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ROBUST MULTI-LAYER WIRING 
ELEMENTS AND ASSEMBLIES WITH 
EMBEDDED MICROELECTRONIC 

ELEMENTS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of the ?ling date 
of US. Provisional Patent Application No. 60/998,564, ?led 
Oct. 10, 2007, entitled, “Robust Multi-Layer Wiring Ele 
ments And Assemblies With Embedded Microelectronic Ele 
ments,” the disclosure of Which is hereby incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

[0002] The subject matter of the present application relates 
to multi-layer Wiring elements and their fabrication, such as 
used in the packaging of, or in the connection to micro 
electronic elements, particularly semiconductor integrated 
circuits. 
[0003] The packaging of microelectronic elements, e.g., 
semiconductor integrated circuits continually poses neW 
challenges. Processor chips pose particular challenges, due to 
the large area over Which they typically extend, the great 
number of external contacts Which typically are present as 
pinout at the external signal interface of the chip, and large 
?uctuations in temperature to Which they are subject, because 
of high operating temperatures of processor chips. Moreover, 
the pitch and the siZe of the contacts of the chip are each 
becoming smaller as the number of external contacts of the 
chip increases. 
[0004] Surface mount technology including ?ip-chip inter 
connect technology, has been frequently used to interconnect 
such chips. Flip-chip interconnects can be formed quickly 
and reliably by holding a semiconductor chip With solder 
bumps thereon in contact With corresponding lands of a chip 
carrier and then heating the chip With the chip carrier to a 
point at Which the solder bumps melt and form joints With the 
lands of the chip carrier. Often, solder bumps are used Which 
contain a high-lead content solder. Among advantages of the 
high-lead solder is that it tends to yield to thermal and 
mechanical stresses Within the package. Recently hoWever, 
industry is trending aWay from use of high-lead content sol 
der, or rather, toWards increased use of lead-free solder. Cur 
rently, the future use of lead-containing solder is in question. 
[0005] Apart from the trend toWards lead-free solders, the 
packaging of microelectronic chips poses signi?cant chal 
lenges, particularly the reduction in pitch and siZe of contacts, 
high poWer density, and large area of certain chips such as 
processor chips. 

SUMMARY OF THE INVENTION 

[0006] An interconnect element can include a dielectric 
layer having a top face and a bottom face remote from the top 
face. A ?rst metal layer may de?ne a plane extending along 
the bottom face and a second metal layer can extend along the 
top face. One of the ?rst or second metal layers, or both, can 
include a plurality of conductive traces. A plurality of con 
ductive protrusions can extend upWardly from the plane 
de?ned by the ?rst metal layer through the dielectric layer. 
The conductive protrusions can have top surfaces at a ?rst 
height above the ?rst metal layer. The ?rst height can be 
greater than 50% of a height of the dielectric layer above the 
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?rst metal layer, for example. A plurality of conductive vias 
can extend from the top surfaces through openings in the 
dielectric layer to conductively connect the conductive pro 
trusions With the second metal layer. At least one of the 
conductive vias can have a ?rst Width in contact With the top 
surface of the conductive protrusion. The ?rst Width can be 
less than a Width of the top surface. 

[0007] An interconnect element can include a dielectric 
layer having a top face and a bottom face remote from the top 
face. A ?rst metal layer can de?ne a plane extending along the 
bottom face and a second metal layer can extend along the top 
face. One of the ?rst or second metal layers, or both, can 
include a plurality of conductive traces. A plurality of con 
ductive protrusions can extend upWardly from the plane 
de?ned by the ?rst metal layer through the dielectric layer, 
and a plurality of plated features can extend through openings 
in the dielectric layer to conductively connect the conductive 
protrusions With the second metal layer. 
[0008] A packaged microelectronic element can include a 
dielectric layer having a top face and a bottom face remote 
from the top face. A ?rst metal layer can de?ne a plane 
extending along the bottom face and a second metal layer can 
extend along the top face. One of the ?rst or second metal 
layers, or both, can include a plurality of conductive traces. A 
plurality of conductive protrusions can extend upWardly from 
the plane de?ned by the ?rst metal layer through the dielectric 
layer and a microelectronic element disposed betWeen the 
?rst and second Wiring layers. The microelectronic element 
can have a contact-bearing face separated from the second 
metal layer by the dielectric layer. A plurality of plated fea 
tures, can extend through openings in the dielectric layer to 
conductively connect the conductive protrusions and contacts 
of the microelectronic element With the second metal layer. 
[0009] A multiple Wiring layer interconnect element hav 
ing at least one of an active or passive component incorpo 
rated therein can include a dielectric layer having a top face 
and a bottom face remote from the top face. A ?rst metal layer 
can de?ne a plane extending along the bottom face and a 
second metal layer can extend along the top face. At least one 
of the ?rst and second metal layers can include a plurality of 
conductive traces. A plurality of conductive protrusions can 
extend from the plane upWardly through the dielectric layer. 
The at least one of an active or passive component can be 
disposed betWeen the ?rst and second metal layers. The com 
ponent can have a plurality of terminals confronting the sec 
ond metal layer and separated from the second metal layer by 
the dielectric layer. A plurality of plated features can extend 
through openings in the dielectric layer to conductively con 
nect the conductive protrusions and the terminals of the com 
ponent With the second metal layer. 
[0010] A method of fabricating an interconnect element 
having a plurality of Wiring layers separated from each other 
by at least one dielectric layer can include laminating a dielec 
tric layer and a ?rst metal layer atop the dielectric layer onto 
a base element. The base element can include, for example, a 
second metal layer having at least portions de?ning a plane 
and a plurality of conductive protrusions extending upWardly 
from the plane. Portions of the dielectric layer may separate 
adjacent ones of the conductive protrusions. The method can 
include forming openings in the dielectric layer Which expose 
at least top surfaces of the conductive protrusions. A metal 
can be plated onto the exposed surfaces of the conductive 
protrusions Within the openings to form plated features con 
necting the conductive protrusions With the ?rst metal layer. 
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[0011] A method of packaging a microelectronic element 
between Wiring layers of an interconnect element having a 
plurality of Wiring layers separated from each other by at least 
one dielectric layer can include laminating a dielectric layer 
and a ?rst metal layer atop the dielectric layer onto a ?rst 
element. The ?rst element can include, for example, a second 
metal layer having at least portions de?ning a plane, a plural 
ity of conductive protrusions extending upWardly from the 
plane and a microelectronic element having a ?rst face adja 
cent to the plane. The step of laminating can be performed 
such that portions of the dielectric layer separate adjacent 
ones of the conductive protrusions and separate the micro 
electronic element from the conductive protrusions. The 
method can include forming openings in the dielectric layer 
Which expose contacts at a second face of the microelectronic 
element and at least top surfaces of the conductive protru 
sions. The method can also include plating a metal onto the 
exposed contacts and exposed surfaces of the conductive 
protrusions Within the openings to form plated features con 
necting the contacts and the conductive protrusions With the 
?rst metal layer. 
[0012] A method is provided in accordance With an 
embodiment for forming an interconnect element including at 
least one of an active or passive component betWeen respec 
tive Wiring layers of the interconnect element, Wherein a 
plurality of Wiring layers are separated from each other by at 
least one dielectric layer. A dielectric layer and a ?rst metal 
layer atop the dielectric layer can be laminated onto a ?rst 
element. The ?rst element can include a second metal layer 
having at least portions de?ning a plane, a plurality of con 
ductive protrusions extending upWardly from the plane and at 
least one of an active or passive component having a surface 
overlying the plane. The step of laminating can be performed 
such that portions of the dielectric layer separate adjacent 
ones of the conductive protrusions and the component from 
each other. Openings may be formed in the dielectric layer 
Which can expose contacts of the component and at least top 
surfaces of the conductive protrusions. A metal may be plated 
onto the exposed contacts and exposed surfaces of the con 
ductive protrusions Within the openings to form plated fea 
tures connecting the contacts and the conductive protrusions 
With the second metal layer. 
[0013] Further, in an embodiment of the present invention, 
the method as set forth herein can include after forming the 
plated features, patterning the ?rst and second metal layers to 
form Wiring patterns. Moreover, the third metal layer can ?ll 
the recesses to form solid conductive protrusions. Addition 
ally, the third metal layer can coat the inner Walls of the 
recesses to form holloW conductive protrusions. The conduc 
tive protrusions can include solid conductive protrusions. The 
holloW conductive protrusions can have continuous metal 
surfaces extending aWay from the plane. 
[0014] In an embodiment of the present invention, the ?rst 
metal layer can include the planar portions and the holloW 
conductive protrusions can extend continuously aWay from 
the planar portions. The holloW conductive protrusions can 
have a frustoconical shape. The method as set forth herein can 
also include, after forming the plated features, patterning a 
fourth metal layer to form Wiring patterns and after forming 
the second plated features, patterning the ?rst and fourth 
metal layers to form Wiring patterns. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIGS. 1(a) through 1(g) are sectional vieWs illus 
trating stages in a method of fabricating a multi-layer Wiring 
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element such as a circuit panel having multiple layers of 
Wiring patterns, in accordance With an embodiment of the 
invention. 
[0016] FIG. 2 is a plan vieW illustrating Wiring patterns 
exposed at a face of a multi-layer Wiring element fabricated in 
accordance With the method illustrated in FIGS. 1(a) through 
10‘). 
[0017] FIG. 3(a) is a sectional vieW illustrating a particular 
example of a multi-layer Wiring element fabricated in accor 
dance With the embodiment illustrated in FIGS. 1(a) through 
1(g). 
[0018] FIG. 3(b) is a plan vieW ofa face ofthe multi-layer 
Wiring element shoWn in FIG. 3(a). 
[0019] FIGS. 4(a) through 4(g) are sectional vieWs illus 
trating stages in a method of fabricating a multi-layer Wiring 
element in accordance With a variation of the embodiment 
illustrated in FIGS. 1(a)-(g). 
[0020] FIGS. 4(f)‘ and 4(g)‘ are sectional vieWs illustrating 
stages in a variation of the method of fabricating a multi-layer 
Wiring element illustrated in FIGS. 4(a)-(g). 
[0021] FIGS. 5(a) through 50‘) are sectional vieWs illustrat 
ing stages in a method of fabricating a multi-layer Wiring 
element in accordance With a variation of the embodiment 
illustrated in FIGS. 4(a)-(g). 
[0022] FIGS. 6(a) through 60‘) are sectional vieWs illustrat 
ing stages in a method of fabricating a multi-layer Wiring 
element in accordance With a variation of the embodiment 
illustrated in FIGS. 1(a)-(g). 
[0023] FIG. 7 is a sectional vieW illustrating a microelec 
tronic assembly including a multi-layer Wiring element hav 
ing microelectronic elements and components incorporated 
therein in accordance With an embodiment of the invention. 
[0024] FIG. 8 is a sectional vieW illustrating a microelec 
tronic assembly including a multi-layer Wiring element hav 
ing a microelectronic element and at least one of an active or 
passive component incorporated therein and a thermal con 
ductor, in accordance With an embodiment of the invention. 
[0025] FIGS. 9(a) through 9(h) are sectional vieWs illus 
trating stages in a method of fabricating a microelectronic 
assembly such as shoWn in FIG. 7 in accordance With an 
embodiment of the invention. 
[0026] FIG. 10 is a sectional vieW illustrating a microelec 
tronic assembly having embedded components and a micro 
electronic device mounted thereto in accordance With an 
embodiment of the invention. 
[0027] FIG. 11 is a sectional vieW illustrating a microelec 
tronic assembly having an embedded microelectronic ele 
ment and components mounted thereto in accordance With an 
embodiment of the invention. 
[0028] FIG. 12 is a sectional vieW illustrating a microelec 
tronic assembly having an embedded microelectronic ele 
ment and embedded components in accordance With an 
embodiment of the invention. 
[0029] FIG. 13 is a sectional vieW illustrating a stacked 
arrangement including a plurality of microelectronic assem 
blies such as shoWn in FIG. 10. 
[0030] FIG. 14 is a sectional vieW illustrating a stacked 
arrangement including a plurality of microelectronic assem 
blies such as shoWn in FIG. 12. 

DETAILED DESCRIPTION 

[0031] As used in this disclosure, a feature such as a termi 
nal, contact or pad Which is “exposed at” a surface of a 
dielectric element may be ?ush With such surface; recessed 
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relative to such surface; or protruding from such surface, so 
long as the feature is accessible for contact by a theoretical 
point moving toWards the surface in a direction perpendicular 
to the surface. 

[0032] FIG. 1(a) through FIG. 1(g) illustrate stages in a 
method of fabricating an interconnect element such as a 
multi-layer Wiring element in accordance With an embodi 
ment of the invention. As illustrated in FIG. 1(a), a layered 
metal structure 110 includes a relatively thin metal layer 102 
having a thickness betWeen about three and 25 micrometers 
(um or “microns”) and a thicker metal layer 104 having a 
thickness betWeen about 30 microns and 200 microns. Typi 
cally, each of the metal layers 102, 104 has an exposed surface 
102a, 104a, respectively, Which de?nes a plane. In an exem 
plary embodiment, the thin metal layer 102 has a thickness of 
less than about 10 microns and the thicker metal layer 104 has 
a thickness betWeen about 25 microns and 50 microns. In one 
embodiment, the metal layer 102 has an exposed surface 10211 
which de?nes a continuous plane. 
[0033] An intermediate layer 106 having a different com 
position from the tWo layers 102, 104 is disposed betWeen the 
tWo metal layers 102, 104. The intermediate layer 106 can be 
of such composition that it is not attacked by an etchant or 
etchants Which attack either one or both of the metal layers 
102, 104. In one embodiment, each of the tWo metal layers 
102, 104 consist essentially of copper and the intermediate 
layer 106 includes or consists essentially of nickel. In such 
Way, When an etchant Which attacks copper is applied to one 
ofthe exposed faces 102a, 104a ofthe metal layers 102, 104, 
the intermediate layer 106 functions as an etch stop layer to 
prevent the etchant from penetrating beyond the intermediate 
layer 106 and possibly attacking the other one of the metal 
layers 102, 104 that is remote from the exposed face. 
[0034] As illustrated in FIG. 1(b), the metal layer 104 is 
patterned by lithography to form solid metal posts extending 
upWardly above the metal layer 102. Typically, the solidmetal 
posts have a height 115 Which is about equal to the original 
thickness of the metal layer 104 above the intermediate layer 
106. Each of the solid metal posts typically has a height 115 
Which is at least about half a diameter 117 or Width of each 
post, such that the height to Width aspect ratio is about 1/2 or 
greater. HoWever, in a particular embodiment, there is no 
requirement that the posts have a minimum aspect ratio. In a 
particular embodiment, the metal posts have frusto-conical or 
pyramidal shape. In another embodiment, the metal posts can 
have cylindrical shape. 
[0035] In an example of forming the metal posts, a photo 
resist layer (not shoWn) can be deposited and developed to 
form mask patterns overlying layer 104. The layered metal 
structure 110 can then be etched selectively With respect to 
the intermediate layer 106 to form the conductive posts 112. 
Such processing tends to form metal posts Which have frusto 
conical shape, Wherein Walls 127 of the posts are sloped aWay 
from the top surface 126. Subsequently, the intermediate 
layer can be removed Where exposed betWeen the conductive 
posts using a different etch process performed selectively 
With respect to the posts and metal layer 102. The metal layer 
102 and the conductive posts extending upWardly therefrom 
form a base element 114 to Which additional processing is 
applied in subsequent steps. 
[0036] As illustrated in FIG. 1(c), a dielectric layer 116 and 
another relatively thin metal layer 118 atop the dielectric 
layer are noW laminated to the base element 114. The metal 
layer 118 can be such as or similar to the metal layer 102 
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described above and can have an exposed surface 11811 which 
de?nes a continuous plane. There are many different types of 
dielectric materials and processes Which can be used to form 
the laminated structure. Lamination processes can also vary. 
For example, the dielectric layer 116 and the metal layer 118 
can be laminated in one simultaneous step With the base 
element to form a laminated structure 120 (FIG. 1(d)) by 
applying heat and pres sure With the metal layer 118, dielectric 
layer 116 and base element 114 sandWiched betWeen pres 
sure-bearing plates of a press. In another example, the dielec 
tric layer 116 can be ?rst laminated to the base element, after 
Which the metal layer 118 is laminated to an exposed surface 
of the dielectric layer 116 to form the structure 120. In one 
particular embodiment, the material and characteristics of the 
dielectric layer and the type of lamination process can be 
selected such that lamination can be performed at a relatively 
loW temperature of less than about 2000 C. and With a rela 
tively loW pressure, such as less than 20 kilograms of force per 
square centimeter. 

[0037] In such embodiment, in a particular example, the 
dielectric layer can include an uncured dielectric element 
such as commonly referred to as a “pre-preg”, such element 
containing a curable dielectric such as an epoxy among oth 
ers, and an embedded glass cloth, for example. Curing of such 
dielectric element can occur as a result of the heat and pres 
sure applied during a simultaneous lamination process When 
the dielectric layer is joined With the base element 114 and the 
overlying metal layer 1 18 or during subsequent treating. Such 
uncured dielectric layer can be selected for additional prop 
erties such as relatively loW coe?icient of thermal expansion 
(“CTE”), and relative rigidity, i.e., having aYoung’s modulus 
(modulus of elasticity) Which is not very loW. Desirably, peel 
strength of the dielectric layer should not be too loW. 

[0038] In embodiments Where the metal layer 118 is lami 
nated sequentially after the dielectric layer 116 is laminated 
to the base element, the dielectric layer 116 may have a rough 
surface or smooth surface prior to lamination of the metal 
layer 118 thereto. The surface roughness of particular dielec 
tric materials can vary Widely. Certain dielectric materials 
such as particular pre-preg type layers can have a surface 
roughness ranging betWeen about 500 nm and 700 nm prior to 
laminating the metal layer thereto. In a particular example of 
a sequential lamination process, a dielectric layer 116 having 
a thickness of about 50 microns and characteristics such as 
described beloW can be laminated to the base element at a 
temperature of about 1000 C. for 30 seconds With pressure of 
7 kg/cm2 applied, then at 1000 C. for 60 seconds With a 
pressure of 5.5 kg/cm2 applied thereto. A post lamination 
treatment knoWn as “PET”, Which may include chemical, 
laser or plasma treatment, may be applied to an exposed 
surface 11611 of the dielectric layer at this time to help cure the 
dielectric layer or alter surface characteristics of the dielectric 
layer. A desmear process may be performed to remove smear 
from an exposed surface 11611 of the dielectric layer 116 and 
to improve adhesion strength. Subsequently, the metal layer 
118 having characteristics such as described above can be 
laminated to the structure including the base element and the 
dielectric layer 116 at a temperature held at about 1200 C. for 
moderate time intervals, such as 30 to 60 seconds, With pres 
sure of 7 kg/cm2 applied, and can be further treated by apply 
ing a temperature of about 1200 C. to the dielectric layer for 
90 seconds With a pressure of 5.5 kg/cm2 applied thereto. 

[0039] FIG. 1(d) illustrates the resulting structure 120 after 
lamination of the dielectric layer 116 and the metal layer 118. 
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At the temperature and pressure applied during lamination, 
portions 122 of the dielectric layer 116 may separate the metal 
posts 112 from the metal layer 118. The top surfaces 126 of 
the metal posts 112 can be separated from the metal layer 118 
by distances up to a feW tens of microns. In a particular 
example, Where the thickness 119 of the dielectric layer is 
about 50 microns, the separation distance can range up to a 
value of someWhat less than 25 microns, such that the height 
115 (FIG. 1(b)) of the metal posts 112 is greater than 50% of 
the thickness 119 of the dielectric layer 116. More typically, 
the separation distance betWeen the top surfaces 126 of the 
metal posts 112 and the metal layer 118 in such example is 
less than 20 microns, and can be signi?cantly less than 15 
microns. 

[0040] Subsequently, as illustrated in FIG. 1(e)-(f), pro 
cessing is performed Which connects the metal posts 112 With 
the metal layer 118. In one example, a laser ablation process 
such as laser drilling can be performed (FIG. 1(e)) to form 
holes 124 Which extend through the metal layer 118 and the 
intervening portions of the dielectric layer to expose top 
surfaces 126 of the metal posts. As examples, a focused beam 
from a YAG laser or CO2 laser is used to form the holes. In 
another example, the holes 124 can be formed by lithography 
in accordance With openings in a contact mask or photoresist 
mask (not shoWn) overlying the metal layer 118. Subse 
quently, as illustrated in FIG. 1(f), conductive connectors 128 
are formed in the holes 124 Which extend betWeen at least the 
top surfaces 126 of the metal posts 112 and the metal layer 
118. The conductive connectors 128 can also be referred to as 
micro-vias. In one example, the conductive connectors 128 
are formed by plating a metal Within the openings Which then 
forms conductors Which bridge the separation betWeen the 
posts 112 and the metal layer 118. For example, the process 
can be performed by plating copper into the openings in 
contact With top surfaces 126 of the metal posts 112 and metal 
layer 118. During such process, the metal layer 102 and posts 
112 or the metal layer 118 or all can serve as a plating 
electrode. The process may be performed via electroplating 
directly onto the exposed top surfaces 126 of the metal posts 
or, alternatively, via electrolessly plating a seed layer, fol 
loWed by electroplating. 
[0041] Alternatively, the conductive connectors 128 can be 
formed by other methods, such as, for example, screening or 
stenciling of a conductive matrix material, e.g., a conductive 
paste such as a metal-?lled epoxy, solder paste, among many 
others, Which is then cured by post-treatment. In another 
example, the conductive connectors 128 can be formed by 
vapor deposition, e. g., physical vapor deposition (sputtering), 
Which may or may not be folloWed by subsequent plating. In 
yet another example, the conductive connectors 128 can be 
formed by introducing a fusible metal such as a solder, tin or 
eutectic composition into the holes 124 so as to Wet top 
surfaces 126 of the metal posts 112. 
[0042] As illustrated in FIG. 1(f), the Width 150 of each 
micro-via typically is less than the entire Width 152 of the 
metal posts 112 at the top surface 126. The area of the micro 
via in contact With the top surface may actually be less than an 
area of the top surface 126. In a particular embodiment, the 
maximum area of the hole in the dielectric layer in Which the 
micro-via is formed can be smaller than the maximum area 
occupied by the post 112 at the height 115 of the post 112 
above the metal layer. 
[0043] Processing or structural advantages may be realiZed 
When the Width 150 of the micro-via is less than the Width 152 
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of the top surface 126 of the metal post 112, or particularly, 
When the maximum area of the hole 124 in the dielectric layer 
is smaller than the area of the metal post 112 at the top surface. 
For example, if plating is used to form the micro-vias, less 
time may be needed to do so under such condition. Altema 
tively, if solder or a conductive matrix is included in the 
micro-via, better control may be attained over the amount of 
material needed to bridge the separation distance betWeen the 
top surface of the metal post 112 and the metal layer 118. 
[0044] Subsequently, the metal layers 102, 118 of the struc 
ture shoWn in FIG. 1(f) can be patterned lithographically to 
form individual Wiring patterns. A completed interconnect 
element 130, illustrated in FIG. 1(d), includes conductive 
traces 132, 134 exposed at a bottom surface 116a and a top 
surface 116!) of the dielectric layer 116. Some of the conduc 
tive traces 132 exposed at the bottom surface 116a conduc 
tively connect With some of the metal posts 112. Some of the 
metal posts, in turn, are conductively connected to some of 
the Wiring patterns 134, e.g., conductive traces exposed at the 
top surface 116!) through the connectors 128. 
[0045] As further illustrated in plan vieW (FIG. 2), the 
Wiring patterns 134 may form connections betWeen a plural 
ity of the metal posts through the conductive connectors 128. 
The Wiring patterns may also include conductive mounting 
pads 136 available for attachment of other elements, e. g., 
active or passive devices or microelectronic elements thereto. 
The Wiring patterns may also include ground or poWer trans 
mission planes, various conductors or transmission line ele 
ments for maintaining ground or a poWer supply voltage or 
transmitting signals. In a particular embodiment, particular 
conductors of the Wiring patterns 132, 134 can form a micros 
trip transmission line, separated by the thickness 119 (FIG. 
1(d)) of the dielectric layer. 
[0046] While the diameter and height of each metal post 
can be the same as in the above-described embodiment, in a 
particular embodiment, the heights H1, H2 (FIG. 3(a)) of the 
metal posts above a Wiring layer can vary at different loca 
tions of the structure. As illustrated in FIG. 3(a), the height H1 
of post 222 is signi?cantly greater, e.g., several microns to 
tens of microns greater, than the height H2 of post 224. 
Moreover, the Widths W1, W2 of the metal posts can also vary 
to signi?cant degrees. The plated or otherwise-formed con 
ductive connectors 228a, 228!) shown in FIG. 3(a) overcome 
the differences in the heights and Widths of the metal posts 
222, 224 and connect each post to corresponding Wiring 
patterns 234a, 2341). Moreover, the horiZontal dimensions 
(Width and length) of a metal post need not be the same and 
neither the Width nor the length of a post need be the same as 
that of another metal post. For example, as illustrated in plan 
vieW in FIG. 3(b), a metal post can have an oblong or rectan 
gular shape, having a length L1 greater than the Width W1. 
[0047] Several possible advantages can be realiZed in 
accordance With the embodiment of the invention described 
above. The amount of time required to fabricate a multi-layer 
Wiring element as shoWn in FIG. 1(g) can be reduced in 
comparison to the time required to fabricate other similar 
multi-layer Wiring elements Which do not have the above 
described conductive connectors 128. Costs of materials, 
manufacture or both may also be reduced. The method also 
permits Wiring elements to be fabricated in Which the siZes 
(horizontal dimensions and height) of metal posts therein can 
vary substantially. The Wiring element can, in some cases, 
accommodate metal posts having different (small or large) 
pitches, as Well. In addition, because the metal posts are solid, 
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capacitance and inductance can be reduced in some cases in 
comparison to Wiring elements having hollow or cylindrical 
plated metal features such as plated through holes for con 
necting the ?rst and second metal layers. In addition, When 
solid metal posts are used, poWer consumption, current den 
sity and hence, electromigration can also be reduced, increas 
ing the durability of the Wiring element. 
[0048] Several possible variations of the above process of 
forming a multi-layer Wiring element are Worth noting at this 
time. In one variation, metal layer 102 can be patterned to 
form Wiring patterns before the metal layer 104 is patterned to 
form the metal posts 112 (FIG. 1(b)). For example, the metal 
layer 102 can be patterned by lithography performed via 
selectively etching metal layer 102 With respect to the inter 
mediate layer 106 used as an etch stop layer. Then, prior to 
etching the metal posts, the 110 structure With the Wiring 
patterns de?ned therein can be attached temporarily to a 
carrier, Which Will remain in place until after the conductive 
connectors 128 are formed. During the lamination process, 
the dielectric layer 116 may ?ll spaces betWeen adjacent 
Wiring patterns such that the Wiring patterns may become 
more similar to damascene (inlaid) Wiring patterns having 
exposed surfaces Which are ?ush With the exposed surface of 
the dielectric layer betWeen adjacent Wiring patterns. 
[0049] In another variation of the above, the metal layer 1 18 
can have through holes pre-formed, e.g., pre-punched, pre 
drilled, or pre-etched therein. During the lamination process 
(FIG. 1(c)), the pre-formed through holes of the metal layer 
118 are aligned With the underlying posts 112 such that upon 
forming the structure 120 (FIG. 1(d)), the portions 122 of the 
dielectric layer overlying the posts 112 are exposed Within 
such holes. In a particular embodiment, prior to the lamina 
tion step illustrated in FIG. 1(c), the metal layer 118 may 
already be patterned into Wiring patterns similar to the pat 
terns 134 illustrated in FIG. 1(g) and already be joined With 
the dielectric layer 116 When the lamination process (FIG. 
1(c)) is performed. 
[0050] In a further variation, the dielectric layer 116 may 
also have holes pre-formed therein at the time the dielectric 
layer is laminated to the base element 114. In a case Where the 
dielectric layer 116 and the overlying metal layer 118 both 
have holes pre-formed therein, a subsequent step of forming 
holes 124 (FIG. 1(e)) can be omitted. 
[0051] In another variation, instead of forming the posts 
112 and Wiring patterns by etching a layered metal structure 
110 (FIG. 1(a)) selectively With respect to an intermediate 
layer 106, the metal posts are formed by etching from a top 
surface of a single, relatively thick, e.g., 25 to 50 microns 
thick metal layer via a timed etch in accordance With pre 
de?ned mask patterns thereon. Subsequently, the Wiring pat 
terns are formed by a timed process of etching from a bottom 
surface of the same relatively thick metal layer. 
[0052] In yet another variation, the posts 112 can include or 
consist essentially of a conductive matrix material, e.g., a 
conductive paste, among others. In such case, the posts 112 
can be formed, for example, by screening or stenciling onto 
the metal layer 102. In one embodiment, the posts 112 can be 
formed by screening or stenciling into openings in a sacri? 
cial layer or mandrel, folloWed by removal of such sacri?cial 
layer or mandrel to expose the posts. 
[0053] Referring to FIGS. 4(a) to 4(g), a method is pro 
vided for fabricating an interconnect element in accordance 
With another embodiment of the invention similar to that 
described above (FIGS. 1(a)-(g)). FIGS. 4(a)-(b) illustrate 
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stages in processing Which are the same as those shoWn and 
described above With respect to FIGS. 1(a)-(b) above or the 
above-described variations thereof. As illustrated in FIG. 
1(c), a second layered metal structure 310 includes a ?rst 
metal layer 302, a second metal layer 304 and an intermediate 
layer 306 betWeen them. optionally, the second metal layer 
304 can be thicker than the ?rst metal layer 302. In one 
embodiment, the layered metal structure 310 has dimensions 
and properties similar to those of the above-described layered 
metal structure 110 (FIG. 1(a)). HoWever, prior to the lami 
nation step, metal layer 302 of the layered structure 310 is 
patterned to form holes 308, such as by a masked etch per 
formed selectively With respect to an intermediate layer 306 
of the layered structure. In addition to having holes, the metal 
layer 302 may already be patterned to form individual Wiring 
patterns 334. 
[0054] The second layered metal structure 310 is posi 
tioned atop a dielectric layer 316 Which has properties similar 
to dielectric layer 116 (FIG. 1(c)) described above, and the 
structure 310 then is laminated With the dielectric element 
316 and the base element 314 having posts 312 protruding 
therefrom to form the structure 320 illustrated in FIG. 4(d). 
[0055] Subsequently, as illustrated in FIG. 4(e), the metal 
layer 304 is patterned lithographically to form second metal 
posts 322 Which protrude above the Wiring patterns 334 over 
lying a top surface 31611 of the dielectric layer 316. After 
forming the second metal posts 322, the intermediate layer 
306 (FIG. 4(c)) can be removed such that the Wiring layer 302 
is exposed above the top surface 31611 of the dielectric layer. 
Referring to FIGS. 4(f) and 4(g), processing is then per 
formed in a manner such as described above With respect to 
FIGS. IQ’) and 1(g) above, resulting in the structure having 
second posts 322 protruding above the Wiring patterns 334, as 
illustrated in FIG. 4(g). HoWever, the metal layer 334 may not 
need to undergo patterning at this time, if individual Wiring 
patterns have already been de?ned previously in accordance 
With the processing described above With respect to FIG. 4(0). 
[0056] In a variation of the above embodiment shoWn in 
FIGS. 4(f)‘ and 4(g)‘, the structure illustrated in 4(}‘) can have 
tWo additional metal layers 306' and 304' underlying the 
bottom surface 30211 of the metal Wiring layer 302. These 
layers can remain from an initial layered structure (FIG. 4(a)) 
Which contains ?ve layers rather than the three shoWn therein. 
The layer 306' is an intermediate layer and layer 304' is a 
relatively thick layer of a metal different from that of Which 
layer 306' essentially consists. Like layer 306 (FIG. 4(c)), 
layer 306' functions as an etch stop layer When selectively 
etching layer 304' in accordance With mask patterns (not 
shoWn) to form third metal posts 342 Which protrude doWn 
Wardly from the bottom surface 30211 of the metal Wiring 
patterns 332. After forming the third metal posts, exposed 
portions of layer 306' are removed and a metal layer 302' 
(FIG. 4(f)') is patterned by lithography to form the Wiring 
patterns 332 (FIG. 4(g)'). 
[0057] Alternatively to the processing illustrated in FIGS. 
4(f)‘ and 4(g)‘, third metal posts similar to the third metal posts 
342 (FIG. 4(g)') can be formed by plating a metal layer (not 
shoWn) Within openings in a sacri?cial mask layer such as a 
photoresist layer overlying the metal layer 302. The plated 
metal layer can be such as to ?ll the openings therein to form 
third metal posts Which are solid, similar to the metal posts 
342 illustrated in FIG. 4(g)‘. 
[0058] FIGS. 5(a)-(f) illustrate a variation of the embodi 
ment described above Which results in formation of a multi 
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layer Wiring element 450 having three Wiring layers 402, 418, 
440 therein, the Wiring layers being interconnected by metal 
posts 412, 422 and conductive connectors 428, 438. In a 
preliminary stage of fabrication, a base element 414 (FIG. 
5(a)) having second metal posts 422 exposed above a second 
metal layer 418 has a structure such as that shoWn and 
described above With respect to FIG. 4(f). As illustrated in 
FIG. 5(b), a second dielectric layer 426 and a third metal layer 
440 are laminated to the base element 414, such as by the 
process described above With reference to FIGS. 1(c) and 
1 (d). The third metal layer of the resulting laminated structure 
420 (FIG. 5(c)) then is patterned to form holes 424 exposing 
top surfaces 425 of the second metal posts 422. Subsequently, 
second conductive connectors 438 are formed Which connect 
the second metal posts 422 to the third Wiring layer 440 (FIG. 
5(e)), by processing such as described above (FIG. 1(f)) and 
the ?rst and third Wiring layers then can be patterned to form 
individual Wiring patterns 432, 442, e.g., individual conduc 
tive traces or other Wiring features of the ?rst and third Wiring 
layers 402, 440, respectively. 
[0059] FIGS. 6(a) through 6(f) illustrate a method of fabri 
cating an interconnect element in accordance With yet another 
variation of the embodiment described above With reference 
to FIGS. 1(a) through 1(f). In this embodiment, the base 
element 514 varies from the base element 114 (FIG. 1(c)) in 
that it includes a metal layer 502 having planar portions 504 
Which de?ne a plane and a plurality of holloW metal protru 
sions 512 Which protrude upWardly from the planar portions 
504. The holloW metal protrusions may be provided as a metal 
layer Which is integral With the metal layer of Which the 
planar portions 504 are formed, and may be formed, for 
example, by stamping or by plating a metal layer onto sur 
faces of a mandrel folloWed by removing the mandrel. Alter 
natively, the base element 514 can include a plurality of metal 
layers, and the metal layers can each have the same thickness 
as other such metal layers or can have different thicknesses. 

[0060] During processing such as illustrated in FIGS. 6(a) 
6(b) the base element 514 may be attached to a temporary 
element such as a carrier for support or to protect the base 
element from corrosion or chemical attack, for example. In 
one embodiment, the base element consists essentially of 
copper. In another embodiment, the base element can include 
a plurality of layers of metal and the metal protrusions 512 
can be of a different layer or layers of metal than the planar 
portions. Subsequently, in the steps illustrated With respect to 
FIGS. 6(b) through 6(f) processing such as that described 
above (FIGS. 1(c) through 1(g)) is performed to produce the 
multi-layer Wiring element 550 as shoWn in FIG. 6(f). 
[0061] In a variation of the embodiment illustrated in FIGS. 
6(a) through 6(f), the protrusions 512 of the metal layer 502 
can be ?lled With a conductive material, e.g., a plated metal 
layer, conductive paste, solder or other metallic material such 
that the ?nal structure has ?lled conductive protrusions rather 
than holloW ones as illustrated in FIG. 6(f). 

[0062] FIG. 7 is a sectional vieW illustrating a packaged 
microelectronic assembly 700 in accordance With an embodi 
ment of the invention. As illustrated therein, individual 
microelectronic elements 710, 720, e.g., integrated circuits, 
semiconductor chips or microelectromechanical elements 
(“MEMs”) devices, etc., are embedded betWeen patterned 
Wiring layers 702, 704, 706 of the assembly. In a particular 
example, the microelectronic elements 710, 720 incorporated 
into the assembly can include one or more processor chips, 
together With a one or more co-processor chips or associated 
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or related chips. Such chips can be relatively large, extending 
over areas of 25 millimeters (mm) by 25 mm, for example, 
and typically have high poWer density and interconnect den 
sity. For example, a single processor chip may consume from 
tens of Watts to several hundred Watts of poWer and can 
require contacts numbering in the hundreds to many thou 
sands to be interconnected at a face of the chip. 

[0063] The microelectronic elements are encapsulated 
Within dielectric layers 726 and 736, 746 of the assembly, and 
the assembly 700 also includes dielectric layers 716 and 756. 
In a particular embodiment, the coe?icient of thermal expan 
sion (“CTE”) of the dielectric layers is selected to be close to 
or so as to match that of the semiconductor material, e.g., 
silicon, from Which the microelectronic element is con 
structed. Additional electric devices 740, 742, 744, 746, 748 
and 750, e.g., passive or active components, such as, for 
example, resistors, capacitors, and inductors or combinations 
thereof, are embedded betWeen respective Wiring layers 702 
and 704 orbetWeen such Wiring layers and other Wiring layers 
701 and 708. In a particular example, the electric devices can 
include individual discrete capacitors, discrete resistors or 
discrete inductors. In another example, multiple electric 
devices can be provided on individual substrates, such as in 
form of an “IPOC” (integrated passives on chip), for example. 
As illustrated in FIG. 7, metal posts 712 and conductive 
connectors 728 extending upWardly therefrom provide con 
ductive interconnection betWeen adjacent Wiring levels, such 
as, for example, betWeen Wiring layers 708 and 706. Like 
Wise, other metal posts 722 and the conductive connectors 
738 in contact thereWith conductively interconnect Wiring 
layer 706 With Wiring layer 708. 
[0064] As illustrated in FIG. 7, it is not necessary that all 
dielectric layers 716, 726, 736, 746 and 756 have the same 
thickness. For example, the thickness 714 of dielectric layer 
716 is less than the thickness 724 of dielectric layer 726. The 
thicknesses may be different in order to accommodate 
devices or microelectronic elements Which have different 
thicknesses. Although the microelectronic elements 710 can 
be thinned prior to incorporation into the assembly 700, it 
may not be desirable to reduce the thickness of each micro 
electronic element to less than a feW tens of microns, e.g., 50 
microns, because of increased fragility. As further illustrated 
in FIG. 7, the metal posts 712, 722 Within an interior of the 
assembly can have equal height, such posts being formed by 
selectively etching metal layers of uniform thickness, such as 
described above With respect to FIGS. 1(a) through 1(b) and 
4(d) through 4(e). In such case, conductive connectors 738 
Within the thicker dielectric layer 724 may need to have 
greater height than the conductive connectors 728 Within the 
thinner dielectric layer 714. Conductive connectors 728', hav 
ing a construction and fabrication such as the connectors 128 
described above With reference to FIG. 1(f), conductively 
interconnect contacts of the electric devices With patterns of 
the Wiring layer 706. Similarly connectors 738' having such 
construction and fabrication conductively interconnect con 
tacts 739 at a face of the microelectronic element to patterns 
of the Wiring layer 702. In a particular embodiment, the 
connectors 738' have a height of betWeen about 5 and 20 
microns betWeen an exposed surface of a contact 739 on the 
microelectronic element and the patterns of the Wiring layer 
702 to Which they are connected. 

[0065] A plurality of external metal posts 762 protrude 
upWardly above a top surface 771 of the assembly 700. The 
metal posts 762 can be arranged in peripheral roWs or in a grid 
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pattern. Typically, the external metal posts 762 are arranged at 
a pitch Which is more relaxed, i.e., having a greater value in 
microns than the pitch of contacts 739 exposed at the face of 
the microelectronic element 720. Conductive interconnection 
can be provided to external elements, e.g., to a circuit panel or 
motherboard through the external metal posts 762. The top 
surfaces of the external metal posts 762 can be co-planar, the 
metal posts typically having uniform height 766 from the top 
surface 70211 of a dielectric layer 756. The external metal 
posts 762 may also have uniform Width 776 or may have 
varying Widths. In one embodiment, the external metal posts 
762 have greater height 766 than a height 768 of metal posts 
722 Within an interior of the assembly. The Width 776 of the 
external metal posts 762 may also be greater than a Width 778 
of internal metal posts 722. In addition, the height to Width 
aspect ratio of the external posts 762 may be different from 
such measure of the internal metal posts 722. 

[0066] As further shoWn in FIG. 7, the external posts 762 
may also include a Wettable conductive layer 763 exposed at 
a surface thereof. For example, the external metal posts 762 
may consist essentially of copper and have external Wettable 
layers of nickel and gold (collectively shoWn as 763) joined 
thereto, such as by plating, sputtering, or other method. Top 
surfaces 765 of the metal posts are co-planar, in order to 
facilitate external interconnection to other elements (not 
shoWn). A cap layer or coating (not shoWn) of a fusible metal 
such as a solder, tin or a eutectic coating may further overlie 
an exposed surface of the metal post 762 or surface of such 
Wettable layer 763 When present. Conductive Wettable pads 
may be exposed at one or more of the top and bottom surfaces 
or “faces” 770, 771 of the assembly. As illustrated, conductive 
pads 764, Which can be Wettable by a fusible metal such as 
solder, tin or a eutectic composition, are exposed at the bot 
tom face 770 of the assembly. Conductive interconnection of 
the assembly 700 to one or more external elements such as a 

circuit panel, motherboard, discrete electric device or other 
element may be achieved through solder joints extending 
from the conductive pads 764 to corresponding contacts of 
such element. Alternatively, the conductive pads 764 can be 
conductively joined to other conductive elements through 
diffusion bonds, conductive adhesive, conductive paste or any 
other suitable method. Solder mask layers 772 and 773 may 
also overlie Wiring layers 708, 701, respectively, With the 
caveat that the metal posts 762 and pads 764 remain uncov 
ered by the solder mask layers. 
[0067] FIG. 8 illustrates a variation of the above embodi 
ment (FIG. 7), Wherein a thermal conductor 880, e.g., a solid 
layer of metal such as copper or aluminum, underlies a micro 
electronic element 810. The microelectronic element 810 
may be attached to the thermal conductor through a thermally 
conductive adhesive 814. Alternatively, the microelectronic 
element can be attached to the thermal conductor via a fusible 
metal such as a solder, eutectic composition or tin, such as 
When the thermal conductor includes a solid layer of copper. 
Copper has greater thermal conductivity than aluminum, 
making copper a suitable choice When high amounts of heat 
need to be conducted aWay from a chip having a high poWer 
density such as a processor chip, for example. 

[0068] FIGS. 9(a) through 9(h) are simpli?ed vieWs illus 
trating a method of fabricating a microelectronic assembly 
700 such as illustrated in FIG. 7. FIG. 9(a) illustrates a stage 
in fabrication similar to that described above With reference to 
FIGS. 1(a)-(b) in Which a conductive post 912 is formed 
overlying a metal layer 902. Thereafter, as illustrated in FIG. 
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9(1)), an active or passive component 946 or, alternatively, a 
microelectronic element such as element 720 (FIG. 7) is 
mounted to the Wiring layer 902 through a die attach adhesive 
or other adhesive connecting a face, e. g., an inactive face, of 
such device to the Wiring layer 902. 

[0069] Thereafter, as illustrated in FIG. 9(c), a dielectric 
layer 916 and a metal layer 918 are laminated thereto such as 
through a process as described above With reference to FIG. 
1(0). The metal layer then is patterned lithographically by an 
etching process Which can be performed selectively With 
respect to the material exposed at a surface 91611 of the dielec 
tric layer 916. In the resulting structure, shoWn in FIG. 1(d), 
second metal posts 922 protrude upWardly from the exposed 
surface 91611 of the dielectric layer 916. 

[0070] Next, as illustrated in FIG. 9(e), holes 915 are pat 
terned in the dielectric layer 916 in alignment With top sur 
faces of posts 912 and With contacts 914 of the electric device 
946. Various processes, such as described above With respect 
to FIG. 1(e) can be used to form the holes 915. 

[0071] As further illustrated in FIG. 90‘), a metal layer is 
formed by electroplating Which at least coats inner Walls 927 
of the holes and forms a continuous metal layer overlying a 
top surface 91611 of the dielectric layer 916 and the metal post 
922. In one embodiment, the metal layer can consist essen 
tially of copper. 
[0072] Subsequently, as illustrated in FIG. 9(g), the metal 
layer 902 (FIG. 9(a)) and metal layer 926 (FIG. 1(g)) are 
patterned lithographically to form Wiring layers 902', 926' 
including individual conductive patterns, e.g., conductive 
traces, pads, other elements or combinations thereof. 

[0073] As further shoWn in FIG. 9(h), solder mask layers 
972, 973 then are formed Which partially cover the Wiring 
layers 902', 926', leaving a conductive pad 964 and conduc 
tive post 922 exposed. The exposed metal features may then 
be subjected to additional processing such as steps for plating 
Wettable conductive layers 963, such as nickel and gold in 
succession onto the pad 964 and the conductive post 922. 

[0074] Various unit-level assemblies and higher-level 
assemblies can be realiZed in accordance With principles in 
accordance With the embodiments of the invention. For 
example, as illustrated in the sectional vieW of FIG. 10, a 
multi-layer Wiring assembly 1000 can have a plurality of 
passive devices 1046 incorporated therein, similar to the elec 
tric devices 746 shoWn and described above (FIG. 7). A 
microelectronic element 1020 can be externally connected, 
e.g., via Wire-bonding or ?ip-chip mounting to contacts (not 
shoWn) exposed at an exposed face 1071 of the assembly 
1000. Conductive interconnection to a circuit panel, e.g., 
Wiring board 1080 can be established through external metal 
posts 1062 and solder masses 1066 joined thereto. 

[0075] In another variation, the microelectronic element 
1120 (FIG. 11) can be incorporated Within the multi-layer 
Wiring assembly 1100, and the electric devices, e.g., passive 
devices 1146 be mounted to contacts at a face 1171 of the 
assembly. 
[0076] In yet another variation, both the microelectronic 
element 1220 and electric devices 1246 are incorporated 
Within the multi-layer Wiring assembly 1200. In the particular 
embodiment shoWn, the electric devices 1246 are positioned 
betWeen the microelectronic element 1220 and an external 
conductive interface provided by external metal posts 1262. 
Alternatively, the microelectronic element 1220 can be dis 
posed betWeen the external metal posts 1262 and the electric 
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devices 1246. In another alternative, the electric devices can 
be disposed adjacent to an edge 1224 of the microelectronic 
element. 
[0077] FIG. 13 illustrates a higher level assembly in Which 
a plurality of multi-layer Wiring assemblies 1300, 1300a, 
1300b, similar to assembly 1000 (FIG. 10), With microelec 
tronic elements 1320 joined to exterior surfaces thereof, are 
connected together in a stacked arrangement. In such arrange 
ment, the external conductive posts 1362a, 1362b may be 
con?ned to peripheral regions, such as to provide space for 
microelectronic elements 1320, 1320a, 1320b to ?t betWeen 
the posts. The conductive posts 1362a, 1362b can be joined 
through solder masses 1366 to conductive pads (not shoWn) 
exposed at faces 1370 ofthe adjacent assembly 1300a, 1300. 
[0078] FIG. 14 illustrates a different arrangement Which 
includes a plurality of conductively connected stacked multi 
layer Wiring assemblies 1400, 1400a and 1400b, each having 
microelectronic elements and electric devices incorporated 
therein, similar to assembly 1200 shoWn in FIG. 12. In this 
case, the external metal posts 1462 can be arranged in an area 
grid array for connection through solder masses 1466 to cor 
responding conductive pads (not shoWn) exposed at a face 
1470 of each assembly 1400. 
[0079] Although the invention herein has been described 
With reference to particular embodiments, it is to be under 
stood that these embodiments are merely illustrative of the 
principles and applications of the present invention. It is 
therefore to be understood that numerous modi?cations may 
be made to the illustrative embodiments and that other 
arrangements may be devised Without departing from the 
spirit and scope of the present invention. 

What is claimed is: 
1. An interconnect element, comprising: 
a dielectric layer having a top face and a bottom face 

remote from the top face; 
a ?rst metal layer de?ning a plane extending along the 

bottom face; 
a second metal layer extending along the top face, at least 

one of the ?rst and second metal layers including a 
plurality of conductive traces; 

a plurality of conductive protrusions extending upWardly 
from the plane de?ned by the ?rst metal layer through 
the dielectric layer, the conductive protrusions having 
top surfaces at a ?rst height above the ?rst metal layer, 
the ?rst height being greater than 50% of a height of the 
dielectric layer above the ?rst metal layer; and 

a plurality of conductive vias extending from the top sur 
faces through openings in the dielectric layer to conduc 
tively connect the conductive protrusions With the sec 
ond metal layer, Wherein at least one of the conductive 
vias has a ?rst Width in contact With the top surface of the 
conductive protrusion, the ?rst Width being less than a 
Width of the top surface. 

2. An interconnect element as set forth in claim 1, Wherein 
the at least one conductive protrusion has a Wall extending 
doWnWardly aWay from the top surface, at least one conduc 
tive via contacting the conductive protrusion only at the top 
surface. 

3. An interconnect element, comprising: 
a dielectric layer having a top face and a bottom face 

remote from the top face; 
a ?rst metal layer de?ning a plane extending along the 

bottom face; 
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a second metal layer extending along the top face, at least 
one of the ?rst and second metal layers including a 
plurality of conductive traces; 

a plurality of conductive protrusions extending upWardly 
from the plane de?ned by the ?rst metal layer through 
the dielectric layer; and 

a plurality of plated features extending through openings in 
the dielectric layer to conductively connect the conduc 
tive protrusions With the second metal layer. 

4. An interconnect element as set forth in claim 3, Wherein 
each of the ?rst and second metal layers includes a plurality of 
conductive traces. 

5. An interconnect element as set forth in claim 3, Wherein 
the conductive protrusions include etched metal posts. 

6. An interconnect element as set forth in claim 3, Wherein 
the conductive protrusions include a plated metal layer. 

7. An interconnect element as set forth in claim 6, Wherein 
the conductive protrusions include holloW conductive protru 
sions. 

8. An interconnect element as set forth in claim 3, Wherein 
the ?rst metal layer includes planar portions aligned With the 
plane and the protruding portions extending aWay from the 
plane, the protruding portions de?ning the conductive protru 
sions. 

9. An interconnect element as set forth in claim 3, Wherein 
the conductive protrusions have frusto-conical shape. 

1 0. An interconnect element as set forth in claim 3, Wherein 
the second metal layer includes a plurality of conductive 
traces, the interconnect element further comprising a second 
dielectric layer overlying the second metal layer, a third metal 
layer overlying the second dielectric element, a plurality of 
second conductive protrusions extending upWardly from the 
second metal layer through the second dielectric layer, and a 
plurality of second plated features extending through open 
ings in the second dielectric layer to conductively connect the 
second conductive protrusions With the third metal layer. 

1 1 . An interconnect element as set forth in claim 8, Wherein 
the third metal layer includes a plurality of conductive traces. 

12. An interconnect element as set forth in claim 8, further 
comprising a plurality of third conductive protrusions extend 
ing upWardly from the third metal layer. 

13. A packaged microelectronic element, comprising: 
a dielectric layer having a top face and a bottom face 

remote from the top face; 
a ?rst metal layer de?ning a plane extending along the 

bottom face; 
a second metal layer extending along the top face, at least 

one of the ?rst and second metal layers including a 
plurality of conductive traces; 

a plurality of conductive protrusions extending upWardly 
from the plane de?ned by the ?rst metal layer through 
the dielectric layer; 

a microelectronic element disposed betWeen the ?rst and 
second Wiring layers, the microelectronic element hav 
ing a contact-bearing face separated from the second 
metal layer by the dielectric layer; and 

a plurality of plated features extending through openings in 
the dielectric layer to conductively connect the conduc 
tive protrusions and contacts of the microelectronic ele 
ment With the second metal layer. 

14. A packaged microelectronic element as set forth in 
claim 13, Wherein each of the ?rst and second metal layers 
includes a plurality of conductive traces. 
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15. A packaged microelectronic element as set forth in 
claim 13, Wherein the conductive protrusions include etched 
metal posts. 

16. A packaged microelectronic element as set forth in 
claim 13, Wherein the conductive protrusions include a plated 
metal layer. 

17. A packaged microelectronic element as set forth in 
claim 14, Wherein the conductive protrusions include holloW 
conductive protrusions. 

18. A packaged microelectronic element as set forth in 
claim 13, Wherein the ?rst metal layer includes planar por 
tions aligned With the plane and protruding portions extend 
ing aWay from the plane, the protruding portions de?ning the 
conductive protrusions. 

19. A packaged microelectronic element as set forth in 
claim 13, Wherein the conductive protrusions have frusto 
conical shape. 

20. A multiple Wiring layer interconnect element having at 
least one of an active or passive component incorporated 
therein, comprising: 

a dielectric layer having a top face and a bottom face 
remote from the top face; 

a ?rst metal layer de?ning a plane extending along the 
bottom face; 

a second metal layer extending along the top face, 
at least one of the ?rst and second metal layers including a 

plurality of conductive traces; 
a plurality of conductive protrusions extending from the 

plane upWardly through the dielectric layer; 
at least one of an active or passive component disposed 

betWeen the ?rst and second metal layers, the compo 
nent having a plurality of terminals confronting the sec 
ond metal layer and separated from the second metal 
layer by the dielectric layer; and 

a plurality of plated features extending through openings in 
the dielectric layer to conductively connect the conduc 
tive protrusions and the terminals of the component With 
the second metal layer. 

21. A method of fabricating an interconnect element hav 
ing a plurality of Wiring layers separated from each other by 
at least one dielectric layer, comprising: 

(a) laminating a dielectric layer and a ?rst metal layer atop 
the dielectric layer onto a base element including a sec 
ond metal layer having at least portions de?ning a plane 
and a plurality of conductive protrusions extending 
upWardly from the plane, such that portions of the 
dielectric layer separate adjacent ones of the conductive 
protrusions; 

(b) forming openings in the dielectric layer Which expose at 
least top surfaces of the conductive protrusions; and 

(c) plating a metal onto the exposed surfaces of the con 
ductive protrusions Within the openings to form plated 
features connecting the conductive protrusions With the 
?rst metal layer. 

22. A method as set forth in claim 21, further comprising 
patterning the second metal layer to form Wiring patterns after 
forming the plated features. 

23. A method as set forth in claim 21, further comprising 
patterning the ?rst metal layer to form Wiring patterns after 
forming the plated features. 
24.A method as set forth in claim 21, Wherein the dielectric 

layer includes an uncured dielectric element and step (a) is 
formed by pressing the uncured dielectric element onto the 
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?rst metal layer and the conductive protrusions thereon at a 
temperature of about 2000 C. or less and then curing the 
uncured dielectric element. 

25. A method as set forth in claim 21, Wherein during step 
(a), the ?rst and second metal layers de?ne continuous planes. 

26. A method as set forth in claim 21, Wherein during step 
(a), at least one of the ?rst and second metal layers includes a 
plurality of individual traces extending in directions de?ning 
a plane. 

27. A method as set forth in claim 21, Wherein during step 
(a) the ?rst metal layer includes a plurality of openings and 
step (a) includes laminating the ?rst metal layer onto the base 
element such that the plurality of openings therein are aligned 
With the conductive protrusions. 

28. A method as set forth in claim 21, Wherein the openings 
in the dielectric layer are formed by etching. 

29. A method as set forth in claim 21, Wherein the openings 
in the dielectric layer are formed by laser ablation. 

30. A method as set forth in claim 21, Wherein When the 
?rst metal layer is laminated With the dielectric layer to the 
base element in step (a), the ?rst metal layer has openings 
aligned With the conductive protrusions of the base element 
and the ?rst metal layer is joined With a third metal layer 
overlying the ?rst metal layer. 

31. A method as set forth in claim 30, further comprising, 
patterning the third metal layer to form second conductive 
protrusions extending upWardly from the ?rst metal layer. 

32. A method as set forth in claim 30, further comprising 
etching the third metal layer attached to the ?rst metal layer to 
form the conductive protrusions of the base element. 

33. A method as set forth in claim 30, further comprising 
plating the third metal layer into recesses in a mandrel and 
removing the mandrel to form the conductive protrusions. 

34. A method as set forth in claim 21, Wherein the conduc 
tive protrusions include holloW conductive protrusions. 

35. A method as set forth in claim 31, further comprising: 
(d) laminating a second dielectric layer and a fourth metal 

layer atop the dielectric layer onto the ?rst metal layer 
and the plurality of second conductive protrusions 
extending upWardly therefrom such that portions of the 
second dielectric layer separate adjacent ones of the 
second conductive protrusions; 

(e) forming openings in the second dielectric layer Which 
expose at least top surfaces of the second conductive 
protrusions; and 

(f) plating a metal onto the exposed surfaces of the second 
conductive protrusions Within the openings in the sec 
ond dielectric layer to form second plated features con 
necting the second conductive protrusions With the 
fourth metal layer. 

36. A method as set forth in claim 35, Wherein during step 
(d) the ?rst, second and fourth metal layers de?ne continuous 
planes. 

37. A method as set forth in claim 35, Wherein during step 
(d), at least one of the ?rst and fourth metal layers includes a 
plurality of individual traces extending in directions de?ning 
a plane. 

38. A method as set forth in claim 35, Wherein When the 
fourth metal layer is laminated With the second dielectric 
layer onto the ?rst metal layer and second conductive protru 
sions extending therefrom in step (d), the fourth metal layer 
has openings aligned With the second conductive protrusions 
and the fourth metal layer is attached to a ?fth metal layer 
overlying the fourth metal layer. 




