DRY ETCHI NG VETHOD RD | TS APPLI CATI ON The present invention \@I5@3%3% ¥

dry etching nmethod, and its applications to producing a dlffracemﬁwygyam%WZQ
or other .5 wicrostructures. BACKGROUND OF THE I NVENTION Since a diffra
grating made of silicon carbide (SiC) is stable at relatively high
tenperature and has a good thermal 10 conductivity, it is especially suited
for synchrotron orbital radiation (hereinafter referred.to as SOR) and
short-wavel engt h, high energy | aser |ight whose energy heats up the
diffraction grating. Direct etching of a diffraction grating pattern on an
SiC 15 substrate by dry etching such as ion beametching is not easy,
however, because the resist |ayer for masking the substrate

DRY ETCHING METHOD AND ITS APPLICATION

The present invention relates to a dry etching method, and
its appiications to producing & diffraction grating or other

5 microstructures.

BACKGROUND OF THE INVENTION
Since 'a diffraction grating made of silicon carbide (SiC)
is steble at relatively high temperature and has a goc& thermal
10 conductivity, it is especially suited for synchrotron oxbital
radiation (hersinafter referred to as SOR) and short-wavelength,

high energy laser light whose energy heats up the diffraction
grating.
Direct etching of a diffraction grating pattern on an SiC
15 substrate by dry etching such as ion beam etching is not easy,
however, because the rssist layer for masking the substrate
surface ié etched faster than the §8SiC substrate. Though
generally the etching speed of a substrate is improved when such
ions reactive to the substrate is used (Reactive Ion Etching)},
20 SiC is still too hard. Even when a gas reactive to SiC (CHF,,
for example) is used, the etching speed of the SiC substrate is
very slow and the resist layer is exhausted faster than sicC,
whereby correct grating profile is difficult to obtain.
Thus a2 conventional SiC diffraction grating uses & surface
25 coating cf soft metal (such as gcld) in which the grating is
mechanically engraved by ruling engine or such, as shown in Fig.
5. In this case, though, when the diffraction grating is

irradiated by very strong light {such as SOR or high energy laser



surface is etched faster than the SiC substrate. Though generally the
etching speed of a substrate is inproved when such ions reactive to the
substrate is used (Reactive lon Etching), 20 SiCii t oo hard.
when a gas reactive to SiC (CHF, for exanple) is usqdiHISISyERT
the Si C substrate is very slow and the resist |ayer |is eXﬁB%?@E
than Si C, whereby correct grating profile is difficutrt—+6—0b Thup a
conventional SiC diffraction grating uses a surface 25 coating of soft
metal (such as gold) in which the grating is nmechanically engraved by
ruling engine or such, as shown in Fig. 5. In this case, though, when
the diffraction grating is irradiated by very strong |ight (such as SOR or
hi gh energy Rasky) ¥or a long time, the diffraction grating may distort or

[ g

the surface coating may sepsrate from the substrate due to the
difference in the coefficient of thermal expansion.

A novel method of direct etching of an SiC substrate haé

5 been proposed, in which the SiC substrate is etched with

high-output SOR in a gas atmosphere (Proceedings of 1990 Spring

Conference, p. 500: Society of Applied Physics). This method can

be used, howewver, only in synchrotron facilities which are yet

scarce for industrial application.

10

SUMMARY OF THE INVENTION

The present in&ention provides a dry etching method that can
etch that hard SiC substrate and can be exploitad with ordinary
dry etching instruments.

15 According to the present invention, a plasma etching method
for etching a surface of a substrate with a plasma of a2 source
gas is characterized in that: a2 mixture of gases comprising

i) gas that is reactive to the material of the substrate,
and

20 | ii) inert gas

is used as the source gas.

An application of the above method of the present inventioh
is to produce a diffraction grating. For producing & difiraction
grating according to the present invention, the method ccmprises

2S the steps of:

a) covering a substrate plate with a resist layer having 2
grating aperture pattern; and

b) etching the substrate with a plasma using a2 source gas

i 2
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2 light) for a long tine, the diffraction grating nmay distort or the
surface coating nay separate fromthe substrate due to the difference in
the coefficient of thermal expansion. A novel nethod of direct etching of
an Si C substrate has been proposed, in which the SiC '

wi th high-output SOR in a gas atnosphere (Proceedi ngs
Conference, p. 500: Society of Applied Physics). This
however, only in synchrotron facilities which are yet scarce
applicati on SUMVARY OF THE | NVENTI ON The present invention provides a dry
etching nethod that can etch that hard Si C substrate and can be exploited
with ordinary dry etching instrunents. I n accordance with one aspect of the
present invention, there is provided a plasma etching nmethod conprising the

steps of: et i Ag"EFt¥ari%ce of silicon carbide (SiC with a

i) gas that is reactive to the material of the

substrate plate and
ii) inert gas.

5 SiC is one of the most suitable object of the plasma etching
of the present invention, since, as explained above, it is hard
to engrave by conventional methods, and SiC diffraction grating
can endure the strong light of SOR or high energy laser light.
But the application of the present invention is not limited to

10 SiC. The mixture of inert gas and the reactive gas is effective
in dry-etching other kinds of material that are difficult to etch
by conventional methods.

In the plasm2 etching process, the reactive gas is ionized,
accelerated by an electric field, and irradiated onto the

15 substrate surface. The substrate surface is etched at a
relatively high 'speed by the combined effects of: physiczl
etching by the colliding icns; and chemical reaction cf the
reactive gas with the substrate.

In conventional plasma etching methods in which only the

20 reactive gas is used, the reaction products of the substrats and
the reactive gas ions are accumulated on the surfacé of the
substrate, which prevents the further progress of etching. This
accumulation of reaction products makes the etching rate of a
rasist layer greater than that of the substrate.

25 In the plasma etching of the present invention in which =&
mixture of the reactive gas and the inert gas is used, the
accumulation of the reaction product is effectively eliminated

by the ions of the inert gas plasma. Accordingly the etching
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pl asma of a source gas; and using a m xture of gases as the plasma of the
source gas, the source gas conprising a m xture of .CHF3 and argon. In
accordance with another aspect of the present invention, there is provided
a plasma etching nmethod conprising the steps of: etching a surface of gl ass
with a plasma of a source gas; and using a m xture of gases as the plasma
of the source gas, the source gas conprising a mxture of CF4 and argon. In
accordance w th anot her aspect of the present invention, there is provided
a nethod for producing a diffraction grating conprising the steps of: a)
covering a substrate plate with a resist |layer having a grating aperture
pattern; and b) etching the substrate with a plasnma using a source gas of a
m xture of i) gas that is reactive to the material of the substrate plate,

and i) inertagnSf the substrate is not lowerasd but maintained at the level
equivalent to or greater than the etching rate of the resist
layer. Thus a direct pattern-etching using a resist mask is

possible for such hard substrate that conventional plasma etching

S5 methods have been ineffective.

BRIEF DESCR;PTION OF THE DRAWINGS
Figs. 1A through 1E schematically show the process for
etching a substrate with an arbitrary pattern acceording to the
10 method of the present invention.
Figs. 22 through 2E schematically show the process for
- producing a laminar type diffraction grating according to the
method of the present invention.

Figs. 32 through 3C schematically show the second half of

15 +the process for producing & blazed type diffraction grafing
according to the method of the present invention.

'Fig. 42 is a profile of a blazed type diffraction grating
produced by the méthod according to the present inveﬁtion, and
Fig. 4B is a profile of that produced by & prior art method.

20 Fig. 5 is a cross sectional view of s prior art sSiC

diffraction grating using a gold surface coating.

DETAILED DESCRIPTION OF A PREFERRED EMEODIMENT
Silicon carbide (SiC) substrates were dry-etched according
25 to the method of the invention and conventional methods. The
difference in the etching rate between the SiC substrate and a
reéist was then measured in each method. In all the methods, the

substrate is made of z sintersd SiC base plate covered with SiC

(=3



3 I n accordance with another aspect of the present invention, there is
provided a diffraction grating of silicon carbide (Si C) produced by the
steps of: a) covering an SiC substrate plate with a resist |layer having a
grating aperture pattern; and b) etching the SiC substrate with a plasma
using a source gas of a mxture of i) gas that is reactive to SIC, and ii)
Inert gas. SiCis one of the nost suitable object of the plasma etching of
t he present invention, since, as explained above, it is hard to engrave by
conventional nethods, and SiC diffraction grating can endure the strong

i ght of SOR or high energy laser light. But the application of the present
invention is not limted to SiC. The ‘m xture of inert gas and the reactive
gas is effective in dry-etching other- kinds of material that are difficult

to etch by EBPRALNt FRAPAER EeRdeRl vRpont Herediddnm (Geckined tpr ovdssred he
reactive gas,is icg,gize%i aceel erated by, an electric field,_and irradiated
onto the substtate surface ’?‘h%{ ?lajﬁsfmr%%aec“sﬁf?aac"ef i%sme?“(l:rf'us’étéaa‘t ¥

coated by a positive resist OFPR-5000 (trade name by Tokyo Ohka

Corp.). Then the substrates were processed by ion beam etching.
5 First, the SiC substrate with the resist was etched with ion
beams of the reactive gas CF, only (without inert gas). The

etching rate of SiC was 72.1 (angstrom/minute)/(maA/cm?) while the
same of thé resist was 261.3 (angstrom/minute)/(md/cm?}. The
ratio of the etching rate of SiC to the resist (hereinafter the
10 ratio is referred to as "the selectivity ratio_of SiCc") was as

small as 0.276.

i

Second, the SiC substrate with the resist was etched with
ion-beams of another reactive gas CHF; only (without inert gas).
The etching rate of SiC was 27.6 {angstrom/minute)/(mi/cm?) while

153 the same of the resist was 95.0 (angstrom/minute)/(mA/cm?). The

etching rates of both SiC and the resist were smaller than thcse
with CF,. The selectivity ratio of SIiC was also as small as
0.27S

Third, the SiC substraté with the resist was etched with
20 inert gas argon (without the reactive gas). The etc¢hing rate of
SiC was 94.6 (angstrom/minute)/(mA/cm?) while the same of the
resist was 325.0 (angstrom/minute)/(maA/cm?). The selectivity
ratio of SiC was also as small as 0.251. As clearly seen in the
above results, in all the three methods, the resist was etched

25 far faster than the SiC substrate.
The SiC substrate with the resist was then processed by ion
beams of gas mixture consisting of fluoroform (CHF;) and argon at

the ratic of CHF,:Ar = 33:67. In this case, the etching raste of



relatively-high speed by the conbined effects of: physical etching by the
colliding ions; and chem cal reaction of the reactive gas with the
substrate. In conventional plasma etching nmethods in which only the

reactive gas i s used,

the reaction products of the substrate and the

reactive gas ions are accunul ated on the surface of the substrate, which

prevents the further

progress of etching. This accunulation of reaction

products nakes the etching rate of a resist |ayer greater than that of the
substrate. In the plasma etching of the present invention in which a

m xture of the reacti
the reaction product

ve gas and the inert gas is used, the accunul ati on of
Is effectively elimnated by:the ions of the inert gas

pl asma. Accordingly the etching rate of the substrate is not |owered but

mai nt ai ned

10

for
w

20

atid Rasl eyel (angstrom/minute)/{mA/an) while the same of the
resist was 126.9 (angstrom/minute)/(mA/cm?). The selectivity
ratioc of SiC was as large as 1.29. Namely, the SiC substrate was
etched at a greater speed than the resist inlthe combination oZf
the reactive gas and the inert gas. As the result shows, the
method of -the invention allows direct pattern etching of silicon
carbide. .

Process for etching a pattern on the surface of an SiC
substrate according to the method of the invention is now
described referring to Figs. 1& through 1E. An SiC substrate
(CVD-SiC) 10 is prepared by laying SiC deposit on the surface of
sintered SiC base through CVD process. A resist (for example,
OFPR-5000) 11 is applied with a thickness of approximately 3,000
angstrom onto the surface of the SiC substrate 10 as shown in
Fig. 1A. The substrate 10 with the resist 11 is baked at 90=C
for thirty minutes in a fresh air oven for fixation of the resist
11 on the SiC substrate 10. The substrate 10 is then covered
with a hard maskl13 having a mask pattern layer 12 of chromium,
and is irradiated with ultraviolet rays 14 as shpwn in Fig. 1B.
Exposed portions in the resist 11 are removed with a specific
developing solution, so that a resist pattern 11b is formed cn
the SiC substrate 10 (Fig. 1C). The SiC substrate 10 is then
irradiated by ion beams 15 of gas mixture of fluoroform and argon
{CHF,:kr = 33:67) (Fig. iD). In the last step, the resist
pattern 11b is ashed off with Ozplasma,.and the desirably etched
SiC substrate 10 is thus obtained as shown in Fig. lE. The depth
of etching in the SiC substrate 10 is approximately 1,000

angstrom under the conditions of the embodiment.



equivalent to or greater than the etching rate of the resist |ayer.
a direct pattern-etching using a resist mask is possible for such hard

substrate that conventional plasnma etching 5 nethods have been

i neffective.

BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gs. 1A through 1E

Thus

schematically show the process for etching a substrate with an arbitrary
pattern according to the 10 nethod of the present invention. Figs.

t hrough 2E schematically show t he process for producing a | am nar type
diffraction grating according to the nethod of the present
3A through 3C schematically show the second half of 15 the process for

2A

i nventi on.

Fi gs.

produci ng a bl azed type diffraction grating according to the nethod of the
i nventi on.

pr esent

20

Manufacture of a laminar'type SiC diffraction grating is
then described according to the process of Figs. 2A through 2E.
An SiC substrate 20 is prepared by making SiC deposit on the
surface of sintered SiC through cvD process. The SiC substrate
20 is optically polished and covered with a positive resist (for
example, OFPR-5000) 21 by spin ccating. Here the thickness of
the resist 1layer 21 is approximately 3,000 angstrom. The
substrate 20 with the resist 21 is baked at $0°C for thirty
minutes in a fresh air oven for fixation of the resist 21 on the
SiC substrate 20 (Fig. 2A). The substrate 20 with the resist 21

is exposed to two plane waves 22 of different incident angles for

1

@

holographic exposure, Wwhereby a latent imags c¢f parzll
interference lines are made in the resist layer 21 as shown in
Fig. 2B. The plane waves can be generated by, for example, He-Cd
laser (wavelength 21=4,416 angstrom). The resist 21 is then
processed by a specific developing solution (for example, NMD-3)
to form a2 laminar resist pattern 21b wherein parallel, linear
resists having siﬁusoidal profile remain at equal intervals (Fig.
26).. Here the-time periods of the exposure &and the seclving
process (dsvelopment) are set so that the sﬁbstrate 20 is
revealed at the exposed portions of the resist 21, and the ratio
of the width of the resist 21 still covering the SiC substrate
20 to the width of the revealed SiC éubgtrate'ZO.fL&S ratio)
becomes a predetermined value.

The laminar resist pattern can be made by any other method,
such as normal photolithography or elasctron beam lithography.

The SiC substrate 20 masked with the patterned resist 2Z1b

is irradiated by ion beams 23 c¢f gas mixture cof fluoroform and

~)



Fig. 4Ais a profile -of a blazed type diffraction grating produced by the
nmet hod according to the present invention, and Fig. 4B is a profile of that
produced by a prior art nmethod. 20 Fig. 5 is a cross sectional view
of a prior art SiCdiffraction grating using a gold surface coating.

DETAI LED DESCRI PTI ON OF A PREFERRED EMBODI MENT Sili con carbide (SiC
substrates were dry-etched according 25 to the nethod of the invention and
conventional nmethods. The difference in the etching rate between the SiC
substrate and a resist was then neasured in each nmethod. In all the

met hods, the substrate is made of a sintered Si C base plate covered with

SiC4
argon (CEF;:Ar = 33:67) pefpeﬁdicularlf to fhe surface of the
substrate 20. The exposed portions of the SiC substrate 20 are
selectively etched a2t a high speed while the resist 21b is etched
at a low speed as shown in Fig. 2D. Ion beam irradiation is
5 stopped when a predetermined etching depth is attained in the SiC
substrate 20, and the remaining resist 21b is ashed off with o,
plasma. Thus the laminar type diffraction grating is formed
directly on the SiC substrate 20 (that is, without a surface
metal coating), as shown in Fig. 2E, which has excellent heat

10 resistance and favorable thermal conductivity (cooling
efficiency). In the step of eliminating the remz2ining resist
21b, the SiC substrate 20 is not affected at all by O, plasma and
the profile formed by the ion beam etching is preferably
maintained.

15 Figs. 32 through 3C show a process ifor manufacturing a
blazed type SiC diffraction grating. An SiC substrate 30 masked .
by a patterned resist 31b formed in the same manner as Fig. gc
is irradiated by ion beams 34 of the gas mixture oblique to the
sﬁbstra;e surface zand perpendicular to the resist lines (Fig.

20 3A). The SiC substrate 30 is obliquely etched to have the jaggy
profile of blazed type diffraction grating (Fig. 3B). The
incident angle of the ion beam is determined according to the
blaze angle of the diffraction grating. The thickness of the
resist 31b is determined so that the resist 31b is completely

25 elimina;eé by the irradiation of the ion beams when the etching
depth of the SiC substrate 30 reaches the predeterminsd value.
When the ion beam irradiation is completed, the blazed type

diffraction grating on the SiC substrate 30 is obtained as shown



deposit through chem cal vapor deposition (hereinafter referred to as CVD),
and half of the surface area of the substrate is coated by a positive

resi st OFPR-5000 (trade nanme by Tokyo Chka Corp.). Then the substrates were
the Si C substrate with the

processed by ion beametching. 5 First,

resist was etched with ion beans of the reactive gas CF4 only (w thout

I nert gas). The etching rate of SIC was 72.1 ’

(angstromm nute)/ (mA cnferr]) while the sane of the resist was 261.3

(angstrom m nute)/ (mA cnferr]). The-ratio of the etching rate of SiCto
ratio is referred to as "the selectivity

the resist (hereinafter the 10
ratio of SIC') was as small as 0.276..Second, the Si C substrate with the

resi st was etsheid.ws¢h i on beans of another reactive gas CHF[err] only

(wi thout inert gas).

In’ the above embodiments, fluoroform and argon are

respectively used for the reactive gas and the inert gas in the

gas mixture, but various other combinations of reactive gas (CF,

5 for SiC) and inert gas (such as Ne or Kr) is also applicable to

the method. The ratio of the reactive gas to the inert gas at

33 to 67 (approximately one to two) in the above embodiments is

the optimum value for the mixture of CHF, and argon. But other

ratio is also effective in selectively etching the SiC substrate

10 rather than the resist layer. According to further experiments

in the case of the mixture of CHEF, and argon, more than 50% of

argon content in the gas mixture ensures a greater selectivity

ratic of SiC than when etching with pure argon gas or with pure

CHF; gas. But the ratio of argon content more than S0% in the

15 mixture yields the selectivity ratio comparable to the value at

pure argon gas or pure CHF, gas. The optimum mixing ratio and

the eifective range of the ratio depend on the combination of

inert gas and reactive gas and the SiC substrate used (for

egample, whether it is & sintered SiC substrate per se, a

20 sintered SiC + CVD-SiC substrate, or a sintered C + CVD-SiC
substrate).

The above explained method of manufacturing a blazed type
diffraction grating (Figs. 2A-2C and 3A-3C) is zlso effective
for manufacturing & diffraction grating of normal glass

25 substrate. In 2 conventicnal method, = glass substrate is ion
beam etched with the gas (such as CF, or CEF,) reactive to the
main constituent Si0, of glass. But, similarly to the above case

of SiC, reaction products such as C (carbon), metallic impurities



The etching rate of SiC was 27.6 (angstrom minute)/(mVcnferr]) while 15
the sune of the resist was 99.0 (angstrommnute)/(mA cnierr]). The
etching rates of both SiC and the resist were snaller than those with
Crlerr]. The selectivity ratio of SiC was also as small as 0.279. Third,
the SiC substrate with the resist was etched with 20 inert gas argon
(without the reactive gas). The etching rate of Si C was- 94.6
(angstrom mnute)/(mV cnferr]) while the same of the resist was 325.0
(angstrom mnute)/(mVcnferr]). The selectivity ratio of SiC was al so as
smal | as 0.291. As clearly seen in the above results, in all the three
et hods, the resist was etched 25 far -faster than-the Si C substrate. The
Si C substrat grsw t the hioor eebst e¥@grbli€noprachssedeizpbeon peamsadiigas
m xture consisting of fluoroform &CHF[Lerr]) and argon at
compounds removed from the glass sSubstrate accumulate on the
substrate. This impairs the etched profile of the blazed type
diffraction grating, as shown in Fig. 4B, in which the slanting
5 portion S2 is rather narrow and not a perfect plane.
The same process as illustrated above (and Figs. 2A-2C and
3A-3C) is used to manufacture a blazed type diffraction grating
of glass substrate. The substrate 30 used here is normal glass
{for example, BX-7 of HOYA Co., etc.), and the resist 31 is a
10 positive type resist which is used in normal photolithography
(for example, Microposit 1400 of Siplay Far East Co.). The
plasma gas is the mixture of CF, and argon. In the case of glass
substrate and the mixture gas of CF, and argon, & slightly
broader mixture ratio is possible, such as from CF :Ar = 55:45 to
15 10:90. Fig. 4A is the profile of the blazed type diffraction
grating of glass substrate made by the method of thé present
invention using the mixture ratio of CF,:Ar = 30:70. As seen
from the profile curves of Figs. 4A and 4B, the diffraction
grating made by the method of the present invention has a broader
20 and more perfect slanting plane S1, whereby an improved
monochromating performance is obtained.
The present invention is applicable not only to ion beam
etching used in the above embodiments but also to plasma etchings
in general. The plasma etching method of the present invention
25 has another effect. Besides eliminating. accumulation on the

substrate, the inert gas ions clear the surface of the inner wall

of the etching chamber as well.

10



the ratio of CHF[err]:Ar = 33:67. In this case, the etching rate of 5
Si C was 164.2 (angstronfimnute)/(mV cnferr]) while the same of the resi st
was 126.9 (angstrorﬂm nute)/(mA/cr‘r{err]) The selectivity ratio of Si C was
as | ar sl“““l y, the SiC substrate was etched at gr eat er speed

t han t‘@mgm\ conbination or 5 the reactive gas/ # '

gas. the tredul £ shows, the nethed of the invention alfl ows

pattern etching of silicon carbide. Process for etching

WHAT IS CLAIMED IS:

1. A plasma etching method for etching a surface of a
substrate with a plasma of a source gas, the method being
characterized in that a mixture of gases comprising

5 i) gas that is reactive to the material of the substrate,
and

ii) inert gas .

is used as the source gas.

10 2. The élasma etching method according to claim 1, where

the material of the substrate is silicon carbide (SiC).

3. The plasma etching method according to claim 2, where

the gas that is reactive to SiC is CHEF, and the inert gas is

15 argon.

4. The plasma étching method according to claim 3, where

the ratio of the mixture is CHF,:Ar = 50:50 to 10:50.

20 S. The plasma etching method according to claim 1, where

the materisl of the substrate is glass.

6. The plasma etching method according to claim 5, where
the gas that is reactive to glass is CF, and the inert gas is

25 argon.

7. The plasma etching method according to claim 6, where
the ratio of the mixture is CF,:Ar = 55:45 to 10:50.

This Shee
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10 déscribed referring to Figs. 1A through 1E. An SiC substrate (CVD Si
10 i s prepared-by-laying SiC deposit on the surface of sintered Si C base
t hrough CVD process. \E‘ml st (for exanple, OFPR-5000) 11 is applied with a

thickneSS\WﬁMEE“L 3,000 angstromonto the surface of the SiC
substrate 5 Fig. 1A. The substrate Re-resi st 11

i s baked aff 95)[err]Cfor thirty mnutes in a fresh ai
the resist 11 on the SiC substrate 10. The substrate
with a hard mask 13 having a mask pattern layer 12 of chrom uni
irradiated with ultraviolet rays 14 as shown in Fig. 1B. 20 Exposed
portions in the resist 11 are renoved with a specific devel opi ng sol ution,
so that a resist pattern 11b is formed on the SiC substrate 10 (Fig. 1C).

The Si C substrate 10 is then irradi ated by ion beans 15 of gas m xture of
f1 uor of orm and %l'l‘ goﬁ method for producing a diffraction grating comprising

the steps of:

a) covering a substrate plate with a resist layer having a

5 grating aperture pattern; and

b) etching the substrate with a plasma using a source gas

of & mixture of

'i). gas that is reactive to the material of the

substrate plate, and

10 ii) inert gsas.

9. The diffraction grating producing method according to

claim 8, where the material of the substrate plate is silicon

carbide (SiC).

15
10. The diffraction grating producing methoed according to
claim 9, where the gas that is reactive to SiC is CEF; and the
inert gas is argon.
20 11. The diffraction grating producing method according to

claim 10, where the ratio of the mixture is CHFszAr = 50:50 to

10:90.

12. The diffraction grating producing method according to

23 claim 8, where the material of the substrate is class.
13. The diffraction grating producing method according to
claim 12, where the gas that is reactive to glass is CF; and the

This Sheet Has Been Repl
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(CHF[er_r] Ar =.33:67) (Fig. 1D. In the last step, the resist 25
pattern II'b is ashed off with (Qerr] plasma, and the desirably etched SiC

substr I tained as shown in Fig. 1E. The depth of etching in
t he Sllmmlaﬂ“rlmlzu ﬂﬂl“ approximately 1,000 angstrom upde e conditions
of the entroditnmefit. Manuf acture of a |aninar type STHISSHERTAS
grating is then descrl bed according to the process of [Figs. REM'
An Si C substrate 20 is prepared by maki ng Si C deposit Omtihe=s i
sintered Si C through CVD process. The SiC substrate 5 20 is optlcal |y
pol i shed and covered with a positive.resist (for

inert gas is argon.

14. The diffraction grating producing method acceording to

claim 13, where the ratio of the mixture is CF,:Ar = 55:45 to

5 10:90.

15. The diffraction grating producing method according to
claim 8, where the plasma is irradiated oblique to the surface

of the substrate plate and perpendicular to the grating lines.

10
16. A diffraction grating of silicon carbide (SiC) produced
by the steps of:
a) covering an SiC substrate plate with a resist layer
having a grating aperture pattern; and
15 b) etching the SiC substrate with a2 plasma using a source

gas of a mixture of
i) gas that is reactive to SiC, and

ii) inert gas.

his Sheet Has Been Replaced




exanpl e, OFPR-5000) 21 by spin coating. Here the thickness of the resist
| ayer 21 is approximtely 3,000 angstrom The substrate 20 with the
resist 21 is baked at 90[err]C for thirty mnutes in a fresh air oven for
fixation of the resist 21 on the 10 SiC substrate 20 (Fro-: The
substrate 20 with the resist 21 is exposed to two plan NoeSHEET AGBE
different incident angles for hol ographi c exposure, whigreby" BEP@AG‘E'E]
of parallel interference |lines are made in the resist |ayer
Fig. 2B. The pl ane waves can be generated by, for exanple, He-Cd 15 | aser
(wavel ength [err]=4,416 angstron). : The resist 21 is then processed by a
speci fic devel oping solution (for exanple, NMD-3) to forma |am nar resist
pattern 21b wherei n paral |a@sTrRAGMearTHERBISIOSHEBYI Ng si nusoi dal profile
remain at equal intervals (Fig. 20). Here the tinme periods of the
exposure and the sol ving

A dry etching method for etching a surface of a substrate

e

! with plasma of mixed gas including i) gas that is reactive to
5 the material of the substrate, and ii) ipert gas. Accumulation
of reaction products between the substrate and the reactive gas
ions on the substrate is effecfiv;ly eliminated by the ions of
the inert gas plasma. Accordingly the etching rate of the
substrate is not lowered. Silicon carbide (SiC) is one of the
10 most suitable object of the plasma etching of the present

inventicn, since it is hard to engrave by conventional dry

etching methods.
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20 process-{-devel opnent) are set so that the substrate 20 is reveal ed at

t he exposed portions of the resist 21, and the ratio of the wdth of the
resist 21 still covering the SiC substrate 20 to the width of the reveal ed
Si C substrate 20 (L&S ratio) beconmes a predeterm ned val ue. 25 The

| am nar resist pattern can be nmade by any ot her nmethod, such as nornal

phot ol i t hography or el ectron bean1k?zgography. The Si C substrate 20 masked
with the patterned resist 21b is irradi ated by ion beans 23 of gas m xture
of fluoroformand 7 argon (CHF[err]:Ar = 33:67) perpendicularly to the
surface of the




substrate 20s The exposed portions of the Si C substrate 20 are sel ectively
etched at a high speed while the resist 21b is etched at a | ow speed as
shown in Fig. 2D. lon beamirradiation is 5 stopped when a predetermnm ned
etching depth is attained in the Si C substrate 20, and the remaining resi st
21b is ashed off with err] plasma. Thus the | am nar type diffraction

grating is forned directly on the St ubstrate 20 (that is, without a
surface netal coating), as shown in . 2E, which has excellent heat 10
resistance and favorable thernal conductivity (cooling

efficiency). In the step of elimnating the remaining resist 21b, the SiC
substrate 20 is not affected at all by (Qerr] plasma and the profile forned
by the ion beametching is preferably naintai ned. 15 Figs. 3A

t hrough 3C show a process for nmanufacturing a

Fig. 2A

21

rdrer e T T 21

20

Fig. 2C
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bl azed, typg Si C diffraction grating. An SiC substrate 30 nmasked by a
patterned resist 31b formed in the sane manner as Fig. 2Cis irradiated by
ion beans 34 of the gas m xture oblique to the substrate surface and
perpendicular to the resist lines (Fig. 20 3A). The SiC substrate 30 is
obliquely etched to have the jaggy profile of blazed type diffraction
grating (Fig. 3B). The incident angle of the ion beamis determ ned
according to the blaze angle of the diﬁgr tion grating. The thickness of
the resist 31b is determned so that thé/resist 31b is conpletely 25
elimnated by the irradiation of the ion beans when the etching depth of
the Si C substrate 30 reaches the predeterm ned val ue. Wien the ion beam
irradiation is conpleted, the blazed type diffraction grating on the SiC
substrate 30 is obtained as shown 8

Fig. 2D

23

/—\mz“’

Fig. 2E




in Fig.r 3C. :«In the above enbodi nents, fluoroformand argon are respectively
used for the reactive gas and the inert gas in the gas m xture, but various
ot her conbi nations of reactive gas (CF[err] 5 for SiC) and inert gas (such
as Ne or Kr) is also applicable to the nethod. The ratio of the reactive
gas to the inert gas at 33 to 67 (approximtely one to twd) in the above
enbodi nents is the opti numvalue for the/mxture of CHE[err] and argon.

But other ratio is also effective in sé,ﬂ/ tively etching the SiC substrate
10 rather than the resist layer. According to further experinents in the
case of the m xture of CHF[err] and argon, nore than 50% of

Fig. 3A Fig., 3B

Fig. 3C

30




argon cantent in the gas m xture ensures a greater selectivity ratio of SiC
t han when etching with pure argon gas or with pure CHF[err] gas. But the
ratio of argon content nore than 90%in the 15 mxture yields the
selectivity ratio conparable to the value at pure argon gas or pure
CHF[err] gas. The optimumm xing ratio and the effective range of the
rati o depend on the conbination of iInert s and reactive gas and the SiC
substrate used (for exanple, whether it55§§a sintered Si C substrate per se,
a 20 sintered SiC + CVD-Si C substrate,” ‘or a sintered C+ CVD-Si C
substrate). The above expl ai ned nethod of manufacturing a blazed type
diffraction grating (Figs. 2A-2C and 3A-3C) is also effective for

manuf acturing a diffraction grating of normal glass 25 substrate. 1In a
conventional nethod, a glass substrate is ion

Fig. 4A
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beam etcchedswith the gas (such as CF4 or CHF[err]) reactive to the main
constituent SiJerr] of glass. But, simlarly to the above case of SiC,
reaction products such as C (carbon), netallic inmpurities 9 fromthe ion
beam el ectrode or etching chanber, or netallic conpounds renoved fromthe
gl ass substrate accumul ate on the substrate. This inpairs the etched
profile of the blazed type diffraction grating, as shown in Fig. 4B, in
which the slanting 5 portion S2 is ra@f/;narrow and not a perfect plane.
The sane process as illustrated above (/and Figs. 2A-2C and 3A-3C) is used
to manufacture a blazed type diffraction grating

Fig. b
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of glass substrate. The substrate 30 used here is nornmgpq

exanpl e, BK-7 of HOYA Co., etc.), and the resist 31 is MMMIEEB

resist which is used in normal photolithography (for e Ep M croposj t

Jh

1400 of Siplay Far East Co.). The plasma gas is the 4067 99gerr ]
and argon. In the case of glass substrate and the mxt gas of CF[ erfr]
and argon, a slightly broader m xture rgfio is possi such asfrom
CFlerr]:Ar = 55:45 to 15 10:90. Fig. 4Ais the prof| e—of_the bl azed ype
diffraction grating of glass substrate made by the nethod of the present

i nvention using the nfromthe
profile curvesgof Fi gsﬁk?'ﬁﬁ'g{:lgﬁlﬂé ﬁhﬂﬁ@??ﬂ@ﬁ%&&ﬁﬁﬂé de by the
met hod of the present invention has a broader 20 and nore perfect
slanting plane Sl1, whereby an inproved nonochromating perfornmance is

obt ai ned.ABSTRACT

A dry etching method for etching a surface of a substrate (10) with plasma of mixed
gas including i) gas that is reactive to the material of the substrate (10) and ii) inert gas.
Accumulation of reaction products between the substrate (10) and the reactive gas ions on the
substrate (10) is effectively eliminated by the ions of the inert gas plasma. Accordingly the
etching rate of the substrate (10) is not lowered. Silicon carbide (SiC) is one of the most
suitable object of the plasma etching of the present invention, since it is hard to engrave by
conventional dry etching methods.

Fig. 1A-1E
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The present invention is applicable not only to ion beam ¢t ¢hi -

t he above enbodi nents but also to plasma etchings in genejfal. ZTQ%E&&%SB
.etching method of the present invention 25 has anot her effgct es
el imnating accunul ati on on the substratze, the inert gas | of he
surface of the inner wall of the etching chanber as well.] 10 11 CLA
1. A plasma etching nethod conprising the steps of: etchin

silicon chgh) der 6Joky thhé,hihd BFREIBN Yradng a5 CHisBASor Helsurface coating may

separate from the substrate due to the difference in the coefficient of thermal expansion.

A novel method of direct etching of an SiC substrate has been proposed, in which
the SiC substrate is etched with high-output SOR in a gas atmosphere (Proceedings of
1990 Spring Conference, p. 500: Society of Applied Physics). This method can be used,

however, only in synchrotron facilities which are yet scarce for industrial application
SUMMARY OF THE INVENTION

The present invention provides a dry etching method that can etch that hard SiC
substrate and can be exploited with ordinary dry etching instruments.

In accordance with one aspect of the present'invention, there is pr(;vided a plasma
etching method comprising the steps of: etching a surface of silicon carbide (SiC) with a
plasma of a source gas; and using a mixture of gases as the plasma of the source gas, the
source gas comprising a mixture of CHF3 and argon. In accordance with another aspect
of the present invention, there is provided a plasma etching method comprising the steps
of: etching a surface of glass with a plasma of a source gas; and using a mixture of
gases as the plasma of the source gas, the source gas comprising a mixture of CF4 and

argon.

In accordance with another aspect of the present invention, there is provided a
method for producing a diffraction grating comprising the steps of: a) covering a
substrate plate with a resist layer havfng a grating aperturé pattern; and b) etching the
substrate with a plasma using a source gas of ‘a mixture of i) gas that is reactive to the

material of the substrate plate, and i) inert gas.

W\,Q/\/\]’( f Q/U\
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Chi t hod

F 3%?%4‘3%0: 5(
of : _etchingia

a mxture pf '

using a mxture of gases as the plasma of the source gasj-
conprising a mxture of CHF3 and argon. 2. The pl asna
according to claiml1l, where the ratio of the mxture is
to 10:90. 3. A plasma etching nethod gonprising the st
surface of glass with a plasm of a source gas; and usi
gases as the plasma of the source gas, the source gas c
of CF4 and arlgoatcorlance With mhaberaasptathofthenmesend imendonl tgré ds pradided a

where the ratio of the mxture is CF4 : Ar=55:45 to 10:90. 5. A et hod for
pr oduci ngliffragtiph igaasingoof sghicomi qagbide (FIC) prodycedhby sheegtepsodf: a) covering an SiC

substrate plate with a resist layer having a grating aperture pattern; and b) etching the

SiC substrate with a plasma using a source gas of a mixture of i) gas that is reactive to

SiC, and ii) inert gas.

SiC is one of the most suitable object of the plasma etching of the present
invention, since, as explained above, it is hard to engrave by conventional methods, and
SiC diffraction grating can endure the strong light of SOR or high energy laser light.

* But the application of the present invention is not limited to SiC. The mixture of inert
gas and the reactive gas is effective in dry-etching other kinds of material that are

difficult to etch by conventional methods.

In the plasma etching process, the reactive gas is ionized, accelerated by an electric
field, and irradiated onto the substrate surface. The substrate surface is etched at a
relatively high speed by the combined effects of: physical etching by the colliding ions;

and chemical reaction of the reactive gas with the substrate.

In conventional plasma etching methods in which only the reactive gas is used, the
reaction products of the substrate and the reactive gas ions are accumulated on the
surface of the substrate, which prevents the further progress of etching.  This
accumulation of reaction products makes the etching rate of a resist layer greater than

that of the substrate.

In the plasma etching of the present invention in which a mixture of the reactive
gas and the inert gas is used, the accumulation of the reaction product is effectively

eliminated by the ions of the inert gas plasma. Accordingly the etching



12 a) covering a substrate plate with a resist layer havi ng--a—graring.......em
aperture pattern;—and by-etching the substrate with a pl as;fﬁ«)ﬁg’?&_m\w%amﬁq

gas of a m ' that is reactive to the materi the
substrate ’H lﬂ H uﬂ nert gas. 6. 44 The diffraction 22 @téqé ng
met hod ac 5, where the material of the substjra

silicon carbide (SiC. 7. The diffraction grating produqi ng_nethod
according to claim®6, where the gas that is reactive to SijCis CHF3 and the
inert gas is argon. 8. The diffraction grating producin
to claim?7, where the ratio of the mCHLAMSis CHF3 : Ar=50:50 to 10:90. 9.
The diffraction grating producing nmethod according to claimb5, where the
material of the substrate is gl ass.

=

1. A plasma etching method comprising the steps of:
. etching a surface of silicon carbide (SiC) with a plasma of a source gas; and
. using a mixture of gases as the plasma of the source gas, the source gas

comprising a mixture of CHF3 and argon.

2. The plasma etching method according to claim 1, where the ratio of the mixture is
CHF;3 :Ar=50:50 to 10:90.
3. A plasma etching method comprising the steps of:

. etching a surface of glass with a plasma of a source gas; and

. using a mixture of gases as the plasma of the source gas, the source gas

comprising a mixture of CF4 and argon.

4.  The plasma etching method according to claim 3, where the ratio of the mixture is

CF4 :Ar=55:45 to 10:90.

5. A method for producing a diffraction grating comprising the steps of:



13 10. The diffraction grating producing nethod accord
t he gas o0 glass is CF4 and the inert
The diff mlmﬂ“ﬂﬁﬂm‘mgodum ng met hod according to
rati o of the muxturesiss . Ar=55,45 to 10:90. 12
grating produci ng nmet hod accord| ng to cI aimb5, where t

I rradi ated oblique to the surface of the substrate pla
to the grating lines. 13. A diffraction grating of sil

l e and perpendi cul

an _carbide (SO

im 10, where - ﬁe
h@ 2DEC 1287 i
he| pl asnma i s

ar

produced by the steps of: a) covering an Si C substrate plate with a resi st
| ayer havi ngahcgvexingng sapstrateiplatepwither resishtager having a grating aperture pattern;

and

b) etching the substrate with a plasma using a source gas of a mixture of

i) gas that is reactive to the material of the substrate plate, and

ii) inert gas.

6. The diffraction grating producing method according to claim

of the substrate plate is silicon carbide (SiC).

7.  The diffraction grating producing method according to claim

is reactive to SiC is CHF3 and the inert gas is argon.

5, where the material

6, where the gas that

8.  The diffraction grating producing method according to claim 7, where the ratio of

the mixture is CHF3 :Ar=50:50 to 10:90.

9.  The diffraction grating producing method according to claim

of the substrate is glass.

5, where the material
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10. The diffraction grating producing method according to claim 9, where the gas that

is reactive to glass is CF4 and the inert gas is argon.

11. The diffraction grating producing method according to claim 10, where the ratio of

the mixture is CF4 :Ar=55.45 to 10:90.

12. The diffraction grating producing method according to claim 5, where the plasma
is irradiated oblique to the surface of the substrate plate and perpendicular to the grating
lines.

13. A diffraction grating of silicon carbide (SiC) produced by the steps of:

a) covering an SiC substrate plate with a resist layer having a grating aperture

pattern; and
b) etching the SiC substrate with a plasma using a source gas of a mixture of
i) gas that is reactive to SiC, and

ii) inert gas.



