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DESCRIPTION

METHOD OF PROCESSING WIRING SUBSTRATE

TECHNICAL FIELD
[0001]

The present invention relates to a method of msiog a wiring substrate that
includes a configuration in which conductors logalisposed on a substrate are coated
with resin having inorganic members that form kefiand are dispersed in an organic
member, and the wiring substrate is preferably dised multi-layer wiring substrate.

This application claims priority from JapaneseeRaApplication No.
2016-235054 filed on December 2, 2016, the containighich are incorporated herein

by reference in their entirety.

BACKGROUND ART
[0002]

As a method of processing a wiring substrate ki@t a multi-layer wiring
substrate, for example, a method disclosed in P&tecument 1 or Patent Document 2 is
known.

Cited Document 1 discloses a method of manufaxguaimulti-layer wiring
substrate by use of a ceramic wiring substrateltasa substrate. Particularly,
paragraph 0078 of Cited Document 1 shows thahemitiddle of a manufacturing
process, there is a case where the foregoing tayki wiring substrate is covered with
an insulating film and top surfaces of conducteesrat exposed.

[0003]

The above-mentioned situation is due to the regstrch that a surface of a die
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cannot practically and completely be flat, a swefata die is difficult to be completely
brought into close contact with upper faces ofmgs, heights of a wiring layer are
difficult to be completely aligned with each other,the like. Consequently, there is an
explanation that the upper faces of the wiringsn@eessary to be exposed by removing a
surface of an insulating film by a wet etching noetha dry etching method, a

mechanical polishing method, or a method of connigithe aforementioned methods.
However, a specific solution is not disclosed ite@iDocument 1.

[0004]

Generally, the aforementioned insulating film doeshave a simple structure
made of a single member but is formed of resinrigaiinorganic members that form a
filler and are dispersed in an organic member. rdfoee, as shown in FIG. 12, for
example, in the case of sequentially removing tiselating film from a surface of the
insulating film by carrying out dry etching, sintte inorganic members and the organic
member are etched together, the processed sudaoees a rough surface.

[0005]

That is, in a state where the surface of the wgitatyer is exposed, the surface of
the wiring layer is not flatly exposed, residug(ganic members or organic member)
of the insulating film randomly remain on the sedaf the wiring layer, and
furthermore the surface of the wiring layer is istate of being rough. For this reason,
in the case where a coating is formed on the expeosing layer, the surface of the
coating stacked on the wiring layer is also inaesof being rough. Therefore, in the
case of manufacturing a multi-layer wiring sub&raince it is necessary to repeat the
above-described steps at various times, the ctogée upper layer of the multilayer
wiring structure the wiring layer is located, tless flat of the coating surface of the

wiring layer is.
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[0006]

Cited Document 2 discloses a method of electrgiedng a wiring layer. A
first wiring layer and a solder resist layer in alhiacid soluble filler and acid insoluble
filler which are made of an inorganic substancenaireed are provided on an insulating
substrate in this order, the surface of the salelgst layer is subjected to plasma ashing
and the both fillers thereby remain, and the serfafcdhe solder resist layer is selectively
removed. Thereafter, the acid soluble filler exqubfom the surface of the solder resist
layer is dissolved, the surface of the solder tdsy®r is subjected to roughening, and
then a second wiring layer is electroless-platedgusietal on the solder resist layer.
[0007]

Consequently, according to the description of C@®cument 2, in the
manufacturing method thereof, since a pluralityezfesses are formed on the surface of
the solder resist layer, the adhesion strengtheotecond wiring layer provided thereon
is improved. That is, Cited Document 2 has analiferough the surface of the solder
resist layer and discloses a reverse techniquertethod of planarizing the surface of the
solder resist layer.

[0008]

Currently, in multi-layer wiring substrates, thésea tendency that the number
of stacked layers increases more than ever in ¢odecrease a degree of integration per
unit area. Therefore, as described above, a prolsdecoming obvious in that the
closer to the upper layer of the multilayer wirstgucture the wiring layer is located, the
less flat of the coating surface of the wiring laige and therefore a method of solving
this has been developed.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS
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[0009]

(Patent Document 1) Japanese Unexamined PatenicApph, First Publication No.
H09-241419

(Patent Document 2) Japanese Unexamined PatenicAtiph, First Publication No.

HO05-007079

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0010]

The invention was made in view of the above-dbscriconventional situation,
and has an object to provide a method of processimging substrate which can carry
out a process so that the surfaces of exposed ctmmdwand the surface of the resin
surrounding the conductors are on the same plaoalar to manufacture a layered
structure.

MEANS FOR SOLVING THE PROBLEMS
[0011]

A method of processing the wiring substrate adogrtb an aspect of the
invention is a method of processing a wiring sudistthat includes a configuration in
which conductors locally disposed on a substragecaated with resin having inorganic
members that form a filler and are dispersed inrganic member, the method includes:
removing the organic member from a surface layde of the resin by use of an ashing
method (step A); and removing, by use of a wetritlegpmethod, the inorganic members
remaining the surface layer side of the resin fraemch the organic member is removed
(step B).

[0012]
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In the method of processing the wiring substrat®eding to the aspect of the
invention, removal of the organic member from thgace layer side of the resin may be
repeatedly carried out via the resin located aisatipn at which the conductors are
covered therewith until surface layer portionshaf tonductors is observed.

[0013]

In the method of processing the wiring substratmeding to the aspect of the
invention, an ashing method used in removal obtiganic member from the surface
layer side of the resin may be carried out whilplypg high-frequency power to the
substrate, and a bias RF output (W) of the hightfescy power may be 0 to 1500.
[0014]

In the method of processing the wiring substrat®eding to the aspect of the
invention, an ashing method used in removal obtiganic member from the surface
layer side of the resin may be carried out whilplgpg high-frequency power to the
substrate, and a bias RF output density (Vfyahthe high-frequency power may be 0.2
to 0.8.

[0015]

In the method of processing the wiring substrat®eding to the aspect of the
invention, an ashing method used in removal obtiganic member from the surface
layer side of the resin may use, as a processisigagaixed gas containing a gas selected
from the group consisting of oxygenJiOnitrogen (N), and carbon tetrafluoride (G}
[0016]

In the method of processing the wiring substratmading to the aspect of the
invention, a seed layer may be formed which sefmesdation used to form conductors
in a layered structure so that at least part tHereerlaps conductors having a surface

layer portion that is exposed due to removal ofitleeganic members (step C), and
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whether or not surfaces of the exposed conductatsaaurface of resin surrounding the
conductors are on the same plane may be evalugtesaisuring a surface profile of the
seed layer (step D).

Effects of the Invention
[0017]

An aspect of the invention is a method of proaegsai wiring substrate that
includes a configuration in which conductors logalisposed on a substrate are coated
with resin having inorganic members that form kefiand are dispersed in an organic
member.

In the processing method according to the asgebeadnvention, firstly, by
removing the organic member from the surface Iaide of the resin by use of an ashing
method, the organic member is only removed whaeilgy inorganic members of the
resin until reaching a desired depth. By carnpnogthe above-described removal of the
organic member in multiple steps (a plurality ofi¢is), the removal of the organic
member gradually proceeds until a state where rifpgnic member is only removed is
obtained at a deeper position of the resin. Suledty, until a state where the organic
member is only removed is obtained at the surfatése conductors locally disposed on
the substrate, the removal of the organic memioen the surface layer side of the resin
(step A) is repeatedly carried out.

As a result, a state is obtained where organic Imeemoes not mostly remain in
the resin located above the surfaces of the cooduand inorganic members forming a
filler only remain. On the other hand, the resicdted lower than the surfaces of the
conductors is in a state of not being changed trefore ashing is carried out, that is, a
state is maintained where the inorganic membersifgy a filler are dispersed in the

organic member.
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Next, in the aspect of the invention, after thgamic member is removed from
the surface layer side of the resin by use of ackeztning method (after step A), the
inorganic members that remain at the surface laf/tre resin are removed. Therefore,
the inorganic members that form a filler and remaithe resin located above the
surfaces of the conductors are removed by wet itigan On the other hand, the resin
located lower than the surfaces of the conductoirs an original state, that is, it is
maintained in a state where the inorganic memloersing a filler are dispersed in the
organic member without being affected by wet clegni

Accordingly, the aspect of the invention contrésito provision of a method of
processing a wiring substrate which can carry quibaess so that the surfaces of
exposed conductors and the surface of the resiawsuing the conductors are on the

same plane in order to manufacture a layered sireict

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

FIG. 1 is a cross-sectional view showing an exanoplan ashing apparatus
using a method of processing a wiring substrateradang to an embodiment of the
invention.

FIG. 2A is a view showing an example of a prodéaskiding a step of removing
an organic member from the surface layer side@fésin in the method of processing a
wiring substrate according to the embodiment ofitlvention.

FIG. 2B is a view showing an example of a progesiding a step of removing
the organic member from the surface layer sidé@fésin in the method of processing a

wiring substrate according to the embodiment ofitivention.
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FIG. 2C is a view showing an example of a progedsiding a step of removing
the organic member from the surface layer sidé@fésin in the method of processing a
wiring substrate according to the embodiment ofitlvention.

FIG. 2D is a view showing an example of a proéeskiding a step of removing
the organic member from the surface layer sidéefrésin in the method of processing a
wiring substrate according to the embodiment ofitlvention.

FIG. 2E is a view showing an example of a progedsiding a step of removing
the organic member from the surface layer sidé@fésin in the method of processing a
wiring substrate according to the embodiment ofitivention.

FIG. 2F is a view showing an example of a progesisiding a step of removing
the organic member from the surface layer sidé@fésin in the method of processing a
wiring substrate according to the embodiment ofitivention.

FIG. 2G is a view showing an example of a progeslsiding a step of removing
the organic member from the surface layer sidé@fésin in the method of processing a
wiring substrate according to the embodiment ofitivention.

FIG. 2H is a view showing an example of a prod¢esksiding a step of removing
the organic member from the surface layer sidé@fésin in the method of processing a
wiring substrate according to the embodiment ofitlvention.

FIG. 2l is a view showing an example of a progeskiding a step of removing
the organic member from the surface layer sidéefrésin in the method of processing a
wiring substrate according to the embodiment ofitlvention.

FIG. 2J is a view showing an example of a progesdsding a step of removing
the organic member from the surface layer sidé@fésin in the method of processing a
wiring substrate according to the embodiment ofitivention.

FIG. 3A is a cross-sectional view showing a stétere before a step of
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removing the organic member from the surface Iay@® of the resin is carried out.

FIG. 3B is an enlarged view in which the portiepresented by reference
numerala in FIG. 3A is enlarged.

FIG. 4A is a cross-sectional view showing a stétere a step of removing the
organic member from the surface layer side of @stnrwas carried out until a thickness
of the resin becomes substantially a half of thektiess shown in FIG. 3A.

FIG. 4B is an enlarged view in which the portiepresented by reference
numeralp in FIG. 4A is enlarged.

FIG. 5A is a cross-sectional view showing a stdtere a step of removing the
organic member from the surface layer side of &s&nrwas carried out until positions of
the surfaces of the conductors coincide with astaface of the resin.

FIG. 5B is an enlarged view in which the portiepresented by reference
numeraly in FIG. 5A is enlarged.

FIG. 6A is a cross-sectional view showing a stdtere a step of removing
inorganic members remaining on the surface laykr sf the resin at which the organic
member is removed was carried out in the methqafessing a wiring substrate
according to the embodiment of the invention.

FIG. 6B is an enlarged view in which the portiepresented by reference
numeral in FIG. 6A is enlarged.

FIG. 7 is an SEM picture showing the surface efrisin in the state shown in
FIGS. 3A and 3B.

FIG. 8 is an SEM picture showing the surface efrisin in the state shown in
FIGS. 5A and 5B.

FIG. 9 is an SEM picture showing the surface efrisin in the state shown in

FIGS. 6A and 6B.
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FIG. 10 is a cross-sectional view showing a stdtere before a conventional
processing method is carried out (the same stateae of FIGS. 3A and 3B).

FIG. 11 is a cross-sectional view showing a stdtere a conventional
processing method was carried out until a thickieéssresin becomes substantially a
half of the thickness shown in FIG. 10.

FIG. 12 is a cross-sectional view showing a stdtere a conventional
processing method was carried out until positidreudfaces of the conductors coincide
with a top surface of the resin.

FIG. 13 is an SEM picture showing the surfacehefresin in the state shown in
FIG. 10.

FIG. 14 is an SEM picture showing the surfacehefresin in the state shown in

FIG. 12.

EMBODIMENTS FOR CARRYING OUT THE INVENTION
[0020]

Hereinafter, an embodiment for carrying out theemtion will be described with
reference to FIG. 1. FIG. 1 is a cross-sectior@l\showing an example of an ashing
apparatus used in the invention, the ashing apmmused in (step A) of removing an
organic member from the surface layer side of @&stnrwhich will be described later.

A chamber 52 that constitutes the ashing appatdtus made of the same metal
as the metal that is mainly exposed from a sulesthato be processed in the chamber 52.
Furthermore, a metal that forms the chamber 52ps®ed inside the chamber 52. For
example, in the case of an ashing apparatus inhvthi& substrate W having copper (Cu)
exposed therefrom is subjected to ashing treatrtiemgforementioned chamber 52 is

made of copper. Consequently, the chamber 52nsefd of not only copper but also
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gold (Au), solder (Solder), platinum (Pt), or itdn (Ir) in accordance with a metal
exposed from the substrate W.
[0021]

A top plate 64 forming the chamber 52 has a cyigad body 65 that protrudes
upwardly toward the outside of the top plate 64. thAugh hole 68 that penetrates
through the outside and the inside of the chamBes formed at the center position of
the cylindrical body 65.

[0022]

A waveguide tube 69 is connected and fixed taughiger surface 65a of the
cylindrical body 65. A connection hole 69a is fedat the position corresponding to
the through hole 68 in the waveguide tube 69, adidlashaped microwave transmission
window 70 is disposed at the connection hole 69assw block an upper side opening of
the through hole 68. The microwave transmissiamdaw 70 is a dielectric
transmission window made of ceramics, quartz, edike and is in close contact with
and fixed to the upper surface 65a of the cyliradrbody 65. In this structure, from a
microwave oscillator which provided at the upstreside of the waveguide tube 69 and
is not shown in the figure, microwave propagatesugh the waveguide tube 69 via the
microwave transmission window 70 and is introduiced the through hole 68.

[0023]

A fitting recess 80 that includes an opening th&xpanded so as to have an
internal diameter larger than an internal diamefehe through hole 68 is formed at a
lower side opening of the through hole 68.

The lower side opening of the through hole 68 Imolv the fitting recess 80 is
formed is blocked by a disk-shaped lower lid 83 heTower lid 83 includes: a

disk-shaped lower lid body 84 having an introductmle 83a that is formed at the
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center thereof and penetrates therethrough; alahgef portion 85 that is formed so as to
extend toward the lower outer peripheral face efltwer lid body 84. The lower lid

83 is configured so that the lower lid body 84nisarted into the through hole 68 and the
flange portion 85 is fitted into the fitting rece&B.

[0024]

Additionally, by screwing the flange portion 85adack surface 80a of the
fitting recess 80, the lower lid 83 (top surfacdtd flange portion 85) is fastened and
fixed to the top plate 64 (back surface 80a offittieg recess 80).

[0025]

Accordingly, a plasma generation chamber S is éariannd comparted in a space
which is formed such that both an upper openingaatwiver opening of the through hole
68 formed on the cylindrical body 65 are blockedHrsy microwave transmission
window 70 and the lower lid 83.

A ring-shaped annular groove 91 is formed on tteroperipheral face of the
lower lid body 84, and the annular groove 91 antharr peripheral face 68a of the
through hole 68 that blocks the annular grooved®mfan annular passage. The
annular groove 91 is formed at the position oppasdte opening of a gas introduction
channel 82 formed on the inner peripheral faced&he through hole 68, and a plasma
generation gas (oxygen) that is supplied from @eigtroduction channel 82 is
introduced into the annular passage (annular gréaye
[0026]

A top surface outer circumferential edge of thedolid body 84 is cleaved, and
therefore a cleaved groove (gas introduction chig8jethat communicates the plasma
generation chamber S to the annular groove 81 (anpassage) is formed. In addition,

the plasma generation gas introduced into the anigubove 81 is introduced into the
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plasma generation chamber S through the cleavexvgro
[0027]

Similarly, the plasma generation gas introduceal ihe plasma generation
chamber S is excited by microwave input throughntih@owave transmission window
70 and thereby becomes oxygen plasma. Subsequiatlgxygen plasma generated in
the plasma generation chamber S is introducedhetsubstrate (wafer) W mounted on a
lower substrate stage 54 through the introductme B3a formed on the lower lid 83.
[0028]

A diffusion plate 93 is disposed at the positibattis lower than the lower lid
body 84 and is opposed to the opening of the incidn hole 83a. The diffusion plate
93 is made of aluminum (Al) is connected and fix@the lower lid body 84 by an
attachment member 95 via a spacing member 94 nfatle same aluminum (Al). The
diffusion plate 93 disperses oxygen plasma supfitad the introduction hole 83a of
the lower lid body 84 and causes the substrate \Whted on the substrate stage 54 to be
uniformly exposed to the same oxygen plasma. Bexalithis, on the substrate W
mounted on the substrate stage 54, a desireddiimed on the surface Wa of the
substrate W (top surface in FIG. 1) is subjectealstung by the oxygen plasma.

[0029]

Note that, a configuration may be adopted in whiidylindrical-shape diffusion
prevention wall 96 is attached to the inner botsurface of the top plate 64 so as to
surround the diffusion plate 93. The diffusionyaation wall 96 is made of, for
example, aluminum (Al), and functions to guide osyglasma supplied from the
diffusion plate 93 to be directed to the substvdtdisposed at the lower side so that the
guide oxygen plasma is not diffused toward the rirsn#e surface of the chamber 52.

[0030]
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The upper periphery of the substrate stage 5dvisred with a substrate guide
56. Ends of lift pins 57 that are supported moyalthe vertical direction are disposed
in the substrate stage 54. By moving the lift @Asupward and downward, sending
and receiving of the substrate W between theilifs 57 and a transfer device which is
not shown in the figure are carried out, and thessate W is mounted on the substrate
stage 54.

[0031]

An insulating plate 58 is interposed between tliesgate stage 54 and the lower
portion of the chamber 52. Moreover, a pipe 58isnected to the substrate stage 54,
cooling water is supplied through the pipe 59 weader passage which is formed inside
the substrate stage 54 and is not shown in thegfjgund temperature control of the
substrate stage 54 is carried out. In additidnigh-frequency power supply E is
connected to the substrate stage 54 via a cond€nsed a high-frequency bias (RF
bias) is supplied from the high-frequency powersyjk to the substrate stage 54.
[0032]

On the other hand the above-mentioned chambes &&ninected to the ground
and functions as an electrical counter electrode mispect to the high-frequency bias
that is supplied from the high-frequency power $yipto the substrate stage 54. As
described below, the diffusion plate 93 is eleathjcconnected to the chamber 52 via the
attachment member 95 and the diffusion preventiat 96 is electrically connected to
the chamber. Consequently, the chamber 52, thesdifh plate 93, and the diffusion
prevention wall 96 which are formed of the aforetrmmed same metal function as a
counter electrode with respect to the above-meatidnigh-frequency bias.

[0033]

A vacuuming port 53 is formed on a bottom portxdrthe chamber 52.  The
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vacuuming port 53 is connected to a vacuum pumlnisi not shown in the figure via a
vacuuming pipe which is not shown in the figure.hepressure of the internal space of
the chamber 52 is reduced by the vacuum pump. e8spire control device which is not
shown in the figure is disposed at the vacuumipg pand the pressure inside the
chamber 52 is controlled by the pressure contraicde

[0034]

FIGS. 2A to 2J are explanatory diagrams showingethod of manufacturing a
multi-layer wiring substrate, which includes a sfepf removing an organic member
from a surface layer side of resin in the methoprotessing a wiring substrate
according to the embodiment of the invention. $tep A applied to the invention is in
between FIGS. 2A to FIG. 2I, and the step A willgaeticularly described with respect
to FIGS. 3A to 6B.

In FIG. 2A, a first interlayer insulating film 14 disposed on one surface (top
surface in FIG. 2A) of a copper clad laminate (CCbpper Clad Laminate) 10. As the
first interlayer insulating film 11, for example B& (Ajinomoto Build-up Film) or the
like is preferably used.

In FIG. 2B, a seed layer 12 used for a Cu coatinigh will be formed later is
provided so as to coat the interlayer insulatihg fil. As the seed layer 12, for
example, Ni film, Cr film, W film, Mo film, or thdike is preferably used.

In FIG. 2C, a dry film resist (DFR: Dry Film ReBi43 is provided so as to coat
the seed layer 12.

In FIG. 2D, openings 13s are provided on the diny fesist 13 in order to
manufacture a Cu coating on the seed layer 12ayittedetermined pattern.
Consequently, a dry film resist 13p having the apgs13s is formed.

[0035]
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In FIG. 2E, a Cu coating 14 is manufactured onstéed layer 12 exposed by the

openings 13s by an electroplating method.

In FIG. 2F, a Cu coating 14p1 that is patternethenseed layer 12 is obtained
by removing the dry film resist 13p. The Cu cogti®pl according to the embodiment
of the invention is used as a fine wiring (first&roconductive film) having, for example,
a height of approximately @m and a width of approximatelyi@n to 4um.

In FIG. 2G, the patterned Cu coating 14p1l is @sed mask, and a seed layer 22
is removed etching. Accordingly, a configuratisrobtained in which the seed layers
12p located at the positions which overlap thegpagtd Cu coating 14p1 only remain.
[0036]

In FIG. 2H, a second interlayer insulating filmi$&lisposed so as to coat the
first interlayer insulating film 11 and the pattedhCu coating 14p1 located thereon.

FIG. 2l, the second interlayer insulating filmi$Subjected to ashing treatment
until the surface of the Cu coating 14pl is expdséepb A). Therefore, an organic
member is removed from the surface layer side®fdisin constituting the second
interlayer insulating film 15. By carrying out thbove-described step A, an organic
member is only removed from the resin while leavim@yganic members until a desired
depth (surface position of the Cu coating 14pDbbisgined.

Thereatfter, of the second interlayer insulatitg fL5, the portions that were
subjected to the step A (i.e., inorganic membarsaiging on the surface layer side of
the resin which was subjected to the step A) arowed by carrying out wet cleaning.
Because of this, the inorganic members, which@ratéd above the surface of the
patterned Cu coating (conductors) 14p1, remairherrésin, and form a filler, are
removed by wet cleaning.

As a result, the surfaces of the exposed Cu apé&tionductors) 14p2 and the
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surface of the second interlayer insulating files(n) 15 surrounding the conductors
14p2 are on the same plane.
[0037]

In FIG. 2J, a second the seed layer 22 is formmetth® surface planarized by
treatment shown in FIG. 2I. Thereafter, by repwathe various steps of the
above-mentioned FIGS. 2C to 2I, it is possible tofacture a multi-layer wiring
substrate having a desired layered structure.

[0038]

Hereinbelow, the steps A and B according to thbaiment of the invention
which were described with reference to the afordmaead FIGS. 2H to 2| will be
particularly described using FIGS. 3A to 6B.

FIGS. 3A and 3B are cross-sectional views showistpte where before the
step A according to the embodiment of the invenisocarried out and correspond to FIG.
2H. FIG. 3A is a cross-sectional view showing deviegion including a plurality of
patterned Cu coatings (conductors). FIG. 3B ieavfocusing on a specific patterned
Cu coatings (conductors) and is a cross-sectiaaal showing an enlarged regioam) (
including the upper portion of the Cu coating amel surrounding thereof and the resin
located thereabove.

FIGS. 4A and 4B are cross-sectional views showistate where the step A
was carried out until a thickness of the resin bee® substantially a half of the thickness
shown in FIG. 3A. FIG. 4A is a cross-sectionalWwighowing a wide region including a
plurality of patterned Cu coatings (conductors)IG.HB is a view focusing on a
specific patterned Cu coatings (conductors) ardass-sectional view showing an
enlarged regionf] including the upper portion of the Cu coating émel surrounding

thereof and the resin located thereabove.
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FIGS. 5A and 5B are cross-sectional views showistate where the step A
was carried out until positions of the surfacethefconductors coincide with a top
surface of the resin. FIG. 5A is a cross-sectiom@l showing a wide region including
a plurality of patterned Cu coatings (conductordjlG. 5B is a view focusing on a
specific patterned Cu coatings (conductors) arddsyss-sectional view showing an
enlarged regiony] including the upper portion of the Cu coating éimel surrounding
thereof and the resin located thereabove.

FIGS. 6A and 6B are cross-sectional views showistate where the step B of
the invention was carried out and correspond ta BIG FIG. 6A is a cross-sectional
view showing a wide region including a pluralitysdtterned Cu coatings (conductors).
FIG. 6B is a view focusing on a specific patter@dcoatings (conductors) and is a
cross-sectional view showing an enlarged regimncluding the upper portion of the
Cu coating and the surrounding thereof and the lesated thereabove.

[0039]

FIGS. 3A and 3B show a state where the secondager insulating film 15 is
disposed so as to coat the first interlayer inguidilm 11, the patterned Cu coating
14p1 located thereon, and the seed layer 12p lbeate position which overlaps the
Cu coating 14pl.

The second interlayer insulating film 15 has afigomation in which is coated
with a resin having inorganic members (shown bjuaafity of white dots in FIGS. 3A
and 3B) that form a filler and are dispersed imeaganic member (shown by a thick
black meshed pattern in FIGS. 3A and 3B). In B&, reference numeral 15s1 shows
a surface of the second interlayer insulating fifn

As shown in FIG. 3B, the second interlayer insotatilm 15 before the step A

is carried out is the resin having the inorganienbers that form a filler and are
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dispersed in the organic member. In the state showIGS. 3A and 3B, the Cu
coatings (conductors) 14p locally disposed on thisgate W is covered with the resin.
[0040]

FIGS. 4A and 4B show a state where the step Acaased out until a thickness
of the first interlayer insulating film (resin) Iiecomes substantially a half. In FIGS.
4A and 4B, reference numeral L1 represents a boyrmdween the post-treated region
by the step A and an untreated region. That igharfirst interlayer insulating film
(resin) 11, the region (shown by thin black mespattern in FIGS. 4A and 4B) that is
located lower than the surface 15spl and locatedeatine portion represented by
reference numeral L1 is the portion that was subgeto the step A (post-treated region).
In contrast, the region (shown by a thick black neeispattern in FIGS. 4A and 4B) that
is located lower than the portion represented B3remce numeral L1 is the portion
(untreated region) which has not been carried ett y

In FIG. 4B, the portion that was subjected todtep A (post-treated region) is
in a state where the inorganic members includebdermresin remain and the organic
member is only degraded and removed. The abowgided ashing treatment is also
referred to as an ashing process.

[0041]

FIGS. 5A and 5B show a state where the aforemesti@shing treatment (step
A) were further repeatedly carried out, and theiporfrom which the organic member is
only removed, that is, the portion that was sule@tb the step A (post-treated region)
reached the surfaces of the Cu coatings (condyctdslocally disposed on the
substrate W. In FIGS. 5A and 5B, reference nune2akpresents a boundary between
the post-treated region that is subjected to the Atand the untreated region. That is,

in the first interlayer insulating film (resin) 1lthe region (shown by thin black meshed
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pattern in FIGS. 5A and 5B) that is located loweart the surface 15sp2 and located

above the portion represented by reference nurh@re the portion that was subjected
to the step A (post-treated region). In contrdm,region (shown by a thick black
meshed pattern in FIGS. 5A and 5B) that is locideer than numeral L2 is the portion
(untreated region) which has not been carried etit y
[0042]

In FIG. 5B, the portion that was subjected togtep A (post-treated region) is
in a state where the inorganic members includebdermresin remain and the organic
member is only degraded and removed.

Accordingly, a state is obtained where organic imendoes not mostly remain
in the first interlayer insulating film (resin) 1fhat is located above the surfaces of the Cu
coatings (conductors) 14p (portion representecelsrence numeral L2) and inorganic
members forming a filler only remain. On the othand, the first interlayer insulating
film (resin) 11 located lower than the surfaceshef Cu coatings (conductors) 14pisin a
state of not being changed from before ashingrisezhout, that is, a state is maintained
where the inorganic members forming a filler agpdised in the organic member.

In the above-mentioned FIGS. 4A (4B) and 5A (5Bj,the sake of
convenience of explanation, it is shown that tle@ #t is divided into two steps, but in
general, FIG. 4A and FIG. 5A are carried out asrtinuous process (one step A).
However, as necessary, the step A may be carriedsoa plurality of steps (a plurality of
times).
[0043]

FIGS. 6A and 6B show a state where (step B) thegamic members that
remain in the surface layer side of the resin dféeng subjected to the step A is removed

by use of a wet cleaning method with respect toatineg substrate which is in a state
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shown in FIG. 5A, that is, in a state where a gghieatment (step A) was carried out
until the positions of the surfaces of the Cu caggil4pl coincides with the top surface
of the second interlayer insulating film 15. THere, the inorganic members that form
a filler and remain in the resin located abovedingaces of the conductors are removed
by wet cleaning. On the other hand, the resintéatower than the surfaces of the
conductors is in an original state, that is, inigintained in a state where the inorganic
members forming a filler are dispersed in the oigarember without being affected by
wet cleaning.

Accordingly, the invention contributes to provisiof a method of processing a
wiring substrate which can carry out a proces$iabthe surfaces 14ps3 of exposed
conductors and the surface 15ps3 of the resinwwodiog the conductors are on the same
plane in order to manufacture a layered structure.

[0044]

FIG. 7 is an SEM picture showing the surface efrésin in a state shown in
FIG. 3A (a previous state where the step A is edraut. From this picture, it was
apparent that the surface of the first interlaysulating film (resin) 11 has a profile
including micro recesses provided on a substaytilat shape. The average roughness
height Ra of this surface was 0.09.

[0045]

FIG. 8 is an SEM picture showing the surface efrisin in a state shown in
FIG. 5A (a state where the portion that was subpbtd the step A (post-treated region)
reaches the surfaces of the Cu coatings (condidtdpslocally disposed on the substrate
W). From this picture, it was apparent that therersurface of the first interlayer
insulating film (resin) 11 are covered with hemispbal structures, the aforementioned

structures forms projecting portions, and a gageen the structures forms a recess.
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The average roughness height Ra of this surfacewidsim.

Accordingly, it was inferred that the first intayler insulating film (resin) 11
which was subjected to the step A is in a stater&vbeganic member does not mostly
remain and inorganic members forming a filler ordgnain.

[0046]

FIG. 9 is an SEM picture showing the surface efrisin in a state shown in
FIG. 6A (a state where, after the step A is caroed the inorganic members remaining
on the surface layer side of the resin which wégestied to the step A is removed by use
of a wet cleaning method). From this picture, @svapparent that the surface of the first
interlayer insulating film (resin) 11 has a profiteluding micro recesses provided on a
substantially flat shape. This means that, inpibure (FIG. 8) showing that the step A
was carried out, it was apparent that the hemiggddestructures which are present on the
surface of the first interlayer insulating film ¢ie) 11 are removed by carrying out the
step B. The average roughness height Ra of thigscguwas 0.14m.

[0047]

From the results of FIGS. 7 to 9, the followingriie were apparent.

By carrying out the step B subsequent to the Atgpe inorganic members that
form a filler and remain in the resin located abthe surfaces of the conductors are
removed by wet cleaning.

On the other hand, the resin located lower tharsthifaces of the conductors is
in an original state, that is, it is maintainedhistate where the inorganic members
forming a filler are dispersed in the organic memiithout being affected by wet
cleaning.

Accordingly, the invention contributes to provisiof a method of processing a

wiring substrate which can carry out a proces$iabthe surfaces of exposed conductors



10

15

20

25

23

and the surface of the resin surrounding the caondsiare on the same plane in order to
manufacture a layered structure.
[0048]

In order to carry out the above-described stefhé ashing apparatus 51 shown
in FIG. 1 is preferably used. When use of theraghpparatus 51, conditions of the
types and the flow rate of a processing gas, agggopressure, a substrate temperature,
output of microwave, a bias RF output to be appiethe substrate are determined.

The aforementioned processings shown in FIG. &warried out based on the
following values and the results were obtained. aAsocessing gas, three types of
gases (@ N,, Ck) were used.

Processing gas 1: oxygen,j(the flow rate is 3200 sccm

Processing gas 2: nitrogen,jNthe flow rate is 400 sccm

Processing gas 3: carbon tetrafluoride /Cthe flow rate is 0 to 500 sccm

Process pressure: 40 to 100 Pa

Substrate temperature: 30°C

Microwave output: 2000 to 2500 W

Bias RF output: 0 to 1500 W

The above-described values are representativea&anthe invention is not
limited to the values and combination thereof. &xample, regarding the power
density of a bias RF (W/c) 0.2 to 0.8 is preferable, and 0.4 to 0.6 is npyederable.

In the case of being lower than 0.2 (Wit causes the ashing rate to decrease, in the
case of being higher than 0.8(W/nroughing of a surface due to physical etching
effect due by ions occurs, and therefore it ispreterable.

[0049]

FIGS. 11 and 12 are cross-sectional views eachisga state of a wiring
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substrate that was subjected to a conventionakgeneg method (dry etching treatment).
FIG. 11 is a cross-sectional view showing a sthteewiring substrate that was
subjected to treatment by a conventional processieiinod until the thickness of a resin
becomes substantially a half of the thickness shioWG. 10. FIG. 12 is a
cross-sectional view showing a state of the wisngstrate that was subjected to
treatment by a conventional processing method paositions of surfaces of the
conductors coincide with a top surface of the resiNote that, FIG. 10 shows a state
where before a conventional processing methodrigedeout. That is, FIG. 10 shows
the same state as that of FIG. 3A.

[0050]

From FIG. 11, in a state where the treatment vaasex! out until a thickness of
the resin becomes substantially a half of the tiesk shown in FIG. 10, inorganic
members forming a filler are exposed from the sugrfigortion represented by reference
numeral L1) that was subjected to dry etching inegit, projecting portions are formed
thereon, and also the surface of the organic memlsggnificantly rough by etching and
forms an irregular shape.

From FIG. 12, in a state where a treatment byra@ational processing method
was carried out until positions of the surfacethefconductors coincide with a top
surface of the resin, similar to FIG. 11, the irsorig members forming a filler are
exposed and projecting portions are formed on tinase (position represented by
reference numeral L2) that was subjected to diyiegctreatment, and also the surface of
the organic member is significantly rough by etghamd forms an irregular shape. In
addition to this, since the inorganic members fogra filler or the organic member
remain on the surfaces of the conductors, a flafilpris not obtained.

[0051]
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FIG. 13 is an SEM picture showing the surfacehefresin in the state (a state
where before a conventional processing methodrigedaout) shown in FIG. 10, and is
the same as that of FIG. 7.

From the picture shown in FIG. 13, it was appatkat a surface 55s1 (position
represented by reference numeral L1) of a firgrlayer insulating film (resin) 55 has a
profile including micro recesses provided on a ttglly flat shape. The average
roughness height Ra of this surface was Q9

From the picture shown in FIG. 14, it was appatkat the inorganic members
forming a filler are exposed and projecting porsi@me formed on the surface 55s1
(position represented by reference numeral L2heffirst interlayer insulating film
(resin) 55 and also the surface of the organic negnsbsignificantly rough by etching
and forms an irregular shape. The average roughreight Ra of this surface was 0.35
pm.

[0052]

From the results of FIGS. 12 and 13, the followpaints were apparent.

In a conventional processing method (dry etchieghod), the inorganic
members forming a filler which are present instue itesin are exposed and form the
projecting portions. Furthermore, the surfacehefdrganic member which is present
inside the resin is significantly rough by etchamgd forms an irregular shape. Even
where it reaches a depth at which the surfacdseof@nductors are exposed by
proceeding dry etching, since the inorganic memfmeraing a filler or the organic
member remain, a flat profile is not obtained.

Consequently, in the conventional processing nte{doy etching method), it
was extremely difficult to carry out a processlsai the surfaces of exposed conductors

and the surface of the resin surrounding the caondsiare on the same plane in order to
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manufacture a layered structure.
[0053]

While preferred embodiments of the invention hiagen described and shown
above, it should be understood that these are daeynyf the invention and are not to be
considered as limiting. Additions, omissions, sitbsons, and other modifications can
be made without departing from the scope of thegmkinvention. Accordingly, the
invention is not to be considered as being limigdhe foregoing description, and is
only limited by the scope of the appended claims.

[0054]

For example, in the method of processing a wisnlstrate according to the
above-mentioned embodiment of the invention, a $aext may be formed which serves
foundation used to form conductors in a layeregcstire so that at least part thereof
overlaps conductors having a surface layer pottiahis exposed due to removal of the
inorganic members (step C), and whether or noaisas of the exposed conductors and a
surface of resin surrounding the conductors arthersame plane may be evaluated by
measuring a surface profile of the seed layer Bjep

Industrial Applicability
[0055]

The invention is widely applicable to a methogoicessing a wiring substrate.
A wiring substrate manufactured by a method of @ssing a wiring substrate according
to the invention is preferably used for a wirindpstiate that requires for high-density

wiring.

DESCRIPTION OF REFERENCE NUMERALS

[0056]
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10...copper clad laminate, 11...first interlayesulating film, 12...seed layer, 13,
13p...dry film resist, 14, 14p, 14p1l, 14p2...Cutcan 15...second interlayer insulating

film, 22...second seed layer.
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CLAIMS

1. A method of processing a wiring substrate thalides a configuration in which
conductors locally disposed on a substrate areedoaith resin having inorganic
members that form a filler and are dispersed inrganic member, the method
comprising:

removing the organic member from a surface laighr sf the resin by use of an
ashing method; and

removing, by use of a wet cleaning method, theganic members remaining

the surface layer side of the resin from whichdiganic member is removed.

2. The method of processing a wiring substrate raacg to claim 1, wherein
removal of the organic member from the surfacedayde of the resin is
repeatedly carried out via the resin located aisation at which the conductors are

covered therewith until surface layer portionshe tonductors is observed.

3. The method of processing a wiring substrate raacg to claim 1 or claim 2,
wherein

an ashing method used in removal of the organitinee from the surface layer
side of the resin is carried out while applyingtifgequency power to the substrate, and

a bias RF output (W) of the high-frequency poveed io 1500.

4. The method of processing a wiring substrate ra@acg to any one of claims 1 to
3, wherein

an ashing method used in removal of the organimbee from the surface layer
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side of the resin is carried out while applyingtifgequency power to the substrate, and

a bias RF output density (W/énof the high-frequency power is 0.2 to 0.8.

5. The method of processing a wiring substrate raaeg to any one of claims 1 to
4, wherein

an ashing method used in removal of the organitinee from the surface layer
side of the resin uses, as a processing gas, @ masecontaining a gas selected from the

group consisting of oxygen &0 nitrogen (N), and carbon tetrafluoride (GF

6. The method of processing a wiring substrate ra@acg to any one of claims 1 to
5, wherein

a seed layer is formed which serves foundatiod tséorm conductors in a
layered structure so that at least part thereofl@ape conductors having a surface layer
portion that is exposed due to removal of the ianig members, and

whether or not surfaces of the exposed conduetwisa surface of resin
surrounding the conductors are on a same planaisaed by measuring a surface

profile of the seed layer.



