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PHOTOVASK BLANKS FI ELD OF THE, | \VENTION 5
Thi,s invention relates to photonmask bl anks, and nnrqmpgquguhnply,
photonasﬁ”%P&ﬂk?“prOV|d|ng phase shift in incident Iight at a .
speci fied wavel engt h. :
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This invention relates to photomask blanks, and
mcre particularly, to photomask blanks providing phase
shift in incident light at a specified wavelength.

BACKGROUND OF THE INVENTION

Conventional photomask blanks commonly consist of a
substrate, e.g., fused silica plate, on which is an
opaque ch}ome film. Photomasks are produced from these
blanks by providing a desired pattern of open areas in
the film. In use, light is optically projected through
the open areas of the photomask onto the surface of a
light sensitive substrate, such as a photopolymer-coated
semiconductor wafer. Currently, photomasks are
illuminated with visible or ultraviolet light. A
fundamental limitation of optical imaging is that 1line
widths of the order of the wavelength of the
illuminating light are diffraction limited. 1In other
words, light having a wavelengtﬁ of the same order of
magnitude as the desired optical image will diffract,
and the projected imege will be wider than the desired
image. | '

To allow for patterns narrower than the wavelength
of visible or ultraviolet light to be produced, the art
has’ cons;dered changing to a shorter wavelength source,
such as X—ray 0. S Patent No. 4,890,309 discloses a
type of attenuated (as opposed to opaque) photomask,
partlcularly.usefu; in X-ray lithography, wherein the
material and thickness of the attenuating film are
selected to both pass (i.e., transmit) a fraction of the
incident electromagnetic radiation andlto phase shift
the radiation relative to radiation passing through the
open features of the mask. fhe materials of choice are
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BACKGROUND OF THE | NVENTI ON Conventi onal photomask bl anks
comonly consist of a 10 substrate, e.g., fused silica plate, on whi ch, is
an opagygosiffage fil m Phot omasks are produced fromt hq:tt_q'/usgyxdybgmks :

by *providing a desired pattern of open areas in the film In use,
light is optically projected through the open areas of the photomask
onto the surface of a 15 tight sensitive sutfstrate, such as a .
phot opol yner - coat ed sem conductor wafer. Currently, photomasks are
illum nated with vi silumegeneoths rfdlimel ef HunglstenAgold, s$ihaanealidys of

imtation of opticaledBOhited aaknat Aieaenaun Wodbbs &F HiBh ShdCIal the
wavel ength of the 20 i1llumnating are % fraction limted I n ot her

words, Iight having ét\ﬁé‘%él%‘ﬁﬁi B‘Ft?ﬁ’é’]s‘arfﬁ ?)'r'dé"r““gften a“drrﬁﬁﬁ??’?)de as the
desi r ed optical inmage wilIndad feffolrt to avodddthdieqgstopmd tamhplenyey vof | be

wi der than the degired .y 13{dHR38phy, a variety of phase-shifting
photomasks have been developed for ultraviolet and
visible light ranges (see, for example, B. J. Lin, SOLID
STATE TECHNOLOGY, pp. 43-47, January, 1992). Among
these are the rim phase-shifting photomask, which
10 requires either substrate etching or the use of an
additional phase-shifting layer. The rim phase-shifting
photomask is inherently applicable to arbitrary mask
patterns, but requires a large positive mask bias to
reduce exposure times to a praétical level and due to
15 strong proximity effects it is difficult to delineate
all feature sizes and shapes for an arbitrary mask
pattern using one common exposure. An improvement over
the rim phase-shifting photohask is known in the art as
the attenuated phase-shifting photomask (APSPM). APSPMs
20 employ an absorptive, partially transmitting, phase
shifter in place. of the conventional opaque chromium
part of the patterned film. The transmission of the
absorptlve phase shifter is adjusted to less than about
0.20 to prevent creation of ghost lines. .However, not
2% all phase shifters can phase shift and absorb by the
desired amount. Consequently, a multilayered structure
consisting of materials of differing absorptive and
phase shifting properties may be required in some cases.
‘A commercially avajlable APSPM utilizes a graded
chromium oxycarbonitride composition film which varies
from a Cr-N compound at the substrate-film interface to
a Cr-O compound at the film-air interface, which also
serves as an anti-reflective coating. ' While this APSPM
provides a degree of phase shifting, a further
rocedure, such as reactive ion etching.of the
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25 - To allow for patterns narrower than the wavel ength of visible
or ultraviolet light to be produced, the art has ,consi dered changing to

a shorter gwyelendth source, such as X-ray. U S. PatepierNisesto?8P. 309
type of attenuated (as opposed to opaque) photomask, 30 -

di scl oses ‘a
particularly useful in X-ray lithography, wherein the mat eri al and
t hi ckness of the attenuating filmare seglected to both pass (i.e.,

transmt) a fraction of the incident el ectromagnetic radiation and to
phase shift —  the padiation.s ehdd iugel Orfad 34100 PIgShodddirqueh the 35
mask: e matefials of choice ‘afe

open features of the )
achieve the desired 180° phase shift.

SUMMARY OF THE INVENTION

This invention provides a‘tranémissive embedded

5 phase shifter-photomask blank (i.e., an EPS-PMB) for a
selected wavelength which comprises an coptically
inhomogeneous attenuating film having a transmission of
at least 0.001 and consisting essentially of a
combination of a metallic component and a dielectric

10 component; wherein one surface of the film has a higher
content of metallic component than the other surface,
and the profile of change in the extinction coefficient
is gradual through the film thickness; and wherein said
profile of change and the film thickness are selected to

15 provide a phase shift of about 180° (or an odd multiple
thereof)} at the selected wavelength.

EBRIEF DESCRIPTION OF THE DRAWINGS

Figure 1. Graph of the'Ihdgx of Refraction (n) and

.Extinction Coéfficient.(k) as a function of wavelength
26 (A) in nanometers for a representative metallic

material.
Figure 2. Graph of the Index of Refraction (n) and

Extinction Coefficient (k) as a function of wavelength
(M) in nanometers for a representative dielectric

25  material.

Eigﬁre 3. Graph of a depth wise profile of the
index of refraction (n) as a.function of distance from
substrate surface (D) in Angstroms for a graded embedded
phase éhiftei—phbtomask blank for 253 nm wavelength.

30 Fi§hr¢ 4. Graph of the optical transmission (T) as

a function of wavelength (A} in nanometers for an

embedded phase shifter-photomask blank for use at

253 nm. o : |
Figure 5. Graph of the transmitted phase shift (S)

as a function of wavelength (A} in nanometers for an

W
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2 honogeneous filns of tungsten, gold, silver, alloys of these'

mat eri al s or ing layers of high and | ow atomc n lal s
Wb S8/ In an effort to avoid WE%@E@ _

(e.g., tungsten and car bon) .
corplexity of 5 X-ray lithography, a variety of phase-shifting

phot omasks have been devel oped for ultraviol et 4and visible |ight ranges
(see, for example, B. J. Lin, SOLID STATE TECHNOLOGY, pp. 43-47,

January, 1992). ATDNgembeddd®hageeskirter gh&fb’tﬁ%ksbiiﬂld' FBrPR&¢ g@sk, which-
10 requires either sykstrate etching or e use of an addi ti ona
phase-shifting |ayer. e rimphase-shifting phot omask is inherently
applicable to arbitrary nmeEigure 6. Graph of a depth wise profile of the

index of refraction (n) as a function of distance’ from
5 substrate surface (D) in Angstroms for an embedded phase

shifter-photomask blank for use at a wavelength of

365 nm.

Figure 7. Graph of a depth wise profile of the

:index of refraction (n)'as a function of distance from
'10 substrate surface (D) in Angstrdms for an embedded phase

shifter-photomask blank for use at a wavelength of

257 nm.
DETAILED DESCRIPTION OF THE INVENTION

This invention provides an advantageous film for

15 photomask blanks. The film provides a phase shift of
about 180° (preferably 180° + 10°) or an odd multiple:
thereof, for pérticular incident ﬁavelengths, and is
thus especially useful for produéing photomasks.
Normally the film_is_depositéd on a substrate. The

20 substrate can be any mechanically stable material which
is transparént to the wavelength of incident light used.
Subst:étes such as quartz and fused silica (glass) are
preferred for availability and cost.

The films of this iﬁven;ibn are optically

25 inhomogeneous, in that the extinction coefficient
changes through thg film-thickness. The optically
inhomogeneous attenuaﬁing £film in accordance with the
instant invention is typically in the form of a
continuously varying structure ranging from optically

36  metallic characteristics at the one surface (normally a
substrate-film interface) to optically dielectric
characteristics at the other surface (normally a film-
air interface). The metallic component (e.g., Cr-N
compounds) is characterized by an extinction coefficient

35 within the range of 0 to 6 {preferably from 0.5 to 3.5)
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patterns, but requires a |large positive nmask bias to reduce exposure
times to a practical level and due to 15 strong proximty effects it is

stflcuIt‘g§?g§a+ eate all feature sizes and shapes fq&ngﬂsaiﬁ“*?afy _
rim

mask sing one commpn exposure. An inprovenent over
phase- Shlftl ng photomask is known in the art as t he attenuated
phase-shi fting photomask (APSPM . APSPMs 20g enpl oy an absorptive,
partially transmtting, phase shifter in place of the conventi onal
patterned film _ Th tr?&?mssmn of the

opaque chrom um Pga%tg of I__t E? erne &g‘ jhtu i ssion.
absorptive phase sHPLERrIFETRYf{IHAEFRTET eSs PFAY TE20™FD prevent
creation of ghost phoesn driemgyefqr eoer@p inmalthe ptange £hohtlerSs toah-phase

shift and absorb byyt hﬁzile +HE 54 AL AFPE Hom ggé}&quegt | Yer-® mul til ayered

structure consistin materials of differin phase

shi fting- properti eSCHRSF ’réﬁLﬁ"l"é'&cFﬁr%‘?e FLNE tinc?’ ’bc?r?'ﬁﬁ?t?’aﬁ‘}ty
avai | abl e APSPM ut witkzigs thegramipd of 0 to 2 (preferably from 0 to 1.5)
which generally increases with increasing photon energy

in the range from 1.5 to 6.5 eV. The refractive index
of the metallic component is generally from 1 to 6, and
is preferably from 2 to 5; and the refractive index of

10 the dielectric component is generally from 1 to 3.5, and
is preferably from 1.2 to 2.8. The metallic and
dielectric compoﬁents of the inhomogeneous attenuating
film can be selected from materials such as transition,
and non-tramsition, metal fluoro-oxy—-carbo-nitrides.

15 Materials which are particularly suited to the practice
of this invention are metallic oxy-carbo-nitrides (i.e.,
M-0-C-N), metallic chloro-oxy-carbo-nitrides (i.e.,
M-Cl1-0-C-N), metallic chloro—fluoro—oxy-carbo-nitrides
(i.e., M-Cl-F-0-C~N)} and metallic fluoro-oxy-carbo-

20 nitrides (i.e., M~F-0-C-N) where M is selected from the
group consisting of Cr, Fe, Mo, 2n, Co, Nb, Ta, W, Ti,
Al, Mg, and Si. Cr is a preferred M; and chromium oxy-
carbo-nitride is a preferred material based upon
performance and availability.

25 The profile of the film's extinction coefficient
changes gradually through the film thickness, and can
vary in a smooth continuous manner or in a stepwise
graded manner For the purpose of this invention, the
volume percent of the metallic and dielectric components

30 for a given film are defined from the point in the film
thickness where the extinction coefficient ‘has a value
equal to the average of the extinction coeffic1ents of
the two surfaces of the £ilm. This “optical midpoint™
position for the extinction coefficient in the film is

35 considered for the-purpose of this invention, the
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30 chrom um oxycarbonitride conposition filmwhich varies froma Cr-N

conpound at the substrate-filminterface to a Cn-O conmpound at the .
filmair whi ch al so serves as an anti-refl ecpCraiSyeanTesy.
VWil e thls“&ﬁ%&%ﬁ%&i provi des a degree of phase shifting, a further 35

grocedure, such as reactive ion etching of th%
effective interface between the metallic and dielectric
components, even though no abrupt interface of change in
the extinction coefficient may exist at that location in
the film thickness. Typically, other optical properties
S such as the index of refraction will also change

gradually through the film thickness (see e.g., Figure
3).

For the p;rpose.of this invention, the optically
inhomogeneous film must have. a degree of transparency

10 sufficient for the phase shift provided by the film to
have the desired effect on the line width produced by
the photo@ask. The maximum thickness of the film used
in the photomask blank, dpax, may be estimated in terms
of index of refraction of the dielectric component of

15 the dielectric surface of the film, ngop, and the
wavelength, A, of light used, by:

(mA)
Smax = 2 lngep - 1))
where m is an odd positive integer. In practice, m is .
typically equal to 1 or 3, but it is not limited to

20 such, for example in the X-ray region. For a wavelength
of 365 nanometers and ngop = 1;5;.dmax = 365m nanometers.
The equation is valid for the films of this invention
which are not essentially opaque {i.e., the transmission
of the film remains above 0.001).

25 Based on this definition of the maximum thickness,
the volumes of the metallic and dielectric components
can vary in thickness f#om essentially 0 to a thickness
defined by the requirement that these inhomogeneous
dttenuating films have sufficient transparency.

30 Typically the metallic component is from 5 nanometers to
150 nanometers thick, and the dielectric ¢omponent is
from 10 nanometers to 400 nanometers.thick.

An important feature of this invention is that the
composition of the film can be designed in accordance
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substrate, in this case, fused silica, is necessary to ‘achi eve the
desired 180[err] phase shift. SUMVARY OF THE | NVENTI ON

Provides a transm ssive enbedded 5 phase p@hﬁgquohgtohask

Thi s inventiop
bl ank (i WO 9411 786pg. PMB) for a sel ected wavel ength which conprises an
optically I nhonbgeneous attenuating filmhaving a transm ssion of

at .l east 0.001 and consisting essentially of a conbi nati on of a
nmetal lic conponent and a dielectric 10 conponent; wherein one surface of

the filmhas a hig ept of netal ljc,.c qﬂ?ﬂ; Lher
surf ace, and tﬂg%r%“}lltl&gg%frc giﬁge? stﬁ%“étex@nc |0RL2%2?H]§1|8§M IS
gradual through t hehds¢ mhiftckemeiredaby enbhedded Rhfis¢ ShiftRLF PtetB® change

and the filmthickggssredl @avel&sdtad oe01ight REPYOFERS,aapliaskEats bkt £0im about
180err] (or an odgl pulblPe s rea W1ShERIdesBh. | i F154! 86143 ShEOBA N
5 also take into account the desired reflectivity for a
particuiar application. Typically, desired
reflectivities are within the range of from 0 to about
0.5.
For a particular pair of metallic and dielectric
10 f£film componenté such as are shown in Figure 1 and Figure
2; a generalized design may be constructed with the
metallic component at one film surface (e.g., adjacent
to the substrate), and the dielectric component at the
other film surface (e.g., adjacent to air) and a
15 selected profile of gradual transition from metallic to
dielectric as discussed above. Using the index of
refraction and extinction coefficient for each of the
two components, along with an estimated film thickness
and a selected profile of ‘change in optical properties,
20 one may calculate the transmission, reflectiviﬁy, and
phase shift for the film. One'may use the well known
matrix method (see 0. S. Heavens, "Optical Properties of
Thin Solid Films®, Dover Publications, NY, 1965, pp.
69-80 which is herebj incorporated herein by reference)
25 for these calculations. Computers may be used to
perform the numerical computations. For a given
profile, optimization of the film design is accomplished
by calculating tr#nsmission, refleétivity and phase
shift combinations within manufacturable ranges, and
30 determining which combinations provide the preferred
solutions. Using computerized calculations based upon
the matrix method, the profile may be modeled as a large
number of thin homogeneous layers; and ‘the
characteristic matrices of all the layers are matrix
multiplied to calculate the reflectivity, transmission

(V]
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Figure 1. G aph of the Index of Refraction (n) and Extinction

Coefficient (k) as a function of wavel ength 20 ([érr]) in nanonmeters for.
Fi gure 2. RGTAPRI1070%e .

a represent gdyfmeal it mat eri al .

I ndex of Refraction (n) and Extinction Coefficient (k) as a function of

wavel engt h ([err]) in nanonmeters for a representative dielectric 25

mat eri al . Figure 3. Graph of a dept# wise profile of the

i'ndex of refraction (n) as a function of distance from substrate

E:Jrff(mfe (D) in Angstaxcmr*cpI hage shiftados ené)eﬂsiad Precmémméu fdpe:&caholtorrask
an or 253 nm wavel en optica

transm ssion (T) as pmpe%:?uﬁg fiolﬁ’so (Laqe ué?ﬁ c%errg 1£JL% afhoneters for

an enbedded phas@uasiiatier - $nhiw0na§R°4ﬁQ%ﬂ§ f F qpuss IUQBSaﬁﬁice

Figure 5. Graph of tfi Profsidt4iad BBasEnstYafihed Py the particular
5 equipment used to manufacture the films. The equipment
will also normally determine the upper and lower limits
for thicknesses of regions in the film structure.
Typically the attenuating films consist essentially
of from 99% to 1% by volume (as defined above), .
10 preferably from 85% to 5% by volume metallic component,
and from 1% to 99%, preferably from 15% to 95%
dielectric component based upon the total volume of the
attenuating film. Photomask blanks can be prepared by
methods well known in the art. A photomask blank in
15 accordance with this invention can generally be prepared
by depositing a single inhomogeneous attenuating layer
on a transparent substrate in a single pass, continuous
deposition process. Conventional substratés may be used
as such, or may be coated. with a conductive and
20 transparent film of a material such as indium oxide or
sténnic oxide. .

The attenuating film may be deposited on a
substrate by reactive sputter deposition. Reactive
sputtering is a coadting process that takes place in a
vacuum chamber. Within the vacuum chamber is a sputter
chamber filled with a gaé nfixture comprising inert gas
and reactive gas under a predetermined pressure. A
target comprising the material to be sputtered. is
positioned in the sputter chamber on an electrically
30 conductive cathode. As a negative electrical potential
is applied to the target, a plasma exfending from the
surface of the target is formed. The plasma comprises
inert and reactive gas ions and species, and atomic
units of the targét. The atomic target units travel
through the plasma to the substrate to be coated, and

N
m

)
(#]]

heet Has Been Replaced

T



35 as a function of wavelength ([err]) in nanoneters for an

4 enbedded phase-shifter phot omask bl ank for use at 253 nm .
Fi.gure 6 ?g a depth wise profile of the ~ i ndexpofrusedriewds on (n)
as a fun n of "distance from 5 substrate surface (D) in Angstrons for an
enbedded phase shi fter-photomask bl ank for use at a wavel ength of

9

react with the Eeactive gas species to form various
compositions. The compositions are deposited in a thin
film or layer on each substrate as the substrate moves
through the sputter chamber. Inert gases suitable for
5 this process include argon, neon, krypton, and xenon.
Suitable reactive gases include nitrogen, oxygen,
methane and carbon dioxide. Pressure in the sputter
chamber is usually in the range of 3.0 x 10-2 to 1.0 x
10-3 Torr. The target is typically chrome or a chrome-
1¢ based material, such as chromium nitride, chromium
carbide or chromium oxide. Further discussion of
reactive sputter deposition for photomask blank
production is provided in U.S. Patent Application Serial
No. 07/742,245, filed August 8, 1991, which is hereby
i5 lncorporated by reference.

The photomask blanks of this invention, having an
inhomogeneous attenuating film,” may be advantageously
prepared using a reactive sputter deposition technique
wherein substrates are continuously moved through a

20 sputter chamber, by providing multiple targets (e.g.,
chrome-based targets) placed at intervals in the
direction of movement of the substrates through the
sputter chamber. B&_controlling the conditions within
the sputter chamber (e.g., the electrical charges
concurrently applied to each target, for example by
direct current and/or radio frequency), thé composition
of the plasma over each target and the plasma overlap
between targets can be adjusted to deposit onto the
moving substrate a single attenuating layer having
30 strata of different éémpositions and/or inter-strata
transitional regibns wherein the composition gradually
changes from the composition of one stratum to the
composition of the next resulting in an inhomogeneous

N
w

- attenuating layer.
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365 nm Figure 7. G aph of a depth W se profile of the -1 ndex
of refraction (n) as a function of distance from 10} substrate surface (D) °

i n Angst ronwégg,,mﬁenbedded phase shi fter-phot omask bl edr/Us93rwem9at a
Wwavel engt h of DETAI LED DESCRI PTHON OF THE o

| NVENTI ON Th| s I nvention provides an advantageous filmfor 15
phot omask bl anks. The film provides a phase gbift of about 180[err]
(preferably 180[err] [err] 10[err]) or an odd multiple t hereof, for

par () cul ar | nct dent vevel Hgh Dowaitioh Sncipeh L SRR bt eEhuk S
The 20 substrate ca®PBecPMBy vhichamey did psedapitd wavekengthahiwithin thies

transparent to the wayghengt h 1@f nhngd,dﬁm) hihght used. Substrates such
ggsguartz and fused sili “fr égé %Ses ofatr:t?e inveg&.egnerwri?g };eocromaev {Jlrt?llx)éxl Ity and
5 apparent from the following non-limiting examples.
EXAMPLE 1 '

Two chromium targets- were positioned in a
commercially available direct current planar magnetron
sputtering device. Each target was about six inches

10 wide, twenty inches long.and 0.25 inches high. The
edge-to—edge distaﬁce between targéts was about five
inches. The sputter chamber was filled with a gas
comprising - argon, nitrogen, oxygen carbon dioxide and
methane., A.polished glass substrate was moved through

15 the sputter chamber under the conditions set forth in

Table 1.
Iable 1
Operating Pressure - 2.8 x 1073 Torr
Substrate Travel Speed 240 mm/min.
DC Elec. Power Target #1 1.4 KW
DC Elec. Power Target #2 0.85 KW
Ar : . ’ . 90 scem-
02 . o 3.6 sccm
‘N2 . 24 scem
CHg 3.5 scen
© CO2 1.5 scem

Under these. operating conditions, due to the light
emission from the different species in the two different
plasmas and the plasma overlap region, a color spectrum

2¢ from bright blue over the first target changing to a
bright pink over the sécond target was observed with the
naked eye through windows provided on the side of the

process chamber, confirming the existence of
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The:filnms of this invention are optically 25 inhonbgeneous, in that the
extinction coefficient changes through the fil mthickness. The

optically i nhonogeneous attenuating filmin accordancgcwﬁkﬁl;pﬁ, ’
instant IWOOANH6 is typically in the formof a cont i nuousTy varyi ng
structure ranging fromoptically 30 netallic characteristics at the one

surface (normally a substr at e- fllnllntqrface) to optically dielectric

characteristics at the other surface (nornally afilm air interface).
npounds) is characterized by an

The netal lic conponentlg
extinction coeffi EPERA° 3°g9\;r t‘-?ﬁ"‘ﬁ‘if’ﬁ"e ‘f‘éﬁ@;@ Hie §1eg™ {hitdeerably from 0.5
to 3.5) direction of substrate movement.

The substrates removed from the chamber had a film

coating of about 87 nanometers, as determined by stylus

5 profilometry. The optical reflectivity and
transmissidn, as well as the ellipsometric spectra of
the air-film and substrate-film surfaces, were measured.
Using these spectroscopic measurements, the optical
properties such as the index of refraction and the

10 extinction coefficients at the air-film surface and the

' substrate-film surface, and also the profile of these

optical properties was modeled using the matrix method
described herein. The optical properties calculated for
the material at the substrate-film surface .are shown in

15 Figure 1 and are of a metallic nature as defined above,
while the optical properties calculated for the material
at the film-air surface are shown in Figure 2 and have a
dielectric nature as defined above. One estimated
profile of the index of refraction, which is consistent

20 with Figure 1 and Figure 2 and the measured optical and
ellipsometric data was determined using the matrix
method and is shown in Figure 3. While other profiles
might also be consistent, the méasured optical and
ellipsometric data cannot be 1nterpreted assuming a film

25 with homogeneous properties.
The transmission of the photomask blank produced is

shown in Figure 4, where the transmission of the film is
about 0.005 at a wavelength of 253 nm. At this
wavelength the phase shift of the transmitted light as

30 determined by the matrix method is about 180° as
illustrated in Figure S. The reflectivity of this film
was measured as about 0.19 at 253 nm. This photomask
blank therefore is considered an embedded phase shifter
photomask blank for use at 253 nm.
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5 whi ch generally decreases in nﬁgnitude-mﬁth I ncreasi ng phot on
energy for energy I n the range from1l.5 to 6.5 eV, while the dielectric

conponent conpounds) is characterized by a
é" g" %79?'“ n the '?8‘?)‘[9@3%0‘7@5‘

coef fici entVO range of 0 to 2 (preferably fro to 1 )
whi ch generally increases wi'th increasing photon energy I n the range
from1l.5 to 6.5 eV. The refractive index 18f the nmetallic conponent is
generally from1 to 6, and is preferably from2 to 5; and the

refractive index of 10 the dielectric C9£Bﬂﬂﬁﬂlzis generally from1l to

3.5, and
A EPS-PMB is designed for use at 365 nm. Using the

metallic and dielectric components shown in Figure 1 and
Figure 2, respectively, a profile suitable for an
5 * EPS-PMB with a transmission of 0.027, a reflectivity of
about 0.16 and 180° phase shift at 365 nm is shown in
Figure 6. . '
EXAMPLE 3
A EPS-PMB is designed for use at 257 nm. Using the

10 metallic and dielectric components shown in Figure 1 and
Figure 2, respectively, a profile suitable for an
EPS-PMB with a transmission of 0.01, a reflectivity of
about 0.175 and 173° phase shift at 257 nm is shown in
Figure 6.

15 Example 2 and Example 3 demonstrate the inherent
advantages of the inhomogeneous nature of these films
and the versatility of the metallic and dielectric
components of the inhomogeneous attenuating films.

Particular embodiments of the invention are

20 illustrated in the examples. Other embodiments will
become apparent to those skilled in the art from a
cohsideraticn of the”specification or'practice of the
invention disclosed herein. It is understood that
modifications and variations may be practiced without

25 departing from the spirit and scope of the novel
concepts of this invention. It is further understood
that the invention is not confined to the partlcular
formulations and examples herein illustrated, but it
embraces such modified forms thereof as come within the

3C scope of the following claims.
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is preferably from1l.2 to 2.8. The netallic and di el ectric conponents

of the inhonbgeneous attenuating filmcan be sellected frommaterials
and non-transition, netal PCT/US93/10709

such as tr Lij.on,

fl uoro-oi@@é?ﬁ&gni trides. 15 Materials which are particularly suited to

t he practice of this invention are netallic oxy-carbo-nitrides (48—
MO CN), netallic chloro-oxy-carbo-nitrid (i.e., (‘Ll‘mm(!m '
metal lic chloro-fluoro-oxy-carbo-nitrides 13 (i.e., M r "'l””m
metal lic fluoro-oxy-carbo- 20 nitrides (i.e., MF-OCN" wieré Miss =«
selected fromthe group consisting of Cr, Fe, My, Zn, Co, Nb, Ta, W -

Ti, A, My, amiiaSi Is €xamwparpreferred M and chroni um oxy-
Car o117 0° e @ PreT el of MR Bl PSR e PR ARTEICE 00
changes gradual | y PRREGEIRHK ttHanki fox thisekaeted wavglergth compapisingaa smoot h
continuous manser opticdlky Sindbib§éneous attenuating filh having a

transmission of at least 0.001 and consisting

essentially of a combination of a metallic component and

a dielectric component; wherein one surface of the film

has a higher content of metallic component than the

10 other surface, and the profile of change in the

extinction coefficient is gradual through the film

thickness; and wherein said profile of change and the

film thickness are selected to provide a phase shift of

about 180° or an odd multiple thereof, at the selected

pb
(8]

wavelength. _
2. The transmissive embedded phase shifter-

photomask blank of Claim 1 wherein the phase shift is
about 180°.

3. The transmissive embedded phase shifter-

20 photomask blank of Claim 2 wherein the reflectivity is
within the range of from 0 to 0.5.

4. The transmissive embedded phase shifter-
photomask blank of Claim 3 wherein the metallic
component is froh 85% to 5% of the film by volume and

25 wherein the dielectric component is from 15% to 95% of
the film by volume. .

S. The transmissive enbedded phase shifter-
photomask blank of Claim 1, Claim 2, Claim 3, or Claim q
wherein the selected wavelength is from 110 nm to

30 1000 nm.

6. The transmissive embedded phase shifter-
photomask blank of Claim S wherein the metallic
component and dielectric component are M-~O-C-N
materials, M-Cl1-0-C-N materials, M-Cl-F-0-C-N materials
or M-F-0-C-N materials where M is selected from the

(%)
in
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graded manner.

the-netallic and dielectric conponents 30
t hi ckness where the extincti

to the average of the extinction coefficients o
m dpoi nt "
confédered for the purpose of

fromthe point

has a val uewo 94/¢1n86l
the two surfaces of the film This "optical
extinction coefficient in the filmis 35

t'hi s i nventi on,

For the purpose of this invention,

in the film

t he

t he

vol une percent-. of

for a given filmare defined

PerrRasishsnt . -

position for the

group consisting of Cr, Fe, Mo, Zn, Co, Nb, Ta, W, Ti,

Al, Mg, and Si.

7. The transmissive embedded phase shifter-
photomask blank of Claim 6 wherein M is Cr..

5 . 8.

The transmissive embedded phase shifter-

photomask blank of Claim 7 wherein the metallic
component and dielectric component are Cr-O-C-N

materials.
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6 .. effective interface between the netallic and dielectric

conponents, even though no abrupt interface of change in the extinction
coefficient may exist at that |location in the filmthickness.

Typically, other optical properties 5 such as the index of refraction

wi || al so change gradual ly through the filmthickness (see e.g., Figure
3). For the purpose of this invention, the optically

i nhonmogeneous fil mnust have a degree of transparency 10 sufficient for

t he phase shift provided by the filmto have the desired effect on the

| ine width produced by t he phot omask. The maxi mum t hi ckness of the film
used in the photomask blank, d[err], may be estinated in terns of

index of refraction of the diel ectr{gseereqnent of 15 the dielectric
surface of the film n[err], and the —

PHOTOMASK BLANKS

Transmissive embedded phase shifter-photomask blanks are disclosed which comprise an
optically inhomogeneous attenuating film which has a transmission of at least 0.001 and consists
essentially of a combination of a metallic component and a dielectric component. One surface
of the film has a higher content of metallic component than the other surface and the profile of
change in extinction coefficient is gradual through the film thickness. The profile of change in
extinction coetficient and the film thickness are selected to provide a phase shift of about 180°

(or an odd multiple thereof) at a selected wavelength.

Fig. 3
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wavel ength, [err], of light used,
[err] where mis an odd posit
typically equal to 1 or 3, but it
in.the X-rwpoegne. For a wavel
1.5, d[err] = 365m nanoneters.

thi s’ invention whi ch are not
of the filmremains above 0.001).
maxi mum t hi ckness,
conponent s
defined by the requirenent that t
have sufficient transparency. 30

by: dierr] =
ive integer. In practlce mis

is not limted to nple
ength of 365 nanonete @ng%%ﬁnﬁ%@

The equation is valid for the fltns of
essentially opaque (i.e the transm ssion
25 Based on this definition of the

the volunes of the netallic and dielectric
can vary in thickness fromessentially O to a thickness

attenuating filns
is from

hese i nhonbgeneous
Typically the nmetallic conponent

5 nanoneters to 150 nanometers thick, and the dielectric conmponent is
114
2.00
1.95
1.90
k
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L )
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Fig. 2
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from 10 nanoneters to 400 nanoneters thick.

of this invention is that the
i n accordance

multi pl e Wodini@dent s that the film have the 180[ err]

An inportant feature
conposition of the filmcan be designed

ecrnssilhfle,

requi red by enbedded phase shifters at the

2/4
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deskred wavel ength of 1ight enployed, and that the film have t he
desired transm ssion. The filmdesign should 5 alsqg take into account the

desired reflectivity for a particul ar application. TyBigﬁlb&"BQ&Fired

reflecti vWOLIFB& within the range of fromO to about
For a particular pair of netallic and dielectric 10 film conponents such

as are shown in Figure 1 and Figure 2, a generalized design may be
constructed with the nmetal lic conponent at one filmsurface (e.qg:,
adj acent to the substrate), and the dielectric conponent at the
other filmsurface (e.g., adjacent to air) and a 15 selected profile of
gradual transition fromnetallic to dielectric as discussed above.
Usi ng.the index of refraction and extinction coefficient for each of
t he two conponents, along with an estinmated fil mthickness and a
selected profile of change in optical properties,
. - 3/4
210 T T T J T T
1801 .\ -
150} -
S } ;
120¢ -
0L -
60 ; 1 1 . | .
200 400 600 800 1000
A
Fig. 5
3.3L. i 1 1 1 1
3.0} .
2.7 i
24| -
n - N
2.1L i
1.8] | ]
150 ]
1.2 i 2 1 — ! : | S | . 1 . ]
-300 0 300 680 900 1200 1500

Fig. 6
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20 *one may cal culate the transm ssion, reflectivity, and phase -shift

for the film- Cne may use the well known natrix‘nethod (see 0 S.
Heavens, " Properties of Thin Solid Filns", @ﬁtlons
NY, 196§W "76 69-80 which is hereby incorporated hereln y re erence)
25 for these cal cul ations. Conputers may be used to perform.the
nunerical conputations. .For a given profile, optimzation of the film
design is acconplished by cal culating transm ssion, reflectivity and
phase shift conbi nati ons w thin nmanufacturable ranges, and 30

det erm ni ng whi ch conbi nations provide the preferred sol utions. Using
conput eri zed cal cul ati ons based upon the matrix nethod, the profile may
be nodel ed as a | arge nunber of thin honbgeneous | ayers, and the

characteristic matrices of all the | ayers are matrix 35 nultlplled to
calculate the reflectivity, transm ssion

4/4

30— -
2.7 i
24| i

n i
2.1F _ 4

1.8 o -
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360 0 300 o 500 900 1200
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or

and phase shift for the film Predeterm ned optical property

gaussi an.

parti cul ar

will

of

al so nornmal |y determ ne the upper and lower limts

;profiles mght be used, such as linear, quadratic, cubic,#Epbiéntia

In practice t he profile will be constrained by the

5 equi prent used to nmanufacture the/films. The equi pnent

for thicknesses

regions in the filmstructure.

5

10

20

30

IITLE
PHOTOMASK BLANKS
EIELD OF THE INVENTION
This invention relates to photomask blanks, and
mcre particularly, to photomask blanks providing phase
shift in incident light at a specified wavelength.

BACKGROUND OF THE INVENTION

Conventional photomask blanks commonly consist of a
substrate, e.g., fused silica plate, on which is an
opaque chrome film. Photomasks are produced from these
blanks by providing a desired pattern of open areas in
the film. 1In use, light is optically projected through
the open areas of the photomask onto the surface of a
light sensitive substrate, such as a photopolymer~coated
semiconductor wafer. Currently, photomasks are
illuminated with visible or ultravioletllight. A
fundamental limitation of optical imaging is that 1line
widths of the order of the wavelength of the
illuminating light are diffraction limited. 1In other
words, light having a wavelength of the same order of
magnitude as the desired optical image will diffract,
and the projected 1mage will be wider than the desired
image.

To allow for patterns narrower than the wavelength
of visible or ultraviolet light to be produced, the art
has considered chahging to a shorter wavelength source,
such as X-ray. U.S. Patent No. 4,890,309 discloses a
type of attenuated (as oﬁposed to 6paque) rhotomask,
particularly useful in X-ray lithography, wherein the
material and thickness of the attenuating film are
selected to both pass (i.e., ‘transmit) a fraction of the
incident electromagnetic radiation and to phase shift
the radiation relative to radiation passing through the
open features of the mask. The materials of choice are

e ] ‘&
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Typi cal | y the attenuating filnms consist essentially of from99%to 1%
. by volunme (as defined above), 10 preferably from85%to 5% by vol une

metal li ¢ conponent, and from1%to 99% preferably from15%to 95%
di el ectric conponent based upon the total volunme of the attenuating
film Photomask bl anks can be prepared by2 met hods wel |l known in the

art. A photomask blank in 15 accordance with this invention can generally

be prepared KRR LE | Py %fnsz},ﬁ LOPRYeReoLIs) it em&w%é ayer

on a transparent substrate In a sin pass, confl nuous osition
process. Conventi5i74 metpsizls & fa eﬁ‘é“‘b’s"&d layers of ftgh BF S¥ be coat ed
Wi th a conducti veanid 20mbér ansjeariant ielgn,oftuagaaemrami caubbnhs | ndi um

oxide or  stannicgbdeccors o aviiE Ald WURLLAG LdileYyDEg deposi ted

on a substrate by reactive sputt eposi tion Sputtering
is a coating Jproteey thhbogEARNY (pRavRristy of Phase-Shlftlng

photomasks have been developed for ultraviolet and
visible light ranges (see, for example, B. J. Lin, SOLID
STATE TECHNOLOGY, pp. 43-47, January, 1992). Among
these are the rim phase-shifting photomask, which

10 requires either substrate etching or the use of an
additional phase-shifting layer. The rim phase-shifting
photomask is inherently applicable to arbitrary mask
patterns, but requires a large positive mask bias to
reduce exposure times to a praétical level and due to

15 strong proximity effects it is difficult to delineate
all feature sizes and shapes for an arbitrary mask
pattern using one common exposure. An improvement over
the rim phase-shifting photomask is known in the art as
the attenuated phase-shifting photomask (APSPM). APSPMs

20 employ an absorptive, partially transmitting, phase
shifter in place. of the conventional opaque chromium
part of the patterned film. The transmission of the
absorptive phase shifter is adjusted to less than about
0.20 to prevent creation of ghost lines. .However, not

25 all phase shifters can phase shift and absorb by the
desired amount. Consequently, a multilayered structure
consisting of materials of differing absorptive and
phase shifting properties may be required in some cases.
A commercially avajlable APSPM utilizes a graded

30 chromium oxycarbonitride composition film which varies
from a Cr-N compound at the substrate-film interface to
a Cr-0 compound at the film-air interface, which also
serves as an anti-reflective coating: While this APSPM
provides a degree of phase shifting, a further

35 procedure, such as reactive ion etching of the

Thiz is ihe repiac gment sheet
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25 vacuum chanber. Wthin the vacuum chanber is a sputter chanber

filled wwth a gas m xture conprising inert gas and reactive gas under a
predeterm ned pressure. A target conprising the material to be
sputtered is positioned in the sputter chanber on an electrically 30
conductive cathode. As a negative electgical potenti al Is applied to
the target, a plasm extending fromthe surface of the target is
formed. The plasma conpri,ses i nert and reactive gas ions and species,
and atom ¢ sphrteatsy dRethis rase ThEsed GHi .cParg%t“"tﬁﬁst%Wrﬁ?/el 35

t hrough the pl ashibet® tiHee deslbséd ax80°t phdse caddifed, and

SUMMBARY OF THE INVENTION
This invention provides a transmissive embedded

5 phase shifter-photomask blank (i.e., an EPS-PMB) for a
selected wavelength which comprises an optically
inhomogeneous attenuating film having a transmission of
at least 0.001 and consisting essentially of.a
combination of a metallic componeht and a dielectric

10 component; wherein one surface of the film has a higher
content of metallic component than the other surface,
and the profile of change in the extinction coefficient
is gradual through the film thickness; and wherein said
profile of change and the £ilm thickness are selected to

15 provide a phase shift of about 180° (or ah odd multiple
thereof) at the selected wavelength.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1. Graph of the'Ihdgx of Refraction (n) and
Extinction Coéfficient-(k) as a function of wavelength

20 (L) in nanometers for a representative metallic
material. '

Figure 2. Graph of the Index of Refraction (n) and
Extinction Coefficient (k) as a function of wavelength
(A) in nanometers for a representative dielectric

25 material. _

Figure 3. Graph of a depth wise profile of the
index of refraction (n) as a.function of distance from
substrate surface (D) in Angstroms for a graded embedded
phase shiftei—photomask blank for 253 nm wavelength.

30 Figure 4. Graph of the optical transmission (T) as
a function of wavelength (A} in nanometers for an
embedded phase shifter-photomask blank for use at
253 nm.

Figure 5. Graph of the transmitted phase shift (S)
35 as a function of wavelength (A) in nanometers for an
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9- react with the reactive gas species to formvarious

conpositions. The conpositions are deposited in a thin filmor |ayer on
each substrate as the substrate noves t hrough the sputter chanber.

I nert gases suitable for 5 this process ipgclude argon, neon, krypton, and
xenon. - Sui tabl e reactive gases include nitrogen, oxygen, met hane

and carbon &1 01 e BAET hhape-Bnk b Sl Bmpx RIS b3y VL1V 1 the
chrone or a chro®83 a®. based naterlal such as chromumnitride, chrom um
carbide or chrom um o¥igere Fgirt %ﬁpﬂi§§®$&ﬂh0§ise profile of the
index of refraction (n) as a function of distance from
5 substrate surface (D) in Angstroms for an embedded phase
shifter-photomask blank for use at a wavelength of
365 nm.
Figure 7. Graph of a depth wise profile of the
index of refraction (n) as a function of distance from
10 substrate surface (D) in Angstrdms for an embedded phase
shifter-photomasx blank for use at a wavelength of
257 nm, . .
DETAILED DESCRIPTION OF THE INVENTION
This invention provides an advantageous film for
15 photomask blanks. The £ilm provides a phase shift of
about 180° (preferably 180° + 10°) or an odd multiple
thereof, for pérticular incident ﬁavelengths, and is
thus especially useful for produéing photomasks.
Normally the film is deposited on a substrate. The
20 substrate can be any mechanically stable material which
is transparent to the wavelength of incident light used.
Substrates such as quartz and fused silica (glass) are
preferred for availability and cost.
The films of this invention are optically
25 inhomogeneous, in that the extinction coefficient
changes through the f£ilm thickness. The optically
inhomogeneous attehuating film in accordance with the
instant invention is typically in the form of a
continnously varying structure ranging from optically
30 metallic characteristics at the one surface (normally a
substrate-film interface) to optically dielectric
characteristics at the other surface (normally a film-
air interface). The metallic component (e.g., Cr-N
compounds) is characterized by an extinction coefficient
35 within the range of 0 to 6 (preferably from 0.5 to 3.5)
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reactive sputter deposition for photomask bl ank production is provided
in US Patent Application Serial No. 07/742,245, filed August 8, 1991,
which is hereby 15 incorporated by reference. The phot omask

bl anks of this invention, having an i nhonogeneous attenuating film nmay
be advant ageously prepared using a reactive sputter deposition

t echni que wherei n substrates are coﬁtlnuously aned t hrough a 20
sputter chanber, by providing nultiple targets : chr onme- based
targets) placeehixh generahly decrepses in giagaity ‘ﬁfthrré%ﬁ%%i'lﬂ t he

substrates thrgiignt Qﬁeréy ﬁ}ufeheegfmmt% rBugé:ontduolll sNgot éies condi tions

t hi th | ch 25
\(I:Moncluprently :?)‘BP:J&?&?FO %@%15%5? (f°(ﬂp°é' ﬁpkrelgg;.} cx 8(rj?(rath current

and/ or radi o femwpesnds), is chagoopersizédpy an extinntignaspefbiciendach tar get
and the plasme, 48h 8Re randielofedNtd 7 @it redubhe Adnist €6 1 o5)deposit onto

the which generally increases with increasing photon energy
in the range from 1.5 to 6.5 eV. The refractive index
of the metallic component is generally from 1 to 6, and
is preferably from 2 to 5; and the refractive index of

i0 the dielectric component is genefally from 1 to 3.5, and

is preferably from 1.2 to 2.8. The metallic and
'dielectric compohen;s of the inhomogeneous attenuating
film can be selected from materials such as transition,
and gon-transition, metal fluoro-oxy-carbo-nitrides.

15 Materials which are particularly suited to the practice
of this invention aie metallic oxy-carbo-nitrides (i.e.,
M-0-C-N), metallic chloro-oxy—carbo-nitrides (i.e.,
M-C1-0-C-N), metallic chloro-fluoro-oxy-carbo-nitrides
(i.e., M-Cl-F-0-C-N) and metallic fluoro-oxy-carbo-

20 nitrides (i.e., M-F-0-C-N) where M is selected from the
group consisting of Cr, Fe, Mo, Zn, Co, Nb, Ta, W, Ti,
Al, Mg, and Si. Cr is a preferred M; and chromium oxy-
carbo-nitride is a preferred material based upon
performance and availability.

25 The profile of the film's extinction coefficient
changes gradually through the film thickness, and can
vary in a smooth continuous manner or in a stepwise
graded manner. For the purpose of this invention, the
volume percent of the metallic and dielectric components

30 for a given film are defined from the point in the film
thickness where the extinction coefficient has a value
equal to the average of the extinction coefficients of
the two surfaces of the film. This "oﬁtical midpoint™
position for the extinction coefficient in the film is

35 considered for the purpose of this invention, the
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novi ng substrate a single attenuating |ayer having 30 strata of different

~conpositions and/or inter-strata ~ transitional regions wherein the
conposition gradually changes fromthe conposition of one stratumto
t he conposition of the next resulting in an i nhonbgeneous
attenuating | ayer. 6 10

effective interface between the metallic and dielectric
components, even though no abrupt interface of change in
the extinction coefficient may exist at that location in
the film thickness. Typically, other optical properties
S such as the index of refraction will also change
gradually through the film thickness (see e.g., Figure
3).
For the purpose.of this invention, the optically
inhomogeneous f£ilm must have. a degree of transparency
- 10 sufficient for the phase shift provided by the film to
have the desired effect on the line width produced by
the photomask. The maximum thickness of the film used
in the photomask blank, dmax, may be estimated in terms
of index of refraction of the dielectric component of
15 the dielectric surface of the film, ngop, and the
wavelength, A, of light used, by:
Aoy = (mA)
{(2(ngop - 1))
where m is an odd positive integer. In practice, m is
typically equal to 1 or 3, but it is not limited to
20 such, for example in the X-ray region. For a wavelength
of 365 nanometers and ngop = 1.5, dmax = 365m nanometers.

The equation is valid for the films of this invéention
which are not essentially opaque (i.e., the transmission
of the film remains above 0.001).

25 Based on this definition of the maximum thickness,
the volumes of the metallic and dielectric components
can vary in thickness from essentially 0 to a thickness
defined by the requirement that these inhomogeneous
attenuating films have sufficient transparency.

30 Typically the metallic component is from 5 nanometers to
150 nanometers thick, and the dielectric component is
from 10 nanometers to 400 nanometers -thick.

An important feature of this invention is that the
composition of the film can be designed in accordance

Big g ohe raniacament theel
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This i nvention includes enbodi nents of transm ssive

EPS- PMBs whi ch may

be used with wavel engths within the range of 110 nmto 1000 nm
Practice of the invention will becone further 5 apparent fromthe
following non-limting exanples. EXAMPLE 1
Two chromiumtargets were positioned in_a commerci ally avail abl e direct
current planar magnetron sputtering’device. Each target was about six

inches 10 wde, twenty inches |ong and 0.25 inches high. .
edge-t 0- edge diithamubtiplewequizegents whatabhetfilmdave thach®y The

sputter chanbgha¥esSshifd &bqiiirBdPashbedde8Opiddes ishd £BEGONat Mitlel OGEN,
oxygen car bon di omge an rre%hﬁgq% A ggl |%{1e% %I gés s%)est .zite was
through 15 tKESSPR t%ﬁvé;ﬁﬁﬁ68r° nhghY FEPLQYET 4 %8s C8aE ¥ ¢
1. have the desired transmission. The film design should
5 also take into account the desired reflectivity for a
particular application. Typically, desired
reflectivities are within the range of from 0 to about

0.5.

The

For a particular pair of metallic and dielectric
10 film componenté such as are shown in Figure 1 and Figure
2, a generalized design may be constructed with the
metallic component at one film surface (e.g., adjacent
to the substrate), and the dielectric component at the
other film surface (e.g., adjacent to air) and a
15 selected profile of gradual transition from metallic to
dielectric as discussed above. Using the index of
refraction and extinction coefficiept_fdr each of the
two components, along with an estimated £ilm thickness
and a selected profile of change in optical properties, -
20 one may calculate the transmission, reflectiviﬁy, and
phase shift for the film. One may use the well known
matrix method (see 0. S. Heavens, "Optical Properties of
Thin $Solid Films", Dover Publications, NY¥, 1965, pp.
69-80 which is hereby incorporated herein by reference)
25 for these calculations. Computers may be used to
perform the numerical computations. For a given
profile, optimization of the film design is accomplished
by calculating transmission, reflectivity and phase
shift combinations within manufacturable ranges, and

30 determining which combinations provide the preferred

solutions. Using computerized calculations based upon

the matrix method, the profile may be modeled as a large

number of thin homogeneous layers, and the

characteristic matrices of all the layers are matrix

35 multiplied to calculate the reflectivity, transmission

noved
Tabl e
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Table 1 Operating Pressure 2.8 x 10[err] Torr

Substrate Travel Speed 240 nm m n. DC El ec. Power Target #1
1.4 KW DC El ec. Power Target #2 0. 85 KW Ar

90 sccm gerr] 3.6 sccm N2

24 sccm CH err] ' 8 3.5 sccm CJerr]

7.5 sccm Under these operating conditions, due to the |ight

S S o M hRGE OB AP S pil e I t%e%usamd optiBLESMS and
eftt

t he plasma overlap
property profiles might be used, such as linear,

quadratic, cubic, exponential or gaussian. In practice
the profile will be constrained by the particular

5 equipment used to manufacture the films. The equipment
will also normally determine the upper and lower limits
for thicknesses of regions in the film structure.

Typically the attenuating films consist essentially
of from 99% to 1% by volume (as defined above),

10 preferably from 85% to 5% by volume metallic component,
and from 1% to 99%, preferably from 15% to 95%
dielectric component based upon the total volume of the
attenuating f£film. Photomask blanks can be prepared by
methods well known in the art. A photomask blank in

15 accordance with this invention can generally be prepared
by depositing a single inhomogeneous attenuating layer
on a transparent substrate in a single pass, continuous
deposition process. Conventional substrates may be used
as such, or may be coated with a conductive and

20 transparent film of a material such as indium oxide or
stannic oxide. ' '

The attenuating film may be deposited on a
substrate by reactive sputter deposition. Reactive
sputtering is a codating process that takes place in a

25 vacuum chamber. Within the vacuum chamber is a sputter
chamber filled with a gas mixture comprising inert gas
and reactive gas under a predetermined pressure. A
target comprising the material to be sputtered is
positioned in the sputter chamber on an electrically

3¢ conductive cathode. As a negative electrical potential
is applied to the target, a plasma extending from the
surface of the target is formed. The plasma comprises
inert and reactive gas ions and species, and atomic
units of the target. The atomic target units travel

35 through the plasma to the substrate to be coated, and
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20 'fron1bright bl ue over the first target changing to a bri ght pink

over the second target was observed with the naked eye through w ndows
provi ded on the side of the process chanber, confirm ng the existence
of 11

9

react with the reactive gas species to form various
compositions. The compositions are deposited in a thin
film or layer on each substrate as the substrate moves
through the sputter chamber. Inert gases suitable for
5 this process include argon, neon, krypton, and xenon.
Suitable reactive gases include nitrogen, oxygen,
methane and carbon dioxide. Pressure in the sputter
chamber is usually in the range of 3.0 x 1072 to 1.0 x
10-3 Torr. The target is typically chrome or a chrome-
10 based material, such as chromium nitride, chromium
carbide or chromium oxide. Further discussion of
reactive sputter deposition for' photomask blank o
production is provided in U.S. Patent Application Serial
No. 07/742,245, filed August 8, 1991, which is hereby
15 incorporated by reference.

The photomask blanks of this invention, having an
inhomogeneous attenuating film, may be advantageously
prepared using a reactive sputter deposition technique
wherein substrates are continuously moved through a

20 sputter chamber, by providing multiple targets (e.g.,
chrome-based targets) placed at intervals in the
direction of movement of the substrates through the
sputter chamber. B§ controlling the conditions within
the sputter chamber {(e.g., the electrical charges

25 concurrently applied to each target, for example by
direct current and/or radio frequency), the composition
of the plasma over each targeé and the plasma overlap
between targets can be adjusted to deposit onto the
moving substrate a single attenuating layer having

30 strata of different éémpositions and/or inter-strata
transitional regibns wherein the composition gradually
changes from the composition of one stratum to the
composition of the next resulting in an inhomogeneous

attenuating layer.




conpositional gradient within the plasma in the direction of substrate

novenent . The substrates renoved fromthe chanber had a film
coating of about 87 nanoneters, as determned by stylus 5 profilonetry.
The optical reflectivity and transm ssion, as well as the

el lipsometric spectra of the air-filmand substrate-fil msurfaces,
wer e measur ed. Usi ng these spectroscopfc neasurenents, the optical

properties such as the index of refraction and the 10 extinction
coefficients at the aithifsi ifvent it andlddéseembodingHbs s ttGahishiss1vé ace,

and al so the profije t hese optical properties S el ed using the
matri x net hod F‘lgsdgg%fi ngdﬁé?%vl e ?ﬁggo‘f)ﬁhcafvﬁ#’%’b%% é’g%géf‘c%eat ed for
the material at tiemgesulot 130enifiianlOQPfame are shown in 15 Figure 1 and are

of a metallic nature g3gehBeds AV davent 10KiiQ 1t BecORE i GatnBEOPEr ti €s

cal cul ated for. the materi al at She ;i |l mair sgrlace are_shown in Figure
2 and have a apparent from the following non-limiting examples.

EXAMPLE 1
Two chromium targets- were positioned in a

commercially available direct current planar magnetron

sputtering device. Each target was about six inches
10 wide, twenty inches 1ong and 0.25 inches high. The

edge-to-edge distaﬁce between targéts was about five

inches. The sputter chamber was filled with a gas

comprising argon, nitrogen, oxygen carbon dioxide and

methane. A polished glass substrate was ﬁoved through
15 the sputter chamber under the conditions set forth in

Table 1.

Table 1
Operating Pressure 2.8 x 10~3 Torr
Substrate Travel Speed 240 mm/min.
DC Elec. Power Target #1 1.4 KXW
DC Elec. Power Target #2 0.85 KW
Arx : 90 scem-
02 3.6 scem
N2 . 24 scem
CHy4 3.5 scem
CO2 7.5 scem

Under these.operating conditions, due to the light
emission from the different species in the two different
plasmas and the plasma overlap region, a color spectrum

20 from bright blue over the first target changing to a
bright pink over the second target was observed with the
naked eye through windows provided on the side of the
process chamber, confirming the existence of
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dielectric nature as defined above. One estimated profile of the index
of refraction, which is consistent 20 with Figure 1 and Figure 2 and the
‘measured optical and el li psonetric data was determ ned using the matrix
met hod and is shown in Figure 3. Wile other profiles m ght al so be
consi stent, the measured optical and el lipsonetric data cannot be
interpreted assumng a film25 wi th horldgeneous properti es. The
transm ssion of the photomask bl ank produced is shown in Figure 4,

where the trarshpesitiond) gheaiédtNithin tROPIasRa00h ahe a wavel engt h of

253 nm At thi . wav nath_t.he pha hift of the transmtted |ight as
30 determ ned §efﬁ§§ﬁé§i%%gﬁg ?&ﬁj#ﬁ¥°§§%§t 180[ err] as illustrated in

Figure 5. The ref| eisuhsEreteshremgvedmiron thes chapberckrds fddmt 0. 19 at
253 nm This pbatoARsde abouk! 8Nkndrtmieetos £ 45 ceershigéebyantgihedded phase

shifter 5 p%%% i S#éé%;%”erSroﬁt‘%aitr§§E%éE?vity and

transmission, as well as the ellipsometric spectra of
the air-film and substrate-film surfaces, were measured.
Using these spectroscopic measurements, the optical
properties such as the index of refraction and the

10 extinction coefficients at the air-film surface and the
substrate-film surface, and alsc the profile of these
optical properties was modeled using the matrix method
described herein. The optical properties calcdlated for
the material at the substrate-film surface .are shown in

15 Figure 1 and are of a metallic nature as defined above,
while the optical properties calculated for the material
at the film-air surface are shown in Figure 2 and have a
dielectric nature as defined above. One estimated
profile of the index of refraction, which is consistent

20 with Figure 1 and Figure 2 and the measured optical and
ellipsometric data was determined using the matrix
method and is shown in Figure 3. While other profiles
might also be consistent, the méasured optical and
ellipsometric data cannot be interpreted assuming a film

25 with homogeneous properties. )

The transmission of the photomask blank produced is
shown in Figure 4, where the transmission of the film is
about 0.005 at a wavelength of 253 nm. At this
wavelength the phase shift of the transmitted light as

30 determined by the matrix method_is'about 180° as
illustrated in Figure 5. The reflectivity of this film
was measured as about 0.19 at 253 nm. This photomask
blank therefore is considered an embedded phase shifter
photomask blank for use at 253 nm.
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EXAMPLE 2 A EPS-PMB is designed

for use at 365 nm Using the netallic and dielectric conponents shown

in Figure 1 and

Figure 2, respectively, a profile suitable for an 5

EPS-PMB with a transm ssion of 0.027, a reflectivity of

10

15

20

25

30
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EXBMPLE 2
A EPS~PMB is designed for use at 365 nm. Using the
metallic and dielectric components shown in Figure 1 and
Figure 2, respectively, a profile suitable for an

" EPS-PMB with a transmission of 0.027, a reflectivity of

about 0.16 and 180° phase shift at 365 nm is shown in
Figure 6.
EXRMPLE 3

A EPS-PMB is designed for use at 257 nm. Using the
metallic and dielectric components shown.in Figure 1 and
Figure 2, respectively, a profile suitable for an
EPS-PMB with a transmission of 0.01, a reflectivity of
about 0.175 and 173° phase shift at 257 nm is shown in
Figure 6.

Example 2 and Example 3 demonstrate the inherent
advantages of the inhomogeneocus nature of these films
and the versatility of the metallic and dielectric
components of the inhomogeneous attenuating films.

Particular embodiments of the invention are
illustrated in the examples. Other embodiments will
become apparent to those skilled in the art from a
cqhsideraticn of the specification or'practice of the
invention disclosed herein. It is understood that
modifications and variations may be practiced without
departing from the spirit and scope of the novel _
concepts of this invention. It is further understood
that the invention is not confined to the particular
forﬁulations and examples herein illustrated, but it
embraces such modified forms thereof as come within the
scope of the following claims.

e in the rosoneieant sheet

Pl ONRD
4 EER A E o PR SO Y

i



about 0.16 and 180[err] phase shift at 365 nmis shown in Fi gure 6.

EXAMPLE 3 A EPS-PMB is designed for use at 257 nm Using the 10
-metallic and dielectric conponents shown in Figure 1 and Figure 2,
respectively, a profile suitable for an EPS-PMB with a transm ssion of
0.01, a reflectivity of about 0.175 and 173[err] phase shift at 257 nm
IS shown in Figure 6. 15 Exanpi® 2 and Exanple 3 denonstrate the
i nher ent advant ages of the inhonogeneous nature of these filns and
the versatility of the nmetallic and dielectric conmponents of the

I nhonogeneous attenuating fil ns. Particul ar enbodi nents of the

i nventi on are AT I CHPRARMEIY IS5 t he exanples. Ot her enbodiments will
become apparent to thoseaskiadsidsisdvehembeddeld phrase shiftewsi deration of the

speci fi Catior'(ﬁhoggﬁggﬂcﬁiégk EQQ a selected wavelength comprising an
5 optically inhomogeneous attenuating filh having a
transmission of at least 0.001 and consisting '
essentially of a combination of a metallic component and
a dielectric component; wherein one surface of the film
has a higher content of metallic component than the
10 other surface, and the profile of change in the
extinction coefficient is gradual through the film
thickness; and wherein said profile of change and the
film thickness are selected to provide a phase shift of
about 180° or an odd multiple thereof, at the selected
wavelength, _

2. The transmissive embedded phase shifter-
photomask blank of Claim 1 wherein the phase shift is
about 180°,

3. The transmissive embedded phase shifter-

20 photomask blank of Claim 2 wherein the reflectivity is

within the range of from 0 to 0.5.

4. The transmissive embedded phase shifter-
photomask blank of Claim 3 wherein the metallic
component is from 85% to 5% of the film by volume and

25 wherein the dielectric component is from 15% to 95% of
‘the film by volume,. )

5. The transmissive embedded phase shifter-
photomask blank of Claim 1, Claim 2, Claim 3, or Claim 4
wherein the selected wavelength is from 110 nm to

.30 1000 nm.

6. The transmissive embedded phase shifter-

photomask blank of Claim 5 wherein the metallic

[ X
w

component and dielectric component are M-O-C-N
materials, M~C1-0-C-N materials, M-Cl-F-O-C-N materials

35 or M-F-0-C-N materials where M is selected from the
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i nvention disclosed herein. It is understood that nodi fications and
variations nay be practiced wthout 25 departing fromthe spirit and scope

-of the novel concepts of this invention. It is further understood
that the invention is not confined to the particul ar formul ati ons and
exanpl es herein illustrated, but it enbraces such nodified forns

t hereof as conme within the 30 scope of theifol | owi ng cl ai ns.

group consisting of Cr, Fe, Mo, Zn, Co, Nb, Ta, W, Ti,

Al, Mg, and Si.
7. The transmissive embedded phase shifter-

photomask blank of Claim 6 wherein M is Cr.
5 8. The transmissive embedded phase shifter-

photomask blank of Claim 7 wherein the metallic
component and dielectric component are Cr—-0-C-N

materials.

I
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13 - VWHAT IS CLAI MED | S: 1. Atransm ssive enbedded phase

shifter- phot omask bl ank for a sel ected wavel ength conprising an 5
Ooptically inhonbgeneous attenuating filmhaving a transm ssion of at

| east 0.001 and consi sting essentially of a conbination of a netallic
conponent and a dielectric conmponent; wherein one surface of the film
has a hi gher content of netallic conponent than the 10 ot her surface, and
the profile of change in the extincti®n coefficient is gradual through
the film t hi ckness; and wherein said profile of change and the

ABSTRACT

PHOTOMASK BLANKS

Transmissive embedded phase shifter-photomask blanks are disclosed which comprise an
optically inhomogeneous attenuating film which has a transmission of at least 0.001 and consists
essentially of a combination of a metallic component and a dielectric component. One surface
of the film has a higher content of metallic component than the other surface and the profile of
change in extinction coefficient is gradual through'the film thickness. The profile of change in
extinction coefficient and the film thickness are selected 10 provide a phase shift of about 180°

(or an odd multiple thereof) at a selected wavelength.

Fig. 3
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fil mthickness are selected to provide a phase shift of about 180[err],

or an odd nultiple thereof, at the selected 15 wavel ength. 2. The
transm ssi ve enbedded phase shifter- phot omask bl ank of Claim 1l wherein
t he phase shift is about 180[err]. 3. The transm ssive
enbedded phase shifter- 20 photomask bl ank of Claim2 wherein the
reflectivity is within the range of fromO to 0.5. 4. The
transm ssi ve enbedded phase shifter- phot omask bl ank of Claim 3 wherein
the metallic conmponent is from85%to 5%of the filmby volunme and 25
wherein the dielectric conmponent is from 15%to 95% of the filmby
vol une. 5. The transm ssive enbedded phase shifter- phot omask
blank of Cdaiml1, Cdaim2, Caim3, or Claimi4 wherein the sel ected
wavel ength is from 110 nmto
1/4
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30 1000 nm
phot omask bl ank of Claim5 wherein the netallic
di el ectric conmponent are MO C N mat eri al s,
MCO-F-OCNmterials 35 or
t he

6. The transnissive enbedded phase shifter-

conponent and
MCd-OCN mteri al s,

MF-OCNmMterials where Mis selected from

2/4
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14 - group consisting of Cr, Fe, My, Zn, Co, No, Ta, W Ti, A, M,

and Si. 7. The transm ssive enbedded phase shifter- phot omask
bl ank of Claim6 wherein Mis C. 5 ‘8. The transni ssive enbedded
phase shifter- phot omask bl ank of Claim7 wherein the netallic
conponent and di el ectric conponent are Cr-OGCN materi al s.
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