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SINGLE CRYSTALLINE DIAMOND PART PRODUCTION METHOD FOR STAND-ALONE SINGLE
CRYSTALLINE MECHANICAL AND OPTICAL COMPONENT PRODUCTION

FIELD OF THE INVENTION

The present invention relates to a method for fabricating stand-alone, released components or parts
in single or mono crystalline diamond and single or mono crystalline diamond parts or products
produced by this method. The present invention further concerns a detached or isolated diamond part
or product consisting solely of a reactive-ion-eiched single crystalline diamond part or product.

DISCUSSION OF THE BACKGROUND ART

With the recent availability of industrial high purity chemical vapor deposition {CVD} single crystaliine
diamond, applications that take advantage of its unigue optical and mechanical properties have been
widely reported.

Mechanical structures such as nanomechanical resonators, nanowire tips and cantilevers have been
dernonstrated.

in the field of optics, micro-lenses, gratings and microcavities are applications where single crystalline
diamoend is an ideal material.

However, applications are limited to structures with relatively small thicknesses ranging only from a
few hundreds of nanometers to a few tens of microns.

Single crystalline diamond released parts up to 1.2 mm thick have been obtained by laser ablation,
however, showing rough sidewalls {of about 1 um rms}. In contrast, the use of reactive ion etching
{(RIE} has resulted in smooth etched structures with rms roughness of a few nanometers {of about 3
nm rs). In addition, laser ablation is a sequential process, whereas plasma based methods allow for
simultaneous fabrication of a multiple and an arbitrary number of parts, the only limitation being the
size of the diamond substrate or a composite substrate composed of multiple individual diamond
substrates.

Etching processes for single crystalline diamond have been demonstrated with oxygen-based plasmas,
often found in combination with other gases such as argon or fluorccarbons {e.g. CF4).

Eich rates up 1o 40 um/h and selectivities to the hard mask material higher than 50:1 were reached,
yet there has been no demonstration of eiching depths higher than about 55 um, however, this
required the use of an external high-grade steel structure acting as a hard mask.

This limitation arises from the difficulties that are encountered during the structuration of thick hard
masks used in the deep etching process, such as the formation of an edge bead during the spin coating
of the photoresist on small diamond substrates. in addition, micromasking effects lead to rough
surfaces and can nearly stop the etching process, thus making it difficult to reach high etching depths.

in addition, varicus suppliers exist for CVD diamond coatings on other materials such as silicon, and
all-polycrystalline-diamond parts are commercially available. However, polycrystaliine diamond has
several limitations in material properties compared to single crystalline diamond.
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SUMMARY

it is therefore one aspect of the present disclosure to provide a single crystalline diamond part
fabrication method that overcomes the above challenges. The present invention thus relates to a
method according to cdaim L

The method preferably includes the steps of:

- providing a single crystalline diamond substrate or layer;

- providing a first adhesion layer on the substrate or layer;

- providing a second adhesion layer on the first adhesion layer;
- providing a mask layer on the second adhesion laver;

- forming at least one indentation or a plurality of indentations through the mask layer and the first
and second adhesion layers to expose a portion or portions of the single crystalline diamond substrate
or layer; and

- eiching the exposed portion or portions of the single crystalline diamond substrate or layer and
atching entirely through the single crystalline diamond substrate or layer.

This method advantageously allows free-standing single crystalline diamond parts having larger
dimensions to be produced. Moreover, the stand-alone single crystalline diamond parts have a low
surface roughness. This, for example, allows synthetic single crystalline diamond mechanical working
parts to be produced, for example, watch parts.

it is another aspect of the present disclosure to provide a single or mono crystalline diamond part or
product produced by this method.

it is yet another aspect of the present disclosure to provide a free-standing diamond part or product
consisting solely of or comprising a reactive-ion-etched synthetic single crystalline diamond.

Other advantageous features can be found in the dependent claims.

The above and other objects, features and advantages of the present invention and the manner of
realizing them will become more apparent, and the invention itself will best be understood from a
study of the following description with reference to the attached drawings showing some preferred
embodiments of the invention,

A BRIEF DESCRIPTION OF THE DRAWINGS

The above obiject, features and other advantages of the present invention will be best understood
from the following detailed description in conjunction with the accompanying drawings, in which:

Figure 1 shows an example of a releasad part or product in single crystaliine diamond obtained with
the method of the presant disclosure, the released component has a diameter of (about} 3 mm, and
a thickness t of {about} 0.15mm; and

Figure 2 shows an exemplary single crystalline diamond part fabrication method as well as exemplary
materials that may be used in this method.
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Herein, identical reference numerals are used, where possible, to designate identical elements that
are common to the Figures.

DETAILED DESCRIPTION OF SEVERAL EMBODIMENTS

Figure 2 shows an exemplary single crystalline diamond part fabrication method and Figure 1 shows
an examplary diamond product P produced by this method. The method of the present disclosure is,
for example, for fabricating micro-mechanical and micro-optical components or parts in single
crystalline diamond.

The process uses single or mono crystal or crystalline diamond substrates or layers 1. The single
crystalline diamond substrates or layers can, for example, be of dimensions 5 mm {(length (x-direction})
% 5 mm {width (y-direction}} x 0.15 ram {thickness 1 (z-direction}}. However, the method of the present
disclosure is not limited to such dimensions and the single crystalline diamond substrate or layer 1 can
be larger or shorter in length and width and can also have a larger or smalier thickness. For example,
diamond components of thicknesses between lum and Imm can be produced and the single
crystalline diamond substrate or layer 1 thus also has a thickness between Lum and 1mm. The single
crystalline diamond substrate or layer 1 can alternatively have a thickness between lum and 500um,
or 50um and 500um, or 50um and 250um.

The single crystalline diamond substrate or layer 1 is preferably non-natural or synthetic single
crystalline diamond, for example, chemical vapor deposition CVD single crystalline diamond or
synthetic diamond by HPHT (high pressure high temperature} synthesis.

A deep reactive ion etch process is performed on the substrate or layer 1 in order to obtain released
parts with arbitrary shapes {the obtained parts are "2.5D" and not 3D, since the parts are obtained by
transferring a 2D pattern in the diamond substrate by deep etching).

Linlike known methods, this process overcomes known difficulties and permits to etch completsly
through the diamond substrate to obtain the released parts. The process uses a thick hard mask
deposition and patterning, followed by, for example, an O; based plasma etching to produce the fres-
standing diamond parts P {see for example Figure 1}

A first adhesion layer 3 is deposited on or applied to the single crystalline diamond substrate or layer
1. A second adhesion layer 5 is then deposited on or applied to the first adhesion layer 3. The first
adhesion layer 3 is preferably applied directly to the diamond substrate or layer 1 and the second
adhesion layer 5 is preferably applied directly to the first adhesion laver 3.

The first 3 and second & adhesion layers comprise or consist of different materials. The first adhesion
layer 3 may, for example, comprise or consist solely of aluminum, chromium or titanium or a
combination of these. The second adhesion layer 5 may, for example, comprise or consist solely of
silicon oxide.

The second adhesion {aver 5 may, for example, comprise or consist solely of silicon oxide, Al O3, Al, Si,
SIN, Au, Ti, SisNg, Ni, a Ni-Ti alloy, or W. The second adhesion layer 5 may also, for example, comprise
or consist solely of Ag, Cu, Fe, Cr, Co, Ga, Ge, In, Mo, NiFe, Nilr, Nb, Pd, Pt, Si, Sn, Ta, or Y. The second
adhesion fayer 5 may also, for example, comprise or consist solely of Mg3, ITO {indium Tin Oxide,
EﬂzOg*SﬂOz), Titanium Oxides (TEOz, Tizgg, TigDs), ZfOz, Hsz, Lazog, YzDg or SiC.

The first adhesion fayer 3 can have, for example, a thickness of Snm to 250nm. The second adhesion
layer 5 can have, for example, a thickness of Snm to 100nm.
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A {hard} mask layer 9 is then deposited on or applied to the second adhesion layer 5. The mask layer
2 has, for example, a thickness of between 1um and 150um. The presence of the first 3 and second 5
adhesion layer assures that a mask layer 9 of significant thickness can be deposited and retained on
the structure during the deep reactive ion etching of the diamond substrate or layer 1 and that etching
can he carried out completely through the diamond substrate or layer 1. Delamination and cracking
due to siress are preventad.

Preferably, the mask layer 9 comprises or consists solely of a material that etches {for example, in an
oxygen based plasma etch) slower than the single crystalline diamond substrate or layer 1. The reactive
ion etch is preferentially selective of the diamond subsirate or layer 1 and preferably etches the
diamond substrate or layer 1.

The mask layer ¢ may, for example, comprise or consist sclely of silicon oxide.

The mask layer 9 may, for example, comprise or consist solely of silicon oxide, AlL,Os;, Al 5§, S5IN, Au, Ti,
SizM4, Ni, a Ni-Ti alloy, or W. The mask layer 8 may alsc, for example, comprise or consist solely of Ag,
Cu, Fe, Cr, Co, Ga, Ge, In, Mo, NiFe, NiCr, Nb, Pd, Pt, Si, Sn, Tg, or Y.

The mask layer 9 may also, for example, comprise or consist solely of MgO, ITO (indium Tin Oxide,
Eﬂzﬂg—srﬁ@z), Titanium Oxides (TEO;, Ti;{Ogg, Tig;Os), Z?Qz, HfO,, La»,;();;, \{7_03 or SiC.

The second adhesion layer & and the mask layer 9 may comprise or consist solely of the same or
different materials.

The first 3 and second 5 adhesion layers may also comprise or consist solely of a material that etches
slower than the single crystalline diamond substrate or layer 1. The first 3 and second 5 adhesion layers
may alse comprise or consist solely of a material that etches slower than the mask layer 9.

At least one indentation or recess 10, or 3 plurality of indentations or recesses 10 are formed through
the mask layer 9 and the first 3 and second 5 adhesion layers, for example by eiching, to expose a
portion or portions 10A of the single crystalline diamond substrate or layer 1 {ses, for example, Figure

2 {j}.

The at least one indentation or the plurality of indentations 10 define a profile in the mask layer {9}
and the first 3 and second 5 adhesion layers that will be transferred to the single crystalline diamond
substrate or layer 1 and that defines the form or shape of the resulting single crystalline diamond part
or product P.

The indentations 10 can be formed, for example, by depositing or applying a profile forming layer 15
directly on the mask layer 9 to permit the indentation or indentations 10 to be formed in the mask
fayer 9 as well as the first 3 and second 5 adhesion layers. The profile forming layer 15 may, for
example, comprise or consist solely of a photoresist.

The deposition of the profile forming layer 15 may result in accumulation zones {or edge-beads) being
formed at outer section or sections 17A of the profile forming laver 15 {see, for example, Figure 2{e}}.
Such zones 178 can limit the minimum feature size achievable in the profile forming laver 15, and/or
limit the accuracy of the patterns contained in the profile forming layer 15. These outer sections 17A
of the profile forming layer 15 are first removed so that only a central section 178 of the profile forming
layer 15 remains on the mask layer 9. The recess formation structures 18 are then formed in central
section 178 {by etching for example, or by standard photclithography technigues Le. exposure and

4



10

15

20

25

30

35

40

45

WO 2019/043432 PCT/IB2017/055200

development when the profile forming layer 15 consists of photoresist) and used to form the at least
one indentation or the plurality of indentations 10 in an inner central area of the mask layer 9.

Wet-etching of sidewalls SW of the mask laver 9 defining the indentaticns 10 may be carried out to
smocthen the sidewalls SW. This is preferably carried out prior to etching the exposed portion or
portions 10A of the single crystalline diamond substrate or layer 1. The sidewalls of the second
adhesion layer 5 may also be processed in the same manner. This advantagecusly permits smoother

sidewalls SW1 to be obtained in the single crystalline diamond substrate or layer 1.

The exposed portion or portions 10A of the single crystalline diamond substrate or layer 1 are reactive
ion etched and etched entirely through the single crystalline diamond substrate or laver 1. The profile
of the at least one indentation or the plurality of indentations 10 is to be transferred to the single
crystalline diamond substrate or layer 1.

Etching is carried out using, for example, an oxygen based plasma etch. In addition to the oxygen based
plasma etch, a physical etch may be simultaneously carried out by accelerating the plasma created
fons using an applied electric field to accelerate the ions against the exposed portion or portions 10A
of the single crystalline diamond substrate or layer 1. This advantageously permits a higher etch rate
to be achieved.

The oxygen based plasma etch can consist solely of an oxygen based plasma. Alternatively, the plasma
etch can comprise mixed gases such as oxygen and an inert gas {for example argon), or for example G,
and Ar and SFg; O; and SFg; Oz and CFy; 00 and CHF3; or O and Ha. Alternatively, a mixed gas of Ar and
Cl; can be used.

The single crystalline diamond substrate or layer 1 may be attached o a support substrate 11 to aliow
easier handling. This can be done, for example, prior to forming the at least one indentation or plurality
of indentations 10A.

The single crystalline diamond substrate or layer 1 can be attached to the support substrate 11 via a
sacrificial layer 7. The support substrate 11 can be attached to the sacrificial layer 7 by an intermediate
attachment layer 11A. Alternatively, the single crystalline diamond substrate or layer 1 can be attached
to the support substrate 11 via only the attachment layer 11A. The attachment laver 11A may, for
example, comprise an adhesive, an insulator or semiconductor or metallic fayer.

The sacrificial layer 7 may comprise or consist solely of a different material or of the same material as
the first adhesion layer 3.

The single crystalline diamond part or parts P can be released by removal of the sacrificial layer 7 or
alternatively by removal of the attachment layer 114, or separation at the attachment layer 114,

A more specific exemplary embodiment will now be described in relation to Figures 2{a} to {m}.

A cleaning step may first be carried out by cleaning a single crystalline diamond substrate or layer 1,
with dimensions {about} 5 mm x 5 mm x 0.15 mm, using for example a Piranha solution
{H:504(96%):H,02{30%) (3:1}} {Figure 2{a}}.

The substrate 1 can then optionally be placed in an O, plasma (600 W, 400 scom O, flow, 0.8 mbar} for
2 minutes in order to improve the adhesion of the first adhesion layer 3 and the sacrificial layer 7
which is for example a 200nm thick sputtered aluminum layer deposited on both sides of the substrate
or layer 1 immediately afterwards {200 W, 15 scom Ar flow) {Figure 2{b}}.

5
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The aluminum adhesion layer 3 on the frontside FS of the substrate 1 serves as an adhesion promoter
for the subseguent deposition of a sificon oxide mask layer 9, while the sacrificial aluminum layer 7 on
the backside BS serves as an etch-step and sacrificial layer for the release of the fabricated parts P.

A 65 nm thick silicon oxide second adhesion layer 5 is sputtered on the frontside FS of the substrate 1
under O, flow {1000 W, 98 sccm Ar flow, 13 scom O, flow), to serve as an additional adbesion layer
betwean the first adhesion aluminum laver 3 and the 7 um thick silicon oxide mask layer 9 sputtered
subseguently without O; flow in order o achieve high deposition rates {1000 W, 15 scom Ar flow)
{Figure 2{c}).

The substrate 1 can be glued on a silicon handling wafer 11 with for example Quickstick 135 {Figure
2{d}}, and can be followed for example by an Hexamethyldisilazane {HMDS} vapor deposition at 130°C,
in order to improve the subsequently deposited photoresist 15 adhesion.

A{about) 2.5 um thick layer of, for example, ECI 3027 photoresist is spin coated at 1750 rpm, followed
by a & minute softbake at 100°C {Figure 1{e}}. A substantial edge-bead 17A may be formed due to the
rectangular shape of the substrate 1 and the step between the handling substrate 11 and the frontside
FS of the diamond substrate or layer 1. Edge beads also form on substrates of other shapes such as
circular shapes, and also form on larger substrates. It is preferably that they be removed, in order to
obtain good lithography resolution {minimizing distance of mask to photoresist).

in order to remove this edge-bead 174, 2 first {optical or electron beam) exposure of the photoresist
15 is done {600 mi/cm?) on the edge-bead 17A affected region (for example, from the substrate edge

to {about} 0.5 mm inside the substrate 1), followed by 2 standard development in AZ 726 MIF
developer for 137 seconds (Figure 2{f}}.

A second exposure {225 mi/em?) is performed on the central region 178 of the substrate or laver 1,
with the pattern 18 of 3 part or parts P to be fabricated, followed by a development in AZ 726 MIF for
108 seconds {Figure 2{g}}.

The silicon oxide second adhesion layer and mask layer 5, 9 are etched in a He/H,/CyFs based plasma
in steps smaller than 4 minutes during a total time of 30 minutes and 20 seconds {Figure 2{h}}.

This is foliowed by the stripping of the photoresist 15, using an O: plasma (600 W, 400 scem O flow,
0.8 mbar} for 2 minutes, a 5 minutes immersion in a microposit remover 1165 solution heated at 75°C
followed by a deionized {DI) water rinsing and drying under N; flow, and a second O, plasma {600 W,
400 scem O flow, 0.8 mbar) for 2 minutes.

In order to smoothen the sidewalls of the second adhesion layer and the mask layer, that is, the silicon
oxide 5, 9 sidewalls, the substrate 1 is immersed for 15 seconds in a Buffered Hydrofluoric acid solution
{NH.F{40%):HF(50%) (7:1}) (Figure 2{i}}.

The first adhesion aluminum layver 3 is etched in a Ch/BC; based plasma for {(about) 1 min, immediately
followed by a Dl water rinsing and drying under N; flow to remove any chiorine residues {Figure 2{j}).

The single crystalline diamond substrate 1 is etched for (about) 5 hours in an O, based plasma {2000
W ICP power, 200 W bias power, 100 scom O; flow, 15 mTorr chamber pressure} untit the aluminum
backside sacrificial layer 7 is reached (Figure 2{k)}). A physical etch is simultaneously carried out via
acceleration of the plasma created ions by the applied bias power. The etch rate is {about) 30
um/hour. The RIE machine used for the diamond etch was a SPTS APS Dielectric etcher.
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The adhesion and mask silicon oxide layers 5, 9 are stripped in an HF {50%) bath {Figure 2{}}}, and the
first adhesion aluminum layer 3 and the {aluminum} sacrificial layer are etched in an
HaPO4{(85%):CH ;COOH{100%) HNG3({70%) {83:5.5:5.5) bath at 35°C until it is fully stripped and the
parts P are released from the handling silicon wafer 11 {Figure 2{mj}}.

Figure 1 shows an exemplary example of a product P produced by this method.

Parts P obtained with this exemplary method have a sidewall angle of 84.6° + 0.5° and features down
to {about) 3 um are resoived. The sidewall SW1 roughness measured with an atomic force microscope
{AFM) ranges from {about) 15 nm {rms) to (about} 200 nm {rms}, depending on the region of the
sidewalls {for example, the top {about) 30 um of the sidewalls show a much smoother surface than
the remaining {about) 120 um underneath}.

To the knowledge of the inventors, this is the first time that such deep etches are praduced in single
crystalline diamond using plasma based methods.

Moreover, as far as the inventors are aware, this is the first time that single crystalline diamond
detached pieces are produced.

The method permits, for example, 1o produce micro-mechanical components {e.g. for the watch
industry) or micro-optical parts {e.g. x-ray diffraction gratings, lenses). Figure 1 shows an exemplary
micro-mechanical componeant for the watch industry produced by the method of this disclosure.

Mechanical components that can be produced include, for example, a nangc-indenter, mechanical
testers, cutting blades, resonators. Optical components that can be produced include, for example,
lenses, filters, beam splitters, windows, diffusers, prisms.

The diamond part or product P is a free-standing reactive-ion-etched synthetic single crystalline
diamond part including at least one or a plurality of reactive-ion-etched sidewalls SW1. The synthetic
single crystalline diamond substrate or layer can be, for example, a chemical vapor deposition {TVD)
single crystalline diamond substrate or layer.

The diamond part or product P has a thickness t between Lum and imm, and/or the at least one or
the plurality of reactive-ion-etched sidewalls SW1 have a thickness t between Lum and Imm.

The diamond part or product P can consist solely of or comprise a free-standing reactive-ion-etched
synthetic single crystalline diamond substrate or layer {or body) 1, and at least one or a plurality of
reactive-ion-etched sidewalls SW1 to define at least one aperture AP in the substrate orlayer 1, and/or
at least one synthetic single crystaliine diamond mechanical element ME in the substrate or layer 1,
and/or at least one synthetic single crystalline diamond protrusion PR,

The synthetic single crystalline diamond protrusion PR can be for example a lateral protrusion PR. The
synthetic single crystalline diamond mechanical element ME extends for example laterally in the
planer direction of the substrate or layer 1.

The at least one or the plurality of reactive-ion-etched sidewalls SW1 can include at least one or a
plurality of external sidewalls ESW1 defining an cuter boundary of the diamond part or product P,
and/or at least one or a plurality of inner sidewalls 1SW1 defining inner elements of the diamond part

or product P.
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The at least ane or the plurality of reactive-ion-eiched sidewalls SW1 can be oxygen plasma stched
sidewalls SW1, or can be oxygen plasma etched and physical etched sidewalls SW1, the physical
etching being via acceleration of plasma created ions.

The at least one or the plurality of reactive-ion-etched sidewalls SW1 can have a RMS roughness
between Inm and 1um, or 2 RMS roughness between 15nm and 200nm. The sidewalls SW1 can have
a height or thickness t of between lum and 1mm, or 80um and 1mm, or 150um and 1mm or between
50um and 250um.

The plurality of reactive-ion-etched sidewalls can define an angle of between 84 and 20 degrees or 84
and 88 degrees with a planar surface PS of the diamond part or product

While the invention has been disclosed with reference to certain preferred embodiments, numerous
modifications, alterations, and changes to the described embodiments, and equivalents therecf, are
possible without departing from the sphere and scope of the invention. Accordingly, it is intended
that the invention not be limited to the described embodiments, and be given the broadest reasonable
interpretation in accordance with the language of the appended claims.
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CLAIMS
1. Single crystalline diamond part production method including the steps of:
- providing a single crystalline diamond substrate or layer (1);
- providing a first adhesion layer (3) on the substrate or layer {1);
- providing a second adhesion layer (5) on the first adhesion layer (3);
- providing a mask layer (9) on the second adhesion layer (5);
- forming at least one indentation or a plurality of indentations through the mask layer (9) and the first
and second adhesion layers (3, 5) to expose a portion or portions of the single crystalline diamond
substrate or layer (1); and _
- etching the exposed portion or portions of the single crystalline diamond substrate or layer (1} and

etching entirely through the single crystalline diamond substrate or layer (1).

2. Method according to claim 1, wherein the first adhesion layer (3) is provided directly on a surface of

the single crystalline diamond substrate or layer (1).

3. Method according to any one of the previous claims, wherein the second adhesion layer (5) is

provided directly on the first adhesion layer (3).

4. Method according to any one of the previous claims, wherein the first and second adhesion layers

(3,5) comprise or consist of different materials.
5. Method according to any one of the previous claims, wherein the first adhesion layer (3) comprises
or consists solely of aluminum, chromium or titanium, or the second adhesion layer (5) comprises or

consists solely of silicon oxide.

6. Method according to any one of the previous claims, wherein the first and/or second adhesion layer

(3, 5) has a thickness between 25nm to 300nm.
7. Method according to any one of the previous claims, wherein the first adhesion layer (3) comprises
or consists solely of aluminum, chromium or titanium, and the second adhesion layer (5) comprises or

consists solely of silicon oxide.

8. Method according to the previous claim, wherein the first adhesion layer (3) has a thickness of 5nm

to 250nm, and the second adhesion layer (5) has a thickness of 5nm to 100nm.
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9. Method according to any one of the previous claims, wherein the mask layer (9} and/or the first
adhesion layer (3) and/or the second adhesion fayer (5} comprises or consists solely of a material that

etches slower than single crystalline diamond.

10. Method according to any one of the previous claims, wherein the mask layer (9) and/or the first
adhesion layer (3) and/or the second adhesion layer (5) comprises or consists solely of a material that

etches slower than single crystalline diamond exposed to an oxygen based plasma etch.

11. Method according to any one of the previous claims, wherein the mask layer (9) comprises or

consists solely of silicon oxide.

12. Method according to the previous claims, wherein the mask layer (9) has a thickness of between

1pm and 150um.

13. Method according to any one of the previous claims, wherein the single crystalline diamond

substrate or layer (1} is etched entirely through a thickness of between 1um and 1mm.

14. Method according to any one of the previous claims, wherein the produced single crystalline

diamond part has a thickness (t) between 1lum and 1mm.

15. Method according to any one of the previous claims, wherein the etching of the exposed portion
or portions of the single crystalline diamond substrate or layer (1} is carried out using an oxygen based

plasma etch.

16. Method according to any one of the previous claims, wherein the etching of the exposed portion
or portions of the single crystalline diamond substrate or layer (1) is carried out using an oxygen based
plasma etch and physical etching via acceleration of plasma created ions against the exposed portion

or portions of the single crystalline diamond substrate or layer (1}.

17. Method according to any one of the previous claims, wherein the at least one indentation or the
plurality of indentations define a single crystalline diamond part profile in the mask layer (9) that is to

be transferred to the single crystalline diamond substrate or layer (1).

18. Method according to any one of the previous claims, further including the step of providing a

\
sacrificial layer (7) on the single crystalline diamond substrate or layer (1).
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19. Method according to the previous claim, wherein the sacrificial layer (7} comprises or consists

solely of the same material as the first adhesion layer (3).

20. Method according to the previous claim, wherein the sacrificial layer (7} and the first adhesion

layer (3) are deposited separately on the single crystalline diamond substrate or layer (1).

21. Method according to any one of the previous claims, wherein the single crystalline diamond
substrate or layer (1) is attached to a substrate, or the method further includes the step of attaching
the single crystalline diamond substrate or layer (1) to a support {11) prior to forming the at least one

indentation or plurality of indentations.

22. Method according to any one of the previous claims, further including the step of providing a profile
forming layer (15) on the mask layer (9) for forming the at least one indentation or the plurality of

indentations in the mask layer (9).

23. Method according to the previous claim, further including the step of removing outer sections of
the profile forming layer (15) so that a central section of the profile forming layer (15) remains on the
mask layer (9) for forming the at least one indentation or the plurality of indentations in an inner area

of the mask layer (9).

24. Method according to the previous claim 22 or 23, wherein the profile forming layer {15) comprises

or consists solely of a photoresist.

25. Method according to any one of the previous claims, wherein the single crystalline diamond part
is released by removal of the sacrificial layer (7) or removal of an attachment layer of the single

crystalline diamond substrate or layer (1) to a substrate.

26. Method according to any one of the previous claims, further including the step of wet-etching
sidewalls of the mask layer (9) defining the at least one indentation or the plurality of indentations to
smoothen the sidewalls prior to etching the exposed portion or portions of the single crystalline

diamond substrate or layer (1).

27. Method according to any one of the previous claims, wherein the single crystalline diamond part

is a mechanical component or optical element.
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28. Method according to any one of the previous claims, wherein the single crystalline diamond
substrate or layer (1) consists solely of or comprises a synthetic single crystalline diamond substrate or

layer.

29. Method according to the previous claim, wherein the single crystalline diamond substrate or layer
(1) consists solely of or comprises a chemical vapor deposition (CVD) single crystalline diamond

substrate or layer.

30. Single crystalline diamond part or product produced according to the method of any one of the

previous claims.

31. Single crystalline diamond part or product according to thé previous claim, wherein the single

crystalline diamond part or product is a mechanical component or optical element.

32. Device including the single crystalline diamond part or product according to any one of the previous

claims 30 to 31.

33. Diamond part or product (P}, wherein the diamond part or product is a free-standing reactive-ion-

etched synthetic single crystalline diamond part.

34. Diamond part or product (P) according to the previous claim, including at least one or a plurality of

reactive-ion-etched sidewalls (SW1).

35. Diamond part or product (P) according to the claim 33 or 34, wherein the diamond part or product
has a thickness (t) between 1pm and 1mm, and/or the at least one or the plurality of reactive-ion-

etched sidewalls have a thickness (t) between 1um and 1mm.

36. Diamond part or product (P) according to any one of claims 33 to 35, consisting solely of or

comprising:
- a free-standing reactive-ion-etched synthetic single crystalline diamond substrate or layer (1), and

- at least one or a plurality of reactive-ion-etched sidewalls (SW1) to define at least one aperture (AP)
in the substrate or layer, and/or at least one synthetic single crystalline diamond mechanical element

(ME) in the substrate or layer, and/or at least one synthetic single crystalline diamond protrusion (PR).
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37. Diamond part or product (P) according to the previous claim, wherein the at least one or the
plurality of reactive-ion-etched sidewalls (SW1) include at least one or a plurality of external sidewalls
(ESW1) defining an outer boundary of the diamond part or product, and/or at least one or a plurality

of inner sidewalls {ISW1) defining inner elements of the diamond part or product.

38. Diamond part or product (P) according to claim 36 or 37, wherein the at least one synthetic single
crystalline diamond protrusion (PR) is a lateral protrusion, and/or the at least one synthetic single
crystalline diamond mechanical element extends laterally in a planar direction of the substrate or

layer.

39. Diamond part or product (P) according to any one of claims 34 to 38, wherein the at least one or

the plurality of reactive-ion-etched sidewalls {SW1) are oxygen plasma etched sidewalls.

40. Diamond part or product (P) according to any one of claims 34 to 39, the at least one or the plurality
of reactive-ion-etched sidewalls are oxygen plasma etched and physical etched sidewalls, the physical

etching being via acceleration of plasma created ions.

41. Diamond part or product (P) according to any one of claims 34 to 40, wherein the at least one or

the plurality of reactive-ion-etched sidewalls (SW1) have a RMS roughness between 1nm and 1um.

42. Diamond part or product (P) according to any one of claims 34 to 41, wherein the at least one or

the plurality of reactive-ion-etched sidewalls have a RMS roughness between 15nm and 200nm.

43. Diamond part or product (P) according to any one of dainﬁs 34 to 42, wherein the at least one or
the plurality of reactive-ion-etched sidewalls (SW1} have a height or thickness of between 1um and

Imm.

44. Diamond part or product (P) according to any one of claims 34 to 43, wherein the at least one or
the plurality of reactive-ion-etched sidewails (SW1) have a height or thickness of between 60um and

1mm, or 150pm and 1mm.

45. Diamond part or product (P) according to any one of claims 34 to 44, wherein the reactive-ion-
etched single crystalline diamond part or product has a height or thickness {t) of between 50um and

250um.

46. Diamond part or product (P) according to any one of claims 34 to 45, the at least one or the plurality
of reactive-ion-etched sidewalls define an angle of between 84 and 90 degrees with a planar surface

(PS) of the diamond part or product.
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47. Diamond part or product {P) according to any one of claims 34 to 46, wherein the synthetic single
crystalline diamond substrate or layer is a chemical vapor deposition (CVD) single crystalline diamond

substrate or layer.

48. Diamond part or product {P) according to any one of claims 34 to 47, wherein the diamond part or

product is a diamond watch part.

49. Device including the diamond part or product (P} according to any one of the previous claims 33 to

48.

50. Diamond part or product (P}, wherein the diamond part or product is a free-standing reactive-ion-
etched synthetic single crystalline diamond part including at least one or a plurality of reactive-ion-
etched sidewalls, wherein the diamond part or product is obtained according to a process comprising

the following steps:

- providing a single crystalline diamond substrate or layer (1);

- providing a first adhesion layer {3} on the substrate or layer (1);

- providing a second adhesion layer (5) on the first adhesion layer (1);
- providing a mask layer (9} on the second adhesion layer (5);

- forming at least one indentation or a plurality of indentations through the mask layer (9) and the first
and second adhesion layers (3, 5) to expose a portion or portions of the single crystalline diamond

substrate or layer (1); and

- etching the exposed portion or portions of the single crystalline diamond substrate or layer (1) and

etching entirely through the single crystalline diamond substrate or layer (1).
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