SELF-PATTERNING OF PHOTO-ACTIVE DIELECTRIC MATERIALS FOR INTERCONNECT
ISOLATION BACKGROUND OF THE INVENTION (1) Field of the Invention The invention relates to the
fabrication of integrated circuit devices, and more particularly, to a method of creating a pattern for
conductive interconnects in a layer of photo-active dielectric material without using a separate layer of

photoresist for the gxppsurerantkpatierning ofibedayerofiphoto-activer iieleptiicrmaterial. €3rDescription
of the Prior Art In the formation of semiconductor integrated circuits, it is common practice to form
interconnect metal line structures on a numbetrf different levelswithin the structure and interconnecting
the various levels of wiring with contact or via openings. The first or lowest level of interconnect wires is
typically formed as a first step in the process after which a second or overlying level of interconnect
wires is deposited over the first level. 1

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The invention relates to the fabrication of integrated
circuit devices, and more particularly, to a method of creating a
pattern for conductive interconnects in a layer of photo-active
dielectric material without using a separate layer of photoresist
for the exposure and patterning of the layer of photo-active

dielectric material.

(2) Description of the Prior Art

In the formation of semiconductor integrated circuits,
it is common practice to form interconnect metal line structures
on a number of different levels within the structure and
interconnecting the various levels of wiring with contact or via

openings.

The first or lowest level of interconnect wires is typically
formed as a first step in the process after which a second or
overlying level of interconnect wires is deposited over the first

level.



The first level of interconnect wires is typically in contact with active regions in a semiconductor substrate
but is not limited to such contact. The first level of interconnect can for instance also be in contact with a
conductor that leads to other devices that form part of a larger, multi-chip structure. The two levels of
metal wires are connected by openings between the two layers that are filled with metal where the

openings betweenthe twe fayers ate lined up mithrand mateh gantast paints, i eae oy both of the levels
of metal lines. Previously used techniques to form multi-levels of wiring apply the technique of first

forming the iptereoytect level metalk in adisstqpiane followesby-torming the oveslyinglevelnft is
interconnect wire in a second plane. This structure typically starts with the surface of a semiconductor

substrate intadvhich raictive devicesdiavedieencereatad: Thersufacetato whichihe padeareefinteseonnect
lines of the first plane is formed may also be an insulation layer deposited over the surface of the
substrate or adayenrcftoxide may tirsbbave beentarmed onlihe sudace ot the suhstrate Aftert the layer,
into which the pattern of interconnecting wires has to be created, has been defined, the interconnecting
pattern itselfother devices that form part of a larger, multi-chip structure.

The two levels of metal wires are connected by openings between

the two layers that are filled with metal where the openings

between the two layers are lined up with and match contact points

in one or both of the levels of metal lines.

Previously used techniques to form multi-levels of wiring
apply the technique of first forming the interconnect level metal
in a first plane followed by forming the overlying level of
interconnect wire in a second plane. This structure typically
starts with the surface of a semiconductor substrate into which

active devices have been created.

The surface into which the pattern of interconnect lines of
the first plane is formed may also be an insulation layer
deposited over the surface of the substrate or a layer of oxide
may first have been formed on the surface of the substrate. After
the layer, into which the pattern of interconnecting wires has to

be created, has been defined, the interconnecting pattern itself



2 needs to be defined. This is done using conventional photolithographic techniques whereby the
openings are made (in the layer) above the points that need to be contacted in the substrate. The
openings, once created, may by lined with layers of material to enhance metal adhesion (to the sidewalls
of the opening), the glue layer, or to prevent diffusion of materials into and from the substrate in

subsequent peacessing stepsidhe Rarrierlayer. ihestingl phasadn eraalivgithe fisst level of interconnect
lines is to fill the created openings with metal, typically aluminum, tungsten or copper, dependent on the

particular agication anddhe pequireraeis anddestiictionshatiase ippased; Pyssuchparameterstasdline
width, aspect ratio of the opening, required planarity of the surface of the deposited metal and others.
This processl efline) fogmatien tmevertying lyers ef mefal ean be repeated iressentially the same
manner as highlighted for the first layer of interconnecting wires. 3 Applying conventional methods of
creating conduttiMerate.

The openings, once created, may by lined with layers of
material to enhance metal adhesion (to the sidewalls of the
opening), the glue layer, or to prevent diffusion of materials
into and from the substrate in subsequent processing steps, the

barrier layer.

The final phase in creating the first level of interconnect
lines is to fill the created openings with metal, typically
aluminum, tungsten or copper, dependent on the particular
application and the requirements and restrictions that are imposed
by such parameters as line width, aspect ratio of the opening,
required planarity of the surface of the deposited metal and
others. This process of line formation in overlying layers of
metal can be repeated in essentially the same manner as

highlighted for the first layer of interconnecting wires.



interconnect patterns typically results in the consumption of large amounts of chemicals that are related
to photolithographic exposure of the interconnect pattern and to the Reactive lon Etching (RIE) process
that is thereby applied. Due to this consumption of chemicals, the cost of creating conductive
interconnect patterns continues to increase, more so in the era of new technology in which more

stringent design requiteryants ate rinosednthe inaraasing siseof daw-kdjelestiicsder the insulation of
the conductive interconnects further presents additional challenges in the creation of conductive

interconnects nsuch-as:rtbe potentied eartamipatiom ofthedewk dielectricmaterial vewing-thegemoval of
the exposed photoresist mask after the interconnect pattern has been transferred to the low-k dielectric.

A further problemés presented by damagede 1ke tov-k dielectric] as adesult oh longlexposyre hmes
required as part of the applied RIE. The invention addresses these concerns and provides for the use of
a dielectric matedalinto whichran interconneciqattepa 4tcarnrbe ditectly exposedamvthiont the-use of an
overlying exposure
Etching (RIE) process that is thereby applied. Due to this
consumption of chemicals, the cost of creating conductive
interconnect patterns continues to increase, more so in the era of

new technology in which more stringent design requirements are

imposed.

The increasing use of low-k dielectrics for the insulation of
the conductive interconnects further presents additional
challenges in the creation of conductive interconnects, such as
the potential contamination of the low-k dielectric material
during the removal of the exposed photoresist mask after the
interconnect pattern has been transferred to the low-k dielectric.
A further problem is presented by damage to the low-k dielectric
as a result of long exposure times required as part of the applied

RIE.

The invention addresses these concerns and provides for the

use of a dielectric material into which an interconnect pattern



photoresist mask. US Patents 6,506,979 (Shelnut et al.), 5,334,488 (Shipley, Jr.) and 6,521,328 (Lauffer
et al.) describe the use of photo- active dielectrics in printed circuit board manufacture. US Patent
6,349,456 (Dunn et al.) teaches forming a resistor using a photo-active dielectric (PAD). SUMMARY OF
THE INVENTION A principal objective of the invention is to provide a method of creating interconnect

patterns that-deesRotrequire 1the ckeatinmnohan avertying phatosesist expasues maskgABathes ebjective
of the invention is to reduce the cost of creating an interconnect pattern in a layer of dielectric. Yet
another objestive et theiigventigikis to significantly reduce the materials required for the creation of an
interconnect pattern. 5 A still further objective of the invention is to provide a method for the creation of
an interconnect pattern that is particularly suited to the use of a low-w dielectric as insulating material. A
still further objective of the invention is to reduce

US Patents 6,506,979 (Shelnut et al.), 5,334,488 (Shipley,

Jr.) and 6,521,328 (Lauffer et al.) describe the use of photo-

active dielectrics in printed circuit board manufacture.

US Patent 6,349,456 (Dunn et al.) teaches forming a resistor

using a photo-active dielectric (PAD).

SUMMARY OF THE INVENTION

A principal objective of the invention is to provide a
method of creating interconnect patterns that does not require

the creation of an overlying photoresist exposure mask.

Another objective of the invention is to reduce the cost of

creating an interconnect pattern in a layer of dielectric.

Yet another objective of the invention is to significantly
reduce the materials required for the creation of an interconnect

pattern.



effects of contamination of the layer of insulation in which an interconnect pattern is created. A still further
objective of the invention is to reduce surface damage to the layer of insulation in which an interconnect
pattern is created. In accordance with the objectives of the invention a new method is provided for the
creation of an interconnect pattern. The invention provides for a layer of Photo-Active Dielectric (PAD) to

be used for the insulatien material im which-Hec intecopneetpatiain ds ereaied, Shisyvighaut e uge of an
overlying exposure mask of photoresist. BRIEF DESCRIPTION OF THE DRAWINGS Figs. 1 through 4

show the application of RAR fer the<seation ofra damaseene patient. 6Jzigs<s thredgh 10show a first
application of PAD for the creation of a dual damascene pattern. Figs. 11 through 17 show a second

application gt £AD farithe Treationtefa dvaldamascenemaitern.DESCRIPIIONiIQF JHE PREFERRED
EMBODIMENTS Two widely used approaches in creating metal interconnects
insulating material.

A still further objective of the invention is to reduce
effects of contamination of the layer of insulation in which an

interconnect pattern is created.

A still further objective of the invention is to reduce
surface damage to the layer of insulation in which an

interconnect pattern is created.

In accordance with the objectives of the invention a new
method is provided for the creation of an interconnect pattern.
The invention provides for a layer of Photo-Active Dielectric
(PAD) to be used for the insulation material in which the
interconnect pattern is created, this without the use of an

overlying exposure mask of photoresist.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1 through 4 show the application of PAD for the

creation of a damascene pattern.



is the use of the damascene and the dual damascene structures. The application of the damascene
process continues to gain wider acceptance, most notably in the process of copper metalization due to
the difficulty of copper dry etch where the damascene plug penetrates deep in very small, sub-half
micron, Ultra Large Scale integrated devices. Recent applications have successfully used copper as a
conducting metal line, most notably in the construct of CMOS 6-layer copper metal devices. In the
formation of a damascene structure, a metal plug is first formed in a surface, this surface in most

instances is the surfage of a semicorauctor sulsiraie.fA layer o pitra-bevel nDistfectio (IED) is deposited
(using for instance Plasma Enhanced CVD technology with SiO2 as a dielectric) over the surface into 7
which trenchesdar metaldines age farmedntusinghtor instareeReactive lon Etching technology). The
trenches overlay a metal interconnect and are filled with metal (using for instance either the CVD or a
metal flow process). Planarization of this metal to the top surface of the layer of ILD completes the
damascene structure. Some early damascene structures have been achieved using Reactive lon

Figs. 11 through 17 show a second application of PAD for the

creation of a dual damascene pattern.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Two widely used approaches in creating metal interconnects
is the use of the damascene and the dual damascene structures.
The application of the damascene process continues to gain wider
acceptance, most notably in the process of copper metalization
due to the difficulty of copper dry etch where the damascene plug
penetrates deep in very small, sub-half micron, Ultra Large Scale
integrated devices. Recent applications have successfully used
copper as a conducting metal line, most notably in the construct

of CMOS 6-layer copper metal devices.

In the formation of a damascene structure, a metal plug is
first formed in a surface, this surface in most instances is the
surface of a semiconductor substrate. A layer of Intra Level
Dielectric (ILD) is deposited (using for instance Plasma Enhanced

CVD technology with SiO, as a dielectric) over the surface into



Etching (RIE) for the process of planarization but Chemical Mechanical Planarization (CMP) is used
exclusively today. An extension of the damascene process is the dual damascene process whereby an
insulating or dielectric material, such as silicon oxide, is patterned with several thousand openings for
the conductive lines and vias, which are filled at the same time with metal. Damascene is an

interconnectiphifalrieation-prosess in whichl grogves are doragehirnan insulagingdayerandfilled with
metal to form the conductive lines. Dual damascene is a multi-level interconnection process in which,

in-addition taiorming, ther groovesrofisingle dlamassgne,. conductive via openings also are formed. 8 One
of the dual damascene approaches uses a dielectric layer that is formed by three consecutive
depositions whereby the central layer functions as an etch stop layer. This etch stop layer can be SiN,
the top and bottom layer of this three layer configuration can be Si02. This triple layer dielectric allows
first forming the viash dytresistpattersing- thewias and £iching through ¢he thhee are filled
with metal (using for instance either the CVD or a metal flow
process). Planarization of this metal to the top surface of the
layer of ILD completes the damascene structure. Some early
damascene structures have been achieved using Reactive Ion

Etching (RIE) for the process of planarization but Chemical

Mechanical Planarization (CMP) is used exclusively today.

An extension of the damascene process is the dual damascene
process whereby an insulating or dielectric material, such as
silicon oxide, 1is patterned with several thousand openings for
the conductive lines and vias, which are filled at the same time

with metal.

Damascene 1is an interconnection fabrication process in which
grooves are formed in an insulating layer and filled with metal
to form the conductive lines. Dual damascene is a multi-level
interconnection process in which, in-addition to forming the
grooves of single damascene, conductive via openings also are

formed.



layers of dielectric. The conductive trench pattern can then be formed in the top layer of dielectric
whereby the central layer of SiN forms the stop layer for the etch of the conductive trench pattern.
Another approach, still using the three-layer dielectric formed on the substrate surface, is to first form the
pattern for the conducting lines in the top layer of the dielectric whereby the SiN layer again serves as

etch stop. The viasgaa then beeformed b aligning theyyignatiens withdhe patteir-obther cendugling
lines and patterning and etching the vias through the etch stop layer of SiN and the first layer of

dielectric. Yetianothesr appraach isytodepssit the thyeatayes dielastric indwe siepsdisst depositing the
first layer of Si02 and the etch stop layer of SiN. At this point the via pattern can 9 be exposed and
etched. The teplayel ofi Si22 dielecttic istheasdepositesh the- eenductivg lines ase aowrpattesped and
etched. The SiN layer will stop the etching except where the via openings have already been etched.
Dual damascene-is arzimpreverent ever singleadamascenembeeguse ib pernits thenfilbag okbeth the
conductive grooves and

configuration can be SiO;.

This triple layer dielectric allows first forming the vias
by resist patterning the vias and etching through the three
layers of dielectric. The conductive trench pattern can then be
formed in the top layer of dielectric whereby the central layer
of SiN forms the stop layer for the etch of the conductive trench

pattern.

Another approach, still using the three-layer dielectric
formed on the substrate surface, is to first form the pattern for
the conducting lines in the top layer of the dielectric whereby
the SiN layer again serves as etch stop. The vias can then be
formed by aligning the via pattern with the pattern of the
conducting lines and patterning and etching the vias through the

etch stop layer of SiN and the first layer of dielectric.

Yet another approach is to deposit the three layer
dielectric in two steps, first depositing the first layer of SiO;

and the etch stop layer of SiN. At this point the via pattern can



vias with metal at the same time, thereby eliminating processing steps. The invention will now be
described in detalil, the first embodiment of the invention will be explained using Figs. 1 through 4, the
second embodiment of the invention will be described using Figs. 5 through 10 while the third
embodiment of the invention will be described using Figs. 11 through 17. Referring now specifically to

Fig. 1, there iz shown aeioss.sestion of a layer 1Q.pf aonductive materiak typieatty- compsising-a metal
such as copper, over which a layer 12 of Anti Reflective Coating (ARC) has been deposited. A layer 14 of

Photo- Active &ielectricd PAD)hasbern-depesitedrever dhe layer 120ft ARG d0dhmust badtndersteod in
the cross section shown in Fig. 1 that layer 10, of for instance copper, may be deposited over a
semiconductef surfage DOwpreferablypbuthrotdintited iy the surface v asemieorductesitstiate. The
semiconductor surface 90 can be a printed circuit board, a flex circuit, a metallized substrate, a glass
substrate andzassenlicenductorcdeviee moamting support.

Dual damascene is an improvement over single damascene
because it permits the filling of both the conductive grooves and
vias with metal at the same time, thereby eliminating processing

steps.

The invention will now be described in detail, the first
embodiment of the invention will be explained using Figs. 1
through 4, the second embodiment of the invention will be
described using Figs. 5 through 10 while the third embodiment of

the invention will be described using Figs. 11 through 17.

Referring now specifically to Fig. 1, there is shown a cross
section of a layer 10 of conductive material, typically
comprising a metal such as copper, over which a layer 12 of Anti
Reflective Coating (ARC) has been deposited. A layer 14 of Photo-
Active Dielectric (PAD) has been deposited over the layer 12 of

ARC.

10



The semiconductor substrate can be a ceramic substrate, a glass substrate, a gallium arsenide
substrate, a silicon substrate comprising a single layer of material, such as a silicon wafer or comprising
silicon on insulator (SOI) technology and silicon on sapphire (SOS) technology, a doped or undoped
semiconductor, an epitaxial layer of silicon supported by a base semiconductor, a sapphire substrate or a

substrate used for fiat parel displaysiGonvestional mathods cap ha-appliad for the creation of the three
layers 10, 12 and 14. Layer 12 of ARC is deposited to minimize the effect that reflected light has on

image creationaA layerof ARG is fregiently applied as adpanketngdeposiiongyes arsitfasedhat1l
causes light to be reflected such as a layer of metal, comprising for instance copper. Layer 12 of ARC can

for instance bertleposited tyough aspir cafing proeessdollowed by @ theimatedretad actemperature of
about 120 degrees C for a time period of about 90 seconds to yield a blanket focusing layer when cured
of a thicknesswaf fahodit ;560 Adgstrormductor substrate.

The semiconductor surface 90 can be a printed circuit board,
a flex circuit, a metallized substrate, a glass substrate and a

semiconductor device mounting support.

The semiconductor substrate can be a ceramic substrate, a
glass substrate, a gallium arsenide substrate, a silicon
substrate comprising a single layer of material, such as a
silicon wafer or comprising silicon on insulator (SOI) technology
and silicon on sapphire (SOS) technology, a doped or undoped
semiconductor, an epitaxial layer of silicon supported by a base
semiconductor, a sapphire substrate or a substrate used for flat

panel displays.

Conventional methods can be applied for the creation of the

three layers 10, 12 and 14.

Layer 12 of ARC is deposited to minimize the effect that
reflected light has on image creation. A layer of ARC is

frequently applied as a blanket deposition over a surface that

11



Layer 14, of critical importance to the invention, comprises Photo Active Dielectric (PAD), which is a
dielectric material that is sensitive to the exposure of photo-electric energy. This sensitivity to the
exposure of photo-electric energy results in changing the chemical composition of the layer of PAD upon
exposure by light energy. Layer 14 preferable comprises a material that is, as stated, sensitive to

exposure to phate-energyin additipn te being- thermallyicompatible with ofrerprogessasdtngt areiused for
the creation of semiconductor devices. Layer 14 for this purpose preferably comprises, without being
limited thereta; such sratedalsas-gertained in the polymer family of polyimide materials. Due to these
characteristics of 12 photo-active and thermal compatibility, layer 14 allows, using this layer 14 and of
critical importance to the invention, for the pattern definition, the pattern transfer and the pattern freeze
all in this layer 14 of PAD. For layer 14 can for instance be used a low-k polymer material including
polyimides, fluotiagted patyimidess Cpalysilsequioxane aberz asyclobptenet@CB) patlghe &, patlene N

coating process followed by a thermal cure at a temperature of

about 120 degrees C for a time period of about 90 seconds to

yield a blanket focusing layer when cured of a thickness of about

1,500 Angstrom.

Layer 14, of critical importance to the invention, comprises
Photo Active Dielectric (PAD), which is a dielectric material
that is sensitive to the exposure of photo-electric energy. This
sensitivity to the exposure of photo-electric energy results in
changing the chemical composition of the layer of PAD upon

exposure by light energy.

Layer 14 preferable comprises a material that is, as stated,
sensitive to exposure to photo energy in addition to being
thermally compatible with other processes that are used for the

creation of semiconductor devices.

Layer 14 for this purpose preferably comprises, without
being limited thereto, such materials as contained in the polymer

family of polyimide materials. Due to these characteristics of

12



and amorphous polytetrafluorothylene. A polymer film can be spun onto the wafer and can contain
polycarbonate (PC), polystyrene (PS), polyoxides (PO), polymethylmethacrylate (PPMA) and
poly-polyoxides (PPO). It is important to use a material for the polymer film that can be applied by spin
coating and that can, at a later date, be easily removed by dipping the coated semiconductor package in

a solvent. Splvents-that cas berseddor this purpasedngude agetone, JHE and trichlerp-methane. The
preferred thickness for layer 14 of PAD is between about 5,000 and 15,000 Angstrom. Relating to layer

14 of PAD thenfolowing-commentsiapply <13 t layer 1dnallowsSar duestodisphictosensithsity, ther
elimination of an additional layer of photoresist that is conventionally required for interconnect pattern
definition - thadayettldeminiauzesthe need fonRIp applicationy and f<by definingdhe ehemical
composition of layer 14, low-k dielectric characteristics can be obtained in layer 14. By now interposing,
as shown in the-erosszsectiom ot kigs 2] zaymask 4 6dsetrneen a light source 18/20 and the substrate over

For layer 14 can for instance be used a low-k polymer
material including polyimides, fluorinated polyimides,
polysilsequioxane, benzocyclobutene (BCB), parlene F, parlene N

and amorphous polytetrafluorothylene.

A polymer film can be spun onto the wafer and can contain
polycarbonate (PC), polystyrene (PS), polyoxides (PO),

polymethylmethacrylate (PPMA) and poly-polyoxides (PPO).

It is important to use a material for the polymer film that
can be applied by spin coating and that can, at a later date, be
easily removed by dipping the coated semiconductor package in a
solvent. Solvents that can be used for this purpose include

acetone, THF and trichloro-methane.

The preferred thickness for layer 14 of PAD is between about

5,000 and 15,000 Angstrom.

Relating to layer 14 of PAD the following comments apply:

13



which the structure that is shown in cross section in Fig. 1 has been created, light 20 of light source
18/20 penetrates the mask 16 and exposes the surface of layer 14 of PAD, converting the chemical
composition of layer 14 where light 20 impacts and penetrates layer 14. The newly created composition
of layer 14 is highlighted as layers 22 in the cross section of Fig. 2, the layer 20 remains unchanged in

the not exposed g photosenergyegiens l4qalsowas highlightedindhe crassisegtionrat Fig. 2. For light
source 18/20, an UV or DUV light source may be used to project the image of a mask onto a target

surface. Anye other souicenofyzheta-electiie epgrgy is geally suitalle Jertheexpeosdre 18/20 such as
E-beam lithography, X-ray lithography and 14 ion beam lithography, which are applied by more advanced

methods of creatirg smal Llevicerfeatures.d-igo3d shawsa-eness sectient obthe steucturetafter
development of the exposed layer 14 of PAD, removing the exposed PAD regions 22 and thereby
creating damasceae opeaings420n ithtaugiethetdayemb4of PAD. Asra tipallsiep uhder, therfirst embodiment
of the invention,

- by defining the chemical composition of layer 14, low-k

dielectric characteristics can be obtained in layer 14.

By now interposing, as shown in the cross section of Fig. 2,
a mask 16 between a light source 18/20 and the substrate over
which the structure that is shown in cross section in Fig. 1 has
been created, light 20 of light source 18/20 penetrates the mask
16 and exposes the surface of layer 14 of PAD, converting the
chemical composition of layer 14 where light 20 impacts and

penetrates layer 14.

The newly created composition of layer 14 is highlighted as
layers 22 in the cross section of Fig. 2, the layer 20 remains
unchanged in the not exposed to photo energy regions 14, also as

highlighted in the cross section of Fig. 2.

For light source 18/20, an UV or DUV light source may be
used to project the image of a mask onto a target surface. Any
other source of photo-electric energy is equally suitable for the

exposure 18/20 such as E-beam lithography, X-ray lithography and

14



the layer 12 of ARC is removed from the bottom surface of openings 20', the result of which is shown in
the cross section of Fig. 4. The layer 10 of metal, preferably comprising copper, is now exposed,
enabling the creation of single damascene interconnects by filling openings 20' with a conductive
material, such as copper, which will be in direct contact with the layer 10 of for instance copper. As an

example of layer l2ean bewited.axlaner, ofBattomaAnti Baflective Coating éBARG ne@mprising &ither
SiON or organic BARC, which can be removed from opening 20' with a recipe comprising 02 at a flow
rate between, 10 @ang10hscamaN2 alaftove rateshetween 10 and 100 sccm, applied for a time period
between about 30 and 60 seconds. 15 The second embodiment of the invention will now be explained
using Figs. 5 through 10 for this purpose. The cross section shown in Fig. 5 will be recognized as the
cross section of Fig. 1 with the addition of a second layer 26 of PAD that has been deposited over the
first layer 24 of PADR.ithe Firstayer 24 oFBAD issimilamntodhe tayer ddrofRADd4hatthas been shown in
the cross section of Fig. 1.

development of the exposed layer 14 of PAD, removing the exposed

PAD regions 22 and thereby creating damascene openings 20’

through the layer 14 of PAD.

As a final step under the first embodiment of the invention,
the layer 12 of ARC is removed from the bottom surface of
openings 20'’, the result of which is shown in the cross section
of Fig. 4. The layer 10 of metal, preferably comprising copper,
is now exposed, enabling the creation of single damascene
interconnects by filling openings 20’ with a conductive material,
such as copper, which will be in direct contact with the layer 10
of for instance copper.

As an example of layer 12 can be cited a layer of Bottom
Anti Reflective Coating (BARC), comprising either SiON or organic
BARC, which can be removed from opening 20’ with a recipe
comprising O, at a flow rate between 10 and 100 sccm, N, at a flow
rate between 10 and 100 sccm, applied for a time period between

about 30 and 60 seconds.

15



Comments that have been made with respect to layers 10, 12 and 14 of Fig. 1 equally apply to layers 10,
12, 24 (afirst layer of PAD) and 26 (a second layer of PAD) shown in cross section in Fig. 5 and are
enclosed at this time by reference. It must further be pointed out that layer 24, the first PAD layer, and
layer 26, the second PAD layer, preferably comprise different types of PAD materials, as these PAD

materials have preyiguslyhegmdefinash andare expesed andsybsesuently: developed aiging-different
types of lithographic exposures, thus allowing for the creation of openings having different width or cross

sections in thes twe layess 24 angrd6as s hasie ta-and ireqpired derthe creation of a dual damascene
structure. 16 As a next step in the process of creating a dual damascene structure, the second PAD layer
26 is first exposed with a first photolithographic exposure 30/32 and developed, similar to the sequence
of exposure and development that has previously been described using Figs. 2 and 3. The exposure
mask 28, as showniindhe crass sestion @i FHghoGnisfar thisspurpose interposeddoeiweeadha soutce 30/32
of photo energy and the structure shown in cross section in Fig. 5.

cross section of Fig. 1 with the addition of a second layer 26 of

PAD that has been deposited over the first layer 24 of PAD. The

first layer 24 of PAD is similar to the layer 14 of PAD that has

been shown in the cross section of Fig. 1.

Comments that have been made with respect to layers 10, 12
and 14 of Fig. 1 equally apply to layers 10, 12, 24 (a first
layer of PAD) and 26 (a second layer of PAD) shown in cross

section in Fig. 5 and are enclosed at this time by reference.

It must further be pointed out that layer 24, the first PAD
layer, and layer 26, the second PAD layer, preferably comprise
different types of PAD materials, as these PAD materials have
previously been defined, and are exposed and subsequently
developed using different types of lithographic exposures, thus
allowing for the creation of openings having different width or
cross sections in the two layers 24 and 26 as 1s basic to and

required for the creation of a dual damascene structure.

16



The openings created through the exposure mask 28 have the dimensions of a desired trench that forms
the upper part of a dual damascene structure, allowing the photo energy 32 to penetrate through the
mask 28 and impart photo energy to the second layer 26 of PAD, thereby changing the chemical
composition of layer 26 in the highlighted and bounded regions 34 of layer 26. By now developing the

exposed portions 34 of the, fisst PALR: Jayer 26,dhatis semoving theseeond PARIayer drom: rrgiors 34
highlighted in the cross section of Fig. 6, the cross section of Fig. 7 is obtained wherein first openings 32'

have been ckated tthreugh-the fistdayer 26.0f PALRL 1 hese npenings32' wih at adlatartime beiregegnized
as being the trenches of a dual damascene structure. 17 The invention continues, as shown in the cross
section of Figh 8 withtehsegonshphoteliihogiaphiGexposuse dydatesiosiagia seeontkexpasute;ask 34
between the source 36/38 of light energy and the structure shown in cross section in Fig. 7. The light
exposure highdightettas expesuse S6ris biockeddyetherseennd texposuse maskwddbard thesetate has no
effect on the second layer

described using Figs. 2 and 3.

The exposure mask 28, as shown in the cross section of Fig.
6, is for this purpose interposed between the source 30/32 of
photo energy and the structure shown in cross section in Fig. 5.
The openings created through the exposure mask 28 have the
dimensions of a desired trench that forms the upper part of a
dual damascene structure, allowing the photo energy 32 to
penetrate through the mask 28 and impart photo energy to the
second layer 26 of PAD, thereby changing the chemical composition
of layer 26 in the highlighted and bounded regions 34 of layer

26.

By now developing the exposed portions 34 of the first PAD
layer 26, that is removing the second PAD layer from regions 34
highlighted in the cross section of Fig. 6, the cross section of
Fig. 7 is obtained wherein first openings 32’ have been created
through the first layer 26 of PAD. These opening 32’ will at a
later time be recognized as being the trenches of a dual

damascene structure.
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26 of PAD or the first layer 24 of PAD. The openings created through the second exposure mask 34,
through which light energy 38 is allowed to pass, have the dimensions of a via interconnect that forms
part of a dual damascene structure. The photo electric energy highlighted as 38 in the cross section of
Fig. 8 passes through the openings created in the second exposure mask 34, creating a pattern of light
exposure in the first layer 24 of PAD that has been highlighted as bounded pattern 40, in which the
chemical composition of the first layer 24 of PAD is changed so that this layer can be developed, thus

creating the via intereennects ot a sluakdamascens stiyctyreWheitesulicaftergdayveloping te exposed
sections 40 of the first layer 24 of PAD, that is after removing of these exposed portions 40, is shown in

the cross segtion. oBFigw9rwhereir theh Dpenstgs132: nilybe secegrizedas beingtherippes o tregch 18
portion of a dual damascene structure while openings 40' will be recognized as being the lower or via
interconnectgortion obapdual tanmascens stiietive cAs aHtnad step; ¢hes rcestdts of whiehharesshkawy in the
cross section of Fig. 10, the layer of ARC is removed from the bottom

and the structure shown in cross section in Fig. 7. The light

exposure highlighted as exposure 36 is blocked by the second

exposure mask 34 and therefore has no effect on the second layer

26 of PAD or the first layer 24 of PAD. The openings created

through the second exposure mask 34, through which light energy

38 is allowed to pass, have the dimensions of a via interconnect

that forms part of a dual damascene structure.

The photo electric energy highlighted as 38 in the cross
section of Fig. 8 passes through the openings created in the
second exposure mask 34, creating a pattern of light exposure in
the first layer 24 of PAD that has been highlighted as bounded
pattern 40, in which the chemical composition of the first layer
24 of PAD is changed so that this layer can be developed, thus

creating the via interconnects of a dual damascene structure.

The result, after developing the exposed sections 40 of the
first layer 24 of PAD, that is after removing of these exposed
portions 40, is shown in the cross section of Fig. 9, wherein the

openings 32’ will be recognized as being the upper or trench
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of openings 32'/40', preventing electrical opening between the bottom metal layer 10 and the dual
damascene circuits. After the cross section that is shown in Fig. 10 has been obtained, the surface of the
structure is subjected to a thorough surface clean and a thermal treatment to enhance the quality of the
created dual damascene structures. The cleaning steps may involve wafer scrubbing to remove loose

particulate cgptaminants £ SHbseguen daaddeaning processr dreatmeat with orgaic solvents, suph as
trichloroethylene, acetone, p-xylene, methanol and ethanol, is performed to remove organic impurities

such as hydrasadepis-and greasesnwhichanaywemain. A finaliclearingmay:-inclusiertreatment avith
various inorganic chemicals to remove heavy metals, for example. These inorganic chemical mixtures
are strong odidantsgwhich-form as thinaxide:layer at the wafer surface. This oxide layer is stripped,

removing impurities absorbed into the oxide layer. 19 Chemical cleaning for removing chemically bonded
film from wafer surface is one in a cleaning process. Conventional chemical cleaning includes a series of
acid and rinse baths. Chemical solutions have been used extensively for the
As a final step, the results of which are shown in the cross
section of Fig. 10, the layer of ARC is removed from the bottom

of openings 32’/40’, preventing electrical opening between the

bottom metal layer 10 and the dual damascene circuits.

After the cross section that is shown in Fig. 10 has been
obtained, the surface of the structure is subjected to a thorough
surface clean and a thermal treatment to enhance the gquality of

the created dual damascene structures.

The cleaning steps may involve wafer scrubbing to remove
loose particulate contaminants. Subsequent to a cleaning process,
treatment with organic solvents, such as trichloroethylene,
acetone, p-xylene, methanol and ethanol, is performed to remove
organic impurities such as hydrocarbons and greases, which may
remain. A final cleaning may include treatment with various
inorganic chemicals to remove heavy metals, for example. These
inorganic chemical mixtures are strong oxidants, which form a
thin oxide layer at the wafer surface. This oxide layer is

stripped, removing impurities absorbed into the oxide layer.
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manufacture of semiconductor devices. Wet chemical processing baths have been used for cleaning
semiconductor wafers, as well as for etching deposited films on these wafers. For example, the use of
hydrogen peroxide (H202) containing solutions for cleaning silicon semiconductor wafers is well known.
In addition to wafer cleaning, hydrogen peroxide is utilized in combination with sulfuric acid for
photoresist removal and in combination with phosphoric acid, sulfuric acid or ammonium hydroxide for
selective titanium etching. The thermal treatment that is applied to the structure that is shown in cross

section of Fig. 10 maydag performed at atemperatire of a§ou200 dagregsis feraitime periogdet about
10 to 20 minutes. The third embodiment of the invention starts with the structure that has been shown in

the cross seqtigreef kigr2a ddis erosssection iscagain sShgwpro dbe erosscsection D frigl. 26hEhithe 1
exposure mask 16 and the source 18/20 of light energy, which are shown in Fig. 2, are omitted from the
cross sectior 1showimin RigclhdEze stepsithatsareffequired toncreate the erosa section that is shown in
Fig. 1 therefore are assumed to precede
Chemical solutions have been used extensively for the
manufacture of semiconductor devices. Wet chemical processing
baths have been used for cleaning semiconductor wafers, as well
as for etching deposited films on these wafers. For example, the
use of hydrogen peroxide (H;0,) containing solutions for cleaning
silicon semiconductor wafers is well known. In addition to wafer
cleaning, hydrogen peroxide is utilized in combination with
sulfuric acid for photoresist removal and in combination with

phosphoric acid, sulfuric acid or ammonium hydroxide for

selective titanium etching.

The thermal treatment that is applied to the structure that
is shown in cross section of Fig. 10 may be performed at a
temperature of about 500 degrees C for a time period of about 10

to 20 minutes.

The third embodiment of the invention starts with the
structure that has been shown in the cross section of Fig. 2.

This cross section is again shown in the cross section of Fig.
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the cross section shown in Fig. 11. It must be noted in Fig. 11 that the layer 12 of ARC remains in place
underneath the exposed regions 22 of the first layer 14 of PAD. Fig. 12 shows a cross section after a

second layer 42 of ARC has been deposited, for the conventional reasons as highlighted previously for
the deposition of a layer of ARC, over which a second layer 44 of PAD has been deposited. The second

layer 44, as showa i the:gress sectien of kig. 2k is RewLxposed LsingoexposuieyAaskitd: Jhe
openings contained in exposure mask 46 are aligned with regions 22 of the first layer 14 of PAD, the

openings in mask46havesthewdimensiong of a, trepeh patteretor ardual damaseens stwisturenThe photo
energy exposure 48 is blocked by exposure mask 46 and therefore does not affect the second layer 44 of
PAD. The pbate-energy exgosure.50rpassesdbroughethesxposgepamnask 46cang-2% therefore €hapsges
the chemical composition of the second layer 44 of PAD, preparing the second layer 44 of PAD for
development dhereoh in-thetregonsHughlighted as regiona S52c Atieelayee 44 shasnbeen depelopedcthe
cross section that is shown in Fig. 14 is

the cross section shown in Fig. 11.

It must be noted in Fig. 11 that the layer 12 of ARC remains
in place underneath the exposed regions 22 of the first layer 14

of PAD.

Fig. 12 shows a cross section after a second layer 42 of ARC
has been deposited, for the conventional reasons as highlighted
previously for the deposition of a layer of ARC, over which a

second layer 44 of PAD has been deposited.

The second layer 44, as shown in the cross section of Fig.
13, is now exposed using exposure mask 46. The openings contained
in exposure mask 46 are aligned with regions 22 of the first
layer 14 of PAD, the openings in mask 46 have the dimensions of a

trench pattern for a dual damascene structure.

The photo energy exposure 48 is blocked by exposure mask 46
and therefore does not affect the second layer 44 of PAD. The

photo energy exposure 50 passes through the exposure mask 46 and
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obtained, wherein now trench opening 52' for a dual damascene structure have been created overlying
the layer 42 of ARC. The exposed layer 42 of ARC, overlying the first layer 14 of PAD, is removed from
the bottom of openings 52', as shown in the cross section of Fig. 15, after which the exposed layers 22 of
the first layer 14 of PAD are removed, as shown in the cross section of Fig. 16. It is clear from the cross

section that isrshewwinbinFigh 16 fhat the-openings-32' anshd2 from ardust deamassene structiye, wherein

openings 52' form the upper or trench portion of the dual damascene structure and openings 22' form the
lower of via d§Hterconnest-periions §f the-dual diampasceperstiuctye. Byasravfinalsiep spmeving the
exposed first layer 12 of ARC from the bottom of openings 22'/52', the completed dual damascene
structure is aliained msishovreintbeg ©ress sacfioniefhEigl 14522 Adthengh 3he inventien hagdeens
described and illustrated with reference to specific illustrative embodiments thereof, it is not intended
that the inventien bedimiteshtolibhpsel jllustiative-embodinerntsnThose skiled hothe arhwilkkgcognrizes
obtained, wherein now trench opening 52’ for a dual damascene

structure have been created overlying the layer 42 of ARC.

The exposed layer 42 of ARC, overlying the first layer 14 of
PAD, is removed from the bottom of openings 52’, as shown in the
cross section of Fig. 15, after which the exposed layers 22 of
the first layer 14 of PAD are removed, as shown in the cross

section of Fig. 16.

It is clear from the cross section that is shown in Fig. 16
that the openings 22’ and 52’ from a dual damascene structure,
wherein openings 52’ form the upper or trench portion of the dual
damascene structure and openings 22’ form the lower of via

interconnect portions of the dual damascene structure.

By as a final step removing the exposed first layer 12 of
ARC from the bottom of openings 22’/52’, the completed dual
damascene structure is obtained as shown in the cross section of

Fig. 17.
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that variations and modifications can be made without departing from the spirit of the invention. It is
therefore intended to include within the invention all such variations and modifications which fall within
the scope of the appended claims and equivalents thereof. 23 What is claimed is: 1. A method for
creation of an interconnect pattern, comprising: providing a layer of conductive material over a

semiconductor surfaceaayer ehAnt Reflective Coating LARCG) chaving bgen deposited overthe layer of
conductive material; depositing a layer of Photo-Active Dielectric (PAD) over the layer of ARC; patterning

and developinptthedayeref IRAD rereatiag ani ntarconrectpattesn thaseini expesing the ayer of ARC;
removing the exposed ARC; and filling the interconnect pattern with a conductive material. 2. The method

of claim 1, whereip the ceerdidritvetnaterisheomprises eeppease 31 The methed of slays 1, wherein the

semiconductor surface is a printed circuit board, a flex circuit, a metallized substrate, a
illustrative embodiments. Those skilled in the art will recognize
that variations and modifications can be made without departing
from the spirit of the invention. It is therefore intended to
include within the invention all such variations and

modifications which fall within the scope of the appended claims

and equivalents thereof.
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glass substrate or a semiconductor device mounting support. 4. The method of claim 1, wherein the
semiconductor surface is a semiconductor substrate. 5. The method of claim 4, wherein the
semiconductor surface is a ceramic substrate, a glass substrate, a gallium arsenide 24 substrate, a silicon
substrate comprising a single layer of material, such as a silicon wafer or comprising silicon on insulator
(SOI) technategy and siican pasapphire (SOS) technology, a doped or undoped semiconductor, an
epitaxial layer of silicon supported by a base semiconductor, a sapphire substrate or a substrate used

for flat paneldisplays 6, Jhermethoeeficlaim &rwhereim the-layenetPheterActive, Dielegtric (RAR) is a
polymer. 7. The method of claim 1, wherein the layer of Photo-Active Dielectric (PAD) is a low-k polymer
material including pelyimides.dluprinaied-pelyintides; palysitseguioxane,l benzecyclobutene (BCB),
parlene F, parlene N and amorphous polytetrafluorothylene. 8. The method of claim 1, wherein the layer
of Photo-Actien Dielectiict{ BAD S patysarbonatey PCY Palysiyrere {PSytive Coating (ARC)
having been deposited over the layer of conductive material;
depositing a layer of Photo-Active Dielectric (PAD) over the
layer of ARC;
patterning and developing the layer of PAD, creating an
interconnect pattern therein, exposing the layer of ARC;

removing the exposed ARC; and

filling the interconnect pattern with a conductive material.

2. The method of claim 1, wherein the conductive material

comprises copper.

3. The method of claim 1, wherein the semiconductor surface is a
printed circuit board, a flex circuit, a metallized substrate, a

glass substrate or a semiconductor device mounting support.

4. The method of claim 1, wherein the semiconductor surface is a

semiconductor substrate.

5. The method of claim 4, wherein the semiconductor surface is a

ceramic substrate, a glass substrate, a gallium arsenide
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polyoxides (PO), polymethylmethacrylate (PPMA) and poly- polyoxides (PPO). 9. A method for creation of
a dual damascene interconnect pattern, comprising: 25 providing a layer of conductive material over a
semiconductor surface, a layer of Anti Reflective Coating (ARC) having been deposited over the layer of
conductive material; depositing a first layer of Photo-Active Dielectric (PAD) over the layer of ARC;

depositing aseeend layes of Photo-Astive Rigleetsic ovenribe fisstdayer of Rhote-Actiye Piglectric, the
second layer of Photo-Active Dielectric comprising a Photo-Active Dielectric material having a different
chemical compesition thansthenfirst layeriof Rheto-Active Dieleetsies finst patiering apd deneloping the
second layer of PAD, creating a trench pattern of a dual damascene pattern therein, exposing the first
layer of PAD; seconrd patterning ane developing theexposed dirstdayer Qi pBADe Cresting a via pattern of a

dual damascene pattern therein aligned with the trench pattern, the second patterning and
technology, a doped or undoped semiconductor, an epitaxial layer

of silicon supported by a base semiconductor, a sapphire

substrate or a substrate used for flat panel displays.

6. The method of claim 1, wherein the layer of Photo-Active

Dielectric (PAD) is a polymer.

7. The method of claim 1, wherein the layer of Photo-Active
Dielectric (PAD) 1is a low-k polymer material including
polyimides, fluorinated polyimides, polysilsequioxane,
benzocyclobutene (BCB), parlene F, parlene N and amorphous

polytetrafluorothylene.

8. The method of claim 1, wherein the layer of Photo-Active
Dielectric (PAD) is polycarbonate (PC), polystyrene (PS),
polyoxides (PO), polymethylmethacrylate (PPMA) and poly-

polyoxides (PPO).

9. A method for creation of a dual damascene interconnect

pattern, comprising:

25



developing comprising a different type of lithographic exposure than the first patterning and developing,
exposing the layer of ARC; removing the exposed ARC; and filling the trench pattern and the via pattern
with a conductive material. 26 10. The method of claim 9, wherein the conductive material comprises
copper. 11. The method of claim 9, wherein the semiconductor surface is a printed circuit board, a flex

circuit, a metallizedsubstrate, @ glass sibsyate-eha semicNduetadayice-mednting support. 12. The
method of claim 9, wherein the semiconductor surface is a semiconductor substrate. 13. The method of

claim 12, wheegin dhe samicondugtor stiface IS A eerapiic sHbstrater aglass/sulsiate, raygaliican)
arsenide substrate, a silicon substrate comprising a single layer of material, such as a silicon wafer or
comprising silicenron lrstlatos (901)technalegy and silicps 0n-sapphire{SOSk technelogy] a doped or
undoped semiconductor, an epitaxial layer of silicon supported by a base semiconductor, a sapphire
depositing a first layer of Photo-Active Dielectric (PAD)
over the layer of ARC;
depositing a second layer of Photo-Active Dielectric over
the first layer of Photo-Active Dielectric, the second layer of
Photo-Active Dielectric comprising a Photo-Active Dielectric
material having a different chemical composition than the first
layer of Photo-Active Dielectric;
first patterning and developing the second layer of PAD,
creating a trench pattern of a dual damascene pattern therein,
exposing the first layer of PAD;
second patterning and developing the exposed first layer of
PAD, creating a via pattern of a dual damascene pattern therein
aligned with the trench pattern, the second patterning and
developing comprising a different type of lithographic exposure
than the first patterning and developing, exposing the layer of
ARC;
removing the exposed ARC; and

filling the trench pattern and the via pattern with a

conductive material.
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substrate or a substrate used for flat panel displays. 14. The method of claim 9, wherein the first layer of
Photo Active Dielectric (PAD) is a polymer. 15. The method of claim 9, wherein the first layer of Photo
Active Dielectric (PAD) is a low-k polymer material including 27 polyimides, fluorinated polyimides,
polysilsequioxane, benzocyclobutene (BCB), parlene F, parlene N and amorphous

polytetrafluonathylene. 6 cHheimsthed afiglaim 9,whetain the, first dayer of PhoterActiveDielectric (PAD)
is polycarbonate (PC), polystyrene (PS), polyoxides (PO), polymethylmethacrylate (PPMA) and poly-
polyoxides (RBfYrlécEha-mgthad of claim 9, wherein the second layer of Photo Active Dielectric (PAD)
is a polymer. 18. The method of claim 9, wherein the second layer of Photo- Active Dielectric (PAD) is a
low-k polymer material including polyimides, fluorinated polyimides, polysilsequioxane, benzocyclobutene
(BCB), parlene F, parlene N and amorphous polytetrafluorothylene. 19. The method of claim 9, wherein
the second layer aftRhetethod of claim 9, wherein the semiconductor surface is a
printed circuit board, a flex circuit, a metallized substrate, a

glass substrate or a semiconductor device mounting support.

12. The method of claim 9, wherein the semiconductor surface is a

semiconductor substrate.

13. The method of claim 12, wherein the semiconductor surface is
a ceramic substrate, a glass substrate, a gallium arsenide
substrate, a silicon substrate comprising a single layer of
material, such as a silicon wafer or comprising silicon on
insulator (SOI) technology and silicon on sapphire (S0S)
technology, a doped or undoped semiconductor, an epitaxial layer
of silicon supported by a base semiconductor, a sapphire

substrate or a substrate used for flat panel displays.

14. The method of claim 9, wherein the first layer of Photo-

Active Dielectric (PAD) is a polymer.

15. The method of claim 9, wherein the first layer of Photo-

Active Dielectric (PAD) is a low-k polymer material including
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Active Dielectric (PAD) is polycarbonate (PC), polystyrene (PS), polyoxides (PO),
polymethylmethacrylate (PPMA) and poly- polyoxides (PPO). 28 20. The method of claim 9, wherein the
different type of lithographic exposure is UV lithography, DUV lithography, E-beam lithography, X-ray
lithography or ion beam lithography. 21. The method of claim 9, wherein filling the trench pattern and the
via pattern withis, cenduciive materiahearaprises methedssof metaldeposifionfeiewed by Chemical

Mechanical Polishing (CMP). 22. A method for creation of a dual damascene interconnect pattern,
comprising: peviding alaysrtefcondoctive, material overa serpicondustos surfaeeafist layer of Anti

Reflective Coating (ARC) having been deposited over the layer of conductive material; depositing a first
layer of PhotecAgtiverDietaaide RAD) cover the first layer of ARC; depositing a second layer of ARC over
the first layer of PAD; depositing a second layer of Photo-Active Dielectric over

16. The method of claim 9, wherein the first layer of Photo-

Active Dielectric (PAD) is polycarbonate (PC), polystyrene (PS),

polyoxides (PO), polymethylmethacrylate (PPMA) and poly-—

polyoxides (PPO).

17. The method of claim 9, wherein the second layer of Photo-

Active Dielectric (PAD) is a polymer.

18. The method of claim 9, wherein the second layer of Photo-
Active Dielectric (PAD) is a low-k polymer material including
polyimides, fluorinated polyimides, polysilsequioxane,
benzocyclobutene (BCB), parlene F, parlene N and amorphous

polytetrafluorothylene.

19. The method of claim 9, wherein the second layer of Photo-
Active Dielectric (PAD) is polycarbonate (PC), polystyrene (PS),
polyoxides (PO), polymethylmethacrylate (PPMA) and poly-—

polyoxides (PPO).
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the second layer of ARC, the second layer of Photo-Active Dielectric comprising a Photo-Active Dielectric
material having a different chemical composition than the first layer of Photo- Active Dielectric; 29 first
patterning and developing the second layer of PAD, creating an trench pattern of a dual damascene
pattern therein, exposing the second layer of ARC; removing the exposed second layer of ARC, exposing

the first layer ®f PALY secondpatterning anddevglepiag the first layer of PAD, tgrgating a via pattern of a
dual damascene pattern therein aligned with the trench pattern, the second patterning and developing

comprising a diffeeent dype of ithpgraphic expasure ithan dhe fiksy patietning and gexplopjngs-expasing the
first layer of ARC; removing the exposed first layer of ARC; and filling the trench pattern and the via
pattern with aieondyiciiva yateriak 231 The sethpd of slaimad2, whereinitba sgndpetive material
comprises copper.

21. The method of claim 9, wherein filling the trench pattern and

the via pattern with a conductive material comprises methods of

metal deposition followed by Chemical Mechanical Polishing (CMP).

22. A method for creation of a dual damascene interconnect
pattern, comprising:

providing a layer of conductive material over a
semiconductor surface, a first layer of Anti Reflective Coating
(ARC) having been deposited over the layer of conductive
material;

depositing a first layer of Photo-Active Dielectric (PAD)
over the first layer of ARC;

depositing a second layer of ARC over the first layer of
PAD;

depositing a second layer of Photo-Active Dielectric over
the second layer of ARC, the second layer of Photo-Active
Dielectric comprising a Photo-Active Dielectric material having a
different chemical composition than the first layer of Photo-

Active Dielectric;
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24. The method of claim 22, wherein the semiconductor surface is a printed circuit board, a flex circuit, a
metallized substrate, a glass substrate or a semiconductor device mounting support. 25. The method of
claim 22, wherein the semiconductor surface is a semiconductor substrate. 30 26. The method of claim
25, wherein the semiconductor surface is a ceramic substrate, a glass substrate, a gallium arsenide

substrate, a silicon substratecomprisingasingledayer of imateriab sucbassa siligen wafer-ogomprising
silicon on insulator (SOI) technology and silicon on sapphire (SOS) technology, a doped or undoped
semiconductercan epitadal layem efisiieen supperted by adiase-sericendugiar, wesappier substrate or

a substrate used for flat panel displays. 27. The method of claim 22, wherein the first layer of Photo Active
Dielectric (PARYissapglyrher. 28cdhe methed of elawr@2, wherein the first layer of Photo- Active
Dielectric (PAD) is a low-k polymer material including polyimides, fluorinated polyimides,
polysilsequioxane, benzacyetpbtienetBCB % pasienertd pasleae Nbandrmorpheus ipolytetraflddrotitylene.
layer of PAD;
second patterning and developing the first layer of PAD,
creating a via pattern of a dual damascene pattern therein
aligned with the trench pattern, the second patterning and
developing comprising a different type of lithographic exposure
than the first patterning and developing, exposing the first
layer of ARC;
removing the exposed first layer of ARC; and

filling the trench pattern and the via pattern with a

conductive material.

23. The method of claim 22, wherein the conductive material

comprises copper.

24. The method of claim 22, wherein the semiconductor surface is
a printed circuit board, a flex circuit, a metallized substrate,

a glass substrate or a semiconductor device mounting support.

25. The method of claim 22, wherein the semiconductor surface is

a semiconductor substrate.
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29. The method of claim 22, wherein the first layer of Photo- Active Dielectric (PAD) is polycarbonate
(PC), polystyrene (PS), polyoxides (PO), polymethylmethacrylate (PPMA) and poly- polyoxides (PPO).
31 30. The method of claim 22, wherein the second layer of Photo Active Dielectric (PAD) is a polymer.
31. The method of claim 22, wherein the second layer of Photo- Active Dielectric (PAD) is a low-k polymer

material inclgding rpelyindides.fluorinated polymidas.palysilseguioxane ceenzosyelpbyteneL(BCB)s
parlene F, parlene N and amorphous polytetrafluorothylene. 32. The method of claim 22, wherein the

second layerofRhetei Active Bieleetdic (RAP) s polycadonate: (PG), polystyrene {BS) i pelyoxides (PO),
polymethylmethacrylate (PPMA) and poly- polyoxides (PPO). 33. The method of claim 22, wherein the

different typesabdithaegraphie exposurens $\ expesire cbhM-expasyre, E-beane lithogsaphy, X-ray

lithography or ion beam lithography. 34. The method of claim 22, wherein filling the trench pattern and

the via pattefin with Badgnductivie sraterialicomprisesafethads comprising silicon on
insulator (SOI) technology and silicon on sapphire (S0S)
technology, a doped or undoped semiconductor, an epitaxial layer

of silicon supported by a base semiconductor, a sapphire

substrate or a substrate used for flat panel displays.

27. The method of claim 22, wherein the first layer of Photo-

Active Dielectric (PAD) is a polymer.

28. The method of claim 22, wherein the first layer of Photo-
Active Dielectric (PAD) is a low-k polymer material including
polyimides, fluorinated polyimides, polysilsequioxane,
benzocyclobutene (BCB), parlene F, parlene N and amorphous

polytetrafluorothylene.

29. The method of claim 22, wherein the first layer of Photo-
Active Dielectric (PAD) is polycarbonate (PC), polystyrene (PS),
polyoxides (PO), polymethylmethacrylate (PPMA) and poly-—

polyoxides (PPO).
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of metal deposition followed by Chemical Mechanical Polishing (CMP). 32 35. An interconnect pattern
created in a layer of insulation material, comprising: a layer of conductive material provided over a
semiconductor surface, a layer of Anti Reflective Coating (ARC) having been deposited over the layer of
conductive material; a layer of Photo-Active Dielectric (PAD) having been deposited over the layer of

ARC, the layep of PAD havingdesn patiernedanddevelaped; @ igtereernecs pattenrhaving been
created therein, the layer of ARC having been removed from underneath the interconnect pattern; and

the interconngat patter having been filed withsa canslugtive- material. 36. The interconnect pattern of
claim 35, wherein the conductive material comprises copper. 37. The interconnect pattern of claim 35,
wherein the semiconductor surface is a printed circuit board, a flex circuit, a metallized substrate, a glass
substrate or a semiconductor device mounting support.

31. The method of claim 22, wherein the second layer of Photo-

Active Dielectric (PAD) 1is a low-k polymer material including

polyimides, fluorinated polyimides, polysilsequioxane,

benzocyclobutene (BCB), parlene F, parlene N and amorphous

polytetrafluorothylene.

32. The method of claim 22, wherein the second layer of Photo-
Active Dielectric (PAD) is polycarbonate (PC), polystyrene (PS),
polyoxides (PO), polymethylmethacrylate (PPMA) and poly-

polyoxides (PPO).

33. The method of claim 22, wherein the different type of
lithographic exposure is UV exposure, DUV exposure, E-beam

lithography, X-ray lithography or ion beam lithography.

34. The method of claim 22, wherein filling the trench pattern
and the via pattern with a conductive material comprises methods
of metal deposition followed by Chemical Mechanical Polishing

(CMP) .
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38. The interconnect pattern of claim 35, wherein the semiconductor surface is a semiconductor
substrate. 33 39. The interconnect pattern of claim 38, wherein the semiconductor surface is a ceramic
substrate, a glass substrate, a gallium arsenide substrate, a silicon substrate comprising a single layer of
material, such as a silicon wafer or comprising silicon on insulator (SOI) technology and silicon on

sapphire (S©S) teghnoleay; aderad-orundeped semigonductar,am eRitaxial rlayakafi siigashsupported
by a base semiconductor, a sapphire substrate or a substrate used for flat panel displays. 40. The
interconnectrpattern 8 ¢laardsSy wherejn the layer of Photo-Active Dielectric (PAD) is a polymer. 41. The
interconnect pattern of claim 35, wherein the layer of Photo-Active Dielectric (PAD) is a low-k polymer
material including polyinides dtuarinatac-palyimides cpalysilsequioxasd, beszocyciehutene BCBYr
parlene F, parlene N and amorphous polytetrafluorothylene. 42. The interconnect pattern of claim 35,
wherein the layer at Ehaio-Active Dielentrici(PAdY)lis polycarlenate (BC) Aratystyrenen P 5 polyoxides
(PO), polymethylmethacrylate (PPMA) and poly-

deposited over the layer of conductive material;

a layer of Photo-Active Dielectric (PAD) having been

deposited over the layer of ARC, the layer of PAD having been

patterned and developed, an interconnect pattern having been

created therein, the layer of ARC having been removed from

underneath the interconnect pattern; and

the interconnect pattern having been filled with a

conductive material.

36. The interconnect pattern of claim 35, wherein the conductive

material comprises copper.

37. The interconnect pattern of claim 35, wherein the
semiconductor surface is a printed circuit board, a flex circuit,
a metallized substrate, a glass substrate or a semiconductor

device mounting support.

38. The interconnect pattern of claim 35, wherein the

semiconductor surface is a semiconductor substrate.
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polyoxides (PPO). 34 43. A dual damascene interconnect pattern created in a layer of insulation,

comprising: a layer of conductive material having been provided over a semiconductor surface, a layer of
Anti Reflective Coating (ARC) having been deposited over the layer of conductive material; a first layer of
Photo-Active Dielectric (PAD) having been deposited over the layer of ARC, the first layer of PAD having

been secondpattanmed and-developad; hayingsreated a viaipattern efia duakdamascene pattern therein;
a second layer of Photo-Active Dielectric having been deposited over the first layer of Photo-Active

Dielectric, theesecanthlayenef BhotoActivedDiglectic,campHsipg @ Bheto-Actives Dieleghictnatesial
having a different chemical composition than the first layer of Photo-Active Dielectric, the second layer of
PAD having begn firstipatternechand developedrbaviag steated:a frepeh patierrcoftbe idiiah gamascene
pattern therein aligned with the via pattern; the exposed ARC having been removed from underneath the
dual damaseeme;interconsectqiattesnezarichl, such as a silicon wafer or comprising
silicon on insulator (SOI) technology and silicon on sapphire
(SOS) technology, a doped or undoped semiconductor, an epitaxial

layer of silicon supported by a base semiconductor, a sapphire

substrate or a substrate used for flat panel displays.

40. The interconnect pattern of claim 35, wherein the layer of

Photo-Active Dielectric (PAD) is a polymer.

41. The interconnect pattern of claim 35, wherein the layer of
Photo-Active Dielectric (PAD) is a low-k polymer material
including polyimides, fluorinated polyimides, polysilsequioxane,
benzocyclobutene (BCB), parlene F, parlene N and amorphous

polytetrafluorothylene.

42. The interconnect pattern of claim 35, wherein the layer of
Photo-Active Dielectric (PAD) is polycarbonate (PC), polystyrene
(PS), polyoxides (PO), polymethylmethacrylate (PPMA) and poly-

polyoxides (PPO).
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the trench pattern and the via pattern having been filled with a conductive material. 44. The dual
damascene interconnect pattern 43, wherein the conductive material comprises copper. 35 45. The dual
damascene interconnect pattern 43, wherein the semiconductor surface is a printed circuit board, a flex
circuit, a metallized substrate, a glass substrate or a semiconductor device mounting support. 46. The

dual damascene intecennect patdesn43,wheredbiesamicandustar suidaceis a semicongduetos £
substrate. 47. The dual damascene interconnect pattern 46, wherein the semiconductor surface is a
ceramic substrate] aglass, substiata,sagallium arsenide substrate, a silicon substrate comprising a
single layer of material, such as a silicon wafer or comprising silicon on insulator (SOI) technology and

silicon on sapphire a(SQSktecbrologyca doped onsndoped seancangustasnap epitaxiat layes of silicon
supported by a base semiconductor, a sapphire substrate or a substrate used for flat panel displays. 48.
The dual damascena iterconneciyadtesn 43, Wheeain diie first layes of PhotorActive DielectlinKPAD) is a
polymer.
having been deposited over the layer of conductive material;
a first layer of Photo-Active Dielectric (PAD) having been
deposited over the layer of ARC, the first layer of PAD having
been second patterned and developed, having created a via pattern
of a dual damascene pattern therein;
a second layer of Photo-Active Dielectric having been
deposited over the first layer of Photo-Active Dielectric, the
second layer of Photo-Active Dielectric comprising a Photo-Active
Dielectric material having a different chemical composition than
the first layer of Photo-Active Dielectric, the second layer of
PAD having been first patterned and developed, having created a
trench pattern of the dual damascene pattern therein aligned with
the via pattern;
the exposed ARC having been removed from underneath the dual
damascene interconnect pattern; and

the trench pattern and the via pattern having been filled

with a conductive material.

44. The dual damascene interconnect pattern 43, wherein the

conductive material comprises copper.
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49. The dual damascene interconnect pattern 43, wherein the first layer of Photo-Active Dielectric (PAD)
is a low-k polymer material including polyimides, fluorinated polyimides, 36 polysilsequioxane,
benzocyclobutene (BCB), parlene F, parlene N and amorphous polytetrafluorothylene. 50. The dual
damascene interconnect pattern 43, wherein the first layer of Photo-Active Dielectric (PAD) is

polycarbonates (PGh cpelystyreng{(PS) e pelyoxides (B Ralymethyimgthagylate(PPMA)Y rand

poly-polyoxides (PPO). 51. The dual damascene interconnect pattern 43, wherein the second layer of
Photo-ActivesBiglecirie (RAB) issa polywaeri 524 The duakdamaseene inteyseanect patiern 43 wherein the

second layer of Photo-Active Dielectric (PAD) is a low-k polymer material including polyimides,
fluorinated palyimides) podysilseguioxane, benzgtyclebutenet(BER), parlenesEnpartenaiNt apd
amorphous polytetrafluorothylene. 53. The dual damascene interconnect pattern 43, wherein the second
layer of Photo=Adtive Rielentre PADpisopalycarbonate (PC), polystyrene (PS), polyoxides (PO),
polymethylmethacrylate (PPMA) and poly-polyoxides (PPO).

46. The dual damascene interconnect pattern 43, wherein the

semiconductor surface is a semiconductor substrate.

47. The dual damascene interconnect pattern 46, wherein the
semiconductor surface is a ceramic substrate, a glass substrate,
a gallium arsenide substrate, a silicon substrate comprising a
single layer of material, such as a silicon wafer or comprising
silicon on insulator (SOI) technology and silicon on sapphire
(SOS) technology, a doped or undoped semiconductor, an epitaxial
layer of silicon supported by a base semiconductor, a sapphire

substrate or a substrate used for flat panel displays.

48. The dual damascene interconnect pattern 43, wherein the first

layer of Photo-Active Dielectric (PAD) is a polymer.

49. The dual damascene interconnect pattern 43, wherein the first

layer of Photo-Active Dielectric (PAD) is a low-k polymer

material including polyimides, fluorinated polyimides,
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37 54. A dual damascene interconnect pattern formed in a layer of insulating material, comprising: a
layer of conductive material having been provided over a semiconductor surface, a first layer of Anti
Reflective Coating (ARC) having been deposited over the layer of conductive material; a first layer of
Photo-Active Dielectric (PAD) having been deposited over the first layer of ARC, the first layer of PAD

having beensecond pattemeckand fdeveloped.having caated sovig pattern eha dual damasgener pattern;
a second layer of ARC having been deposited over the first layer of PAD; a second layer of Photo-Active

Dielectric haying bees slepasitesboverdthe secaond dayer nE ARC, the second layer of Photo-Active
Dielectric comprising a Photo-Active Dielectric material having a different chemical composition than the
first layer of Photo-Active Dielectric, the second layer of PAD having been patterned and developed,
having created a trench pattern of a dual damascene pattern therein aligned with the via pattern; the
second layensof. AREchavirg beemsemeoeved froteunderneath pattern 43, wherein the first
layer of Photo-Active Dielectric (PAD) is polycarbonate (PC),
polystyrene (PS), polyoxides (PO), polymethylmethacrylate (PPMA)

and poly-polyoxides (PPO).

51. The dual damascene interconnect pattern 43, wherein the

second layer of Photo-Active Dielectric (PAD) is a polymer.

52. The dual damascene interconnect pattern 43, wherein the
second layer of Photo-Active Dielectric (PAD) is a low-k polymer
material including polyimides, fluorinated polyimides,
polysilsequioxane, benzocyclobutene (BCB), parlene F, parlene N

and amorphous polytetrafluorothylene.

53. The dual damascene interconnect pattern 43, wherein the
second layer of Photo-Active Dielectric (PAD) is polycarbonate
(PC), polystyrene (PS), polyoxides (PO), polymethylmethacrylate

(PPMA) and poly-polyoxides (PPO).
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the trench pattern; the first layer of ARC having been removed from underneath the via pattern; and 38
the trench pattern and the via pattern having been filled with a conductive material. 55. The dual
damascene interconnect pattern of claim 54, wherein the conductive material is copper. 56. The dual
damascene interconnect pattern of claim 54, wherein the semiconductor surface is a printed circuit

board, a flexs gircuit, @ metallizegdssubsirate, -glass substratear&- semicanrducter device moupting
support. 57. The dual damascene interconnect pattern of claim 54, wherein the semiconductor surface is

a semicondugtensubstrate.ib8: dheLdual damascene dnterconnect pattern of claim 57, wherein the
semiconductor surface is a ceramic substrate, a glass substrate, a gallium arsenide substrate, a silicon

substrate comprisiag B=siagledayerofdmateriak suah asassiliecen wateraseeomprsing siliconan inasulator
(SOI) technology and silicon on sapphire (SOS) technology, a doped or undoped semiconductor, an
epitaxial layercof siliwotsupported hy=a-base semicondustosraof Anti Reflective Coating

(ARC) having been deposited over the layer of conductive

material;

a first layer of Photo-Active Dielectric (PAD) having been
deposited over the first layer of ARC, the first layer of PAD
having been second patterned and developed, having created a via
pattern of a dual damascene pattern;

a second layer of ARC having been deposited over the first
layer of PAD;

a second layer of Photo-Active Dielectric having been
deposited over the second layer of ARC, the second layer of
Photo-Active Dielectric comprising a Photo-Active Dielectric
material having a different chemical composition than the first
layer of Photo-Active Dielectric, the second layer of PAD having
been patterned and developed, having created a trench pattern of
a dual damascene pattern therein aligned with the via pattern;

the second layer of ARC having been removed from underneath
the trench pattern;

the first layer of ARC having been removed from underneath

the via pattern; and
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sapphire substrate or a substrate used for flat panel displays. 39 59. The dual damascene interconnect
pattern of claim 54, wherein the first layer of Photo-Active Dielectric (PAD) is a polymer. 60. The dual
damascene interconnect pattern of claim 54, wherein the first layer of Photo-Active Dielectric (PAD) is a
low-k polymer material including polyimides, fluorinated polyimides, polysilsequioxane,

benzocyclobutene (BEB) parene Fa padene Mhand-ameorphossiralytetraivarathyiens, 64: Thedual

damascene interconnect pattern of claim 54, wherein the first layer of Photo-Active Dielectric (PAD) is
polycarbonatei {RC), pelystyrene P S)apelyoxides (PO), polymethylmethacrylate (PPMA) and
poly-polyoxides (PPO). 62. The dual damascene interconnect pattern of claim 54, wherein the second
layer of Photo-Active Dielectric (PAD) is a polymer. 63. The dual damascene interconnect pattern of claim
54, wherein the second layer of Photo-Active Dielectric (PAD) is a low-k polymer material including
polyimides, fiuorineted palyimidesa pobisdseqiiexans, henzogyciakittene {BCB),iparkene hpartene N
and amorphous polytetrafluorothylene. 40

the conductive material is copper.

56. The dual damascene interconnect pattern of claim 54, wherein
the semiconductor surface is a printed circuit board, a flex
circuit, a metallized substrate, a glass substrate or a

semiconductor device mounting support.

57. The dual damascene interconnect pattern of claim 54, wherein

the semiconductor surface i1s a semiconductor substrate.

58. The dual damascene interconnect pattern of claim 57, wherein
the semiconductor surface is a ceramic substrate, a glass
substrate, a gallium arsenide substrate, a silicon substrate
comprising a single layer of material, such as a silicon wafer or
comprising silicon on insulator (SOI) technology and silicon on
sapphire (S0OS) technology, a doped or undoped semiconductor, an
epitaxial layer of silicon supported by a base semiconductor, a

sapphire substrate or a substrate used for flat panel displays.
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64. The dual damascene interconnect pattern of claim 54, wherein the second layer of Photo-Active
Dielectric (PAD) is polycarbonate (PC), polystyrene (PS), polyoxides (PO), polymethylmethacrylate
(PPMA) and poly-polyoxides (PPO). 41

59. The dual damascene interconnect pattern of claim 54, wherein

the first layer of Photo-Active Dielectric (PAD) is a polymer.

60. The dual damascene interconnect pattern of claim 54, wherein
the first layer of Photo-Active Dielectric (PAD) is a low-k
polymer material including polyimides, fluorinated polyimides,
polysilsequioxane, benzocyclobutene (BCB), parlene F, parlene N

and amorphous polytetrafluorothylene.

61. The dual damascene interconnect pattern of claim 54, wherein
the first layer of Photo-Active Dielectric (PAD) is polycarbonate
(PC), polystyrene (PS), polyoxides (PO), polymethylmethacrylate

(PPMA) and poly-polyoxides (PPO).

62. The dual damascene interconnect pattern of claim 54, wherein

the second layer of Photo-Active Dielectric (PAD) is a polymer.

63. The dual damascene interconnect pattern of claim 54, wherein
the second layer of Photo-Active Dielectric (PAD) is a low-k
polymer material including polyimides, fluorinated polyimides,
polysilsequioxane, benzocyclobutene (BCB), parlene F, parlene N

and amorphous polytetrafluorothylene.
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64. The dual damascene interconnect pattern of claim 54, wherein
the second layer of Photo-Active Dielectric (PAD) is
polycarbonate (PC), polystyrene (PS), polyoxides (PO),

polymethylmethacrylate (PPMA) and poly-polyoxides (PPO).
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