¢q 9ol

WxLAﬁGNUIR—BLCDGETT (LB) FILMS AS ARC AND ADHESI ON PROMOTERS 1}&%&% OR
* PATTERNI NG OF SEM CONDUCTOR DEVI CES ' BA@k D HE
| NVENTI ON (1) Field of the Invention The invention

relates to the fabrication of integrated circuit devices, and nore
particularly, to a nethod of sinultaneously providing an antireflective
coating and adhesion pronoter for thHe~patterning of reflective layers in
sem conduct or devices or the |ike. (2) Description of the Prior Art

In the fabrication of integrated circuits, a |ayer of photoresist is
coated over an underlying layer or |ayers to be patterned. The photoresi st
i s exposed LANGMIOR-BLODGETMt ( BN FUHMS aASEARC ANDe ADHESDOM SPRAMAITERSevel oped

| eaving a pattern which is then used to fattern the underlying layers. If

the topnost under!yi F§R| BAEFERNING GF| HEMY SNHATORe PEVEEES | ght rays are
reflected by the underlying

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 simultaneously providing an antireflective coating
and adhesion promoter for the patterning of reflective layers

in semiconductor devices or the like.

{2) Description of the Prior Art

In the fabrication of integrated circuits, a
layer of phoforesist is coated over an underlying layer or
layers to be patternmed. The photoresist is exposed to
actinic light through a mask. The photoresist is developed
leaving a pattern which is then used to ﬁattern the
underlying layers. If the topmost underlying layer is highly
reflective, the light rays are reflected by the underlying
layer ontoc the photoresist layer causing overexposure of
portions of the photoresist layer. This will result in
inaccurate patterning of the underlying layers. Current
practice in the art is to use an anti-reflective coating

(ARC) under the photoresist. This coating is typically



| ayer onto the photoresist |ayer causing overexposure of portions of the
photoresist layer. This will result in i naccurate patterning of the
underlying layers. Current practice in the art is to use an
anti-reflective coating (ARC) under the photoresist. This coating is
typically - 2 - formed from
titaniumnitride, although polyner fiFnk Wwhich are highly absorbing and
non- bl eachi ng at phot oexposure wavel engths have al so been used. However,
neither titanium nitride nor polyners typically enployed as ARCs can serve
as both anti-reflective coatings and_ adhesion pronoters.

In addition tEPTRRE JFemekptrnium sitpidei GHEhonghppol presifkilnsayplishf or ned
upon reflectiyve l.ayerns wthi.n integrat circuits, there al so exists

Wi t hin integr%f%mplé§1?c%$?%F?%ﬂ¥ §&§s?%ﬁﬁ qcblﬁﬁr%ta?%RFﬁﬁ*ﬂﬂséﬁ?of
providing adgguat eql 0, I colavers (such as . hut not
limted to o?ganl c&?%gtg o?%‘gélls%i%%\zg?ggg %%egﬂor 5‘8‘6%%9%@%&%&%8““‘

Anti - Refl ect i ¥prfiofd ndg péTimlerdsA¥9bsta BV dnd269aA! §s ARYEL hn( HEDe 855 bUt
not limted to reflective netal |ayers

both anti-reflective coatings and adhesion promoters.

In addition to the overexposure of portions of
photoresist layers formed upon reflective layers within
integrated circuits, there also exists within integrated
circuits the substantially unrelated problem of providing
adequate adhesion Setween organic layers (such as but not
limited to oréanic'photoresist layers and organic polymer
based Anti-~Reflective Coating (ARC) layers) and inorganic
layers (such as but not limited to reflective metal layers
upon whose surfaces are formed organic photoresist layers and
organic polymer based ARC layers). Methods and materials
through which such interfacial adhesion problems have
typically been addressed within integrated circuits have
commonly employed coating between the édjoining organic and
inorganic layers an adhesion promoter layer. The adhesion
promoter layer is typically formed from an adhesion promoter
material which may be ordered within the adhesion promoter
layer to simultaneously exhibit a chemical affinity for both
the organic layer and the inorganic layer. Adcommon,

although not exclusive, adhesion promoter material employed



upon whose surfaces are formed organi ¢ photoresist layers and organic
pol ymer based ARC | ayers).. Methods and materials through which such
interfaci al .adhesi on problens have typically been addressed wthin
integrated circuits have,. conmonly enpl oyed coating between the adj oining
organic and inorganic |layers an adhesiap_pronoter |ayer. The adhesion
pronoter layer is typically fornmed froman adhesion pronoter nmateri al

whi ch nmay be ordered within the adhesion pronoter |ayer to sinmultaneously
exhibit a chenmical affinity for both the organic |layer and the inorganic
| ayer. A common, although not exclusive, adhesion pronoter materi al

enpl oyed i n form ng adhesion pronoter |ayers within
integrated circuits is Hexa-Methyl-Di-Silazane (HVDS)

Al t hough problens related to overexposure of portions of photoresist

| ayers formed upon reflective |ayers

in forming adhesion promoter layers within integrated

circuits is Hexa-Methyl-Di-Silazane (HMDS).

Although problems related to overexposure of
portions of photoresist layers formed upon reflective layers
within integrated circuits and problems related to
interfacial adhesion between organic layers and inorganic
layers within integrated circuits are substantially
unrelated, and are typically resolved by substantially
unrelated methods and materials, those two problems often
occur simultaneously within integrated circuit processing. In
order to provide optimal manufacturing efficiency it is thus

. desirable within integrated circuit manufacture to provide
methods and materials through which problems related to
overexposure of portions of photoresist layers and problems
related to organic/inorganic interfacial adhesion may be
simultaneously addressed. It is toward that goal that the

present invention is generally directed.

Although typically not conventionally employed
with integrated circuit manufacture, there has recently been
disclosed within the art of forming ordered thin film layers
with desirable physical and/or chemical properties the use of
Langmuir-Blodgett (LB) films and Langmuir-Blodgett (LB)

methods. For example, U.S. Patent 5,301,069 to Wood et al
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wisthin integrated circuits and problens related to interfacial adhesion
bet-ween organic |ayers and inorganic layers within integrated circuits are
substantially wunrelated, and are typically resolved by substantially

unrel ated nmethods and materials, those two problens often occur
sinmultaneously within integrated circuit processing. In order to provide
opti mal manufacturing efficiency it is"thds desirable within I nt egrat ed
circuit manufacture to provide nethods and materials through which
problens related to overexposure of portions of photoresist |ayers and
problens related to organic/inorganic interfacial adhesion nmay be

simul taneously addressed. It is toward that goal that the present

i nvention iteag@eer ehé Yudd bECLeAgmuir-Blodgett (LB) filnshaugh Lygheal |y not
conventionally enployed wth integrated circuit manufacture, there has

recently bdémitdngcfibblesr wot brotedie optticefl Sensors). oldSr-eBatdbh film | ayers
w th desirabl e ph¥3|cal and/ or chem cal properties_the use of

Langmui r - BiSodger 274 L8 Qgawds ehnalt L"a?ﬁﬁhﬁsr tBPoHﬁ%t‘?f @BEE fFiiRods.2 For

?XinPle J%tepatggélfﬁégzl Qgréggl 1ng, an%l—foggxng, and anti-

contaminating film.

Desirable in the art of integrated circuit
manufacture are methods through which Langmuir-Blodgett
techniques may be employed in forming ordered films which
simultaneously minimize overexposures of portions organic
photoresists formed upon reflective inorganic layers, such as
metal layers, and promote the adhesion of those organic
photoresist layers upon those reflective inorganic layers.

- It is towards that goal that the present invention is

specifically directed.
SUMMARY OF THE INVENTION

A principal object of the present invention is
to provide an effective and very manufacturable method of
forming an anti-reflective coating in the fabrication of an

integrated circuit.

A further object of the invention is to

provide a method of forming an anti-reflective coating
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tieaches the use of Langnuir-Blodgett (LB) filns in alight- limting
filter to protect optical sensors. U S Patent 5,225,274 to Ogawa et al
teaches the use of an LB filmas a water-repelling, oil-repelling,
anti-fogging, and anti- contamnating film Desirable in
the art of integrated circuit manufacture are nethods through which
Langnui r- Bl odgett techni ques may be enployed in forming ordered filns

whi ch sinmul taneously m ninm ze overexposures of portions organic

phot oresi sts forned upon reflective inorganic |ayers, such as netal

| ayers, and pronote the adhesion of those organic photoresist |ayers upon

those refl gpbhvg r&PIdNIve LaYEFS sudd dsSal evalgetialcogaactingt the
present invention is speC|f|caI1y di rect ed. SUMVARY

OF THE | NVEMyeON the antireflective dbatingcapab abdfist asf anhadpesbemt
invention is to provide an effective and very manufacturabl e nmethod of
form ng anPZemPLeEfbetweeape thearefileshivendavghr prdt3dPreREAR 1¥eRygr at ed

circult. such as an organic photoresist layer, formed over there

reflective layer.

Yet another object is to provide a method of
forming an anti-reflective coating that also acts as an
adhesion promoter that is easy to control through monolayer

to multilayer.

A still further object of the invention is to
provide a method of forming an anti-reflective coating that
also acts as an adhesion promoter that is easy to assemble

and to recover.

In accordance with the objects of this
invention a method for patterning a conducting layer in the
fabrication of an integrated circuit is achieved. A
conducting layer is provided over semiconductor device
structures in and on a semiconductor substrate. A Langmuir-
Blodgett film is formed and coated through a Langmuir-:
Blodgett method onto the conducting layer, wherein the
Langmuir-Blodgett film acts simultaneously as an anti-

reflective coating and as an adhesion promoter. A layer of
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A further object of the invention is to provide a nmethod of formng an
anti-refleetive coating - 5 -

upon a reflective |ayer, such as a reflective conducting |ayer, the
antireflective coating also acting as an adhesi on pronoter between the
reflective | ayer and an organic Iayerh_Gsych as an organi c photoresi st

| ayer, forned over there reflective |ayer. . Yet anot her
object is to provide a nethod of formng an anti-reflective coating that
al so acts as an adhesion pronoter that is easy to control through

nonol ayer to nmultilayer. A still further object of the
I nvention is to provide a nethod of formng an anti-reflective coating

(o e =0 BibEofEa A YRS AR AR Lo S SR CEE D 7 10
patterned to provide a photoresist mask. The conducting
layer is etched away where it is not covered by the
photoresist mask and the photoresist mask is removed to
complete the conducting layer patterning in the fabrication

of an integrated circuit.

The present invention provides an effective
and very manufacturable method for forming an antireflective
coating upon a reflective layer, such as a reflective
conducting layer, wﬁere the antireflective coating also acts
as an adhesion promoter between the reflective layer and an
organic layer, such as an organic photoresist layer formed
over the reflective layer, in the fabricatioq of an
integrated circuit. Through the method there is formed a
Langmuir-Blodgett film through a Langmuir-Blodgett method
onto a conducting layer, The Langmuir-Blodgett film is
formed from a dye surfactant which may be ordered through the
‘LB method in a fashion such that the LB film forms
simultaneocusly an antireflective layer with respect to the
conducting layer and adhesion promoter layer with respect to
a photoresist layer subsequently formed upon the conducting

layer.

The invention provides a method for forming an



il,nvention a nethod for patterning a conducting layer in the fabrication of
an integrated circuit is achieved. A conducting layer is provided over

sem conductor device structures in and on a sem conductor substrate. A
Langnmuir- Blodgett filmis forned and coated through a Langmuir- Bl odgett
met hod onto the conducting layer, wherejn the Langnuir-Blodgett filmacts
sinmul taneously as an anti- reflective coating and as an adhesi on pronoter.
A |l ayer of photoresi st is coated over the Langnuift-Bl odgett
filmand patterned to provide a photoresist mask. The conducting |ayer is
et.ched away where it is not covered by the photoresist nmask and the

photoresist nmask is renoved to conplete the conducting |ayer patterning in
t he fabricaféarediechive,cogitaredthaty @lise. acts as an adhesion premeteXent

i nvention provides an effective nd ver facturabl e .nmethod for formng
an antirefl§§ Fgelsd%%ﬁ% ﬁ% ﬁﬁﬁﬁm%f%%ﬁq9§§¥P32Q#§3%ﬁ? mopeh 13825 g%flective

multi-;ayer, and recover. Although not typically employed
within-integrated circuit manufacture, the LB method through
which a LB film may be formed upon a substrate layer is known
in the art of thin films to provide a LB film which is easy
to assemble upon the substrate layer, control through mono-
layer to multi~layer upon the substrate layer, and recover
from the substrate layer. Through the method of the
invention a LB film is formed upon a reflective layer within
.an- integrated circuit, while employing a dye surfactant
molecule in forming the LB film. Since the LB method does
not inferentially discriminate against a integrated circuit
as a substrate when forming a LB film, the method of the
- invention thus provides a method for forming an
antireflective coating that also acts as an adhesion promoter
which is easy to assemble, control through mono-layer to

multi-layer, and recover.
BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a

material part of this description, there is shown:

Figs. 1 and 9 through 12 schematically



conductlng | ayer, where the antireflective coating also acts as an

adhesi on pronoter between the reflective layer and an organic |ayer, such
as an organi c photoresist layer formed over the reflective layer, in the
fabrication of an integrated circuit. Through the nmethod there is forned a
Langnui r- Bl odgett filmthrough a Langnu%r-BIodgett method onto a
conducting | ayer, The Langnuir-Blodgett filmis forned froma dye
surfactant which may be ordered through the LB nmethod in a fashion such
that the LB filmforns sinultaneously an antireflective layer with respect

to the 9°”dfﬁds”&a @y&h é" SCtie aErQQB}% Congbn"‘@tﬁ‘réf‘éﬂ%‘é to a

phot oresi st layer sequen upon t ucting layer
The inventi ogmpjuditied®s ol HRé F&g&s‘m fiarahegon _
- 7 - antireflective coating that also acts as an adhesi on pronoter

which is easy to assenble, control through nono-layer to nulti-layer, and

recover. AI t hOUgh not typl Cal l Y. er]B]us%%Qtes the chemical formula for a

dye surfactant used in the process of the invention.

Figs. 3B, 3B, 4 and 5 schematically illustrate
in cross-sectional representation the process of forming an
LB film within a Langmuir trough through the method of the

present invention.

Figs. 6A and 6B schematically illustrate in
cross-sectional representation first method of coating an LB
film on a wafer having two hydrophilic surfaces in the

process of the present invention.

Figs. 78 and 7B schematically illustrate in
cross-sectional representation a second method of coating an
LB film on a wafer having two hydrophobic surfaces in the

process of the present invention.

Figs. 8A and 8B schematically illustrate in
cross-sectional representation a third method of coating an
LB film on a wafer having at least one hydrophobic surface in

the process of the present invention.
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within integrated circuit manufacture, the LB nmethod through which a LB
filmmay be formed upon a substrate layer is known in the art of thin
films to provide a LB filmwhich is easy to assenble upon the substrate

| ayer, control through nono- |ayer to nulti-layer upon the substrate

| ayer, and recover fromthe substrate |ayer. Through the nethod of the
invention a LB filmis formed upon a refPective layer within an integrated
circuit, while enploying a dye surfactant nolecule in formng the LB film
Since the LB nmethod does not inferentially discrimnate against a
integrated circuit as a substrate when formng a LB film the nethod of
the invention thus pDBSCRIEPTIDNTOFhUHE f BREFERREDNEMBODINENTS ef | ecti ve
coating that also acts as an adhesion pronoter which is easy to assenbl e,
control through nono-layer to multi-layer, and recover.

BRI EF DESCRI PTI ON OF THE W.NGS, . , I n the acconpanyi ng
drawi ngs forning a mater!ﬁ%Ae ﬁgﬂﬂﬁﬁ v ese2EPViie ir HHMSETREI0RRA:

Figs. 1 and Q ¢yied8hsds SERRIBLLCALL Yee patterning. It should be

understood that this invention is not limited to the
particular semiconductor device patterning shown in Figs. 1
and 9-12, but is equally applicable to any type or level of
patterning using a photoresist on a reflective surface
within an integrated circuit simultaneously provide an ARC
on the reflective surface and an adhesion promoter between

the reflective surface and.the photoresist.

Referring now more particularly to Fig. 1,

- there is shown an illustration of a portion of a partially
completed integrated circuit. The semiconductor substrate 10
is preferably composed of silicon having a (100)
crystallographic orientation. Field Oxide regions 12 are
formed as are conventional in the art. The surface of the
silicon substrate 10 is thermally oxidized to form the gate
oxide layer 14. Polysilicon gate electrode 16 is patterned
and etched as is conventional in the art. Insulating layer
18 is deposited over the gate electrode 16. Openings are
made through the insulating layer 18, for example, to source

and drain regions 20 and gate electrodes, as shown, where



EERTTIT

»

- 8 - Illustrate in cross-sectional representation a preferred

ehrbodi ment of the present invention. Fig. 2 illustrates
the chemical fornula for a dye surfactant used in the process of the

i nventi on. Figs. 3A, 3B, 4 and 5 schematically illustrate
I n cross-sectional representation the gy¥§Q§s of formng an LB filmwthin
a Langnuir trough through the nethod of present invention.

Figs. 6A and 6B schematically illustrate in cross-sectional representation
first nethod of coating an LB filmon a wafer having two hydrophilic
surfaces in the process of the present invention. Fi gs.

7A and 7B schamgki-¢ahi yCérldé&t:.BﬂEeafé‘ tF HRS hadecl | ANRdtd L ArReNRAL LGN a
second nmethod of coating an LB filmon a wafer having two hydrophobic

surfaces in tdé@osmtecesﬁemftﬂmanpﬁeserﬁg ivayert and. within the contact Figs.
8A and 8B schematically illustrate in cross-sectional representation a
t hi rd net hod apendpngasi ng an

Now, the LB film of the present invention is
to be coated onto the metal layer 22 to be patterned. The LB
£ilm will act as both an anti-reflective coating and as an

adhesion promoter.

Dye surfactant molecules such as squaraine
derivatives of the general formula shown in Fig. 2 can form
LB films in different orientations and aggregations under
different experimental conditions. The orientation of a dye
surfactant molecule within an LB monolayer formed upon the
surface of a solvent relates to the character of the soivent.
Hydrophobic tail groups of dye surfactant molecules will
orient upward in agqueous solvents. Hydrophobic tail groups
of dye surfactant molecules will orient downward in
hydrophobic solvents. For proper'operation of the invention
the final orientation of an LB film formed from a series of
dye surfactant molecules upon a reflective surface must have
exposed hydrophobic tail groups of the dye surfactant
molecules. In addition, dye surfactant molecules other than
squaraine derivatives can be used. What is needed with

respect to the present invention, in the dye surfactant



LB filmon a wafer having at |east one hydrophobic surface in the process

of "t he present .i nvention. - 9 -
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The drawi ng
figures provide an illustration of a typical sem conductor device

patterning. It should be wunderstood thatyf{his invention is not limted to
the particular sem conductor device patterning shown in Figs. 1 and 9-12,
but is equally applicable to any type or level of patterning using a
photoresist on a reflective surface wthin an integrated circuit

si mul t aneously provide an ARC on the reflective surface and an adhesi on

pronoter between .the reflegtive surface the r.esi
Referri ng_nOM/rdﬁaﬁeﬁg}fifﬁné%Jlﬁ ?bp¥5%f_of?gg?h§¥%£$§§é3ﬁﬁmﬁgéﬁ FFPER &% on
of a portion of ;apAthiflde oneORPELLAbYIR @4L 8t gfodp | Wid (3Tha
sem conductor substrate 10 1s preferably conmposed of silicon having a
(100) crystal | aghaphiCopromnichicb@dphdreigtoQpi dhicike galmstrbk? aéir ehe
| exposure wavelength of a photoresist layer formed over a
reflective inorganic layer upon which is formed an LB film

of the dye surfactant molecule.

The general formula of the squaraine dye
surfactant derivatives which may be employed in forming LB
films of the preferred embodiments of the method of the

invention is illustrated in Fig. 2.

Fig. 3A illustrates a first orientation of
an LB film formed from a sgquaraine derived dye surfactant
molecule of the general formula shown in Fig. 2 where:

Ri = Rz = CH> (ie methyl) and Ba = Ra = n - CieHa~» (ie normal
octadecyl), where "n" is an abbreviation for "normal" which
means that the Cies chain is not branched, and is straight.
The normal octadecyl forms the hydrophilic tail groups
within the squaraine derived dye surfactant molecule of
general formula of Fig. 2. In Fig. 33, S50 is water and 52
is air. The chromophore group 54 and the hydrophilic tail
groups 56 are substantially perpendicular to the surface of
the water 50 while the chromophore group 54 is partially

submerged within the water 50. In addition, within Fig. 3



foryred as are conventional in the art. The surface of the silicon
substrate 10-s thermally oxidized to formthe gate oxide |ayer 14.

Pol ysilicon gate electrode 16 is patterned and etched as is conventi onal
in the art. Insulating layer 18 is deposited over the gate el ectrode 16.
Openi ngs are nmade through the insulatipqzlgyer 18, for exanple, to source
and drain regions 20 and gate el ectrodes,”"as shown, where

- 10 - el ectrical connections are to be made. A netal |ayer 22 is
deposited over the insulating |layer and within the contact openings.

Now, the LB filmof the present inventionis to be coated onto the netal

| ayer 22 to bsupmétrgediodthihethd® wdtdmsli.l | Incaddustiomt, hwathamtFigefl ecti ve
coating and as an adhesion_pronoter. Dye surfactant

nol ecul es such-athe iedraphd 11gcheaditgnmpsofst Aee guiRs @Rt H¥i REAIRFn i n

Fig. 2 can foagkhL éléur acl gkf ﬁgeagtéyllentatlons and aggregations under

A second orientation of an LB film formed
from a squaraine derived dye surfactant molecule of the
general formula shown in Fig. 2 is illustrated in Fig. 3B
where Rix = Ra = CHa and Rz = Ra = nn -~ CieHa>». In Fig. 3B,
where 50 is water and 52 is air, the chromophore group 54 and
the hydrophilic head groups 58 are substantially made
parallel to the surface of the water 50 and more completely
submerged within the water 50 while the hydrophobic tail

groups still 56 extend into the air, 52.

The LB film of the squaraine derived dye
surfactant molecule is formed by spraying a solution of the
dye surfactant molecule (about 10~?®) onto water 50, as
illustrated in Fig. 4 where reference numeral 55 indicates
the complete squaraine derived dye surfactant molecule.
However, generally speaking when we speak of water 50, we
refer to an aqueocus subphase. The aguecus subphase
contains cadmium chloride (about 3 X 10-* m) and
sodium bicarbonate (about 5 X 10-* m & pH of 6.8). For
surfactant squarain, we found no difference between

pure water and the aqueous subphase and in some cases water



Y

different experinmental conditions. The orientation of a dye surfactant

nol ecul e within an LB nonol ayer formed upon the surface of a sol vent
relates to the character of the solvent. Hydrophobic tail groups of dye
surfactant nolecules will orient upward in aqueous solvents. Hydrophobic
tail groups of dye surfactant nolecules Wil orient downward in

hydr ophobi ¢ sol vents. For proper operation of the invention the final
orientation of an LB filmfornmed froma series of dye surfactant nol ecul es
upon a reflective surface nmust have exposed hydrophobic tail groups of the
dye surfactant nolecules. In addition, dye surfactant nol ecul es ot her than
squarai ne derivatives can be uged VMat IS neede resgect to the

present i nventY¥h S7FR Pektefye LHPLSRILn(the dye S aCtantnBP eTHEe i s (1) a

m ni mum of ong 5)1 EBBhié'fnﬁ%ﬁdw ERUD, scf1 aﬁﬁl& . Qba V\gﬂg %5&%[}%

tail group, nun1o one chronophore group h Sorbs

the exposur e mﬁehens&@r <§o Zulplfgter esazﬂtozb%.% {or¢md RMfMbn dsoI¥ddteCt | ve

i norgani c | ayer upon which is forned an LB film
for the squaraine derived dye surfactant molecules 55. As
illustrated in Fig. 5, the water 50 is contained within a
Langmuir trench 51 which has a movable float 53 and a
piezotransducer (nect shown) which pressure the mono-layer LB
film to the upright compressed structure. A typical pressure
needed to compress the squaraine derived dye surfactant

molecule 55 to the upright compressed structure of Fig. 5 is

between about 20 to 30 dymes/cm and typically 25 dynes/cm.

Typically, the water 50 (see above for
] meaning) contained within the Langmuir trough 51 will be

deionized water of sufficient quality.such that adventitious
contaminants are not deposited upon the hydrophilic and/or
hydrophobic surfaces of a wafer which is subsequently
immersed into and withdrawn from water 50 contained within
the Langmuir trough 51. The depth of the water 50 within the
Langmuir trough 51 must be sufficient such that the wafer may
be completely immersed within the water 50 within the
Langmuir trough 51. The water 50 within the Langmuir trough
51 is typically maintained at a temperature of between about

15 to 30 °C (typically 25 <°C).
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of, the‘ dye surfactant nol ecul e. The general fornula of
the squarai re dye surfactant derivatives which may be enployed in formng
LB filnms of the preferred enbodi nents of the nethod of the invention is

illustrated in Fig. 2. Fig. 3Aillustrates a first
orientation of an LB filmfornmed froma uar ai ne derived dye surfactant
nol ecul e of the general fornmula shown in Fig. 2 where: Rerr] = Rerr] =
CH err] (ie nmethyl) and Rerr] = Rerr] =n - Cerr]Herr] (ie normnal

octadecyl ), where "n" is an abbreviation for "normal” which neans that the
Cerr] chain is not branched, and is straight. The nornal octadecyl forns
the hydrophilic tail groupdithniregendt e thpususfacedered &f dpe wakehct ant

nol ecul e of eneral formula of, Fig. 2. Fig. 3A _50 i er.,and 52 is
air. The chr%ﬁdﬁﬁ&lﬁ 5k% "&ﬁdtgﬂ'ég%y#] o‘&hiqﬁi 8’?5??’“&%%%3%8 are
substanti al | rpendicul ar .t o Sk f Qf h M@ﬁ Ll el t
Chl’prpphOl’Gég%’%ﬁ%S%glag Jﬁ)gr%eaw%ggrsﬁgn@fg% v‘\'ﬁhtgh?n e rmﬁzgg%go%l gs

addi tion, wiitireaEtdabdut 5 (for a single layer) to 10 (for a multil?2 -

layer) times the total surface area of the LB film expected
to be transferred to both surfaces of the wafer subsequently
immersed within and withdrawn from the Langmuir trough.

Under such conditions, the float 53, as illustrated in Fig. §
will typically maintain a uniform lateral pressure upon the
LB film as the LB film is transferred onto the hydrophilic

and/or hydrophobic surfaces of the wafer.

With regard to measurement of the hydrophilic
and the hydrophobic characteristics of the surfaces of the
wafer, it is preferred that a hydrophilic surface of the
wafer preferably has a sessile DI water drop contact angle
of no greater than about 85 degrees and that a hydrophobic
surface of the wafer preferably has a sessile DI water drop
contact angle of no less than about 95 degrees. More
preferably the hydrophobic surface has a sessle DI
water drop contact angle no less than about 110 degrees.
Under such conditions, a monolayer of the LB film will be
cleanly formed upon the hydrophilic surface of wafer and a
bilayer of the LB film will be cleanly formed upon the

hydrophobic surface of the wafer when the wafer is immersed
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sybmerged within the water 50. In addition, within Fig. 3 A the

hydr ophi | i c-head groups 58 are substantially planer wth the surface of
t he wat er. A second orientation of an LB filmforned
froma squaraine derived dye surfactant nolecule of the general formula

shown in Fig. 2 is illustrated in Fig. 3B Wwhere Rlerr] = Rerr] = CHerr]
and Rerr] = Rerr] =n - C[err]k[err]f'*% Fig. 3B, where 50 is water and
52 is air, the chronophore group 54 and the hydrophilic head groups 58 are

substantially nade parallel to the surface of the water 50 and nore
conpletely subnmerged within the water 50 while the hydrophobic tai

roups still 56 extend into the air, 52. s he LB fil m of
?he Equar ai nemg:é’r ngwﬂ Gy Eﬁe?ame FRESZUPE FitRR ¢ %ﬁlg'%‘r%f/i ng a

s01 Ut on of iugfly8y SUESAR LN SHPHECHI S (AIRH! wdPLETE] Jechtiel ¥R OLD 5O, as

illustrated in ere reference nuneral 55 indicates the conplete

squar ai ne derfiad oy €hé Udhilixladne a8t £fded Bye HAvExEtanyaitdlezuly 5peaki ng
when we speak of water 50, we refer to an aqueous subphase. The agueous
subphase combgises generdlifarmudai de {bbwmbrage® 10[EBig] M- afkde BBIfiinm

bi carbonate (about 5 X 10[err] m & pH.of 6.8). For surfactant sguarain,
found no dif éﬁ?&éeﬁéﬂaée“ﬁm!ﬁ&r entiat the mthBYah%%’fﬂl%Egﬁa%g%d in

SOMe cases Waldiltically into the water 50 within the Langmuir trough 51.

As illustrated in Figs. 6A and 6B for a wafer
60 with two hydrophilic reflective surfaces, insertion and
removal of wafer 60 will yield upon each side of the wafer 60
a monolayer with exposed hydrophobic tail groups 56. As
illustrated in Figs. 7A and 7B for a wafer 62 with two
hydrophobic reflective surfaces, insertion and removal of
wafer 62 will yield upon each side of the wafer 62 a 2
bilayer with exposed hydrophobic tail groups 56. It is also
possible to have a wafer with one hydrophilic reflective

surface and one hydrophobic reflective surface.

The LB film is preferably coated onto the
substrate surface by immersing the wafer vertically into the
solvent. Fig. 6A illustrates the immersion of a wafer 60
having a hydrophilic surfaces. Fig. 7A illustrates the
immersion of a wafer 62 having two hydrophobic surfaces.
After the wafer 60 or 62 is pulled out of the water 50

within the Langmuir trough 51, the monolayer or bilayer LB

we



H
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-.13 - was even better. Typically the dye surfactant nolecule solution
Is formed wtth a solvent which is readily evaporated froma water 50
surface. Chloroformis the common solvent for the squaraine derived dye
surfactant nolecules 55. As illustrated in Fig. 5 the water 50 is
contained within a Langmir trench 51 which has a novable float 53 and a
pi ezotransducer (not shown) which pressure the nono-layer LB filmto the
upright conpressed structure. A typical pressure needed to conpress the
squar ai ne derived dye surfactant nolecule 55 to the upright conpressed
structure of Fig. 5is between about 20 to 30 dynes/cm and typically 25

dynes/cm £33 £ T RisGabkYend 50e (S ‘ggp%&tgog
nmeani ng) pontleilimneé_c’\t/‘ﬁ H}l? nbat%ke)éﬁg%gh%i F t _p'gauéé%t %YWIQﬁ %\go ei oni zed wat er
of suffici enduitiadiel ¥otvi&dt Idikh adyepat A ind@BHAED NG cYometRbne
deposi ted upon the hydrophilic and/or hydrophobic surfaces of a wafer
whi ch i s subEAC3ZD| pr thmerghednl asbiagdormudesdr swehf apminet evot50 cont ai ned
within the Langmuir trough 51. The depth of the water 50 within the
limited to an oxygen ashing process. Where only one side of
the wafer is desired to have the LB film, a scrubber {for
example a brush scrubber) can be used to wipe off the LB film

from the backside of that wafer.

Alternatively, the wafer 63 can be immersed
horizontally and face down onto the LB film within the water
50 within the Langmuir trough 51, as illustrated in Fig. 8A.
Here, a hydrophobic surfaced wafer 62 is immersed into the
water with the face 64 down, yielding a wafer having exposed

i hydrophilic heads 54. The method and structure as

illustrated within Figs. 8A and 8B is neither typical nor
common, since it is generally preferred when forming adhesion
promoter layers to have exposed hydrophobic tail groups, not

exposed hydrophilic head groups.

Whether the wafer (reflective surface) is
hydrophobic or hydrophilic will determine (in conjunction
with the solvent upon whose surface the dye surfactant LB
film is formed) whether one obtain§ a monolayer or a bilayer
whén immersing and removing the wafer 60 from the solvent.

The surface pressure through the moving float 53 (and



1

Langmuir trough 51 nust be sufficient such that the wafer may be
conpletely imersed within the water 50 within the Langnmuir trough 51. The
water 50 within the Langnuir trough 51 is typically maintained at a
tenperature of between about - 15 to 30 [err]C (typically 25 [err]CO).

- 14 - Wth regard to_the surface area of the water 50
within the Langnuir trough 51 it is préfé?ﬁéd that the surface area of the
water 50 within the Langnuir trough 51 is at |east about 5 (for a single

| ayer) to 10 (for a nulti- layer) times the total surface area of the LB
filmexpected to be transferred to both surfaces of the wafer subsequently

I mersed within and w thdrawn fromthe Lag&yuir troq&?. Undsé uch
condi ti ons, RIRSSUEatransducern) maipkaing yategpd PEessiiie 9 5O€aR¥S naint ain

00 00T SSEACRLOR ol el B AT A%GERELP STy anoferr o0
Wth regard 0o nleasueeimibr Hfod REmBY HE OUY limportant, but the immersion

and withdrawal rate is important. The immersion/withdrawal

rate should not compromise the kinetics of adsorption in

forming either the monolayer or bilayer film on the

reflective substrate. Immersion/withdrawal rate should also

not compromise the transducer feedback in making the float 53

maintain constant lateral pressure. The operative immersion

and withdrawal rate is between about 1 mm/min. to 100 mm/min.

and the preferred rate is about 10 mm/min. The preferred

constant lateral pressure is between about 20 to 30

dynes/cm and typically 25 dynes/cm.

The definition of DSSQ is 4-(distearylamino)
phenyl-4'~(dimethylamino)phenylsquaraine and MSSQ is bis(4-

methyl-stearylamino)phenyl)squaraine.

Fig. 6B illustrates the monolayer LB film on
‘the wafer 60 surface after immersion according to Fig. 6A.
The chromophore groups 54 which serve as the anti-reflective
component of the monolayer LB film and the'hydrophobic tail
group 56 which simultaneously serve as an adhesion promoter
and moisture protector within the monolayer LB film formed

upon the wafer 60.



and the hydrophobic characteristics of the surfaces of the wafer, it is
preferred t.hat a hydrophilic surface of the wafer preferably has a sessile
DI water drop contact angle of no greater than about 85 degrees and that a
hydr ophobi ¢ surface of .the wafer preferably has a sessile DI water drop
contact angle of no |l ess than about 95_ rees. More preferably the

hydr ophobi ¢ surface has a sessle DI water drop contact angle no | ess than
about 110 degrees. Under such conditions, a nonolayer of the LB filmwll
be cleanly formed upon the hydrophilic surface of wafer and a bilayer of
the LB filmwll be cleanly fornmed upon the hydrophobic surface of the

waf er when the wafer is inpgysSefs illustrates the LB bilayer films of - 15
- into and withdrawn fromthe water 50 within the Langmuir trough 51,

upon the surtheeaiy sultifabtamt aiolexullesnts ometHeBwaifiekntdfsutfRceguar ai ne
derived dye surfactant nolecule 55 whose general formula is illustrated in
Fig. 2. The after |immersippetregeusing senBégont®® Heona&reY ¥82 i nmersing the

vafer  vertl cal inopnore 5l6ub'$f widcll b0kPe 1€ SR AL LERAN R
component of the bilayer LB films and the hydrophobic tail
groups 56 serves as an adhesion promoter and moisture
protector. The wafer surface in Fig. 7B is hydrophobic.
With a hydrophobic wafer surface and water solvent 50, one
monolayer of squaraine derived dye surfactant molecule §5 is
coated thereon when the wafer is immersed and a second
counteropposed monolayer is coated when the wafer is removed.
Thus there is formed a bilayer of the squaraine derived

! surfactant molecule 55 upon a hydrophilic wafer surface. For
hydrophilic wafer, no monolayer is coated when the wafer is
immersed and one monolayer is coated when the wafer is

removed.

Fig. 8B illustrates the monolayer LB film on
the hydrophobic surface 64 of the wafer 63 surface 64 after
. immersion according to Fig. 8A. The chromophore _
groups 54 which serve as the anti-reflective component of the
monolayer LB film and the reversed hydrophobic tail groups 56
which simultaneously serves as an adhesion promoter and

moisture protector.



As illustrated in Figs. 6A and 6B for a wafer 60 with two hydrophilic

reflective surfaces, insertion and renoval of wafer 60 will yield upon
each side of the wafer 60 a nonol ayer with exposed hydrophobic tail groups
56. As illustrated in Figs. 7A and 7B for a wafer 62 with two hydrophobic

reflective surfaces, insertion and renoyal of wafer 62 will yield upon
each side of the wafer 62 a 2 bilayer th exposed hydrophobic tail groups
56. It is also possible to have a wafer with one hydrophilic reflective
surface and one hydrophobic reflective surface. The LB
filmis preferably coated onto the substrate surface by i mersing the

waf er vertically into the AgphgeaﬁdefgﬂbodGQYi£;¢§§§5ﬁeg;ﬂ;ﬁgdiﬂgersion of a
waf er 60 having a hydrophilic surfaces. Fig. 7A illustrates the i mersion

of a wafer 6ZHeadrfy sevweduidmopbliyers wif aBesilm Aldiebd heceskary 60 or 62 is
pull ed out of the water 50 wthin the Langmuir trough 51, the nonol ayer or
bil ayer LB *°o provide an adequate anti-reflective cocatiigjig upon the

reflective surface of a hydrophilic wafer 60 or hydrophobic

wafer 62. The number of cégtings can be determined through

measuring the reflectivity of the reflective substrate after

coating with the LB monolayer or bilayer films. Typically

and preferably a number of monolﬁyers is added to the

reflective surface such that the reflectivity of the

reflective layer is less than about 50% to 80% at the

exposure wavelength of the photoresist employed in the

patterning of the reflective layer.

The type of dye with respect to tuning the
absorption of the LB film, surfactant molecule used in
creating the LB film may need to be determined depending upon
ARC use. Although the preferred embodiments of the present
invention disclose squaraine derived dye surfactant molecules
which bridge substituted aniline chromophore groups, other
types of dye surfactant molecules may alsc be employed
within the method of the invention, thus providing an LB
film with a tunable optical absorption. In choosing
alternative dye surfactant molecules, it is preferred to

choose chromophore groups within the dye surfactant molecules



filmfrom.the back side of the wafer may be renoved with.a suitable

sol vent sueh as, but not limted to dichloronethane (CK2Cl2) or through an
ashi ng procéss such as, but not Ilimted to an oxygen ashing process. \Were
only one side of the wafer is desired to have the LB film a scrubber (for
exanpl e a brush scrubber) can be used to wipe off the LB film fromthe
backsi de of that wafer. - 20Alternatively, the wafer 63 can
be i Mmersed horizontally and face down onto the LB filmw thin the water
50 within the Langnuir trough 51, as illustrated in Fig. 8A. Here, a

hydr ophobi ¢ syrfaced wafer 62 js imersed into the water with the face 64
down, i el diﬂgl‘éhv%s&mr%néﬁﬂﬁgje&pﬂfsé‘&e RYOFOPRITUT & H2TE 18RI R 1RE (et hod and

St aogubbb1bi Sl s O AR J B 08 1L Sl

layers to haygienpos sbriud RO Gihial.! henPsitdiHatiSEPagedshy iy i c
head groups. Whet her the wafer (reflective surface) is

hydr ophobi ¢ meolégulespimalyi ¢neldde dtiremopheré i graupy wnehi as but tiot he sol vent
upon whose surface the dye surfactant LB filmis formed) whether one
obtai ns a nohdriRG t& siipbers and qyapinsmeheonaphore G8ABEEng $urh waf er 60

From the sol yrplmacls BYa' S0E PSRV RE L LPHI N AT BB Ll et 53 (and

alternative hydrophilic head groups, including but not
limited to quartinary ammonium groups and carboxylic acid
groups. Hydrophobic tail groups derived from Cl10

- Cl8 wherein normal alkanes are typical and preferred,
although not exclusive, within alternative dye surfactant
molecules which may be employed within the method of the

invention.

Fig. 9 illustrates the LB film 24 coated on
the surface.of the metal layer 22. The structure as
illustrated in Fig. 9 typically corresponds with the
wafer 60 or wafer 62 after immersion into and withdrawal
from the Langmuir trough 51 as shown in Fig. 5. Next, the
Photoresist 26 is applied, as shown in Fig. 10. Portions of
the photoresist exposed to actinic light and then developed.
The portion of the LB film 24 exposed when developing the
photoresist layer 26 can often be removed by the developer
sequentially with development of the photoresist 26, as shown

in Fig. 11. The remaining portions of the LB film 24 may be



- 17 - pressure transducer) maintains |ateral pressure on the dye
surfactant to keep the dye surfactant ordered into an LB film The
imersion time is not inportant, but the imrersion and withdrawal rate is
i mportant. The i mrersion/w thdrawal rate should not conpronise the
ki netics of adsarption in formng either the nonolayer or bilayer filmon
the reflective substrate. |Imersion/w thdawal rate should also not
conprom se the transducer feedback in naking the float 53 nmaintain
constant | ateral pressure. The operative imersion and withdrawal rate is
between about 1 mimn. to 100 mmn. and the preferred rate is about 10
mimn.  The prEPEPYRY easddst Brit 2% ATGARLC pFUaRTe Suchhas it lab@ut b20 to 30
The definition of

dynes/cm and typigally. 25 dynes/cm .
DSSQ i s 4-(di st g% F%rﬁ%ﬁ)“gxpﬁgg?ﬁ mptal ol 388 e AERBI B YRR B ai ne and
M5SQ i s bis(4- < Y ] phen ral.ne.
Fig. 6B illust rggigga%%%gten;%gl %‘3’@%% Pﬁ yﬁqﬂ%‘ﬁg% PigT 12,
The integrated circuit device is completed as

is conventional in the art, either with a passivation layer

28 or further metallization layers.

The process of the invention provides an
effective, low cost method of patterning a conducting layer
in the fabrication of an integrated circuit device. The LB
film provides an anti-reflective cbating during
phatolithography that is easy to assemble and to recover.
The LB film is easy to control through monolayer t§
multilayer. Furthermore, the LB film simultaneously acts as

an adhesion promoter.

While the invention has been particularly
shown and described with reference to the preferred
embodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may be
made without departing from the spirit and scope of the

invention.

What is claimed is:

i



t he wafer ce after | rmer si on according to Fig. 6A. ‘The chronophore
groups 54 i Hﬂu anti-reflective conponent of the nonol ayer LB
filmand t group 56 which sinmultaneously serve as an
adhesi on pronnter an nnlsture protector within the nonolayer LB film
formed upon the wafer 60. ~ 21 - Fig. 7B
illustrates the LB bilayer filns of the dye surfactant nol ecul es 55 on the
waf er 62 surfaces after inmersion according to Fig. 7A also show t he
chronmophore groups 54 which serve as the anti-reflective conponent of the
bi l ayer LB fil meemawnedt keshigirmphaobiocghait sajvemes sﬁ&nsasveg_es,a@-asghem on

pronoter and noisture grotector The wafer surface in Fig. 7B is
hydr ophobi c.  \¥t¥eR ﬁ'? Fﬁﬁhoﬁ?,erméﬁls’cﬁlf%@za#@%nerwseizvﬁm 50, one

nonol ayer of sqyar rive e ,surfact ant nDIecuIe 55 is coated
t her eon when tHe “¥§fls ?ﬂﬁ&ﬁdanﬂ s FdGunt&ropposed nonol ayer
I s coated when the wafer |s r enoved. Thus there is fornmed a bilayer of the

squarai ne derived surfactant nol ecul e 55 upon a hydrophilic wafer surface.
For The integrated circuit device is completed as

is conventional in the art, either with a passivation layer

28 or further metallization layers.

The process of the invention provides an
effective, low cost method of patterning a conducting layer
in the fabrication of an integrated circuit device. The LB
£ilm prcviées an anti-reflective céating during
photolithography that is easy to assemble and to recover.
The LB film is easy to control through monolayer to
multilayer. Furthermore, the LB film simultaneously acts as

an acdhesion promoter.

While the invention has been particularly
shown and described with reference to the preferred
embodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may be
made without departing from the spirit and scope of the

invention.

what is claimed is:
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h d‘I‘OphI|IC wafer, no rmnola er is coated when the wafer is imersed and

one nonol aiﬂﬂ“lﬁu&mﬂwlmgn the wafer is renoved. Fig.
8B illustr LB filmon the hydrophobic surface 64 of the
waf er 63 surfae b4 afte i mer si on according to Fig. 8A. The chronophore
groups 54 which serve as the anti-reflective conponent of the nonolayer LB
filmand the reversed hydrophobic tail g?dﬁp% 56 which sinultaneously
serves as an adhesion pronoter and npisture protector.

- 19 - As is understood by a person skilled in the art,
several nonolayers of LB filmmy be necessary to provide an adequate
anti-refl ectivé-c3aei ngthah ol metatcpatanyniads inf bee FHPTLARFAPBPREI i ¢ waf er
60 or hydrophobi c . wafer ‘f The .nunber_of. coatings can be determ ned

t hr ough neasuﬁ%dnttﬁgr?fe‘? é:élrlcﬁ‘FFyCB‘f‘P‘E’rFemrgeflectlve substrate after

ti th the LB I d f bl
ﬁﬁﬁb;pgow monol :yer glg{s;P%c%gec? to ?céﬁ%%téf sWBseldbe Hudihg AN Preferavly a

semiconductor device structures formed in and on

Hy,

said semiconductor substrate;

depositing a metal layer over said semiconductor
substrate;

coating onto said metal layer aid Langmuir-Blodgett
film formed through a Langmuir-Blodgett method wherein
said Langmuir-Blodgett film acts as an anti-reflective
coating and as an adhesion promoter;

coating said Langmuir-Blodgett £film with
photoresist and patterning said photoresist to provide a
photoresist mask;

etching away said metal layer where it is not
covered by said photoresist mask; and

removing said photoresist mask completing said
metal patterning in the fabrication of said integrated

circuit.

2. The method according to Claim 1 wherein said forming

said Langmuir-Blodgett film through said

Langmuir-Blodgétt method comprises the steps of:
spraying a dye surfactant onto a surface of water

within a Langmuir trough, wherein said dye surfactant



)

ref Fective surface such that the reflectivity of the reflective layer is

l ess th % at the exposure wavel ength of the photoresi st
enpl oyea@mmﬂg'mgmﬁmng of the reflective |ayer. The
type of ecw th Yeshect to tuning the absorption of the LB film
surfactant nolecule used in creating the LB filmmy need to be determ ned
dependi ng upon ARC use. Although the préfé?féd enbodi nents of the present

i nvention discl ose squaraine derived dye surfactant nol ecules which bridge
substituted aniline chronophore groups, other types of dye surfactant

nol ecul es may @t ik sCEPheFEsbrMilichigRotPE dRIHIGHael ct ffodg\eid iaon, thus
providing an LB filmwth a tunable optical absorption. In choosing

al ternative dykydxaphebigngrompredndes, it is preferred to choose

chr onophore groups within the dye surfactant nol ecul es

- 20 - which abSO™BTesrERg | Jataraliy paid csepsvafacti®lel¥ngth of a
Formed the LB PHANSSIBRRapE HTERH vathys St dopampt txolgll 1 <h 1S

with a moveable float upon said surface of said

water within said Langmuir trough, wherein said dye
surfactant forms a Langmuir-Blodgett ordered monolayer
within and upon said surface of water, wherein said
hydrophilic group forms a hydrophilic head at least
partially within séid surface of water and wherein said
hydrophobic group forms a hydrophobic tail extending

from said surface of water.

3. The method according to Claim 1 wherein said dye
surfactant is chosen from the group of dye surfactants
consisting of # squaraine derivative dye surfactant,
stilbene derivative dye surfactants and cyanine

derivative dye surfactants.

4. The method according to Claim 1 wherein said coating
said Langmuir-Blodgett film onto said metal layer
comprises the steps of:

vertically immersing said substrate into said
Langmuir-Blodgett trough wherein said Langmuir-Blodgett

film is coated on the surface of said substrate; and



Fecules nai |nclude Eihonnphore groups such as but not limted to

stil bene ﬁH&ﬂ"ﬁuﬂ phore groups. Such alternative dye surfactant
nolecules alternative hydrophilic head groups, including

but not |i'm fed"to" quartlnary anmoni um groups and carboxylic acid groups.
Hydr ophobic tail groups derived from Cl0 _- C18 wherein nornal al kanes are
typi cal and preferred, although not excldSive, within alternative dye
surfactant nol ecul es which may be enployed within the nmethod of the

i nvention. Fig. 9 illustrates the LB film 24 coated on
the surface of the netal |ayer 22. The structure as_illustrated in Fig. 9
typically corresponHSmﬂr%Rﬁtﬁﬁéd %&P@Wu%xr3%°dﬂﬁﬁérfBQmafﬁ%ﬂ hemersion into
and wi t hdr awal n1the Lan rough 51 as shown in Fig. 5. Next, the
phot or esi st 26qa§ gbBFI%ﬁ %ﬁ?ﬂ%ﬁgﬁ% ?ﬁgFlg. 10. Portions of the

phot oresi st exposed to actinic light and then devel oped. The portion of
the LB film 24 exposed when devel opi ng the photoresist |ayer 26 can often

be renpved by tde THeVALOREd adtoddenyi 66 |01adn L dBuee DRNEEd eethhe _
photoresist 26, as shown in Fig. 11. The remaining portions of the LB film
24 may be layer is a hydrophilic metal layer and said Langmuir-

Blodgett film is coated onto said hydrophilic metal

layer to a thickness of one monolayer.

6. The method according to Claim 5 wherein said
hydrophilic metal layer has a sessile deionized water

drop contact angle of no greater than about 85 degrees.

7. The method according to Claim 1 wherein said metal
layer is a hydrophobic metal layer and said Langmuir-
Blodgett film is coated onto said hydrophobic metal

layer to a thickness of two monolayers.

8. The method according to Claim 7 wherein said
hydrophobic metal layer has a sessile deionized water

drop contact angle of no less than about 95 degrees.

9. The method according to Claim 1 wherein said
photoresist is pattermed by:
exposing said photoresist to actinic light;

developing said photoresist wherein said



-

21 - rermvéd"easHy by an organic solvent such as CHerr]C [err] or by

oxygen ﬁmmam)m ﬁmm al Iayer 22 etching when the photoresist is
renoved ﬂ The integrated circuit
device i$ chbnptetd®as™ is conventional inthe art, either with a

passi vation |layer 28 or further netalliza%%qp | ayers.

The process of the invention provides an effective, |ow cost nethod of

patterning a conducting layer in the fabrication of an integrated circuit
device. The LB filmprovides an anti-reflective coating during

phot ol i t hogr aphy t hat |s .easy to assenpble and to recover.. .The LB filmis
easy to control tRPVRFESHSHOPYYFRIPEIIP PRIJ AT IRKG ﬁéﬂfﬁr’é? the LB film
si mul t aneousl y aCl Sms adhe5|on pronot er. Wil e the

i nvention has been par |cu arly shown and described with reference to the

preferred enbodi ment siHei@3806aid tad¥dilo g@ﬁg%@f‘d rRAdAxikRogesskilled in
the art that various changes in formand details may be nmade w t hout

departing from t heemgreas tsadddLangmeiBlolgett £ilm under said removed

photoresist.

10. The method according to Claim 1 wherein said
photoresist is patternmed by:
exposing said photoresist to actinic light;
developing said photoresist wherein said
photoresist exposed tc said actinic light is removed;
and ‘
wherein said developing said photoresist also
removes said Langmuir-Blodgett film under said removed

photoresist.

11. The method according to Claim 1 wherein after
removing said photoresist mask, said Langmuir-Blodgett

film is removed by a solvent.

12. The method according to Claim 1 wherein after

removing said photoresist mask, said Langmuir-Blodgett

film is removed by a oxygen ashing.

13. The method according to Claim 1 wherein said



)
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I nventi on. What is clained is:

-21- an organi ¢ solvent such as CHerr]CO[err] or by
oxygen asﬁmmmmgm "M] | ayer 22 etching when the photoresist is
removed, ag showh it Figr 12. The integrated circuit
device is conpleted as is conventlonal i_n,the art, either with a
passivation laye. 28 or further netallization Iayers

The process of the invention provides an effective, |ow cost method of
patterning a conducting layer in the fabrication of an integrated circuit
device. The LB filmprovides an anti-reflective coating during

phot ol i t hography that is easy to assenble and to recover. The LB filmis
easy to contr éengonixrfiodgettafdintis nemovetagering remeyedoPE, sakd LB film

sinultaneousl¥hggg§eé§gt ansﬁdhesion pr onot er .

14. The method of fabricating an integrated circuit
device comprising:

providing a semiconductor substrate having
semiconductor device structures formed in and on the
semiconductor substrate, wherein said semiconductor
device structures include gate electrodes and source and
drain regions;

depositing a metal layer over said semiconductor
substrate;

coating onto said metal layer Langmuir-Blodgett
film formed through a Langmuir-Blodgett method wherein
said Langmuir-Blodgett film acts as an anti-reflective
coating and as an adhesion promoter;

coating said Langmuir-Blodgett £ilm with
photoresist and patterning said photoresist to provide a
photoresist mask;

etching away said metal layer where it is not
covered by said photoresist mask; and

removing said photoresist mask completing said
metal patterning in the fabrication of said integrated

¢circuit.



Wil € the invention has been particularly shown and described with
refer nuﬂﬁﬂLred enbodi nents thereof, it will be understood by
thosem ‘m rt that various changes in formand details may be
made w t hout tdefarfiny fromthe spirit and scope of the- invention
What is clained is: 1. The nethod of netal patterning in the
fabrication of an integrated circuit con@ising: providing a
sem conductor substrate having sem conductor device structures forned in
and on said sem conductor substrate; depositing a netal |ayer over
sai d sem conductor substrate; coating onto said netal l|ayer aid
Langmui r-Bl odgett filmfornmed through a Langnuir-Bl odgett nethod wherein
sai d Langmuir-Bl odgett filmacts as an anti-reflective coating and as an
adhesi on pronot et5. The method according to Claim 14 wherein said
coating said Langmuir-Blodgett film through said
Langmuir-Blodgett method comprises the steps of:
spraying a dye surfactant onto a surface of water within
a Langmuir trough, wherein said dye surfactant comprises
a hydrophilic group, a chromatic group and a hydrophobic
group; and
compressing laterally said dye surfactant on said
surface of water within said Langmuir trough with a
moveable float upon said surface of said water within
said Langmuir-Blodgett trough, wherein said dye
surfactant forms a Langmuir-Blodgett ordered monoclayer
within and upon said surface of said water, wherein said
hydrophilic group forms a hydrophilic head at least
partially within said surface of water and wherein said

hydrophobic group forms a hydrophobic tail extending

from said surface of water.

.~ 16. The method according to Claim 14 wherein said dye
surfactant is chosen from the group of dye surfactants
consisting of a squaraine derivative dye sqrfactént,
stilbene derivative dye surfactanté and cyanine

derivative dye surfactants.



coating said Langrmuir-Bl odgett filmw th photoresist and patterning said
phot or esi phot or esi st mask; et ching away said netal
Iayer V\helm“m“m!mum ered by said photore3| st mask; and renovi ng
sai d photoresi stt masks conpleting said netal patterning in the fabr

of said integrated circuit. 2. The nmethod according to Claim1l wherein
sai d Langnuir-Bl odgett film &hrough said Langnuir-Bl odgett

said form ng

nmet hod conprises the steps of:
surface of water
conprises a hydrophilic group,
and conpressing laterally said dye surfactant on

i cation

spraying a dye surfactant onto a

wi thin a Langmuir trough, wherein said dye surfactant

a chromatic group and a hydrophobic group;
said surface of

water within said Langnuir trough wth a noveable float upon said surface

of said

17. The method according to Claim 14 wherein said
coating said Langmuir-~Blodgett film onto said metal
layer comprises the steps of:
vertically immersing said substrate into said
Langmuir-Blodgett trough wherein said Lahgmuir—Blodgegt
film is coated on the surface of said substrate; and
removing said Langmuir-Blodgett £film from the

backside of said substrate.

18. The method according to Claim 14 wherein said metal
layer is a hydrophilic metal layer and said Langmuir-
Blodgett film is coated onto said hydrophilic metal

layer to a thickness of one monolayer.

19. The method according to Claim 18 wherein said
hydrophilic metal layer has a sessile deionized water
drop contact angle of no greater than about 85

degrees.

20. The method according to Claim 14 wherein said metal
layer is a hydrophobic metal layer and said Langmuir-
Blodgett film is coated onto said hydrophobic metal

layer to a thickness of two monolayers.
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water within said Langnuir trough, wherein said dye
Langnui rﬂ‘ﬁmmm }HMm)nol ayer wthin and upo
wherein s ¢ B group fornms a hydrophilic
partially within"sal d surface of water and wherein
forms a hydrophobic tail extending fromgsaid surfa
met hod according to Claim1 wherein said“dye surfa
group of dye surfactants consisting of a squaraine
surfactant, stilbene derivative dye surfactants an
dye surfactants. 4. The nethod according to C ai
sai d Langnuir-Bl odgett filmonto said netal |ayer
vertically inmersizig Thednétisd aacorifhe SRiclaimaRg
wherein said Langnuir-Blodgett filmis coated on t
substrate; and hydrophobic metal layer has a sessil

surfactant forns a
n said surface of water
head at | east
said hydrophobic group
ce of water. 3. The
ctant is chosen fromthe
derivative dye
d cyanine derivative
m 1 wherein said coating
conpri ses the steps of:
Méhérdmdgald trough

he surface of said
e-deijonized water

drop contact angle of no less than about 95 degrees.

22. The method according to Claim 14 wherein said

photoresist is patterned by:

exposing said photoresist to actinic light;

developing said photoresist wherein said 5

photoresist not exposed to said acti

removed; and

nic light is

wherein said developing said photoresist also

removes said Langmuir-Blodgett film

photoresist.

23. The method according to Claim 14

photoresist is patterned by:

under said removed

wherein said

exposing said photoresist to actinic light;

developing said photoresist wherein said

photoresist exposed to said actinic

and

light is removed;

wherein said developing said photoresist also

removes said Langmuir-Blodgett film

photoresist.

under said removed
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renoVi ng sai d Langnuir-Blodgett filmfromthe backside of said substrate.

5. The net hoﬁmﬂlﬁﬁmjm“lmnﬂﬁl m 1 wherein said netal layer is a
hydr ophi lic id Langnuir- Blodgett filmis coated onto
sai d hydrophilfc “metal® 1ayetr to a thickness of one nonol ayer. 6. The

met hod according to Glaim35 wherein said_hydrophilic metal |ayer has a
sessil e deionized water drop contact angl & of no greater than about 85

degr ees. 7. The nethod according to Claim1l wherein said nmetal |ayer is
a hydrophobic nmetal |ayer and said Langnuir- Bl odgett filmis coated onto
sai d hydrophobic netal layer to a thickness of two nonol ayers. 8. The

met hod according to Caim?7 wherein said hydrophobic netal |ayer has a
sessil e deionized, I NPy | 85 532 ut 95

degr ees. 9. T ewﬁgﬁigﬁgﬁ@@oggg%gﬁ%gﬁ2?%?%§%mm£%re!ry%gg gfegﬁotoresist S
patterned by:  remoeXRPHdia@ pRLEoFUNIY @8kk] 52i@MddYnriklighbagett

film is removed by a solvent.

25. The method according to Claim 14 wherein after
removing said photoresist mask, said Langmuir-Blodgett

film is removed by a oxygen ashing.

26. The method according to Claim 14 wherein said S
Langmuir-Blodgett film is removed during removal of said

photoresist mask.

27. An integrated circuit comprising:

a semiconductor substrate;

a reflective layer formed over said semiconductor
substrate; and

a Langmuir-Blodgett film formed upon said

reflective layer.

28. The integrated circuit of Claim 27 wherein said
Langmuir-Blodgett film acts as an antireflective coating

and an adhesion promoter.

29. The integrated circuit of Claim 28 wherein said

Langmuir-Blodgett f£ilm is formed from a dye surfactant.
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dewvel opi ng sai d photore5|st wherein said phot or esi st not
exposed t I ght is renoved; and wherein said
devel opi nﬂlﬁﬂlﬂllﬂ“ MEL’ ut al so renoves said Langnuir-Bl odgett film under

sai d renovéd pHot&reélsf 10. The method according to Caim1l wherein
said photoresist is patterned by: §§p05|ng said photoresist to
actinic |ight; devel opi ng said phot 6Fesi st wherein said photoresist
exposed to said actinic light is renoved; and wherein said

devel opi ng sai.d photoresist also renoves said Langnuir-Bl odgett fil m under
said renoved photoresist. 11. The nmethod according to Claim1 wherein

after renoving said photoresist mask, said Langmnuir-Bl odgett
30. The integrated circuit of Claim 29 wherein said dye

surfactant is chosen from the group of dye surfactants
consisting of a squaraine derivative dye surfactant,
stilbene derivative dye surfactants and cyanine

derivative dye surfactants.

31. The integrated circuit of Claim 27 wherein said
reflective film is a reflective hydrophilic metal layer
and said Langmuir-Blodgett film is formed onto

said reflective hydrophilic metal layer to a thickness
of 2n + 1 monolayers, where.n equals any positive

integer including zero.

32. The integrated circuit of Claim 27 wherein said
reflective hydrophilic metal layer has a sessile
deionized water drop contact angle of no greater than

about B85 degrees.

33. The integrated circuit of Claim 27 wherein said
reflective layer is a reflective hydrophobic metal layer
and said Langmuir-Blodgett film is formed upon said
reflective hydrophobic metal layer to a thickness of 2n
monol;yers, where n equals any positive integer

excluding zero.



In1|s reaned bi ﬂusolvent 12. The method according to Claim1l

V\/nerel n aﬂlw”{m guﬂtl d photoresist mask, said Langnuir-Blodgett film
i s remove

i ng. 13. The net hod according to Claim1l
wherein said 26 -

Langnuir- Bl odgett filmis renmoved during regoval of said photoresist mask.
14. The nmethod of fabricating an integrated circuit device conprising:
provi di ng a sem conduct or substrate having sem conductor device structures
formed in and on the seniconductor substrate, wherein said seniconductor
device structures include gate el ectrodes and source and drain regions;
depositing a netal |ayer over said sem conductor

34. The integrated circuit of Claim 33 wherein said
hydrophobic reflective metal layer has a sessile
deionized water drop contact angle of no less than about

95 degrees.

35. The integrated circuit of Claim 27 further .

comprising semiconductor devices formed within and upon

said semiconductor substrate.



substrat e; N coating onto said netal |ayer Langnuir-Blodgett film
formed through-a Langnuir-Bl odgett nethod wherein said Langnuir-Bl odgett
filmacts as an anti-reflective  coating and as an adhesi on pronoter;
coating said Langnmuir-Blodgett filmwth photoresist and patterning said
photoresist to provide a photoresist mask; etching away said netal

| ayer where it is not covered by said ﬁhé?d?e5|st mask; and r enovi ng
sai d photoresi st mask conpletlng said netal patterning in the fabrication

of said integrated %ﬁ&ﬁ&% xgmnmm§7 -

ignglnsr?gfgggeﬁfcﬁrlh??hrou sg#%gf%gq%ﬁéﬁ%ﬁéFg%a%¥§g::?ﬁ%d conprises the

steps of: spraying a dye surfq&kﬁﬁkcgn&p fké“ﬂ's%ﬁssﬂﬁg“ﬁter within

A method for forming upon a reflective layer, such

as a reflective conducting layer, within an integrated
circuit an Anti-Reflective Coating (ARC) which simultaneously
possesses adhesion promotion_characteristics for an organic
layer to be formed upon the reflective layer. There is first
formed upon a semiconductor wafer a reflective integrated
circuit layer. The reflective integrated circuit layer may
be a hydrophilic reflective integrated circuit layer or a
hydrophobic integrated circuit layer. The semiconductor
wafer is then immersed into and withdrawn from a Langmuir
trough having formed therein a Langmuir-Blodgett (LB)
monolayer film of a dye surfactant molecule ordered upon a
surface of water; Upon withdrawing the wafer from the
Langmuir trough, there is formed upon the reflective
integrated circuit layer an ordered LB film of the dye
surfactant molecule. The ordered LB film has exposed
hydrophobic tail groups of the dye surfactant molecule which
serve to promote adhesion of an organic layer, such as a
éhotoresist to be formed upon the reflective integrated
circuit layer. The chromophore groups within dye surfactant
molecule and ordered LB film provide ARC characteristics to

the reflective layer.

(FIGURE 1 IS SUGGBESTED FOR PUBLICATION)
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a.Langmuir trough, wherein said dye surfactant conprises a hydrophilic
group, a chromatic group and a hydrophobic group; and conpr essi ng

| aterally said dye surfactant on said surface of water within said
Langrmuir trough with a noveable float upon said surface of said water

w thin said Langnuir-Bl odgett trough,_yﬁ?gan said dye surfactant fornms a
Langnui r - Bl odgett ordered nonol ayer wthin and upon said surface of said
wat er, wherein said hydrophilic group forns a hydrophilic head at |east
partially within said surface of water and wherein said hydrophobic group

forms a hydrophobic tail extending fromsaid surface of water. 16. The
nmet hod according to Caim 14 wherein said dye surfactant is chosen from
the group of dye surfactan consi st ing Ar ai pe_derivative dye
surf act ant, stilbe ay. ; ) N d8fi yatj ve
dye surfactants. '
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17. The method according to Claim14 wherein said coating said

Langnui r-Blodgett filmonto said netal |ayer conprises the steps of:
vertically inmrersing said substrate into said Langmuir-Blodgett trough
wherein said Langnuir-Blodgett filmis coated on the surface of said
substrate; and removi ng said Langnuir-Bl odgett filmfromthe

backsi de of said substrate. 18. The méf hdd .accor di ng to Caim1l4 wherein
said netal layer is a hydrophilic netal |ayer and said Langmuir- Bl odgett
filmis coated onto ssai d rophigld c netal layer to a thickness of one
nmonol ayer . 19. Tf?e neth rding to Claim 18 wherein said

hydrophilic netal |ayer ha Sessil e deionized water drop contact angle
of no greater than about degr ees. 20. The hod cordb@ to Caim
14 wherein said netal |ay is ah ophobi ¢ netal” taye nd _ASai d
Langnuir- Bl odgett f§4mi[s doated” o said hydéophobi C | layer to a
t hi ckness of two nonol ayer|s. . 2= /54
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- 29 - .-~ 21. The nethod according to Caim20 wherein said hydrophobic
metal | ayer “has a sessile deionized water drop contact angle of no | ess

t han about 95 degrees. 22. The nmethod according to Caim 14 wherein said
photoresist is patterned by: exposi ng said photoresist to actinic

l'i ght; devel opi ng sai d photoresi st y@ejein said 5 photoresist not
exposed to said actinic light is renoved; and wherein said

said removed photoresist. 23] The_nethod according to Caim 14 wherein

devel opi ng said photoresi st alsoy renoves said Langnuir-Bl odgett film under
said photoresist is patterned gL?’so exposi ng said photoresist to

actinic |ight; devel opi ng_¥ai d phot oresi st wherein said photoresist
exposed to said actinic |ight s lrlenoved;
52 56
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and -wherein said devel opi ng said photoresist also renoves said
Langnui r- Bl ddgett fil munder said renoved photoresist.

- 30 - 24. The nmethod according to Caim 14 wherein after renoving
sai d photoresi st mask, said Langnuir-Blodgett filmis renoved by a -
sol vent . 25. The nmethod according to Claim14 wherein after renoving
sgi d photoresi st mask, said Langnuir-Blodgétt filmis renoved by a oxygen
ashi ng. 26. The nmethod according to Caim 14 wherein said 5
Langruir-Bl odgett filmis renoved during renmoval of said photoresist nmask.
27 An integrated circuit conprising: . a sem conductor substrate;
62 T
i
52
-
56
54 /53
l 4
------- W-——-——---————--———H -'-\/5’]
-
FIG. 74
62
54 56 \ 54 54

54 56
56 t 56
\'\«A‘A‘JH\J\M %(LQL(YA?\"A/—‘
AVAA| ] L RAART PRAA 1| NRAR
AVAVAN | I RARAS A A 1 [ IR
AVAA| IR AT 1 [ IRAAA

AL IR A 1 [ IR

FIG. 7B



v

a.reflective layer formed over said sem conductor substrate; and a
Langmui r-Bl odgett filmformed upon said reflective |ayer. 28. The
i-htegrated circuit of Claim27 wherein said Langnuir-Blodgett filmacts as
an antireflective coating and an adhesion pronoter. 29. The integrated
circuit of Caim28 wherein said Langnuir-Blodgett filmis formed froma
dye surfactant. - 5/7 - - 31 - 30. The
intégrated circuit of Caim29 wherein said dye surfactant is chosen from
the group of dye surfactants consisting of a squaraine derivative dye
surfactant, stilbene derivative dye surfactants and cyanine derivative
dye surfactants. 31. The integrated circuit of Caim27 wherein said

56
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reflective-filmis a reflective hydrophilic netal |ayer and said

Langnui r- Bl odgett fi
| ayer to a thickness
I nt eger

Imis fornmed onto
of 2n + 1 nonol ayers,

said reflective hydrophilic netal

where n equal s any positive

i ncl udi ng zero.

32. The integrated circuit of Caim27 wherein

said reflective hydrophilic nmetal |ayer

has a sessile

dei oni zed wat er

drop contact angle of no greater than -about- 85 degrees.
integrated circuit of Claim27 wherein said
reflective hydrophobic netal |ayer
formed upon said reflective hydrophobic netal

nonol ayers, where n equals any positive integer

33

reflective | ayer
and said Langnuir-Bl odgett filmis
| ayer to a thickness of 2n

excl udi ng zero.

. The
is a
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34. The integrated circuit of Caim33 wherein said hydrophobic reflective
nmetal |ayer has a sessile deionized water drop contact angle of no | ess

t han about 95 degrees. 35. The integrated circuit of Caim27 further
conpri sing sem conductor devices forned within and upon said sem conductor
substrate. -7 -
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