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FIG. 1A
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FIG. 2A
(PRIOR ART)
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(PRIOR ART)
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FIG. 3
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FORMATION OF VERTICAL DEVICES BY
ELECTROPLATING

of the deep vias 102. Therefore, the super?lling method can
only be used to form compositionally homogeneous struc
tures (i.e., structures comprising the same metal or metal

alloy throughout the entire structures), but not composition
ally modulated structures (i.e., structures comprising alter
nating layers of different material compositions along the

CROSS-REFERENCE TO RELATED
APPLICATION

longitudinal direction). Further, the super?lling method

The present application is related to co -pending US. patent
applications entitled “MEMORY STORAGE DEVICES

requires a special electroplating chemistry, Which contains

COMPRISING DIFFERENT FERROMAGNETIC MATE
RIAL LAYERS, AND METHODS OF MAKING AND
USING THE SAME” Ser. No. 11/620,445 and “FORMA
TION OF NANOSTRUCTURES COMPRISING COMPO
SITIONALLY MODULATED FERROMAGNETIC LAY
ERS BY PULSED ECD” Ser. No. 11/620,480 Which Were

numerous different additives, each of Which exerts a different

effect on the metal plating rate to jointly achieve the prefer

ential metal deposition. Therefore, the super?lling method
has so far only been used for plating of a single metal, such as

copper, but not for plating of metal alloys or alternating layers
of different metals, due to uncertainties related to hoW the

?led on even date herewith and are assigned to the same

different additives in the special electroplating chemistry Will

assignee as the present application. The entire contents of

affect the plating rates of different metals.

such co-pending US. patent applications are incorporated
hereWith by reference for all purposes.

Another conventional electroplating method, Which is
commonly used for forming metal Wire structures, is referred
to as the plating through mask method and is illustrated by

FIELD OF THE INVENTION

20

The present invention relates to formation of vertical

devices by electroplating, and more speci?cally, to formation

of vertical structures using electroplating techniques.
25

BACKGROUND OF THE INVENTION

Electroplating, Which is also referred to as electrodeposi
tion, has been Widely used for metalliZation in semiconductor

manufacturing. Electroplating is particularly useful for form
ing deep metal vias that extend through the inter-level dielec

to the metal seed layer 203 to deposit a metal 204 over the
30

tric (ILD) layers to connect the metal contacts in different

35

sitionally modulated structures comprising alternating layers
the structures.
40

45

50

an electroplating current can be applied to the metal seed

layer 103. Electroplating of the template structure is then
carried out by using a special electroplating chemistry, Which
preferentially deposits metal 104 into the deep vias 102 of the
ILD layer 101 (i.e., the metal 104 is deposited into the deep

process, Which can be used for forming not only metal Wire
structures that comprise a single metal, but also those com
prising metal alloys. Further, it can be used to form compo

of different material compositions along longitudinal axes of

insulator or a semiconductor With little or practically no con

shoWn in FIG. 1B. The metal seed layer 103 covers both the
top surface of the ILD layer 101 and the sideWalls and bottom
surfaces of the deep vias 102. The metal seed layer 103
comprises one or more contacts (not shoWn), through Which

deep vias 202 to form vertical metal Wire structures, as shoWn
in FIG. 2B.

The plating through mask method is a bottom-up ?lling

One of the conventional electroplating methods commonly

ductivity. The ILD layer 101 contains deep vias 102 therein,
Which can be readily formed by Well-knoWn photolithogra
phy and etching techniques. Next, a continuous metal seed
layer 103 is deposited over the entire template structure, as

photo-resist, dielectrics, or doped semiconductors With rela
tively loW conductivity over the metal seed layer 203. Next,
deep vias 202 are formed in the inter-level layer 201 by
photolithography and etching, as shoWn in FIG. 2A. During
subsequent electroplating, an electroplating current is applied
bottom surfaces of the deep vias 202 and gradually ?ll up the

metal levels.
used for copper metalliZation in semiconductor manufactur
ing processes is referred to as the damascene or super?lling
method, as disclosed in US. Pat. No. 6,709,562 entitled
“METHOD OF MAKING ELECTROPLATED INTER
CONNECTION STRUCTURES ON INTEGRATED CIR
CUIT CHIPS” and illustrated herein by FIGS. 1A-1C. First,
a template structure is formed, Which comprises a substrate
100 and an inter-level dielectric (ILD) layer 101, as shoWn in
FIG. 1A. The substrate 100 may be formed of either an

FIGS. 2A-2B. In this method, a continuous metal seed layer
203 is ?rstly deposited over a surface of the substrate 200,
folloWed by the deposition of an inter-level layer 201 of

HoWever, a major disadvantage of the traditional plating
through mask or bottom-up plating process is the requirement
for the continuous metal seed layer 203. Because the metal
seed layer 203 is continuous over the entire surface of the
substrate 200 and connects all the metal Wire structures, such
metal Wires cannot function independently of one another and
therefore cannot be used to form separate electronic devices,
unless the metal seed layer 203 is selectively removed. HoW
ever, because the metal seed layer 203 is sandWiched betWeen
the inter-level layer 201 and the substrate 200, it is almost
impossible to remove it Without disrupting or damaging the
inter-level layer 201 and the substrate 200.
There is a continuing need for an improved method for
forming vertical device structures. More importantly, there is
a need for an improved method for forming separate vertical

device structures that comprise alloys or alternating layers of
55

different conductive materials.
SUMMARY OF THE INVENTION

vias 102 at a rate that is signi?cantly faster than on the top

surface of the ILD layer 101) to form metal Wire structures
free of voids, as shoWn in FIG. 1C.

60

The above-described super?lling method has advantages
in ?lling vias With a single element or a homogeneous alloy of
tWo or more different element. HoWever, the super?lling
method cannot be used to form a column With modulated

compositions along a longitudinal axis thereof due to several
reasons. First, the electroplating step in this method proceeds
simultaneously on the bottom surface and over the sideWalls

65

The present invention employs discrete metal contact pads
and metal vias for applying the electroplating current during
the electroplating step. Such discrete metal contact pads and
metal vias remain parts of the ?nal devices and therefore
alloW the formation of vertical conductive structures that
contain alloys of different conductive materials or alternating
layers of different conductive materials, but Without connect
ing all the vertical conductive structures together or otherWise

affecting the independent functionality of each vertical con

US 7,608,538 B2
3

4

ductive structures. In this manner, the resulting vertical con
ductive structures can be readily used to form separate elec
tronic devices.
In one aspect, the present invention relates to a method

dielectric (ILD) layer covering both the substrate and the
metal contact pad, a metal via structure extending through the
ILD layer to the discrete metal contact pad, and a vertical
conductive structure extends through the ILD layer onto the
discrete metal contact pad.
Other aspects, features and advantages of the invention Will
be more ?lly apparent from the ensuing disclosure and

comprising:
forming a template structure comprising a substrate, a dis
crete metal contact pad located over a top surface of the

substrate, an inter-level dielectric (ILD) layer covering

appended claims.

both the sub strate and the metal contact pad, and a metal

via structure extending through the ILD layer(s) to the
discrete metal contact pad;
forming a vertical via in the template structure, Wherein the
vertical via extends through the ILD layer onto the dis

BRIEF DESCRIPTION OF THE DRAWINGS
FIGS. 1A-1C are cross-sectional vieWs that illustrate the

processing steps of a conventional super?lling process for

crete metal contact pad; and
forming a vertical conductive structure in the vertical via

forming deep metal vias.
FIGS. 2A-2B are cross-sectional vieWs that illustrate the

by electroplating, Wherein the electroplating is con
ducted by applying an electroplating current to the dis
crete metal contact pad under the ILD layer through the

processing steps of a conventional plating through mask pro
cess for forming deep metal vias.

metallic via structure.

each comprising a functional unit, tWo auxiliary units, a metal
contact pad at each end of the functional unit, and a metal via
structure extending through the ILD layer to the metal contact
pad that is located over a non-conductive substrate, according

Preferably, but not necessarily, the vertical conductive

FIG. 3 is a cross-sectional vieW of tWo electronic devices,
20

structure comprises one or more ferromagnetic metals. More

preferably, the vertical conductive structure comprises alter

nating layers of different ferromagnetic metals. Alternatively,
the vertical conductive structure may comprise conductive
polymers or doped semiconductor materials.

to one embodiment of the present invention. The metal via

structures together With the metal contact pads provide access
25

The template structure as described hereinabove may com

prise a single metal contact pad on the upper surface of the
substrate, With a single metal via structure and a single verti
cal via extending thereto for formation of a single vertical
conductive structure. More preferably, the template structure

FIGS. 4-10 are cross-sectional vieWs that illustrate exem

plary processing steps for forming the device structure of
30

of the present invention comprises multiple discrete metal

AND PREFERRED EMBODIMENTS THEREOF
35

in a single Wafer or chip, While the resulted vertical conduc
tive structures are not interconnected With one another.

In a speci?c embodiment of the present invention, the

template structure further comprises a patterned metal layer
that is located on an upper surface of the ILD layer and is
electrically connected to all of the metal via structures, so that
the electroplating can be carried out by applying an electro

40

plating current to the multiple discrete metal contact pads

through the patterned metal layer and the multiple metal via
structures.

45

The patterned metal layer is preferably formed before the
vertical vias. More preferably, it is formed by ?rst depositing
a blanket metal layer over the ILD layer and then patterning
the blanket metal layer to form multiple openings that each is
vertically aligned With one of the multiple discrete metal
contact pads.

by substituting certain details With knoWn equivalents
thereof, Without departing from the spirit of the invention.
Further, standard structures or processing steps Well knoWn to
those ordinarily skilled in the art have not been described in
detail in order to avoid obscuring the invention.
It Will be understood that When an element as a layer, region

being “directly on” another element, there are no intervening

55

elements present. It Will also be understood that When an
element is referred to as being “connected” or “coupled” to
another element, it can be directly connected or coupled to the
other element or intervening elements may be present. In
contrast, When an element is referred to as being “directly

connected” or “directly coupled” to another element, there
are no intervening elements present.
The term “vertical” as used herein refers to a structure or

ing unit, i.e., Wafer or substrate, so that the electroplating
current can be carried through the edge region to the patterned
are removed from the upper surface of the ILD layer, and
multiple surface metal contacts can be formed thereover to
provide access to the multiple vertical conductive structures.
In another aspect, the present invention relates to a device
structure that comprises a substrate, a metal contact pad
located over a top surface of the substrate, an inter-level

ever, it Will be appreciated by one skilled in the art that the
invention may be practiced Without these speci?c details or

50

preferably, the patterned metal layer is completely covered by
the insulating layer, except in the edge region of the process

metal layer during subsequent electroplating. After electro
plating, both the patterned metal layer and the insulating layer

In the folloWing description, numerous speci?c details are
set forth, such as particular structures, components, materials,
dimensions, processing steps and techniques, in order to pro
vide a thorough understanding of the present invention. HoW

or substrate is referred to as being “on” another element, it can
be directly on the other element or intervening elements may
also be present. In contrast, When an element is referred to as

Further, an insulating layer can be formed over the pat

terned metal layer before formation of the multiple vertical
vias, so that the subsequently formed vertical vias extend
through both the insulating layer and the ILD layer. More

FIG. 3, according to one embodiment of the present inven
tion.

DETAILED DESCRIPTION OF THE INVENTION,

contact pads located on the upper surface of the substrate and

having multiple metal via structures and multiple vertical vias
extending thereto. In this manner, multiple vertical conduc
tive structures can be subsequently formed by electroplating

to the functional units.

60

device that is located over a substrate surface, and the longi
tudinal axis of such a structure or device is perpendicular to
the substrate surface.
The term “metal contact” or “metal contacts” as used
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herein refers to metal structures of limited lateral extension.
Unlike a continuous metal layer that covers the entire sub
strate surface or a majority portion thereof, the metal contact
or metal contacts only extend(s) over a selected region or

selected regions of the substrate surface upon Which subse
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quent device structures are to be built. The metal contact or

metal layer.

Next, as shoWn in FIG. 5, a patterned metal layer 404 is
deposited over a top surface of the ILD layer 301. The pat
terned metal layer 404 forms an electrical contact With all the

The term “discrete” as used herein refers to structures that
are isolated from each other With no overlap therebetWeen.
The term “ferromagnetic material” as used herein refers to

metal layer 404 forms electrical contact With all the bottom
metal contacts 302. The patterned metal layer 404 can be

metal contacts can be formed by patterning a continuous

metal vias 303, and through such metal vias 303, the patterned

any material that can be magnetized by applying an external
magnetic ?eld and exhibits remnant magnetiZation after the
external magnetic ?eld is removed.

readily formed by ?rst depositing a blanket metal layer (not

As mentioned hereinabove, the present invention uses dis
crete metal contact pads and metal via structures, Which are

shoWn) over the entire top surface of the ILD layer 301,

folloWed by patterning the blanket metal layer (not shoWn) to

the existing elements of an integrated circuit, to apply elec

form multiple openings 405. Each of the openings 405 in the
patterned metal layer 404 is vertically aligned With one of the
bottom metal contacts 302, thereby de?ning the locations

troplating current during electroplating for forming vertical

Where the vertical conductive structures 305 are to be formed.

conductive structures. The resulting vertical conductive

Patterning of the blanket metal layer (not shoWn) can be
readily carried out using any conventional metal patterning
techniques, such as lithography, etch back, lift-off, etc.

structures preferably, but not necessarily, contain alloys of
different conductive materials (i.e., metals, conductive poly
mers, or doped semiconductors) or alternating layers of dif
ferent conductive materials. The present invention is particu
larly useful for forming ferromagnetic structures that

As shoWn in FIG. 6, a layer of insulating material 406 is
then deposited over the patterned metal layer 404 to cover the

comprise alternating ferromagnetic layers of different mate

entire layer 404 except at the edge region 407. The insulating

rial compositions, as described by the co-pending US. patent
applications entitled “MEMORY STORAGE DEVICES

material layer 406 can be formed of the same insulating
material as the ILD layer 301, but generally it is formed of a

COMPRISING DIFFERENT FERROMAGNETIC MATE
RIAL LAYERS, AND METHODS OF MAKING AND
USING THE SAME” Ser. No. 11/620,445 and “FORMA
TION OF NANOSTRUCTURES COMPRISING COMPO
SITIONALLY MODULATED FERROMAGNETIC LAY

ERS BY PULSED ECD” Ser. No. 11/620,480. However,
applications of the present invention are not limited to ferro
magnetic structures, but extend broadly to cover any device
structure that requires vertical conductive structures.

different insulating material. In the semiconductor manufac
turing process, numerous devices are fabricated simulta
25

30

FIG. 3 shoWs a cross-sectional vieW of a device structure

containing tWo general electronic devices With vertical con
ductive structures 305. Each of the electronic devices may
include: (1) a vertical functional unit, i.e., the vertical con
ductive structure 305, (2) conductive contacts 302 and 304 at
both ends of the functional unit 305, (3) a metal via 303 that
extends onto the bottom conductive contact 302 to provide
access to the bottom conductive contact 302, and (4) certain

35

region 407 after formation of the insulating material layer
406, Which the patterned metal layer 404 in turn provides
access to the bottom metal contacts 302 through the metal
vias 303.
Subsequently, as shoWn in FIG. 7, a patterning process
(preferably an etching process, such as reactive ion etching) is

carried out to form vertical vias (or deep vias) 408 through the
insulating layer 406 and the ILD layer 301. The dimension
and shape of the vertical vias 408 de?ne the dimension and
shape of the vertical conductive structures 305 to be formed.
The vertical vias 408 can be of any siZe or shape, depending
on the requirements for the ?nal devices and the limitations of
the fabrication process. Preferably, each of the vertical vias
408 so formed has a depth ranging from about 1 micron to
about 1000 microns and a cross-sectional diameter ranging

auxiliary elements and associated circuits 306. The auxiliary
elements and circuits 306 can be either reading and Writing
elements or other sensing and controlling elements for the
functional unit 305.
The device structure as described hereinabove is formed
over a non-conductive substrate 300 With an ILD layer 301

neously on the same Wafer. Therefore, the edge region 407
denotes the edge region of the Wafer. In this manner, the
patterned metal layer 404 can still be accessed at the edge

from about 10 nm to about 1000 nm. The vertical vias 408 can
45

have any suitable cross-sectional shape, including, but not

located thereover. The non-conductive substrate 300 may

limited to: circular, square, rectangular, triangular, polygonal,
semi-circular, elliptical, ring-shaped, etc. Depending on

comprise any suitable non-conductive material, and it prefer
ably comprises a ceramic, dielectric, glass or polymer mate
rial, including, but not limited to: Al2O3, SiO2, Si3N4, and

Whether the insulating layer 406 and the ILD layer 301 com
prise the same or different insulating material(s), the etching
process may comprise either a single etching step or multiple
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etching steps.

HfO2. Further, the non-conductive substrate 300 may com

prise an un-doped or loWly doped semiconductor material,
including, but not limited to: Si, SiC, SiGe, SiGeC, Ge alloys,
GaAs, InAs, InP, as Well as other III-V or II-VI compound
semiconductors. The ILD layer 301 may be formed of any
suitable photoresist or dielectric material, such as, for

After the etching, electroplating is carried out by ?rst
immersing the above-described structure in an electroplating
solution and then applying an electroplating current to the
55

patterned metal layer 404 by contacting the edge region 407.
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In this manner, the electroplating current is carried through
the patterned metal layer 404 and the metal vias 303 to the
discrete metal contact pads 302 at the bottom surface of the
ILD layer 301, so that a conductive material 305 is deposited
onto the discrete metal contact pads 302 and gradually ?lls the
vertical vias 408 in a bottom-up manner. The electroplating
solution as described hereinabove may comprise a single salt
for deposition of a single elemental, or salts of different
elements for deposition of an alloy. The resulted structure 305
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can comprise any suitable conductive materials, such as met

example, SiO2, Si3N4, HfO2, and Al2O3.
The device structure of FIG. 3 can be formed by exemplary

processing steps as illustrated by FIGS. 4-10, according to
one embodiment of the present invention.
FIG. 4 shoWs a template structure that comprises the non

conductive substrate 300, the ILD layer 301, the bottom metal
contacts 302, the metal vias 303, and the auxiliary elements
306 (optional). Such a template structure can be readily
formed by conventional semiconductor processing and met
alliZation techniques, Which are not described here in order to

als, doped semiconductors, conductive polymers, and alloys

avoid obscuring the present invention.

thereof, but it preferentially comprises a metal or metal alloy.
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What is claimed is:

Electrodeposition of metals, doped semiconductors, and con
ductive polymers is Well known in the art and is therefore not
described in detail herein.

1. A method comprising:
forming a template structure comprising a substrate, a dis
crete metal contact pad located over a top surface of said

Preferably, but not necessarily, the electroplating solution
comprises salts of tWo or more different ferromagnetic metals

substrate, an inter-level dielectric (ILD) layer covering

for deposition of a ferromagnetic metal alloy. More prefer

both the substrate and the metal contact pad, a metal via
structure extending from a top surface of said ILD layer

ably, the electroplating can be carried out by applying a

and through the ILD layer and onto the discrete metal
contact pad, and a patterned metal layer that is located on
an upper surface of the ILD layer and is electrically
connected to the metal via structure;
forming a vertical via in the template structure, after form
ing said metal via structure, Wherein said vertical via
extends at least from the top surface of said ILD layer
and through said ILD layer and onto the discrete metal
contact pad, Wherein a surface of said discrete metal
contact pad is exposed at a bottom of said vertical via;
forming a vertical conductive structure in said vertical via

pulsed electroplating current With high and loW potential

pulses for deposition of alternating ferromagnetic layers of
different material compositions, as described in the co-pend

ing U.S. patent application entitled “FORMATION OF
NANOSTRUCTURES COMPRISING COMPOSITION
ALLY MODULATED FERROMAGNETIC LAYERS BY

PULSED ECD” Ser. No. 11/620,480.

The electroplating step is alloWed to proceed until the
vertical vias 408 are completely ?lled With the metal to form
vertical conductive structures 305, as shoWn in FIG. 8. The
dimension and shape of the vertical conductive structures 305
are de?ned by the vertical vias 408. Therefore, the vertical
conductive structures 305 may also have a depth ranging from
about 1 micron to about 1000 microns and a cross-sectional
diameter ranging from about 10 nm to about 1000 nm, and
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by electroplating, Wherein the electroplating is con
ducted by applying an electroplating current to the dis
crete metal contact pad through the metal via structure;
and

lar, polygonal, semi-circular, elliptical, ring-shaped, etc.
After the electroplating, multiple etching and/or polishing

forming an insulating layer over the patterned metal layer
before formation of the vertical via, Wherein the pat
terned metal layer is completely covered by the insulat
ing layer except at an edge region, and Wherein during
the electroplating, the electroplating current is applied

steps can be carried out to remove the overgroWn portions of

through said edge region to the patterned metal layer,

the vertical conductive structures 305, the insulating layer
406, and the patterned metal layer 404, and to planariZe the
again-exposed upper surface of the ILD layer 301 With the

and Wherein the subsequently formed vertical via

they may also have any suitable cross-sectional shape, includ
ing, but not limited to: circular, square, rectangular, triangu

25

extends through both the insulating layer and The ILD

layer.

metal via 303 and the neWly formed vertical conductive struc

2. The method of claim 1, Wherein the vertical conductive

ture 305, as shoWn in FIG. 9.

Next, a patterned insulating layer 410 is deposited over the
exposed upper surface of the ILD layer 301, as shoWn in FIG.

structure comprises one or more ferromagnetic metals.
35

10. The patterned insulating layer 410 may comprise either

has a metal via structure extending thereto, and Wherein mul
tiple vertical vias are formed in the ILD layer for subsequent

the same or different material from that of the ILD layer 301,

and it contains multiple openings 411, through Which the
vertical conductive structures 305 and the metal vias 303 are
exposed. In this manner, surface metal contacts 304 can be

formed in the openings 411 to provide access to the vertical
conductive structures 305 and the metal vias 303, thereby
forming a complete device structure as shoWn in FIG. 3.
Note that While FIGS. 3-10 illustratively demonstrate

formation of multiple vertical conductive structures by elec
40

45
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structures as shoWn in FIGS. 3-10 each contain a single ILD
layer, tWo discrete metal contact pads and tWo vertical con

With at least one bottom metal contacts.

netic metals.
6. The method of claim 3, Wherein the template structure
further comprises a patterned metal layer that is located on an
upper surface of the ILD layer and is electrically connected to
all of the metal via structures, so that The electroplating
current can be applied to the multiple discrete metal contact

pads through the patterned metal layer and the metal via
structures during the electroplating.
55

7. The method of claim 6, Wherein before formation of the

multiple vertical vias, the patterned metal layer is formed by:
depositing a blanket metal layer over the upper surface of
60

While the invention has been described herein With refer
ence to speci?c embodiments, features and aspects, it Will be
recogniZed that the invention is not thus limited, but rather

extends in utility to other modi?cations, variations, applica
tions, and embodiments, and accordingly all such other modi
?cations, variations, applications, and embodiments are to be
regarded as being Within the spirit and scope of the invention.

the upper surface of the ILD layer after the electroplating and
removal of overgroWn plated material.
5. The method of claim 2, Wherein the vertical conductive

structure comprises alternating layers of different ferromag

to speci?c embodiments of the present invention, it is clear
that a person ordinarily skilled in the art can readily modify
such device structures and processing steps for adaptation to

ductive structures, it is readily understood that the device
structure of the present invention may comprise any numbers
of ILD layers, discrete metal contact pads, and vertical con
ductive structures. Further, the device substrates of the
present invention can be readily used for forming any semi
conductor devices that require vertical conductive structures

troplating.
4. The method of claim 1, further comprising removing
both the patterned metal layer and the insulating layer from

exemplary device structures and processing steps according

speci?c application requirements, consistent With the above
descriptions. For example, although the exemplary device

3. The method of claim 1, Wherein the template structure

comprises multiple discrete metal contact pads, each of Which

the ILD layer; and
patterning said blanket metal layer to form multiple open
ings therein, each of Which is vertically aligned With one
of the multiple discrete metal contact pads.
8. The method of claim 4, further comprising forming
multiple surface metal contacts over the upper surface of the
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ILD layer after removal of the patterned metal layer and the
insulating layer to provide access to the vertical conductive
structure.
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ILD layer after removal of the patterned metal layer and the
insulating layer to provide access to the vertical conductive

9. A method comprising:
forming a template structure comprising a substrate, a dis
crete metal contact pad located over a top surface of said

structures.

12. A method comprising:

substrate, an inter-level dielectric (ILD) layer covering
both the substrate and the metal contact pad, and a metal

m

via structure extending through the ILD layer onto the
discrete metal contact pad;
forming a vertical via in the template structure, Wherein
said vertical via extends through said ILD layer onto the
discrete metal contact pad;

substrate, an inter-level dielectric (ILD) layer covering
both the substrate and the metal contact pad, a metal via
structure extending from a top surface of the ILD layer
through the ILD layer and onto the discrete metal con

tact pad and directly contacting a top surface of the
discrete metal contact pad, and a patterned metal layer

forming a vertical conductive structure in said vertical via

by electroplating, Wherein the electroplating is con
ducted by applying an electroplating current to the dis
crete metal contact pad through the metal via structure,
Wherein the template structure comprises multiple dis

that is located on an upper surface of the ILD layer and

is electrically connected to the metal via structure;
forming a vertical via in the template structure, after form
ing said metal via structure, Wherein said vertical via
extends at least from the top surface of the ILD layer and
though said ILD layer and onto the discrete metal con
tact pad;

crete metal contact pads, each of Which has a metal via

structure extending thereto, and Wherein multiple verti
cal vias are formed in the ILD layer for subsequent
formation of multiple vertical conductive structures by

electroplating, Wherein the template structure further

20

forming a vertical conductive structure in said vertical via
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by electroplating, Wherein the electroplating is con
ducted by applying an electroplating current to the dis
crete metal contact pad though the metal via structure;
forming an insulating layer over the patterned metal layer
before formation of the vertical via; and

comprises a patterned metal layer that is located on an
upper surface of the ILD layer and is electrically con
nected to all of the metal via structures, so tat the elec
troplating current can be applied to the multiple discrete

metal contact pads through the patterned metal layer and
the metal via structures during the electroplating, and
Wherein before formation of the multiple vertical vias,
the patterned metal layer is formed by depositing a blan
ket metal layer over the upper surface of the ILD layer
and patterning said blanket metal layer to form multiple

removing both the patterned metal layer and the insulating
layer from the upper surface of the ILD layer after the
electroplating and removal of overgroWn plated mate
rial.
30

openings therein, each of Which is vertically aligned
With one of the multiple discrete metal contact pads; and
forming an insulating layer over the patterned metal layer
before formation of the vertical vias, Wherein the pat
terned metal layer is completely covered by the insulat
ing layer except at an edge region, and Wherein during
the electroplating, the electroplating current is applied
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and Wherein the subsequently formed vertical via
40

layer.
10. The method of claim 9, further comprising removing
both the patterned metal layer and the insulating layer from
the upper surface of the ILD layer after the electroplating and
removal of overgroWn plated material.
11. The method of claim 10, further comprising forming
multiple surface metal contacts over the upper surface of the

13. The method of claim 12, Wherein a surface of said
discrete metal contact pad is exposed at a bottom of said

vertical via after forming said vertical via.
14. The method of claim 12, Wherein the patterned metal

through said edge region to the patterned metal layer,
extends through both the insulating layer and the ILD

forming a template structure comprising a substrate, a dis
crete metal contact pad located over a top surface of said

layer is completely covered by the insulating layer except at
an edge region, and Wherein during the electroplating, the
electroplating current is applied through said edge region to
the patterned metal layer.
15. The method of claim 12, Wherein the subsequently
formed vertical via extends through both the insulating layer
and the ILD layer.
16. The method of claim 12, further comprising forming
multiple surface metal contacts over the upper surface of the

ILD layer after removal of the patterned metal layer and the
insulating layer to provide access to the vertical conductive
45

structure.

