



pattern with inhibited tapering fromthe front face to
the back face can be achieved.
[ 0085]

For example, a wdth of the bottom of the recess
may be 70% or nore of the opening width of the recess,

aratio of a depth of the recess relative to a
wi dth of the bottom of the recess may be 2.4 or nore,

a ratio of a processing length of the through hole
relative to a width of an opening on a | ower end of the
t hrough hol e on the back face may be 1.0 or nore, and

the wdth of the opening on the | ower end of the
t hrough hole may be 70% or nore of a width of an opening
on an upper end of the through hole on the front face.

[ 0086]

Wth such substrate, the highly fine wiring
pattern and VI A el ectrode pattern with inhibited
tapering fromthe front face to the back face can be
nore certainly achieved.

[ 0087]

As a sem conduct or package substrate of the first
aspect, the present invention provides a sem conduct or
package substrate including the substrate according to
the first aspect of the present invention, wherein netal
wiring i s enbedded in the recess.

[ 0088]

Wth such sem conductor package substrate, a
sem conduct or package having the highly fine, highly
dense, and conplex netal wiring pattern.

[ 0089]

As a substrate of a second aspect, the present
i nvention provides a substrate used for a sem conduct or
package substrate, including a through hole that goes

t hrough froma front face of the substrate to a back
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face being an opposite side to the front surface,
wher ei n

a width of an opening on a | ower end of the
t hrough hole on the back face is 70% or nore of a width
of an opening on an upper end of the through hole on the
front face.

[ 0090]

Wth such substrate of the second aspect, a
sem conduct or package having the VIA el ectrode pattern
with inhibited tapering fromthe front face to the back
face can be achi eved.

[ 0091]

The wi dth of the opening on the upper end of the
through hole on the front face is preferably 20 um or
| ess.

[ 0092]

Wth such substrate, a sem conductor package
having a highly fine, highly dense, and conplex VIA
el ectrode pattern with inhibited tapering fromthe front
face to the back face can be achieved.

[ 0093]

A ratio of a processing length of the through hol e
relative to the width of the opening on the | ower end of
t he through hole on the back face may be 1.0 or nore.

[ 0094]

In the substrate according to the second aspect,
the ratio of the processing |length of the through hole
relative to the width of the opening on the | ower end
may be set to 1.0 or nore, for exanple.

[ 0095]

As a sem conduct or package substrate of the second

aspect, the present invention provides a sem conduct or

package substrate including the substrate having the
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t hrough hol e anong the substrates of the first aspect or
i ncluding the substrate of the second aspect, wherein

t he through hole has been subjected to a VIA
processi ng.
[ 0096]

The sem conduct or package substrate of the second
aspect can have the highly fine, highly dense, and
conplex VIA electrode pattern with inhibited tapering
fromthe front face to the back face.

ADVANTAGEOUS EFFECTS OF | NVENTI ON
[ 0097]

As above, the | aser processing nmethod of the
present invention can inhibit the taper shape of the
recess and/or through hole to be formed even when the
recess and/or the through hole is formed with high
resol uti on, and can consequently formthe highly fine
and conpl ex pattern.

[ 0098]

Furthernmore, the nethod for producing a substrate
of the present invention can produce a substrate having
the highly fine and conpl ex pattern.

[ 0099]

The | aser processing apparatus of the present
invention can inhibit the taper shape of the recess
and/ or through hole to be fornmed even when the recess
and/ or the through hole is fornmed with high resolution
and can provide a high-quality sem conduct or package
substrate having low wiring resistance, and can
consequently formthe highly fine and conpl ex pattern.
[ 0100]

The substrate of the first aspect of the present

I nvention can achieve the highly fine, highly dense, and
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conplex wiring pattern by incorporating wiring in the
recess.
[0101]

The sem conduct or package substrate of the first
aspect of the present invention can achieve a
sem conduct or package having the highly fine, highly
dense, and conplex netal wiring pattern.
[0102]

The substrate of the second aspect of the present
i nventi on can achieve a sem conductor package having the
VI A el ectrode pattern with inhibited tapering fromthe
front face to the back face.
[0103]

The sem conduct or package substrate of the second
aspect of the present invention can have the VIA
el ectrode pattern with inhibited tapering fromthe front

face to the back face.

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0104]

FIG 1 is a schematic viewillustrating an exanple
of a |l aser processing apparatus of the present
i nventi on;

FIG 2 is a schematic view illustrating an exanmple
of laser irradiation in the |aser processing nethod of
t he present invention;

FIG 3 is a schematic viewillustrating out-focus
of the laser irradiation in FIG 2;

FIG 4 is a schematic view illustrating an exanmple
of a | aser processing nethod of the present invention;

FIG 5 is a schematic view illustrating anot her
exanpl e of the laser irradiation in the |aser processing
met hod of the present invention;
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FIG 6 is a schematic sectional view illustrating
an exanple of a recess that can be formed by the | aser
processi ng net hod of the present invention;

FIG 7 is intensity distribution of an exanple of
| aser that can be used in the |aser processing nethod of
the present invention;

FIG 8 is a schematic view illustrating an exanple
of a conventional |aser processing apparatus;

FIG 9 is a schematic view illustrating an exanmple
of laser irradiation in a conventional |aser processing
met hod,

FIG 10 is a schematic view illustrating out-focus
of the laser irradiation in FIG 9;

FIG 11 is a schematic view illustrating an
exanpl e of the conventional |aser processing nethod;

FIG 12 is a schematic view illustrating another
exanmpl e of the laser irradiation in the conventional
| aser processi ng nethod;

FIG 13 is a schematic sectional viewillustrating
an exanple of a recess that can be fornmed by the
conventi onal | aser processing nethod;

FIG 14 is a schematic partial sectional view
illustrating an exanple of a substrate of a first aspect
of the present invention;

FIG 15 is a schematic partial perspective view
illustrating anot her exanple of the substrate of the
first aspect of the present invention;

FIG 16 is a schematic partial sectional view
il lustrating anot her exanple of the substrate of the
first aspect of the present invention;

FIG 17 is a schematic partial sectional view
illustrating an exanple of a substrate of a second
aspect of the present invention;
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FIG 18 is a schematic partial sectional view
illustrating an exanple of a sem conductor package
substrate of the first aspect of the present invention;

FIG 19 is a schematic partial sectional view
illustrating an exanple of a sem conductor package
substrate of the second aspect of the present invention;

FIG 20 is a schematic partial sectional view
illustrating anot her exanple of a sem conductor package
substrate of the present invention; and

FIG 21 is a schematic plain view of another
exanpl e of the sem conduct or package substrate of the

present invention.

DESCRI PTI ON OF EMBODI MENTS
[ 0105]

As noted above, there has been a demand for
devel opnent of: a | aser processing nethod that can
inhibit the taper shape of the recess and/or through
hole to be forned even when the recess and/or the
t hrough hole is formed with high resolution, and can
consequently forma highly fine and conpl ex pattern; a
met hod for producing a substrate that can produce a
substrate having a highly fine and conpl ex pattern; and
a | aser processing apparatus that can inhibit the taper
shape of the recess and/or through hole to be fornmed
even when the recess and/or the through hole is forned
with high resolution, and can consequently forma highly
fine and conpl ex pattern.
[0106]

The present inventors have earnestly studied the
above problem and consequently found that the taper
shape of the recess and/or through hole to be formed can

be inhibited even when the recess and/or the through
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hole is formed with high resolution, and consequently a
hi ghly fine and conplex pattern can be formed by a | aser
processi ng nethod for formng a recess and/or a through
hol e on an object to be processed using | aser, wherein
processing is performed with an irradiation shape in
which intensity distribution of the |aser on a surface
to be processed of the object to be processed is set
such that an intensity of an outer portion is |arger
than an intensity of an inner portion in the intensity
distribution. This finding has led to conpletion of the
present 1nvention.

[0107]

Specifically, the present invention is a |aser
processing nmethod for form ng a recess and/or a through
hol e on an object to be processed using | aser, wherein

processing is performed with an irradi ati on shape
in which intensity distribution of the |aser on a
surface to be processed of the object to be processed is
set such that an intensity of an outer portion is |arger
than an intensity of an inner portion in the intensity
di stri bution.

[0108]

I n addition, the present invention is a |aser
processing nmethod for form ng a recess and/or a through
hol e on an object to be processed using | aser, wherein

an optical systemis used, the optical system
configured to shape an irradi ation shape of the laser in
which an intensity of an outer portion is larger than an
intensity of an inner portion in intensity distribution
of the laser into a top-hat-shaped irradiation shape.
[0109]

I n addition, the present invention is a nmethod for

produci ng a substrate having the recess and/ or the
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t hrough hole, the nethod including a step of form ng the
recess and/or the through hole on a substrate being the
obj ect to be processed by the | aser processing nethod of
the present invention.

[0110]

I n addition, the present invention is a |aser
processi ng apparatus for form ng a recess and/or a
t hrough hole on an object to be processed by using |aser,
t he apparatus incl uding:

a laser |light source configured to oscillate the
| aser; and

an optical system configured to shape an
irradi ation shape of the laser into an irradiation shape
in which an intensity of an outer portion is |arger than
an intensity of an inner portion in intensity
di stribution of the laser on a surface to be processed
of the object to be processed.

[0111]

I n addition, the present invention is a substrate
of a first aspect used for a sem conductor package
substrate, wherein

the substrate includes at | east two recesses on a
front face of the substrate, the recesses bei ng adjacent
to each other on a cross section perpendicular to the
front face,

a di stance between bottons of the recesses on the
cross section is 110% or less of a width of the bottom
of the recess,

a depth of the recess on the cross section is 20
um or less, and

a ratio of the depth of the recess relative to the
wi dth of the bottom of the recess on the cross section

is 1.0 or nore.
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[0112]

I n addition, the present invention is a
sem conduct or package substrate of the first aspect
i ncluding the substrate of the first aspect of the
present invention, wherein metal wiring is enbedded in
the recess.

[0113]

I n addition, the present invention is a substrate
of a second aspect used for a sem conductor package
substrate, including

a through hole that goes through froma front face
of the substrate to a back face being an opposite side
to the front surface, wherein

a wdth of an opening on a |l ower end of the
t hrough hole on the back face is 70% or nore of a width
of an opening on an upper end of the through hole on the
front face.

[0114]

I n addition, the present invention is a
sem conduct or package substrate of the second aspect
i ncluding the substrate having the through hol e anpong
t he substrates of the first aspect or including the
substrate of the second aspect, wherein

t he through hole has been subjected to a VIA
processi ng.

[0115]

Herei nafter, the present invention will be
described in detail, but the present invention is not
limted thereto.

[0116]
Laser Processing Apparatus
FIG 1 is a schematic viewillustrating an exanple

of the | aser processing apparatus of the present
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invention. A |aser processing apparatus 100 illustrated
in FIG 1 is a |laser processing apparatus 100 confi gured
to forma recess and/or a through hole on an object 70
to be processed using laser. |t should be noted that
the | aser processing apparatus 100 illustrated in FIG 1
is an exanple of the | aser processing apparatus of the

present invention, but the |aser processing apparatus of

the present invention is not linmted to the apparatus
illustrated in FIG 1.
[0117]

The | aser processing apparatus 100 illustrated in

FIG 1 has a laser light source 10 to oscillate laser 1
and an optical system 20 configured to convert intensity
di stribution and an irradiation shape of the |laser 1 on
a surface to be processed of the object 70 to be
processed.
[0118]

In the | aser processing apparatus 100 illustrated
in FIG 1, the optical system 20 has a prism 21 and a
shaping optical system 22. Although the detail will be
descri bed below, the prism21 is a prismconfigured to
convert |aser having intensity distribution in which a
| aser intensity at a center is largest and a | aser
intensity in a base is small into |aser having an
irradiation shape in which an intensity of an outer
portion is larger than an intensity of an inner portion
in intensity distribution of the |aser, and the shaping
optical system 22 is a shaping optical system configured
to convert the irradiation shape of the |aser converted
by the prism 21 into a top-hat-shaped irradiation shape.
In the | aser processing apparatus 100 illustrated in FIG
1, the prism 21 includes a roof prism but may include a

coni cal prism

28



[0119]

The | aser processing apparatus 100 illustrated in
FIG 1 further has a photomask 30, a reflecting mrror
40, and a reduction projection optical system50 in this
order fromthe optical system 20 to the object 70 to be
processed in an optical path of the |aser processing
apparatus 100.

[0120]

The | aser processing apparatus 100 further
I ncludes: a stage 60 on which the object 70 to be
processed is to be nounted; and a controller 80
el ectrically connected to the photomask 30 and the stage
60. In another aspect, the |aser processing apparatus
100 further includes: a stage 60 on which the object 70
to be processed is to be mounted; and the photonmask 30
provi ded between the optical system 20 and the stage 60.
[0121]

It should be noted that the photomask 30, the
reflecting mrror 40, the reduction projection optical
system 50, the stage 60, and the controller 80 are
optional menbers for the | aser processing apparatus 100
of the present invention.

[0122]

A light source 10 to oscillate the laser 1 is, for
exanple, a light source (a |aser oscillator) 10 to
radiate (emt) the pulsed laser 1. In nore detail, the
| aser |ight source 10 illustrated in FIG 1 includes an
exci mer | aser oscillator.

[0123]

Furthernmore, the | aser processing apparatus 100
illustrated in FIG 1 includes: an alignnent canera 31
for a mask as an imaging neans to read a feature portion

of the photomask 30; and an alignment canera 61 for an
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object to be processed as an inmaging neans to read a
feature portion of the object 70 to be processed. The
al i gnment canmera 31 for a mask is configured to send
positional information of the feature portion of the
phot omask 30 to the controller 80. The alignment canera
61 for an object to be processed is configured to send
positional information of the feature portion of the
obj ect 70 to be processed to the controller 80. The
controller 80 is configured to adjust the relative
position between the object 70 to be processed and the
phot omask 30 based on the above positional information.
I n anot her aspect, the controller 80 is configured to
synchronously nove the object 70 to be processed on the
stage 60 and the photomask 30.

[ 0124]

Laser Processing Method

The | aser processing nethod of the present
i nvention may be perforned by using, for exanple, the
| aser processing apparatus of the present invention, but
may be perfornmed by using an apparatus other than the
| aser processi ng apparatus of the present invention.

[ 0125]

Herei nafter, exanples of the | aser processing
met hod of the present invention that can be perfornmed by
using the | aser processing apparatus 100 illustrated in
FIG 1 will be specifically described.

[0126]

The | aser processing nethod of the present
invention is a |l aser processing nethod for formng a
recess and/or a through hole on the object 70 to be
processed using | aser.

[0127]
In the | aser processing of the present invention,

30



processing is performed with an irradiation shape in
which intensity distribution of the |aser on a surface
to be processed of the object 70 to be processed is set
such that an intensity of an outer portion is |arger
than an intensity of an inner portion in the intensity
distribution. Wth reference to FIGS. 1 to 4, such

| aser processing nethod will be described with exanples.
[0128]

First, as illustrated in FIG 1, the laser 1
having an irradiation shape illustrated in FIG 1(a) is

oscillated fromthe |aser |ight source 10. The

irradi ation shape of the laser 1 in this exanple has an
irradiation shape with intensity distribution in which a
| aser intensity of a portion on the inner side 1la is

| arger than a laser intensity of a portion on the outer
side 1b, as illustrated in FIG 2. 1In another aspect,
the irradiation shape of the laser 1 has intensity
distribution in which a |laser intensity of a center (an
I nner side) la is largest, and a |laser intensity in a
base (an outer side) 1b is small.

[0129]

Then, the laser 1 enters the prism21 in the
optical system 20. The prism21 is a prism configured
to convert the laser 1 into the |laser 2 having an
irradiation shape (FIG 1(b)) in which the intensity of
the outer portion is |larger than the intensity of the
i nner portion in the intensity distribution of the |aser
1. Illustrated in FIG 1 is the prism 21 conposed of
four (two pairs of) roof prisnms, as an exanple of the
prism?21. It should be noted that in FIG 2, only two
roof prisms 2la and 21b, which are involved with the
irradi ati on shape on a plane parallel to the paper plane,

in the laser 1 are respectively illustrated.
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[ 0130]

The prism?21 is not |imted to the roof prism and
a conmponent including a conical prismmy be used, for
exanpl e.
[0131]

It should be noted that Non Patent Docunment 1
di scl oses use of an axicon lens, which is the conical
prism but does not nmention the prismconfigured to
convert |aser into the laser having the irradiation
shape in which the intensity of the outer portion is
| arger than the intensity of the inner portion in the
intensity distribution of the |aser.
[0132]

Then, the laser 2 that is emtted fromthe prism
21 and that has the irradiation shape illustrated in FIG
1(b) and FIG 2 enters the shaping optical system 22.
As illustrated in FIG 2, the shaping optical system 22
concentrates conponents of the laser 2 toward an i magi ng

point F1, and shapes the irradiation shape of the |aser

2 into a top-hat-shaped irradiation shape illustrated in
FIG 1(c) to form|laser 3.
[ 0133]

The | aser 3 enters the photomask 30 at the
position of the imaging point F1. The photomask 30 has
a mask pattern corresponding to a pattern to be
processed on the object 70 to be processed. The object
70 to be processed is scanning-irradiated with the | aser
t hrough the photomask 30 to enable to formthe recess
and/ or the through hole on the object 70 to be processed
with a desired pattern.

[ 0134]

The direction of laser 4 that is emtted fromthe

phot omask 30 and that has the irradiation shape (the
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top- hat shape) illustrated in FIG 1(d) is converted by
the reflecting mrror 40, and the |laser 4 enters the
reduction projection optical system (a projection |ens)
50. An effect by using the optional reduction

proj ection optical system50 will be described |ater.

[ 0135]

As illustrated in FIG 2, laser 5 emtted fromthe
reduction projection optical system 50 reaches the front
face (an initial surface to be processed) 71 of the
object 70 to be processed. Illustrated in FIG 2 is an
exanmpl e in which an imging point F2 of the reduction
projection optical system 50 is adjusted on the front
face 71 of the object 70 to be processed. However, the
I magi ng point F2 of the reduction projection optical
system 50 is not limted to the front face 71 of the
obj ect 70 to be processed.

[ 0136]

As illustrated in FIG 2, the irradiation shape of
the laser 5 with which the front face 71 of the object
70 to be processed is irradiated is the top-hat-shape as
illustrated in FIG 1(e) and FIG 2. Meanwhile, a
surface 72 to be processed where processing further
proceeds fromthe imging point F2 is processed with an
irradiation shape in which intensity distribution of
| aser 6 is set such that an intensity of an outer

portion 6b is larger than an intensity of an inner

portion 6a in the intensity distribution, as illustrated
in FIG 2.
[0137]

In the exanple illustrated in FIGS. 1 and 2, the

irradi ation shape of the |laser 6 becones close to the
irradi ation shape of the |laser 2 before shaping by the

shapi ng optical system 22 as nore distanced fromthe
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i magi ng point F2 (under focus U), as schematically
illustrated in FIGS. 3(a) to 3(e). This is the reason
why the intensity of the outer portion 6b beconmes |arger
than the intensity of the inner portion 6a in the
intensity distribution of the |aser 6.

[ 0138]

By processing the surface 72 to be processed with
the irradiation shape in which intensity distribution of
the laser 6 is set such that the intensity of the outer
portion 6b is larger than the intensity of the inner
portion 6a in the intensity distribution, by the |aser
processi ng net hod of the present invention, a taper
shape of a recess 200 to be forned can be inhibited as
schematically illustrated in FIG 4. A through hole
with inhibited tapering can be fornmed by continuing the
processing. That is, according to the | aser processing
met hod of the present invention, deep excavation can be
perfornmed wi thout tapering as the processing proceeds.
Furt hernore, according to the | aser processing nethod of
t he present invention, the taper shape of the recess
and/ or through hole to be thus formed can be inhibited,
and therefore the highly fine and conplex pattern can be
formed. In addition, according to the | aser processing
met hod of the present invention, the shape of the recess
200 and/ or through hole to be formed can be inhibited
fromtapering even when the recess and/or the through
hole is formed with high resol ution.

[0139]

Meanwhi | e, as described below with reference to
FIGS. 8 to 11, the shape of the recess and/or through
hole to be formed cannot be inhibited fromtapering if
the intensity distribution of the |laser on the surface

to be processed of the object to be processed does not
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have the irradiati on shape set such that the intensity
of the outer portion is larger than the intensity of the
i nner portion in the intensity distribution.

[ 0140]

FIG 8 is a schematic view illustrating an exanmple
of a conventional |aser processing apparatus. A |aser
processi ng apparatus 100" illustrated in FIG 8 is the
sanme as the |l aser processing apparatus 100 illustrated
in FIG 1 except that the prism21 is not contained.

[ 0141]

In the | aser processing apparatus 100" illustrated
in FIG 8, as illustrated in FIGS. 8 and 9, laser 1 that
oscillated froma laser |ight source 10 and that has an
irradiation shape illustrated in FIG 8(a) enters a
shapi ng optical system 22 to becone |laser 3 having a
t op- hat - shaped irradi ation shape illustrated in FIG
8(b). The laser 3 goes through a photomask 30
positioned at an inmaging point F1 of the shaping optica
system 22 to become |laser 4° having a top-hat-shaped
irradiation shape illustrated in FIG 8(c). The
direction of the laser 4° is changed by the reflecting
mrror 40, and enters a reduction projection optical
system 50. Laser 5 that is emtted fromthe reduction
proj ection optical system 50 and that has a top-hat-
shaped irradiation shape illustrated in FIG 8(d)
reaches a front face 71 of an object 70 to be processed
positioned at an inmaging point F2 of the reduction
projection optical system 50.

[ 0142]

Then, as processing proceeds and a surface 72 to
be processed is distanced fromthe front face 71 of the
obj ect 70 to be processed (under focus U), the

irradi ation shape of |aser 6° becones close to the
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irradi ation shape of the laser 1 oscillated fromthe
| aser |ight source 10, as illustrated in FIGS. 10(a) to
10(e). Thus, in processing on the surface 72 to be
processed di stanced fromthe front face 71 of the object
70 to be processed, the intensity distribution of the
| aser 6° does not have the irradiation shape in which
the intensity of the outer portion is |arger than the
intensity of the inner portion in the intensity
distribution, as illustrated in FIG 10.
[ 0143]

The | aser processing by such nethod causes the
t aper shape of the recess and/or through hole to be
formed as illustrated in FIG 11, for exanple.
Particularly when the recess and/or the through hole is
formed with high resolution, the tapering considerably
occurs to fail high-aspect processing.
[ 0144]

In the | aser processing nethod of the present
I nvention, at least a part of the surface 72 to be
processed of the object 70 to be processed is processed
with the | aser having the irradiation shape in which the
intensity of the outer portion 6b is larger than the
intensity of the inner portion 6a. For exanmple, as the
example illustrated in FIG 1 and FIG 2, the front face
(the initial surface to be processed) 71 of the object
70 to be processed may be processed with the |aser 5
havi ng the top-hat-shaped irradi ati on shape.
[ 0145]

In the present invention, processing can be
perfornmed while changing the shape of the intensity
di stribution of the laser 6 on the surface 72 to be
processed of the object 70 to be processed as the

processi ng proceeds in the depth direction of the object
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70 to be processed, as illustrated in FIG 4, for
exanpl e.
[ 0146]

| n anot her aspect, it can also be said that the
example in FIG 4 is an exanple in which processing is
perfornmed while changing the shape of the intensity
di stribution of the laser 6 so that the intensity of the
outer portion 6b is larger than the intensity of the
I nner portion 6a in the intensity distribution of the
| aser 6 as the processing proceeds in the depth
direction of the object 70 to be processed.

[0147]

By virtue of such processing, the shape of the
recess and/or through hole to be formed can be nore
certainly inhibited fromtapering, and consequently the
hi ghly fine and conplex pattern can be nore certainly
formed.

[ 0158]

Note that, in the present invention, it is only
required that processing is perfornmed with the
irradiation shape in which the intensity of the outer
portion 6b is larger than the intensity of the inner
portion 6a in the intensity distribution of the |aser 6
on at |l east one surface 72 to be processed of the object
70 to be processed, and the intensity distribution of
the laser is not necessarily changed conti nuously.

[ 0149]

In the present invention, the photomask 30 may be
used in order to formthe predeterm ned recess and/or
t hrough hole with a pattern. Also, when the photonmask
30 is used, by virtue of processing with the irradiation
shape in which the intensity of the outer portion 6b is

| arger than the intensity of the inner portion 6a in the
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intensity distribution of the |laser 6 on the surface 72
to be processed of the object 70 to be processed, the
shape of the recess and/or through hole to be formed can
be inhibited fromtapering, and consequently the highly
fine and conplex pattern can be certainly fornmed.
Alternatively, the photomask 30 may not be used in the
present invention, as illustrated in FIG 5.

[ 0150]

Meanwhi | e, even when the photomask 30 is used, the
recess and/or through hole to be fornmed has the taper
shape simlarly to the exanple illustrated in FIG 11
unl ess processing is performed with the irradiation
shape in which the intensity of the outer portion 6b is
| arger than the intensity of the inner portion 6a in the
intensity distribution. Simlarly, even when the
phot omask 30 is not used, the recess and/or through hole
to be formed has the taper shape simlarly to the
example illustrated in FIG 11 unless processing is
performed with the irradiation shape in which the
intensity of the outer portion 6b is |larger than the
intensity of the inner portion 6a in the intensity
distribution as illustrated in FIG 12.

[ 0151]

| n anot her aspect, it can also be said that the
exanmpl e described with reference to FIGS. 1 to 4 is a
| aser processing nethod for form ng the recess and/ or
t he through hole on the object 70 to be processed using
| aser, wherein the optical system 20 is used, the
optical system 20 is configured to convert the |aser 1
into the laser 2 having the irradiation shape in which
the intensity of the outer portion is |arger than the
intensity of the inner portion in the intensity

di stribution, and configured to further shape the |aser
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3 having the top-hat-shaped irradi ati on shape.
[ 0152]

By processing the object 70 to be processed with
| aser using such optical system 20, it is possible to
perform processing with the irradi ation shape of the
|l aser 6 in which the intensity of the outer portion 6b
is larger than the intensity of the inner portion 6a in
at |l east a part distanced fromthe front face in the
object 70 to be processed. Furthernore, according to
such | aser processing nethod, reduction in the w dth of
t he bottom of the recess conpared with the width of the
opening of the recess in the initial processed front
face 71 can be inhibited even when the recess is forned
with high resolution. In addition, according to such
| aser processing nmethod, reduction in the width of the
opening on the lower end of the through hole conpared
with the width of the upper end of the through hole can
be inhibited even when the through hole is forned with
hi gh resolution. That is, according to the |aser
processi ng net hod of the present invention expressed by
this aspect, the shape of the recess and/or through hole
to be fornmed can be inhibited fromtapering even when
the recess and/or the through hole is formed with high
resol ution, and consequently the highly fine and conpl ex
pattern can be forned.

[ 0153]

The object 70 to be processed being the object of
the |l aser processing in the present invention is not
particularly limted, but a sem conductor package
substrate nmay be the object 70 to be processed, for
exanpl e.

[ 0154]
Processing the sem conductor package substrate
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i ncludes a processing pattern in which the through hole
and the recess, for exanple, VIA processing and groove
processing are mxed. 1In this case, the processing can
be perfornmed in the single step by the nethod of the
present invention w thout separating steps for the VIA
processi ng and the groove processing from each ot her.
Furthernore, the sem conductor package substrate has had
hi gher density, and in a laser drilling nethod,
conventionally perfornmed in the VIA processing, the
processing tinme increases due to an increased nunber of
processi ng holes involved with the higher density. In
contrast, in the present nethod, there is not increase
t he processing time due to the increased nunber of
processi ng holes and the finer pattern.

[ 0155]

According to the present invention, the object 70
to be processed may be subjected to abl ati on processing,
for exanple. Wth the ablation processing, the | aser
may be freely set within a range that the energy of the
| aser 5 and 6 is absorbed by the object 70 to be
processed in wavel engths and energy densities that
enabl e the abl ati on processing.

[ 0156]

As descri bed above, according to the present
i nvention, the highly fine pattern of the recess and/or
t he through hole can be forned. Specifically, according
to the present invention, the recess and/or the through
hole having a width of 20 pum or less with inhibited
tapering, for exanple, can be fornmed. |In contrast, it
is difficult to formthe recess and/or the through hole
having a width of 20 um or less with inhibited tapering
by the | aser processing apparatus 100’ of the

conventi onal exanple in FIGS. 8 to 12.
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[ 0157]

Furthernmore, the recess and/or the through hol e
that can be forned by the present invention can have a
depth of 20 um or less, for example. It should be noted
that by setting the processing depth to be smaller than
a thickness of the object 70 to be processed, the recess
can be fornmed. Alternatively, by setting the processing
depth to be equal to the thickness of the object 70 to
be processed, the through hole can be forned.
[ 0158]

As anot her aspect, according to the present
i nvention, a pattern of the recess and/or the through
hole with a high aspect ratio can be fornmed. According
to the present invention, the recess in which a ratio of
a height of a processed portion relative to a wwdth of a
bottom of the recess is 1.0 or nore, for exanple, can be
formed. According to the present invention, the recess
in which a ratio of a height of a processed portion
relative to a width of an opening on a | ower end of the
t hrough hole is 1.0 or nore, for exanple, can be formed.
In contrast, it is difficult for the | aser processing
apparatus 100" of the conventional exanple in FIGS. 8 to
12 to formthe recess and/or the through hol e having an
aspect ratio of 1.0 or nore while inhibiting tapering.
[ 0159]

In still another aspect, according to the present
i nvention, for exanple, the recess in which a width of a
bottom of the recess is 70% or nore of an opening w dth
of the recess on an initial processed surface of the
object to be processed can be formed, and/or the through
hole in which a width of an opening on a | ower end of
the through hole is 70% or nore of a width of an opening

on an upper end of the through hole on the initial
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processed surface of the object to be processed can be
formed.
[ 0160]

Further, since the recess can be forned while
i nhibiting tapering in the present invention, a
plurality of the recesses 200 may be forned, and a
di stance 202 between bottons of the adjacent recesses
200 may be set to 110% or less of a width 201 of the
bottom as illustrated in FIG 6. Therefore, in the
present invention, the plurality of the recesses 200 can
be formed with a high density.

[0161]

Meanwhi | e, when a plurality of recesses 200" are
formed by the conventional |aser processing nethod as in
FIG 13, for exanple, each of the recesses 200" is
formed with tapering. Thus, a distance 202’ between
bottonms of the adjacent recesses 200" exceeds 110% of a
wi dt h 201" of the bottom and consequently fails to form
the plurality of the recesses 200" with a high density.
[0162]

Herei nafter, optional matters of the |aser
processi ng net hod and the | aser processing apparatus of
t he present invention will be described, but the present
invention is not limted to the specific exanples
descri bed above and nodi fi ed exanpl es descri bed bel ow.
[0163]
<Laser and Laser Light Source>

The laser 1 is not particularly limted, but
exci mer | aser may be used, for exanple. Use of the
excimer |aser can efficiently process the object to be
processed conposed of an organic material, such as, for
exanpl e, an ABF substrate, to enable processing with

hi gh productivity. |In addition, since the exciner |aser
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has | ow coherence, use of the exciner |aser can achieve
extremely uniform beam formati on
[0164]

I n addition, use of the excinmer |aser can
accurately adjust the processing depth and w dth of the
recess and/or the through hole conpared with solid | aser.
Specifically, the excimer laser is useful for formng a
recess such as a blind hole and a trench. Therefore, by
virtue of use of the excinmer |aser, conplex protrusions-
and-recesses form ng process such as a circuit substrate
can be accurately perforned.

[ 0165]

It should be noted that the irradi ati on shape of
the laser 1 oscillated by the laser light source 1 is
not limted to the shapes illustrated in FIGS. 1, 2, and
5. For example, the irradiation shape may have
intensity distribution in which a |aser intensity of a

center (an inner side) la is |argest and a | aser

intensity of a base (an outer side) 1b is small, as the
irradiation shape illustrated in FIG 7.
[ 0166]

<Scanni ng Irradiation>

In the present invention, processing nmay be
performed while relatively scanning the |aser 5 and 6
relative to the front face 71 to be processed. That is,
the | aser processing of the present invention may be
scanni ng processing.
[0167]

By perform ng the scanni ng processing, accurate
| aser processing can be perfornmed al so on the object 70
to be processed having a | arge area.
[0168]

By perform ng the scanni ng processing, increase in
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t he processing time can be prevented even when a nunber
of the recesses and/or through holes to be processed

i ncr eases.

[0169]

The scanni ng processing can be perfornmed by
synchronously noving the object 70 to be processed on
t he stage 60 and the photonmask 30, for exanple.

[0170]

Thus, the | aser processing can be perfornmed
wi t hout noving the laser 1 to 6 itself.
[0171]

Also, in this aspect, the processed region is not
limted to the area of the lens, and thus, a |arger area
(field angle) than the area of the |l ens can be processed.
[0172]

Furthermore, in this aspect, the size of the
reduction projection optical system 50 required for the
irradiation can be reduced, and accuracy of the |aser
irradiation position and tenperature controllability
beconme better. Further, since the size of the reduction
projection optical system 50 descri bed bel ow can be
reduced, image strain due to the irradiation is reduced.
[0173]

In the | aser processing apparatus 100 illustrated
in FIG 1, the object 70 to be processed on the stage 60
and the photonmask 30 can be synchronously noved by using
the controller 80.

[ 0174]

In nmore detail, the controller 80 is configured to
adjust the relative position between the object 70 to be
processed and the photonmask 30 based on positional
information of a feature portion of the photonmask 30

obt ai ned by an alignnment canera 31 for a mask and
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positional information of a feature portion of the
obj ect 70 to be processed obtained by an alignnent
canera 61 for an object to be processed.

[ 0175]

<Reduction Projection Optical Systenp

The | aser processing apparatus 100 illustrated in
FIG 1 has the reduction projection optical system50 to
enable to enlarge the mask pattern formed on the
phot omask 30 conpared with the processing pattern that
is to be actually fornmed on the object to be processed.
[0176]

By virtue of the enlargenent of the mask pattern
formed on the photomask 30 conpared with the actual
processing pattern, the energy of the |aser 3 that
reaches the photomask 30 can be reduced conpared with
t he actual processing energy. Wien the reduction ratio
of the reduction projection optical system50 is N, the
energy of the |aser that reaches the mask surface
relative to the processing energy on the surface of the
object 70 to be processed is 1/(N2). This can inhibit
thermal drift due to the energy of the |aser 3, and
consequently thermal expansion of the photomask 30 can
be inhibited, and accurate processing can be perforned
even after processing operation for a long tine.

[0177]

Further, deterioration of the optical nenmbers (for
exanpl e, the optical system 20 and the photomask 30) due
to heat of the laser can al so be inhibited, and thus,
lifetinmes of the optical nmenbers can be | engthened.
[0178]

The reduction projection optical system 50 may
have one pair of reduction projection lens. Wen the

reducti on projection optical system50 is an infinite-
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di stance optical system nmagnification with the
reduction projection optical system 50 can be adjusted
by, for exanple, a ratio between focal distances of the
reducti on projection | ens and by a distance between the
reduction projection |ens.

[0179]

NA of the reduction projection lens is preferably
sel ected according to an energy density required for
processing the object 70 to be processed and processing
resolution. The NA of the reduction projection lens is
preferably 0.12 or nore. The present invention can
inhibit the taper shape of the recess and/or through
hole to be formed even with the | aser processing with
hi gh NA for formation with high resolution.

[ 0180]

The | aser processing apparatus 100 of the present
i nvention preferably further includes a tenperature-
adj usting neans for adjusting a tenperature of the
reduction projection optical system 50.

[0181]

By including the tenperature-adjusting neans, the
thermal effect due to the |aser energy on the reduction
projection optical system 50 can be further inhibited.
In the reduction projection optical system 50, the | aser
4 passed through the photomask 30 is projected with a
reduced size of 1/N.  Thus, the energy of the |aser that
goes through the I ens portion on a tip facing the object
becomes N2 tines relative to the energy of the laser on
t he photomask 30, and a thermal effect tends to appear
in this portion. Therefore, by inparting the
t enperature-adjusting function to the reduction
projection optical system50 in order to inhibit this

thermal energy, thermal drift due to the | aser energy
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can be inhibited and accurate processing can be
perforned even after processing operation for a | ong
tinme.
[0182]

Furthermore, in the | aser processing nethod and
the | aser processing apparatus 100 of the present
i nvention, a reduction projection |ens having extrenely
smal | di aneter can be used. The tenperature-adjusting
means for the reduction projection |lens cannot directly
I npart the tenperature-adjusting neans to the |ens
itself but cools a jacket portion holding the |ens.
Therefore, when the |ens dianeter increases, the
tenperature in the peripheral portion of the |lens can be
managed but the tenperature-adjusting effect is hardly
provi ded near the inportant center portion, which causes
difficulty in heat managenent. Therefore, even slight
energy absorption inside the | ends due to the |aser
irradiation for a long time easily causes strain due to
the heat. 1In the |aser processing apparatus 100
i ncludi ng the tenperature-adjusting function for the
reduction projection optical system 50, the |ens
di ameter can be reduced, and consequently such defects
can be inhibited.
[0183]

Further, failure due to the laser irradiation to
t he reduction projection optical system 50 can be
inhibited to |l engthen the lifetine.
[ 0184]
Met hod for Produci ng Substrate

The nmethod for producing a substrate of the
present invention is a nethod for producing a substrate
havi ng the recess and/or the through hole, the nethod

i ncluding a step of formng the recess and/or the
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t hrough hole on a substrate being the object to be
processed by the | aser processing nethod of the present
i nventi on.

[ 0185]

As descri bed above, the | aser processing nethod of
t he present invention can formthe highly fine and
conplex pattern. Therefore, according to the method for
produci ng the substrate of the present invention
i ncluding the | aser processing nmethod of the present
i nvention, a substrate having the highly fine and
conpl ex pattern can be produced.

[0186]
Substrate

The substrate of the present invention is a
substrate used for a sem conductor package substrate.
The substrate of the present invention is roughly
classified into two aspects of: a substrate of a first
aspect having at |east two recesses; and a substrate of
a second aspect having a through hole. A substrate
having at | east two recesses and a through hole can be
enconpassed in both the first aspect and the second
aspect.

[0187]

Herei nafter, each exanple of the substrate of the
first aspect and the substrate of the second aspect w ||
be described in nore detail with reference to the
dr awi ngs.

[0188]
<First Aspect>

FIG 14 is a schematic partial sectional view of
an exanple of the substrate of the first aspect of the
present invention. A substrate 70 illustrated in FIG.

14 is a substrate used for a sem conductor package
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substrat e.
[0189]

The substrate 70 has at | east two recesses 200 on
its front face 71, and the recesses 200 are adjacent on
a cross section 73 perpendicular to the front face 71.
Each of the recesses 200 has an openi ng 200A on the
front face 71 of the substrate 70 and a bottom 200B.

The substrate 70 has a protrusion 74 between the
recesses 200 adjacent to each other. The at |east two
recesses 200 may have shapes sane as each other or may
have shapes different fromeach other. That is, an
opening width W, being a width of the opening 200A and a
wi dth W of the bottom 200B of the recesses 200 may be
equal to each other or all of them may be different.

Al so, a processing depth Do of the recess 200 (for
exanpl e, a depth of the recess 200 in a thickness
direction of the substrate 70) may be different in each
recess 200, or there may be the equal processing depth
D2oo.

[ 0190]

A di stance W between the bottons 200B of the
recesses 200 on the cross section 73 of the substrate 70
is 110% or | ess, preferably 100% or nore and 110% or
| ess, and nore preferably 100% or nore and 105% or | ess
of the wdth W of the bottom 200B of the recess 200.
The width W of the bottom 200B of the recess 200 herein
is an average of the widths W of the bottons 200B of
the recesses 200 adjacent to each other. Also, the
di stance W between the bottonms 200B of the recesses 200
I's the shortest distance between the bottoms 200B of the
recesses 200. It should be noted that the substrate 70
of the first aspect of the present invention is only

required to have the at | east two recesses 200 in which
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t he di stance W between the bottonms 200B of the recesses
200 is 110% or less of the width W of the bottom 200B
of the recess 200, and may have a recess not satisfying
such rel ationshi p.

[0191]

Furthernmore, in the substrate 70, the depth Do of
the recess 200 on the cross section 73 is 20 um or less.
Al'so, in the substrate 70, a ratio (Dzoo/ W) of the depth
D200 of the recess 200 relative to the width W of the
bott om 200B of the recess 200 on the cross section 73 is
1.0 or nore.

[0192]

In such substrate 70, the distance W between the
bottons 200B of the recesses 200 is 110% or |ess of the
wi dth W of the bottom 200B of the recess 200, and the
depth Dooo of the recess 200 is 20 um or less. Since the
rati o (Dzoo/ W) of the depth Do of the recess 200
relative to the width W of the bottom 200B of the
recess 200 satisfies to be 1.0 or nore, the width W can
be significantly small. Therefore, such substrate 70
can have the highly fine recess pattern. Furthernore,
by incorporating wiring, for exanple, nmetal wiring, in
t he such recesses 200 of the substrate 70, a highly fine
and conplex wiring pattern can be achi eved.

[0193]

The substrate of the first aspect as above can be
produced by the | aser processing nethod of the present
I nvention or the nmethod for producing a substrate of the
present invention that have been described above, for
exanpl e. The substrate of the first aspect as above can
be produced by using the | aser processing apparatus of
t he present invention described above, for exanple.

[ 0194]
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Therefore, for exanple, the width W of the bottom
200B of the recess 200 may be set to 70% or nore,
preferably 80% or nore, and nore preferably 90% or nore
of the opening width WA of the recess 200 on the front
face 71.

[ 0195]

In such substrate 70, the recess 200 does not have
a taper shape but a shape close to a cylindrical shape.
Thus, when wiring is incorporated in this recess 200,
this wiring can exhibit |low resistance. Therefore, the
substrate 70 of such aspect can achieve the wring
pattern having low wiring resistance. |In addition,
since a contacting area on an interface between the
wiring and the substrate can be increased, defects such
as peeling of the wiring hardly occur.

[ 0196]

The width W of the bottom 200B of the recess 200
is ideally equal to (100% of) the opening wi dth W
[0197]

For exampl e, the opening width W of the recess
200 on the front face 71 is preferably 20 um or less.

[ 0198]

Such substrate 70 can achi eve the nore highly fine
wiring pattern. The lower limt is not particularly
limted, but the opening width W of the recess 200 on
the front face 71 may be 1 um or more and 20 um or less,
for exanpl e.

[ 0199]

In the substrate 70 of the first aspect, the ratio
D2oo/ W is only required to be 1.0 or nore, and may be
1.1 or nore, 1.5 or nore, 2.4 or nore, or 3.4 or nore,
for exanple. An upper limt of the ratio Do/ W is not
particularly limted, but the ratio Do/ W may be 10.0
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or less, for exanple.
[ 0200]

The opening width W, of the recess 200 on the
front face 71 may be 20 um or less.
[ 0201]

Wth such substrate, the nore highly fine wiring
pattern can be achieved. A lower limt of the opening
width Wi is not particularly limited, but may be 1 um or
nore, for exanple
[ 0202]

For exanple, the substrate 70 of the first aspect
may be a substrate in which the width W of the bottom
200B of the recess 200 is 70% or nmore of the opening
width W of the recess 200 and in which the ratio of the
depth Dyoo of the recess 200 relative to the width W of
the bottom 200B of the recess 200 is 2.4 or nore.

[ 0203]

Wth such substrate 70, the highly fine and
conplex wiring pattern with | ow resi stance can be nore
certainly achieved.

[ 0204]

The recess 200 may include a trench 200T as
illustrated in a perspective view of FIG 15, for
exanple. The trench 200T extends in a direction
parallel to the front face 71 of the substrate 70. A
plurality of the trenches 200T may have extendi ng
directions different fromeach other, as illustrated as
an exanple in FIG 15.

[ 0205]

The recess 200 is not limted to the trench 200T.
For exanple, the recess 200 may i nclude a blind hole
200S having a rectangul ar surface shape or a blind hole

200U having a circul ar surface shape as the exanple
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illTustrated in FIG 15. A recess 200 havi ng anot her
surface shape may be incl uded.
[ 0206]

When the recess 200 having the ratio Do/ W of 1.0
or nore is the trench 200T, the width W and the opening
width W are defined as a width of the trench 200T in a
direction perpendicular to the extending direction of
the trench. \When the recess 200 having the rati o Do/ W
of 1.0 or nore is the blind hole 200S having a
rectangul ar surface shape, the smallest width in the
surface shape is defined as the width W and the opening
wi dth Wi. VWhen a plurality of the recesses 200 having
the ratio Do/ W of 1.0 or nore are the blind holes 200U
having a circular surface shape, the dianeter of the
circle is defined as the wdth W and the opening w dth
W.. VWhen the surface shape is an ellipse, its mnor
di ameter is defined as the width W and the opening
wi dt h W
[ 0207]

It should be noted that, as described above, the
substrate 70 of the first aspect of the present
invention is only required to have the at |east two
recesses 200 having the ratio Do/ W of 1.0 or nore, and
not all the recesses necessarily satisfy the ratio
D2oo/ W of 1.0 or nore.

[ 0208]

The processing depth Do of the recess 200 on the
cross section 73 (for exanple, the depth of the recess
200 in the thickness direction of the substrate 70) may
be different in each recess 200, or there may be the
sanme processing depth D:o. The processing depth Dzoo of
the recess 200 may be 5 um or more and 20 um or less,

for exanple.
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[ 0209]

In a nodified exanple, the substrate 70 of the
first aspect may have a back face 71B being on an
opposite side to the front face 71 of the substrate 70,
and may further have a through hole 300 that goes
t hrough fromthe front face 71 to the back face 71B, as
illustrated in FIG 16.

[ 0210]

Wth such substrate 70, the package substrate
further having a VIA el ectrode pattern can be achi eved.
[0211]

For exanple, a width Wi of an opening 300A on an
upper end of the through hole 300 on the front face 71
is preferably 20 pum or less.

[0212]

Wth such substrate 70, the highly fine and highly
dense VI A el ectrode pattern can be achieved.
[ 0213]

Alower Iimt of the wdth Wi of the opening 300A
on the upper end is not particularly limted, but the
width Wi may be 1 um or more, for example.

[ 0214]

A ratio of a processing |length Dso of the through
hole 300 relative to a width W of an opening 300B on a
| ower end of the through hole 300 on the back face 71B
may be 1.0 or nore.

[ 0215]

An upper limt of the ratio of the processing
| ength Dsoo relative to the width Wo of the opening 300B
on the | ower end of the through hole 300 is not
particularly limted, and the ratio may be 1.0 or nore
and 10.0 or less, for exanple.

[0216]
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The substrate 70 having such through hole 300 can
be al so forned by, for exanple, the |aser processing
met hod of the present invention or the nethod for
produci ng a substrate of the present invention that have
been described above. Also, the substrate 70 can be
produced by using the | aser processing apparatus of the
present invention descri bed above, for exanple.

[0217]

Therefore, the wdth W of the opening 300B on the
| ower end of the through hole 300 on the back face 71B
may be 70% or nore of the width W of the opening 300A
on the upper end of the through hole 300 on the front
face 71, and the substrate preferably has such through
hol e 300. The substrate 70 as above having the through
hole 300 and the at |east two recesses 200, descri bed
above, is the substrate of the first aspect and is the
substrate of the second aspect.

[ 0218]

| n such substrate 70, the through hole 300 does
not have a taper shape but a shape close to a
cylindrical shape. Thus, when this through hole 300 is
subj ected to VIA processing, the VIA el ectrode thus
formed can exhibit |ow resistance. In addition, since a
contacting area on an interface between the wiring and
t he substrate can be increased, defects such as peeling
of the wiring hardly occur. Therefore, the substrate 70
of such nodified exanple can achieve the highly fine and
conplex VIA electrode pattern with | ow resistance.

[ 0219]

The width W of the opening 300B on the | ower end
of the through hole 300 is ideally equal to (100% of)
the width W of the opening 300A on the upper end. The
wi dth W of the opening 300B on the | ower end of the
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t hrough hole 300 may be 70% or nore, preferably 80% or
nore, and further preferably 90% or nore of the width W
of the opening 300A on the upper end.

[ 0220]

For exanmple, in the substrate 70 of the first
aspect, the ratio of the processing |ength Dz of the
t hrough hole 300 relative to the width W of the opening
300B on the | ower end of the through hole 300 nmay be 1.0
or nore on the back face 71B, and the width W of the
openi ng 300B on the lower end of the through hole 300
may be 70% or nore of the width W of the opening 300A
on the upper end of the through hole 300 on the front
face 71. Such aspect is preferable.

[ 0221]

Wth such substrate 70, the highly fine VIA
el ectrode pattern with inhibited tapering fromthe front
face to the back face can be certainly achieved. 1In
addition, since a contacting area on an interface
between the wiring and the substrate can be increased,
def ects such as peeling of the wiring hardly occur.

[ 0222]

For exanmple, the substrate 70 of the first aspect
may be a substrate in which the width W of the bottom
200B of the recess 200 is 70% or nore of the opening
wi dth Wi of the recess 200, in which the ratio of the
depth Dyoo of the recess 200 relative to the width W of
the bottom 200B of the recess 200 is 2.4 or nore, in
which the ratio of the processing |length Dso of the
t hrough hole 300 relative to the wdth W of the opening
300B on the I ower end of the through hole 300 is 1.0 or
nore on the back face 71B, and in which the width W of
t he opening 300B on the |Iower end of the through hole
300 is 70% or nore of the width W of the opening 300A
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on the upper end of the through hole 300 on the front
face 71.
[ 0223]

Wth such substrate 70, the highly fine VIA
el ectrode pattern with inhibited tapering fromthe front
face to the back face can be nore certainly achieved.
In addition, since a contacting area on an interface
between the wiring and the substrate can be increased,
def ects such as peeling of the wiring hardly occur.

[ 0224]

The pl anar shape of the through hole 300 is not
particularly limted. Wen the through hole 300 has a
rectangul ar surface shape, the smallest width in the
surface shape is defined as the width W and the wi dth
W. When the through hole 300 has a circular surface
shape, the dianeter of the circle is defined as the
width W and the width W. When the surface shape is an
ellipse, its mnor dianmeter is defined as the width W
and the w dth W.

[ 0225]
<Second Aspect >

FIG 17 is a schematic partial sectional view of
an exanple of the substrate of the second aspect of the
present invention. A substrate 70 illustrated in FIG
17 is a substrate used for a sem conductor package
substr at e.

[ 0226]

The substrate 70 has a through hole 300 that goes
through froma front face 71 to a back face 71B being an
opposite side to the front surface 71, and a width W of
an openi ng 300B on a |l ower end of the through hole 300
on the back face 71B is 70% or nore of a width W of an

openi ng 300A on an upper end of the through hole 300 on
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the front face 71.
[ 0227]

In the substrate 70 as above, the through hole 300
does not have a taper shape but a shape close to a
cylindrical shape. Thus, when this through hole 300 is
subjected to VIA processing, the VIA electrode thus
formed can exhibit | ow resistance. Therefore, the
substrate 70 of such aspect can achieve the VIA
el ectrode pattern with | ow resistance.

[ 0228]

Since the through hole 300 does not have the taper
shape, the width W of the opening 300A on an upper end
of the through hole 300 is unnecessarily enlarged in
order to keep the size of the wdth W of the opening
300B on a lower end of the through hole 300. Thus, the
substrate 70 of this aspect can al so achieve the highly
fine and conpl ex VIA pattern.

[ 0229]

The width W of the opening 300B on the | ower end
of the through hole 300 is ideally equal to (100% of)
the width W of the opening 300A on the upper end. The
wi dth W of the opening 300B on the |ower end of the
t hrough hole 300 may be 70% or nore, preferably 80% or
nore, and further preferably 90% or nmore of the width W
of the opening 300A on the upper end.

[ 0230]

The nunmber of the through hole 300 may be one, or
may be plural. When the plurality of the through hol es
300 are contained, the widths W and the w dths W of
the plurality of the through holes 300 may be equal to
each other or may be different from each other.

[ 0231]
The pl anar shape of the through hole 300 is not
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particularly limted. Wen the through hole 300 has a
rectangul ar surface shape, the smallest width in the
surface shape is defined as the width W and the width
W. When the through hole 300 has a circular surface
shape, the dianeter of the circle is defined as the
width Wi and the width W. Wen the surface shape is an
ellipse, its mnor dianmeter is defined as the width W
and the width W.

[ 0232]

Such substrate 70 can be formed by, for exanple,
the | aser processing nmethod of the present invention or
t he nethod for producing a substrate of the present
i nvention that have been described above. The substrate
70 can be produced by using the | aser processing
apparatus of the present invention described above, for
exanpl e.

[ 0233]

The width W of the opening 300A on the upper end
of the through hole 300 on the front face 71 is
preferably 20 um or less.

[ 0234]

Wth such substrate 70,the sem conduct or package
having the nore highly fine VIA el ectrode pattern can be
achi eved.

[ 0235]

The lower limt of the width Wi of the opening
300A on the upper end is not particularly limted, and
may be 1 um or more, for example.

[ 0236]

A ratio of the processing depth Dsgo of the through
hole 300 relative to the width W of the opening 300B on
the | ower end of the through hole 300 on the back face
71B may be 1.0 or nore, for exanple. The ratio of the
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processi ng depth Dsopo relative to the width W of the
openi ng 300B on the |l ower end of the through hole 300 is
not particularly limted, but may be 1.0 or nore and
10.0 or less, for exanple.

[ 0237]

The substrate 70 of the second aspect may further
have a recess that does not go through fromthe front
face 71 to the back face 71B. For exanple, simlarly to
the case illustrated in FIG 16, the substrate 70 nay
have at | east two recesses 200, and may be a substrate
70 in which the depth Do of the recess 200 on the cross
section 73 is 20 um or less, and the ratio (D20o/ W) of
the depth Do of the recess 200 relative to the width W
of the bottom 200B of the recess 200 on the cross
section 73 is 1.0 or nore. It can also be said that
such substrate 70 is the substrate of the first aspect.

[ 0238]

It should be noted that, as described above, the
substrate of the present invention can be formed by, for
exanpl e, the | aser processing nethod of the present
i nvention or the nethod for producing a substrate of the
present invention, but may be produced by another method.
The substrate of the present invention can be produced
by using, for exanple, the | aser processing apparatus of
t he present invention, but may be produced by using
anot her appar at us.

[ 0239]
Sem conduct or Package Substrate

The sem conduct or package substrate of the present
I nvention is a substrate used for a sem conduct or
package. The sem conductor package plays roles of, for
exanpl e, protecting a sem conductor device from externa

envi ronnment and providing an external -connection wiring
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termnal in munting this device on a printed wiring
board, etc. That is, the sem conductor package
substrate is the substrate used for the sem conduct or
package, and may be those nounting the sem conduct or
devi ce, or may be those not nmounting the sem conductor
device. The substrate may have or may not have a nenber
for protecting the sem conductor device. Hereinafter

t he substrate not having a sem conductor device and the
menber for protecting the sem conductor device will be
descri bed as an exanple with reference to the draw ngs.
[ 0240]

FIG 18 shows a schematic partial sectional view
of an exampl e of a sem conduct or package substrate of
the first aspect of the present invention.

[ 0241]

A sem conductor package substrate 90 illustrated
in FIG 18 includes the substrate 70 of an exanpl e of
the first aspect of the present invention, which has
been described with reference to FIG 14.

[ 0242]

Al so, in the sem conductor package substrate 90
illustrated in FIG 18, netal wiring 91 is enbedded in
each of the recesses 200 illustrated in FIG 14. In
anot her aspect, the sem conductor package substrate 90
may have the metal wiring 91 sandw ched by protrusions
74 of the substrate 70.

[ 0243]

By virtue of the presence of the recess 200 of the
substrate 70, the highly fine and conplex wiring pattern
can be achieved, as described above. Therefore, with
such sem conductor package substrate 90 the
sem conduct or package having the highly fine and conpl ex
pattern of the metal wiring 91 can be achieved. 1In
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addition, since a contacting area on an interface
between the wiring and the substrate can be increased,
defects such as peeling of the wiring hardly occur.

[ 0244]

FIG 19 shows a schematic partial sectional view
of an exanple of a sem conductor package substrate of
t he second aspect of the present invention.

[ 0245]

A sem conduct or package substrate 90 illustrated
in FIG 19 has the substrate 70 of an exanple of the
second aspect of the present invention illustrated in
FIG 17.

[ 0246]

I n the sem conduct or package substrate 90
illTustrated in FIG 19, the through hole 300 has been
subj ected to VIA processing. In nore detail, a VIA
el ectrode 92 is fornmed on a face defining the through
hole 300 in the substrate 70.

[ 0247]

The substrate 70 of the second aspect can achieve
the highly fine VIA el ectrode pattern with inhibited
tapering fromthe front face to the back face for the
af orementi oned reason. Therefore, the sem conductor
package substrate 90 of the second aspect can have the
hi ghly fine VIA electrode pattern with inhibited
tapering fromthe front face to the back face.

[ 0248]

It should be noted that the VIA electrode 92 in
FIG 19 has a holl ow portion (the through hole 300), but
the VIA electrode 92 may not have the holl ow portion.

[ 0249]
The sem conduct or package substrate 90 of the

second aspect may further have enbedded netal wiring 91
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as illustrated in FIG 20, for exanple. This netal
wiring 91 is enbedded in each of the recesses 200,
described in the substrate of the first aspect.
Therefore, it can also be said that the sem conduct or
package substrate 90 of the exanple illustrated in FIG
20 is an exanple of the sem conductor package substrate
of the first aspect.

[ 0250]

Note that the size of the metal wiring 91 may be
different fromeach other as illustrated in FIG 20, or
there may be the equal size.

[ 0251]

The sem conduct or package substrate 90 of the
present invention may further have, for exanple, a
surface insulative film93 as an exanple illustrated in
FIG 21 as a plain view. As shown with a broken I|ine,
the surface insulative film93 can cover the netal
wiring 91. Meanwhile, a part of the VIA electrode 92
may be exposed, as illustrated in FIG 21.

[ 0252]

According to the present invention, a plurality of
the conmplex nmetal wiring 91 can be forned as the highly
fine and conpl ex pattern between the VIA el ectrodes 92,
as illustrated in FIG 21, for exanple.

[ 0253]

It should be noted that the substrate being the
processing target of the present invention may be or may
not be provided with a circuit such as netal wiring or a
resist.

[ 0254]

Furt hermore, each of the substrate being the

processing target by the |aser processing nethod of the

present invention, the substrate of the present
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i nvention, and the sem conductor package substrate of
t he present invention may have a rectangul ar planar
shape, or may have another shape such as a circul ar,
el li pse, or polygonal planer shape, for exanple.
[ 0255]

The present description includes the follow ng
enbodi nent s:
[ 1] A laser processing nethod for formng a recess
and/ or a through hole on an object to be processed using
| aser, wherein processing is performed with an
irradiation shape in which intensity distribution of the
| aser on a surface to be processed of the object to be
processed is set such that an intensity of an outer
portion is larger than an intensity of an inner portion
in the intensity distribution.
[ 2] The | aser processing nethod according to [1],
wherei n processing is performed while changi ng the shape
of the intensity distribution of the |aser on the
surface to be processed of the object to be processed as
t he processing proceeds in a depth direction of the
obj ect to be processed.
[ 3] The | aser processing nethod according to [2],
wherei n processing is perfornmed while changi ng the shape
of the intensity distribution of the |aser so that the
intensity of the outer portion is |arger than the
intensity of the inner portion in the intensity
di stribution of the |aser as the processing proceeds in
the depth direction of the object to be processed.
[ 4] The | aser processing nmethod according to [3],
wherei n processing is perfornmed while changi ng the shape
of the intensity distribution of the |laser so that the
intensity of the outer portion is |larger than the

intensity of the inner portion in the intensity
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di stribution of the |aser as the processing proceeds in
t he depth direction of the object to be processed by
passing |l aser having intensity distribution in which a

| aser intensity at a center is largest and a | aser
intensity in a base is small through a prism

[ 5] The | aser processing nmethod according to [4],
wherein a conmponent conprising a roof prismor a conica
prismis used as the prism

[ 6] A | aser processing nethod for formng a recess
and/ or a through hole on an object to be processed using
| aser, wherein an optical systemis used, the optical
systemis configured to shape an irradiati on shape of
the laser in which an intensity of an outer portion is

| arger than an intensity of an inner portion in
intensity distribution of the laser into a top-hat-
shaped irradiation shape.

[ 7] The | aser processing nethod according to [6],
wherein an initial surface to be processed of the object
to be processed is processed with |aser having the top-
hat - shaped irradiati on shape, and at |east a part of the
obj ect to be processed except for the initial surface to
be processed is processed with |aser having the
irradiation shape in which the intensity of the outer
portion is larger than the intensity of the inner
portion.

[ 8] The | aser processing nethod according to any one
of [1] to [7], wherein a substrate for a sem conduct or
package i s processed as the object to be processed to
forma recess and/or a through hole on the substrate for
a sem conduct or package.

[ 9] The | aser processing nethod according to any one
of [1] to [7], wherein the laser is oscillated by using

an excinmer | aser oscillator.
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[10] The I aser processing nethod according to any one
of [1] to [9], wherein the object to be processed is
irradiated with the |laser through a phot omask.

[11] The |l aser processing nethod according to any one
of [1] to [10], wherein processing is perfornmed while
relatively scanning the |laser relative to the surface to
be processed.

[12] The | aser processing nethod according to any one
of [1] to [11], wherein ablation processing is perfornmed.
[13] The laser processing nethod according to any one
of [1] to [12], wherein the recess and/or the through
hole having a width of 20 pym or less is formed.

[ 14] The | aser processing nethod according to any one
of [1] to [13], wherein the recess and/or the through
hole having a depth of 20 pm or less is formed.

[ 15] The | aser processing nethod according to any one
of [1] to [14], wherein, as the recess and/or the

t hrough hole, a recess and/or a through hole in which a
ratio of a height of processed portion relative to a

wi dth of a bottom of the recess or to a width of an
opening on a | ower end of the through hole is 1.0 or
nore is fornmed.

[16] The | aser processing nethod according to any one
of [1] to [15], wherein the recess is forned in which a
wi dth of a bottom of the recess is 70% or nore of an
opening width of the recess on an initial processed
surface of the object to be processed, and/or the

t hrough hole is formed in which a width of an opening on
a |lower end of the through hole is 70% or nore of a

wi dt h of an opening on an upper end of the through hol e
on the initial processed surface of the object to be
processed.

[17] The | aser processing nethod according to any one
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of [1] to [16], wherein a plurality of the recesses are
formed, and a di stance between bottons of the adjacent
recesses is set to 110% or less of a width of the bottom
[18] A nethod for producing a substrate having the
recess and/or the through hole, the nmethod conprising a
step of form ng the recess and/or the through hole on a
substrate being the object to be processed by the |aser
processi ng net hod according to any one of [1] to 17.
[19] A laser processing apparatus for formng a recess
and/ or a through hole on an object to be processed by
using | aser, the apparatus conprising: a |laser |ight
source configured to oscillate the laser; and an optica
system configured to shape an irradi ati on shape of the

| aser into an irradiation shape in which an intensity of
an outer portion is larger than an intensity of an inner
portion in intensity distribution of the |aser on a
surface to be processed of the object to be processed.
[20] The | aser processing apparatus according to [19],
wherein the optical system conprises: a prismconfigured
to convert |aser having intensity distribution in which
a laser intensity at a center is largest and a | aser
intensity in a base is small into | aser having the
irradiation shape in which the intensity of the outer
portion is larger than the intensity of the inner
portion in the intensity distribution of the |aser; and
a shaping optical system configured to convert the
irradi ation shape of the |aser converted by the prism
into a top-hat-shaped irradiation shape.

[21] The | aser processing apparatus according to [20],
wherein the apparatus conprises a conponent conprising a
roof prismor a conical prismas the prism

[22] The | aser processing apparatus according to any
one of [19] to [21], wherein the laser light source
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conprises an excinmer |aser oscillator.

[23] The | aser processing apparatus according to any
one of [19] to [22], further conprising: a stage on

whi ch the object to be processed is to be nmounted; and a
phot omask positioned between the optical system and the
st age.

[24] The | aser processing apparatus according to [23],
further conprising a controller configured to
synchronously nove the object to be processed on the
stage and the phot onask.

[25] A substrate used for a sem conductor package
substrate, wherein the substrate conprises at |east two
recesses on a front face of the substrate, the recesses
bei ng adj acent to each other on a cross section

per pendi cular to the front face, a distance between
bottons of the recesses on the cross section is 110% or
|l ess of a width of the bottom of the recess, a depth of
the recess on the cross section is 20 um or less, and a
rati o of the depth of the recess relative to the width
of the bottom of the recess on the cross section is 1.0
or nore.

[26] The substrate according to [25], wherein the width
of the bottom of the recess is 70% or nore of an opening
wi dth of the recess on the front face.

[27] The substrate according to [26], wherein the
opening width of the recess on the front face is 20 um
or |ess.

[ 28] The substrate according to any one of [25] to [27],
wherein the ratio of the depth of the recess relative to
the width of the bottom of the recess on the cross
section is 1.1 or nore.

[29] The substrate according to any one of [25] to [28],
wherein the ratio of the depth of the recess relative to
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the width of the bottomof the recess is 1.5 or nore.

[ 30] The substrate according to any one of [25] to [29],
wherein the ratio of the depth of the recess relative to
the width of the bottomof the recess is 2.4 or nore.

[ 31] The substrate according to any one of [25] to [30],
wherein the ratio of the depth of the recess relative to
the width of the bottomof the recess is 3.4 or nore.
[32] The substrate according to [25], wherein the width
of the bottom of the recess is 70% or nore of the
opening width of the recess, and the ratio of the depth
of the recess relative to the wdth of the bottom of the
recess is 2.4 or nore.

[ 33] The substrate according to any one of [25] to [32],
wherein the recess conmprises a trench.

[ 34] The substrate according to any one of [25] to [32],
wherein the substrate has a back face being on an
opposite side to the front face, and the substrate
further conprises a through hole that goes through from
the front face to the back face.

[ 35] The substrate according to [34], wherein a width
of an opening on an upper end of the through hole on the
front face is 20 um or less.

[36] The substrate according to [34] or [35], wherein a
ratio of a processing length of the through hole
relative to a width of an opening on a | ower end of the
t hrough hole on the back face is 1.0 or nore.

[37] The substrate according to any one of [34] to [36],
wherein a width of an opening on a |ower end of the

t hrough hole on the back face is 70% or nore of a width
of an opening on an upper end of the through hole on the
front face.

[38] The substrate according to [34] or [35], wherein a
ratio of a processing length of the through hole
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relative to a width of an opening on a | ower end of the
t hrough hole on the back face is 1.0 or nore, and a

wi dt h of the opening on the |lower end of the through
hole is 70% or nore of a width of an opening on an upper
end of the through hole on the front face.

[39] The substrate according to [34], wherein a width
of the bottom of the recess is 70% or nore of the
opening width of the recess, a ratio of a depth of the
recess relative to a width of the bottom of the recess
Is 2.4 or nore, a ratio of a processing |length of the

t hrough hole relative to a width of an opening on a

| ower end of the through hole on the back face is 1.0 or
nore, and the width of the opening on the |ower end of
the through hole is 70% or nore of a width of an opening
on an upper end of the through hole on the front face.
[40] A semnm conductor package substrate, conprising the
substrate according to any one of [25] to [39], wherein
metal wiring is enbedded in the recess.

[41] A substrate used for a sem conductor package
substrate, conprising a through hole that goes through
froma front face of the substrate to a back face being
an opposite side to the front surface, wherein a wi dth
of an opening on a | ower end of the through hole on the
back face is 70% or nore of a width of an opening on an
upper end of the through hole on the front face.

[42] The substrate according to [41], wherein the width
of the opening on the upper end of the through hole on
the front face is 20 um or less.

[43] The substrate according to [41] or [42], wherein a
ratio of a processing length of the through hole
relative to the width of the opening on the | ower end of
t he through hole on the back face is 1.0 or nore.

[44] A sem conductor package substrate, conmprising the
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substrate according to any one of [34] to [39] and [41]
to [43], wherein the through hol e has been subjected to
a VI A processing.

[ 0256]

It should be noted that the present invention is
not limted to the above-described enbodi nents. The
enbodi nrents are just exanples, and any exanples that
substantially have the sane feature and denonstrate the
same functions and effects as those in the technica
concept disclosed in claims of the present invention are

i ncluded in the technical scope of the present invention.
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CLAI M5

[Claim1l] A laser processing nethod for formng a
recess and/or a through hole on an object to be
processed using | aser, wherein

processing is performed with an irradi ati on shape
in which intensity distribution of the |aser on a
surface to be processed of the object to be processed is
set such that an intensity of an outer portion is |arger
than an intensity of an inner portion in the intensity
di stri bution.

[ Claim 2] The | aser processing nmethod according to
claim1l, wherein processing is performed while changing
t he shape of the intensity distribution of the laser on
the surface to be processed of the object to be
processed as the processing proceeds in a depth

direction of the object to be processed.

[ Cl ai m 3] The | aser processing nmethod according to
claim2, wherein processing is performed while changing
t he shape of the intensity distribution of the |aser so
that the intensity of the outer portion is |arger than
the intensity of the inner portion in the intensity

di stribution of the |aser as the processing proceeds in
t he depth direction of the object to be processed.

[ Cl ai m 4] The | aser processing nmethod according to
claim 3, wherein processing is performed while changing
t he shape of the intensity distribution of the |aser so
that the intensity of the outer portion is |arger than
the intensity of the inner portion in the intensity

di stribution of the |aser as the processing proceeds in
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the depth direction of the object to be processed by
passing |l aser having intensity distribution in which a
| aser intensity at a center is largest and a | aser

intensity in a base is small through a prism

[ Cl ai m 5] The | aser processing nmethod according to
claim4, wherein a conponent conprising a roof prismor

a conical prismis used as the prism

[Claim6] A laser processing nethod for formng a
recess and/or a through hole on an object to be
processed using | aser, wherein

an optical systemis used, the optical systemis
configured to shape an irradiation shape of the laser in
which an intensity of an outer portion is larger than an
intensity of an inner portion in intensity distribution

of the laser into a top-hat-shaped irradiation shape.

[Claim 7] The | aser processing nmethod according to
claim6, wherein

an initial surface to be processed of the object
to be processed is processed with |aser having the top-
hat - shaped irradi ati on shape, and

at |l east a part of the object to be processed
except for the initial surface to be processed is
processed with | aser having the irradi ation shape in
which the intensity of the outer portion is |arger than

the intensity of the inner portion.

[ Cl ai m 8] The | aser processing nethod according to any
one of claims 1 to 7, wherein a substrate for a
sem conduct or package is processed as the object to be

processed to forma recess and/or a through hole on the
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substrate for a sem conductor package.

[ Claim 9] The | aser processing nethod according to any
one of claims 1 to 7, wherein the laser is oscillated by

using an excinmer |aser oscillator.

[Claim 10] The | aser processing nethod according to any
one of claims 1 to 7, wherein the object to be processed

is irradiated with the |aser through a phot omask.

[Claim11] The | aser processing nethod according to any
one of clainms 1 to 7, wherein processing is perfornmed
while relatively scanning the |laser relative to the

surface to be processed.

[Claim 12] The | aser processing nmethod according to any
one of clainms 1 to 7, wherein ablation processing is

perfor ned.

[Claim13] The | aser processing nethod according to any
one of clainms 1 to 7, wherein the recess and/or the

through hole having a width of 20 pym or less is formed.

[Claim14] The | aser processing nmethod according to
claim 13, wherein the recess and/or the through hole

having a depth of 20 pym or less is formed.

[Claim15] The | aser processing nethod according to any
one of clainms 1 to 7, wherein, as the recess and/or the
t hrough hole, a recess and/or a through hole in which a
ratio of a height of processed portion relative to a

wi dth of a bottom of the recess or to a width of an

opening on a |l ower end of the through hole is 1.0 or
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more is forned.

[Claim 16] The | aser processing nmethod according to any
one of clainms 1 to 7, wherein

the recess is formed in which a width of a bottom
of the recess is 70% or nore of an opening wi dth of the
recess on an initial processed surface of the object to
be processed, and/ or

the through hole is formed in which a width of an
opening on a |lower end of the through hole is 70% or
nore of a width of an opening on an upper end of the
t hrough hole on the initial processed surface of the

obj ect to be processed.

[Claim17] The | aser processing nethod according to any
one of claims 1 to 7, wherein a plurality of the
recesses are formed, and a di stance between bottons of

t he adjacent recesses is set to 110% or less of a width

of the bottom

[Claim 18] A nethod for producing a substrate having
t he recess and/or the through hole, the nethod
conprising a step of form ng the recess and/or the

t hrough hole on a substrate being the object to be
processed by the | aser processing nmethod according to

any one of claims 1 to 7.

[Claim19] A | aser processing apparatus for form ng a
recess and/or a through hole on an object to be
processed by using | aser, the apparatus conpri sing:

a laser light source configured to oscillate the
| aser; and

an optical system configured to shape an
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irradi ation shape of the laser into an irradiation shape
in which an intensity of an outer portion is |arger than
an intensity of an inner portion in intensity

di stribution of the laser on a surface to be processed
of the object to be processed.

[Claim 20] The | aser processing apparatus according to
claim 19, wherein the optical system conprises:

a prismconfigured to convert |aser having
intensity distribution in which a laser intensity at a
center is largest and a |laser intensity in a base is
small into laser having the irradiation shape in which
the intensity of the outer portion is |arger than the
intensity of the inner portion in the intensity
di stribution of the laser; and

a shaping optical system configured to convert the
irradi ation shape of the |aser converted by the prism

into a top-hat-shaped irradiation shape.

[Claim21] The | aser processing apparatus according to
claim 20, wherein the apparatus conprises a conponent

conprising a roof prismor a conical prismas the prism

[Claim?22] The | aser processing apparatus according to
any one of clainms 19 to 21, wherein the |aser |ight

source conprises an exciner |laser oscillator.

[Claim 23] The | aser processing apparatus according to
any one of clainms 19 to 21, further conprising:

a stage on which the object to be processed is to
be nounted; and

a photomask positioned between the optical system

and the stage.
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[Claim24] The | aser processing apparatus according to
claim 23, further conmprising a controller configured to
synchronously nove the object to be processed on the
stage and the phot omask.

[Claim25] A substrate used for a sem conductor package
substrate, wherein

the substrate conprises at |east two recesses on a
front face of the substrate, the recesses being adjacent
to each other on a cross section perpendicular to the
front face,

a di stance between bottons of the recesses on the
cross section is 110% or less of a width of the bottom
of the recess,

a depth of the recess on the cross section is 20
um or less, and

a ratio of the depth of the recess relative to the
wi dt h of the bottom of the recess on the cross section
is 1.0 or nore.

[Claim 26] The substrate according to claim 25, wherein
the width of the bottom of the recess is 70% or nore of

an opening width of the recess on the front face.

[Claim27] The substrate according to claim 26, wherein
t he opening width of the recess on the front face is 20

um or less.

[Claim 28] The substrate according to claim25, wherein
the ratio of the depth of the recess relative to the
wi dt h of the bottom of the recess on the cross section

is 1.1 or nore.
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[Claim29] The substrate according to claim 25, wherein
the ratio of the depth of the recess relative to the

width of the bottomof the recess is 1.5 or nore.

[Claim30] The substrate according to claim25, wherein
the ratio of the depth of the recess relative to the

width of the bottomof the recess is 2.4 or nore.

[Claim31] The substrate according to claim25, wherein
the ratio of the depth of the recess relative to the

width of the bottomof the recess is 3.4 or nore.

[Claim32] The substrate according to claim25, wherein
the width of the bottomof the recess is 70% or
nore of the opening width of the recess, and
the ratio of the depth of the recess relative to

the width of the bottom of the recess is 2.4 or nore.

[Claim33] The substrate according to claim25, wherein

the recess conprises a trench.

[Claim 34] The substrate according to claim 25, wherein
t he substrate has a back face being on an opposite
side to the front face, and
t he substrate further conprises a through hole

t hat goes through fromthe front face to the back face.
[Claim35] The substrate according to claim 34, wherein
a wdth of an opening on an upper end of the through

hole on the front face is 20 um or less.

[Claim 36] The substrate according to claim 34, wherein
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a ratio of a processing |length of the through hole
relative to a width of an opening on a | ower end of the

t hrough hole on the back face is 1.0 or nore.

[Claim 37] The substrate according to claim 34, wherein
a wdth of an opening on a | ower end of the through hole
on the back face is 70% or nore of a width of an opening

on an upper end of the through hole on the front face.

[Claim38] The substrate according to claim 34, wherein
a ratio of a processing length of the through hole
relative to a width of an opening on a | ower end of the
t hrough hole on the back face is 1.0 or nore, and
a wdth of the opening on the | ower end of the
t hrough hole is 70% or nore of a width of an opening on

an upper end of the through hole on the front face.

[Claim 39] The substrate according to claim 34, wherein

a width of the bottomof the recess is 70% or nore
of the opening width of the recess,

aratio of a depth of the recess relative to a
wi dth of the bottom of the recess is 2.4 or nore,

a ratio of a processing length of the through hole
relative to a width of an opening on a | ower end of the
t hrough hole on the back face is 1.0 or nore, and

the width of the opening on the | ower end of the
t hrough hole is 70% or nore of a width of an openi ng on

an upper end of the through hole on the front face.
[Claim40] A sem conductor package substrate,

conprising the substrate according to any one of clainms

25 to 39, wherein netal wiring is enbedded in the recess.
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[Claim41] A substrate used for a sem conductor package
substrate, conprising a through hole that goes through
froma front face of the substrate to a back face being
an opposite side to the front surface, wherein

a wdth of an opening on a |l ower end of the
t hrough hole on the back face is 70% or nore of a width
of an opening on an upper end of the through hole on the

front face.

[Claim42] The substrate according to claim4l, wherein
the width of the opening on the upper end of the through

hole on the front face is 20 um or less.

[Claim43] The substrate according to claim4l, wherein
a ratio of a processing |length of the through hole
relative to the width of the opening on the | ower end of

t he through hole on the back face is 1.0 or nore.

[Claim44] A sem conductor package substrate,
conprising the substrate according to any one of clains
34 to 39 and 41 to 43, wherein the through hole has been

subj ected to a VI A processing.
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