w0 2019/149684 A1 |0 000 000 00 0 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property '

Organization
=

International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2019/149684 Al

08 August 2019 (08.08.2019) WIPOIPCT

(51) International Patent Classification: (72) Inventors: NAVET, Benjamine; Rue de Perwez 32, 5031
C23C 14/04 (2006.01) H01J 37/317 (2006.01) Grand-Leez (BE). JACQUES, Amory, Rue Jean-Baptiste
C23C 14/48 (2006.01) H01J 37/32 (2006.01) Fichefet 23, 5100 Jambes (BE). BOULANGER, Pierre;
C23C 16/04 (2006.01) Rue de la Médaille 12, 4218 Couthuin (BE).

(21) International Application Number: (74) Agent: AGUSTSSON, Sveinn, Otto; Rue Louis Blériot

PCT/EP2019/052082 12, 6041 Gosselies (BE).
(22) International Filing Date: (81) Designated States (unless otherwise indicated, for every
29 January 2019 (29.01.2019) kind of national protection available). AE, AG, AL, AM,

(25) Filing L ) Enelish AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

ting Language: s CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,

(26) Publication Language: English Dz, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

30) Priority Data: HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,

(30) 1;‘1"52;28 ;‘ & 303 2018 (30.0L2018)  EP KR,KW,KZ, LA, LC,LK,LR,LS, LU, LY, MA, MD, ME,

: anuary 2018 (30.01.2018) MG. MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ.

(71) Applicants: AGC GLASS EUROPE [BE/BE]; Avenue OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
Jean Monnet, 4, 1348 Louvain-La-Neuve (BE). AGC INC. SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
[JP/JP]; Shin-Marunouchi Building1-5-1 MarunouchiChiy- TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
oda Ku, Tokyo, Tokyo/Tokyo 100-8405 (IP). AGC FLAT (84) Designated States (unless otherwise indicated, for every
GLASS NORTH AMERICA INC. [US/US]; 11175 Ci- : . . : ,

. . . . kind of regional protection available). ARIPO (BW, GH,

cero Drive Suite 400, Alpharetta, GA Georgia/Georgia
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,

30022-1167 (US). AGC VIDROS DO BRASIL LT- .

.. N UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

DA [BR/BR]; Estrada Municipal Fazenda Sio Pedro,
500 — Jardim. Vi Al CEP 12523-671 Sdo Paul TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
Cura ardim Blfita cere, - 40 raulo, EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
uaratingueta (BR). MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

(54) Title: REUSABLE ION IMPLANTATION MASK

FIG. 3

300 301

(57) Abstract: The present invention relates generally to a reusable ion implantation mask useful for repeatedly implanting selected
areas of substrates with ions on a large scale. The present invention further relates to a method for partial ion implantation by means

of a reusable ion implantation mask.

[Continued on next page]



WO 2019/149684 A1 |10} 08 000 00000 0 0O

TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:
— as to the identity of the inventor (Rule 4.17(i))

Published:
—  with international search report (Art. 21(3))



WO 2019/149684 PCT/EP2019/052082

DESCRIPTION

REUSABLE ION IMPLANTATION MASK

Technical Field

[0001]

The present invention relates generally to a reusable ion implantation mask
useful for repeatedly implanting selected areas of substrates with ions on a
large scale, meaning implanting ions in substrates or areas of substrates
larger than 5 cm? and up to several square meters. The ion implantation mask
is being used for partial implantation of ions, that is for implanting ions in
selected areas of a substrate and/or for protecting other selected areas of a
substrate from the implantation of ions.

Background Art

[0002]

[0003]

The implantation of ions is known in the area of semi-conductors for
manufacturing implanted materials with a very high precision. These methods
generally are not useful for implanting ions on a larger scale, meaning
implanting ions in substrates or areas of substrates larger than 1, 2 or 5 cm?
and up to several square meters, because they are too slow for being
economically feasible. Also the masking techniques known from the area of
semi-conductors generally involve the deposition and patterning of a coating,
which may then be etched after the implantation step, thereby involving

numerous, costly steps. Furthermore these masks are inherently not reusable.

Electron cyclotron resonance (ECR) ion implantation sources are known that
produce a large beam of several centimeters in diameter containing a single
charge and multicharge ions of the gas being ionized. For the purposes of the
present invention, these ion sources may be used to produce ions from gases
such as for example Oz, N2, Ar, Kr, He, Ne for example and are particular
useful for large-scale use as the ion beam they form may have a diameter of
atleast 5 cm. The ions may be extracted from the ion source with an acceleration
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[0005]

voltage comprised in the range from 5 kV to 1000 kV, alternatively in the range
from 10 kV to 100 kV. The ion dosage is typically comprised in the range from1012
ions/cm? to 108 ions/cm?. For the efficient ion implantation in large areas it is
necessary to use beams with ion currents of up to 2 mA, 4 mA, 6 mA, even up
to 20 mA. The high currents and high dosages put a heavy strain on any
masking material, in particular when a reusable masking material is sought.
Such an ECR ion source is for example the Hardion+ ECR ion source from
lonics S.A. Under these implantation conditions there may also occur a
significant amount of sputtering of the mask material when the ions hit the

mask.

It is generally desirable to have a sharp distinction between implanted areas
and non-implanted areas. For a reusable ion implantation mask that is used
for covering selected areas of a substrate during ion implantation, it is
desirable that the width of the transition zone, that separates the implanted
area from the non-implanted area, i.e. masked, area, is as small as possible.
For a sharp distinction the maximum width of the transition zone should be
less than 300 um, preferably less than 200 um, more preferably less than
100 pm. Generally the maximum width of the transition zone is at least 1 pm.
For a reusable ion implantation mask the maximum width of the transition zone
should be obtained after using the implantation mask in an ion implantation

process at least 4 times, at least 10 times, even at least 100 times.

Masks that are compatible with other high vacuum surface treatment
techniques, such as magnetron sputtering or plasma enhanced chemical
vapor deposition or semi-conductor ion implantation for example were found
to be incompatible with large scale ion implantation. Masks of aluminum foil
for instance are very heavily degraded and deformed by the (ECR) ion
implantation sources described above. Polymers, such as for example
poly(methyl methacrylate), polyurethane, or polypropylene undergo a
chemical transformation under the ion beam that results in production of gases
that pollute the process atmosphere and disturb the vacuum. This may also
lead to the co-implantation of the pollutants in the substrate. Kapton, a

polyimide film developed by DuPont, performs better than most other
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polymers, but is deformed under the ECR ion beam and does not remain flat.
Any degradation or deformation of the mask may also lead to a widening of

the transition zone.

Thus, there remains a need in the art for an improved ion implantation mask,
that can be used economically on a large scale with ion implantation sources,
such as for example ECR ion sources, where for example the ions are
extracted from the ion source with an acceleration voltage comprised in the
range from5 kV to 1000 kV, alternately in the range from 10 kV to 100 kV,
where the ion dosage is typically comprised in the range from10'? ions/cm? to
10'® ions/cm? and where the ion currents are higher than 0.1 mA, or higher
than 0.5 mA, or higher than 1 mA and up to 2 mA, up to 4 mA, up to 6 mA, or
even up to 20 mA.

Summary of invention

[0007]

[0008]

In one or more aspects of the invention, there is provided an ion implantation
mask that, when exposed to the ion beam of an ion implantation source, is
able to achieve a narrow transition zone between non-implanted areas and
implanted areas. A narrow transition zone is achieved in particular when the
an ion implantation source is a source where the ions are extracted from the
ion source with an acceleration voltage comprised in the range from 5 kV to
1000 kV, where the ion dosage is typically comprised in the range from
10"? ions/cm? to 10'® ions/cm? and where the ion currents are higher than
0.1 mA and up to 2 mA, up to 4 mA,up to 6 mA, or even up to 20 mA. A narrow
transition zone is achieved in particular when this ion implantation source is
an electron cyclotron resonance (ECR) ion implantation source. A reduced
transition zone is achieved in particular when this ion implantation source
simultaneously provides a species’ single charge ions and multicharge ions
for implantation, such as for example N*, N?*, and N3*, or He*, and He?*. Single
charge ions are ions carrying a single positive charge. Multicharge ions are

ions carrying two or more positive charges.

In one or more other aspects of the invention, there is provided an ion
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[0011]

[0012]

[0013]

[0014]

implantation mask, that is able to achieve low levels of pollution of the process

atmosphere during ion implantation.

In one or more aspects of the invention, there is provided an ion implantation

mask, that can be removed after implantation.

In one or more aspects of the invention, there is provided an ion implantation
mask, that is reusable and that can thus be used multiple times in the ion

implantation process.

In one or more other aspects of the invention, there is provided a mask
comprising a mask bulk material and a sputtering reduction coating for
reducing the amount of mask material that is sputtered by the impact of the
ion beam and thus pollutes the process atmosphere. The sputtering reduction
coating is provided at least on the mask bulk material’s surface areas that will
be or are exposed to the ion beam. The sputtering reduction coating may be
provided on the entire surface of the mask bulk material.

In one or more aspects of the invention the implantation mask comprises a
scratch avoidance film. The scratch avoidance film may be provided at least
on parts of the mask bulk material’s surface. In some embodiments the scratch
avoidance film is applied on the bulk material’'s surface in areas that are in
contact with the substrate.

In one or more other aspects of the invention, there is provided a method for
implanting ions in selected areas of a substrate comprising covering selected
areas of the substrate with an implantation mask and introducing the covered
substrate in an ion beam. In certain aspects of the present invention the
method for implanting ions into a substrate further comprises separating the

implantation mask from the substrate.

In one or more other aspects of the invention, there is provided a method for
implanting ions in selected areas of substrates comprising covering in
sequence the following steps: covering selected areas of a first substrate with
an implantation mask and introducing the covered first substrate in an ion
beam, implanting ions in the substrates areas that are not covered by the
implantation mask and that are exposed to the ion beam, separating the
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implantation mask from the first substrate after the ion implantation, covering
selected areas of a second substrate with the implantation mask and
introducing the covered second substrate in an ion beam, implanting ions in
the second substrate’s areas that are not covered by the implantation mask
and that are exposed to the ion beam, separating the implantation mask from
the second substrate after the ion implantation. In certain aspects of the
present invention the method for implanting ions into a substrate further
comprises separating the implantation mask from the substrate.

In one or more aspects of the present of using a ion implantation mask utilizing

a sputtering reduction coating for partial implantation of ions.

Brief description of drawings

[0016]

[0017]

[0018]

[0019]

FIG. 1A is a plan view of an implantation mask according to the present
invention wherein the implantation mask is provided with an sputtering
reduction coating. FIG. 1B is a cross-sectional view taken along line B-B in
FIG. 1A

FIG. 2A is a plan view of an implantation mask according to the present
invention wherein the implantation mask is provided with an scratch avoidance

film. FIG. 2B is a cross-sectional view taken along line B-B in FIG. 2A.

FIG. 3 shows a cross sectional view of a partially implanted substrate covered

with an implantation mask according to the present invention.

FIG. 4 shows a top surface view of a partially implanted substrate.
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Description of embodiments

[0020]

[0021]

[0022]

[0023]

While the present invention may be embodied in many different forms, a
number of illustrative embodiments are described herein with the
understanding that the present disclosure is to be considered as providing
examples of the principles of the invention and such examples are not
intended to limit the invention to preferred embodiments described and/or
illustrated herein. The various embodiments are disclosed with sufficient detail
to enable those skilled in the art to practice the invention. It is to be understood
that other embodiments may be employed, and that structural and logical
changes may be made without departing from the spirit or scope of the present

invention.

The sputtering reduction coatings of the instant invention are designed to have
numerous advantageous properties that lead to a sharp distinction between
non-implanted areas and fully implanted areas, reducing the width of the

transition zone between these areas.

In an embodiment of the present invention the bulk material of the implantation
mask is based on a metal or a metal alloy. In particular the bulk material of the
implantation mask comprises at least 50 %, 60 %, 70 %, 80 %, or 90 % by
weight of a metal or metal alloy. The bulk material of the implantation mask
may be selected from the group consisting of the following metals Al, Cu, Zn,
Mn, Ti, Ni, Fe, Mo, or of the alloys of one or more of the metals Al, Cu, Zn, Mn,
Ti, Ni, Fe, Mo. The bulk material may also be based on highly oriented pyrolytic
graphite (HOPG).or stainless steel, in particular the bulk material may
comprise at least 50 %, 60 %, 70 %, 80 %, or 90 % by weight of at least 90 %

by weight of graphite or stainless steel

In an embodiment of the present invention the thickness of the implantation
mask of the present invention is at least 1.0 mm, at least 2.0 mm or at least
3.0 mm. With these minimum thicknesses particular small transition zones
were observed. In particular when the an ion implantation source is a source
where the ions are extracted from the ion source with an acceleration voltage

comprised in the range from 5 kV to 1000 kV, where the ion dosage is typically
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comprised in the range from 10'? ions/cm? to 10'®ions/cm? and where the ion
currents are higher than 0.1 mA and up to 2 mA, 4 mA or even 6 mA, metal or
metal-based foils, that is sheets of metal having a thickness of not more than
0.5mm have been found to be sometimes distorted by the thermal stress
undergone in the ion implantation process. In particular thin metal foils, of less
than 0.1mm thickness are strongly deformed and visibly degraded under these
conditions. It is thought that when the thickness of the implantation mask
according to the present invention was at least 1.0 mm, at least 2.0 mm or at
least 3.0 mm, its ability to resist to the thermal stress without detrimental
deformation was improved for these implantation conditions, where top
surface temperatures of up to 200°C, up to 300°C or even 400°C can be
reached.

In an embodiment of the present invention the implantation mask comprises a
sputtering reduction coating. Such a sputtering reduction coating, when
exposed to an ion beam, in particular in the implantation conditions mentioned
hereinabove, is not easily sputtered by the impact of the implantation ions.
Therefore the atmosphere is less polluted by the implantation mask and less
material of the implantation mask is co-implanted in the substrate, in particular
at the edge between the non-implanted area and the fully implanted area. In
exemplary embodiments of the present invention, the sputtering reduction
coatings have a low sputtering yield. Specifically, the sputter yield of the
coatings is significantly below that of uncoated stainless steel. As a reference,
the sputtering reduction coating is such that when exposed an inert Ar gas
plasma, the sputter yield is preferably below 0.5 atoms per ion at 100 eV ion
energies, and even more preferably below 0.2 atoms per ion at 100 eV ion

energies.

Additionally, in exemplary embodiments of the present invention, the
sputtering reduction coatings have a low chemical reaction rate with
implantation ions. When ions of for example oxygen or nitrogen, contact the
surface of uncoated ion implantation masks, the ions may chemically react
with these surfaces to produce reaction products. The formation of such
reaction products may interfere with mask durability and reusability. For
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[0027]

[0028]

[0029]

[0030]

[0031]

[0032]

example, when stainless steel masks are exposed to oxygen ions, the oxygen
reacts with the surface of the stainless steel, causing the formation of a thin,
atleast partly oxidized layer on the surface of the mask that reduces its surface
conductivity and may lead to the build-up of surface charges that perturb the

ion implantation process.

In exemplary embodiments of the present invention, the sputtering reduction
coatings are conductive. In particular, the sputtering reduction coatings may

have a low resistivity, in particular less than 5 x 107 ohm cm.

The inventors have found that selected materials used alone and/or in various
combinations are capable of producing a sputtering reduction coating having
one or more of the advantageous properties listed above, and may thus be
used as sputtering reduction coatings on ion implantation masks.

In some embodiments, the sputtering reduction coatings may comprise a first
material selected from the group consisting of boron, carbon, silicon,
aluminum, or combinations thereof. For example, the coatings may comprise
boron carbide, silicon carbide, or aluminum carbide. The coatings may further
comprise a metallic second material, including tungsten, chromium, titanium,
molybdenum, or zirconium. For example, the coatings may comprise tungsten
carbide (WC) or chromium carbide (CrsCz).

Additionally, in other embodiments, the sputtering reduction coatings may
comprise selected metals or metal alloys. The coatings according to this
embodiment may be selected from the group consisting of the metals cobalt,

iron, nickel, chromium, or their alloys, or nickel-chromium alloys.

In further embodiments, the sputtering reduction coatings may comprise
selected conductive ceramics. According to these embodiments, the coatings
may comprise Ti, or Zr, or oxides or nitrides thereof.

In certain alternative embodiments, one or more of the materials listed above

may be combined to form a sputtering reduction coating.

The sputtering reduction coatings of the instant invention may be deposited

on ion implantation masks’ bulk material using methods which are well-known
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[0034]

[0035]

in the art, including spray coating, electroplating, chemical vapor deposition
(CVD), and physical vapor deposition (PVD). Whether a particular coating
technique is appropriate for coating an ion implantation mask for use in a
particular application requires several considerations. First, the technique
must be able to produce a coating with a desirable density and porosity for the
particular application, but with minimal impurities, such as oxide or nitride
impurities. The technique should also be able to produce a coating of an

appropriate thickness that resists substantial peeling or cracking.

The sputtering reduction coatings of the instant invention may be deposited
on ion implantation masks by thermal spray coating according to standard
methods known to those of skill in the art. Thermal spray coating can be used
to produce coatings with the desired composition, structure, morphology, and
thickness. Several different thermal spray coating techniques exist, including
plasma spraying, detonation spraying, wire arc spraying, flame spraying, high
velocity oxygen-fuel spraying, warm spraying, and cold spraying. The coatings
of the present invention are preferably deposited by plasma thermal spray
coating. However, choice of a particular process will depend on the exact

material to be deposited, the preferred equipment, and budget concerns.

In some embodiments of the instant invention, a binder is added to the
sputtering reduction coating composition before deposition in order to increase
adhesion and durability of the coating on the mask surface. The binder may
comprise a single material, such as cobalt, nickel, or chromium. Alternatively,
the binder may comprise a mixture of materials, such as a mixture of nickel
and chromium or a mixture of nickel and cobalt. In some embodiments, the
binder comprises about 5 to 30 weight percent of the final coating. More
preferably, the binder comprises 10 to 15 weight percent of the final coating.

The sputtering reduction coatings of the instant invention are thick enough to
protect the ion implantation mask’s surfaces, but not too thick to peel or crack
from thermal stress. However, the sputtering reduction coatings may have a
wide range of thicknesses and still achieve the beneficial effects described
herein. Preferably, the coatings have a thickness in the range of 100 um to
500 um. However, the coatings may have a thickness that is in the range of 1



WO 2019/149684 PCT/EP2019/052082

[0036]

[0037]

[0038]

10

pum to 100 pm.

The sputtering reduction coatings of the instant invention may be applied to a
portion of an ion implantation mask, i.e. the portion or surface areas of the ion
implantation mask that is exposed to an ion beam during the implantation
process, such that the implantation mask is at least partially coated with the
sputtering reduction coating. The sputtering reduction coatings of the instant
invention may alternatively be applied to the entire implantation mask, such
that the implantation mask is completely coated with the sputtering reduction

coating.

FIGS. 1A and 1B show an ion implantation mask 100 with a sputtering
reduction coating 101 in accordance with various embodiments of the
invention. An aperture 102 is provided in the implantation mask through which
a substrate may be exposed to an ion beam. As shown in FIG. 1B, the
implantation masks bulk material 103 is partially coated with the sputtering
reduction coating 101. In this exemplary embodiment, the top surface and the
sides of the implantation mask are covered with the sputtering reduction
coating, whereas the bottom side which will be oriented towards the substrate
surface and thus not exposed to the ion beam is not coated with the sputtering
reduction coating. In an alternative embodiment the implantation mask’s

complete surface may be coated with the sputtering reduction coating.

FIGS. 2A and 2B show an ion implantation mask 200 with an scratch
avoidance film 204 in accordance with various embodiments of the invention.
An aperture 202 is provided in the implantation mask through which a
substrate may be exposed to an ion beam. As shown in FIG. 3B, the
implantation masks bulk material 203 is partially covered with an scratch
avoidance film 204. In this exemplary embodiment, the bottom side of the ion
implantation mask, which is oriented towards the substrate, is covered with an
scratch avoidance film. In this exemplary embodiment, the anti-scratch film
covers the bottom side of the ion implantation mask up to a certain distance
from the edge, so as to avoid the scratch avoidance film being exposed to the
ion beam at the edges of the periphery or of the one or more apertures of the
ion implantation mask. This distance may be at least 1 mm, at least 2 mm or
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at least 3 mm. The scratch avoidance film may be continuous, or may be
discontinuous and for instance cover the bottom side of the ion implantation
mask in two or more distinct, non-contacting areas. In certain embodiments
the scratch avoidance film may cover selected areas of the bottom side so as
to avoid direct contact between the bulk implantation mask and the substrate.
In certain embodiments of this invention the scratch avoidance film’'s material
has a hardness that is lower than the hardness of the bulk material of the
implantation mask, lower than the hardness of sputtering reduction coating’s
material (if present), and/or lower than the hardness of the substrate material.
The hardness of these different materials can be evaluated by different tests,
for instance by Vickers hardness tests. In certain exemplary embodiments the
Vickers hardness of the scratch avoidance film is less than 1 GPa, in particular
in the range from 0.01 to 0.5 GPa, in the range from 2.0 x 108 to 3 x 108 Pa,
in particular in the range from 2.5 x 108 to 2.7 x 108 Pa. Vickers hardness of
different materials may be measured according to standard ISO 6507-1:2005.
For the present comparative purposes this standard method developed for
metals may be applied in the same way to a non-metallic material of the
scratch avoidance film or the substrate. The scratch avoidance film is in
certain instances made of a polymer that is adapted for vacuum processes,
for a pressure range of about 10 mbar to about 107" mbar. The scratch
avoidance film is in certain instances made of a polymer that is adapted for
continuous operating temperatures of at least 100°C, of at least 150°C, or
even of at least 200°C, that it is shows no visible degradation after at least
1000 hours at these temperatures. The scratch avoidance film may be directly
coated on the implantation mask, glued by appropriate vacuum compatible
glues onto the implantation mask. The material of the scratch avoidance film
may be a thermoplastic and may comprise polymers selected from the group
consisting of fluoropolymers, such as for example polytetrafluoroethylene, and
polyimides, One exemplary scratch avoidance film materials is Polyimide, for
instance sold under the registered trademark Kapton. The scratch avoidance
film may have a thickness of less than 500 um, less than 250 um or less than
100 um. With lower film thickness the transition zone is decreased. In certain
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embodiments the film thickness may be at least, 10 um, at least 20 ym or at
least 50 um. It was found that for sensitive substrates and difficult handling
conditions too low film thicknesses did not provide a sufficient anti-scratch
effect or were difficult to handle and apply. The film thickness may be in the

range from 10 pym to 500 pm, from 20 um to 250 pm or from 50 to 100 um.

FIG. 3 shows the cross section of a substrate 305 that is covered by an
implantation mask 300. In this exemplary embodiment the implantation mask’s
bulk material 303 is provided with a sputter reduction coating 301 as well as
an scratch avoidance film 304. The substrate’s 305 surface has been exposed
to an ion beam (not shown) through the aperture 302 and shows a fully
implanted area 306 and a transition zone 307 between the fully implanted area
and the non-implanted area 308. The non-implanted area has the same
properties and composition as before the ion implantation step and is only
identified on FIG. 3 for illustrative purposes.

FIG. 4 shows a partially implanted substrate 400 showing an implanted area
406, a transition zone 407 and a non-implanted area 408. The width of the
transition zone 409 may be different at different locations. The transition zone
may has properties that are different from the properties of both the fully
implanted area and the non-implanted area. The properties that differ can be
for example compositional, optical, structural and adapted measurement
methods are chosen to determine the width of the transition zone. It may in
some cases even be visible to the naked eye. Its width can be determined with
the appropriate optical magnifying means. The transition zone may have
different surface roughness properties that may be determined by atomic force
microscopy (AFM) measurements for example. For compositional changes,
surface composition measurements can for example be made by X-ray
fluorescence spectroscopy or Electron probe micro-analysis (EPMA). In some
cases the transition zone may comprise different sub-zones that have differing
properties or It may present a property gradient over its width. As the width of
the transition zone may vary on an implanted substrate in was decided to
determine the maximum width of the transition zone. For a sharp distinction

between non-implanted areas and fully implanted areas it was found that the
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maximum width of the transition zone should be less than 300 um, preferably
less than 200 pm, more preferably less than 100 um. For a reusable ion
implantation mask the maximum width of the transition zone should be
obtained after using the implantation mask in an ion implantation process at

least 4 times, at least 10 times, even at least 100 times.

The implantation mask of the present invention covers only a part of the
substrate, so as to expose a chosen area of the substrate’s surface to the ion
beam and so as to protect another chosen area of the substrate’s surface from
the ion beam. It may have one single aperture or more than one aperture
where the substrate is not covered. The implantation mask may have no
aperture, but cover only part of the substrate. Different shapes and
arrangements are possible for the implantation masks. In particular the
implantation mask’s bottom surface is shaped so as to closely follow the shape
of the substrate’s surface it covers. The substrates may not be flat. For flat
substrates, the bottom surface is preferably also flat. In particular the

implantation mask is flat and sheet-like.

A single implantation mask may be used to partly cover a single substrate, or
more than one substrate. More than one implantation mask may be provided

for to partly cover a single substrate.

In certain embodiments, the implantation mask may cover the substrate and

be in direct contact with the substrate. The mask’s bulk material may thus be
in direct contact with the substrate, or the mask’s sputter reduction coating
may be in direct contact with the substrate, or the mask’s scratch avoidance
film may be in direct contact with the substrate.

In certain embodiments, the implantation mask may cover the substrate
without being in direct contact with the substrate. In this case it is preferable
to minimize the distance between the mask and the substrate so as to
minimize the transition zone between non-implanted areas and fully implanted
areas on the substrate. For instance this distance should be less than 1 mm,
less than 0.5 mm, less than 0.2 mm or even less than 0.1 mm.

In certain exemplary embodiments the implantation mask is temporarily fixed
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by appropriate means, such as clamps for example, directly to the substrate,
held by gravity on the substrate, or temporarily fixed to a substrate holder. The
substrate may be covered with the implantation mask before entering the
implantation chamber in which the implantation process takes place. For
instance the substrate may be covered with the implantation mask at
atmospheric pressure before entering the implantation device, and before
being put under vacuum. The substrate may also be covered with the
implantation mask within the vacuum atmosphere of the implantation device
and the implantation mask may be removed from the substrate to be reused

within the same device, without leaving the vacuum atmosphere.

Any kind of substrate that is adapted for ion implantation may be covered by
the implantation mask of the present invention. The substrate may for example
be chosen among glass, quartz, sapphire, metal, metal alloy, polymer, silicon,
ceramic, graphite. The substrate may comprise a bulk material of these
materials and further comprise a coating of a different material in which and/or
through which the ions are implanted. In an embodiment of the present
invention the surface area of the substrate is larger than 5 cm? and up to 1 x
1 m?, and even up to one square meter, even up to several square meters, for

example up to about 3.21 x 6 m=.

In an embodiment of the present invention there is provided a method for
repeatedly partially ion implanting substrates. In particular there is provided a
method for partially implanting a first and a second substrate comprising
covering selected areas of a first substrate with a reusable ion implantation
mask according to any embodiment of the present invention, exposing the
covered first substrate to an ion beam, separating the ion implantation mask
from the first substrate, covering selected areas of the second substrate,
exposing the covered second substrate to an ion beam, separating the ion
implantation mask from the second substrate. With the ion implantation mask
of the present invention the ion implantation step may be repeated at least 4
times, at least 10 times, even at least 100 times.

The following embodiments of the present invention are not intended to be

limiting in any way. Those of skill in the art will recognize and appreciate how
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to adapt the devices and methods described herein without departing from the
spirit or scope of the present invention.

Examples

[0049]

[0050]

[0051]

[0052]

[0053]

All examples below were implanted with a ECR ion source. N2 was ionized by
this ion source so as to provide a beam comprising a mixture of N*, N®* and
N3*. The acceleration voltage was set at 20 kV and the ion dosage was set at
9 x 10'® ions/cm?. The current of the ion beam was set at 1.5 mA. The
implantation was performed in a vacuum chamber at a pressure of
~2 x10°mbar to ~ 2 x 10 mbar.

Regular clear soda-lime float glass of about 4mm thickness and of 10 cm x10
cm size was used as model substrate. The implantation parameters above
lead to a reduction of the reflectance in the implanted area that is visible to the
naked eye, particularly under diffuse lighting. The width of the transition zone
was determined optically using a Leica DM2700 M microscope. The different
masks were positioned so as to cover half of the substrate.

Comparative example C1 used as implantation mask aluminum foil of 0.02mm
thickness in direct contact with the substrate. Comparative example C2 used
as implantation mask a polyimide film, thickness 0.125 mm, of grade Kapton
HN, in direct contact with the substrate. Comparative example C3 used as
implantation mask a polytetrafluoroethylene (PTFE) fiim of 0.125 mm
thickness, in direct contact with the substrate. All three comparative examples
C1, C2, and C3 film showed strong deformation after implantation and the
transition zones on the implanted substrates had maximum width of more than

1 mm.

Example 1 used as implantation mask an aluminum sheet of 2 mm thickness,
in direct contact with the substrate. The implantation mask was reused 5 times
under the same conditions. After implantation, the maximum transition zone

width was determined to be in the range from 66 um to 200 um.

Example 2 used as implantation mask a highly oriented pyrolytic graphite
(HOPG). The HOPG used here is, as defined by IUPAC, a pyrolytic
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graphite with an angular spread of the c-axes of the crystallites of less than 1
degree. sheet of 1 mm thickness, in direct contact with the substrate. The
implantation mask was reused 5 times under the same conditions. After
implantation, the maximum transition zone width was in a similar range as for

Example 1.

Other types of graphite (non highly oriented pyrolytic graphite, randomly
oriented polycrystalline graphite for instance) were tested but were found to
start crumbling under the present implantation conditions and are therefore
not reusable. Probably this is due to the high currents that are higher than 0.1
mA.

Example 3 used the same implantation mask as example 1 which was held at
a distance of 0.2 mm. After implantation, the maximum transition zone width

was determined to be in the range from 75 pm to 240 pm.

Example 4 used the same implantation mask as example 1 which was
provided on the bottom side with an scratch avoidance film of Polyimide tape
of 0.125 mm thickness. The tape was kept at a distance of 2 mm from the
edges of the mask. After implantation, the maximum transition zone width was
similar as for example 3. No deterioration of the mask or the scratch avoidance

film was observed after implantation.

Stainless steel masks were found to result in transition zone widths in the

same range as aluminum masks.

Example 5 used a stainless steel mask with a sputtering reduction coating
comprising tungsten carbide (WC) and a 12 % cobalt binder that was spray-
coated onto all mask surfaces exposed to the ion beam. The thickness of the
coating was approximately 100 um. The maximum width of the transition zone
was determined to be in the range from 20 um to 50 um.

While the present invention has been described with respect to specific
embodiments, it is not confined to the specific details set forth, but includes
various changes and modifications that may suggest themselves to those
skilled in the art, all falling within the scope of the invention as defined by the

following claims.
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Claims

Claim 1. Reusable ion implantation mask for covering a selected area of a

substrate surface during ion implantation, comprising :

a bulk mask material selected from the group consisting of the metals Al,
Cu, Zn, Mn, Ti, Ni, Fe, Mo, and of the alloys of one or more of the metals
Al, Cu, Zn, Mn, Ti, Ni, Fe, and Mo, and of highly oriented pyrolytic graphite

and stainless steel,
wherein the ion implantation mask has a thickness of at least 1mm,
characterized in that the .

Claim 2. Reusable ion implantation mask according to claim 1 further
comprising a sputtering reduction coating wherein the sputtering reduction
coating comprises a material having a rate of sputtering when exposed to an
argon plasma that is less than the rate of sputtering of the bulk mask material.

Claim 3. Reusable ion implantation mask according to claim 1 or 2, wherein the
ion implantation mask comprises a sputtering reduction coating and wherein
the rate of sputtering of the sputtering reduction coating when exposed to an
argon plasma is less than 0.5 atoms per argon ion at 100 eV ion energies,
preferably less than 0.2 atoms per ion at 100 eV ion energies.

Claim 4. Reusable ion implantation mask according to claims 2 or 3, wherein the
sputtering reduction coating comprises a first material selected from the group

consisting of boron, carbon, or silicon.

Claim 5. Reusable ion implantation mask according to claims 2 or 3, wherein the
sputtering reduction coating comprises a metal selected from the group

consisting of tungsten, chromium, titanium, molybdenum, and zirconium.

Claim 6. Reusable ion implantation mask according to claims 2 or 3, wherein the

sputtering reduction coating comprises a carbide selected from the group
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consisting of tungsten carbide, chromium carbide, boron carbide, and silicon
carbide.

Claim 7. Reusable ion implantation mask according to claims 2 or 3, wherein the
sputtering reduction coating comprises a metal alloy.

Claim 8. Reusable ion implantation mask according to claim 7, wherein the
metal alloy is selected from the group consisting of alloys of cobalt, nickel,

chromium, nickel-chromium.

Claim 9. Reusable ion implantation mask according to claims 2 or 3, wherein the

coating comprises a conductive ceramic material.

Claim 10. Reusable ion implantation mask according 9, wherein the conductive
ceramic material comprises an element selected from the group consisting of

Ti and Zr, and an oxide or nitride thereof.

Claim 11. Reusable ion implantation mask according to any preceding claim
further comprising an scratch avoidance film of a polymer adapted for use in

vacuum processes in a pressure range of about 10-* mbar to about 1077 mbar.

Claim 12. Reusable ion implantation mask according to claim 11, wherein the

scratch avoidance film has a thickness in the range from 10 to 500 um.

Claim 13. Reusable ion implantation mask according to claims 11 or 12, wherein
the material of the scratch avoidance film has a Vickers hardness of less than
1 GPa.

Claim 14. Reusable ion implantation mask according to any one of claims 11 to
13, wherein the material of the scratch avoidance film is adapted for
continuous operating temperatures of at least 100°C.

Claim 15. Partially ion implanted substrate, wherein the maximum width of the
transition zone between a fully implanted surface area and a non-implanted

surface area is less than 300 pm.
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Claim 16. Method for partially ion implanting a first and a second substrate
comprising covering selected areas of a first substrate with a reusable ion
implantation mask according to any one of claims 1 to 14, exposing the
covered first substrate to an ion beam, separating the ion implantation mask
from the first substrate, covering selected areas of the second substrate,
exposing the covered second substrate to an ion beam, separating the ion

implantation mask from the second substrate.
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