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Diamond Refractive Optics for modern X-ray sources
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Introduction

The emergence of third-generation synchrotron radiation

sources has stimulated rapid development in both existing

and new experimental methods related to coherence, such

as phase-contrast and diffraction imaging, interferometry, X-

ray microscopy, and coherent correlation spectroscopy [1–2].
The high degree of coherence, brightness, and power of

the radiation has necessitated the development of optics

using new materials that can withstand extreme thermal and

radiation loads while maintaining beam coherence. Special

attention should be given to improving optics with the

advent of fourth-generation sources featuring diffraction-

limited beams.

One of the most prominent examples of successful

advancements in X-ray optics is compound refractive

lenses (CRLs), first proposed 25 years ago [3]. Today, X-

ray CRLs have become a key tool at modern synchrotron

facilities due to their ease of use and high versatility.

By modifying the shape, composition, and number of

individual lenses, X-ray CRLs can be adapted to photon

energies in the range of 2−200 keV, allowing flexible focal

length adjustment from fractions of a millimeter to hundreds

of meters for a wide variety of applications. Refractive

optics can be used for beam transport and shaping, func-

tioning as condensers, collimators, higher harmonic filters,

etc. [4–11]. CRLs are widely applied in X-ray microscopy,

interferometry, Fourier optics, and spectroscopy [12–25].

X-ray optical materials with minimal absorption, maxi-

mum refractive power, and high thermal and mechanical

stability are of great interest for new radiation sources.

If we use the ratio of the decrement of the refractive

index δ to the total linear attenuation coefficient µ to

describe the optical properties of a material, the best-

performing materials are aluminum (Al), diamond (C),
and beryllium (Be). Currently, Be is the most widely used

material for refractive lenses due to its high transparency

to X-rays. However, commercially available beryllium is a

sintered granular material that causes significant parasitic

scattering of X-ray radiation at grain boundaries, voids,

inclusions, and other defects, which significantly degrades

the focusing and imaging quality of the lenses. Single

crystalls or amorphous materials are preferable for lenses, as

they prevent radiation from
”
sensing“ the material’s internal

structure.

Single crystalline carbon in the form of a diamond is

an ideal choice. For example, at an energy of 10 keV, the

δ/β ratio for diamond is 1000, which is quite high and

not much lower than that of beryllium (4000). However,

the δ value for diamond is twice that of beryllium, meaning

that half as many lenses is required to achieve the same

focal length with identical lens geometry. It should be

noted that there are three types of X-ray radiation: a white

beam directly from the source, a monochromatic beam

using a monochromator, and the so-called pink beam —
a beam reflected by a mirror to suppress higher harmonics.

Diamond is the optimal material for use with all types of

radiation due to its high-temperature stability, high thermal

conductivity (κ), low thermal expansion coefficient (α),
and chemical inertness. Thermo-mechanically, materials can

be ranked by the κ/α coefficient [26–27], and at room

temperature, the κ/α ratio for diamond is 100 times better

than for beryllium. This high coefficient gives diamond

excellent thermal and X-ray stability in monochromators

subjected to high thermal loads in synchrotrons and X-ray

free-electron lasers (XFELs) [27–31]. It is worth noting that

beryllium lenses require more powerful cooling to prevent

material recrystallization and lens profile deformation [32].
Despite all the advantages of diamond as a material

for refractive lenses, a major barrier to its use is the

difficulty of processing it: diamond is the hardest material

in the periodic table and extremely chemically inert. Over

the past few decades, various attempts have been made

to fabricate diamond lenses using microelectromechani-
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Figure 1. (a) Scanning electron microscope (SEM) image of the Si mold. (b-c) Photographs of the diamond lens at different

magnifications. The lens parameters were as follows: parabola radius — 5 µm, lens length — 27mm, lens height — 100 µm, lens

aperture — 1mm. (d) SEM image of the cross-section of the CVD diamond lens.

cal systems (MEMS) technology, including electron-beam

lithography followed by reactive ion etching. The advent of

lasers with ultrashort pulses (< 10 ps) has enabled diamond

processing using cutting and ablation technology. Moreover,

it has been demonstrated that ion-beam lithography with

direct material profiling can be successfully applied to

fabricate diamond microlenses.

In this review, we present the most successful imple-

mentations of diamond lenses, considering their optical

properties and applicability for both synchrotron radiation

and laboratory X-ray sources.

1. One-dimensional diamond lenses
fabricated using planar MEMS
technology

The first diamond refractive lenses were produced using

the transfer molding method, which involves growing

diamonds on a pre-patterned silicon wafer (mold) [33].
After the chemical removal of the mold, free-standing

diamond films were obtained, with a copy of the original

pattern being formed on the nucleation side of the diamond

film. The silicon molds were created using silicon MEMS

techniques, including photolithography and deep plasma

etching (Fig. 1, a). Diamond films were deposited using

the microwave plasma chemical vapor deposition (CVD)
method with CH4/H2 gas mixtures. Before deposition,

the molds were seeded with 5 nm diamond particles in

an ultrasonic bath to ensure a high density of nucleation

sites. The lenses were designed for a 50 cm focal length

at an X-ray energy of 9 keV, with their parameters shown

in Fig. 1, a-d.

The optical properties of these lenses were investigated

at the ESRF ID15 and ID22 undulator beamlines using

monochromatic, pink, and white X-ray beams in the

6−40 keV energy range. The focused beam sizes were ap-

proximately: 2−4µm for the monochromatic beam, ∼ 8µm

for the pink beam, and 35µm for the white beam. After

12 hours of exposure to the pink beam, no degradation in

lens performance was observed. Lens stability was further

confirmed after 16 hours of exposure to the white beam.

In still air, the lens temperature stabilized at 40 ◦C within

15 minutes. Numerical simulations showed that a planar

parabolic diamond lens can withstand an incident power

flux of up to 500W/mm2 without degradation.

Due to the nature of the fabrication process, these

lenses had a polycrystalline structure. Compared to silicon

planar lenses [34–35], the tested diamond lenses exhibited

significant intensity losses in the focused beam due to low-

angle scattering and polycrystalline diffraction. The obtained

focal spot images revealed additional satellite spots near

the main focus, caused by low-angle scattering [33]. Ad-

ditionally, small polycrystalline diamond grains (< 10µm)
and nanocrystalline diamond ( 5 nm) at the diamond-mold

interface during the early growth stages (Fig. 1, d) led to

reduced thermal conductivity compared to monocrystalline

diamond.

This fabrication method was also applied to produce

nano-focusing lenses with small apertures, using polycrys-

talline and nanocrystalline diamond [36–38]. These lenses

demonstrated improved quality and uniformity, achieving a

focusing resolution of 210 nm at an X-ray energy of 11 keV.

However, the maximum lens depth in this case was only

∼ 30µm, which is significantly less than what is required

for practical applications.

Another approach to fabricating diamond lenses involved

electron-beam lithography and reactive ion etching [39–41].
However, the desired focusing characteristics were not

achieved due to low lens quality at both fabrication stages.

Significant aberrations were observed due to lens shape

distortions caused by lithography. Additional scattering was

generated by surface roughness, resulting from an imperfect
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Figure 2. (a) SEM image of a diamond lens fabricated using laser cutting technology. (b) CRLs clamped in holders for X-ray testing.

(c) Schematic of the experimental setup for ID06 measurements. (d) X-ray image of the focal line obtained for a CRL with two individual

lenses. The horizontal size of the image is 300 µm, which corresponds to the thickness (depth) of the diamond plate (3× 3mm2). The
vertical width of the focal line is 5.7 µm (FWHM), which is close to the initial source size of 40µm.

etching process. Furthermore, these planar lenses were also

fabricated with a very limited depth (< 40 µm) [39].

2. One-dimensional diamond lenses
fabricated by laser cutting

Over the past decade, the processing of diamonds using

ultrashort laser pulses has seen significant development.

Lasers enable precise diamond cutting without leaving

cutting edges. Laser cutting prevents material deformation

because the thermal load is confined to a small volume.

For this reason, the creation of diamond lenses based on

laser-cutting technology has been proposed.

The first large-aperture lenses [42] were fabricated using

commercially available single crystal diamond plates. These

plates were grown by chemical vapor deposition (CVD)
and supplied by Element Six Ltd. The parabolic lenses

were manufactured by
”
Micro Usinage Laser“ (Grattentour,

France) using an Nd-YAG laser (355 nm) with precision

galvanometric beam control synchronized with the move-

ment of the diamond substrate. Two types of compound

refractive lenses (CRLs) with varying numbers of individual

lenses were laser-cut into the diamond plate: one row

consisted of two individual lenses with a parabolic apex

radius of 200 µm; the second row contained five individual

lenses with a parabolic radius of 500 µm. The geometric

aperture of both CRLs was 1mm, and the depth of the

structures was equal to the 300 µm thickness of the diamond

plate. The remaining diamond thickness between the apexes

of adjacent parabolas was 75 µm. This value can be

significantly reduced, but for initial tests, a conservative

approach was taken to ensure the mechanical strength of the

sample. Scanning electron microscopy (SEM), presented
in Fig. 2, a, showed good quality of the lens sidewalls,

although some surface roughness was observed at the apex

of the parabolas.

These diamond linear CRLs were tested at the

micro-optics testing station of the undulator beamline

ID06 (ESRF). A detailed description of the experiment

can be found in [42], while only the key results are

presented here. The vertical and horizontal source sizes

were 40 µm and 900 µm (full width at half maximum,

FWHM), respectively. Fig. 2, b shows the CRLs mounted

in a holder for X-ray testing. The CRLs were positioned

at a distance L1 = 60m from the source and oriented

to focus monochromatic radiation in the vertical direction

(Fig. 2, c). The efficiency of the CRLs and the focal spot

size were measured using a high-resolution X-ray CCD

camera (pixel size 0.64 µm) in the energy range of 7

to 12 keV. The measurement results for the CRL consisting

of 2 lenses at 10 keV are shown in Fig. 2, d. At this

energy, the image distance L2 was 8m, providing a source

demagnification factor of ×7.5. The vertical image size

was 5.7µm (FWHM), corresponding to the effective X-

ray source size of 40µm, as measured using a boron

fiber interferometer [43]. The uniform intensity of the

focused beam images indicates the high quality of the

lens sidewalls and their good verticality. The focal depth

was approximately several centimeters. The intensity gain

factor G, defined as the integrated intensity in the focal

plane divided by the integrated intensity from the same area

without the lens in the beam path (as described in [3]),
was measured. Unfortunately, the measured intensity gain

factor of 35 was half of the calculated value, which can
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be attributed to parasitic scattering caused by the surface

roughness of the lenses. Since the laser operated in a

pulsed mode and the beam movement was not entirely

continuous, a significant amount of material evaporated at

stopping points, creating an unwanted comb-like lens profile.

As expected, the intensity gain factor for the CRL with

5 lenses was lower than that of the CRL with 2 lenses due

to the presence of more individual lenses (resulting in more

surfaces and junctions).

The experimentally obtained intensity gain factor can be

used to estimate surface roughness. The theoretical value

of G was calculated as described in [44] using the formula:

G =
ATp

Bv
with Tp = 1

A

√

πR
µN e−µNde−2N( 2πδ

λ
τ )2 , where A is the

physical aperture of the lens, Bv is the vertical size of the

focused image, Tp is a transmission of the parabolic CRL,

N is the number of biconcave elements, µ is the linear

absorption coefficient, d is the websize of the biconcave

lens, δ is the refractive index decrement, λ is the wavelength

of the X-radiation and τ is the rms surface roughness. Since

the discrepancy between theoretical and experimental values

of G is mainly due to surface roughness, it can be easily

estimated. For τ = 1.3 µm, the calculated intensity gain

factor matches the experimentally obtained value.

To improve surface roughness, the use of lasers with

increased pulse frequency was proposed, as this results

in a smoother distribution of deposited energy in the

material. In [45–46], femtosecond lasers with a wavelength

of 1030 nm and a high repetition rate were used to fabricate

planar CRLs from polycrystalline CVD diamond plates with

a thickness of 600 µm and a length of 8.5mm. Three

compound refractive lenses were fabricated in a single

diamond plate: the first lens consisted of 3 single lenses with

a parabolic apex radius of 50µm, the second lens consisted

of 6 single lenses with a parabolic radius of 200 µm, and

the third lens consisted of 14 single lenses with a parabolic

radius of 500 µm. The distance between the apexes of

adjacent parabolas was approximately 75 µm.

Scanning electron microscopy (SEM) confirmed that the

lens surfaces had submicron roughness (0.3 µm) and a slight

vertical deviation angle of 1.7◦ . The focusing properties

of the CRLs were tested using a MetalJet (ExcilliumTM)
microfocus X-ray source, which employs a liquid gallium

jet as an anode. The source size was 20× 80 µm2 in the

vertical and horizontal directions, respectively. Preliminary

tests of the lenses for X-ray focusing (9.25 keV) demon-

strated satisfactory performance. However, an increase in

the focal spot size by ∼ 50% (compared to the theoretical

value for ideal parabolic geometries) was observed, which

was attributed to the nonzero taper angle of the laser cut.

Compared to previous studies [42] on diamond refractive

lens fabrication using picosecond lasers, femtosecond laser

processing enabled higher quality and smoother lens pro-

files. However, improving the verticality of the lens sidewalls

remains critical and requires further refinement.

An attentive reader may notice that polycrystalline di-

amond was used in [45–46], despite previous statements

regarding the advantages of monocrystalline material. This

choice was intentional — both for research purposes

and to compare the manufacturing processes and optical

characteristics of the two types of lenses.

The lenses described above had a key feature: they

were fabricated from a single diamond plate. This can be

considered both an advantage — simplifying lens alignment

for experimental use — and a limitation — the lack of

flexibility in choosing the number of lenses in the CRL.

This can be critical for some applications, as the focal

length of the CRL depends on the number of lenses and

the energy of the X-ray radiation used. Therefore, it is

sometimes necessary to use a CRL combined from individ-

ual diamond lenses, which are not physically connected to

each other. For this purpose, linear individual cylindrical

lenses were fabricated (Fig. 3, a) using commercially avail-

able monocrystalline diamond plates (Type IIa) grown by

chemical vapor deposition (CVD) [47]. The cylindrical lens

profiles were produced by Almax easyLab bvba (Belgium)
using a picosecond Nd: YAG laser.

For experimental studies, individual lenses were assem-

bled into a CRL configuration, as shown in Fig. 3, b. SEM

imaging (Fig. 3, c) revealed an improved quality of the lens

sidewalls, particularly in terms of surface roughness and

verticality.

The assembled lenses were tested at the ID06 sta-

tion (ESRF) [47]. The vertical size of the focal line matched

the predicted value (according to the reduction factor). The
uniformity of the linear focus in the horizontal direction

indicates a high degree of verticality of the lens walls.

The root-mean-square surface roughness was experimentally

determined from the gain coefficient measurements and was

found to be 1.2 µm.

As can be seen, in this study, we significantly increased

the depth of the lenses to 1.2mm compared to the depth

of 300µm in the previous work [42]. However, further

increasing the thickness and aspect ratio of the diamond lens

will inevitably lead to a deterioration in the verticality of the

lens side walls, resulting in significant focusing aberrations

of the X-ray radiation. To overcome this issue, a modified

fabrication geometry has been proposed, which allows the

creation of even a two-dimensional parabolic profile. This

approach will be presented in the next paragraph.

3. One-dimensional and two-dimensional
diamond lenses manufactured
by laser ablation technology

Currently, powerful lasers with ultra-short pulses in the

picosecond and femtosecond ranges are available, allowing

for the creation of precise three-dimensional structures via

controlled layer-by-layer evaporation in laser ablation mode.

Two-dimensional [48] and linear [49] refractive lenses

were fabricated at the Technological Institute of Superhard

and New Carbon Materials (TISNUM, Russia, Troitsk)
using the laser ablation method from high-quality synthetic
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Figure 3. (a) Photographs of cylindrical lenses. Each lens has a curvature radius of R = 500 µm and a geometric aperture of 1mm;

the depth of the structures was equal to the thickness of the diamond plate, 1.2mm. The thickness of the diamond between the peaks

of consecutive cylinders was 100 µm. (b) Photograph of the assembly of five individual cylindrical lenses in a holder. (c) SEM image of

the lens. (d) SEM image of the lens wall.

monocrystalline diamond material (type IIa). The sub-

strate crystals were grown using the temperature gradient

method under high pressure (5GPa) and high temperature

(1750K) (HPHT) [50]. For one-dimensional lenses, the

crystals were cut with a nanosecond laser into rectangular

plates with the following dimensions: 500 µm thickness,

2.5mm length, and 1.5mm width. For two-dimensional

lenses, the crystals were cut into round disks with a thick-

ness of 510± 10 µm and a diameter of 1.5mm. The flat

surfaces were mechanically polished to a micro-roughness

of ∼ 5 nm. The profiles of the parabolic lenses were

processed using a picosecond Nd: YAG laser (wavelength
355 nm) operating at the third harmonic. The laser beam,

focused into a spot size of 10 µm, scanned across the plate,

removing the diamond material layer by layer at a removal

rate of 1µm per pass. The scanning pattern was adjusted

for each layer to achieve a parabolic surface. With a pulse

frequency of 500 kHz, the fabrication of a single lens took

about 15 minutes. Fig. 4, a shows an SEM image of a two-

dimensional diamond lens manufactured by this method. To

assess the lens profile and the radius at the top of the

parabola, one lens was cut by laser along the rotational

axis (Fig. 4, b). Measurements showed that the radius

of the parabola at the lens edges was R = 200 µm, and

at the top of the parabola, the radius was close to 190 µm,

indicating a relative radius error of 5%. The surface

roughness at the top of the parabola, approximately 1µm

(from peak to valley), was measured using an atomic force

microscope.

SEM images of the linear parabolic diamond lens are

shown in Fig. 4, c-d. Compared to previously tested lenses

manufactured by laser cutting [42,45–46], the distinguishing

features of the new lenses are the profile processing method

and, consequently, the lens geometry; for instance, the one-

dimensional profile has no limitations in aperture and lens

width, nor in the profile depth. Unlike lenses cut from a

single plate, the new lenses are free from the issue of non-

perpendicular sidewalls.

Technical Physics, 2025, Vol. 70, No. 3
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Figure 4. (a) SEM image of a 2-D diamond lens and (b) SEM image of the lens cut by laser along the rotation axis. The radius

of curvature at the apex of the parabola was R = 200 µm, the geometric aperture was A ∼ 1mm, and the thickness of the material

at the apex of the parabola was d = 30 µm. (c) Photograph of a 1-D diamond lens and (d) its SEM image. The radius of curvature at

the apex of the parabola was R = 200µm, the geometric aperture was A = 870 µm, the length was L = 1.5mm, and the thickness of the

material at the apex of the parabola was d = 30 µm.

The lenses were tested both at synchrotron sources

(ESRF and Argonne Photon Source) and at laboratory X-ray

setups, including the Rigaku MultiMax-9 X-ray generator

with a rotating anode and the MetalJet microfocus source

using CuKα and GaKα, respectively. Detailed experimental

results obtained using X-ray imaging and focusing methods

were published in works [48–49,51–52]. Experiments

confirmed a relative error in the radius of 5−10%, thus

aberration-free focusing was not achieved, and the focal

line (for 1-D lenses) or the focal spot (for 2-D lenses)
was slightly blurred. The surface roughness, evaluated

through gain coefficient measurements, gave root-mean-

square values of τ = 0.7 µm for one-dimensional lenses and

τ = 1.2µm for two-dimensional lenses. The latter value

corresponds well to measurements obtained using an atomic

force microscope.

It is worth noting that in work [53], femtosecond laser

microprocessing was also used to fabricate two-dimensional

lenses similar to those described in this section, with

parabolas of small curvature radius (∼ 105 µm) and a

diameter of 450 µm, made in monocrystalline diamond

plates obtained by chemical vapor deposition. Using one

lens, the refocusing of a rotating magnet source to an

almost Gaussian profile was demonstrated at a photon

energy of 13.8 keV. A system of three lenses focused the

radiation from an undulator into a spot size of 52µm

(vertical)×21 µm (horizontal) at an energy of 12 keV. The

measured intensity gain factor of the system was 53, making

such lenses suitable for tasks involving moderate focusing

of high-power-density X-ray beams.

In [54], the authors conducted a thorough analysis of

the thermal load and thermal properties of diamond and

Technical Physics, 2025, Vol. 70, No. 3
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Figure 5. (a) Tilted (54◦) SEM image of a microlens cut in half. (b) SEM image of a fabricated diamond microlens showing

the roundness of the lens aperture. (c) SEM image of stacked diamond microlenses, demonstrating the precise positioning of individual

half-lenses relative to each other. Dimensions are shown in isometry: the thickness t is 42 µm; the height h and width w are both:

w = h = 96 µm.

beryllium, which are common materials for X-ray refractive

optics. It was found that the diamond lens heats up less than

the equivalent beryllium lens at energies above 18 keV. Due

to its lower coefficient of thermal expansion, the diamond

lens can maintain its functionality in the lower energy range

of 10−18 keV, despite experiencing a higher temperature

rise compared to beryllium.

4. Two-dimensional diamond microlenses
fabricated using ion-beam lithography

Despite the successful use of laser ablation, this method

has significant limitations in terms of the quality of the

lenses produced, as the laser beam typically has an irregular

shape and uneven spatial energy distribution, which leads

to severe radiation damage to the ablation surface. The

lenses described earlier, to some extent, exhibited significant

micro-roughness on the surface and deviations from the

parabolic shape of the designed profile. This prevented

achieving a resolution better than 500 nm in microscopy

mode [48–49]. Furthermore, laser ablation cannot produce

lenses with radii smaller than 50µm, which is necessary to

reduce the diffraction limit of X-ray refractive optics.

To fabricate high-quality lenses with small radii, an alter-

native method for processing diamonds was proposed —

ion-beam maskless lithography [55]. Ion-beam lithog-

raphy allows for the formation of high-resolution three-

dimensional surface profiles through the interaction of a

finely focused ion beam (with a diameter down to 5 nm)

with the sample. It has been demonstrated that ion-

beam lithography can be applied to the fabrication of two-

dimensional parabolic diamond microlenses, which are of

great interest for nano-focusing X-rays and high-resolution

microscopy.
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Maskless direct
”
milling“ of diamond lenses was car-

ried out using a Zeiss CrossBeam 540 FIB-SEM system

equipped with a liquid gallium ion source. In-situ scanning

electron microscopy (SEM) was used to control the shape

and geometry of the fabricated samples. Two-dimensional

diamond half-lenses were created in a monocrystalline

diamond plate (100) with a thickness of 40µm. The

radius of curvature of one parabolic surface and the

physical aperture were set to 5µm and 20 µm, respectively.

The process of forming one half-lens took approximately

2.5 hours. As shown in the SEM image (Fig. 5, a), the

lenses were almost free from pronounced low-frequency and

high-frequency shape modulations, with a shape error of

less than 200 nm and a surface roughness of 30 nm [55–56].
The SEM results also showed that the lens aperture has

an almost ideal circular shape, further confirming the

high accuracy of ion beam positioning (Fig. 5, b). Single

lenses were assembled into a lens system (LSS) within a

single technological process (Fig. 5, g) with high adjustment

accuracy, which was further confirmed by X-ray phase-

contrast imaging. The optical characteristics of the lens

system were successfully tested at the P14 station, DESY,

where diffraction-limited focusing of X-ray radiation was

demonstrated, and Gaussian intensity profiles along the

optical axis were shown.

Conclusion

This review demonstrates the potential of creating dia-

mond refractive optics using various diamond processing

technologies, including MEMS, laser cutting, and ablation,

as well as ion-beam lithography. Experimental studies of

lens samples were conducted at synchrotron and laboratory

X-ray sources. Lenses fabricated using laser technologies

have an average surface roughness of approximately 1µm,

which significantly limits their application at modern syn-

chrotrons. Surface quality can be significantly improved

through subsequent mechanical polishing methods [57–58]
or using focused ion beams [56]. It is possible that laser

water-jet technology for diamond processing will yield more

promising results compared to traditional dry laser cutting

and ablation methods. Currently, PALM Scientific is manu-

facturing diamond lenses by laser ablation with subsequent

mechanical polishing [59]. Initial steps in the fabrication

of diamond lenses for the PETRA III synchrotron are

being taken at DESY [60]. As for microlenses made

using the ion beam (FIB), they have a sufficiently smooth

surface and can be used as objectives for dark-field X-ray

microscopy [17].

With the launch and construction of 4th-generation

synchrotrons, which provide virtually coaxially symmetric

beams with extremely low divergence (∼ 10micro-radians),
the use of diamond lenses as front-end optics for collimation

and focusing appears extremely promising. Installed in the

front-end (just after the radiation exits the undulators), such
lenses will be able to capture and transmit the entire beam

to the experimental station with virtually no loss. Unlike

beryllium, the ideal high thermo- and radiation resistance

of diamond allows diamond optics to be used in white

radiation almost without cooling. Moreover, single crystal

diamond does not introduce undesirable diffuse scattering

into the transmitted radiation.

However, optics made from perfect single crystal

diamonds may present inconveniences in spectroscopy

methods (EXAFS/XANES) when using extended spectral

ranges. At certain X-ray energies, some crystal planes

may be in the Bragg diffraction conditions, which leads

to intensity loss, known as glitches, resulting in artifacts

in measurements. The occurrence of glitches — parasitic

Bragg reflections — was discussed in detail in [61–66].

An alternative to single crystals could be nano-

polycrystalline diamond (NPD) [67–70], produced through

the sintering process in a multi-anvil press under high pres-

sures (∼ 15GPa) and temperatures (∼ 2500 ◦C), through
the direct transformation of pure graphite. The size of the

diamond crystallites can vary widely from 10 to 100 nm.

Unfortunately, the unique technology for synthesizing

nano-polycrystalline diamond is only implemented in Japan,

where Sumitomo Electrical Industry manufactures cutting

tools, and Ehime University provides anvils worldwide

for high-pressure research. Given that Russia holds a

leading position in the world in high-pressure physics

and super-hard materials synthesis technologies, including

diamonds, it would be advisable to develop domestic NPD

technology, which will be highly demanded for the creation

of synchrotron optics and scientific and technological instru-

ments.

In this review, we aimed to familiarize the reader with the

main and most significant trends in the field of diamond X-

ray compound refractive optics, without claiming to provide

a comprehensive citation of all works conducted in this area.
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