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(57) ABSTRACT 

An interconnect element is provided Which includes a dielec 
tric element having a major surface. Metal interconnect pat 
terns are embedded in recesses Which extend inWardly from 
the major surface, the outer surfaces of the interconnect pat 
terns being substantially co-planar With the major surface and 
extending in one or more directions of the major surface. A 
projecting conductive ?lm extends over the major surface in 
at least one direction parallel to a plane de?ned by the major 
surface such that it contacts the dielectric element along at 
least a portion of the major surface and conductively contacts 
an outer surface of at least one of the metal interconnect 
patterns. 
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STRUCTURE AND METHOD OF MAKING 
INTERCONNECT ELEMENT HAVING 

METAL TRACES EMBEDDED IN SURFACE 
OF DIELECTRIC 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 11/541,734, ?led Oct. 2, 2006, Which is a con 
tinuation of US. application Ser. No. 11/338,455, ?led Jan. 
24, 2006, the disclosures of Which is hereby incorporated 
herein by reference. The present application is based upon 
and claims the bene?t of priority from Japanese Patent Appli 
cation No. 2005-15970, ?led Jan. 24, 2005, the disclosure of 
Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention speci?cally relates to inter 
connect structures for microelectronics, e. g., in the packaging 
of microelectronic units such as integrated circuits (“ICS” or 
“chips”) and other interconnect structures, e.g., circuit panels 
such as includes printed or other types of Wiring boards. 
[0003] There is a present need to provide interconnect ele 
ments having either a single layer or multiple layers of metal 
interconnect patterns permitting selective interconnection to 
external circuit elements. 

SUMMARY OF THE INVENTION 

[0004] In accordance With an aspect of the invention, an 
interconnect element includes a dielectric element having a 
major surface. Metal interconnect patterns extending in one 
or more directions of the major surface are embedded in 
recesses Which extend inWardly from the major surface. 
Outer surfaces of the interconnect patterns are substantially 
co-planar With the major surface. A projecting conductive 
?lm extends over the major surface in at least one direction 
parallel to a plane de?ned by the major surface. The project 
ing conductive ?lm contacts the dielectric element along at 
least a portion of the major surface and conductively contacts 
an outer surface of at least one of the metal interconnect 
patterns. 
[0005] In accordance With one or more preferred aspects of 
the invention, the interconnect element may further include 
an insulating cover ?lm overlying only a portion of the major 
surface and at least one of the metal interconnect patterns 
such that the projecting conductive ?lm is exposed by the 
insulating cover ?lm. 
[0006] In accordance With one or more preferred aspects of 
the invention, at least a portion of the projecting conductive 
?lm conductively interconnects respective ones of the metal 
interconnect patterns. 
[0007] In accordance With a preferred embodiment of the 
invention, the major surface is a ?rst major surface, the dielec 
tric element includes a second major surface remote from the 
?rst major surface and a plurality of second recesses extend 
inWardly from the second major surface. In such embodi 
ment, the metal interconnect patterns are ?rst metal intercon 
nect patterns embedded in the ?rst recesses, and the intercon 
nect element further includes a plurality of second metal 
interconnect patterns Which extend in one or more directions 
of the second major surface. These second metal interconnect 
patterns are embedded in the second recesses, and have outer 
surfaces that are substantially co-planar With the second 
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major surface. In addition, at least some of the ?rst metal 
interconnect patterns are conductively connected to at least 
some of the second metal interconnect patterns. 
[0008] In accordance With one or more preferred aspects of 
the invention, at least some of the ?rst metal interconnect 
patterns are conductively connected to at least some of the 
second metal interconnect patterns. Connection is provided 
by one or more conductors Which extend through the dielec 
tric element in a direction transverse to the plane de?ned by 
the ?rst major surface of the dielectric element. 
[0009] Preferably, the one or more conductors extending 
through the dielectric element includes a conductor lining a 
through hole extending through the dielectric element. 
[0010] In a particular aspect of the invention, an assembly 
includes an interconnect element as speci?ed herein and fur 
ther includes an external circuit element. An exposed lead of 
such circuit element is inserted into the through hole in con 
ductive contact With the conductor to provide conductive 
interconnection to the interconnect element. 
[0011] In accordance With another preferred aspect of the 
invention, a solid conductive post extends through the dielec 
tric element Which contacts inner surfaces of at least some of 
the ?rst and second metal interconnect patterns, these inner 
surfaces being recessed inWardly from the ?rst and second 
major surfaces of the dielectric element. 
[0012] In accordance With another preferred aspect of the 
invention, a ?rst insulating cover ?lm overlies a ?rst portion 
of the ?rst major surface and at least one of the ?rst metal 
interconnect patterns, such that the projecting conductive ?lm 
is exposed by the insulating cover ?lm. 
[0013] An assembly in accordance With a particular aspect 
of the invention includes an interconnect element as speci?ed 
herein and an external circuit element. An exposed contact of 
the external circuit element is conductively connected to the 
projecting conductive ?lm of the interconnect element. 
[0014] Preferably, the projecting conductive ?lm is con 
ductively connected to the contact through an anisotropic 
conductive ?lm. 
[0015] In accordance With another aspect of the invention, 
a method is provided for fabricating an interconnect element. 
In accordance With such method, a structure is provided 
Which includes a ?rst metal layer overlying a second metal 
layer. A plurality of metal interconnect patterns are patterned 
from the ?rst metal layer of the structure after Which a dielec 
tric element is formed overlying the metal interconnect pat 
terns of the structure. The second metal layer is then removed 
selectively to the plurality of metal interconnect patterns, 
such that the plurality of metal interconnect patterns are 
embedded in the dielectric element and have outer surfaces 
co-planar With a ?rst major surface of the dielectric element. 
A projecting conductive ?lm is formed to extend over the ?rst 
major surface in at least one direction parallel to a plane 
de?ned by the major surface so as to contact the dielectric 
element along at least a portion of the ?rst major surface and 
conductively contact an outer surface of at least one of the 
metal interconnect patterns. 
[0016] Preferably, the step of forming the dielectric ele 
ment includes pressing a layer including an uncured resin 
over the plurality of metal interconnect patterns. 
[0017] In accordance With a particular aspect of the inven 
tion, the metal interconnect patterns are ?rst metal intercon 
nect patterns embedded in ?rst recesses extending inWardly 
from the ?rst major surface. Preferably, the method further 
includes providing a second structure including a third metal 
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layer overlying a fourth metal layer and patterning a plurality 
of second metal interconnect patterns from the third metal 
layer. The step of forming the dielectric element additionally 
includes pressing the second structure onto a second major 
surface of the dielectric element remote from the ?rst major 
surface. The fourth metal layer is then removed selectively to 
the plurality of second metal interconnect patterns. In this 
Way, the second metal interconnect patterns are embedded in 
the second major surface of the dielectric element and the 
second metal interconnect patterns have outer surfaces co 
planar With the second major surface. Further in accordance 
With such aspect of the invention, a through hole is formed to 
extend through the dielectric element betWeen the ?rst metal 
interconnect patterns and the second metal interconnect pat 
terns, and a conductor is formed to line the through hole 
simultaneously When forming the projecting conductive ?lm, 
such conductor connecting the ?rst metal interconnect pat 
terns to the second metal interconnect patterns. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIGS. 1(A) through (K) are cross sectional dia 
grams of series of processes (A) through (K) according to a 
?rst embodiment of the present invention. 
[0019] FIGS. 2 (L) through (M) are cross sectional dia 
grams of a series of processes (L) through (M) according to 
the ?rst embodiment of the present invention. 
[0020] FIGS. 3 (A) through (H) are cross sectional dia 
grams illustrating a process according to a second embodi 
ment of the present invention. 
[0021] FIGS. 4 (I) through (M) are cross sectional diagrams 
further illustrating a process according to the second embodi 
ment of the present invention. 
[0022] FIGS. 5 (H) through (K) are cross-sectional dia 
grams illustrating a process according to a variation of the 
second embodiment of the present invention. 
[0023] FIGS. 6 (A) through (D) are cross-sectional dia 
grams illustrating a series of processes in a third embodiment 
according to the present invention. 
[0024] FIGS. 7 (A) through (H) are cross-sectional dia 
grams illustrating a series of processes in a method for manu 
facturing an interconnect element for an outermost layer 
according to a fourth embodiment of the present invention. 
[0025] FIGS. 8 (A) through (H) are cross-sectional dia 
grams shoWing the series of processes for processing a core 
Wiring board, for integrating interconnect elements for out 
ermost layers With this core Wiring board, and for ?nishing a 
Wiring board through processing the interconnect elements 
for outermost layers, according to such fourth embodiment. 
[0026] FIGS. 9 (A) through (I) are cross-sectional diagrams 
shoWing a series of processes in a ?fth embodiment according 
to the present invention. 
[0027] FIGS. 10 (A) through (H) are cross-sectional dia 
grams shoWing a series of processes in a sixth embodiment 
according to the present invention. 
[0028] FIGS. 11(A) through (F) and FIGS. 12(G) through 
12(I) are cross-sectional diagrams shoWing a series of pro 
cesses in accordance With a seventh embodiment of the 
present invention. 
[0029] FIG. 13 is a cross-sectional diagram illustrating an 
interconnect element and its interconnection With an external 
circuit element in accordance With a variation of the seventh 
embodiment illustrated in FIG. 12(I). 
[0030] FIGS. 14(A) and 14(B) are cross-sectional diagrams 
illustrating an interconnect element and its interconnection 
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With an external circuit element in accordance With a further 
variation of the seventh embodiment illustrated in FIG. 12(I). 

DETAILED DESCRIPTION 

[0031] According to certain embodiments of the invention, 
a multilayer interconnect element or multilayer Wiring board 
is provided Wherein metal traces of an interconnection layer 
are embedded Within recesses at the surface of a dielectric 
element. In addition, the metal traces are formed in such 
manner that they are much less prone to become tWisted, or 
produce shorts With adjacent interconnections, or break, even 
When the number of interconnect elements joined together is 
high. In such embodiments, the surface of each interconnect 
element presents a substantially planar major surface having 
conductive contacts thereon for interconnection With other 
microelectronic elements. In this Way, the metal traces do not 
protrude in Ways Which interfere With mounting electronic 
components. Also, improved reliability of the electrical con 
nections may be achieved betWeen several interconnect ele 
ments that make up a multilayer interconnect element or 
multilayer Wiring board having three or more layers on Which 
such embedded metal traces are provided. In addition, it may 
be possible to achieve a reduction in the manufacturing pro 
cesses required to fabricate such interconnect elements. 
[0032] In an interconnect element 22 according to an 
embodiment of the present invention shoWn in FIG. 2(M), a 
dielectric element 20, preferably includes one or more ther 
moplastic resins or consists essentially of one or more ther 
moplastic resins, Where, for example, PEEK (polyether ether 
ketone) resin, PES resin, PPS (polyphenylene sul?de) resin, 
PEN (polyethylene napthalate) resin, a PEEK-PES resin 
polymer blend, and liquid crystal polymers are speci?c 
examples of preferred resins. The thickness of the dielectric 
element is preferably betWeen several doZen and several hun 
dred microns. 
[0033] Embedded Within the dielectric element 20 are ?rst 
interconnection patterns 12, 1211 provided as a ?rst metal 
Wiring layer and second interconnection patterns 13, 1311 
provided by a second metal Wiring layer. Each of the ?rst 
interconnect patterns and the second interconnect patterns 
includes a plurality of metal traces and contacts or other 
metallic interconnect features. The thickness of each metal 
Wiring layer is preferably betWeen about 10 microns and 
several doZen microns. The contacts and metal traces function 
to provide conductive interconnection betWeen the intercon 
nect element 22 and other microelectronic elements external 
thereto and/orbetWeen different external microelectronic ele 
ments. Such microelectronic elements can be, for example, 
any of microelectronic substrates, circuit panels, integrated 
circuits (“ICs” or “chips”), packaged chips, i.e., chips having 
package elements bonded thereto, Whether or not such chips 
include only active circuit elements, passive circuit elements 
such as commonly knoWn as “integrated passives on chip” 
(IPOC) or chips having a combination of active and passive 
types of circuit elements, among others. 
[0034] A plurality of solid metal posts 18 extend through 
the dielectric element 20 betWeen the ?rst interconnect pat 
terns 12 and the second interconnect patterns 13. The posts 
most preferably include or consist essentially of copper. Pref 
erably the posts include high purity copper. The end-to-end 
length or “height” of each post Within the dielectric element 
20 is preferably betWeen, for example, several doZen and 
about 150 microns. HoWever, the height may be someWhat 
greater than or less than the stated preferred range. 
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[0035] In a particular embodiment a chip, circuit panel or 
packaged chip is directly or indirectly conductively intercon 
nected to or bonded to interconnection patterns 12, 1211 
including traces and contacts exposed at a ?rst major surface 
24 of the interconnect element 22. On a second major surface 
26 of the interconnect element 22 remote from the ?rst major 
surface 24, contacts 13, 13a of the interconnect element can 
be further bonded, directly or indirectly, to a circuit panel, 
another chip, or package element of another packaged chip. 
In another embodiment, the metal traces on one or both major 
surfaces 24, 26 of the interconnect element 22 can be con 
tacted by a packaged chip and maintain conductive commu 
nication With the packaged chip under a moderate amount of 
pressure in Which some ?exing of the dielectric element 20 
may occur as a result of the pres sure betWeen the interconnect 
element and the packaged chip. 
[0036] In an embodiment of manufacturing a multilayer 
interconnect element or Wiring board, heating to a tempera 
ture of, for example, betWeen 150 and 350° C. is suitable, and 
a pressure betWeen 20 and 100 kg/cm2 is preferred. In addi 
tion, it is preferable to coat the metal traces exposed at one or 
both of the ?rst and second major surfaces 24, 26 With a bond 
metal, especially When electronic components are to be 
mounted thereto such as integrated circuits (ICs or chips) that 
have high numbers of terminals With minute pitches. Gold is 
Well suited for use as the bond metal layer 10. 
[0037] The details of the present invention Will be 
explained based on an embodiment shoWn in a ?gure. FIGS. 
1(A) through and FIGS. 2(L) through are cross 
sectional diagrams shoWing the sequence of processes (A) 
through (M) in a ?rst embodiment according to the present 
invention. 
[0038] First, a patternable conductive structure 2, made 
from a three metal layer structure is prepared as shoWn in FIG. 
1(A). The patternable conductive structure 2 has a three-layer 
structure Wherein, for example, an etching barrier layer (an 
intermediate layer) 6 including or consisting essentially of a 
metal such as nickel, for example, is fabricated on the surface 
of a carrier layer 4 made from, for example, copper, and a 
metal layer 8 for fabricating an interconnection layer made 
from, for example, copper, is fabricated on the surface of this 
etching barrier layer 6. 
[0039] Following this, as shoWn in FIG. 1(B), a protective 
layer 10, made from, for example, photoresist, is provided on 
the surface of the aforementioned carrier layer 4. Layer 10 
protects the carrier layer 4 When the metal layer 8 is patterned, 
e.g., by photolithography and selective etching to form the 
interconnection patterns 12. Note that 1211 indicates the inter 
connection patterns Which are not conductively metal posts or 
other electrically conductive pillars extending therefrom. 
[0040] Following this, as shoWn in FIG. 1(C), a photoresist 
layer 14 is fabricated on the surface on Which the aforemen 
tioned interconnection patterns 12, 1211 are fabricated. 
[0041] FolloWing this, as shoWn in FIG. 1(D), an exposure 
process is performed on the aforementioned photoresist layer 
14. FolloWing exposure, 14a is the exposed portion, and 14b 
is the non-exposed portion. 
[0042] FolloWing this, as shoWn in FIG. 1(E), a developing 
process is performed. 16 is a hole that is produced by the 
developing process. 
[0043] FolloWing this, as shoWn in FIG. 1(F), preferably, an 
after-exposure process is performed. Preferably, the exposure 
dose in this process is larger than the previous exposure dose 
With respect to FIG. 1(E). The exposed photoresist is then 
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removed, as by a soft etching process, after Which ultrasonic 
rinsing is preferably performed. 
[0044] FolloWing this, as shoWn in FIG. 1(G), the afore 
mentioned patterned resist layer 1411 is used as a mask to 
fabricate metal posts 18 or other electrically conductive pil 
lars as vertically rising features that extend upWard from the 
interconnection patterns 12 Within the aforementioned holes 
16. Preferably, the posts include or consist essentially of one 
or more metals, for example, copper, preferably formed by 
plating. This process is performed so that the electrically 
conductive pillars 18 preferably have a length or height that 
extends beyond the major surface 23 of the aforementioned 
resist layer 1411 and ends or tops 19 of the pillars 18 protrude 
above the resist layer 14a. 
[0045] FolloWing this, referring to FIG. 1(H), a grinding or 
polishing process is performed until the ends or tops 19a of 
the aforementioned electrically conductive pillars 18 are co 
planar (i.e., are positioned on the same plane as) With the 
surface of the resist layer 14a. In such Way, after processing 
the tops 1911 present ?at surfaces. 
[0046] FolloWing this, as shoWn in FIG. 1(I) the aforemen 
tioned photoresist layer 1411 is removed through stripping, or 
the like and, at the same time, the aforementioned protective 
layer 10 is also removed from the surface of the carrier layer 
4. 
[0047] FolloWing this, as shoWn in FIG. 1(I) a dielectric 
element, an interlayer insulation layer 20 preferably made 
from a resin is formed through a method such as pressure 
adhesion, on the surface Whereon the aforementioned electri 
cally conductive pillars 18 are formed. In one embodiment, 
the interlayer insulation layer includes an uncured resin, such 
layer being provided in form of an epoxy prepreg, for 
example. Thereafter, the aforementioned interlayer insulation 
layer 20 is polished or ground until the end surfaces of the 
aforementioned electrically conductive pillars 18 are 
exposed. FIG. 1(J) illustrates a planariZed condition of the 
interlayer insulation layer 20 and the posts 18 in a partly 
formed ?rst interconnect structure 2' after the grinding pro 
cess. 

[0048] FolloWing this, the ?rst such interconnect structure 
2', having an insulating layer 20 is formed in the state shoWn 
in FIG. 1(I). In addition, a patternable conductive structure 2 
is provided Which has exposed interconnect patterns 12, as 
shoWn in FIG. 1(B). The tWo structures 2 and 2' are then 
aligned together so that the end surfaces 19a of the metal 
posts or electrically conductive pillars 18 contact the inter 
connect patterns 12 of structure 2. Pressure and heat are then 
applied to join and bond the metal posts 18 to the interconnect 
patterns of the opposing conductive structure 2. FIG. 1(K) 
shoWs the state after this integration. 
[0049] This joining process connects the metal posts 18 to 
the interconnect patterns, doing so through metal-to-metal 
bonding of the posts 18 to the interconnect patterns 13 and 13, 
especially via copper-to-copper contact. This process inte 
grates the tWo structures 2 and 2' into a single unit. 

[0050] FolloWing this, as shoWn in FIG. 2(L), the respective 
carrier layers 4 and 4 (FIG. 1(A)) are removed through, for 
example, etching. 
[0051] FolloWing this, as shoWn in FIG. 2(M), the afore 
mentioned etching barrier layers 6 and 6, made from nickel, 
are removed through, for example, etching. 
[0052] Given this type of method for manufacturing, an 
interconnect element or Wiring board is fabricated Wherein 
the interconnection layer and the insulating layer are co 
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planar as shown in FIG. 2(M), fabricated such that outer 
surfaces 21 of the interconnect patterns 12 and 1211 are co 
planar With the ?rst major surface 24 and the outer surfaces 
21a of the interconnect patterns 13, 1311 are co-planar With the 
second major surface 26. 
[0053] FIGS. 3(A) through (H) and FIGS. 4 (I) through (M) 
are cross-sectional diagrams showing a series of processes 
(A) through (M) in a second embodiment according to the 
present invention. 
[0054] As shoWn in FIG. 3(A), tWo pattemable conductive 
structures 32 and 32, and a core 30, are prepared, the core 
being made from, for example, a resin. An adhesive sheet 34, 
made from, for example, a prepreg, or the like, is formed on a 
part of both sides of this core 30, the prepreg being made 
from, for example, an epoxy resin. The core 30 Will be 
removed later as being an unneeded area. 

[0055] Note that each of the aforementioned pattemable 
conductive structures 32 have three-layer structures Wherein 
a metal layer 40 for fabricating an interconnection layer 
including or consisting essentially of copper, for example, 
overlies an etching barrier layer (an intermediate layer) 34, 
Which includes or consists essentially of a metal that Would 
not be attacked by an etchant Which attacks the ?rst metal. For 
example, When the ?rst metal includes or consists essentially 
of copper, and the etching barrier layer can include or consist 
essentially of nickel. Copper can be etched by an etchant 
Which substantially does not attack nickel. In turn, the ?rst 
metal 40 and the etching barrier layer 34 are provided on or 
overlying a surface of a carrier layer 36 made from, for 
example, copper. The pattemable conductive structure is 
preferably fabricated through rolling, although other methods 
can be used. 

[0056] FolloWing this, as shoWn in FIG. 3(B), the pattem 
able conductive structures 32 and 32 are adhered, through the 
aforementioned adhesive sheet 34, to both surfaces of the core 
material 30, such that the metal layer 36 Which is the carrier 
faces the surface of said core material 30. This adhesive sheet 
34 is disposed at one or more locations of the pattemable 
conductive structures aWay from locations Where intercon 
nect patterns are to be formed (the active region). Thus, the 
adhesive sheet 34 is disposed preferably only in an unneeded 
region. 
[0057] FolloWing this, as shoWn in FIG. 3(C), interconnec 
tion layers 42 are formed through selectively etching the 
metal layers 40 of each of the aforementioned pattemable 
conductive structures 32 and 32. 

[0058] FolloWing this, as is shoWn in FIG. 3(D), photoresist 
layers 44 are deposited over surfaces 43 of both of the inter 
connection layers 42. These resist layers 44 are formed With 
a thickness that is essentially at the same height as the end 
surface of the electrically conductive pillars 48 (FIG. 1(F)) to 
be formed, or With a surface that is slightly loWer. 
[0059] FolloWing this, as is shoWn in FIG. 3(E), each of the 
aforementioned resist layers 44 are patterned, such as by 
photolithography, to form the holes 46. 
[0060] FolloWing this, as is shoWn in FIG. 3(F), metal posts 
48 or other electrically conductive pillars 48 are fabricated 
Within the holes of the resist layer 44. Preferably, the posts are 
fabricated by plating With a metal such as copper, for 
example, using the aforementioned resist layers 44 as masks. 
The fabrication of these electrically conductive pillars 48 may 
be performed through overplating, as appropriate, to an extent 
that the metal posts 48 extend beyond the major surfaces 45 of 
the interlayer insulation layers 44 such as in the above-de 

Jun. 12, 2008 

scribed embodiment shoWn in FIGS. 1(A)-1(K) and FIGS. 
2(L)-2(M). Thereafter, grinding or polishing is performed to 
cause the outer surfaces of the electrically conductive pillars 
48 to be co-planar With the major surfaces 45 of the interlayer 
insulation layer 44. 
[0061] FolloWing this, as shoWn in FIG. 3(G), each of the 
aforementioned resist layers 44 is removed. 
[0062] FolloWing this, as shoWn in FIG. 3(H), interlayer 
insulation layers 50 are formed on each of the surfaces 
Whereon the interconnection layers 42 and the electrically 
conductive pillars 48 are fabricated. These insulation layers 
are formed, for example, by a pressure adhesion method, after 
Which the end surfaces of the aforementioned electrically 
conductive pillars 48 are exposed through grinding the afore 
mentioned interlayer insulation layers 50. 
[0063] FolloWing this, as shoWn in FIG. 4(I), interconnect 
structures 52 and 52 are aligned and overlaid over each of the 
aforementioned interlayer insulation layers 50 and 50. 
[0064] Each of the aforementioned interconnection struc 
tures 52 and 52 includes an interconnection layer including 
interconnection patterns 60. The interconnection layer may 
include or consist essentially of copper, for example. In turn, 
the interconnection layer overlies an etching barrier layer (an 
intermediate layer 56), made from, for example, nickel. The 
etching barrier layer, in turn, overlies a carrier layer 54, made 
from, for example, copper. Moreover, each of these intercon 
nection structures 52 and 52 are oriented so that the sides 
Whereon the interconnect patterns 60 are formed are facing 
each of the interlayer insulation layers 50 and 50, and are 
provided aligned so that the various electrically conductive 
pillars 48 Will be lined up With the corresponding intercon 
nection layers 60. 
[0065] FolloWing this, as shoWn in FIG. 4(J), the intercon 
nect structures 52 and 52 are aligned and joined With the 
aforementioned interlayer insulation layers 50 and 50 
through the application of heat and pressure. Consequently, 
the various electrically conductive pillars 48 integrated, 
through metal-to-metal bonding, for example, copper-copper 
bonding, With the corresponding interconnection layers 60. In 
addition, the interlayer insulation layer 50 becomes joined to 
the structure 52. 

[0066] FolloWing this, as shoWn in FIG. 4(K), that Which 
Was integrated in FIG. 4(J) is cut at the part Wherein the 
aforementioned adhesive 34 is adhered, to separate the 
unneeded core 30 from the active region, the active region 
being the tWo interconnect elements 55 each having a ?rst 
interconnection layer 42 and a second interconnection layer 
60 on a side of the interconnect element 55 remote from the 
?rst interconnection layer 42. 
[0067] FolloWing this, the aforementioned carrier layers 54 
(FIG. 4(I)) and 36 (FIG. 4(I)) are removed from the intercon 
nect element 55. FIG. 4(L) shoWs the state after these carrier 
layers 54 and 36 have been removed. 

[0068] FolloWing this, each of the aforementioned etching 
barrier layers 58 and 38 FIG. 4(L) are removed as shoWn in 
FIG. 4(M). 
[0069] This type of method for manufacturing fabricates an 
interconnect element 55 or a Wiring board such as shoWn in 
FIG. 4(M) Wherein interconnection patterns 60 and 42 are 
provided as metal patterns embedded in recesses in each of 
the ?rst and second major surfaces of the interlayer insulation 
layer 50 so that the outer surfaces of the interconnect patterns 
and those major surfaces are co-planar. 
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[0070] Furthermore, because the fabrication processes for 
the tWo interconnect elements or Wiring boards progress 
simultaneously for both sides until the interconnect elements 
are separated from the core material 30, this can improve the 
manufacturing ef?ciency and can increase the productivity. 
[0071] FIGS. 5(H) through (K) are cross-sectional dia 
grams illustrating the series of processes for simultaneously 
fabricating tWo interconnect elements in a variation of the 
embodiment shoWn in FIGS. 3(A)-3(H) and FIGS. 4(I)-4(M). 
[0072] In this embodiment, the same structure as shoWn in 
FIG. 3(H) is prepared, according to the processing described 
above relative to FIGS. 3(A)-3(H). Thereafter, the processes 
differ from the embodiment described above relative to FIGS. 
4(I)-4(M). FIG. 5(H) illustrates the same structure as that 
shoWn in FIG. 3(H). 
[0073] FolloWing this, as shoWn in FIG. 5(I), metal layers 
59 and 59 are provided on opposite sides of the core material 
30. The metal layers including or consisting essentially of, for 
example, copper, are joined, bonded or adhered to the inter 
layer insulation layers 50 and 50 through the application of 
heat and pressure. Doing so causes the parts of the metal 
layers 59 and 59 to form secure connections having excellent 
conductivity to the metal posts or electrically conductive 
pillars 48 and 48, because the conductive connections are 
made through metal-to-metal contact, e. g., copper-copper 
bonding. In addition, other parts of the metal layers 59 and 59 
adhere Well to outer surfaces of the interlayer insulation lay 
ers 50 and 50. 

[0074] Following this, as shoWn in FIG. 5(J) interconnect 
patterns 61 and 61 are fabricated through patterning, e.g., 
photolitho graphically patterning an overlying mask layer and 
selectively etching the aforementioned metal layers 59 and 59 
from Within openings in that mask layer. 
[0075] FolloWing this, in the same manner as shoWn and 
described above relative to FIG. 4(K), cutting is performed in 
the unneeded region part adhered by the adhesive sheet 34, 
after Which the former carrier layers 36 and 36 (FIG. 4(I)) are 
removed. During such process, the etching barrier layers 38 
(FIG. 4(I)) Whereon the interconnection layers 61 and 61 are 
formed are used as masks. Finally, the etching barrier layers 
38 can be removed to provide a pair of interconnect elements 
65 joined together via adhesive layers 36 and a core 30. These 
interconnect elements 65 can then be separated from the core 
as described above relative to FIG. 4(M) to provide a pair of 
interconnect elements 65 joined together via adhesive layers 
36 and a core 30. These interconnect elements 65 can then be 
separated from the core as described above relative to FIG. 

4(K). 
[0076] When this is done, ?rst interconnect patterns 61, 
overlying one major surface 63 of the interlayer insulation 
layer (dielectric element), protrude above the major surface 
63 of the interlayer insulation layer 50, as shoWn in FIG. 5(J). 
On the other hand, although there are indentations and pro 
trusions on one major surface 63 of the interlayer insulation 
layer 50, the metal interconnect patterns 42 are embedded in 
the other major surface 67 of interlayer insulation layer 50 so 
that outer surfaces 69 of those interconnect patterns 42 are 
co-planar With that major surface 67. Accordingly, an inter 
connect element or a Wiring board of a double-sided inter 
connection type is provided. 
[0077] FolloWing this stage of fabrication, as shoWn in FIG. 
5(K), the interconnect elements 65 can be joined together in a 
multilayer interconnect element having a different arrange 
ment, e. g., through a central connecting element other than 
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the above-described core 3 0. In one example, the interconnect 
elements 65 are joined together through heat and pres sure to 
opposite sides of a dielectric connecting element 75 or “core 
connector.” Such core connector 75 may or may not have 
conductive patterns on metallic or conductive posts, vias or 
metallic connectors extending vertically therethrough. In a 
particular example, the protruding interconnect patterns 61 
face inWard, i.e., toWard the dielectric connecting element, 
and the interconnect patterns 42 face outWard. In this Way, the 
interconnect patterns 42, Which are co-planar With the 
exposed major surfaces of the dielectric elements 50 face 
outWard. In such case, the aforementioned interconnect ele 
ment or a Wiring board is Well suited to manufacturing a 
multilayer interconnect element 65 or Wiring board having 
embedded interconnect patterns 42 such that it is ?at on its 
outermost surfaces 69. 

[0078] FIGS. 6(A) through (D) are cross-sectional dia 
grams shoWing the series of processes in a third embodiment 
according to the present invention. 
[0079] As is shoWn in FIG. 6 (A), a core substrate 70, and 
tWo outer interconnect elements 72 and 72 are provided 
Which face opposite (front and rear) surfaces of the core 
substrate 70. The core substrate 70, in the present example, 
has four interconnect layers, Where 74 is an interlayer insu 
lation layer, 76 are inner interconnect patterns 78 are outer 
interconnect patterns, and 80 is a bump for interlayer connec 
tions, Where the outer interconnect patterns 78 protrude above 
the outer major surfaces 79. Thus, the outer (major) surfaces 
79 have protrusions and indentations. 
[0080] Each of the aforementioned outer interconnect ele 
ments 72 and 72 includes interconnect patterns 86, Which 
include or consist essentially of a metal such as copper Which 
overlies an etching barrier layer 84. The etching barrier 
includes or consists essentially of a material such as, for 
example, nickel, Which is not attached by an etchant Which 
attacks the metal from Which interconnect patterns 86 are 
made. The etching barrier layer 84, in turn, overlies a carrier 
layer 82, preferably including or consisting essentially of 
copper. A plurality of metal posts or electrically conductive 
pillars 88, preferably including or consisting essentially a 
metal such as copper extend from the interconnect patterns 
86. An interlayer insulation layer 90 covers an inner surface of 
the interconnect patterns 86 and ?lls a space betWeen the 
electrically conductive pillars 88. End surfaces 89 of the 
electrically conductive pillars 88 are exposed at an outer 
surface 91 of the interlayer insulation layer 90. 
[0081] Furthermore, on both surfaces of the core substrate 
70, interconnect elements 72 and 72 are positioned, oriented 
so that the end surfaces 89 of the electrically conductive 
pillars 88 and 88 and the outer surface 91 of the interlayer 
insulation layer 90 are facing the core substrate 70. The inter 
connect elements and the core substrate are aligned so that 
each of the electrically conductive pillars 88 and 88 line up 
With the positions of each of the outer interconnect patterns 78 
and 78 of the core substrate 70. 

[0082] FolloWing this, heat and pressure are applied to join, 
e.g., bond, adhere or fuse the aforementioned interconnect 
elements 72 and 72 onto the exposed surfaces of dielectric 
layers and interconnect patterns 78 of the aforementioned 
core substrate 70. FIG. 6(B) shoWs the state after this joining 
process. 
[0083] This joining process not only strongly connects the 
end surfaces of each of the electrically conductive pillars 88 
and 88 to the outer interconnect patterns 78 of the core sub 
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strate 70 through copper-copper bonding, but also integrates, 
adheres, bonds or preferably fuses the interlayer insulation 
layers 74 and 90 to each other. 

[0084] Following this, as shoWn in FIG. 6(C), the afore 
mentioned carrier layers 82 and 82 (FIG. 6(B)) are removed 
through etching, or the like, using, for example, an etchant 
that etches the material of the carrier layer, e.g., copper, 
Without attacking the material of the etching barrier layer 84, 
Which is preferably nickel. 
[0085] Following this, the aforementioned etching barrier 
layers 84 are removed through, for example etching, as shoWn 
in FIG. 6(D). When this is done, this can provide a multilayer 
interconnect element or Wiring board having six layers of 
interconnection layers, Where the interconnect patterns of 
each interconnection layer are co-planar With the outer sur 
faces of each insulation layer. 
[0086] This type of method for manufacturing can provide 
a multilayer interconnect element or Wiring board Wherein 
the outermost surfaces are ?at and in Which interconnect 
patterns are embedded in and are co -planar With those outer 
most surfaces. Such method utiliZes a core substrate 70 as a 

base, Which has indentations and protrusions on the surfaces 
thereof, due to the interconnection layers 78. Thereafter, the 
aforementioned interconnect elements 72 and 72 are aligned 
and joined thereto so that the electrically conductive pillars 88 
and the exposed surfaces 91 of the interlayer insulation layers 
90 face inWard toWard the core substrate 70, and so that the 
interconnect patterns 86 and 86 face outWard. 

[0087] Note that although in the embodiment described 
above, the number of layers for the core substrate 70 is four, 
and the number of layers in the multilayer interconnect ele 
ment or Wiring board produced therefrom is six, this is only a 
single example. The number of layers in the core substrate 70 
is not limited to four, but rather may be a different number of 
layers, enabling the provision of a multilayer Wiring board 
having a number of layers that is tWo layers more than the 
number of layers in the core substrate 70. 

[0088] FIGS. 7 (A) through (H) and FIGS. 8(A) through (H) 
are cross-sectional diagrams shoWing a fourth embodiment 
according to the present invention. FIGS. 7(A) through (H) 
illustrate a series of processes for the method of manufactur 
ing an interconnect element 111 (FIG. 7(H)) to be used at 
outermost layers of a multilayer interconnect element or Wir 
ing board. FIGS. 8(A) through (H) illustrate a series of pro 
cesses for processing a core interconnect element or Wiring 
board for integrating the aforementioned interconnect ele 
ments 111 With a core Wiring board, and for ?nishing the 
multilayer Wiring board by further processing the intercon 
nect elements 111. 

[0089] First, the method for manufacturing the intercon 
nect elements 111 Will be explained With reference to FIGS. 
7(A) through (H). 
[0090] As is shoWn in FIG. 7(A), a three-layer metal struc 
ture 100 is prepared in a manner such as described above 
relative to the structure 2 shoWn in FIG. 1(A). This three-layer 
metal structure includes a metal layer 106 to be fabricated into 
interconnect patterns, made from, for example, copper. Such 
layer 106 overlies an etching barrier layer 104 made from, for 
example, nickel, on one surface of a carrier layer 102, made 
from, for example, copper. The structure 100 may be fabri 
cated through, for example, rolling. 
[0091] FolloWing this, as is shoWn in FIG. 7(B), intercon 
nect patterns 108, including traces, contacts, etc., for 
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example, are fabricated through selectively etching the afore 
mentioned metal layer 106 (FIG. 7(A)). 
[0092] FolloWing this, on the exposed surfaces of the afore 
mentioned interconnect patterns 108, as is shoWn in FIG. 
7(C), a resist layer 110 is deposited and patterned, such as 
through photolithography. 112 is a hole that is formed in the 
aforementioned resist layer 110, and a metal post or electri 
cally conductive pillar 114 (FIG. 7(D)), described beloW, Will 
be formed in this hole 112. 
[0093] FolloWing this, as shoWn in FIG. 7(D), the electri 
cally conductive pillar 114 is fabricated preferably by plating 
a metal such as, for example, copper, using the aforemen 
tioned resist layer 110 as a mask. In this case, the electrically 
conductive pillar 114 is fabricated so as to protrude slightly 
from the surface of the resist layer 110. This is to make it 
possible in a subsequent grinding process, to align the tops of 
the electrically conductive pillars 114 to a speci?c height, 
despite variability in the plating process. 
[0094] FolloWing this, as is shoWn in FIG. 7(E), the pro 
truding parts of the aforementioned electrically conductive 
pillars 114 are ground to cause the end surfaces thereof to be 
co-planar With (i.e., to be on the same plane as) the outer 
(major) surface 105 of the resist layer 110. 
[0095] FolloWing this, as is shoWn in FIG. 7(F), the afore 
mentioned resist layer is removed. 
[0096] FolloWing this, as is shoWn in FIG. 7(G), an inter 
layer insulation layer 1 1 6 is provided overlying the aforemen 
tioned interconnect patterns 108 and insulating respective 
ones of the aforementioned electrically conductive pillars 
114. After this stage of processing, the tops or ends 115 of the 
electrically conductive pillars 114 are exposed. 
[0097] FolloWing this, the ends of the aforementioned elec 
trically conductive pillars 114 are polished or ground to adjust 
the height and to planariZe them to the surface of the inter 
layer insulation layer 116, to complete the interconnect ele 
ment 118, as shoWn in FIG. 7(H). 
[0098] Note that tWo of these interconnect elements 118 are 
prepared, and provided according to the processes shoWn in 
FIG. 8(A) through 8(H). 
[0099] The method for manufacturing to provide a multi 
layer interconnect element or Wiring board according to the 
present embodiment Will be explained next With reference to 
FIGS. 8(A) through (H). 
[0100] First, as shoWn in FIG. 8(A), a core interconnect 
element or core Wiring board 120 is provided. 

[0101] In this core interconnect element 120, four intercon 
nection layers 122 are provided on the inside thereof, each 
separated and insulated from others of the layers 122 by 
interlayer insulation layers 124. Metal layers 126 and 126 are 
provided on the outermost surfaces. 

[0102] FolloWing this, as shoWn in FIG. 8(B), through holes 
128 are formed extending from the outermost surfaces 
through the aforementioned core interconnect element 120. 

[0103] FolloWing this, as shoWn in FIG. 8(C), a through 
hole interconnection layer 13 0 is fabricated by plating a metal 
such as copper, for example, using electroless plating or elec 
troplating. The interconnection layer 130 is formed on the 
surface of the core interconnect element 120, including the 
surface of the aforementioned through hole 128. 
[0104] FolloWing this, as shoWn in FIG. 8(D), the holes on 
the inside of the aforementioned through hole interconnec 
tion layer 130 are ?lled With an electrically conductive paste 
or an insulating paste 132, after Which the parts of this elec 










