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Method for fabricating high aspect ratio gratings for phase

contrast imaging

The present invention relates to several methods for
fabricating high aspect ratio gratings for phase contrast

imaging.

Interferometric X-ray and neutron phase contrast imaging is
based on diffraction gratings. The essential part of the
interferometer consists of two (or three) gratings: the source
grating G0, eventually used to generate small local coherent
spots of the source; the phase grating Gl, which generates a
Talbot carpet by shifting the phase of illuminating radiation,
and the analyzer grating G2 which is used to analyze the
Talbot carpet, conventionally using a phase stepping mode. The
periods of the gratings depend on the geometry of the whole
set-up. If, e.g. the set-up should fit into a standard full
body computer tomograph the overall set-up (X-ray source to
detector) is in the range of 1 m only. This allows for a
period in the micrometer range of 2 um for the analyzer

grating G2.

Gratings’ quality and the height of the analyzer grating
strongly affect the quality and the contrast of the generated
images, while the period depends on the geometry of the whole
set-up. There is the need to fabricate gratings with 1) wvery
high aspect ratio (»10, structural width in the micron range):;
2) large area (mammography, e.g., asks for a field of view >
20cm x 20cm) and 3) good uniformity (no distortions and change

in the period over the full grating area).

Moreover, the fabrication of the analyzer grating G2 is the
most challenging part, as the grating period is the um range,
and large areas have to be patterned with good uniformity. The
required thickness of the gold absorbing structures must be
sufficient to (ideally) fully attenuate the radiation, to
provide high fringe visibility and therefore best image

contrast.
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One of the approaches to realize such gratings is based on
forming a high aspect ratio recess structure in polymer on
conductive substrate and filling it with metal by
electroplating. The drawback of the method is a weak
mechanical stability of high aspect ratio polymer structure,

which tends to collapse during the wet resist processing.

Another approach is to replace the polymer with a
monocrystalline Silicon, which has a much better mechanical
properties. It is essential that the filling starts only at
the bottom of the grooves to ensure a complete, uniform
filling. This would require a sophisticated technique to
deposit a first metal seed on the bottom of the grooves, which

efficiency is strongly limited to low aspect ratio grooves.

Another approach - Metal-assisted chemical etching (MACE) is
an electroless chemical etching technique. MACE is reported as
a simple and low-cost method used to fabricate Si nanowires,
nanoporous silicon, and nanostructures. The metal catalyst
layer stays at the bottom of the formed profile and can be

used as a seeding layer for electroplating.

It was proposed recently to use low resistivity wafers and do
seedless electroplating directly on a surface of silicon. In
order to avoid electroplating on sidewalls and at the top of
the structure the wafer is coated by dielectric layer before
forming the recess structure in silicon. Then, after forming
the recess it is additionally coated by a polymer or a silicon
oxide layer. Finally, the coating is opened at the bottom of
recess which allows start plating directly at the bottom of

the recess, while keeping top and sidewall surfaces isolated.

It was also demonstrated that a high aspect ratio silicon
structure can be filled by dipping it into ligquid Bismuth.
Papers demonstrate that high aspect ratio recess can be filled
by Atomic layer Deposition technique and used for x-ray

applications.
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It is the objective of the present invention to provide method
for the fabrication of high aspect ratio gratings for phase

contrast imaging.

According to the present invention, several alternative
approaches for manufacturing of gratings for x-ray and neutron
imaging are suggested based on formation of high aspect ratio

recess structures in silicon and filling them with metal:

- A process to form high aspect ratio silicon structure
with pitches in micrometer range by Metal Assisted
Chemical Etching. The method uses thermal annealing of
the gold catalyst, which allows formation of continuous
gold mesh structured films, which enables production of
structures with large features and deep vertical
structures.

- A process which utilizes oxidation and shadow evaporation
of high etching resistance material over the high aspect
ratio recess in low resistivity silicon, etching the
oxide layer at the bottom of the recess structure and
electroplating. The process enables relaxed tolerances
for the process step parameters and a realization of
small pitch sizes and high aspect ratios.

- A process of thermal casting of metal into high aspect
ratio recess structure for x-ray applications and neutron
applications. The present approach enables a use of
materials with better absorbing properties for x-ray and
neutrons and utilize less demanding structures with lower
aspect ratios.

- A process, which utilizes a combination of deposition
metallic and dielectric layers by Atomic Layer Deposition
to form electroplating seeding layer in the high aspect
ratio recess structure, etching the dielectric layer at
the bottom of the recess structure and electroplating.
This method allows excluding issues with potentially
insufficient conductivity, surface oxidation and

uniformity compared to a case of seedless electroplating.
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- A process, which utilizes bonded silicon wafers with
metal in between the “device” and carrier wafers, forming
a high aspect ratio recess structure in the device layer
and electroplating. This method allows excluding issues
with the oxidation and uniformity compared to a case of
seedless electroplating on one hand and a necessity of
electrical isolation of the sidewalls in a case of
metalized recess structure on the other hand.

- An application of the Phaeble technology (Eulitha,
http://www.eulitha.com/technology/phabletm/), as a cost
effective method to pattern gratings for x-ray and
neutron phase contrast imaging applications on a large

scale.

a) Metal Assisted Chemical Etching of microstructures

A method to produce x-ray optical elements with fine feature
sizes is reported in literature. However, the method uses
thick film catalyst and is limited to small lateral features
and limited depth and a small area of the structures.
Fabrication of deep recesses with micron scaled features is
shown to be difficult either due to the movement of the metal
catalyst, excess of porosity due to unbalanced charge carriers
and edge bending of the catalyst pattern in case of thicker

film catalyst.

Here, it is suggested to form an interconnected metal
structure of the catalyst by thermal annealing treatment of
the lifted-off layer and to use a solution which does not
allow forming silicon structures through the holes in the
interconnected metal catalyst. The present method does not
need any balancing structures and can be applied to a whole
wafer size. Etching of 4” scale wafers was demonstrated, but
it can be upscaled to any wafer size providing metal
patterning and the etching batch of required size available.
Figure 1 show schematic drawing of the process of the Metal
Assisted Chemical Etching:

a. Pattern on the substrate;

b. Metal catalyst film deposition;
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c. Lift-off and thermal annealing;
d. Metal Assisted Chemical Etching;
e. Electroplating.

Figure 2 demonstrates the effect of the proposed process on
quality of the fabricated structures. In top row a surface of
the fresh evaporated gold film (left) and a thermally annealed
gold film (right) and in the bottom row corresponding
structures etched into silicon are shown. A strong out-of-
vertical etching is visible (FIG.2, left bottom) in the
grating realized without the formation of the metal
interconnected structure (step c¢) of the present invention,
the undercut is a consequence of the metal catalyst movement
during the etching process. The metal catalyst movement was
solved by introducing the formation of the metal
interconnected structure (step ¢ in Figure 1) by thermal
annealing. For example, metal de-wetting during thermal
annealing occurs if a thin film of Au is deposited on Oxygen-
terminated Silicon surface. Metal de-wetting (FIG.2, top
right) produces an interconnected metal structure that
mechanically strengths the metal catalyst avoiding deformation

during the MACE process.

b) Seedless electroplating method

In the art, a method is reported to create high aspect ratio
recess structures using an oxide or Polymer mask on top of the
structures, oxidation, etching of the oxide at the bottom of
the recess and electroplating. The key condition in all of
these methods is to have an extra dielectric layer on top of
the recess structures before the oxidation step. This allows
opening the oxide at the bottom without losing the whole
dielectric layer on top. However, when decreasing the pitch of
the grating and increasing the aspect ratio, the etching ratio
in the bottom of recess decreases drastically. Here, a
solution is suggested which eliminates the necessity of using
oxide on top of the silicon and which can be applied for

gratings with high aspect ratio independently on the pitch.
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Figure 3 shows a schematic drawing of high aspect ratio

formation using a standard lithographic technique. The sample

consists of a wafer, an intermediate layer, serving as an

etching mask and a resist and undergoes the following steps:
. Patterning of the photoresist;

a
b. Pattern transfer into hard mask;

c. Etching of high aspect ratio recess structure;
d

. Removal of the mask.

Patterning of photoresist can be done by means of
photolithography, interferometric lithography, Talbot
displacement lithography or electron beam lithography or other
methods allowing to realize the features of required size on a
required area. After the exposure and development of the
resist the pattern can be transferred to underlying hard mask
by chemical etching or by dry etching. The use of an
intermediate hard mask allows increasing the selectivity
between the substrate material and a mask material in the
following step. This material can be either metallic or
dielectric. The etching of high aspect ratio recess structure
can be realized by several options - anisotropic etching in
potassium hydroxide solution or deep reactive ion etching by
Bosch process or cryogenic etching. Finally, the mask material
is removed. The described process is used as a standard
routine to prepare a high aspect ratio recess structure and
uses it as a template to be filled with highly absorbing
material. In this section it is suggested to do it the way
shown in Figure 4:

a. Fabrication of a high aspect ratio recess structure;

b. Isolation of top and sidewall of the recess;

c. Deposition of hard mask by shadow deposition;

d. Removal of the oxidation layer at the bottom of high

aspect ratio recess mask with optional removal of
the mask on top of the recess.

e. Electroplating.
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Step “b” can be performed by thermal oxidation, wet oxidation,
atomic layer deposition (ALD) or plasma enhanced chemical
vapor deposition (PECVD). In case the substrate material is
silicon and the method is thermal or wet oxidation the
insulation material is silicon oxide, while in case of ALD or
PECVD the insulation material can be chosen from a variety of
dielectrics (e.g. aluminum oxide, silicon nitride, silicon
oxide or others). After the step “b” an etching mask with high
etching resistance is deposited on top of the grating by
shadow deposition. The etching mask can be metal, such as
Chromium or a dielectric, such as sapphire. In shadow
evaporation the evaporated material is approaching the surface
of the sample at an angle and is deposited to the top and
partly to the sidewalls of the high aspect ratio recess
structure. Those angles should be chosen in such a way that
the material is not deposited at the bottom of the high aspect
ratio recess structure. Depending on the etching selectivity,
the required thickness of this layer can be 10-100 times lower
than required thickness of the oxide layer in the art. This
makes our invention distinct from the above prior art and
enables fabrication of higher aspect ratio structures and

smaller lateral dimensions.

Alternatively, depending on experimental conditions, the
isolation layer deposited in step “b” can readily be deposited
in such a way that the thickness of the layer on top of the
recess structure is much higher than at the bottom. This, for
instance, is given by default in case of deposition by PECVD.

W

In this case, the step “c¢” can be skipped.

Alternatively, step “b” can include thermal oxidation and
deposition of extra insulation layer by PECVD. This would
provide a formation of thicker layer on top of the high aspect

W

ratio structure and could also allow skipping the step “c¢”

c) Fabrication of gratings utilizing Atomic Layer Deposition

and electroplating
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Another approach suggested is based on atomic layer deposition
(ALD) of a seed layer. This method is known to provide very
conformal coating of high aspect ratio structures with metals
and dielectrics. Complete or partial conformal filling of the
very high aspect ratio recesses by ALD can be achieved by this
method. Here, several approaches are suggested to utilize ALD
for fabrication of gratings for x-ray and neutron imaging
applications. Up to a recent time, the ALD was considered to
be slow and expensive process, which is only suitable for
deposition of layers in tens or few hundreds of nanometers
range. However, a complete filling of micron wide high aspect
ratio structures is a costly and time-consuming process. It is
suggested to use the ALD for a deposition of a conductive seed
layer and filling the high aspect ratio recess structure by
electroplating. The process includes deposition of conductive
and dielectric layers over the high aspect ratio recess
structure and removing the dielectric layer from the bottom of
recess structures. By doing that the electroplating can be
realized only at the bottom of the recess structure, while
keeping other surfaces protected by dielectric. The process
steps are shown in Figure 5:

a. Fabrication of a high aspect ratio recess structure;

b. Deposition of metal and dielectric layers by ALD;

c. Shadow deposition of a hard mask on top of the high

aspect ratio recess structure;
d. Removal of the dielectric layer at the bottom of
high aspect ratio recess structure.

e. Electroplating.

W ”

Alternatively, shadow deposition in step “c¢” can be replaced
by PECVD coating of insulating layer. As mentioned above the
PECVD layer will mostly deposit on top of the recess structure
and will allow performing step “d” without losing the
insulating layer on top of the high aspect ratio recess
structure. An advantage of this approach compared to seedless
electroplating shown above is that the plating seeding layer

in this case is a metal, which has much higher conductivity
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and makes formation of the starting layer during the

electroplating much easier.

d) Metal casting

The high aspect ratio structure produced in silicon can be
filled by metal casting. Casting of liquid Bismuth into
silicon mold has been demonstrated. However, the low
absorption of Bismuth requires structures with extreme aspect
ratios, which limits their application in realistic systems.
Ideally, the material should have high absorption of x-rays,
yet maintain good wetting properties. The most common x-ray
absorbing materials for hard x-rays reported in literature are
Ta, W, Ir, Pt, Au and Bi. Among them, gold is perhaps the most
frequently used due to the fact that it can be efficiently
deposited by electroplating. While only Bi and Au have melting
temperatures below the melting point of silicon. Gold is much
more efficient in absorption of x-rays, compared to Bismuth.
For example, one needs 30 micron of Gold against 50 microns of
Bismuth to have the same absorption level at 30 keV x-ray
energy. The melting point of Bismuth is only 271°C, while
melting point of Gold is 1064°C. The use of high temperature,
as required to melt gold has a risk of diffusion of one
material into another or even forming an eutectic alloy.
However, a need of higher thickness of metal in case of
Bismuth introduces complications both for the fabrication and
practical use of such gratings. Here, it is suggested to use
an eutectic Au80Sn20 alloy instead of pure Au, which has a
melting temperature of only 280°C and absorbing properties even
better than that of pure gold. The Au80Sn20 alloy is commonly
used in microelectronic industry and has very good wetting
properties, especially, on gold surfaces. The soldering is
usually done in ambient environment (Nitrogen environment with
5% Hydrogen content), which improves the flow of the solder

along the surfaces.

In case of neutron radiation the only suitable metal which
substantially absorbs neutrons is Gadolinium. The melting

point of Gd (1312°C) is below the melting temperature of
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Silicon (1414°C). However, as 1in case of gold some alloys with

lower melting temperature could also be used.

Metal or metal layer or alloy foil can be applied on high
aspect ratio recess structure (for example, made of Silicon)
and melted in vacuum with, optionally, applying additional
pressure. This can be easily controlled in a standard wafer
bonding machine. Once melted the ligquid metal is filled into
silicon recess structure. Several options exist to realize
this process (see Figure 6):
- Figure 6 left: Metal casting into pure silicon recess
structures, consisting of following steps:
a. Fabrication of a high aspect ratio recess structure;
b. Deposition of casting material layer or a foil;
c. Casting at elevated temperature and, optionally,
pressure;

d. Removal of the excess material.

- Figure 6 center: Melting of metal coating deposited onto
sidewalls of the recess structure:
a. Fabrication of a high aspect ratio recess structure;
b. Deposition of casting material layer (for example, by
electroplating);
c. Casting at elevated temperature and, optionally,
pressure;

d. Removal of the excess material.

- Figure 6 rights: Metal casting into silicon recess
structures coated with a thin layer of material with
favorable wetting properties:

a. Fabrication of a high aspect ratio recess structure;

b. Coating the recess structure with a layer having good
wetting properties;

c. Deposition of casting material layer or a foil;

d. Casting at elevated temperature and, optionally,
pressure;

e. Removal of the excess material.

10
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e) Bonded wafers technique
Plating in high aspect ratio recess structure suggests having
an electroplating seeding layer at the bottom of the recess.
This can be realized by the method suggested here. Two
metalized Silicon wafers is used and Metal-Metal bonding is
employed to realize sandwiched Silicon-Metal-Silicon wafer as
shown in Figure 7 and perform the following process steps:
- The bonded wafer, consisting a carrier wafer, metal layer
and device layer of targeted thickness;
- Etching of high aspect ratio recess structure through the
device layer;
- Electroplating (The metal between the wafer serves as an
etching stop layer and as a seeding layer for the
electroplating step):

- Removal of the carrier wafer (optional).

The metal between the wafers can be, for example gold or
copper. If the metal is copper, the device layer can be
separated from the carrier wafer by wet etching of copper
sacrificial layer in nitric acid. If the support layer is
transparent (i.e., glass, quartz or sapphire) it allows to

inspect the progress of etching of the sacrificial layer.

Alternatively to metal, an additional polymer sacrificial
layer can be used between the wafers, which allows chemical
or thermal removal of the carrier wafer. The advantage of
the removal of the device wafer is, on one hand - an
increased x-ray transmission required for low energy
applications through a thinner wafer and, on the other hand
- an improve of the elasticity of the grating due to thinner
substrate required for setups with divergent beams, which

requires corresponding bending of the gratings.

f) Fabrication of bended gratings

The visibility of the phase contrast imaging depends on the
absorbing power of the absorption gratings GO and G2. The
higher is the energy, the thicker (taller) grating lines are

required to achieve a necessary opacity of the lines in the x-

11
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ray beam. However, if the x-ray beam is divergent, which is a
case in many x-ray tube based source, there is certain
limitation for the aspect ratio of the gratings which can be
practically used in planar geometry. One of the solutions to
address this problem is to bent the grating in such a way that
the high aspect ratio lines follow the beam direction.
However, during the bending of the high aspect ratio
structures filled with metal, a line distortion would appear
due to the fact that the bending assumes lateral stretching of
the surface. This lateral stretching may cause random
irregular separation of the metal inside the high aspect ratio
recess structure. In order to avoid this effect we suggest to
perform metal filling into the recess structure by
electroplating, casting ALD or any other method when the
substrate with the high aspect ratio recess is bent. The
bending curvature should be designed according to the setup
geometry to be used. By doing so, the high aspect ratio recess
structures will be filled with metal without distortions, the
line directions will correspond to the divergence of the beam

and the substrate will keep the bending curvature by itself.

g) Patterning of gratings for x-ray and neutron imaging

The prior art does not say how the small pitch gratings for x-
ray or neutron applications can be patterned cost efficiently
on a large scale. Standard photolithography can potentially be
used down to a pitch size of ~1 micrometer. However, in
practice, severe uniformity problems appear when processing
pitches of few microns are processed on thin wafers with
thickness below 500 micrometers. Here it is suggested to use
displacement Talbot lithography to produce gratings for x-ray
and neutron applications with a pitch of few microns and
below. The advantage of the method compared to a standard
photolithography is that it is contactless. This makes it
insensitive to imperfections (bow/wrap) or to the presence of
particles on wafers and is particularly suitable for
processing thin substrates. Features of these dimensions can
be also realized by laser holographic exposures. However, the

accuracy for the pitch is limited to setting of the angle

12
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between the beams, while in case of displacement Talbot

lithography the pitch is given by the mask.

13
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Patent Claims

1. A method for fabricating high aspect ratio gratings,
comprising:

- providing a substrate and a patterned metal catalyst
film disposed on said substrate;

- forming an interconnected structure within the
patterned metal catalyst film by heating the substrate
at temperature between 100°C and the melting
temperature of the substrate;

- etching the substrate by an etchant solution containing
a fluoride etchant and an oxidizing agent, thereby
controlling the metal catalyst movement during metal
assisted chemical etching of high aspect ratio

structures.

2. The method according to claim 1, wherein said heating
comprises using a process selected from the group consisting
of thermal annealing, laser annealing, rapid thermal
annealing, furnace, flash annealing, electron beam

irradiation, ion beam irradiation, exposure to plasma.

3. The method according to claim 1 or 2, wherein the said
metal is selected from the group of gold, silver, platinum and
tungsten, wherein the said substrate comprises a material
selected from the group consisting of gilicon, GalAs, InP, GaP,
GaN, and III-V semiconductors and any compounds or alloys of

these materials.

4. A method for fabricating high aspect ratio gratings,
comprising:

a) providing a high aspect ratio recess structure;

b) generating an electrical insulation on the high aspect
ratio recess structure by thermal oxidation, plasma enhanced
oxidation, coating a dielectric layer by PECVD or ALD

dielectric layer or any combination of these techniques;

14
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c) depositing by shadow deposition of material with high
etching resistance on top of the electrical insulation and,
partly, on sidewalls of high aspect ratio recess structure;
d) etching the insulation layer at the bottom of the recess
structure through a high etching resistance mask; and

e) seedless electroplating into the high aspect ratio recess

structure.

5. A method of claim 4, wherein the electroplated metal is
selected from a group of gold, nickel, copper, wherein the
said substrate comprises of a material selected from the group
consisting of silicon, GaAs, InP, GaP, GaN, and III-V

semiconductors and any compounds or alloys of these materials.

6. A method for fabricating high aspect ratio gratings,
comprising the step of:

a) forming a high aspect ratio recess structure by deep
reactive ion etching, anisotropic wet-etching, metal assisted
chemical etching or photo-assisted chemical etching;

b) coating the recess structure by a conductive layer by
atomic layer deposition;

c) coating the recess structure by an insulating layer by
atomic layer deposition or PECVD;

d) shadow deposition of material with high etching resistance
on top and, partly, on sidewalls of high aspect ratio recess
structure by thermal evaporation or PECVD;

e) etching the insulation layer at the bottom of the recess
structure through a high etching resistance mask;

f) filling the high aspect ratio recess structure by

electroplating.

7. The method of claim 6, wherein the electroplated metal is
selected from a group of gold, nickel, copper, wherein the
said substrate comprises of a material selected from the group
consisting of silicon, GaAs, InP, GaP, GaN, and III-V

semiconductors and any compounds or alloys of these materials.

15
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8. The method of claim 6 or 7, wherein the conductive layer is
selected from a group of Ir, Pd, Pt, Ru, W wherein the
insulating layer is selected from a group of S$i0;, Al;03, TiOg,
Ca0, Cu0, Er;0s3, Gaz0s, HfO;, Las0s;, Mg0, Nby;Os, Scy0:, Tay0s,
VyOy, Y203, Yb:05, Zn0, Zr0;.

9. A method for fabricating high aspect ratio gratings,
comprising:

a) forming a high aspect ratio recess structure by deep
reactive ion etching, anisotropic wet-etching, metal assisted
chemical etching or photo-assisted chemical etching; and

b) casting of metal into recess structure.

10. The method of claim 9, wherein the electroplated metal is
selected from a group of gold, nickel, copper, wherein the
said substrate comprises of a material selected from the group
consisting of Si, GaAs, InP, GaP, GaN, and III-V

semiconductors and any compounds or alloys of these materials.

11. The method of claim 9 or 10, wherein the casting material
is selected from a group consisting of Au, Sn, AuyySnsg, Au-Sn

alloy, Au-Si alloy.

12. A method for fabricating high aspect ratio gratings,
comprising:

a) forming a high aspect ratio recess structure by deep
reactive ion etching, anisotropic wet-etching, metal assisted
chemical etching or photo-assisted chemical etching;

b) pre-filling the recess structure by electroplating;

c) melting the electroplated metal into the high aspect ratio

recess structure to prevent voids in electroplated layer.

13. The method of claim 12, wherein the electroplated metal is
gold or copper, wherein the said substrate comprises of a
material selected from the group consisting of silicon, GalAs,
InP, GaP, GaN, III-V semiconductors and any compounds or

alloys of these materials.

16
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14. A method for fabricating high aspect ratio gratings,
comprising:

a) forming high aspect ratio recess structure by deep reactive
ion etching, anisotropic wet-etching, metal assisted chemical
etching or photo-assisted chemical etching;

b) pre-coating of the recess structure by a material with good
wetting characteristic;

c) casting of metal with low melting temperature into the high

aspect ratio recess structure.

15. The method of claim 14, wherein the said substrate
comprises of a material selected from the group consisting of
Si, GaAs, InP, GaP, GaN, and III-V semiconductors or any
compounds or alloys of these materials, wherein the
electroplated metal is gold wherein the casting material
selected from the group consisting of Au, Sn, AuzpSngy, Au-Sn

alloy, Au-Si alloy.

16. A method for fabricating high aspect ratio gratings,
comprising:

a) providing a bonded wafer comprising a carrier wafer, a
metal layer and a device wafer;

b) forming a high aspect ratio recess structure in the device
layer by deep reactive ion etching, anisotropic wet-etching,
metal assisted chemical etching or photo-assisted chemical
etching;

c) electroplating into high aspect ratio recess structure.

17. The method of claim 16, wherein carrier and device wafer
consist of silicon, GaAs, InP, GaP, GaN, and III-V
semiconductors or any compounds or alloys of these materials,
wherein the metal layer is selected from a group consisting of

Cu, Cr, Au, Ni, Al or combination of these materials.
18. The method of claim 16 or 17, wherein the support wafer is

removed by chemical etching of the metal layer between the

wafers.
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19. A method for fabricating high aspect ratio gratings;
comprising:

a) providing a bonded wafer comprising a carrier wafer, a
sacrificial layer, a metal layer and device wafer;

b) forming a high aspect ratio recess structure in the device
layer by deep reactive ion etching, anisotropic wet-etching,
metal assisted chemical etching or photo-assisted chemical
etching;electroplating into high aspect ratio recess
structure; and

c) removal of the carrier wafer through the chemical

dissolving or thermal treatment of the sacrificial layer.

20. A method to fabricate the absorbing grating on bended
substrates; comprising the following steps:

a) forming a high aspect ratio recess structure;

b) bending the substrate to an angle corresponding to
divergence of the beam and geometry of a setup to be used;

c) filling the high aspect ratio recess structure with metal.

21. A method to produce gratings for x-ray or neutron phase
contrast imaging, whereas the patterning of the gratings is

performed using displacement Talbot lithography.

22. A method to produce gratings for x-ray imaging, where the
high aspect ratio recess structure is filled by atomic layer

deposited metal from a group of Ir, Pd, Pt, Ru, W.

23. A method to produce gratings for neutron imaging, where
the high aspect ratio recess structure is filled by atomic
layer deposited gadolinium, gadolinium oxide or other

gadolinium containing compound material.
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inventions in this international application, as follows:

1. claims: 1-3

refer to a method for fabricating high aspect ratio gratings
by providing a substrate and a patterned metal catalyst film
disposed on said substrate, forming an interconnected
structure within the patterned metal catalyst film by
heating the substrate at temperature between 100°C and the
melting temperature of the substrate and etching the
substrate by an etchant solution containing a fluoride
etchant and an oxidizing agent,

2. claims: 4, 5

refer to a method for fabricating high aspect ratio
gratings, by providing a high aspect ratio recess structure,
generating an electrical insulation on the high aspect ratio
recess structure by thermal oxidation, plasma enhanced
oxidation, coating a dielectric Tayer by PECVD or ALD
dielectric layer or any combination of these techniques and
depositing by shadow deposition of material with high
etching resistance on top of the electrical insulation and,
partly, on sidewalls of high aspect ratio recess structure
and further etching the insulation Tayer at the bottom of
the recess structure through a high etching resistance mask
and seedless electroplating into the high aspect ratio
recess structure.

3. claims: 6-15

refer to a method for fabricating high aspect ratio
gratings, by forming a high aspect ratio recess structure by
deep reactive ion etching, anisotropic wet-etching, metal
assisted chemical etching or photo-assisted chemical
etching.

4. claims: 16-19

refer to a method for fabricating high aspect ratio gratings
by providing a bonded wafer comprising a carrier wafer.

5. claim: 20

refers to a method to fabricate an absorbing grating on
bended substrates by bending the substrate to an angle
corresponding to divergence of the beam and geometry and
filling the high aspect ratio recess structure with metal.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

6. claim: 21

refers to a method to produce gratings for x-ray or neutron
phase contrast imaging, whereas the patterning of the
gratings is performed using displacement Talbot 1ithography.

7. claim: 22

refers to a method to produce gratings for x-ray imaging,
where the high aspect ratio recess structure is filled by
atomic layer deposited metal from a group of Ir, Pd, Pt, Ru,
W.

8. claim: 23

refers to a method to produce gratings for neutron imaging,
where the high aspect ratio recess structure is filled by
atomic layer deposited gadolinium, gadolinium oxide or other
gadolinium containing compound material.




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - wo-search-report
	Page 26 - wo-search-report
	Page 27 - wo-search-report
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report

