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LAYERED RESIST SYSTEM USING TUNABLE AMORPHOUS CARBON

FILM AS A BOTTOM LAYER AND METHODS OF FABRICATION THEREOF

FIELD OF THE INVENTION

The present invention is directed to structures useful for fabricating integrated
circuits (IC), in particular structures having a plurality of fayers, more particularly
having tunable thick bottom layer coatings based on amorphous carbon films to
be used in a bilayer resist system and methods of fabrication thereof useful for
fabricating.

BACKGROUND OF THE INVENTION

As device dimensions shrink to 0.25 pm and below for logic and memory chips the
single-layer resists currently in use will not work with conventional exposure tools.
Substrate reflections at ultraviolet (UV) and deep ultraviolet (DUV) wavelengths are
notorious to produce standing wave effects and resist notching which severely limit
critical dimensions (CD) tolerances. Notching results from substrate topography
and nonuniform substrate reflectivity which causes local variations in exposure
energy on the resist. Standing waves are thin film interference (TFI) or periodic
variations of light intensity through the resist thickness. These light variations are
introduced because planarization of the resist presents different thickness through
the underlying topography. Thin film interference plays a dominant tole in CD
control of single layer photoresist processes, causing large changes in the effective
exposure dose due to a tiny change in optical phase.
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cause changes in linewidth. Figure 12 shows a simulation of how the resist
linewidth varies with exposure energy. ‘An exposure energy of roughly 10md/em?
prints a line which is quite close to the target dimension of 0.25 microns. An
underexposed condition at 8.5mdJ/cm® would print @ .4 micron line and an
overexposed condition at 12.5mJ/cm? would print a 0.14 micron line. The only way
to print the desired 0.25 micron line to within the +-10% criterion is to

carefully control the exposure energy.

Unfortunately, there are many process factors which can affect the exposure
energy within the photoresist. The most important source of such exposure
variation is due to thin film interference effects, as described in "Optimization of
optical properties of resist processes" ( T. Brunner, SPIE Proceedings Vol. 1466,
p. 297, 1991). “The thin films used in semiconductor fabrication, e.g. silicon nitride
or silicon oxide, always have some variation in their thickness which leads to
variafion in the exposure energy going into the resist. Let us consider how things
change when the photoresist is on top of a varable thickness of silicon oxide, as
demonstrated by simulation. Figure 13 shows the total reflectivity of the wafer as
a function of oxide -(layer #1) thickness. A'signiﬂcant sinusoidal variation is
observed, with a peak reflection of 50% and a minimum reflection of about 20%.
Figure 14 shows the calculated résist finewidth as a function of the oxide
thickness, and illustrates that finewidth is hugely affected by small changes in
thickness. Comparison of Figure 13 and 14 shows that the linewidth is small
(overexposed) when the resist reflection is small, and linewidth - is large
(underexposed) when the resist reflection is large. The underlying mechanism is
that thin film interference is causing the exposure energy within the resist to vary
with oxide thickness.
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Anti-Reflector Coats or ARCs have been used to reduce such effects, and we will
consider an example with our carbon ARC. Figure 15 represents the thin film
stack, with the resist on top, the ARC layer #1, the oxide layer #2, and the silicon
substrate. Figure 16 shows the resist refiection as a function of oxide thickness.
The presence of the ARC has caused the reflection to be roughly 8%, almost
independent of oxide thickness, indicating' that the exposure energy is not
changing much changing oxide thickness. As expected, the linewidth versus
oxide thickness curve in Figure 17 is virtually flat. The entire range of the data
easily fits within the +-10% linewidth control criterion.

Modern semiconductor processes 'sometimes have many thin films with variable
thickness, and the photoresist film itself can have variable thickness. The ARC
layer is generally applicable _to reducing the linewidth dependence on the
thicknesses of the many layers in the process stack. The C ARC presented in this
patent application is a particularly attractive- approach, as will be described in

detail.

To overcome thése problems multilayer resist systems are disclosed herein. In this
scheme, a first thick bottom polymer layer with absorption at UV-DUV is spun on
the substrate. This layer has both effects to planarize the structure underneath to
minimize TFI and to dampen substrate reflections (notching). A second thin Si -
containing resist layer is spun on top. This thin layer is used as a high resolution
imaging layer and, also, after resist development is used as a transfer pattern layer
tor oxygen reactive ion etching. The bottom layer is not attacked by the developer
and the resist top layer is not etched by the oxygen plasma because of its Si
content. This process is described in more detail in example 5. An extensive
review of multilayer resist technology can be found in "Polymeric silicon-containing
resist materials”, R. D. Miller and G. M. Wallraff, Advanced Materials for Optics
and Electronics, Vol. 4, 85-127 (1994). The currently used bottom layer is a
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The main problem associated with this "spin on" polymer material is the poor
conformality over submicron structures, poor optical tunability, and the chemical
interaction at the interface with the imaging resist which may produce variation of
the critical dimensions (CD).

If a thick single layer resist is used instead of a bilayer, then mechanical collapse
of resist pattern may occur as was found in “Characterization of the resist pattern
collapse in a chemically amplified resist”, Cha-Won Koh, Cheoul-Kyu Bok, and Ki-
Ho Baik, Interface 1996 Proc. p295-302, S.Diego Ca. 1996.

It is an object of the present invention to provide an improved resist.

it is another object of the present invention to provide an improved resist formed
from a plurality of layers.

It is another object of the present invention to provide a resist having a plurality of
layers wherein the bottom layer is a thick tunable layer.

it is an object of the present invention to propose formation of a bottom planarizing
layer by vapor deposition. Vapor deposited films have a vastly increased optical
purity and tunability when compared to spin on polymers when used in bilayer and
trilayer resist systems.

It is another object of the present invention provide a method of depositing by
vapor deposition an a-C:H film which has the required optical properties to form
a DUV (365, 248, 193 nm) bottom layer in a bilayer/trilayer resist system. These

films have a wide optical tunability, i.e., nand k can be varied by changing process

i con

al ways have some variatdion in their thickness
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cau5|ng t he exposure enerq¥ hin the'resist to vary with oxide thickness.
oxygen plasma is method can be easily extended to manufactunng tools

currently used in the semiconductor industry.

It is another object to carry out the depositions by vapor deposition in a
Ar/hydrocarbon/helium/hydrogen/fluoro'carbon/nitrogen/oxygen

mixture, preferably with the hydrocarbon being cyclohexane or acetylene and the
fluorocarbon preferably being hexafluorobenzene. Higher indexes of refraction are
obtained by limiting or excluding hexafluorobenzene (HFB) flow in the plasma
chamber, while lower indexes of refraction are obtained by increasing the HFB
flows and limiting or excluding the hydrocarbon gas flow. High extinction coefficient
k are obtained by depositing the films using a high cathode bias voltage, while
lower kvalues are obtained by decreasing the bias voltage. Finer optical tunability
can be achieved by using proper flow amount of nitrogen and/or oxygen. Hydrogen

is used to tune optical properties as well as film durability.

It is another object of the present invention to provide a method of depositing an
amorphous carbon film by vapor deposition to be used as a bottom layer in a
bilayer resist system with optical properties optimized to minimize reflections
occurring at the substrate and at the resist/bottom layer interface. This bottom
layer is then acting as a thick planarizing antireflective coating (ARC) which also
minimize thin film interference. The process gas chemistry and the process
parameters in general are uniquely optimized to achieve the required optical

properties.

it is another object of the present invention to provide a method of depositing by
- vapor depgosition a thick ARC layer where the refractive index nand the extinction
coefficient k can be-varied through the depth of the film, so as to form an improved

antireflector. An example will be shown where the ARC layer is broken into three
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3.Anti-Reflector Coats or ARCs have been used to reduce such effects, and
we Wi ll consider an exanple with our carbon ARC. Figure 15 represents the
thin filmstack, with the resist on top, the ARC | ayer #1, the oxide |ayer
#2, and the silicon substrate. Figure 16 shows the resist reflection as a
function of oxide thickness. The presence of the ARC has caused the
reflection to be roughly 8% al nost i ndependent of oxide thickness,
indicating that the exposure energy is got changing much changing oxide

t hi ckness. As expected, the linew dth versus oxide thickness curve in
Figure 17 is virtually flat. The entire range of the data

distinct layers with different optical properties. We show that this layer has very low
reflection, and high tolerance to changes in process. Our deposition techniques
can also be applied to a layer where the optical properties are continuously graded
through the depth of the film, as has been described b.y Tanaka et al. in SPIE Vol.
2726, p. 573 (1996). More importantly, if n and k of the thick ARC layer is perfectly
matched to the adjacent layers, technically, there will be no reflections greatly
improving CD control. |

The teaching of all referenced cited in this application are incorporated by
reference herein. .

SUMMARY OF THE INVENTION

A broad aspect of the present invention is a multilayer resist system and method
of fabrication thereof.

A more specific aspect of the present invention is a multilayer resist system and
method of fabrication by vapor deposition of an a-C:X:H film with tunable optical
properties where X is fluorine, nitrogen oxygen, and Si.

Another more specific aspect of the method and structure according to the present
invention is depositing a hydrogenated carbon film by vapor deposition from a
hydrocarbon/fluorocarbon/hydrogen .plasma with optional small amounts of nitrogen
and/or oxygen such as about 1 sccm per deposition. The films produced herein
have the index of refraction n and the extinction k coefficient that can be
independently tuned at 365, 248, 193 nm, making them extremely useful for thick
planarizing antireflective coatings. Additionally, the films formed by the present
invention can be deposited conformally on topography and when used as a bottom
layer in a multilayer resist system they can be readily patterned and removed in
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Another more specific aspéct of a method and structure according to the present
invention is depositing an amorphous carbon film by vapor deposition which
comprises the steps of: admixing of hydrocarbon, fluorocarbon, hydrogen gases,
optionally a small amounts of oxygen and/or nitrogen gases; providing a reactor
chamber containing a cathode and the substrate; and introducing the above gas
mixture into the chamber; and applying an rf bias potential to the cathode to initiate
a plasma and deposit the a-C:2X:H film on the substrate by vapor deposition.

Another more specific aspect of the structure and method according to the present
invention is depositing an amomhous carbon film by using a gas mixture which
comprises, hexafluorobenzene, hydrogen, cyciohexane, acetylene which may or
may not diluted in He or Ar to reactively deposit a film by vapor deposition. By
employing this method, the index of refraction nand the extinction coefficient kcan
be independently optically tuned at UV and DUV wavelengths. More specifically,
the UV and DUV index of refraction n and extinction coefficient k can be tuned
from about 1.40 to about 2.1 and about 0.1 to about 0.6, respectively, at 365, 248,
and 193 nm. Therefore, these films mest all the requirements needed to be used
as a thick planarizing boftom layer in a bilayer resist system.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic of a vapor deposition apparatus useful to practice the present
invention.

Fig. 2 is a diagram showing swing ratio definition.

In this schene, a first thick bottom
W th absorption at UV-DUV is spun on the substrate. This
| ayer has both effects to planarize the structure underneath to mnim ze
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containing resist layer is spun on top. This thin layer is used as a high
resolution inmaging |ayer and, also, after resist devel opnent is used as a
transfer pattern |ayer for oxygen reactive ion etching. The bottom |l ayer is
not attacked by the devel oper and the resist top layer is not etched by the
oxygen pl asma because of its Si- content. This process is described in nore
detail in exanple 5. An extensive reviewgof nultilayer resist technol ogy
can be found in "Polyneric silicon-contarning resist materials", R D.
Mller and G M Wil lraff, Advanced Materials for Optics and El ectronics,
Vol . 4, 95-127 (1994). The currently used bottomlayer is a

Fig. 3 shows reflectance contours (contours of constant reflectance R,) in function
of n and k (top) and k and SiO, thickness for a 300 nm bottom layer.

Fig. 4 shows reflectance contours (contours of constant reflectance R,)in function
of n and k (top) and k and SiO, thickness for a 500 nm bottom layer.

Fig. 5 shows reflectance contours (contours of constant reflectance R,) in function
of n and k (top) and k and SiO, thickness for a 700 nm bottom layer.

Fig. 6 in A shows reflectance contours (contours of constant reflectance R,) in
function of n and k (top) for a 500 nm tunable bottom layer and in B schematically

shows the structure of the multilayer resist.

Fig. 7 (top) shows the measured reflectance and the calculated transmittance of
a carbon layer about 500 nm thick as described in example 4. (bottom) shows the

corresponding computed n and k values.
Fig. 8 (top) shows the measured reflectance and the calculated transmittance of
a carbon layer about 1000 nm thick as described in example 4. (bottom) shows the
corresponding computed n and k values.

Fig. 9 illustrates the process flow of the resist bilayer system.

Fig. 10 shows SEM pictures of photoresist lines fabricated using the two layer
resist process. '

" Fig. 11 is a table of optical properties of samples according to the present

invention.
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4 novolac resist as found in "Bilayer resist approach for 193 nm

| it hography", Schaedely et al., Proc. SPIE - Int. Soc. Opt. Eng. (USA) Vol.
2724 1996, p344-54. The mai n probl em associated with this "spin on" polymner
material is the poor conformality over subm cron structures, poor optical
tunability, and the chem cal interaction at the interface with the inmaging
resi st which may produce variation of thegcritical dinmensions (CD). If a
thick single layer resist is used instead of a bilayer, then nechani cal
col | apse of resist pattern may occur as was found in "Characterization of
the resist pattern collapse in a chemcally anplified resist”, Cha-Wn Koh,
Cheoul - Kyu Bok, and Ki- Ho Balk, Interface 1996 Proc. p295-302, S. D ego Ca.

1996. Fig. 12 shows a simulation of how the resist linewidth varies with exposure energy.

Fig. 13 shows the total reflectivity of the wafer as a function of oxide (layer #1)
thickness.

Fig. 14 shows the calculated resist linewidth as a function of the oxide thickness,
and illustrates that linewidth is hugely affected by small changes in thickness.

Fig. 15 represents the thin film stack with the resist on top, the ARC layer #1, the
oxide layer #2, and the silicon substrate.

Fig. 16 shows the resist reflection as a function of oxide thickness.
Fig. 17 is a linewidth vs. oxide thickness curve.

DETAILED DESCRIPTION

The present invention relates to structures and methods of fabrication thereof. The
structure is produced by a method of vapor deposition from a hydrocarbon and/or
fiuorinated hydrocarbon (fluorocarbon) plasma, a high quality hydrogenated carbon
film to be used as a thick planarizing optically tunable bottom ARC in a multilayer,
preferably bilayerftrilayer resist system. The film produced by the present invention
has a tunable index of refraction and extinction coefficient which can be optionally
graded along the film thickness to match the optical properties of substrate and
imaging photoresist. The optical properties at UV and DUV and the lithographic
features of the film produced by the present invention are vastly superior to those
obtained by other polymeric films such as the diazonaphthoquinone-novolac-type

photoresist reported by R. D. Miller and G. M. Wallraff, Advanced Materials for
Optics and Electronics, Vol. 4, 85-127 (1994). Thus, Si substrates coated with the



AN

It is an object of the present invention to provide an inproved resist. It
i's anot her object of the present invention to provide an inproved resist
formed froma plurality of layers. It is another object of the present

i nvention to provide a resist having a plurality of |ayers wherein the
bottomlayer is a thick tunable layer. It is an object of the present

I nvention to propose fornmation of a bottom planarizing |ayer by vapor
deposi tion. Vapor deposited filns havelth vastly increased optical purity
and tunability when conpared to spin on polyners when used in bilayer and
trilayer resist systens. I s anot her object -of the present invention

provide a netfhed pRhaffiPsh 'P sbaéra(o?ﬂmﬁ oﬂﬁi@@rﬁ/bﬁtloﬁ'Hr@s'ﬁc&lyq;eéﬂxcfe'thﬁ‘rm' ch has
t he required optlcal properties to form
interference an substrate reflectivity at UV and DUV wavelengths, which

consequently improves CD control.

Fig. 1 is a diagram of a PECVD (plasma enhanced chemical vapor deposition)
deposition apparatus 8 which can be used to deposit amorphous carbon film of the
present invention. The apparatus includes a reactor chamber 10 having a throttle
valve 11 which separates the reactor chamber 10 from a vacuum pump not shown.
A cathode 19 is mounted to the reactor chamber 10 and is isolated therefrom by
a dielectric spacer 20. The cathode 19 is provided with a resistive heater 17. A
substrate 15 is secured to the inner end of the cathode 19. As herein
contemplated, the cathode is electrically connected to a radio frequency source 14
which may be regulated and the impedance between the cathode 19 and the radio
frequency source 14 is matched by utilizing a match box 13. The electrical return
ground is provided by plate 16 which is connected to the reactor chamber 10.

The reactor chamber 10 also contains conduits 20, 21, 22, 23, 24, 25 for
introducing various gas materials into the chamber 10 through a shower head 12.
For example, the hydrocarbon gases and the pre-mixed hydrocarbon gas mixture
are introduced into the reactor chamber 10 through conduits 25 and 26,
respectively. The fluorinated carbon gas and the hydrogen gas are introduced into
the chamber 10 through conduits 21 and 20, respectively. The reactive gases -
oxygen and nitrogen are introduced into the chamber 10 through conduits 23 and
22, respectively, while the Ar gas for cleaning the substrate is introduced through
conduit 24,

The hydrocarbon gas which may be used in the present invention may be any
hydrocarbon compound which is first capable of being gaseous and then able to
form a plasma at the reaction condition employed by the present process. The
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a DUV (365, 248, 193 nm) bottomlayer in a bilayer/trilayer resist system
These filnms have a wde optical tunability, i.e., n and k can be varied by
changi ng process 5 conditions. These filns can be easily patterned

ani sotropically and renoved by oxygen plasma. This nmethod can be easily
extended to manufacturing tools currently used in the sem conduct or

I ndustry. It is another object to carrylgut t he depositions by vapor
deposition in a Ar/hydrocarbon/ heliunf hydrogen/fl uorocarbon/ nitrogen/ oxygen

term hydrocarbon implies that the molecules which make up the compound .
contains only carbon and hydrogen atoms. In accordance with one embodiment

of the instant invention, saturated or unsaturated hydrocarbon compounds may be
employed by the present process. By definition, a saturated hydrocarbon

compound is a compound whose molecules contain only carbon single bonds while
an unsaturated compound is a compound whose molecules contain carbon double

or triple bonds.

it is especially preferred embodiment of the present invention that the preferred
reactive hydrocarbon and fluorocarbon gases which are employed in forming the
amorphous carbon film are cyclohexane and hexafluorobenzene (HFB) optionally
diluted in an inert gas. Additionally, it should be recognized that mixtures of
hydrocarbon gases such as cyclohexane/acetylene/methane may also be
contemplated as the reactive hydrocarbon gas of the present invention.

-Gases employed by the present invention have a purity greater than about 85.5%.
in a preferred embodiment, the gases have a purity in the range from about 98.5
to about 99.99%. Most preferably, the gases have a purity greater than 99.99%.

The hydrocarbon, fluorocarbon, hydrogen, helium and argon gases are introduced
into the chamber by first passing them through separate flow controllers at a
sufficient flow to provide a total pressure of Ar, hydrogen, hydrocarbon,
fluorocarbon and helium from about 1 mTortr to 1000 Mtorr. To provide the most
effective amorphous carbon film it is preferred that the pressure of argon,
~hydrogen, hydrocarbon, helium mixture be about 1 - 500 Mtorr. The above
" conditions can also be obtained by premixing the Ar, | hydrogen,
hexafluorobenzene, hydrocarbon, helium in one or two or three gas cylinder in any
possible combination providing the desired gas concentration. More preferably the
argon, hydrogen, fluorocarbon and hydrocarbon gases are introduced into the



m xture, preferably with the hydrocarbon bei ng cycl ohexane or acetyl ene and
the fluorocarbon preferably being hexafl uorobenzene. Hi gher indexes of
refraction are obtained by limting or excluding hexafl uorobenzene (HFB)
flow in the plasma chanber, while | ower indexes of refraction are obtained
by increasing the HFB flows and limting or excluding the hydrocarbon gas
flow Hi gh extinction coefficient k are obtained by depositing the filns
usi ng a high cathode bias voltage, whi | €2 ower kval ues are obtai ned by
decreasing the bias voltage. Finer optical tunability can be achieved by
usi ng proper flow anmount of nitrogen and/or oxygen. Hydrogen is used to
tune optical properties as well as filmdurability. It is another object of
the present i netambesthaughpsepaiatie flow eeotralidrsof deposi ti ng an anor phous car bon
filmby vapor deposition to be used as a bottomlayer in a

Suitable substrates which may be coated with the amorphous carbon film of the
present invention include materials such as plastic; metals; various types of glass;
magnetic heads; electronics chips; electronic circuit boards; semiconductor devices
and the likes thereof. The substrate to be coated may be any shape or size
provided that the substrate may be placed into reactor chamber apparatus. Thus,
regular or irregular shape objects having any dimension may be used in the
present invention. More preferably the substrate is a Si substrate used in the
fabrication of semiconductor devices. The substrate is mounted on the cathode
holder inside the reactive sputtering chamber of the reactor device. The reactive
chamber is then tightly sealed and evacuated until a pressure reading in the range
of about 1 x 10° to about 1 x 107 Torr is obtained. After evacuating the reaction
chamber to the desired pressure range mentioned hereinabove, the substrate is
then heated to a temperature from 25 to 400 °C. Most preferably, the substrate is
held at a constant temperature of about 50 to about 200 °C throughout the entire.
deposition process.

The substrate material used may or may not be subjected to rf sputter cleaning
using the rf cathode on the chamber prior to depositing the amorphous carbon
film. Suitable cleaning technique émployed by the present invention includes rf
plasma cleaning with hydrogen, argon, oxygen, nitrogen or mixtures thereof,
performed singly or in a suitable sequential combination.

After achieving the desired pumpdown pressure, the admixed gases are introduced
" into the reaction chamber at a flow rates of about 1 to 1000 sccm. More preferably
‘the flow rate of the reactant gases is from 1 to 100 sccm and the flow rate of the
hydrogen gas is from 1 to 100 sccm. Most preferably, the flow rate of the
cycloexane gas is about 5 sccm. The gas is introduced into the reaction chamber
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bilayer resist systemw th optical properties optimzed to m nim ze
reflections occurring at the substrate and at the resist/bottom | ayer
interface. This bottomlayer is then acting as a thick planarizing
antireflective coating (ARC) which also mnimze thin filminterference.
The process gas chenistry and the process parameters in general are

uni quely optimzed to achieve the required optical properties. It is

anot her object of the present inventi dd to provide a method of depositing
by vapor deposition a thick ARC [ayer where the refractive index n and the
extinction coefficient k can be varied through the depth of the film so as
to form an i nBt@dPEgsyatdf eboitdrio200 Miarrelk israabtbempieferroe aspenirof thhdmstarithe ARC

llayer is brokgRehtdhOthhheSdmixture be introduced at a pressure of about 100 mTorr.

.During deposition an rf bias was applied to the substrate mounted on the cathode. .
The cathode DC self-bias ranged from -10 to -1000 Volt throughout the carbon

deposition process. This self-bias voltage was acquired by applying the rf power

to the cathode. Radio frequency impedance matching was obtained by using an

rf matching box. Most preferably, the substrate rf bias voltage was maintained at

negative 300 V throughout the experiment. More preferably the power density

applied to the substrate is from 0.005 to 5 W/em® Most preferably, the power

density employed by the present invention is maintained at about 0.62 W/erm?

throughout the deposition process.

The amorphous carbon film is deposited onto the substrate at a rate such as that
an essentially continuous coating of the film on the substrate is obtained. More
specifically, by emplé:ying the previously mentioned operation parameters, the
amorphous carbon film is deposited onto the substrate at a rate of about 20 to
4000 A/min. (A is Angstrom). Most preferably, the rate of depositing the
amorphous carbon film onto the substrate is at a rate of about 7600 A/min.

In accordance with the present invention, the amorphous carbon film thickness
deposited on the substrate are from 1000 to 50000 A. More preferably, the
thickness of the amorphous carbon film coating is from 3000 to 7000 A. It should
be noted that by changing pfocess parameters such as bias voltage, gas flows,
and pressure film optical constants can be changed. Herein, film optical constants
. are defined as the index of refraction n and the extinction coefficient k. Thus, it is
quite possible to make a substrate with defined optical constants by merely diluting
the cycloexane or acetylene in Ar or in He or by changing the cycloexane with
mixtures of HFB/hydrogen (Table ). The preferred optical constants of the
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amorphous carbon film for bottom layer in a bilayer resist system applications
prepared by the present process are in the range from about k=0.7 to k=0.6 and
n=1.40 to n=2.1 at a wavelength of 365 and 248 and 193 nm.

Mainly, the amorphous carbon films formed by the present invention can be used
as a thick planarizing ideal bottom antireflective coating to be used in a bilayer
resist system for UV (865 nm) and DUV (248 and 193 nm) applications. The
advantage of a carbon ARC compared to “spin on polymer” is that carbon can be
deposited conformally with drastically improved optical purity and tunability and '
integrity, therefore enhancing linewidth control and performance of integrated

circuits.

It is well known that the effective exposure dose in optical lithography varies
periodically with resist fhickness due to thin film interference. The swing ratio Sis
defined as the fractional exposure change between an interference maximum
thickness and an interference minimum thickness. Sis a fundamental measure of
the quality of a particular resist process. By reducing the swing ratio to near zero,
the resist process is able to tolerate changes in optical phase due to resist and
deposited film thickness non-uniformity. The swing ratio can be calculated by the
following equation:

S=4(R,R,)**e¢® (1)

- where R, is the reflectance at the resist air interface, R, is the reflectance at the
top resist/ARC interface, a is the resist absorption coefficient and D is the resist
thickness. in this invention, we are mainly concerned in the reduction of the swing
ratio by reducing R, through the use of a bilayer resist process with optimized



According to a first enbodinent of this invention. there is provided a
‘structure conprising: a substrate having on at | east one major surface, a
plurality of surface |layers, at |east one vapour depoisited antireflection
coating layer; wherein said antireflection coating is a bottom | ayer which
I's overcoated with a | ayer of energy active material; further wherein the

i ndex of refraction and the extinctionisoefficient of said antirefl ection
coating are finely tuned to substantially match thosc of said energy active
material and said substrate at a first interface between said
antireflection coating and said energy active material. According to a

second enbodi ggif, Red ARE. A BUERIH BRblaihiRg iR dighinBARY! AR dbold bhraher
is shown in Figure 2. In general, bilayer resist systems can be modeled so a to
find bottom layer optical parameters (n and k) as well as optimum thickness. To
acﬁieve this, a knowledge of the optical constants of the entire film structure is
necessary in order to compute the swing ratio reduction.

In general, ARC thickness d varies between 3000 to 7000 A depending on film
absorption. The extinction coefficient k can vary between 0.11 to 0.5. More
commonly, the k values were between 0.11 and 0.3 at DUV for a 10X reduction
in swing ratio. The index of refraction nvary between 1.4 to 2.1. More commonly,
the n values were between 1.65 and 1.80 at DUV.

The following examples are given to illustrate the scope of the present invention.
~ Because these examples are given for illustrative purposes only, the invention
embodied therein should not be limited thereto.

EXAMPLE 1

The following example illustrates calculations for obtaining optimum bottom layer
parameters of a bilayer system. Parameters are optimized so as to réduce
reflections at the resist/bottom layer interface. Computations . are based on
algorithms which uses the Fresnel coefficients as found in standard textbooks such
as Optics, by E. Hecht and A. Zajac, published in 1979 by Wiley, pages 312 and
313. These simutations can be extended to many different structures and they are
not limited by the examples given below. The structure simulated in this example

.is shown in Fig. 3.

The substrate is silicon with an optional SiO, layer grown on top (Fig. 3 bottom),
followed by a thick bottom layer and the imaging resist. The parameters under



resi st systemstructure conprising: a substrate having at |east one ngjor
‘'surface, said substrate selected fromthe group consisting of a

sem conductor a polymer glass, a netal, and conbination thereof: a
plurality of surface |ayers. at |east one vapor deposited antire reflection
coating layer; said vapor deposited antireflection coating is a bottom
| ayer which is overcoated with a | ayefg of eneryg active material:

investigation are the oxide thickness and the bottom layer optical constants nand
kand film thickness d. The imaging resist index of refraction extinction coefficient
kand film thickness are fixed and given by n=1.78, k=0.018 and d=2000 A. In this
example three different bottom layer ARC thickness are simulated, d=3000, 5000,
7000 A.

Performance of a bilayer system is defined in terms of low (R, substrate

.reflectivity which translates in a reduction of the swing ratio amplitude as defined

in Eq. (1). Fig. 3 (top) shows simulated substrate reflectance contour plots

(contours of constant R,) in function of n (for ARC layer) and k (for ARC layer) for
a 3000 A thick bottom layer (ARC). The horizontal line k=0.24, for example,

intercepts several reflectance contours 0.007 being the worst case. Since the

reflectance of Si at 248 nm is about 0.7 then a swing reduction«/0.7/0.007=10

is obtained. Fig. 3 also shows that for a 10x swing ratio reduction a wide range of
index of refraction values is allowed from ~1.65 to ~1.96. If a higher swing ratio

reduction is necessary then index values around 1.85 are desirable. In general, -
from these simulations a range of k (ARC) values around an optimum value can

be obtained with a reduction in the swing ratio by an order of magnitude or more.

Fig. 3 (bottom) shows reflectance contour plots of oxide thickness in function of k
(ARC). As shown above, for k=0.24, R <= 0.7 % with a 10x swing reduction.

Fig. 4 shows (Figs. 4A and 4B and 5A and 5B correspond to Figs. 3A and 3B,
respectively) simulations results for a 5000 A thick bottom layer. Following the
same arguments as above, desirable n(ARC) and k (ARC) values are in the range
. 0f1.70 to 1.90 and 0.15 to 0.22, reSpectively, fora R <= 0.3 % with'a 15x swing
ratio reduction. Similarly, Fig. 5 shows that a 25x swing ratio reduction can be
obtained for a 7000 A thick ARC with n and k values of about 1.84 and 0.11,
respectively. it should be noted these contour plots indicate that a wide range of
nand k values can be chosen in order to obtain a significant swing ratio reduction



said energy active material is selected fromthe group consisting of
Conpositions which are sensitive in the UV wavel ength range conpositions
whi ch are sensitive in the DUV wavel ength range conposition which are
sensitive in the U/ and DUV ranges. and conbinationls thereof. said vapor
deposited antireflection coating is a nultZrial selectecd from the group
consi sting of dianond-Ilike carbon, fluorinal ed di anond-Iike

car bon. fl uori nat ed hydrogenat ed di anmond- | i ke carbon. nitrogenated

di anond- | i ke (>15:3'haMh Aved ablk BA! i uRskeRat
car bon. armr,( r5>h(2€715 : f?,ﬁg@?ﬁg?gd" gg%grf%rc;?\qs“al?/l%ﬂ%rl ngfeﬁ'qat"é‘t r ahedr al
carbon, and Bff%ﬁ@ achigys adughendegree of plapyization enehihereie minimige; thisgenat ed

hydr ogenat ed filns aritéridtence bbtidat AR Iagkr shbiyld b6 @RIAIAE 500 AtSor highdr! 0genat ed
tetrahedral carbon. and conbinations thereof.

EXAMPLE 2

This example illustrates hbw a wider process window with a very low swing ratio
values can be obtained by tuning the optical properties of the thick bottom layer.
A thin adhesion layer about 150 A thick with a n=17.83 and k=0.295 is first
deposited on Si (see table lin Fig. 11). A second layer which is preferably a
fluorinated carbon film is deposited on top. This layer is about 5000 A thick. In this
case the adhesion layer prevents the fluorine of the thick ARC layer from attacking
the Si substrate or SiO,. In general, the lower index of refraction of the
fluorinated carbon film helps to match the indexes of Si and SiO,. A third layer
with a index of refraction of about n=1.78 and extinction coefficient of about k=0.21
is deposited on top to better match the optical constants of the imaging resist. The
simulated reflectance contours for this structure are shown in Fig. 6. By comparing
this tunable structure with the single layer one of Fig. 4 a large improvement in
process window is obtained. The area enclosing the reflectance contour 0.001 of
the tunable structure is about one order of magnitude higher than the single layer
one of Fig. 4. Thus, a swing ratio reduction of about 27 can be calculated using
the same arguments of example 1. Table | shows that a wide range of low
indexes and high extinction coefficient can be achieved by using fluorinated carbon
film.

EXAMPLE 3

‘The following example is given to illustrate the process of depositing a
hydrogenated and fluorinated amorphous carbon film (to be used as a thick bottom



Said antire flection coating has an index of refraction and an extinction
‘coefficient tuned to substantially match those of said energy actice
material and said substrate at a first interface between said
antireflection coating and said substrate and at a second interface

bewt ween said antireflection coating material. 6b A broad aspect of the

present invention is a nmultilayer resi sig system and net hod of fabrication
t her eof .

layér ARC) onto a substrate, preferably Si, by plasma enhanced chemical vapor
" deposition (PECVD) in a cycloexane gas or HFB with optical characteristics similar
to the ones simulated in example 1 and 2.

The experiments were carried out for depositing the amorphous carbon film on
five or eight inch round Si substrates. The substrates, which were already
precleaned, were blow dried with (filtered) nitrogen gas to remove residual
particulate before being loaded on the cathode of Fig. 1. Thereafter, the system
‘was evacuated to a base pressure reading of about 1x10*Torr or lower. The
substrate was sputter cleaned for 1 min at a power density of 0.4 W/en? at 100
mTorr Ar pressure to ensure good adhesion of the carbon film to the Si substrates. '
The amorphous carbon films were deposited from a cycloexane gas at a flow rate
of 25 sccm. The cathode power density was 0.62 W/en?® resulting in a-317 Volt
negative self-bias and the pressure was 100 mTorr. During the entire deposition
process, the substrates were held at 59 °C. If a fluorinated film has to be
deposited then the cyclohexans ' gas can be replaced with the
hexafluorobenzene/hydrogen mixture. A summary of the process parameters used
are shown in table 1 (Fig. 11). The gases employed by the present process have
a purity of greater than about 99.99%. The amorphous carbon film was deposited

onto the substrates at a rate of about 215 A/min.
EXAMPLE 4

The following example illustrates how to measure the optical constants n (ARC)
and k (ARC) of the amorphous carbon film deposited by vapor deposited from a
cyclohexane gas. This measurement technique can be applied to a variety of

different processes and it is not limited by the two example above.

The optical constants were measured using an n&k Analyzer manufactured by n&k



A nore specific aspect of the present invention is a nmultilayer resist
system and net hod of fabrication by vapor deposition of an a-C. X H film
wi th tunabl e optical properties where X is fluorine, nitrogen oxygen, and
Si. Another nore specific aspect of the method and structure according to
the present invention is depositing a hydrogenated carbon film by vapor
deposition froma hydrocarbon/fuorocarbon/ hydrogen plasnmaw th opti onal
smal | amounts of nitrogen andl or oxygenssuch as about 1 sccm per
deposition. The filnms produced herein h%ée the index of refraction n and
the extinction k coefficient that can be independently tuned at 365, 248,
193 nm nmaking themextrenely useful for thick planarizing antireflective
coatings. Additionally, the filnms formed by the present invention can be
deposi t ed conf or makthnobyy, t S WHGE,QHLYA asrdriptibie bf this édtrd@send ahditd Op¥ration can

be found in U.S. Patent No. 4,905,170, 1990. They use a method based on
broadband spectrophotometry and equations for optical constants derived by
Forouhi and Bloomer (Phys. Rev. B, 38, pp. 1865-1874, 1988). Their analysis is
based on a physical madel for the refractive index, 5, and extinction coeflicient,
k, applicable to a wide range of semiconductor and dielectric films, and valid over
the deep uliraviolet — near infrared wavelength range. The n(1) and k({4) (A is the
wavelength) spectra of any material cannot be measured directly but they are
determined from a de-convolution of a reflectance measurements R(1). This
measurable quantity depends on film thickness, optical constants of the films and
substrate. The “n&k Method" provides an accurate, rapid, and non-destructive
way to uncouple a reflectance measurement. Algorithms can be generated that
compare the theoretical reflectance with the measured one. From this comparison
film thickness, n{A}and k(1) spectra can be determined.

Figs. 7 and 8 (top) show the reflectance spectra (from 800 to 190 nm) measured
by the n&k Analyzer of an amorphous carbon layers to be used as a thick ARC
deposited by the method of example 3. The films analyzed are about 5000 and
10000 A thick. The corresponding n and k values are plotted in Figs. 7 and 8
(bottom). For these particular exampleé nvaries from” 1.80 to ~ 1.82 and k from
"0.22 to "0.25 at 248 nm which is compalible wilh the reflectance analysis of
example 1. The n&k spectra of Figs. 7 and 8 also indicate that acceptable values
n and k are obtained at 193 and 365 nm as explained in example 1.

Finally, the calculated transmission curves (Fig. 7 and 8 top) show that from 500
to 700 nm transmittance varies from 20 to 70% for a 10000 A thick film and from
32 to 80% for a 1000 A thick film. These transmittance values are acceptable for

proper mark alignment in multilayer fabrication of semiconductor chips.



| ayer in a nultilayer resist systemthey can be readily patterned and
Tenmoved in 7 oxygen and/or fluorine reactive ion etching process
therefore facilitating patterning for chip fabrication. Another nore
specific aspect of a nethod and structure according to the present

I nvention is depositing an anorphous carbon film by vapor deposition which
conprises the steps of: admi xi ng of hydsQcarbon, fluorocarbon, hydrogen
gases, optionally a snmall anounts of oxygen and/or nitrogen gases;

provi ding a reactor

EXAMPLE 5

This example illustrates how to form device features of 0.25 ym and below using
a bilayer resist system described above. Fig. 9 shows the fabrication process flow.
First a thick amorphous carbon film about or greater than 3000 A as described
in example 3 is deposited on a Si substrate with optical constants nand k of about
1.8 and 0.3, respectively. A thin 2000 A preferably silated photoresist is spun on
top and baked for 90 sec at 90°C (Fig.8.1) such as novolaks, polyhydroxy
styrenes, substituted polyhydroxy styrenes polysilanes, polysiloxanes, polysil
sesquioxanés, etc., specific examples of which are poly(4-
hydroxybenzylsilsequioxane, poly(cyclohexylmethyisilane, 2,1,5-naphthaquinone
containing polymethylsiloxane and etc. The silated resist is exposed to a 248 nm
radiation at a dose of about 38md using a Nikon EXX stepper and post-baked at
120 °C for 90 sec. Then the resist is developed for 30 sec in CD26 Shipley
developer (Fig. 9.2). Finally, the amorphous carbon film is reactive ion etched in
an oxygen plasma at 50W for 15 min at 25 Mtorr of pressure. Here, the silated
resist acts as an etch mask since does not etch in oxygen containing plasma (Fig.
9.3). SEM pictures of the etched bilayer structure are shown in Fig. 10. The
boundary between the silated resist and the thick botiom arc is clearly visible. Note
that the bottom carbon arc etches anisotropically thus maintaining wall verticality.
Resist lines of 250 nm are shown in Fig. 10a. The smaller lines printed here are
about 175 nm with aspect ratio 23 (Fig.10b). The “grass” visible on the substrate
come from contamination of the silicon containing resist during oxygen plasma
etching and can be removed by an extremely shqrt exposure to a very low density
fluorine containing plasma or by using a longer development time prior to the
oxygen RIE.

While the invention has been particularly shown and described with respect to
preferred embodiment thereof, it will be understood by those skilled in the art that



chanber containing a cathode and the substrate; and introducing the above
gas mxture into the chanber; and applying an rf bias potential to the
cathode to initiate a plasma and deposit the a-CX:H filmon the substrate
by vapor deposition. Another nore specific aspect of the structure and

met hod according to the present invention is depositing an anorphous carbon
filmby using a gas m xture which conprjses, hexafl uorobenzene, hydrogen,
cycl ohexane, acetyl ene which may or nayzhot diluted in He or Ar to
reactively deposit a filmby vapor deposition. By enploying this nethod,
the index of refraction n and the extinction coefficient k an be

i ndependently optically tuned at UV and DUV wavel engt hs. More specifically,
the UV and DUV i f refr ' extjnction coeffjcient. k can be
tuned from abouttﬁ%f%ﬁe(gg‘%% aﬁ%é’&% P %gé}nﬁ?%‘Bogétde%&lm%b%ﬁ%ﬁ {hﬁr.e@, without
respectively, atdemg m,the spirit and scope of the invention.

Having thus described our invention, what we claim as new and desire to secure
by Letters Patent is:



and 193 nm Therefore, these filns neet all the requirenents needed to be
used as a thick planarizing bottom layer in a bilayer resist
system BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic of a vapor
deposition apparatus useful to practice the present invention. Fig. 2 is a
di agram show ng swing ratio definition. Fig. 3 shows refl ectance-

contours (contours of constant reflect aﬂine R2) in functhgpShggtHgs&enRe lag op)

and k and Sigerr] thickness for a 300 bottom | ayer . ”m l" “I”",

CLAIMS
1.. A structure comprising:
a substrate having on at least one major surface, a plurality of
surface layers, at least one vapor deposited antireflection coating

layer.

2. A structure according to claim 1, wherein said antireflection coating is a bottom
layer which is overcoated with a layer of energy active material.

3. A structure according to claim 1, wherein said substrate is selected from the
group consisting of a semiconductor, a polymer, a glass, a metal and combinations

thereof.

4. A structure according to claim 2, wherein said energy active material comprises .
silated photoresist in dry sheet form.

5. Astructure according to claim 2, wherein there is about 0.001 reflectance at the
interface of said energy active material and said bottom layer.

6. A structure according to claim 2, wherein the swing ratio reduction is at least
about 25 or greater.

7. A stfructure according to claim 3, wherein said substrate is a semiconductor
comprised of silicon.

8. Astructure according to claim 2, wherein said energy active material is selected

from a group consisting of compositions which are sensitive in the UV wavelength

© RO O




Fig. 4 shows reflectance contours (contours of constant reflectance R2)in
function of n and k (top) and k .and Si Q2 thickness for_-a.500-nm.bottom
| ayer. Fig. 5 shows reflectance contours (contours of constant reflectance

R2) in function of n and k (top) and k and Si J err]th niReplacgd 700 nm
bottomtayer. Fig. 6 in A shows refl ectance contours t const ant
reflectance R2) in function of n and k (top) for a bott om

| ayer and in B schematically shows th&3structure of the nultilayer resist.
Fig. 7 (top) shows the neasured refl ectance and the cal cul at ed

transm ttance of a carbon |ayer about 500 nmthick as described in exanple
4. (bottom, shows the correspondi ng conputed n and k values. Fig. 8 (top)

shows the measur edmpgd,| @6hadkiBneNBhittearé aderidihvat B e BN ABSEEN Ofinge,

compositions which are sensitive in the UV and DUV wavelength rénges and

combinations thereof.

8. A sftructure according to claim 2, wherein the index of refraction and the
extinction coefficient of said antireflection coating -are finely tuned to substantially
match those of said energy active material and said substrate at a first interface
between said antireflection coating and said substrate and at a second interface
between said antireflection coating and said energy active matenial.

10. A structure according to claim 1, wherein said antireflection coating is

comprised of a carbon-containing material.

11. A structure according to claim 9, wherein said anfireflection coating is
substantially uniform in thickness and optically nonuniform, with a graded index

of refraction and with a graded extinction coefficient.

12. A structure according to claim 9, wherein said index of refraction is tunable
between from about 1.4 to about 2.1 at 365, 248 and 193 nms.

13. A structure according to claim 9, wherein said extinction coefficient is tunable
from about 0.1 to about 0.6 at 365, 248 and 193 nms.

14. A structure according to claim 9, wherein said index of refraction is tuned to
about 1.5 at said first interface to substantially match that of the major surface of
said substrate, and tuned to about 1.8 at said second interface to match that of

said energy active material with which it is in contact.

15. A structure according to claim 9, wherein said extinction coefficient is tuned to

* [ L L] S *
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a' carbon | ayer about 1000 nmthick as described in exanple 4. (bottom
shows the corresponding conputed n and k values. Fig. 9 illustrates the
process flow of the resist bilayer system Fig. 10 shows SEM pictures of
photoresist |lines fabricated using the two | ayer resist process...Eig. 11.is.
a table of optical properties of sanples according to the E_resent

1

i nventi on. Fig. 12 shows a simulati )y of how the resist Flmm’mn’\'ﬂm'ﬁcat

Wi t h exposure enerqgy.
about 0.5 at said first interface to match that of said major surface of said
substrate, and tuned to about 0.1 at said second interface to match that of the

energy antive material with which it is in contact.

16. A structure according to claim 1, wherein said vapor deposited material is
selected from the group consisting of diamond-like carbon (DLC), fluorinated
diamond-like carbon (FDLC), fluorinated hydrogenated diamond-like carbon
(FHDLC), nitrogenated diamond-fike carbon (NDLC), amorphous fluorinated
hydrogenated carbon, amorphous fluorinated carbon, fluorinated tetrahedral
carbon, amorphous nitrogenated carbon, amorphous nitrogenated hydrogenated
carbon, nitrogenated tetrahedral carbon, and combinations thereof.

17. A structure according to claim 16, wherein said vapor deposited material
includes a dopant.

i
18. A structure according to claim 10, wherein said vapor deposited material is
patternable and removable by reactive ion etching in a gas containing oxygen,

fluorine, and combinations thereof.

19. A structure according to claim 17, wherein said antirefiection coating comprises
a single layer fiim of uniform thickness, said film having an index of refraction of
about 1.42 to about 2.1 and an extinction coefficient of about 0.1 to about 0.6 at
wavelengths of 365, 248 and 193 nm.

20. A structure according to claim 10, wherein said antirefiection coating has an
index of refraction in the range of about 1.6-1.8 and an extinction coefficient of

about 0.22 at 248 nm, and a uniform thickness of 300 nm.

21. A structure according to claim 20 having a swing ratio reduction of about 10.
[
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F|g 13 shows the total reflectivity of the wafer as a function of oxide
‘(layer #1) thickness. Fig. 14 shows the calculated resist linewidth as a
function of the oxide thickness, and illustrates that.-linew.dth i.s. hugely
affected by small changes in thickness. Fig. 15 represents the th|n film

stack with the resist on top, the ARC | ayer #1, the ox Re ﬁithe
silicon substrate. Fig. 16 shows the rgsi st reflection H
oxi de thickness. Fig. 17 is a linewidth vs. oxide thick AILED

DESCRI PTI ON The present invention relates to structures and nethods of
fabrication thereof. The structure is produced by a nethod of vapor -

deposition from.a,hydrocarbon and/ 0
P rBz A s¥ cture according to clalrm 10 wherein said antireflection coating has an

index of refraction of in the range of about 1.6-1.9 and an extinction coefficient of
about 0.15 at 248 nm, and a uniform thickness of 500 nm.

23. A structure according to claim 22 having a swing ratio reduction of about 15.

24. A structure according to claim 10, wherein said antireflection coating has an
index of refraction of in the range of about 1.6-1.9 and an extinction coefficient of
about 0.12 at 248 nm, and a uniform thickness of 700 nm.

25. A structure according to claim 24 having a swing ratio reduction of about 25.

26. A structure according to claim 11, wherein said gradient index of refraction is

about 1.4 to about 2.1.

27. A structure accérding to claim 11, wherein said gradient extinction coefficient
is about 0.6 to about 0.12.

28. A structure according to claim 11, wherein said antireflection coating has a

uniform thickness of about 10 to about 10000 nm on a substrate.

28. A bilayer structure wherein a first layer of thick bottom arc layer, having an
index of refraction in the range of about 1.5-1.7, an extinction coefficient in the
range of about 0.25-0.45, and a thickness of about 300 to 700 nm is deposited on
a first major surface of a substrate. |

30. A bilayer structure according to claim 29, wherein said two layers of thick

bottom arc layer comprise materials selected from the group consisting of DLC,
FDLC, FHDLC, NDLC, amorphous fluorinated hydrogenated carbon, amorphous

G O O
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fluorinated hydrocarbon (fluorocarbon) plasma, a high quality hydrogenated
:carbon filmto be used as a thick planarizing optically tunable bottom ARC
ina multilayer, preferably bilayer/trilayer resist system The film
produced by the present invention has a tunable index of refraction and
extinction coefficient which can be optionally graded along the f|Im
t hi ckness to match the optical properties of substrateTmammuﬁa eplaced
phot oresi st. The optical properties at UV and DUV and t

features of the filmproduced by the presgat invention

to those obtained by other polyneric filnms such as the

di azonapht hoqui none- novol ac-type photoresi st reported by R D. MIler and
G M Willraff, Advanced Materials for Optics and El ectronics, Vol. 4,
95-127 (1994). WininateGicamuhsiorinted taiahtdsal catbdnharhdphous nitrogenated carbon,

amorphous nitrogenated hydrogenated carbon, nitrogenated tetrahedral carbon,

rior

and any combination thereof.

31. A bilayer structure according to claim 30, wherein said thick bottom arc layer
material includes dopants selected from the group consisting of oxygen, silicon or
mixtures thereof.

32. A bilayer structure according to claim 29, wherein a second layer of thick
bottom arc layer, having an index of refraction of about 1.8, an extinction
coefficient of about 0.21 and a thickness from about 20 to about 100 nm is
disposed on a second major surface of the substrate and overlaid with a
photoactive material.

33. A multilayer structure wherein the indexes of refraction and the extinction
coefficients within at least one layer of thick bottom arc layer are smoothly graded

between a lower value to a higher value through the thickness of said layer.

34. A multilayer structure according to claim 33, including the at least one layer of
thick bottom arc layer having an index of refraction of about 1.8 and an extinction
coefficient of about 0.3 and a thickness of about 2 to about 30 nm.

35. A muiltilayer structure according to claim 33, including at least one additional
layer of thick bottom arc layer having an index of refraction in the range of about
1.5-1.9, an extinction coefficient in the range of about 0.15-0.5, and a thickness of
about 100 to about 1000 nm.

36. A multilayer structure according to claim 33, including at least one additional
layer of thick bottom arc layer having an index of refraction of about 1.8, an

* c L | S *
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10 thick planarizing anorphous carbon filmof this invention drastically
‘reduce thin filminterference and substrate reflectivity at UV and DUV
wavel engt hs, whi ch consequently inproves CD control. Fig—1 is adiagram of
a PECVD (pl asma enhanced chenical vapor deposition) depogiliRPsaRRanatys 8

whi ch can be used to deposit anorphous carbon filmof t
I nvention. The apparatus includes a reactor chanber 10 Eﬂm } tle
val ve 11 which separates the reactor chanmber 10 from a t

shown. A cathode 19 is nounted to the actor chanmber 10 and is isol ated
t her efrom by

extinction coefﬁcient of about 0.21 and a thickness of about 100 to about 1000 A.

37. A multilayer structure according to claim 33, including the at least one layer of
thick bottom -arc layer wherein the index of refraction is smoothly graded from
about 1.9 to about 1.5.

38. A multilayer structure according to claim 33, including the at least one layer of
thick bottom arc layer wherein extinction coefficient is smoothly graded from about
0.15 to about 0.5.

39. A process for fabricating a dry deposited arc layer film on a substrate,
comprising:
mounting a substrate on an electrode of a chamber for deposition of said
arc layer film;
evacuating said chamber;
precleaning said substrate and heating it; i
introducing dry deposited arc layer -producing gasses;
exciting said chamber at a power density and or a time sufficient to deposit an
arc layer to form a coated subslrate; and

removing said coated substrate from said chamber.

40. A process according to claim 33, wherein said substrate is a semiconductor

substrate.

41. A process according to claim 39, wherein said chamber comprises a reactive

sputtering chamber.

42. A process according to claim 3. wherein said evacuating said chamber

comprises evacuating said chamber lo between about 10° to about 107 Torr.

A BN O
THIS SHEET HAS BEEN
REPLACED




Ay

g dielectric spacer 20. The cathode 19 is provided with a resSistive heater

»>17. A substrate 15 is secured to the inner end of the cathode 149 shefSya0 BE Replaced
contenpl ated, the cathode is electrically connected to a radio
source 14 which may be regul ated and the inpedance between the meﬁﬂﬂlal“u
and the radio frequency source 14 is matched by utilizing a mat ,
The electrical return ground is provideg by plate 16 which is connected to
t he reactor chanber 10. The reactor chanber 10 al so contains conduits 20,
21, 22, 23, 24, 25 for introducing various gas materials into the chanber
10 through a shower head 12. For exanple, the hydrocarbon gases and the
pre-m xed hydrocarbon gas m xture are introduced into the reactor chanber
10 t hrough condui4Bs A2Brogess 2@prdingsioeeiaimy 83, ywhegife spip inafingatsaid RFF¥% gas and
the hydrogen gas c@:hSriQthh"thQHQEéisdeﬁé?e to a temperature of about 25 to about 400°C.

44. A process according to claim 39, wherein said precleaning said substrate

comprises rf sputter cleaning said substrate.

45. A process according to claim 39, wherein said introducing vapor deposited
thick bottom arc layer-producing gasses comprises introducing hexafluorobenzene

gasses.

46. A process according to claim 45, wherein said step of introducing HFB gases
further includes introducing hydrocarbon gasses and adjusting the relative amounts
of each, the index of refraction in the thick bottom arc layer being lower with a

relative increase of HFB.

47. A process according to claim 45, further including introducing into the chamber
during' deposition a-dopant level of gas selected from the group consisting of

hydrogen, oxygen, and any combination thereof.

48. A process comprising the steps of:
providing a substrate;
depositing a thick botiom arc Iayer over the substrate;
spinning a silated photoresist on top;
baking said resist at 90°C for 90 ssc;
exposing to DUV through a photomask and post bake said resist at 120°C
for 90 sec; |
developing said silated resist to form a resist patterned structure;
reactive ion etching said thick botiom arc layer in an oxygen and or fluorine

containing plasma using the patierned silated resist as an etch mask to

R L
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t he chanber 10 through conduits 21 and 20, respectively. The reactive gases
oxygen and nitrogen are introduced into the chanber 10 through conduits 23
and 22, respectively, while the Ar gas for cleaning the substrate is

i ntroduced t hrough conduit 24. The hydrocarbon gas which nmay be used in the
present invention may be any hydrocarbon conpound which is first capable of
bei ng gaseous and then able to forma ppgisma at the reaction condi tion

enpl oyed by the present process. The -t erm hydrocarbon i HmesmkhaﬁBah@mimml

sl o5 v O ke op (he conpound IR0

49. A structure according to claim 1, wherein said substrate is selected from the

form lines of 250 nm and below with high aspect ratio.

group consisting of a magnetic head, electronic chip, circuit board, and

semiconductor device.

50. A structure comprising a surface having a patterned antirefiection coating
thereof.

51. A structure according to claim 2, wherein said energy active material is
sensitive to energy selected from the group consisting of electromagnetic radiation,

particle beams and heat.

52. A structure according to claim 51, wherein said particle beam is an electron
beam.

53. A structure according to claim 17, wherein said dopant is selected from the

group consisting of oxygen, silicon and combinations thereof.

54. A process according to claim 33 wherein said heating is by means selected
from the group consisting of optical, resistive and combinations thereof.

55. A process according to claim 39 wherein said arc layer is deposited at a rate
of about 2 to about 200 nm/min., for a fotal thickness of thick bottom arc layer of
about 100 to about 10000 nm.

56. A structure according to claim 1, wherein said at least one vapor deposited

antireflection coating has a predetermined index of refraction profile, a

predetermined extinction coefficient profile and a predetermined thickness.
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contains only carbon and hydrogen atons. In accordance wth one~enbodi nent- - -
of the instant invention, saturated or unsaturated hydrocar bonrh%% e%m%s

may be enpl oyed by the present process. By definition, a satura as Been Replaced
hydr ocar bon conpound is a conpound whose nol ecul es contain only ﬁﬂlﬂjﬂl, "’
si ngl e bonds while an unsaturated conpound is a conpound whose

contain carbon double or triple bonds. gt is especially preferred

enbodi ment of the present invention that the preferred reactive hydrocarbon
and fluorocarbon gases which are enployed in form ng the anorphous carbon

film are cycl ohexane and hexafl| uorobenzene (HFB) optionally diluted in an
I nert gas. Additionally, it should be recognized that m xtures of

hydr ocarbon gases; SHEfdRe QUSRS KR0SHE SR Sl R VIR Snd TaboPi s

antireflection coating is selected from the group consisting of a coating deposited

by plasma deposition, sputter deposition, ion beam deposition, evaporation and
combinations thereof.

58. A structure according to claim 1, wherein said at least one vapor deposited
antireflection coating is finely optically tuned.

59. A process according to claim 39, wherein said exciting said chamber is to
deposit said arc layer by a process selected from the group consisting of plasma
deposition, sputter deposition, ion beam deposition, evaporation and combinations
thereof.

60. A process according to claim 49 further including introducing a dopant.

61. A process according to claim 39, wherein said arc layer is deposited to have

a controlled thickness, index of refraction and extinction coefficient.

62. A process according to claim 1, wherein at least one of said index of refraction

and said extinction coefficient have a non-uniform profile.

e
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contenpl ated as the reactive hydrocarbon gas of the present invention.

. Gases enpl oyed by the present invention have a purity greater than about
'95.5% In a preferred enbodi ment, the gases have a purity in the range from
about 98.5 to about 99.99% Mst preferably, the gases have a purity
greater than 99.99% The hydrocarbon, fluorocarbon, hydrogen, helium and
argon gases are introduced into the chagber by first passing themthrough
separate flow caontrollers at a sufficient flowto provide a total pressure
of Ar, hydiAYEREDhRESISTaSBSTEM USINGCEUNABIENAMERPHOUS CARBON FILMAS 1 t 0
1000 Morr To provide the nost effective anorphous carbon filmit is
preferred that A BOTrOMLAYER AN@METHQJ}&)@E&PABM&HQ%EHERE@Fum m xture
be about 1 - 500 Morr. The above conditions can also be obtained by
prem xi ngABSTRAGF  hydr ogen,

Disclosed is vapor deposited thick arc 1ayér and method of preparing single and
tunable thick bottom layer coétings based on amorphous carbon films. These films can
be hydrogénated, fluorinated, nitrogenated carbon films. Such films have the index of
refraction and the extinction coefficient tunable from about 1.4 to about 2.1 and from
about 0.1 to about 0.6, réspectively, at UV and DUV wavelengths, in particular 365,
248 and 193 nm. This makes the films extremely useful to be used as thick bottom
layers in a bilayer resist system. The films produced by the present invention can be
deposited over device topography with high conformality, and they are etchable by
oxygen and/or fluorine ion etch process. Because of these unique properties, these films
can be used to form a single or tunable thick bottom layer at UV and DUV wavelengths

to produce practically zero reflections at the resist/bottom layer interface.
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hexaf | uor obenzene, hydrocarbon, heliumin one or two or three gas cylinder
I n any possi bl e conbination providing the desired gas concentration. Mre
preferably the argon, hydrogen, fluorocarbon and hydrocarbon gases are

i ntroduced into the 12 chanber though separate flow controllers.
Sui t abl e substrates which may be coated with the anorphous carbon fil m of
the present invention include materials such as plastic; netals; various
types of glass; magnetic heads; electronics chips; electronic circuit
boards; sem conductor devices 117 :
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;and ‘the likes thereof. The substrate to be coated may be any shape or size
‘provided that the substrate may be placed into reactor chanber apparatus.
Thus, regular or irregular shape objects having any di nensi on may be used
in the present invention. Mire preferably the substrate is a Si substrate
used in the fabrication of sem conductor devices. The substrate is nounted
on the cathode hol der inside the reactive sputtering chanber of the reactor
device. The reactive chanber is then tightly sealed and evacuated until a
pressure reading in the range of abouj;7 x 10[err] to about 1 x 10[err]
Torr is obtained. After evacuating the reaction chanber to the desired
pressure range nentioned herei nabove, the substrate is then heated to a
tenperature from25 to 400 [err]C. Mst preferably, the substrate is held
at a constant tenperature of about 50 to about 200 [err] C t hroughout the
entire.

 Photoresist
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1)

deposition process. The substrate material used may or may not be subjected
to rf sputter cleaning using the rf cathode on the chanber prior to
depositing the anorphous carbon film Suitable cleaning techni que enpl oyed
by the present .invention includes rf plasma cleaning with hydrogen, argon,
oxygen, nitrogen or mxtures thereof, performed singly or in a suitable
sequential conbination. After achieving the desired punpdown pressure, the
adm xed gases are introduced into the reaction chanber at a flow rates of
about 1 to 1000 sccm Morre preferably tyge flow rate of the reactant gases
Is from1l to 100 sccmand the flow rate of the hydrogen gas is from1l to
100 sccm Most preferably, the flowrate of the cycl oexane gas is about 5
sccm The gas is introduced into the reaction chanber
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the instant invention that the adm xture be introduced at a pressure of
about 100 mTorr.

During deposition an rf bias was applied to the substrate
nmount ed on the cat hode.

The cat hode DC sel f-bias ranged from-10 to -1000
Vol t throughout the carbon deposition process.

This self-bias vol tage was
acquired by applying the rf power to the cathode. Radio frequency i npedance
mat chi ng was obt ai ned by using an rf 4Ht chi ng box.

13 ét a pressure of about 5 to 200 Morr. It is another preferred aspect of

Most preferably, the
substrate rf bias voltage was nai ntai ned at
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negative 300 V throughout the experinent. Mre preferably the power density
applied to the substrate is fromO0.005 to 5 Wcnferr]. Mst preferably, the
power density enployed by the present invention is naintained at about 0.62
Wcnierr] throughout the deposition process. The anorphous carbon filmis
deposited onto the substrate at a rate such as that an essentially
continuous coating of the filmon the substrate is obtained. Mre
specifically, by enploying the previously nmentioned operation paraneters,

t he anorphous carbon filmis deposited onto the substrate at a rate of
about 20 to 4000 A/mn. (Ais Angstron)ﬁ“7wbst preferably, the rate of
depositing the anorphous carbon filmonto the substrate is at a rate of
about 1600 A/min. In accordance with the present invention, the anorphous
carbon fil mthickness
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deposited on the substrate are from 1000 to 50000 A. Mre preferably, the

t hi ckness of the anorphous carbon filmcoating is from 3000 to 7000 A It
shoul d be noted that by changi ng process paraneters such as bias voltage,
gas flows, and pressure filmoptical constants can be changed. Herein, film
optical constants are defined as the index of refraction n and the
extinction coefficient k. Thus, it is quite possible to make a substrate

wi th defined optical constants by merely diluting the cycl oexane or
acetylene in Ar or in He or by changing ghe cycl oexane with m xtures of

HFB/ hydrogen (Table I). The preferred—optical ‘constants of the

k (ARC)

O I ] 1 k] 1 l ] 1 1
15 16 17 18 19 20
n (ARC)

Fig. 6A

Imaging resist
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Tunable ARC | ARC middie layer 500 nm
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14 anor phous carbon filmfor bottomlayer in a bilayer resist system
applications prepared by the present process are in the range from about
k=O. 1 to k=0.6 and n=1.40 to n=2.1 at a wavel ength of 365 and 248 and 193
nm Mainly, the anorphous carbon filnms forned by the present invention can
be used as a thick planarizing ideal bottomantireflective coating to be
used in a bilayer resist systemfor U/ (365 nm and DUV (248 and 193 nn)
applications. The advantage of a carbon #RC conpared to "spin on polyner"”
i's that carbon can be deposited conformally with drastically inproved
optical purity and tunabrlity and integrity, therefore enhancing |inew dth
control and performance of integrated circuits.
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It is well known that the effective exposure dose in optical |ithography
varies periodically with resist thickness due to thin filminterference.
The swing ratio S is defined as the fractional exposure change between an
i nterference maxi mum thi ckness and an interference mninmumthickness. Sis
a fundamental measure of the quality of a Qarticular resi st process. By
reducing the swng ratio to near zero, t Bd’r esi st process is able to

tol erate changes in optical phase due to resist and deposited film

t hi ckness non-uniformty. The swing ratio can be cal cul ated by the
foll ow ng équation: S=4(Rerr]Rerr]) [err] e-[err](1) where Rerr] is the
reflectance at the resist air interface, R2 is the reflectance at the top
resist/ARC interface, a is the resist absorption coefficient and Dis the

resi st
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t-hi ckness. In this invention, we are mainly concerned in the reduction of
the swing ratio by reducing R err] through the use of a bilayer resist
process with optim zed bottom | ayer ARC. A di agram expl ai ning the
significance of the above paraneters is shown in Figure 2. |In general

bi |l ayer resist systens can be nodeled so a to find bottom | ayer optical
paraneters (n and k) as well as optimumthickness. To achieve this, a
know edge of the optical constants of thgsentire filmstructure is
necessary in order to conpute the swing ratio reduction. In general, ARC
t hi ckness d varies between 3000 to 7000 A depending on film -

Photoresist

DLC

Substrate

1. Deposit DLC and spin PR

Photoresist
i N 1

DLC

Substrate

2. Expose and develop PR

Photoresist

DLC

Substrate

3. Oxygen RIE DLC

Fig. 9



.absorption. The extinction coefficient k can vary between 0.11 to 0.5. Mre
comonl y, the k values were between 0.11 and 0.3 at DUV for a 10X reduction
in swng ratio. The index of refraction n vary between 1.4 to 2.1. Mre
commonly, the n values were between 1.65 and 1.90 at DUV. The foll ow ng
exanples are given to illustrate the scope of the present invention.
Because these exanples are given for illustrative purposes only, the

i nvention enbodi ed therein should not be ljnited thereto. EXAMPLE 1 The
following exanple illustrates cal cul ati ons for obtaining opti mum bottom

| ayer paraneters of a bilayer system Paraneters are optim zed so as to
reduce reflections at the resist/bottom |ayer interface. Conputations are
based on
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al gorithnms which uses the Fresnel coefficients as found in standard

t ext books such as Optics, by E. Hecht and A. Zajac, published in 1979 by
Wl ey, pages 312 and 313. These sinul ations can be extended to nany
different structures and they are not limted by the exanples given bel ow
The structure simulated in this exanple is shown in Fig. 3. The substrate
is silicon with an optional SiJerr] [ayer grown on top (Fig. 3 bottom,

foll owed by a thick bottomlayer and the imaging resist. The paraneters
under 16 :
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ihvestigation are the oxide thickness and the bottom | ayer optical
constants n and k and filmthickness d. The inmagi ng resist index of
refraction extinction coefficient kand filmthickness are fixed and given
by n=1.78, k=0.018 and d=2000 A. In this exanple three different bottom

| ayer ARC thickness are sinulated, d=3000, 5000, 7000 A. Performance of a
bi |l ayer systemis defined in terns of15ﬁy/(R[err]) substrate reflectivity
which translates in a reduction of the swing ratio anplitude as defined in
Egq. (1). Fig. 3 (top) shows sinulated substrate refl ectance contour plots
(contours of constant R err]) in function of n (for ARC |l ayer) and k (for
ARC | ayer) for a 3000 A thick bottomlayer (ARC). The horizontal I|ine
k=0.24, for exanple, intercepts several reflectance contours 0.007 being
t he worst case. Since the
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reflectance of Si at 248 nmis about 0.7 then a swing reduction [err] is
obtained. Fig. 3 also shows that for a 1 Ox swng ratio reduction a w de
range of index of refraction values is allowed from~1.65 to ~1.96. If a

hi gher swing ratio reduction is necessary then index values around 1.85 are
desirable. In general, fromthese si-nulations a range of k (ARC) val ues
around an optinum val ue can be obtained with a reduction in the swing ratio
by an order of magnitude or nore. Fig. 3¥{otton) shows refl ectance contour
pl ots of oxide thickness in function of k (ARC). As shown above, for
k=0.24, R<= 0.7 %wth a-10x swing reduction. Fig. 4 shows (Figs. 4A and
4B and 5A and 5B correspond to Figs. 3A and 3B, respectively) sinulations
results for a 5000 A thick bottomlayer. Follow ng the sane argunents as
above, desirable n (ARC) and k (ARC) values are in the range
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Of 1.70 to 1.90 and 0.15 to 0.22, respectively, for a R<= 0.3 %ith a 15x
swng ratio reduction. Simlarly, Fig. 5 shows that a 25x swing ratio
reduction can be obtained for a 7000 Athick ARCwith n and k val ues of
about 1.84 and 0.11, respectively. It should be noted these contour plots
indicate that a wide range of n and kval ues can be chosen in order to
obtain a significant swing ratio reduction 17 (>10x) and the nunbers
derived above are given for illustrat W% purposes. Finally, in order to
achi eve a higher degree of planarization and therefore mnimze thin
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fflminterference bottom ARC | ayer should be preferably 5000 A thick or

hi gher. EXAMPLE 2 This exanple illustrates how a w der process w ndow with
a very lowswing ratio val ues can be obtained by tuning the optical
properties of the thick bottomlayer. A thin adhesion |ayer about 150 A
thick with a n=1.83 and k=0.295 is first deposited on Si (see table I in
Fig. 11). A second layer which is preferably a fluorinated carbon filmis
deposited on top. This layer is about 56Qp A thick. In this case the
adhesion | ayer prevents the fluorine of the thick ARC | ayer from attacking
the Si substrate or SiJerr]. 1In general, the | ower index of refraction of
the fluorinated carbon filmhelps to match the indexes of Si and Si2. A
third layer with a index of refraction of about n=1.78 and extinction
coefficient of about k=0.21

Resist: Posistive Thickness = 850 nm
C ARC —> Layer # 1: User Defined Thickness = 300 nm
~ Layer #2: Si Dioxide Thickness = 100 nm

’ Substrate: Silicon

Fig. 15
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is deposited on top to better match the optical constants of the imaging
‘resist. The sinmulated reflectance contours for this structure are shown in
Fig. 6. By conparing this tunable structure with the single |ayer one of
Fig. 4 a large inprovenment in process window is obtained. The area

encl osing the reflectance contour 0.001 of the tunable structure is about
one order of magnitude higher than the sgmgle | ayer one of Fig. 4. Thus, a
swing ratio reduction of about 27 can be cal cul ated using the sane
argunents of exanple 1. Table |I shows that a w de range of |ow i ndexes and
hi gh extinction coefficient can be achi eved by using-fluorinated carbon
film EXAMPLE 3 The foll ow ng exanple is given to illustrate the process

of depositing a
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Jhydrogenated and fluorinated anmorphous carbon film (to be used as a thick
bott om 18 | ayer ARC) onto a substrate, preferably Si, by plasnma enhanced
chem cal vapor deposition (PECVD) in a cycl oexane gas or HFB with opti cal
characteristics simlar to the ones sinulated in exanple 1 and 2. The
experinments were carried out for depositing the anorphous carbon filmon
five or eight inch round Si substrates. The substrates, which were already
precl eaned, were blow dried with (filtet®d) nitrogen gas to renove residual
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particul ate before being | oaded on the cathode of Fig. 1. Thereafter, the
system was evacuated to a base pressure readi ng of about |x10[err]Torr or

| ower. The substrate was sputter cleaned for 1 mn at a power density of
0.4 Wcnferr] at 100 nmTorr Ar pressure to ensure good adhesion of the
carbon filmto the Si substrates. The agorphous carbon filns were deposited:

froma cycl oexanepgéis at a flowrate of 25 sccm The cathode power density
was 0. 62 LAYHRED RESSEH SYSHEMIUSINGITUNABLEAYEIRPEOIH MNMMM '

pressure was 100 milorr. During the entire deposition process, the

substrates wer & BOITQM BAYER AND METHODS OF FARRICATION FHEREOF:

deposited _then _the cyclohexane gas can be replaced with the
hexaf | uor 8BERRAET hydrogen m xture. A sunmary of the process paraneters

used are shown_in table 1 (Fig. .11).. The Igases enpl oyed by the present
process have Disclosed is vapor deposited thick arc ayer and method of preparing single and

~ tunable thick bottom layer coatings based on amorphous carbon films. These films can |
be hydrogcnafed, fluorinated, nitrogenated carbon films. Such films have the index of
refraction and the extinction coefficient tunable from about 1.4 to about 2.1 and from
about 0.1 to' about 0..:5, respectively, at UV and DUV wavelengths, in particular 365,
248 and 193 nm. This makes the films extremely useful to be used as thick bottom
layers in a bilayer resist system. The films produced by the present invention can be
deposited over device topography with high conformality, and they are etchable by
oxygen and/or fluorine ion etch process. Because of these unique properties, these films
can be used to form a single or tunable thick bottom layer at UV and DUV wavelengths

to produce practically zero reflections at the resist/bottom layer interface.
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‘a purity of greater than about- 99 99% The anor phou REH-FAGE‘MENTHSW

deposited onto thq}“? StH2B&S R ({rate of about 21
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distinct layers with different optical properties. We show that this layer has very low

reflection, and high tolerance to changes in progress. Our deposition techniques can

also be applied to a layer where the optical properties are continuously graded through

the depth of the film, as has been described by Tanaka et al. in SPIE Vol. 2726, p.573

(1996). More importantly, if n and k of the thick ARC layer is perfectly matched to

the adjacent layers, technically, there will be no reflections greatly improving CD

control.
— The teaching of all referenced cited in this application are incorporated by
reference herein.
SUMMARY OF THE INVENTION
According to a first embodiment of this invention, there is provided a
structure comprising:
a substrate having on at least one major surface, a plurality of surface lavers.
at least one vapor deposited antireflection coating layer;
wherein said antireflection coating is a bottom layer which is overcoated with
" a layer of energy active material;

further wherein the index of refraction and the extinction coefficient of said

antireflection coating are finely tuned to substantially match those of said energy

active material and said substrate at a first interface between said antiretlection coating

and said energy active material.

According to a second embodiment of this invention, there is provided a

structure comprising:

a substrate having on at least one major surface. a plurality of surface lavers.

at least one vapor deposited antireflection coating layer:
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19 Technology, S. Cara, Ca.. A description of this 'R’ﬁ’Lﬁ@EMEN'F“SﬂEW

operation can be found in U S Pat ent No. 4,905, 170,] 1996—they—use
nmet hod based on broadband spectrophotonetry and equ tlons for BQ‘% q
constants derived by Forouhl and Blooner (Phys. Rev.| H, 28 N@¥.W4865-1874,
1988). Their analysis is based on a physjcal nodel florithe refractie
index, n, and extinction coefficient, k, applicable o a w de range of
sem conductor and dielectric filns, and valid over th e—geep—tt+aviotet -

Cpectra of Sﬂymﬁé L6 3 A B A b B BB, e

froma de- co lon of a reflgit ance neasurenents R(A). This neasurabl e
quantity dep B’éo FRCrSY 3RHVA MALe, optical constants of the filns and

further wherein there is about 0.001 reflectance at the interface of said energy

active material and said bottom layer.
According to a third embodiment of this invention, there is provided a
structure comprising:
a substrate having on at least one major surface, a plurality of surface layvers.
N at least one vapor deposited antireflection coating layer;

wherein said antireflection coating is a bottom layer which is overcoated with
a layer of energy active material;

further wherein the swing ratio reduction is at least about 25 or greater.

According to a fourth embodiment of this invention, there is provided a
bilayer structure wherein a first layer of thick bottom arc layer, having an index of
refraction in the range of about 1.5-1.7, an extinction coefficient in the range ot about
0.25-0.45, and a thickness of about 300 to 700 nm is deposited on a first major surface
of a substrate.

According to a fifth embodiment of this invention. there is provided a
multilayer structure wherein the indexes of refraction and the extinction coefficients
within at Jeast one layer of thick bottom arc layer are smoothly graded between a lower
value to a higher value through the thickness of said layer.

According to a sixth embodiment of this invention. there is provided a process
for fabricating a dry deposited arc layer film on a substrate. comprising:

mounting a substrate on an electrode of a chamber for deposition of said arc

layer film:
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substrate. The "n& Method" provides an accurate, r
non-destructive way to uncouple a refl ectance neasu
be generated that conpare the theoretical reflectan
one. Fromthis conparison filmthickness, n(A) and
determned. Figs. 7 and 8 (top) show thegpefl ectanc _
190 nm neasured by the n& Anal yzer of an anorphous carbon layers td be
used as a thick ARC dep05|ted by the nethod of example 3. The filns
anal yzed are about.3 ggl JC?%% A thick. The correspondl ng n and k val ues
are plotted in F| g éi ? For these particular exanples n
varies from - to -0.25 at 248 nmwhich is

0.2
conmpatible with trPée‘ﬁS?ﬂ”é%’c%aé%E Sgﬁtﬁlaygpgatmg’ xanpl e 1. The n& spectra of
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A(‘D

exciting said chamber at a power density and or a time sufficient to deposit an
arc layer to form a coated substrate; and

removing said coated substrate from said chamber;

wherein said introducing vapor deposited thick bottom arc layer-producing

~ gasses comprises introducing hexafluorobenzene gasses.

According to a seventh embodiment of this invention there is provided a
process comprising the steps of:

providing a substrate;

depositing a thick bottom arc layer over the substrate:

spinning a silated photoresist on top;

baking said resist at 90°C for 90 sec;

exposing to DUV through a photomask and post bake said resist at 120°C for
90 sec;

developing said silated resist to form a resist patterned structure:

reactive ion etching said thick bottom arc layer in an oxvgen and or fluorine
containing plasma using the patterned silated resist as an etch mask to form lines of
250 nm and below with high aspect ratio.

According to an eighth embodiment of this invention. there is provided a
multilayer resist system structure comprising:

a substrate having at least one major surface.
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'n and k are obtained at 193 and 365 nm as expl ai ned T
the cal cul ated transm ssion curves (Fig. 7 and 8 to show t hat
700 nmtransnittance varies from20 to 70% for a 10p0p A2 2MG% WPH
from32 to 80%for a 1000 A thick film These transi
acceptable for proper mark alignnment inggultilayer
sem conduct or chi ps. 20 EXAMPLE 5 This exanple i
devi ce features of 0.25 pm and bel ow usi ng

said substrate selected from the group consisting of a semiconductor, a

polymer, glass, a metal, and combinations thereof;
a plurality of surface layers, at least one vapor deposited antireflection coating
layer;
said vapor deposited antireflection coating is a bottom layer which is
overcoated with a layer of energy active material;
said energy active material is selected from the group consisting of
— compositions which are sensitive in the UV wavelength range, compositions which are
sensitive in the DUV wavelength range, compositions which are sensitive in the UV
and DUV ranges, and combinations thereof;,
said vapor deposited antireflection coating is a material selected from the
group consisting of diamond-like carbon, fluorinated diamond-like carbon, fluorinated
hydrogenated diamond-like carbon, nitrogenated diamond-like carbon. amorphous
fluorinated hydrogenated carbon, amorphous fluorinated carbon. fluorinated
tetrahedral carbon, amorphous nitrogenated carbon, amorphous nitrogenated
hydrogenated carbon, nitrogenated hydrogenated carbon, nitrogenated tetrahedral
carbon, and combinations thereof;
said antireflection coating has an index of refraction and an extinction
coefficient are tuned to substantially match those of said energy active material and
said substrate at a first interface between said antireflection coating and said substrate

and at a second interface between said antireflection coating and said energy active

material.
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‘a bilayer resist system described above. Fig. 9 SQQMQ_th_LabhFe&b1on
process flow. First a thick anmorphous carbon fil d ACE ENE SHEEI t han
3000 A as described in exanple 3 is deposited on i tth
optical constants n and k of about 1.8 and 0. 3, respectiv%*y @ tthiin - 2000
A preferably silated photoresist is spun on top apd b&x2 6P9 0 {sdc at
90[err]C (Fig.9.1) such as novol aks, gl yhydroxy ptyrenes, subst+t ut ed
pol yhydroxy styrenes pol ysilanes, polysiloxanes, polysil sesquioxggks,
etc., specific exanmples of which are poly(4
hydr oxybenzyl si | sequi oxane, pol y(cycl ohexyl met hyl si | ane,

2,1, 5-napht haqui none contai ni ng pol ynet hyl si | oxane and etc. The sil ated
resist is exposed to a 248 nmradiation at a dose of about 38mJ using a

Ni kon EXXPS&!@B&QisgéétdofRﬁé"préb%hﬁﬁw@htiolﬁ@ 4 maltilbeger msisd @ystem arkhenethdte r esi st

I s devel oped for 30 sec in CD26 Shipley
of fabrication thereof.

A more specific aspect of the present invention is a multilayer resist system and
method of fabrication by vapor deposition of an a-C:X:H film with tunable optical
properties where X is fluorine, nitrogen oxygen, and Si.

Another more specific aspect of the method and structure according to the present
invention is depositing a hydrogenated carbon film by vapor deposition from a
hydrocarbon/fluorocarbon/hydrogen .plasmawith optional small amounts of nitrogen
and/or oxygen such as about 1 sccm per deposition. “The films produced herein
have the index of refraction n and the extinction k coefficient that can be
independently tuned at 365, 248, 193 nm, making them extremely useful for thick ’
planarizing antireflective coatings. Additionally, the films formed by the present
invention can be deposited conformally on topography and when used as a bottom

layer in a multilayer resist system they can be readily patterned and removed in
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‘devel oper (Fig. 9.2). Finally, the anorphous carbon filmis reactive ion
etched in an oxygen plasma at 50Wfor 15 mn at 2o Yy . Here,
the sil ated resi stThiaBlest Hes Been Replackd mask si nce doe REHLAGEMENR F;gen
contai ning plasma ( pi ctures of thel|efChed bil ayer btfucture
are shown in Fig. y betwgen the siljated,ragnytg@nd|the thick
bottomarc is clearly visible. Note that the bottdmicarbon arc et¢hgs
ani sotropically thus maintaining wall verticality. st+-st—tTTes of 250 nm
are shown |(3ng\% 10a. The smaller lines printed here are about 175inmwth
aspect rati ?Fi g. 10b). The "grass" visible on THE Substrate cone from
contam nation of the silicon containing resist during oxygen plasma etching
and can be 1r-em)ve"?aiS'£§9"3tlali‘i=C@i%”fPt”éH{’éFy short exposure to a very |ow density
fluorine containing plasma or by using a | onger devel opnent time prior to

t he a substrate having on at least one major surface, a plurality of surface layers,

at least one vapor deposited antireflection coating layer;
wherein said antireflection coating is a bottom layer which is overcoated with
a layer of energy active material;
further wherein the index of refraction and the extinction coefficient of said
antireflection coating are finely tuned to substantially match those of said energy
active material and said substrate at a first interface between said antireflection coating
and said substrate and at a second interface between said antireflection coating and
said energy active material.
2. A structure according to claim 1, wherein said substrate is selected from the
group consisting of a semiconductor, a polymer, a glass, a metal and combinations
thereof.
3. A structure according to claim 1, wherein said energy active material
" comprises silated photoresist in dry sheet form.
4. A structure comprising:
a substrate having on at least one major surface, a plurality of surface lavers.
at least one vapor deposited antireflection coating layer:
wherein said antireflection coating is a bottom layer which is overcoated with
a layer of energy active material,
further, wherein there is about 0.001 reflectance at the interface of said energy

o

active material and said bottom layer.
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5. A structure comprising:

a substrate having on at least one major surface, a plurality of surface layers,
at least one vapor deposited antireflection coating layer;

wherein said antireflection coating is a bottom layer which is overcoated with
a layer of energy active material,

further wherein the swing ratio reduction is at least about 25 or greater.
6. A structure according to claim 1, wherein said substrate is a semiconductor
comprised of silicon.
7. A structure according to claim 1, wherein said energy active material is
selected from a group consisting of compositions which are sensitive in the UV
wavelength range, compositions which are sensitive in the DUV wavelength range,
compositions which are sensitive in the UV and DUV wavelength ranges and

combinations thereof,
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22 CLAIM5 1. A structure conprising: a substrate having on at |east one
maj or surface. a plurality of surface |layers, at |easi one vapour deposited
antireflection coating layer; wherein said antirefl eqREPDACEMEND SHEER
bottom |l ayer which is overcoated with a |ayer of enerlay nal:

further wherein.the index_of refraction and the extirctlion coefticiemt 6f
said 2 2NOV 1999
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‘8. A structure according to claim 1, wherein said antireflection coating is
comprised of a carbon-containing material.

9. A structure according to claim 1, wherein said antireflection coating is
substantially uniform in thickness and optically nonuniform, with a graded index
of refraction and with a graded extinction coefficient.

10. A structure according to claim 1, wherein said index of refraction is tunable
between from about 1.4 to about 2.1 at 365, 248 and 193 nms.

11. A structure according to claim 1, wherein said extinction coefficient is tunable
~ from about 0.1 to about 0.6 at 365, 248 and 183 nms.

12| A structure according to claim 1, wherein said index of refraction is tuned to

" about 1.5 at said first interface to substantially match that of the major surface of
-said substrate, and tuned to about 1.8 at said second interface to match that of
said energy active material with which it is in contact.

13. A structure according to claim ‘1, wherein said extinction coefficient is tuned to

e
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antireflection, coati ng are finely tuned to substant HEP]NA@WENTtMT Of

sai d energy active material and sald substrate at a i3St |nter'race ef ween

said antirefl ect itaR Shedias B acedii d substrate and a \s/zgm rface
between said antir ‘mﬂ ﬁ \I ng and sai d energy #&cti 2 A
0

structurc accordin

wher ei n sai d substratelb-s—sel ccted = om t he
group consi sting o sem conduct or, poI ynmer, a glass, a netal and
conpi nati ons thereof. 3. A struct ure according to ctarm I, wherern said

energy active material conprises silated photoresist in dry sheet form 4.

A struct UpBo@CES di @anot ﬁrs‘f'xﬁ!eﬁhcé towmsfcﬁl mawf ot PedjbrakBriace df said
sem conduct or conpri sed of [1con. . A structurc "according to claim1,

wher ei n s&ikptEidrand unedvle f#%ﬁuérq het S%'ds@l‘:@@@ dnferface to match that of the
energy antive material with which it is in contact.

14. A structure according to claim 1, wherein said vapor deposited material is
selected from the group consisting of diamond-like carbon (DLC), fluorinated
diamond-like carbon (FDLC), fluorinated hydrogenated diamond-like carbon
(FHDLC), nitrogenated diamond-fike carbon (NDLC), amorphous fluorinated
hydrogenated carbon, amorphous fluorinated carbon, fiuorinated tetrahedral

S’ carbon, amorphous nitrogenated carbon, amorphous nitrogenated hydrogenated
carbon, nitrogenated tetrahedral carbon, and combinations thereof.

15. A structure according to claim 14, wherein said vapor deposited material
includes a dopant.

16. A structure according to claim 8, wherein said vapor deposited material is
patternable and removable by reactive ion etching in a gas containing oxygen,
fluorine, and combinations thereof.

17. A structure according to claim 15, wherein said antireflection coating comprises
a single layer film of uniform thickness, said film having an index of refraction of
about 1.42 to about 2.1 and an extinction coefficient of about 0.1 to about 0.6 at
wavelengths of 365, 248 and 193 nm.

18. A structure according to claim 8, wherein said antireflection coating has an
index of refraction in the range of about 1.6-1.9 and an extinction coefficient of

about 0.22 at 248 nm, and a uniform thickness of 300 nm.

19. A structure according to claim 18 having a swing ratio reduction of about 10.

HIIIIII IIIIII Illll IIIII H IIII m**; o




‘froma group-consisting of conpositions which are ﬂ;éjRIsJACEMENTnSHE-E;[‘»
:

wavel engt h r anggs sieQ MBOSdet edwhi ch are sensitive
range, conpositi sensitive in the UV |an
and conbi nat i on%‘ﬂﬂ&@ﬂ“ﬁﬁ A structure accordin
said antireflcct'i 'S corrp:n'b ed of a carQorn
7. A structure according to clai 1, wherein qaid antirellectio
coating is substantially uniform in thickness anad ' ™ orm
with a graded index of refraction and with a graded extinction coefficient.
8. A 3 Jfeslivciurgcacnonding te slaimaiBnwhereinysaidantrefigplipny gaatindhas @hr action is
t unabl e jREdwEERIhERIR Bit%gll{%? fang® 15f°avt\>A§§PHIE;-1?9 %ngtan?e%nct%ﬁ%@é%i S s, 9.

A structure accordi ng rern sald extinction coeftricient is
t unabl e about 0.15 at 248 nm, and a uniform thickness of 500 nm.

ngt h
ranges
erein
rial.

21. A structure according to claim 20 having a swing ratio reduction of about 15.

22. A structure according to claim 8, wherein said antireflection coating has an
" index of refraction of in the range of about 1.6-1.8 and an extinction coefficient of
about 0.12 at 248 nm, and a uniform thickness of 700 nm. '

23. A structure according to claim 22 having a swing ratio reduction of about 25.

24. A structure according to claim 9, wherein said gradient index of refraction is
about 1.4 to about 2.1.

25. A structure according to claim 9, wherein said gradient extinction coefficient
is about 0.6 to about 0.12.

26. A structure according to claim 9, wherein said antireflection coating has a
uniform thickness of about 10 to about 10000 nm on a substrate.

~— 27. A bilayer structure wherein- a first layer of thick bottom arc layer, having an
index of refraction in the range of about 1.5-1.7, an extinction coefficient in the
range of about 0.25-0.45, and a thickness of about 300 to 700 nm is depaosited on
a first major surface of a substrate.

28. A bilayer structure according to claim 27, wherein said two layers of thick
bottom arc layer comprise materials selected from the group consisting of DLC,
FDLC, FHDLC, NDLC, amorphous fluorinated hydrogenated carbon, amorphous
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from about - 0 1 to-about 0.6 at 365. 248 and 193 nns. REPL EMEN@SHEET
accor di ng laim1l. wherein said index or refractin pojt

1.5 at sai 1F = Ha to substantially match thaf of thegéaq
surface of and tuned to about 1.8 at |s&i d? 9nt prface
to matchth gy active nmaterial with which it is in c at

11. A structure accordl ng to claiml,wherein said
is tuned to about 0.5 at said first interface to mat

surface of said substrate, and 23
fluorinated carbon, fluorinated tetrahedral carbon, amorphous nitrogenated carbon,

amorphous nitrogenated hydrogenated carbon, nitrogenated tetrahedral carbon,
and any combination thereof.

29. A bilayer structure according to claim 28, wherein said thick bottom arc layer
material includes dopants selected from the group consisting of oxygen, silicon or
mixtures thereof.

30. A bilayer structure according to claim 27, wherein a second layer of thick
bottom arc layer, having an index of refraction of about 1.8, an extinction
coefficient of about 0.21 and a thickness from about 20 to about 100 nm is
disposed on a second major surface of the substrate and overlaid with a
photoactive material.

31. A multilayer structure wherein the indexes of refraction and the extinction
coefficients within at least one layer of thick bottom arc layer are smoothly graded
between a lower value to a higher value through the thickness of said layer.

32. A multilayer structure according to claim 31, including the at least one layer of
thick bottom arc layer having an index of refraction of about 1.8 and an extinction
coefficient of about 0.3 and a thickness of about 2 to about 30 nm.

33. A multilayer structure according to claim 31, including at least one additional
layer of thick bottom arc layer having an index of refraction in the range of about
1.5-1.8, an extinction coefficient in the range of about 0.15-0.5, and a thickness of
about 100 to about 1000 nm.

34. A multilayer structure according to claim 31, including at least one additional
layer of thick bottom arc layer having an index of refraction of about 1.8, an
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tuned to about .01 at” said second interface to natch

active materi al ﬂlstﬁgm&cgleﬂ ﬁema(sie I n contact. 12. A

claim1l, wherein osited material is sqlqcted
consi sting of dia
(FDLC), fluori nat d| anond-1i ke carbon |( RH
di anond- 1 i ke carbon (NDLC) anor phous fRuorinated hydyogenated carbon,
anor phous fluorinated carbon fluorinated tetrahedral

ni trogenat e@xuﬁ&roh%eﬁfdg{t %’Bupb i o8 %qheﬂnégéddf%%uaw@i:&aﬁ&m 000 A,

nitrogenated tetrahed and conbi nations thereof. 13.

f
n (DLC), fluorinated |di arrBr%lNWn@carlb n

us

structure according to claim 12. wherein said vapour deposited materl al

includes a dgpaATthuttilayer structure according to claim 31, including the at least one layer of
thick bottom arc layer wherein the index of refraction is smoothly graded from
about 1.9 to about 1.5.

36. A multilayer structure according to claim 31, including the at least one layer of
thick bottom arc layer wherein extinction coefficient is smoothly graded from about
0.15 to about 0.5.

~ 37. A process for fabricating a dry deposited arc layer film on a substrate,
comprising:

mounting a substrate on an electrode of a chamber for deposition of said
arc layer film;

evacuating said chamber;

precleaning said substrate and heating it;

introducing dry deposited arc layer -producing gasses;

exciting said chamber at a power density and or a time sufficient to deposit an
arc layer to form a coated substrate; and

removing said coated substrate from said chamber;

Wherein said introducing vapor deposited thick bottom arc layer-producing gasses

S~ comprises introducing hexafluorobenzene gasses.

38. A process according to claim 37, wherein said substrate is a semiconductor
substrate.

39. A process according to claim 374.w_here'in said chamber comprises a reactive
sputtering chamber.

40. A process according to claim 37, wherein said evacuating said chamber
comprises evacuating said chamber to between about 10° to about 107 Torr.
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14. A structuré according to claim6, wherein said v

ial | s TRebREA
cont ai ning o

&nRfla Dy Tt
, and conbi nations thereof [15 : mure
accordi ng toxlmmuu Www n said antireflection coati nyg% es
single |ayer [ '
refraction of about 1.42 to about 2.1 ard@¢ an extinctji on coefficient of

mat eri al

DAGEMENT

cre&am)vable by reactive ion| ef ATy T =agqgs

)

m t hi ckness, said filmh

about 0.1 to about 0.6 at wavel engths of 365. 148 and I93 Tmm—i6—A
structure according to claim®6. wherein_said antir.ctl ecti on coating has an
“ndex or reftaty PEPSSR REROIAING LI GIEMbAT: WheEsn Sid RFalnOe gRid Sbgfate

coeffici entcarhprideauhedling2hatsubdBatfo Aftdhprratdld of Ebsdti 2K AL aBo@f4G¥PB. Nm  17.
A structure according to claim-16 having a swing ratio reduction of about

10.

42, A process according to claim 37, wherein said precleaning said substrate

comprises rf sputter cleaning said substrate.

43. A process according to claim 37, wherein said step of introducing HFB gases
further includes introducing hydrocarbon gasses and adjusting the relative amounts
of each, the index of refraction in the thick bottom arc layer being lower with a
relative increase of HFB.

44. A process according to claim 37, further including introducing into the chamber
during deposition a dopant level of gas selected from the group consisting of
hydrogen, oxygen, and any combination thereof.

45. A process comprising the steps of:

providing a substrate;

depositing a thick bottom arc layer over the substrate;

spinning a silated photoresist on top;

baking said resist at 90°C for 90 sec;

exposing to DUV through a photomask and post bake said resist at 120°C
for 90 sec;

'developing said silated resist to form a resist patterned structure;

reactive ion etching said thick bottom arc layer in an oxygen and or fluorine
‘containing plasma using the patterned silated resist as an etch mask to

0.
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18. A structureaccording to claim®6, wherein said antji

t 0.15 at 248 nm and a |uni
|ng to claim 18 having 4§
structure according to g

D

I . v
has an i ndex %n!ﬁ@&ﬁﬁéBMﬁ&dn the range of about 1.{6- WET

extinction coef
500_.nm_ 19. A's w

reducti on of ab

dl

wi B2 NaVi1899
im6, wherein

|

form t hi ckneg

8 nm__.and a

s tof

sai d

antireflection coating has an i ndex of gdr action of ijn the range of abgut

1.6-1.9 and an extinction coefficient of“about 0.12 atl..24

uni f orm t hi ckness of 700 nm_ 21. A structure accor di ng to claim?7. wher ei n
said antirel ect|@H“d@&ﬁl%gqma@“aﬁfﬁnt?qlwM'Ehhh'%rkﬁﬁg%"tdfa“%bout 10 to about
10000 nmon a substrate. 22. A structure according to claim?7, wherein
sai d gradi ené i ndex of refraction is about 1.4 to about 2.1.

A structure according to claim 1, wherein said substrate is selected from the
group consisting of a magnetic head, electronic chip, circuit board, and
semiconductor device.

47. A structure according to claim 1 comprising a surface having a pattterned

antiretlection coating thereof.

48. A structure according to claim 1, wherein said energy active material is
sensitive to energy selected from the group consisting of electromagnetic radiation,
particle beams and heat.

49, A structure according to claim""4§, wherein said particle beam is an electron

beam.

50. A structure according to claim 15, wherein said dopant is selected from the
group consisting of oxygen, sificon and combinations thereof.

51. A process according to claim 37 wherein said heating is by means selected
from the group consisting of optical, resistive and combinations thereof.

52. A process according to claim 37 wherein said arc layer is deposited at a rate
of about 2 to about 200 nm/min., for a total thickness of thick bottom arc layer of
about 100 to about 10000 nm.

53. A structure according to claim 1, wherein said at least one vapor deposited
antireflection coating has a predetermined index of refraction profile, a
predetermined extinction coefficient profile and a predetermined thickness.

(T L Reuace

THIS SHEET HAS BEEN |



23. A structure according to claim?7. wherei n said

coefficient

claim?7, wherein said antireflection coating has a uni
about 10 to about 10B§ShemtHasReeaReplizsd rate. 25. A str
claim1l1, wherein sai

magneti c head, electr

is about. 0.6 to about 0.12. 24 24. A sidiNe

ugt
sel ected fromthe |gr
cuit board, and sgm*

30

54. A structure according to claim 1, wherein said at least one vapor deposited
antireflection coating is selected from the group consisting of a coating deposited
by plasma deposition, sputter deposition, ion beam deposition, evaporation and

combinations thereof.

55. A structure according to claim 1, wherein said at least one vapor deposited
antireflection coating is finely optically tuned.

56. A process according to claim 37, wherein said exciting said chamber is to
deposit said arc layer by a process selected from the group consisting of plasma
deposition, sputter deposition, ion beam deposition, evaporation and combinations
thereof.

57. A process according to claim 46 further including, introducing a dopant.

58. A process according to claim 37, wherein said arc layer is deposited to have
a con_trolled thickness, index of refraction and extinction coefficient.

59. A process according to claim 1, wherein at least one of said index of refraction
and said extinction coefficient have a non-uniform profile.

THIS SHEET HAS
BE
REPLACED Em

YA




"26. A structure according to claim| conprising a surfgre-fagire—a '
patterneﬂlislgﬂgétﬁgsfﬂe@(pgapa&dcoat i.ng thereof 27. A struct urgﬂgizgéEM SHEET I'm

1, wherel ctive material is sensitive tolemergy selected]f}om
the gr oup’mﬁm} m&‘ el ectromagnetic radi ati on, parf{i ¢l ST ept .
28.- A str ng to claim 27, viddarein said paft cle%?beamw?g |

el ectron beam 29. A structure according to claim 13 .
is selected fromthe group consisting of oxygen, silicpn and conbinatio

t heteof . 30.60.A StAthtlti[a?exﬁ@ﬁWs%tBﬁ stfictaledomplisipgher ei n sal d af TeastT one
vapour deposited antireflection coating has a predeterm ned i ndex of

refraction profil & sbsiE8e¥iGE T B8 one major surface,

said substrate selected from the group consisting of a semiconductor, a
polymer, glass, a metal, and combinations thereof;

a plurality of surface layers, at least one vapor deposited antireflection coating
layer;

said vapor deposited antireflection coating is a bottom layer which is

. overcoated with a layer of energy active material;

said energy active material is selected. from the group consisting of
compositions which are sensitive in the UV wavelength range, compositions which are
sensitive in the DUV wavelength range, compositions which are sensitive in the UV
and DUV ranges and combinations thereof;

said vapor deposited antireflection coating is a material selected from the
group consisting of diamond-like carbon, fluorinated diamond-like carbon, fluorinated
hydrogenated diamond-like carbon, nitrogenated diamond-like carbon, amorphous
fluorinated hydrogenated carbon, amorphous fluorinated carbon, fluorinated
tetrahedral carbon, amorphous nitrogenated carbon, amorphous nitrogenated
hydrogenated carbon, nitrogenated hydrogenated carbon, nitrogenated tetrahedral
carbon, and combinations thereof;,

said antireflection coating has an index of refraction and an extinction
coefficient are tuned to substantially match those of said energy active material and
said substrate at a first interface between said antireflection coating and said substrate

and at a second interface between said antireflection coating and said energy active

material,

P
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extinction coefficient profile and a predeterm ned thickness. 31. A
structure according to claiml, wherein said at |east one vapour deposited
antircilection coating is selected fromthe group consisting of a coating
deposited by plasma deposition. sputter deposition, ion beam depositian,
evaporation and conbi nations thereof. 32. A structure according to claim1,
wherein said at | east one vapour deposited antireflection coating is finely

opt i cal | yisineletycr33vitn diffepoe sptieal qooptitieg. tWchhawrmhRfSthﬁleMybxehad D&y uding

i nt roduci cess.accordi to claiml, wherein at | east
one of sé‘lﬂg‘“?(ﬁ'ge "881* h ‘8@“&5?&’ HDSCS I PIOGFCssy ¢ %@FP‘HH‘O@G@@’F‘I%IF%WIW a

non-uni f Q[aﬂhqdrtﬁfql lher wiere thé offfidal blloﬁf)iﬁés Jl@%éxﬁﬁm&)‘sﬁl SR hHikH tk &PEPS# ST NY:
a substra] aving at |east one major surf
the film. as has been described by szaka et al in SPIL Vol. 2726, p.573 (1996). More
importantly. if n and k of the thick ARC layer is perfectly maiched 10 the adjacent layers,
wehnically, there will be no reflections greatly improving CD control.

The teaching of all referenced cited in this application are incorporated by refcrence
herein,

Summary of the Invention
According 10 a first embodiment of this invention. there is provided a structure
~ comprising:

a substrate having on at least one major surface, a plurality of surface layers, a1 least
one vapour deposited antireflection coating layer;

wherein said antireflection coating is a bottom layer which is overcoated with a 1ayer
of encrgy active material;

further wherein the index of refraction and the coxtinction coefficient of said
antireflection coating are finely tuned to substantially match thosc of said energy active
material and said substrate at a first interface between said antiveflection coaling and said
energy active matcrial.

~ According to a sccond embodiment of this invention, there is provided 2 muitilayer

resist system structure comprising:

~r a substrate having at least one major surface,
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sai d substrate sel ected fromthe group consisting of a seniconductor, a .
polynmer, glass, a netal. and conbinations thereof: a plurality of surface
| ayers, at | east one vapour depositedvantireflection coating |ayer; said
vapour deposited antireflection coating is a bottom|ayer which is
overcoated with a.layer of energy active material; said energy active
material is sel ecf"éd’“l“f“bmtﬂqbt—@ddupncmnsa,@tqh angﬂt“{:. Qsitions which are
sensitive the UV wavel ength range, conpositions V\HP PRt ilve i n
t he DUV vvaU&IY@‘hgt"hl\ﬁ angetal, aoﬂrp@ﬁ[b,tﬁ,lgns (i gh are sensitive in the U and
DUV ranges and conbi nations ther eof

d plurality :
4 plurality of supfiice Jayers. at least one vapor deposited antirellection co (i
ating
laver;
satd vy
; por deposited antireflection Cowsing is a bollom laver which
) NN
over um[ui wilh a Idyu ol energy active material:
sud energy active material s s N
dioenergy active material is sclecteé  from the group consistin of
1 sisting o
compositions which are sensiiive | -
ostlions which are sensitive in the UV wavelength range. compositions whi |
fi . C s which are
N sensitiv /
) ein lhc. DUV v M.h,nnlh range, um'qmsumns which are sensitive in he UV

and DUV ranges. and combinations thercof:
said vapor deposited antireflection coaling is a material selected from (e
group consisting of diamond-like carbon, fluorinated diamond-like carbon. (luorinated -
hydrogenated diamond-like carbon. nitrogenated diamond-like carbon, amorphous
luorinated hydrogehaled carbon. amurpl{ous ﬂuon;nalcd carbon. .lhmrimucd
tc_trahedral carbon, amorphous nitrogenated  carbon, amorphous  nitrogenated
hydrogenated carbon, nitrogenated hydrogenated carbon. nitrogenated tetrahedral
carbon. and combinations thereo!:
sid antirellection coating has un index ul refraciion ad an extinetion
coelticient tuned- o substantially match those of sutd energy active material and
Suld"substrate at o fiest interface hetween said antirerlection coutiny um!' sitid substrate
and al a second nterfuce between suid antirellection coating and said encrey getive

miterial,

—
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25 said

vapour deposited antireflection coating is a material selected from

the group consistinig of dianond-like carbon, fluorinated dianond Iike

car bon,

di anond-

fluorinated hydrogenared dianond-like carbon. nitrogenated
| i ke carbon, anorphous fluorinated hydrogenated carbon, anorphous

fluorinated carbon. fluorinated tetrghedral carbon. anorphous ni hrogenated

car bon,

anor phous ni trogenat ed hydrogenated carbon, nitrogenated

hydcogenat ed carbon, nitrogenated tetrahedral carbon. and conbi nations

t her eof ;
extincti

said antireflection coating has an index of refraction and an
on coefficient tuned to substantially match those of said energy

active material and said substrate at a first

.‘\_,,

A broad aspect of the present invention is a multilayer resist system and method
of fabrication thereof.

A more specific aspect of the present invention is a multilayer resist system and
method of fabricafion by vapor deposition of an a-C:X:H film with tunable optical
properties where X is fluorine, nitrogen oxygen, and Si.

Another more specific aspect of the method and structure according fo the present
invention is depositing a hydrogenated carbon film by vapor deposition from a
hydrocarbon/flucrocarbonvhydrogen plasma with optional small amounts of nitrogen
and/or oxygen such as about 1 scem per deposition. The films produced herein
have the index of refraction n and the exlinction k coefficient that can be
independently tuned at 365, 248, 193 nm, making them extremely useful for thick
planarizing antireflective coatings. Additionally, the films formed by the present
invention can be deposited conformally on topography and when used as a bottom
layer in a multilayer resist system they can t;é readily patterned and removed in
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CLAIMS

I. A slructure comprising:

a substrate having on at least one major sucface. a plurality ot surlace layers, at least
ong vapour deposited antireflection coéting layer;

wherein said antireflection coating is a bottom layer which is overcoated with a layer
of eaergy active material:

further wherein the index of refraction and the cxtinction coefficient of said
antive(lection coating are [inely tuned to substantially match those of said energy active
malerial and said substratc at a first interface between said anticcflection coating.and said
substrate and at a second interface between said antireflection coating and said cnergy active
maierial.

3. A structure according to claim 1, whercin said subswrate is selccted from the
aroup consisting of a semiconductor, a polymer, a glass, a metal and combinations thereof.

3. A structure according to claim 1, wherein said energy active material comprises
silated photoresist in dey sheet form.

4. A structure according to claim [, wherein said substratc is a semiconductor
comprised of silicon.

5. Astructure accbrding 1o claim 1, wherein said energy aciive material is selected
from a group consisting of compositions which dre sensitive in the UV wavelength range,
compositions which are sensitive in the DUV wavelength range, compositions which are

sensitive in the UV and DUV wavelength ranges and combinations thereof.

6. A suucture according to claim 1, wherein said antireflection coating is

comprised of a carbon-containing material.

7. A structure according to claim |, wherein said antirellection coating is
substantially uniform in thickness and optically nonuniform. with a graded index of
refraction and with a graded extinction coefficient.

8. A structure according to claim 1, wherein said index of refraction is tunable
between from about 1.4 to about 2.1 at 365. 248 and 193 nms.

9. A structure according to claim 1, wherein said extinction cocfficient is tunable
from about 0.1 to about 0.6 at 365. 248 and 193 nms.

10, A suucture according to claim 1, wherein said index of refraction is tuned to
about 1.5 at said frst interface to substantially match that of the major surface of said
substrate. and tuned to about 1.8 at said second interface to match that of said cnergy active
muaterial with which it is in contact.

T A structure according to claim 1. wherein said extinction coclTficient is tuned to

abowt 0.3 at said first interface to match that of said major surfuce of said substrate, and

) at a

active
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tuned to abourt 0.1 at said second interface to match that of the encryy active material with
which it is in contact.

12. A structure according to claim 1, whercin said vapour deposited marcrial is
selected from the group consisting of diamond-like carbon (DLC), ﬂuorinated diamond-like
carbon (FDL.C), fluorinaied hydrogensted diamoad-like carbon (FIDLC), nitrogenated
diamond-like carbon (NDLC), amorphous fluorinated hydrogenated carbon, amorphous
fluorinated carbon. fluorinated tetrahcdral carbon, amorphous nitrogenated carbon,
amorphous nitrogenated hydrogenated carbon, nitrogenated tetrahedral carbon, and
combinations thereof. _ _

13, A suwucture according to claim 12, whercin said Vapom: deposited material
includes a dopant.

14. A structure according to claim 6, whercin said vapour deposited material is
patiernable and removable by reactive ion etching in a gas comaining oxygex:n. fluorine, and
combinations thereof. .

1S. A structure according to claim 13, wherein said antirefleciion coating comprises
a single layer film of uniform thickness, said film having an index of rcliaction of about
1.42 to about 2.1 and an extinction coefficient of abour 0.1 to about 0.6 at wavelengths of
365. 248 and 193 nm.

9
Yo

16, A stwucture according to claim 6, wherein said antircflection coating has an
index of refraction in the range of about 1.6-1.9 and an extinction coeflicient of about 0.22
at 248 nm, and a uniform thickness of 300 nm.

17. A structure according to claim 16 héving a swing ratio reduction of about 10.

18. A structure according to claim 6, wherein said antireflection coaiing has an
index of refraction of in the range of about 1.6-1.9 and an cxtinction coefficient of about
0.15 at 248 nm. and a uniform thickness of 500 nm.

19. A structure according to claim 18 having a swing ratio reduction of about 15.

20, A stucture according to claim 6, whercin said antiretlection coating has an
index of refraction of in the range of about 1.6-1.9 and an extinction coelficient of about
.12 at 248 nm. and a uniform thickness of 700 nm.

21. A swructure according to claim 7. wherein said antircilection coating has a
uniform thickness of ahout 10 to about 10000 nm on a substrate.

22, A stuctuee according to claim 7, wherein said gradient index of refraction is
about 1.4 to about 2.1,

23, A structure according to claim 7. wherein said aradicnt extinction coefficient is
abou( 0.6 1o about 0,12, T

W
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24. A structure according lo claim 7, wherein said antireflection coaling has a
uniform thickness of about 10 to about 10000 nm on a substrate,

25. A structure according to claim 1, wherein said substrate is selccted from the
group consisting of a magnetic head, electronic chip, circuit board, and semiconductor
device,

26. A strucwre according to claim 1 comprising a surface huving a patterned
antircflection coating thereof,

27. A structure according to claim 1, wherein said energy active material is sensitive
(o energy selected from the group consisting of electromagnetic radiation, particle beams
and heat. o

28. A structurc according to claim 27, whercin said pacticle beam is an clectron
beam.

29. A structure according to claim 13, wherein said dopant is selected from the
group consisting of oxygen, silicon and combinations thereof.

30. A structure according to claim 1, wherein said at lcast onc vapour deposited
antireflection coating has a predetermined index of refraction protile, a predetermined
extinction coefficient profile and a predetermined thickness.

31, A structure according to claim 1, whercin said at lcast one vapour deposited
antircflection coating is selected from the group consisting of a coating deposited by plasma
deposition. sputter deposition, ion beam deposition, evaporation and combinations thereof,

32, A structure according to claim 1, wherein said at least one vapour deposited
antireflection coating is finely optically tuned.

33. A process according to claim 25 further including introducing a dopant.

34, A process according to claim 1, wherein at least one of said index of refraction
and said extinction coefficient have a non-uniform profile.

35. A multilayer resist system structure comprising:

a substrate having at least one major surface,

said substrate selected from the group consisting of a sexﬁiconductor. a polymer, glass,
a meral, and combinations thereof: |

a plurality of surface layers, at Icast one vapour deposited antireflection coating layer;

said vapour deposited antiveflection coating is a bottom layer which is overcoated with
& luyer of energy active material; |

said .cncx'gy active material is selected [rom the group consisting of conpositions
which are sensitive in the UV wavelength range, compositions which are sensitive in tl{c
DUV wavelength range, compositions which are sensitive in the UV and DUV ranges and

combinaiions thercof:
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said vapour depesited antireflection coating is a material selected from the group
consisting of diamond-like carbon, fluorinated diamond like carbon, fluorinated
hydrogenated diamond-like carbon, nitrogenated diamond-like carbon, amorphous
Nuorinaled hydrogenated carboun, amarphous fluorinaied carbon. fluorinated tetrahedral
carbon, amorphous nitrogenated carbon, amorphous nitrogenated hydrogenated carbon,
nitrogenated hydrogenated carbon, nitrogenated ietrahedral carbon. and combinations .
thereof;

said antireflection coating has an index of refraction and an extinction coefficient
tuned to substantially match those of said energy active material and said substrate at a first
interlace between said antireflection coating and said substratc and at'a second interface

henwveen said antiretlection coating and said cnergy active material
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LAYERED RESIST SYSTEM USING TUNABLE AMORPHOUS CARBON FILM AS

A BOTTOM LAYER AND METHODS OF FABRICATION THEREOF
ABSTRACT

Disclosed is vapor deposited thick arc layer and method of preparing single and
" tunable thick bottom layer coatings based‘on amorphous carbon films. These films can
be hydrogenated, fluorinated, nitrogenated carbon films. Such films have the index of
refraction and the extinction coefficient tunable from about 1.4 to about 2.1 and from
about 0.1 to about 0.6, respectively, at UV and DUV wavelengths, in particular 365,
248 and 193 nm. This makes the films extremely useful to be used as thick bottom
layers in a bilayer resist system. The films produced by the present invention can be
deposited over device topography with high conformality, and they are etchable by
oxygen and/or fluorine ion etch process. Because of these unique properties, these films
can be used to form a single or tunable thick bottom layer at UV and DUV wavelengths

to produce practically zero reflections at the resist/bottom layer interface.
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