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is fixedly positioned; a movable optical system including a spectrometer, two sources of radiation at wavelengths of 250-280 nm
and 350-380 nm, respectively, said two sources of radiation and the spectrometer being connected to the measurement location
by optical fibres for inputting radiation into the cut diamond and by an optical fibre for outputting radiation from the cut diamond;
and also a source of laser radiation at a wavelength of 532 nm and a microcontroller, wherein the cut diamond is positioned at the
measurement location in such a way that the table of the diamond faces the measuring aperture of the measurement location, and
the culet of the diamond is situated directly above the measuring aperture to which the optical fibres for inputting radiation and the
optical fibre for outputting radiation are connected, and wherein the microcontroller is configured to control the alternate operation
of the sources of radiation in a set time sequence, the movement of the optical system to allow the input of radiation into the cut
diamond, and the processing of the spectrometer data.
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ABSTRACT

A diamond identification apparatus relates to the field of examining natural and
synthetic diamonds. The claimed apparatus for identifying a cut diamond comprises a
measurement location with a measuring aperture at which the cut diamond to be
examined is fixedly positioned; a movable optical system including a spectrometer, two
sources of radiation at wavelengths of 250-280 nm and 350-380 nm, respectively, said
two sources of radiation and the spectrometer being connected to the measurement
location by optical fibres for inputting radiation into the cut diamond and by an optical
fibre for outputting radiation from the cut diamond; and also a source of laser radiation
at a wavelength of 532 nm and a microcontroller, wherein the cut diamond is positioned
at the measurement location in such a way that the table of the diamond faces the
measuring aperture of the measurement location, and the culet of the diamond is
situated directly above the measuring aperture to which the optical fibres for inputting
radiation and the optical fibre for outputting radiation are connected, and wherein the
microcontroller is configured to control the alternate operation of the sources of
radiation in a set time sequence, the movement of the optical system to allow the input

of radiation into the cut diamond, and the processing of the spectrometer data.
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DEVICE FOR IDENTIFYING A DIAMOND

Technical Field of the Invention

The present invention relates to the field of examining natural and synthetic
diamonds and can be used for identifying and distinguishing natural diamonds from
diamond simulants, and for separating natural diamonds from synthetic diamonds or
from natural diamonds that have been subjected to a pressure-and-temperature treatment
to improve color.

The importance of providing an apparatus for identifying diamonds, including
brilliant-cut diamonds, is caused by increased frequency of market appearance of
brilliants made of synthetic (HPHT and CVD) gem-quality diamonds and also made of
diamonds subjected to a pressure-and-temperature treatment to improve color
characteristics.

Background of the Invention

A method and apparatus for examining gemstones are known (patent RU
2267774, publ. 10.01.2006, IPC GOIN21/87), the apparatus comprises a thermally-
insulated container for containing the gemstone and having a window, means for
cooling the container using liquid nitrogen, a cover for the container, a laser for
irradiating said gemstone through the window, a spectrometer for detecting through said
window photoluminescence spectra emitted by the gemstone and giving corresponding
spectral data signals at its output, a blocking filter between said window and the
spectrometer for filtering out radiation at the wavelength of the irradiating radiation, a
processor connected to the output of the spectrometer, a display connected to the
processor for displaying information regarding the gemstone, and a support structure,
wherein said gemstone is directly immersed in the liquid nitrogen, the window is made
in the container bottom near which a facet of the gemstone is placed, and said support
structure mounts the foregoing components and provides a self-contained instrument,
and wherein said laser and the spectrometer are coupled to said window. The apparatus
can determine whether a polished gemstone is a natural diamond which has not been
subjected to irradiation treatment and has not been subjected to high-pressure high-

temperature treatment.
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Disadvantages of the apparatus are an insufficiently high accuracy in
identification of synthetic analogues of diamond (brilliant) and an inability of
diagnostics of cut diamonds in jewelry.

An apparatus for sorting diamonds is known (patent RU 2372607, IPC
GO1N21/87, publ. 10.11.2009), said apparatus using ultraviolet radiation for testing and
distinguishing natural diamonds related to Types Ila, IIb and Ib. The sorting apparatus
comprises an ultraviolet radiation source, a diamond crystal being tested, a radiation
detector, a conversion amplifier, and a means for displaying the intensity of radiation
transmitted through the diamond crystal. As the ultraviolet radiation source, the
apparatus comprises an ultraviolet light-emitting diode (LED) with a radiation peak
within the wavelength range of 240 to 300 nm and, as the radiation detector, comprises
a photodiode with increased spectral sensitivity in shortwave ultraviolet region, wherein
the ultraviolet LED is arranged in a holder with a table having a central aperture made
therein for transmitting a directed radiation from the LED to the diamond crystal being
tested which is placed on the table. An electrical signal from the photodiode is supplied
to the conversion amplifier and further to the displaying means which registers a
threshold intensity level of the radiation passing through the diamond crystal. The
photodiode is placed in the holder so as to be able to change its position above the cut
diamond crystal and to detect refracted radiation beams. To test round-shaped diamond
crystals, the photodiode placed in the holder is fixed in a removable cover. The
conversion amplifier is provided with a parallel output to connect a continuous digital
signal indication meter during tuning and calibrating the apparatus.

This apparatus is incapable of determining whether the examined stone is a
diamond or its simulant, and of distinguishing natural diamonds from synthetic ones.

An apparatus is known (US 5883389, publ. 16.03.1999, IPC GOIN21/87), which
allows for examining and distinguishing a natural diamond from synthetic diamonds by
irradiating a diamond surface with ultraviolet radiation at a wavelength of 225 nm and
for observing luminescence and/or phosphorescence. A device for irradiating a diamond
with ultraviolet radiation is connected to a power supply and is focused by ultraviolet
quartz lenses between which a filter is positioned, and a shutter is interposed in the light
path after the lenses to quickly terminate the irradiation. A cut diamond (brilliant) is

mounted in a holder having a handle for manipulation of the diamond. A mirror and a
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filter transmitting radiation with wavelengths in the range of 225-380 nm are positioned
to direct light onto the diamond crystal.

A disadvantage of this apparatus is its restricted applicability in classification of
diamonds.

A technical solution closest to the present invention is an apparatus described in
the patent entitled "Measuring parameters of a cut gemstone” (patent GB 2516297, IPC
GO1N 21/87, publ. 01.01.2015). The patent describes an apparatus comprising multiple
light sources having different wavelengths directed through fibre optic inputs onto a cut
diamond (gemstone) which is placed on a special measurement location. One of the
sources emits in a broadband spectrum range of a 300 nm to 520 nm wavelength and
allows for measuring absorption in the sample being examined, and also measures
photoluminescence and phosphorescence. Incident excitation radiation is reflected from
the cut diamond being examined and is fed through a fibre optic output to a
spectrometer and is subjected to analysis therein. The spectrometer is in turn connected
to a processor (a computer and/or other devices programmable for data processing). A
second light source is configured to emit light at 660 nm wavelength and is connected to
a second spectrometer which detects a light radiation with 700 to 800 nm wavelength,
including Raman scattering, this spectrometer being connected to the same processor.,

It should be noted that the apparatus provides the use of any number of light
sources capable of cmitting light with a different wavelength or a range of wavelengths
as compared to the other light sources. Similarly, any number of spectrometers can be
used, wherein each individual spectrometer corresponds to an individual light source.
The apparatus according to said technical solution can measure and determine whether
the examined sample is a diamond or a simulant, whether the diamond is a natural
diamond or a synthetic one, whether the examined diamond has been subjected to a
treatment in order to improve its color, and can determine its size and grade.

Disadvantages of this apparatus include an insufficiently high accuracy of
identification caused by the fact that the apparatus cannot detect the N3 nitrogen center
defect most characteristics and commonly found in natural diamonds, which is currently
considered a reliable feature of natural origin of diamond; this fact can result in false
diagnosis of natural and synthetic diamonds. Other disadvantages are the large overall

dimensions of the apparatus due to the use of at least two spectrometers, lack of
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mobility, and inability of testing cut diamonds (brilliants) in jewelry.

Summary of the Invention

An object of the present technical solution is to provide a compact mobile
apparatus having a built-in independent power supply, which apparatus ensures
effective identification of cut diamonds (brilliants), and has a simplified structure due to
the use of only a single spectrometer for taking measurements by three techniques for
diamond  identification: Raman  scattering, ultraviolet  absorption, and
photoluminescence. Furthermore, the ability of moving the optical system providing an
adjustment of positions of optical fibres relative to the diamond surface depending on an
trradiation mode allows for enhancing the radiation detection sensitivity of the
spectrometer.

The object of the present techmical solution is attained by a diamond
identification apparatus according to the invention for identifying a cut diamond, said
apparatus comprising a measurcment location with a measuring aperture at which the
cut diamond to be examined is fixedly positioned; a movable optical system including a
spectrometer, two sources of radiation with wavelengths of 250-280 nm and 350-380
nm, respectively, said two sources of radiation and the spectrometer being connected to
the measurement location by optical fibres for inputting radiation into the cut diamond
and by an optical fibre for outputting radiation from the cut diamond; and also a source
of laser radiation with a wavelength of 532 nm, and a microcontroller, wherein the cut
diamond is positioned at the measurement location in such a way that the table of the
diamond faces the measuring aperture of the measurement location and the culet of the
diamond is directly above the measuring aperture to which the optical fibres for
inputting radiation and the optical fibre for outputting radiation are led, and wherein the
microcontroller is configured to control alternate operation of the sources of radiation in
into the cut diamond, and processing of the spectrometer data.

Furthermore, the optical fibre for outputting radiation comprises two optical
fibre segments optically coupled to each other by two collimating lenses.

The optical system can be configured to be movable such that the optical fibres
for inputting and outputting radiation from the source of radiation with wavelengths of

250-280 nm come into direct contact with a surface of the cut diamond.

Date Regue/Date Received 2020-11-11
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In addition, the optical system can be configured to be movable such that a gap
of 1-2 mm size is formed between the optical fibres for inputting and outputting
radiation from the source of radiation with wavelengths of 350-380 nm.

Furthermore, the source of laser radiation is configured to direct laser radiation
to the surface of the cut diamond through said gap by means of a mirror mounted
between the source of laser radiation and the cut diamond.

The optical system according to the invention further comprises a notch filter
adapted to be arranged between the two collimating lenses to attenuate the radiation
intensity from the sources of radiation, wherein the notch filter is provided with a
moving input/output mechanism for removing the filter from a radiation optical path
when the optical radiation is output from the source of radiation with wavelengths of
250-280 nm.

Furthermore, the removal of the notch filter from the radiation optical path is
performed responsive to a signal from the microcontroller.

The gist of the invention is illustrated by the drawings of Figures 1 to 5.

Brief Description of the Drawings

Fig. I shows a schematic diagram of the diamond identification apparatus when
obtaining spectra of Raman scattering (RSS) and photoluminescence.

Fig. 2 shows a schematic diagram of the diamond identification apparatus when
obtaining transmission spectra in the range of 250-280 nm.

Fig. 3 shows a diamond RSS spectrum with a characteristic line at 1332 em™.

Fig. 4 shows a photoluminescence spectrum of a natural diamond with a 415 nm
line.

Fig. 5 shows a transmission spectrum typical for Type Ila diamonds.

Description of Embodiments

Fig. 1 shows a schematic diagram of an apparatus for identifying a diamond 1
mounted at a measurement location 2 with a locking device (not shown) for centering a
cut diamond (brilliant) relative to a measuring aperture formed in the center of the
measuremen{ location 2 for supplying radiations to a surface of the diamond.
Meanwhile, the diamond is mounted at said measurement location 2 such that the
diamond covers said aperture. Three optical fibres are used in the apparatus. One optical

fibre 3 for outputting radiation is connected to a spectrometer 6 and consists of two
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segments optically coupled therebetween by two collimating lenses 4 forming parallel
beams from the radiations passing through one of the segments of the optical fibre 3. An
optical notch filter 5 can be interposed between the collimating lenses 4, which filter is
configured to reduce by six orders of magnitude the intensity of a laser radiation with
wavelength of 532 nm and by four orders of magnitude the intensity of a broadband
radiation of 350-380 nm. Two other optical fibres 11 and 13 for inputting radiation are
configured to input into the diamond the broadband radiations of 350-380 nm from a
radiation source 10 in the form of a LED to excite photoluminescence, and of 250-280
nm from a radiation source 12 in the form of a LED 13 to measure absorption in the
diamond. To excite the Raman scattering, a source of laser radiation (a compact solid-
statc laser) 7 with a wavelength of 532 nm is used in the apparatus. A focused laser
radiation 8 generated by the laser radiation source 7 is directed by a mirror 9 to the
sample being examined (cut diamond 1). A notch filter input/output device 14 is shown
by a dashed line in Fig. 1. The input/output device represents an electric motor and is
controlled by a microcontroller (not shown).

An optical system 15 (shown by a dashed line in Figs. 1 and 2) includes a
spectrometer 6, the radiation sources 10, 12 with the optical fibres (3, 11, 13) for
inputting and outputting radiation, and is configured to be movable, e.g. by a moving
device in the form of a movable platform (not shown) on which the above-mentioned
elements of the diamond identification apparatus are mounted.

Fig. 2 shows an arrangement embodiment of the diamond identification
apparatus when measuring the absorption of short-wave ultraviolet radiation (250-280
nm) in the diamond, which differs from the embodiment of the diamond identification
apparatus of Fig. I in that the optical fibres 3, 11 and 13 contact the surface of the cut
diamond (brilliant), and the notch filter 5 is removed from the optical path of the
radiation under analysis. Direct contact of the optical fibres with the diamond makes it
possible to detect even weak signals,

The diamond identification apparatus works in the following manner.

In a first examination step, it is verified whether the sample being examined is a
diamond, wherein the sample of a cut diamond (brilliant) 1 is positioned onto the
measurement location 2 and is fixed with its table towards the measuring aperture such

that the culet is directly above the measuring aperture, strictly midway between the
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optical fibres for inputting and outputting radiation (Fig. 2). Here, responsive to a signal
from the microcontroller (not shown), the entire optical system 135 including the
radiation sources 10, 12, the three optical fibres for inputting and outputting radiation,
the spectrometer 6, the collimating lenses 4 and the notch filter 5 is moved by the
moving device so as to form a gap of 1-2 mm between the optical fibres for inputting
and outputting radiation and the cut diamond 1 for passing the laser radiation from the
laser radiation source 7 initiated by a signal from the microcontroller (Fig. 1). The
compact solid-state laser with a wavelength of 532 nm is used as the laser radiation
source for obtaining a Raman scattering spectrum. The laser radiation source 7
generates a focused beam 8 responsive to a signal of the microcontroller, which beam is
directed using the mirror 9 to the cut diamond (brilliant). Here, the mirror 9 is disposed
between the laser radiation source 7 and the diamond 1. The notch filter 5 attached to a
supplementary filter input/output moving mechanism 14 is inserted between the
collimating lenses 4 disposed between the two optical fibre segments, which filter
reduces the intensity of the scattered laser radiation from the sample at the wavelength
of 532 nm by the 6 orders of magnitude.

A resulting spectrum of the sample (diamond) being examined is shown in Fig.
3. The presence of a characteristic diamond line, 1332 ¢m’! (572.6 nm), indicates that
the sample being examined is a diamond.

[t should be noted that controlling the radiation sources (turning on/off), the
notch filter input/output device, the movement of the optical system, and also a process
of processing the spectrometer data are performed by the microcontroller. The
spectrometer measurement results are processed in the microcontroller and results of
identification of the cut diamonds are output on an electronic display (not shown)
connected to the microcontroller.

In a second examination step, it is verified whether the sample being examined
is a natural diamond. Here, the second examination step is performed in the same
optical circuit shown in Fig. 1, when responsive to a signal from the microcontroller
(not shown), the entire optical system 15 including the radiation sources 10, 12, the
three optical fibres for inputting and outputting radiation, the spectrometer 6, the
collimating lenses 4 and the notch filter 5 is moved by the moving device so as to form

a gap of 1-2 mm between the optical fibres for inputting and outputting radiation and
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the cut diamond 1 for passing the broadband radiation from the radiation source 10
initiated by a signal of the microcontroller (Fig. 1).

In order to determine whether the diamond is natural, a technique for analyzing
the diamond luminescence at a wavelength of 415 nm (optically active N3 center) is
used. To excite luminescence, the radiation source 10 in the form of a LED having an
emission band within the range of 350-380 nm is used to generate a radiation which is
directed through the optical fibre 11 to the cut diamond (brilliant) 1. Next, the diamond
photoluminescence caused by exposure to the LED radiation is detected via the optical
fibre 3 by the spectrometer 6. It should be noted that, when the radiation source 10
operates within the wavelength range of 350-380 nm, a gap is formed between the
optical fibre 11 for inputting radiation and the surface of the cut diamond (brilliant).
This gap makes it possible to detect, at a constant solid angle, a greater
photoluminescence flux by the optical fibre 3 for outputting radiation and, accordingly,
to get results at a higher sensitivity. Moreover, the notch filter 5 inserted between the
collimating lenses 4 of the optical fibre 3 segments reduces the intensity of scattered
radiation from the LED 10 by four orders of magnitude. Note that we use the same
notch filter 5 in the two examination steps described above. The presence of the spectral
line in the diamond luminescence spectrum at a wavelength of 415 nm (Fig. 4) testifies
that the diamond being examined is natural.

In a third examination step, transmission of an ultraviolet radiation of 250-280
nm through the cut diamond (brilliant) is studied. For this purpose, the radiation source
12 in the form of'a LED generates the ultraviolet radiation which propagates through the
optical fibre 13 onto the cut diamond 1 (brilliant). Having entered the cut diamond
through its table, the ultraviolet radiation is successively reflected from opposite
pavilion facets of the diamond, goes outside through the same diamond table, and enters
the spectrometer 6 through the optical fibre 3.

With this scheme, the ultraviolet radiation passes twice through the crystal body,
which makes it possible to get results at a higher sensitivity.

Here, the optical system 15 is moved such that the optical fibres 3, 11, 13 come
into close contact with the surface of the cut diamond (brilliant) (Fig. 2). Radiation
transmitted by the cut diamond (brilliant) is directed through the optical fibre 3 to the

spectrometer 6, wherein the notch filter 5 is removed by the filter input/output
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mechanism 14. The absence of a band of 250-280 nm in the transmission spectrum of
the cut diamond (brilliant) 1 gives evidence of that this is a natural diamond of Type
laA, IaB or [aAB. The presence of a band of 250-280 nm in the transmission spectrum
of the cut diamond (brilliant) 1 (Fig. 5) gives evidence of that this is a diamond of Type
[1a. If the results of measurements taken by the three techniques show that the examined
sample is not a diamond, a “Simulant” legend appears on the electronic display of the
diamond identification apparatus. If the examined sample is a natural diamond, then a
"Natural Diamond" legend appears on the display. If the examined sample is not a
natural diamond, then a “lla” legend appears. About 2% of natural diamonds,
substantially all synthetic (HPHT and CVD) diamonds and natural diamonds that have
been subjected to a pressure-and-temperature treatment to improve color can be
ascribed to the Type [la. For reliable identification of these brilliants, they need to be
studied in more details.

Industrial Applicability

The inventive apparatus allows for effective identification of diamonds,
including in finished jewelry. The applied design solutions make the apparatus compact,
mobile and affordable, while ensuring the effective identification of cut diamonds based
on the use of the described combination of investigation techniques. The apparatus
makes it possible to determine: whether the examined brilliant is a diamond or its
simulant, whether this is a natural diamond or a synthetic diamond, and whether more
detailed studies are needed to determine whether the examined diamond has been

subjected to a pressure-and-temperature treatment.
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Claims

1. An apparatus for identifying a cut diamond, comprising:

a measurement location with a measuring aperture at which the cut diamond to be examined
is fixedly positioned,

a movable optical system including a spectrometer, two sources of radiation with
wavelengths of 250-280 nm and 350-380 nm, respectively, the two sources of radiation and the
spectrometer being connected to the measurement location by optical fibres for inputting radiation
into the cut diamond and by an optical fibre for outputting radiation from the cut diamond;

a source of laser radiation with a wavelength of 532 nm; and

a microcontroller,

wherein:

the cut diamond is positioned at the measurement location in such a way that a table
of the cut diamond faces the measuring aperture of the measurement location and a culet of
the cut diamond is directly above the measuring aperture to which the optical fibres for
inputting radiation and the optical fibre for outputting radiation are led, and

the microcontroller is configured to control alternate operation of the two sources of
radiation and of the source of laser radiation in a set time sequence, to control movement of
the optical system to allow input of the radiation into the cut diamond, and

the microcontroller is further configured to control processing spectrometer data.

2. The apparatus according to claim 1, wherein the optical fibre for outputting radiation
comprises two optical fibre segments optically coupled to each other by two collimating lenses.

3. The apparatus according to claim 1, wherein the optical system is configured to be
movable such that the optical fibres for inputting and outputting radiation from the source of
radiation with wavelengths of 250-280 nm come into direct contact with a surface of the cut
diamond.

4. The apparatus according to claim 1, wherein the optical system is configured to be
movable such that a gap of 1-2 mm size is formed between the optical fibres for inputting and
outputting radiation from the source of radiation with wavelengths of 350-380 nm.

5. The apparatus according to claim 4, wherein the source of laser radiation is adapted for
directing the laser radiation to a surface of the cut diamond through the gap.

6. The apparatus according to claim 4, further comprising a mirror mounted between the

Date Regue/Date Received 2020-11-11
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source of laser radiation and the cut diamond, wherein directing of the laser radiation to a surface of
the cut diamond is provided by the mirror.

7. The apparatus according to claim 4, wherein the optical system further comprises a notch
filter adapted to be arranged between two collimating lenses to attenuate the radiation intensity from
the two sources of radiation.

8. The apparatus according to claim 7, wherein the notch filter is provided with a moving
input/output mechanism for removing the filter from a radiation optical path when optical radiation
is output from the source of radiation with wavelengths of 250-280 nm.

9. The apparatus according to claim 1, wherein the measuring aperture is formed in a central
region of the measurement location for supplying the radiation to a surface of the cut diamond.

10. The apparatus according to claim §, wherein the microcontroller is further configured to
control the input/output mechanism for removing the notch filter from the radiation optical path.

11. The apparatus according to claim 5, further comprising a mirror mounted between the
source of laser radiation and the cut diamond, wherein directing of the laser radiation to the surface

of the cut diamond is provided by the mirror.

Date Regue/Date Received 2020-11-11
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