SELF- PATTERNI NG OF PHOTO ACTI VE DI ELECTRI C MATERI ALS FOR | NTERCONNECT

| SOLATI ON BACKGROUND OF THE I NVENTION (1) Field of the Invention The
invention relates to the fabrication of integrated circuit devices, and
nore particularly, to a nethod of creating a pattern for conductive

i nterconnects in a |layer of photo-active dielectric material w thout using
a separate | ayer of photoresist for the exposure and patterning of the

| ayer of photo-active dielectric material. (2) Description of the Prior
Art In the fospel+errafrRisEm o@ndHEOTO-ACTIEGr al BUECTRTOI EBSTERIALS KBIMDON
practice to forminterconnect netal line structures on a nunber of
different levels within the stmuciracenand 1soLBTTORNecting the various

| evel s of wiring with contact or via openings. The first or |owest |evel
of interconnect wires is typically fornmed as a first step in the process
after which a second or overlying level of interconnect wres is deposited

over the first level. drJdhexddstod emal Qfventzeficonnect wires is typically
N
(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,




contact with active regions in a sem conductor substrate but is not
limted to such contact. The first |evel of interconnect can for instance
also be in contact with a conductor that |eads to other devices that form
part of a larger, nulti-chip structure. The two |levels of netal wires are
connected by openings between the two layers that are filled wth netal
where the openings between the two layers are lined up with and match
contact points in one or both of the levels of netal |ines. Previously
used techni qu&sat 6ifernliauttiocf evetasrafnnkat ng reappby tvhectéeskinigue of
first formng the interconnect level netal in a first plane followed by
form ng thetaver kythgatevet ofgiomd errcannecti onindecicnrassbeondtpl ane.idhi s
structure typically starts with the surface of a sem conductor substrate

into whigh: ackivedqdeyi eeshhaye:heen mieatiett Theesupfacetentonnbithcdhe
pattern of interconnect lines of the first plane is fornmed nmay al so be an

insul ati gn | ayer.,depasiktede overcdihessurfage Ofcdhbecsubstrateieraa tayer of
oxide may first have been forned on the surface of the substrate. After

the layer, Lot Q:WRLEl LA PRLERIL Of 4 ALLrCONNeCT g cWERSH a8 Lot he.
created,Oﬁgggbggﬁgggfined, t he i%ﬁerconnecting pattern itsglf 5 ne%ds to be

defined.ngi%WESlg9g§Sugkngeggfvﬁpgééngﬁe 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 cor both of the levels of metal lines.

Previously used technigues 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 intoc 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




phot ol i t hographi ¢ techni ques whereby the openings are made (in the |ayer)
above the points that need to be contacted in the substrate. The openi ngs,
once created, nmay by lined with |ayers of naterial to enhance netal
adhesion (to the sidewalls of the opening), the glue |ayer, or to prevent
diffusion of materials into and fromthe substrate in subsequent
processing steps, the barrier layer. The final phase in creating the first
| evel of interconnect lines is to fill the created openings with netal,
typlcalIWeeéﬁuﬁpnhﬁld?ﬁh@@@enTQﬁSch$p%¥“3d@ﬁéﬁﬁéﬁ@véﬁtﬁﬁéagartlcular
application and the requirenents and restrictions that are inposed by such
par anet epsoaslliithegwighhs bspectauet iWdiofeltthd hepemengngsr egai nede planarhey
of the surface of the deposited netal and others. This process of |ine

f or mat i on ayerovebbyenghkayeistof thaetrated an e repéatédd nneskentially the
same manner as highlighted for the first |layer of interconnecting wires. 3
Appl yi ng se@rveatieonal methods of creating conductive interconnect patterns
typically results in the consunption of |arge anounts of chem cals that
are related to photolithographic exposure of the interconnect pattern and
to the Reactive lon

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 subseguent processing steps, the

barrier lavyer.

The final phase in creating the first level of interconnect
lines is te fill the created openings with metal, typically
aluminum, tungsten or copper, dependent on the particular
application and the reguirements and restrictions that are imposed
by such parameters as line width, aspect ratioc of the opening,
reguired 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.




Etching (RIE) process that is thereby applied. Due to this consunption of
chem cals, the cost of creating conductive interconnect patterns continues
to increase, nore so in the era of new technology in which nore stringent
design requirenents are inposed. The increasing use of |owk dielectrics
for the insulation of the conductive interconnects further presents
additional challenges in the creation of conductive interconnects, such as
the potential contam nation of the lowk dielectric materi al durlng t he
renoval of thépexpbdsedcphototbeist medlods todr asetingt 6pBOAABEYSpattern has
been transferred to the lowk dielectric. A further problemis presented
by damagérntterthenkow kadielest tygicalsla reesiiltts ofn [thrgcerpospreoti aks
required as part of the applied RIE The invention addresses these

concer ns 1andepapvizdes borchaeicase wiata dielrediaticel mat ehbablinhognhpiche an

i nterconnect pattern 4 can be directly exposed wi thout the use of an

Overl yi ngex?é@@%@r@f phet oreststnm@asK.pdiS Nat ents th, 06, 849 Shel nuh et

al.), 5,334,488 (Shipley, Jr.) and 6,521,328 (Lauffer et al.) describe the

use of phat e @ACtRYR) dbebeetsi €8at N Primt et Lidgiildoand mBnyhast ure.
consumption of chemicals, the cost of creating conductive
interconnect patterns continues to increase, more 50 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 additicnal
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




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

phot o-active dielectric (PAD). SUMVARY OF THE | NVENTI ON A pri nci pal
objective of the invention is to provide a nethod of creating interconnect
patterns that does not require the creation of an overlying photoresist
exposure mask. Anot her objective of the invention is to reduce the cost of
creating an interconnect pattern in a |ayer of dielectric. Yet another
objective of the invention is to significantly reduce the materials

requi r ed dfaor teheliceetlivonxpbsad vhtlesworiectusepatit @n ovErAvsny| fxpasvher
objective of the invention is to provide a nethod for the creation of an

i nt er conpeetcopattietnubbat is particularly suited to the use of a | oww

dielectric as insulating material. A still further objective of the
invention is to reduce effects of contam nation of the |ayer of insulation
in which an interconnect pattern is created. A still further objective of

the inventionss phechedueesosushacesgauvage dto dihe | ayens4otisbnsphapien, in
which an interconnect pattern is created.
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.

Ancther 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.




In accordance with the objectives of the invention a new nethod is
provided for the creation of an interconnect pattern. The invention
provides for a |ayer of Photo-Active Dielectric (PAD) to be used for the
insulation material in which the interconnect pattern is created, this

Wi thout the use of an overlying exposure mask of photoresist. BRI EF

DESCRI PTI ON OF THE DRAW NGS Figs. 1 through 4 show the application of PAD
for the creation of a damascene pattern. 6 Figs. 5 through 10 show a first
appl i cati on of PADLIofuttieer crlemdoivofofa thgalindanaseenésphe te¥evids gs. 11
t hrough 17 show a second application of PAD for the creation of a dual
damascenecpatbtiefnor DESCRMR OM OF EHE IPREFERREBCEVBEDE VENTS W0l del y used
approaches in creating netal interconnects is the use of the damascene and
t he dual dammscenel st sutted eso tHEheispplfi catiicenwotiithecdaimsgene process
continues to gain wider acceptance, nost notably in the process of copper
netal i zati,Qn18Yeqt Qatbesdifficulty of copper dry etch where the damascene
pl ug penetrates geep in very small, sub-half mcron, Utra Large Scal e

i ntegrated devices. Recent appli catl ons have successf ully used

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 1s 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.




copper as a conducting netal line, nost notably in the construct of CMOS
6-1 ayer copper netal devices. In the formation of a damascene structure, a
metal plug is first fornmed in a surface, this surface in nost instances is
the surface of a sem conductor substrate. A layer of Intra Level
Dielectric (ILD) is deposited (using for instance Plasma Enhanced CVD
technology with SiQ2 as a dielectric) over the surface into 7 which
trenches for netal lines are forned (using for instance Reactive |lon

Et ching technol ogy). The trenches overlay a netal interconnect and are
filled with nmetal (using for instance either the CVD or a netal flow
process). Pl amagkzabi onroelight hi® smetala tio tde stoopisatfiaceodf PRhefot ayler of

| LD conpl etes the damascene structure. Sone early damascene structures

have beenraghievedrusi Aga Reagtdvedonpatieahing (RIE) for the process of
pl anari zation but Chem cal Mechanical Planarization (CW) is used

excl usively today. An extension of the damascene process is the dual
damascene process whereby an insulating or dielectric material, such as

silicon oxi demg%égg&tewsg%%ﬂ% m&raalséé&tasadggl%s@&ea_so%omtb@r the

conducti ve |line Vi as, ich are filled at e sane tine wth netal

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.

Tn 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 fechnoclogy with $10; as a dielectric) over the surface into




Damascene is an interconnection fabrication process in which grooves are
formed in an insulating layer and filled with nmetal to formthe conductive
| i nes. Dual damascene is a nmulti-level interconnection process in which,
in-addition to form ng the grooves of single damascene, conductive via
openings also are fornmed. 8 One of the dual damascene approaches uses a
dielectric layer that is forned by three consecutive depositions whereby
the central layer functions as an etch stop layer. This etch stop |ayer
can be SwNichhértophaadfbotimeml ayiereofarehiformeded ubager fotohffganat i on can
be SiQ2. This triple layer dielectric allows first formng the vias by
resi st pakternivagitheEvtasnande@trehiong jt.hrough the three |ayers of
dielectric. The conductive trench pattern can then be forned in the top

| ayer of dielectric whereby the central layer of SiN forns the stop |ayer
for the etch of the conductive trench pattern. Another approach, stil

using the thrggs layglcielretnke of ReEBd oRtdheosubst rate sw fragged s to
first formthe pattern for the conducting lines in the top |ayer of the

?Lg'negtefmt%%%gx (hbenSi N, ayer: agal ni5ef4esras cebChrshopecThes vb@s can

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
BEtching (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 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.




formed by aligning the via pattern with the pattern of the conducting

| ines and patterning and etching the vias through the etch stop |ayer of
SiN and the first layer of dielectric. Yet another approach is to deposit
the three layer dielectric in tw steps, first depositing the first |ayer
of Si2 and the etch stop layer of SIN. At this point the via pattern can
9 be exposed and etched. The top layer of SiQ2 dielectric is then
deposited, the conducting lines are now patterned and etched. The Si N

| ayer will stépethé ehehilngl elweptcsirerarntvaclics opeai Agdichaver &f r bAGY:
been etched. Dual damascene is an inprovenent over single damascene
because itthapern fsrmbhe Pyl thnege oforbotdutihe cepdwdttiivesgrbevesyande vi as
with nmetal at the sane tinme, thereby elimnating processing steps. The

i nvent i orewithh 1nowybe desctibed i detaidn dthe flayetr. ehbedétent sofpt he
invention wll be explained using Figs. 1 through 4, the second enbodi nent

of the inverti eanwhkl she, desctopethdsidirdnl gsyedr blir eugh {0rubilevéhe
third enbodi nent of the invention will be described using Figs. 11 through

17. Refersjngnow-spgckhhcpl! yido Fig. 1, there is shown a cross section
of a layer 10 of conductive material, typically
This triple layer dielectric allows first forming the vias
by resist patterning the vias and etching through the three
iayers 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 Si0;

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




conprising a netal such as copper, over which a layer 12 of Anti

Refl ective Coating (ARC) has been deposited. A layer 14 of Photo- Active
Dielectric (PAD) has been deposited over the layer 12 of ARC 10 It nust
be understood in the cross section showmn in Fig. 1 that |layer 10, of for
i nstance copper, nmay be deposited over a sem conductor surface 90,
preferably but not limted to the surface of a sem conductor substrate.
The sem conductor surface 90 can be a printed circuit board, a flex
circuit, k= medalskidzeddsabstedt eTha ghrasks wubsth dti®-adde aecsehd conduttior
devi ce nmounting support. The sem conductor substrate can be a ceramc
subst r at elepsigle@lss thubsbnatier iaggal héumar sent e tsehsierated atshkdcohhe
substrate conprising a single layer of material, such as a silicon wafer

or conprissing aSied ¢an108tbpsuhat ot ck S5 )et@gitnaliegy: tard vskl bpenings
sapphire (SOS) technol ogy, a doped or undoped sem conductor, an epitaxial

| ayer of 1sild GancsWRPOELadebY¥hagbase sem conductor, a sapphire substrate
or a substrate used for flat panel displays. Conventional nethods can be

applied for the creation of the three layers 10, 12 and 14.

Dual damascene 1is 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
erbodiment 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 Ceoating (ARC) has been deposited. A layer 14 of Photo-
Active Dielectric (PAD}) has been deposited over the layer 12 of

ARC.

10




Layer 12 of ARC is deposited to mnimze the effect that reflected |ight
has on image creation. A layer of ARCis frequently applied as a bl anket
deposition over a surface that 11 causes light to be reflected such as a

| ayer of netal, conprising for instance copper. Layer 12 of ARC can for

i nstance be deposited through a spin coating process foll owed by a thernmal
cure at a tenperature of about 120 degrees C for a tine period of about 90
seconds to yield a bl anket focusing |layer when cured of a thickness of
about 1,500 Aﬁg§P@6nPeL39%?riﬁ?OQfl%r???(ﬁﬂoﬁﬁnﬁﬁqg%ﬂﬁeSPSWPhéniﬁ%%nt?on,
conprises Photo Active Dielectric (PAD), which is a dielectric nmateri al
that is dérditlavernt @ % hefekpbsiPetdRCPhetRRYl ety CefGPgy: TR gver a
sensitivity to the exposure of photo-electric energy results in changing
t he chenizaliconrposiori enréhcehdl} ayee fefalPAD lugomotedgosdee by Ehght
energy. Layer 14 preferable conprises a material that is, as stated,

sensi ti vesurk eexpasure skoiphotiocener gybsnraddi tion to being thermally
conpatible with other processes that are used for the creation of

sem conduct or devices. Layer 14 for this purpose preferably conprises,

wi t hout

The semiconductor surface 90 can be a printed circuit board,
a flex circuit, a metallized subsirate, & 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 insulatcr (80I) technoclogy

and silicon on sapphire {808) 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.

Conventioconal methods can be applied for the creation of the

three layers 10, 12 and 14.

Layer 12 of ARC is deposited tTo 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

1z



being limted thereto, such materials as contained in the polynmer famly
of polyimde materials. Due to these characteristics of 12 photo-active and
thermal conpatibility, layer 14 allows, using this |ayer 14 and of
critical inmportance to the invention, for the pattern definition, the
pattern transfer and the pattern freeze all in this layer 14 of PAD. For
| ayer 14 can for instance be used a | owk polynmer material including

pol yi m des, fluorinated polyimdes, polysilsequioxane, benzocycl obutene
(BCB), parheas Figpartenese Neft@rbrphidusspel yeeerabf uoeothyl eperrifing
pol ymer film can be spun onto the wafer and can contain polycarbonate
(PO, pokystynenentPSyoppeot yoxi des (PO, F polynethyl nethacryl ate (PPMR)
and pol y-pol yoxides (PPO. It is inportant to use a material for the
polymer filmthat can be applied by spin coating and that can, at a | ater
date, be -easily renoved by dipping the coated sem conductor package in a

sol vent. Salment s o hat ganhe wsed: horahbl SpOWRNSS dditldeusacet @den THE
and trichl oro-nethane. The preferred thickness for layer 14 of PADis

bet ween %Qg%%n%anggeQFdf&§Lgﬂgi49954réH@rd%il%hk@ganal@¥ﬁ§eﬂ§t@%eﬁfﬁ)the

foll ow ng co

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




13 - layer 14 allows for, due to its photosensitivity, the elimnation of
an additional |ayer of photoresist that is conventionally required for

i nterconnect pattern definition - the layer 14 minimzes the need for R E
application, and - by defining the chem cal conposition of |ayer 14, |owk
dielectric characteristics can be obtained in |ayer 14. By now i nterposing,
as shown in the cross section of Fig. 2, a mask 16 between a |ight source
18/ 20 and the substrate over which the structure that is shown in cross
section phoEbgactihasanfeeneoraat@dpdtiightl i2G,ofl alvieght 4sebtees 1822009
penetrates the mask 16 and exposes the surface of |ayer 14 of PAD,
convertingithéayehemt cahdcofpasiticn ombdcayemck4 twhéhe Enghtt20n) npacts and
penetrates |ayer 14. The newly created conposition of layer 14 is

hi ghl i ghtted asttkayeast2Rit ot heclor ass-tsaat itanneffeki gnd2rhehpatayer 20
remai ns unchanged in the not exposed to photo energy regions 14, also as

hi ghl i ghtred.i;a the crosgiseciion ©of & ¢ard. For |ight source 18/ 20, an W
or DUV Iight source may be used to project the inage 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 |ithography, X-ray

l'i thography a@gr 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
ooclycarbonate (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 &
solvent. Solvents that can be used for this purpose include

acetone, THF and trichlecro-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




14 ion beam |ithography, which are applied by nore advanced nethods of
creating snmall device features. Fig. 3 shows a cross section of the
structure after devel opnment of the exposed |ayer 14 of PAD, renoving the
exposed PAD regions 22 and thereby creating danascene openi ngs 20

through the layer 14 of PAD. As a final step under the first enbodi nent of
the invention, the layer 12 of ARC is renpved fromthe bottom surface of
openings 20', the result of which is shown in the cross section of Fig. 4.
The | ayer 1@vefr aétallcpseferabliye clonprtisimy tewpped tivii§ynohexposed,
enabling the creation of single danmascene interconnects by filling

openi ngs 20minathoa odnductfdet he®r i adyer sutphag coeppet, tivbichswi Il be in
direct contact with the layer 10 of for instance copper. As an exanple of
| ayer 12 archeientelyarkgyereof fBotiomrAntrieRefdaetkirvedEdati ngoLBARC) ,
conprising either SiON or organic BARC, which can be renoved from opening

20° V\'ithﬁtﬂl%CilﬁgerCquﬁlﬁﬁﬂﬂﬂngQ e andd OWdatre hetopeeratcandad@0 scecm N2
at a flow rate between 10 and 100 sccm applied for a tinme period between

about 30 apd 6Qr386ARdShelBhemical 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 petween a light source 18/20 and the substrate over
which the structure that is shown in c¢ross 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 1s equally suitable for the

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

i4




The second enbodi nent of the invention will now be explained wusing Figs. 5
through 10 for this purpose. The cross section shown in Fig. 5 will be
recogni zed as the cross section of Fig. 1 with the addition of a second

| ayer 26 of PAD that has been deposited over the first |ayer 24 of PAD.
The first layer 24 of PADis simlar to the |ayer 14 of PAD that has been
shown in the cross section of Fig. 1. Comments that have been nade with
respect to layers 10, 12 nd 14 of Fig. 1 equally apply to |layers, 10, 12,
2 (a f1 1St Heajor hopARs Flind 2651 o SO ISk &t OF TPABS"SRERH PHEEPdEs
section in Fig. 5 and are enclosed at this tine by reference. It nust
further B poigitdddodtathateragerioatuisie first PAD |ayer, and |ayer 26,
the second PAD | ayer, preferably conprise different types of PAD
materials, as these PAD naterials have previously been defined, and are
exposed and subsequently devel oped using different types of |ithographic
exposures, thusg.aPBl ewong forrvhe seeatdomoftiopertimgd uraviedgedi f f er ent
width or cross sections in the two layers 24 and 26 as is basic to and
requi r ed deore idpeeciteatti aheobxpodedl lapmmsicene stAlyctnemevib§ Ascacrpxbtedt ep
in the process of creating a dual damascene structure, the second PAD

| ayer 26 pmp fddStorexposaddwchBranti ¢séating damascene openings 20’

through the layer 14 of PAD.

As a final step under the first embodiment of the inventicn,
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 20f with a recipe
comprising 0; at a flow rate between 10 and 100 sccm, Ny at a flow
rate between 10 and 100 sccm, applied for a time period between

about 30 and 60 seconds.
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phot ol i t hogr aphi ¢ exposure 30/ 32 and devel oped, simlar to the sequence of
exposure and devel opnent that has previously been 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

t hrough the exposure mask 28 have the dinensions of a desired trench that
forms the upper part of a dual danascene structure, allow ng the photo
energy 32 to Thenetrahe #¢hivodghetther fhradle 28ivand iiompart Lphotobenexgyaimed he
second | ayer 26 of PAD, thereby changing the chem cal conposition of |ayer
26 in thedhinghlright ed andobewndedrsegirons @4 pefse.ayer 26. By now

devel opi ng the exposed portions 34 of the first PAD |ayer 26, that is
removi ng the second PAD | ayer fromregions 34 highlighted in the cross
section of Fig. 6, the cross section of Fig. 7 is obtained wherein first

openi ngs 32' L}g\éecb?see reated sthrough #he fd rat il %}ée&e%@ﬂgizé’é\%sm@ée

openlng 32' at a ater time be recogni zed as being the trenches of a

dual "%ﬁf%%%e Strychupe. p17, The, j nyentd oy ontinugs . as.shaw, o, the Gf oss

section

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 eqgually 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 ocut 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 is basic to and

required for the creation of a dual damascene structure.
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Fig. 8 wth a second photolithographic exposure by interposing a second
exposure mask 34 between the source 36/38 of light energy 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 |ayer 24 of PAD. The
openi ngs created through the second exposure nmask 34, through which |ight
energy 38 is allowed to pass, have the dinmensions of a via interconnect
that forns pant af naxdualkedaimscenerstrart wie crfhé iphotodekéctipingsenes gy
highlighted as 38 in the cross section of Fig. 8 passes through the

openi ngs se¢reatedel, NthhesesesonerexXpogi € drask f34stCceeabispg aipat hef hrof

| ight exposure in the first layer 24 of PAD that has been highlighted as

bounded B@@%@&F&h@@mbﬂiwéﬁ}bom@e chenizalncerpesickiean efimtherftesthdayer
24 of PAD is changed so that this |ayer can be devel oped, thus «creating

the via iterceanget 8,85 sarduahq daIRSEaNE St HUGkULas Thevissyht, nakter

devel opi ng the exposed sections 40 of the first layer 24 of PAD, that is

after renmpui f Se expgsed r{ions 40, is shown in the cross section
of Fig. ggxﬁ%ngﬁthEes opgningsa@g' wi |l be recognized as being the upper
or trench 18 portion of a dual damascene structure while openings 40" wll

be

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 creoss 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 compositicn
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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recogni zed as being the lower or via interconnect portion of a dual
damascene structure. As a final step, the results of which are shown in the
cross section of Fig. 10, the layer of ARCis renoved fromthe bottom of
openings 32'/40', preventing electrical opening between the bottom netal

| ayer 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 thernmal treatnent to enhance
the quality of the created dual damascene structures. The cl eani ng steps
may involve wafer scrubbing to renove | oose particulate contam nants.
Subsequent toTaeclaaahngoprocessyued r eat mentwrwiitnh theganbessebwends, oSuch as
trichl oroet hyl ene, acetone, p-xylene, nethanol and ethanol, is perforned

to renpveiqQrganisethnpuskedes Sueds ascHygdrpedardenrsoand-grheasese rphs oy ray
remain. A final cleaning may include treatnent with various inorganic

chem cal §;t-0nHeaRKesheavya tRt 8 SvediicXamlLurHaese / 3Bnerganie: chesm gal
m xtures are strong oxidants, which forma thin oxide |ayer at the wafer

sur face. ah | $n@xide Layer bSow$tid RDas s remVIRg shMpyE tzesrabsorbed into
t he oxide layer. 19 Chemcal cleaning for renoving chémcally bonded film
from 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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wafer surface is one in a cleaning process. Conventional chem cal cleaning
i ncludes a series of acid and rinse baths. Chem cal solutions have been
used extensively for the manufacture of sem conductor devices. Wt

chem cal processing baths have been used for cleaning sem conductor
wafers, as well as for etching deposited filnms on these wafers. For
exanpl e, the wuse of hydrogen peroxide (H202) containing solutions for
cleaning silicon sem conductor wafers Is well known. In addition to wafer
cl eani ngpohytiongef pedexl déanssasrid istgohdtmreonbiinat Ppanwieh 48Ul ¥irl deaci d
for photoresist renmoval and in conbination with phosphoric acid, sulfuric
aci d or apneghusedyds oxé ey fare Iseleactinve it tankumehebi ngor Then tdheraral
treatment that is applied to the structure that is shown in cross section
of Fig. LQamayabesperéosied-alra tenperature of about 500 degrees C for a
time period of about 10 to 20 mnutes. The third enbodi ment 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. 20 11A5thf%Q9Sy£§p"B§Aﬂe 18 And & he $R4LEeal8/ 2000h |hobte enesgy,

whi ch are shown I n 2, are onmtted fromthe cross section
section of Flg. 10, the layer of ARC i1s 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 solwvents, such as trichloroethylene,
acetone, p-xylene, methanol and ethancl, 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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shown in Fig. 11. The steps that are required to create the cross section
that is shown in Fig. 1 therefore are assuned to precede the cross section
shown in Fig. 11. It nust 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 |ayer 42 of ARC has
been deposited, for the conventional reasons as highlighted previously for
t he deposition of a layer of ARC, over which a second |ayer 44 of PAD has
been deposited. The second | ayer 44, as shown in the cross section of Fig.
13, is now exposed usin& exposure mask 46. The openings contained _in
exposur e mask @emdre larilgasdndi £AT r BYRORS D X TeMitdRel I Pondepayedm1ATgR PAD,
the openings in mask 46 have the dinmensions of a trench pattern for a dual
danmascene'stauctarieceThe phet onefef 52 eNpOSUTEC AT | SBIVGEKe@NBy ERpBEORE
mask 46 and therefore does not affect the second | ayer 44 of PAD. The
phot 0 enerlgyarexposuce uS@spassesiehrolighcider ek poisure sl .46 and 21
t heref ore changes the chem cal conposition of the second | ayer 44 of PAD,
preparing the second | ayer 44 of PAD for devel opnent thereof in the
regions highlighted as regions 52. After |ayer 44
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 sclutions 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 1n 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. Z.

This cross section is again shown in the cross section of Fig.
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has been devel oped, the cross section that is shown in Fig. 14 is
obt ai ned, wherein now trench opening 52' for a dual damascene structure
have been created overlying the layer 42 of ARC. The exposed | ayer 42 of
ARC, overlying the first layer 14 of PAD, is renoved fromthe bottom of
openings 52', as shown in the cross section of Fig. 15, after which the
exposed |l ayers 22 of the first |layer 14 of PAD are renoved, as shown in
the cross section of Fig. 16. It is clear fromthe cross section that is
shown i n 1Ai,g.thkb exbbatirth@aspeht ngsd 22\e and: 52 1f8/@fh afdlabhdasascene
structure, wherein openings 52' formthe upper or trench portion of the
dual danrmascenerst sueldr enandgopeni igs @2t fear mitdie theweroek weation

i nt erconnect portions of the dual damascene structure. By as a final step

renovi ng &rheexposed . fiist thayered2 ofat ARG fromithe hot tearet epentngss
22' /52", the conpleted dual danmascene structure is obtained as shown in

the cross, S&q QOQ&QEhiEi howd - 122 Akt houghe tdve, dvent i.an has beep-desgei bed

and illustrate h reference to Specific illustrative enbodi nents
j[her EOf ! tl}‘}e clr s%ogselcggtgﬁdgﬁo&rnai t?f%l nlvle.ntl on be | I m ted to j[hOSE
il lustrative enbodi ments. ose ski dinthe art wll recognize

Tt 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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that variations and nodifications can be made wi thout departing fromthe
spirit of the invention. It is therefore intended to include within the
invention all such variations and nodifications which fall within the
scope of the appended clainms and equivalents thereof. 23 Wat is clained
is: 1. Anethod for creation of an interconnect pattern, conprising:
providing a | ayer of conductive material over a sem conductor surface, a

| ayer of Anti Reflective Coating (ARC) having been deposited over the

| ayer of ttemddotievehangterilad ; cldeposalt iqgueesliayen of Phet eefoniflvbayer 44
Dielectric (PAD) over the layer of ARC, patterning and devel oping the

| ayer of oRPARADGT eabbRgiag it esconnectapat tier pf ther €bm, dexpbspngnt he | ayer
of ARC, renoving the exposed ARC, and filling the interconnect pattern with

a conductinve @it eni ahe ZegThes nMefdod @it aismrkgivher epn hheeeongyst i ve
material conprises copper. 3. The nethod of claim1, wherein the

sem conductor .sHr fhace: he-g¢l ecd edr $£9m4he gnouR ganshstkhngnof:i@. printed
circuit board, a flex circuit, a nmetallized substrate, a glass substrate

and a sem.canduet Olndexfe, IpUOLLNG, sipRoidy <4 Ehe aelad abogtabm 1,

wherein the sem ¢onductor surface is sem conductor substrate.

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 52’7, 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

secticon 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 %2’ form the upper or trench portion of the dual
damascene structure and cpenings 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 227/52', the completed dual
damascene structure is obtained as shown in the cross section of

Fig. 17.
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5. The method of claim4, wherein the sem conductor surface is selected
from the group consisting of a ceramc substrate, a glass substrate, a
gal l ium arseni de substrate, a silicon substrate conprising a single |ayer
of material, such as a silicon wafer or conprising silicon on insulator
(SA) technology and silicon on sapphire (SOS) technol ogy, a doped or
undoped sem conductor, an epitaxial |ayer of silicon supported by a base
sem conductor, a sapphire substrate and a substrate used for flat panel
di spl ays. 6. TAshpeghothefietermar Wierkbdan desdraper apdphotoshERFv@
Dielectric (PAD) is a polyner. 7. The nmethod of claim1, wherein the |ayer
of Phot owAthi vetfBireheet tocsRAD)1d st 1 settasttad of cowwothaegrouphesvnsfstithg of
a lowk polyner material including polyimdes, fluorinated polyim des,
pol ysi | seguinexanetchenzocyet obut ener£BCB)y iparlienéch, tpathere N and
anor phous pol ytetrafl uorothylene. 8 The nethod of claim 1, wherein the
| ayer of jRheis@rAetivvechbheleatris. (PAD)e iskilseledtedhbr amet heldr ospognize
consi sting of polycarbonate (PC), polystyrene (PS), polyoxides (PO,
pol ynet hyhnet hach kkatas( PRV c@nsdi ol Yool yaxide sna0RPO)L £ h8ut Adeph hodnd or
creation of a dual damascene interconnect pattern, conprising: 24
providin r .of .conductiye: ial ry | uct,erngukRf Bge, a
| ayer o%%#t ?xgefsgelg?:evgycgg%l?%@%ﬁg%@ h?ﬁnlg@gégr%ggggsi tgd over the
| ayer of CoNdualiNe, s HRLAL! Blyo EPOS 1 NG fr 1a% ka¥URE ahgPhoto-Active

P ayer o ARC;

Dielectritc over the'l

modifications which fall within the scope of the appended claims

and equivalents thereotf.

23




depositing a second | ayer of Photo-Active Dielectric over the first |ayer
of Photo-Active Dielectric, the second | ayer of Photo-Active Dielectric
conprising a Photo- Active Dielectric material having a different chem cal
conposition than the first |ayer of Photo-Active Dielectric; first

pat t er Whagisahdmgedéel opi ng t he second | ayer of PAD, creating a trench
pattern of dual : ] . 1 j OS] Be first |ayer of
PAD, secondﬂpattéfﬁ%ﬁ§§gﬁgﬁgggékgégHgaﬁﬁgk%§%%%§hékﬂgg%ngayer of PXD,
creating a Vvia pavidiipa dfyepofitaldudivaseteriel pat b eemicohdregirrsushignddyan t h

the trench pattern, the second patterning and devel gpi conprising a
di f f er entdAnty Betlggtive; CadlizaphiRe) el%ﬁ%ug‘%mt %%)S’tt?fg OF§1y gf@ Pa%sft 0 r‘i‘wa‘gﬁ'g(ﬁd
develogﬁgﬁayexposing the | ayer of ARC, renoving the exposed ARC, and
filling e ’'trench pattern and the via pattern with a conductive material.
10. The net hod oflewisainmadayasto Phot-Adtereddinbiucici (V4 DimverthalayeoophREes
copper. 11. The nethod of claim9, wherein.the sem.conductor surface is
selected Trom.  HEGHBBRE SRaT SRk TORYS BF [ ADed P PEAN LBOAPERC: ATET By
C|rpuime%hqghgﬁﬁégﬁqaﬁyg§gp§;e, a glass substrate and a sem conductor
devi ce mountihg support. 12. The method of claim9, wherein the

semi conduct or surdnaoeng heaxpewildd{duador substrate. 13. The net hod of
claim 12, wherein,the sem conductor surface is _selected from the group
consi sting of o Bhikie RESPRE R eyt 88l RubF HBEH AL

., a gallium arsenide

substrate, a silthepRipdRIl@ahe , GOORIL SleRBnductivBelCerlaBy@hp@fes BBgRET al , such
as a silicon wafer or conprising silicon on insulator (SO) technol ogy and

silicon on 8apphilhe n{<See) ot eleimdl @@y;ei@tl@bmcs@muctor surface is selected from
the group consisting of a printed circuit board, a flex circuit, a metallized substrate, a glass

substrate and a semiconductor device mounting support.

4, The method of claim I, wherein the semiconductor surface is a semiconductor
substrate.
5. The method of claim 4, wherein the semiconductor surface is selected from

the group consisting of 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 and a substrate used for flat panel displays.

6. The method of claim 1, wherein the layer of Photo-Active Dielectric (PAD) 1s
a polymer.
7. The method of claim 1, wherein the layer of Photo-Active Diclectric (PAD) ts

selected from the group consisting of a low-k polymer material including polyimides,
fluorinated polyimides, polysilsequioxane, benzocyclobutene (BCB), parlenc F, parlene N
and amorphous polytetrafluorothylene.

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

9. A method for creation of a dual damascene interconnect pattern, comprising:
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undoped sem conductor, an epitaxial |ayer of silicon supported by a base
sem conductor, a sapphire substrate and a substrate used for flat panel

di splays. 14. The method of claim9, wherein the first |ayer of

Phot o- Active Dielectric (PAD) is a polyner. 15. The nethod of claim?9,
wherein the firsprovidjes agfyepp @dA@twweateuéW@taisemcemjonsgrf%q,édwa from

1 aori nbu Ra e aeectndfSRET SRRt R BB, oL TR DR, o ReBflHgl o

F, paphemg;N and anmor phous pol ytetrafl uorothyl ene. 16. The met hod of claim
9, wherein the first |ayer of Photo-Active Dielectric (PAD) js.sel ected
fromthe group cémsssineny st lpgirydasberdidve Iﬂhylwﬁél@ﬁ't[@r‘é‘f?e thpdyyer of

pol yoxi c&eg (PO, polynethyl nethacrylate (PPMA) and pol y- pol yoxi des ( PPO).
17. The thod of claim9, wherein the second | ayer of Photo-Active
Dielectric (PADjegositmgpobyorrd .laks. of’ﬂhﬁ;tmtiml Méleccthaidvmgthev\ﬁst éayer totfe
second | ayer of Photo-Active Dielectric i s selected from E)ge group

consi sPheig-Asttivg Pistgolicp g sreonga et o Pl}oﬁé IA&HV%@‘C}SW%CI‘P?%@%P’I‘ Pi%iat ed
p0| yi mydes, r}})?aké‘[ﬁb llﬁeﬁ&tﬂélqg]@g%'r Ottéﬁﬁ’%xgﬁ;ty&le%&‘eﬁ R BB - thzgﬁfl{ceﬂ%t Fayer RRT | €ne

N and anor phous pol ytetra ene. 19. The nethod of claim9, wherein
t he seehttd-A@iweDidkctBapt o- Acti ve D| electric (PAD) is select ed from t he

Dol yret hy! et haGFFF ARGCTPRRY S TY ISbrSro e CeplyD: o6 a TeERod of
claim Batte‘mgf Ll iBRaflich 8481 tleYRE Qhodihg NRATFAMNS cEXRPBUr € | 5
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.
10.  The method of claim 9, wherein the conductive material comprises copper.
11, The method of claim 9, wherein the semiconductor surface is selected from
the group consisting of a printed circuit board, a flex circuit, a metallized substrate, a glass

substrate and 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 selected from

the group consisting of 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 and 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 selected from the group consisting of a low-k polymer material including
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selected fromthe group consisting of UV lithography, DUV |ithography,
E-beam |I|ithography, X-ray |ithography and ion beam|ithography. 21. The
met hod of claim9, wherein filling the trench pattern and the via pattern
wi th a conductive material conprises nmethods of netal deposition followed
by ChepilgiaiidesvuhenatedpolpohidshimedysiiSwvmjoxang, benzegsrclobatche (BeBeapdrsic ot a
dual danpscene . nterconnect. tern,, conprising: roviding a |l ayer of
conduc?rl% ¢ ngrﬁl%qxplgq}xgrpogyt%tgaﬁug{)o%gﬂgrtlcor surface, 2 first gI ayeryof Ant i

Reflective @pating AR baviang heekerdaposi firedgvebf Phetd-ayeve Diicleanduct i ve
material; depositing a first |ayer of Photo-Active D electric (PAD])’ over
the fiPADY isyeelegstd TrmeT; theegrosp tionsisEnsg 6¢ drdyaeipaateofP ARMOMXECRNEP ) r st

| ayer of,  PAD: 0Sht] I r el ectri th
v SR ORI O BEERIA o g BL sk aepRbs ect T e over the
conpri si ng g.Photige ActiodentRighest whecinnht etéarkd hayi i lmtadidiclies Eitlealiem cal

conposition than the first |ayer of Photo-Active Dielectric; first
pat t er B 18APOHEVE! opi ng the second | ayer of PAD, creating an trench

pattern of & dualy, danhsge CEJRFH§eﬁﬂer%ﬂ%ggis%%ﬂ)ﬁggéi(ﬂg’htolﬂ‘r:'—/k%ﬁ%’mella&)ﬁ@r of

ARC; renoving the exposed second | ayer posing the first layer of

PAD, @6\Bedondepatitfomni tig gndipdevediopigngf tahéowikr pblylray emaefiaPARludingat i ng
[ tt f dyual ' ' i

g a;/![ 2r ;?pﬁyigrﬁégss @ggﬁgatﬁ(ggp@gﬁ%ﬁgcﬁ%i@%ug&rage} Epe%rzgéyrélo%lu%egg ?SCW)} Ig]arfegg FI, rench

parlene N and amorphous polytetrafluorothylene.

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

20.  The method of claim 9, wherein the different type of lithographic exposure is
selected from the group consisting of UV lithography, DUV lithography, E-beam
tithography, X-ray lithography and ion beam lithography.

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 damascenc 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;

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 of PAD;
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devel oping conprising a different type of |ithographic exposure than the

first patterning and devel oping, exposing the first |ayer of ARC, renoving
t he exposed first layer of ARC, and filling the trench pattern and the via
pattern with a conductive material. 23. The nethod of claim 22, wherein the
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Phot o- etgrae &misang oif @ pr(nmﬁl)mus;t ’ta)apahleyﬂer cir@8t, aThetalezed ocbsthtec hagilass 22,
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semiconductor substrate.

26, The method of claim 25, wherein the semiconductor surface is selected from
the group consisting of 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 and 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 selected from the group consisting of 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 selected from the group consisting of polycarbonate (PC), polystyrene (PS),
polyoxides (PO), polymethylmethacrylate (PPMA) and poly-polyoxides (PPO).

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 selected from the group consisting of a low-k polymer material including
polyimides, fluorinated polyimides, polysilsequioxane, benzocyclobutene (BCB), parlene F,

parlene N and amorphous polytetrafluorothylene.
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29. The nethod of claim 22, wherein the first |ayer of Photo-Active
Dielectric (PAD) is selected fromthe group consisting of polycarbonate
(PO, polystyrene (PS), polyoxides (PO, polynethylnmethacrylate (PPMA) and
pol y- pol yoxi des (PPO). 30. The nethod of claim 22, wherein the second |ayer
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