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Description

FIELD OF INVENTION

[0001] The present invention relates to a method for
examining a gemstone, in particular aimed to the detec-
tion of artificial treatments of a diamond to change its
colour. The present invention relates also to a spectro-
scopic apparatus of analysis of a gemstone.

RELATED ART

[0002] Diamonds for use as a gemstone are generally
colourless and their quality is typically evaluated on clar-
ity grade, colour grade, carat and cut. Colourless and
transparent diamonds can be commercially highly valu-
able, but they are rarely found in nature. The first most
commonly diamonds produced in nature are brown dia-
monds and yellow diamonds are the second most com-
monly found. As the amount of brown and/or yellow in-
creases, the value of the diamond decreases. Neverthe-
less, gems with intense yellow colour or other colours,
such as pink, green, blue, red and black are valued in
the gem market primarily for the intensity and distribution
of colour and because of their rarity. Strongly coloured
quality gems are generally referred to fancy colour dia-
monds.
[0003] Artificial treatments to modify the diamond col-
our have been known and employed for many years.
Along this widely performed practice, gemmological
analysis techniques have been implemented with the aim
of detecting whether a diamond has been artificially treat-
ed, such as by neutron or electron irradiation and/or by
annealing processes.
[0004] A.T. Collins in "Investigating artificially coloured
diamonds", published in Nature 273(1978), pages
654-655, studied the annealing behaviour at high tem-
peratures of optical centres in irradiated diamonds, spe-
cifically of GR1 centre absorbing at 741 nm, H3 centre
at 503 nm and the zero-phonon line at 595 nm. The author
concluded that the absence of the 595-nm line does not
unambiguously categorise a diamond as untreated and
that further clues come from the relative strengths of the
H3 and the H4 (at 496 nm) absorption bands.
[0005] A.T. Collins et al. in "Spectroscopic studies of
the H1b and H1c absorption lines in irradiated, annealed
type-Ia diamonds", published in J. Phys. C: Solid State
Phys. 19 (1986) pages 3933-3944, studied the temper-
ature dependence of the 595 nm (2.086 eV) absorption
centre, together with the H1b and H1c defects, between
700 and 1000°C in irradiated type-Ia diamonds. The au-
thor demonstrates a relationship between the 595 nm
line and H1b (2024 nm) and H1c (1934 nm) zero-phonon
absorption lines, showing that H1b and H1c centres are
formed when all, or part, of the 2.086 eV centres is
trapped at the A and B aggregate of nitrogen during the
annealing process.
[0006] A.T. Collins in "Optical Centres Produced in dia-

mond by Radiation Damage", published in New Diamond
and Frontier Technology vol. 17 (2007), No. 2, pages
47-61, made a detailed review of the most important de-
fects induced in diamond by electron irradiation and an-
nealing processes, focusing on the absorption spectra
of both type-I and type-II diamonds. In particular the au-
thor showed the relation between the vacancy production
rates and the preexisting diamond defects and how these
systems can be modified by HPHT processes and heat
treatments. Depending on the impurities (for example bo-
ron or nitrogen atoms or aggregates) concentration, dif-
ferent defects can form in diamond lattice, such as GR1,
ND1, H1b, H1c, H2, H3, H4, 5RL, 3H, N-V and 594 nm
centres. All these optical centres are subjected to chang-
es in concentration and creation rates depending on the
diamond type, impurities and conditions of irradiation and
annealing.
[0007] H. Kitawaki, in "Gem diamonds: causes of col-
ours", published in New Diamond and Frontier Technol-
ogy vol. 17 (2007), No. 3, pages 119-126, reviews the
colour origin of diamonds and refers to electron or ion
irradiation combined with annealing and to heat treat-
ment under high-pressure and high-temperature (HPHT)
as common treatment techniques. Photoluminescence
analysis using a 514 nm or 488 nm argon ion laser is
said to be effective to detect the HPHT process.
[0008] L. Tretiakova, in "Spectroscopic methods for the
identification of natural yellow gem-quality diamonds", in
Eur. J. Mineral. 21 (2009), pages 43-50, studied laser-
induced photoluminescence spectrocopy of HPHT and
irradiated and subsequent annealed yellow diamonds
excited by a 514.5 nm laser. A 575-nm line was observed
in the PL spectra on IaAB-type diamond, shifted to 572.2
nm when a green tint appears in yellow coloration. The
575 nm and 637 nm centres were observed to be con-
nected and their intensity to depend on the dose and form
of radiation, and apparently on the HPHT treatment con-
ditions. A strong 535.8 nm line was present in HPHT dia-
monds and almost absent in annealed HPHT diamonds.
This line was present also in a natural (i.e. untreated)
green transmitter diamond. The author concluded that
numerous clues to identifications can be detected by
analysisng diamonds with a wide range of spectroscopic
techniques and that the study showed how the combina-
tion of spectroscopic methods including IR, optical ab-
sorption and PL spesctroscopy could be successufully
applied.
[0009] Defectiveness on atomic scale turns out to be
different in natural diamonds with respect to diamonds
exposed to ionizing radiation, regardless of the colour’s
similarity or even lack of difference of the two types of
gemstones by visual inspection.
[0010] A. T. Collins, "The characterisation of point de-
fects in diamond by luminescence spectroscopy", in Dia-
mond and Related Materials 1 (1992), pages 457-469,
considers photoluminescence and cathodolumines-
cence and discusses the defects responsible for the most
significant luminescence band.
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[0011] Absorption and luminescence spectra are re-
ported in "Colour changes produced in natural brown dia-
monds by high-pressure, high-temperature treatment",
published in Diamond and Related Materials 9 (2000),
pages 113-122, by A. T. Collins et al., for natural brown
diamonds before and after HPHT treatment at
1700-1800°C, and after HPHT treatment at 2025°C. Pho-
toluminescence spectra produced by a 325-nm laser are
shown and optical centres associated with nitrogen in
the A form (nearest neighbour sustitutional pairs) and B
form (aggregates comprising four N atoms simmetrically
surrounding a carbon vacancy) are discussed. Although
A and B nitrogen are present in natural diamonds, results
indicated that treatments create defect complexes with
configuration that appear to be peculiar of artificially-
processed samples.
[0012] US 5,883,389 describes a method and appara-
tus for distinguishing natural diamonds from synthetic
diamond by observing the ultraviolet (UV) photolumines-
cence. A diamond is illuminated with short wavelength
UV radiation, i.e. 225 nm or less. An image of the pho-
toluminescence patterns produced on the surface of the
diamond is produced and studied by eye using magnify-
ing means in the form of a microscope. A camera or a
CCD image recorder is provided for later study or
processing of the results.
[0013] Patent application WO 03/023382 relates to an
apparatus for examining a diamond for detecting whether
the diamond has been artificially irradiated or ion bom-
barded to change its colour or whether the diamond is a
natural/synthetic doublet. Excitation by light is of from
500 to 740 nm, in particular at 633 nm (He-Ne laser), to
excite luminescence from 680 nm to 800 nm, in particular
the GR1 line at 741 nm. The diamond is placed below a
confocal microscope having an objective lens and a con-
focal aperture and it is moved vertically. Above the mi-
croscope, a beam splitter, a laser for irradiating the dia-
mond, a spectrometer and a processor. The confocal ap-
erture prevents light from outside the focal region enter-
ing the spectrometer. The arrangement is such that the
focal plane can be scanned through the diamond from
the topmost point to the bottommost point.
[0014] The Applicant has observed that the use of a
confocal microscope may relevantly increase the costs
of an analysis apparatus. In addition, an accurate nor-
malization procedure may be required to extract in-depth
information on artificial treatments made to change the
colour.
[0015] S.A. Solin in "Photoluminescence of natural
type I and type IIb diamonds", published in Physics Let-
ters A, vol. 38 (1972), pages 101-102, reports a lumines-
cence spectrum of natural Type I diamond occurring in
the 1.50-1.83 eV region. Spectra for a natural Type I dia-
mond were recorded at 300, 80 and 20 K and temperature
dependence shown in figure 1 of the article.
[0016] T. Hainschwang et al, in "Luminescence spec-
troscopy and microscopy applied to study gem materials:
a case study of C centre containing diamonds", published

in Mineralogy and Petrology (2013), pages 393-413,
presents an overview of applications of the analysis of
laser and UV excited luminescence by spectroscopy and
visually by microscopy with emphasis on diamond, in par-
ticular type Ib diamonds.

SUMMARY OF INVENTION

[0017] The present disclosure relates to a spectro-
scopic analysis method and apparatus for enabling the
distinction of artificially irradiated coloured diamonds
from natural coloured diamonds. In some preferred em-
bodiments, the present method and apparatus allow in
addition the discrimination of diamonds from different
gemstones, i.e. the verification that the analysed gem-
stone is a diamond.
[0018] Examination of the change in colour and/or in
crystal structure, the latter aimed for example to the elim-
ination of lattice defects, which are achieved through ar-
tificial treatments is related to the possibility of identifying
specific effects not occurring in natural gemstones.
Those effects mainly concern sub-microscopic structural
differences often invisible at the eye. Within the present
description and claims, artificial treatments include arti-
ficial irradiation processes, such as ion, electron, neu-
tron, and gamma-ray irradiation, and/or thermal treat-
ments, such as high-temperature annealing.
[0019] The Applicant has observed that spectroscopic
evidence of artificial treatments in yellow diamonds can-
not be reliably obtained from the detection of the GR1
line at 741 nm.
[0020] The Applicant has found that by illuminating a
diamond with an excitation wavelength lower than 681
nm, the occurrence of specific combinations of discrete
photoluminescence features positioned at 681 nm, 705
nm, and at 725 nm indicates artificial treatments in the
examined diamond, in particular if the gem under analy-
sis is a yellow diamond.
[0021] In particular, the Applicant has found that a
spectral pattern comprising either a spectral feature at
681 nm or a combination of spectral features at 705 nm
and 725 nm is associated with an artificially treated dia-
mond. With combination of spectral features at 705 and
at 725 nm is meant the co-existence of both features at
705 and 725 nm.
[0022] The spectral pattern appearing in the emission
spectrum and comprising at least one discrete spectral
feature being either an intensity peak at 681 nm or the
co-existence of two intensity peaks at respective wave-
lengths 705 nm and 725 nm is an indicator of artificial
treatments of the diamond.
[0023] The Applicant has observed that the spectral
pattern, and thus the discrete spectral features, are in
general experimentally observed to be only few nm wide
and therefore clearly distinguishable as intensity peaks
in a intensity vs. wavelength spectrum, also when over-
lapped to broad spurious signals and/or other broad
emissions not caused by treatments.
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[0024] In some preferred embodiments, the spectral
pattern is selected from the group consisting of: a spectral
feature at 681 nm, two spectral features positioned at the
respective wavelengths of 705 nm and at 725 nm, and
three spectral features positioned at the respective wave-
lengths of 681 nm, 705 nm and 725 nm.
[0025] In some preferred embodiments, the excitation
wavelength impinging on the gemstone is of from 350
nm to 680 nm, more preferably of from 350 nm to 675
nm. In some particularly preferred embodiments, the ex-
citation wavelength is within the red spectral region of
the visible light, more preferably at a wavelength of from
600 nm to 675 nm.
[0026] The spectral features of the spectral pattern,
referred in the following also to as spectral indicators, are
positioned, in the photoluminescence spectrum, at wave-
lengths within a relatively narrow wavelength region,
which is of about 45 nm. The present method therefore
allows the detection of whether the diamond has been
artificially treated by measuring light emitted from the
sample within a relatively narrow spectral region, making
thereby possible the use of a light collection system of
reduced complexity and cost.
[0027] The diamond Raman peak at 1332 cm-1 univo-
cally identifies the analysed gemstone as single-crystal
diamond. The Applicant has noted that this Raman signal
lies within the spectral region exhibiting the spectral pat-
tern if the light excitation wavelength is chosen in the
range of from 600 nm to 675 nm. For example, the Raman
line falls at 691 nm for excitation wavelength of 633 nm.
[0028] The Applicant has observed that the present
disclosure can be applied for the analysis of brown-col-
oured, orange-coloured, and of yellow-coloured dia-
monds, including any tone or saturation of these colours.
In the following description this category of coloured dia-
monds will be referred, for brevity, to as yellow diamonds.
[0029] In most cases of interest, spectral indicators
have been found to be weakly dependent on temperature
and it has been observed that their peak intensity is rel-
atively high in irradiated and treated diamonds. Although
measurement of spectral response at cryogenic temper-
ature, for example at liquid nitrogen temperature, may
increase detection sensitivity, the method according to
the present disclosure does not necessarily require cool-
ing of the sample or the use of cooled detectors to en-
hance sensitivity.
[0030] Due to the relatively narrow spectral range to
be measured for the detection of the indicators, employ-
ment of complex optics, such as wavelength-adjustable
light dispersion elements, e.g. a rotating diffraction grat-
ing, is not necessary.
[0031] Since spectral indicators are not related to the
determination of a in-depth concentration profile of de-
fects, no expensive confocal optical system is required
to collect photoluminescence intensity profile. Therefore,
in accordance with some preferred embodiments, the
present method allows the use of a relatively simple and
compact detection apparatus that can be produced at

low cost.
[0032] Consistently with the present disclosure, a
method of spectroscopic analysis of a diamond for de-
termining whether the diamond has been artificially treat-
ed to change its colour is provided, the method compris-
ing:

- generating light emission from a diamond upon op-
tical excitation at an excitation wavelength equal to
or smaller than 680 nm;

- optically producing a dispersed light emission;
- detecting the dispersed light emission across a col-

lected spectral region by means of a photodetector
device to electrically generate output signals, where-
in the collected spectral region comprises emission
wavelengths of from 670 nm to 735 nm;

- processing the output signals to produce a spectral
intensity distribution as a function of emission wave-
lengths;

- analysing the spectral intensity distribution to deter-
mine the presence or absence of a spectral pattern
comprising either an intensity peak at 681 nm or a
combination of intensity peaks at respective wave-
lengths 705 nm and 725 nm;

- if, as a result of analysing, a spectral pattern is de-
termined to be present, establishing that the dia-
mond has been artificially treated to change its col-
our, and

- if, as a result of analysing, a spectral pattern is de-
termined to be absent, establishing that the diamond
has not been treated to change its colour.

[0033] Preferably, the excitation wavelength is equal
to or smaller than 675 nm. In some embodiments, the
excitation wavelength is of from 350 nm to 675 nm.
[0034] Preferably, the collected spectral region com-
prises emission wavelengths of from 670 nm to 750 nm,
more preferably collected spectral region comprises
emission wavelengths of from 640 nm to 750 nm. In some
preferred embodiments, the collected spectral region of
excited emission for analysis of the spectral pattern com-
prises a wavelength range of from 650 nm to 800 nm. In
a particular embodiment, the collected spectral range of
excited emission is of from 650 to 950 nm.
[0035] In some preferred embodiments, analysing the
spectral intensity distribution and establishing that the
diamond is treated or untreated is performed automati-
cally by a processing module configured to receive and
process the spectral intensity distribution and to generate
processed data.
[0036] Preferably, the method further comprises, after
establishing that the diamond has been artificially treat-
ed, providing an output indicating that the diamond has
been artificially treated.
[0037] In some embodiments, the method further com-
prises, after establishing that the diamond is untreated,
providing an output indicating that the diamond is un-
treated.
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[0038] Preferably, providing an output indicating that
the diamond has been artificially treated or is untreated
is performed automatically.
[0039] According to some embodiments, the process-
ing module runs in one or more processors which can be
installed in a user terminal operatively connectable to the
processing circuit of the photodetector device or being a
separated control unit, preferably located within the spec-
troscopic apparatus, connected to the processing circuit.
[0040] In some embodiments, the processing module
is executed by a processor, which is embedded in or
connected to a user terminal with a display screen and
an input unit for interaction with a user. The processing
module is operatively connected to a rendering module,
preferably running on the processor, having graphic
processing for rendering a bidimensional graph of the
spectral intensity distribution on the display screen.
[0041] In an embodiment, providing an output indicat-
ing that the diamond has been artificially treated com-
prises visualising a message on the display screen (e.g.
through the rendering module).
[0042] In a further embodiment, providing an output
indicating that the diamond has been artificially treated
comprising activating a sound signal, wherein activation
is triggered by the processing module to produce an au-
dio sound from an audio unit of a user terminal embed-
ding the processing module or from an electronic alarm
unit installed on the spectroscopic apparatus and logi-
cally connected to the processing module.
[0043] In some embodiments, the method further com-
prises, after analysing the spectral intensity distribution
and before establishing if the diamond is untreated or
has been artificially treated, visualising on a display
screen the spectral intensity distribution.
[0044] In an embodiment, the method further compris-
ing, after analysing the spectral intensity distribution and
before establishing that the diamond is untreated or ar-
tificially treated, visualising on a display screen the spec-
tral intensity distribution and, if the spectral pattern is de-
termined to be present, displaying an indication of the
position of the spectral pattern on the display screen,
wherein analysing the spectral intensity distribution is
performed automatically and establishing that the dia-
mond is treated or untreated is performed by a user based
on the displayed indication.
[0045] Preferably, generating light emission from a dia-
mond comprises irradiating a diamond with a primary op-
tical beam at an excitation wavelength to generate excit-
ed light emission in the form of a secondary optical beam.
[0046] Preferably, the primary light beam is a mono-
chromatic light beam.
[0047] Preferably, optically producing a dispersed light
emission comprises focussing the secondary optical
beam onto a slit to produce an image of light emission,
and spectrally dispersing the secondary light beam to
spatially separate the light emission imaged by the slit
into wavelengths across the collected spectral region.
[0048] In some preferred embodiments, analysing the

spectral intensity distribution to determine the presence
or absence of a spectral pattern comprises:

- analysing the spectral intensity distribution to deter-
mine the presence or absence of an intensity peak
at 681 nm;

- if, as a result of analysing, an intensity peak at 681
nm is determined to be present, determining that the
spectral pattern is present;

- if, as a result of analysing, an intensity peak at 681
nm is determined to be absent, analysing the spec-
tral intensity distribution to determine the presence
or absence of an intensity peak at 705 nm;

- if, as a result of analysing, an intensity peak at 705
nm is determined to be absent, determining that the
spectral pattern is absent;

- if an intensity peak at 705 nm is determined to be
present, analysing the spectral intensity distribution
to determine the presence or absence of an intensity
peak at 725 nm;

- if an intensity peak at 725 nm are determined to be
present, determining that the spectral pattern is
present,

- if an intensity peak at 725 nm is determined to be
absent, determining that the spectral pattern is ab-
sent.

[0049] Preferably, the diamond is a yellow diamond.
[0050] According to some embodiments consistent
with the present disclosure, a method of identifying a
gemstone as a diamond and, if the gemstone is identified
as diamond, of determining whether the diamond has
been artificially treated is provided, the method compris-
ing:

- generating light emission from a diamond upon op-
tical excitation at an excitation wavelength equal to
or smaller than 680 nm;

- optically producing a dispersed light emission;
- detecting the dispersed light emission across a col-

lected spectral region by means of a photodetector
device to electrically generate output signals, where-
in the collected spectral region comprises emission
wavelengths of from 670 nm to 735 nm;

- processing the output signals to produce a spectral
intensity distribution as a function of emission wave-
lengths;

- analysing the spectral intensity distribution to deter-
mine the presence or absence of a Raman peak at
a wavelength corresponding to a wavenumber shift
between the excitation wavelength and the scattered
wavelength of 1332.5 cm-1;

- if, as a result of analysing, a Raman peak is deter-
mined to be absent, establishing that the gemstone
is not a diamond and providing an output indicating
that the gemstone is not a diamond;

- if, as a result of analysing, a Raman peak is deter-
mined to be present, establishing that the gemstone

7 8 



EP 3 111 199 B1

6

5

10

15

20

25

30

35

40

45

50

55

is a diamond and proceed by analysing the spectral
intensity distribution to determine the presence or
absence of a spectral pattern comprising either an
intensity peak at 681 nm or a combination of intensity
peaks at respective wavelengths 705 nm and 725
nm;

- if, as a result of analysing, a spectral pattern is de-
termined to be present, establishing that the dia-
mond has been artificially treated to change its col-
our;

- if, as a result of analysing, a spectral pattern is de-
termined to be absent, establishing that the diamond
has not been treated to change its colour, and

- providing an output indicating that the diamond has
been artificially treated.

[0051] Preferably, excitation wavelength is of from 600
nm to 675 nm.
[0052] Preferably, the method of identifying a gem-
stone as a diamond and, if the gemstone is identified as
diamond, of determining whether the diamond has been
artificially treated is performed automatically.
[0053] In accordance with some embodiments, the
method comprises:

- before analysing the spectral intensity distribution to
determine the presence or absence of a spectral pat-
tern, selecting a diamond colour from two colour
groups: a first colour group of yellow, orange and
brown and a second colour group of blue-green or
black;

- if the diamond colour is selected to be the first group
of colour, proceeding with analysing the spectral in-
tensity distribution to determine the presence or ab-
sence of the spectral pattern and establishing if the
diamond has been artificially treated;

- if the diamond colour is selected to be the second
group of colour, analysing the spectral intensity dis-
tribution to determine the presence or absence of a
GR1 spectral feature at 741 nm;

- if, as a result of analysing, a GR1 spectral feature is
determined to be present, establishing that the dia-
mond in the second colour group has been artificially
treated to change its colour and providing an output
that the diamond has been artificially treated; and

- if, as a result of analysing, a GR1 spectral feature is
determined to be absent, establishing that the dia-
mond has not been treated to change its colour.

[0054] In some preferred embodiments, the steps sub-
sequent selecting a diamond colour are performed auto-
matically.
[0055] Consistently with the present disclosure, a
spectroscopic apparatus is provided, which comprises:

- a source emitting a primary beam at an excitation
wavelength equal to or smaller than 680 nm to be
directed onto a diamond to generate light emission

from the diamond;
- a first optical focussing system arranged to focus the

light emission onto a slit to produce an image of light
emission;

- a spectrally dispersing device arranged to spatially
separate the light emission imaged by the slit into
wavelengths, the spectrally dispersing device being
configured to produce a spatially dispersed light
emission;

- a photodetector device arranged to collect the dis-
persed light emission across a collected spectral re-
gion and to electrically generate output signals,
wherein the collected spectral region comprises a
wavelength region of spatially dispersed light emis-
sion of from 670 nm to 735 nm;

- a processing circuit configured to receive the output
signals and to process them to produce a spectral
intensity distribution as a function of emission wave-
length across the collected wavelength region, and

- a processor operatively connected to the processing
circuit comprising a processing module configured
to:

analyse the spectral intensity distribution to de-
termine the presence or
absence of a spectral pattern comprising either
an intensity peak at 681 nm or
a combination of intensity peaks at respective
wavelengths 705 nm and 725 nm;
establish that the diamond has been artificially
treated to change its colour if, as a result of an-
alysing, a spectral pattern is determined to be
present, and establish that the diamond has not
been treated to change its colour if, as a result
of analysing, a spectral pattern is determined to
be absent.

[0056] Preferably, the processing module is further
configured to trigger the provision of an output indicating
that the diamond has been artificially treated, after es-
tablishing that the diamond has been artificially treated.
[0057] In some embodiments, the processor compris-
es a rendering module operatively connected to the
processing module for rendering a graph of the spectral
intensity distribution on a display screen operatively con-
nected to the processor.
[0058] In some embodiments, the spectrally dispersing
device is a reflection diffraction grating or a transmission
diffraction grating.
[0059] Preferably, the apparatus further comprises a
second optical focussing system arranged to collect the
dispersed light emission from the spectrally dispersing
device and to direct a focussed dispersed light emission
onto the photodetector device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0060] The present invention will now be described in
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more detail hereinafter with reference to the accompa-
nying drawings, in which some, but not all embodiments
of the invention are shown. Drawings illustrating the em-
bodiments are not-to-scale schematic representations.
[0061] For the purpose of the present description and
of the appended claims, except where otherwise indicat-
ed, all numbers expressing amounts, quantities, percent-
ages, and so forth, are to be understood as being mod-
ified in all instances by the term "about". In most embod-
iments, wavelength values of the spectral indicators,
namely 681 nm, 705 nm and 725 nm, are to be under-
stood as mean value within a range of 65nm, the range
of values reflecting a typical experimental uncertainty in
the wavelength position of the intensity peaks.
[0062] Also, all ranges include the maximum and min-
imum points disclosed and include any intermediate
ranges therein, which may or may not be specifically enu-
merated herein.

FIG. 1a is a block diagram of an analysis spectro-
scopic apparatus (top view) in accordance with an
embodiment consistent with the present disclosure.
FIG. 1b is a schematic perspective view of the anal-
ysis spectroscopic apparatus of Fig. 1a.
FIG. 2 is a block diagram of an analysis spectroscop-
ic apparatus in accordance with another embodi-
ment consistent with the present disclosure.
FIG. 3 is a block diagram of an analysis spectroscop-
ic apparatus in accordance with still another embod-
iment consistent with the present disclosure
FIG. 4 reports exemplary photoluminescence spec-
tra for an excitation wavelength of 633 nm, from yel-
low diamonds, namely artificially treated yellow dia-
monds indicated with T1, T2, and T3 and natural, i.e.
untreated, yellow diamonds indicated with N1, N2,
and N3.
FIG. 5 is a histogram constructed by plotting three
charts (a)-(c) reporting individual values of normal-
ised photoluminescence intensity measured for the
spectral features on naturally coloured yellow dia-
monds.
FIG. 6 is a histogram constructed by plotting three
charts (a)-(c) reporting individual values of normal-
ised photoluminescence intensity measured for the
spectral features on artificially coloured yellow dia-
monds.
FIG. 7 is a block diagram of an analysis spectroscop-
ic apparatus in accordance with another embodi-
ment consistent with the present disclosure.
FIG. 8 is a block diagram of an analysis spectroscop-
ic apparatus in accordance with a further embodi-
ment consistent with the present disclosure
FIG. 9 is a flowchart of a method of detection of ar-
tificially generated colour in a gemstone, in accord-
ance with an embodiment consistent with the present
disclosure.
FIG. 10 is a plot of an exemplary photoluminescence
spectrum, collected by exciting at 633 nm from an

artificially treated light-blue diamond.
FIG. 11 is a flowchart of a method of detection of
artificially generated colour in a diamond, in accord-
ance with another embodiment consistent with the
present disclosure.
FIG. 12 is a flowchart of a method of detection of
artificially generated colour in a gemstone, in accord-
ance with still a further embodiment consistent with
the present disclosure.

DETAILED DESCRIPTION

[0063] Figures 1a and 1b are a top view and a per-
spective view, respectively, of an apparatus for spectro-
scopic analysis of a gemstone according to an embodi-
ment consistent with the present disclosure. An appara-
tus 10 comprises a light source 12 configured to emit a
primary light beam 14 and arranged so as to direct the
beam onto a sample 13, which is a gemstone and in
particular a diamond. The light source is configured to
emit a light beam at a wavelength equal to or smaller
than about 680 nm. Preferably, light source is configured
to emit a monochromatic light beam at a wavelength of
from 350 nm to 680 nm, more preferably of from 350 nm
to 675 nm. More preferably, the light source is configured
to emit monochromatic light in the visible red wavelength
spectrum, at a wavelength of from 600 to 675 nm.
[0064] In an embodiment, the light source is a light
emitting diode (LED) emitting monochromatic light at a
wavelength of 635 nm. In a further embodiment, the light
source is a laser device emitting at 633 nm. The diamond
is exposed to the light beam that generates optically ex-
cited emission and scattered light at room temperature
from the sample. The emitted and scattered light, which
will be referred also to as secondary light beam (indicated
in Fig. 1a with referral number 15), is collected by a first
focussing optical system arranged to receive the excited
emission and having two focussing lenses 17 and 18,
the second lens 18 being positioned downstream the first
lens with respect to the sample. In the embodiment of
Figs. 1a-1b, the first focussing optical system consists of
first and second focussing lenses. In another embodi-
ment, the first focussing optical system may be formed
by a single focussing lens, for example a biconvex lens.
Light passed through the focussing optical system is fo-
cussed onto a slit 19 to form an image of the light emission
from the sample. The width of the slit are preferably se-
lected to obtain the width of the slit image on the sensor
of the same order of a single pixel of the detector device
described in the following.
[0065] Preferably, a wavelength-selective filter 20 is
arranged to receive the secondary light beam, coming
from the slit 19, for filtering out possible light originating
from the primary beam elastically scattered at the exci-
tation wavelength within the sample, or originating from
scattering centres caused by surface roughness of the
sample. In some embodiments, the wavelength-selective
filter 20 is an optical band pass filter or a high pass filter.

11 12 



EP 3 111 199 B1

8

5

10

15

20

25

30

35

40

45

50

55

In an embodiment, the filter is a high pass filter with cut-
off wavelength larger than the excitation wavelength. For
example, excitation wavelength is 633 nm and a high
pass filter with cut-off wavelength of 640 nm is selected.
[0066] After having passed though slit 19, and prefer-
ably being filtered to select a wavelength region, the sec-
ondary light beam is collimated by a collimating lens 21
on a light dispersion element 22 configured to distribute
in space the secondary light beam as a function of wave-
length. In the present embodiment, the light dispersion
element 22 is a reflection diffraction grating. In a conven-
tional way, the light dispersion element is mounted on a
mounting structure 27 for stably holding the light disper-
sion element in a suitable position to receive the incoming
light beam.
[0067] The dispersed beam is collected by a second
focussing optical system 23 which focuses it on a pho-
todetector device 24. The second light focusing system
23 of the present embodiment is a focussing lens. The
photodetector device is electrically connected to a signal
processing circuit 25 configured to process the output
photocurrent signals and to generate x-y data, which are
preferably suitable to be viewed in an image graphically
visualised on a display screen. In some embodiments,
the x-y data is the spectral distribution of the signal in-
tensity as a function of wavelength.
[0068] Passive optical elements for focalisation, colli-
mation and dispersion of the secondary light beam are
preferably arranged along a first optical axis 26 in the
optical path of the secondary light beam emitted from the
sample. The reflection diffraction grating directs the re-
ceived secondary beam on the photodetector that is ar-
ranged to receive the dispersed secondary light beam
along a second optical axis 30.
[0069] In the usual ways, the optical elements ar-
ranged along the first optical axis 26 can be held in place
by a first supporting structure 28, while the optical ele-
ments arranged along the second optical axis 30 can be
held in place by a second supporting structure 29.
[0070] In some embodiments, the photodetector de-
vice is a CCD (Charge Coupled Device) light sensor or
a CMOS (Complementary Metal Oxide Semiconductor)
light sensor. In some embodiments, the photodetector
device is configured to detect a wavelength spectrum
covering visible and near-IR light. The spectroscopic
analysis apparatus of Figs. 1a and 1b is housed in a
housing 11 shaped as a box having an open top, which
can be closed by a lid (not shown in the figures). Mounting
tools are employed to hold the diamond in place during
measurements. For example, a slot 9 is formed on a side
wall of box 11 (visible in Fig. 1b) for insertion of sample 13.
[0071] The x-y data of the spectrum, i.e. intensity vs.
wavelength, exiting the processing circuit 25 are entered
in a processing module (not shown in Figs. 1A and IB)
for spectral analysis configured to implement the method
of spectral analysis and, in some embodiments, config-
ured to receive input data from a user, process the input
data and the spectrum data (i.e., the x-y data), and to

generate processed data.
[0072] Figure 2 schematically illustrates an exemplary
arrangement for the spectral analysis and the verification
of the presence of an artificial treatment in the gemstone.
An apparatus 100 for spectroscopic analysis of a gem-
stone 101 comprises opto-electronic devices and optical
components to produce and optically analyse an emis-
sion light spectrum from the gemstone according to some
embodiments herein disclosed. For example, the optical
configuration of the apparatus can be the same as that
described with reference to Figs. 1A and 1B. In particular,
a photodetector 24 is connected to a processing circuit
25 configured to process the output photocurrent signals
and to generate x-y data describing the spectral distribu-
tion of the intensity in the detected image as a function
of wavelength. The processing circuit 25 is logically con-
nected to a processing module configured to: analyse
the spectral intensity distribution to determine the pres-
ence or absence of spectral pattern indicative of artificial
treatment and to establish that the diamond has been
artificially treated to change its colour if, as a result of
analysing, the spectral pattern is determined to be
present. Preferably, the processing module is configured
to provide an output indicating that the diamond has been
artificially treated after establishing that the spectral pat-
tern is present.
[0073] In the embodiment shown in Fig. 2, the process-
ing module is a software program running on a processor
102 connected to the processing circuit 25. The software
may include, for example, routines, programs, objects,
components, and data structures that perform particular
functions. The processor 102 is housed in housing 106,
which houses the apparatus for spectroscopic analysis
and it is connected to a computer 103, such as PC, ex-
ternal from apparatus 100. In the usual ways, the housing
106 can be provided with a PC access port for connection
with an external computer (103).
[0074] In a conventional way, the processing module
for spectral analysis is connected to a rendering module,
which can run on processor 102 and includes graphic
processing for rendering a bidimensional spectrum for
interaction with the user through a display screen 105 of
the computer. The computer can be provided with an
input unit, e.g. a keyboard 104.
[0075] In another embodiment (not shown in Fig. 2),
the processing module is embedded in a personal com-
puter (PC), logically connected to the processing circuit
25, or more generally it can be executed on a user ter-
minal, such as a PC, tablet or smartphone.
[0076] Figure 3 is a block diagram (perspective view)
of an apparatus for spectroscopic analysis of a gemstone
according to a further embodiment consistent with the
present disclosure. Same referral numbers employed in
Figs. 1a and 1b indicate same or like elements. The ap-
paratus of Fig. 3 differs from the embodiment of Figs. 1a
and 1b mainly in that sample excitation and collection of
scattered/emitted light is achieved by means of an optical
fibre system. In the present embodiment, a first optical
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fibre 92a has a first end optically coupled with the output
of the light source 12. An optical connector 93a termi-
nates the first end of the optical fibre 92a and is connected
with a lateral wall of the housing 11 through a first optical
flange 94a. The optical fibre 92a transmits the exciting
light to a sample 90, i.e. a gemstone, from the light source.
The scattered/emitted light coming from the sample is
optically coupled with a second optical fibre 92b for trans-
mission to the entrance of the first focusing system. An
optical connector 93b terminates a first end of the second
fibre 92b and is connected with the lateral wall of the
housing through a second optical flange 94b. Second
ends of the first and second optical fibres 92a and 92b
are spliced with one another in a common termination
portion 91, which is a length of an optical fibre connected,
e.g. by splicing, with the joined second ends of fibres 92a
and 92b. The common terminating portion 91 is placed
in front and in proximity of the irradiating surface of the
sample. In some embodiments, the present configuration
enables an easy and efficient coupling of the device to
the probed sample for small size gems either loose or
set on jewels. In another embodiment, a bundle of optical
fibres, for example a bundle of 4, 6, 18 or of 24 fibres are
used instead of a single optical fibre for coupling light
onto and from the sample.
[0077] Figure 4 is a plot of photoluminescence intensity
(arbitrary units) versus wavelength of excited emission
with excitation wavelength of 633 nm from several sam-
ples detected at a wavelength region of from 650 nm to
950 nm. Primary beam was emitted from a laser having
optical power of about 30 mW. Spectra were collected
at room temperature from three artificially irradiated yel-
low diamonds labelled with T1, T2, and T3, respectively,
and from three natural, i.e. untreated, yellow diamonds
labelled with N1, N2, and N3. At least a narrow spectral
feature at 681 nm (labelled with number 1 in the figure)
is observed in treated samples T1 and T3. Sample T2
presents a peak at 705 nm and a peak at 725 nm, which
are labelled with numbers 2 and 3, respectively, in Fig.
4. The spectrum of sample T3 shows only peak 1, where-
as sample T1 exhibits all three peaks 1, 2 and 3.
[0078] None of spectral features 1, 2 and 3 is present
in the spectra collected from natural yellow-coloured dia-
monds N1, N2 and N3. A sharp narrow intensity peak at
about 691 nm is present in all spectra of Fig. 4, at the
spectral position corresponding to the Raman line single-
crystal diamond at wavenumber of 1332 cm-1. Only to
improve readability, a dotted line passing through the Ra-
man peaks is traced in Fig. 4. The Raman peak is caused
by the Raman mode associated to intrinsic vibrations of
the diamond crystal structure, known to be observed in
all diamonds, independently of their treatment, colour,
shape, and geological origin of the gemstone.
[0079] Photoluminescence peaks labelled 1, 2 and 3
are observed to be superimposed to other spectral con-
tributions comprising a broad fluorescence, which is often
observed also in natural diamonds, as shown in the spec-
tra of samples N1 to N3.

[0080] The Applicant observed that either at least a
spectral feature at 681 nm or at least a combination of
spectral features at 705 nm and 725 nm is systematically
present in artificially treated yellow diamonds, whereas
the spectral features at 681 or the co-existence of the
705 and 725 nm features are absent in natural, i.e. un-
treated diamonds. The presence of all three spectral fea-
tures has been observed to be present only in artificially
treated yellow diamonds.
[0081] In particular, the Applicant carried out an inves-
tigation on the occurrence of the spectral features 1, 2
and 3 in a statistically relevant set of diamonds, compris-
ing coloured diamonds of different commercial origin.
[0082] Figure 5 is a histogram constructed by plotting
three charts reporting individual values of normalised
photoluminescence intensity experimentally measured
at 681 nm (chart (c)), 705 nm (chart (b)) and at 725 nm
(chart (a)) on 53 samples of naturally coloured yellow
diamonds. The abscissa of the charts reports the sample
number. Photoluminescence spectra for the investigated
diamonds were collected and fitted in the same spectral
region comprising the wavelengths of the spectral pat-
tern, namely 650-950 nm, to evaluate the relative inten-
sity of the spectral indicators. In particular, each intensity
peak at the specific wavelengths was normalized to the
noise amplitude estimated as standard deviation σ of the
mean value of the intensity in a signal free spectral range,
after subtraction of the underlying broad fluorescence.
Horizontal dashed line drawn in each chart as a constant
value of photoluminescence intensity indicates, for each
intensity peak at the specific wavelengths, the value of
2σ, where σ is the standard deviation of noise in the spec-
tra. Peaks with intensity larger than 2σ at wavelengths
usually within 6 5 nm of the wavelength value labelled
in the figure, were considered to represent a positive de-
termination of a spectral feature. Vertical dotted lines in-
dicates the measurements on samples N1, N2 and N3
discussed with reference to Fig. 4.
[0083] With reference to chart (c) of Fig. 5, none of the
analysed naturally coloured diamonds shows a spectral
feature greater than 2σ at 681 nm. From chart (b), a few
samples exhibit a spectral feature at about 705 nm, i.e.
a photoluminescence peak exceeding 2σ, while some
samples show a pronounced spectral feature at about
725 nm. However, photoluminescence spectra of none
of the gemstones exhibit both the intensity peak at 705
nm and the peak at 725 nm. Therefore, the spectral pat-
tern indicative of artificial treatment is absent in any of
the examined naturally coloured diamonds.
[0084] Figure 6 is a histogram constructed by plotting
three charts reporting individual values of normalised
photoluminescence intensity experimentally measured
at 681 nm (chart (c)), 705 nm (chart (b)) and at 725 nm
(chart (a)) on 35 samples of yellow diamonds artificially
treated by irradiation and annealing, in which occurrence
of an artificial treatment was demonstrated by known and
independent fingerprints, including infrared electronic
transitions at around 5000 cm-1 for the detection of H1b
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and H1c optical centres or optical absorption at 595 nm
for the detection of 595 centre or at H3 (503 nm) and H4
(496 nm) centres. Vertical dotted lines indicates the
measurements on the samples T1, T2 and T3 discussed
with reference to Fig. 4. Horizontal dashed line drawn in
each chart as a constant value of photoluminescence
intensity indicates, for each intensity peak at the specific
wavelengths, the value of 2σ. Occurrence of one of the
three peaks 1, 2 and 3 with an intensity larger than 2σ
above the noise was defined to be a positive determina-
tion of a spectral feature.
[0085] In Fig. 6, for example, it can be observed that
gemstones from Nos. 3 to 35 show both a peak at 705
nm and a peak at 725 nm, whereas samples Nos. 1 and
2 show a peak at 681 nm, but not the combination of
peaks at 705 and 725 nm. In general, spectra of all ex-
amined diamonds show one of the following spectral pat-
terns: a peak at 681 nm, coexisting peaks at 705 and 725
nm, and all three peaks.
[0086] Results shown in Figs. 5 and 6 demonstrate a
correlation between the detection of peaks within the
wavelength range comprising the spectral pattern (la-
belled 1, 2, and 3, respectively, in the figures) and treat-
ments carried out on the gemstones. The occurrence of
the 681 nm peak and simultaneously, or alternatively,
the coexisting occurrence of the peaks at 705 nm and
725 nm (both with intensity more than 2σ above the noise)
can be taken as a sufficient condition to distinguish treat-
ed diamonds from natural diamonds. Based on this facts,
the luminescence peak at 681 nm and the pair of peaks
at 705 nm and 725 nm, if simultaneously observed, are
considered to constitute the spectral indicators of artificial
treatments in a diamond.
[0087] Figure 7 is a block diagram (perspective view)
of a spectroscopic analysis apparatus according to a fur-
ther embodiment consistent with the present disclosure.
Same referral numbers employed in Figs. 1a and 1b in-
dicate same or like elements. The apparatus of Fig. 6
differs from the embodiment of Figs. 1a and 1b mainly in
the collimation of the secondary optical beam onto the
light dispersing element and in the second optical focuss-
ing system for directing the light-dispersed secondary
beam onto the photodetector device. In particular, the
secondary light beam, which has passed through wave-
length-selective filter 20, impinges on a first parabolic
mirror 31 arranged to receive the secondary light beam
and to direct the received beam onto a light dispersion
element 33, preferably a reflection diffraction grating. Dis-
persed light reflected from light dispersion element 33
impinges on a second parabolic mirror 32, arranged to
receive the dispersed light and to direct the dispersed
light on photodetector device 24 (not visible in the figure,
since it is hidden behind the processing circuitry 25). Light
dispersion element 33 and photodetector device 24 can
be mounted on a respective supporting structures 34 and
39 to ease optical alignment.
[0088] Figure 8 is a block diagram (perspective view)
of a spectroscopic analysis apparatus according to a an-

other embodiment consistent with the present disclosure.
Same referral numbers employed in Figs. 1a and 1b in-
dicate same or like elements. The apparatus of Fig. 8
differs from the embodiment of Figs. 1a and 1b in the
optical components downstream the wavelength-selec-
tive filter 20. The apparatus of Fig. 8 comprises a para-
bolic mirror 36 positioned to receive the filtered light beam
from filter 20 and to direct it to a light dispersion element
37, which is a transmission diffraction grating. The dis-
persed light, which is transmitted by the diffraction grating
37, is focussed onto photodetector 24 (not visible in the
figure) by a focussing lens 38.
[0089] It is to be understood that, although not shown
in Figs. 3, 7, and 8, the processing circuit 25 is connected,
in at least during operation, to a processing module,
which can be installed in a processor housed in housing
10 or installed in a PC or other suitable user terminals,
such as tablets or smartphones.
[0090] Figure 9 is a flow chart of a method of analysis
of a gemstone and in particular of detection of artificially
generated colour in a diamond, in accordance with an
embodiment consistent with the present disclosure. The
method starts (41) with the acquisition of the secondary
light beam emitted from a gemstone, assumed to be a
diamond, by means of a photodetector device (step 42),
following excitation with a primary beam at a wavelength
selected within a range from 600 nm to 675 nm. For the
generation and acquisition of the secondary light beam,
a spectroscopic analysis apparatus such as those de-
scribed with reference to Figs. 1a-1b, 2, 3, 7 and 8 can
be employed. Electronic output signals containing the
information on the scattered and emitted light are output
from photodetector device, such as a CCD sensor. Fol-
lowing acquisition of the secondary light beam by the
photodetector device, output signals are processed in a
manner per se known by converting them to produce x-y
data of spectral intensity distribution (step 43), which are
suitable for viewing in an image graphically visualised on
a display. The x-y data are input data for a photolumi-
nescence spectrum having as y-data the intensity of the
detected beam and as x-data the wavelengths within a
collected spectral region. Preferably, the collected spec-
tral region comprises a wavelength region of from 670
nm to 750 nm, more preferably of from 650 nm to 800
nm. In some embodiments, the collected spectral region
is of from 650 nm to 950 nm. The spectrum can be vis-
ualised as a graph of the type shown in Fig. 4 (optional
step 44). Conversion of the raw data from the photode-
tector device is performed by conventional hardware and
software for image processing, which can be comprised
in a processing circuitry connected to the photodetector
device, such as processing circuit 25 of embodiments of
Figs. 1a-1b, 2-3, 7 or 8, or being part of the photodetector
device.
[0091] The x-y data of the spectrum, i.e. intensity vs.
wavelength, are entered in a processing module for spec-
tral analysis configured to receive input data from a user,
process the input data and the spectrum data (i.e., the
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x-y data), and to generate processed data. The process-
ing module is a software program running on a processor,
which is for example embedded in a personal computer
(PC), logically connected to the processing circuit, or
more generally in a user terminal, e.g. PC, tablet or smart-
phone. For example, the software in the processing mod-
ule may include routines, programs, objects, compo-
nents, and data structures which perform particular func-
tions. In the usual ways, the processing module for spec-
tral analysis is connected to a rendering module having
graphic processing for rendering a bidimensional spec-
trum on a display screen of the user terminal. The user
terminal is provided with an input unit (e.g. keyboard,
touch screen, etc.), for interaction with the user.
[0092] In other embodiments, the processor running
the processing module can be housed in the spectro-
scopic apparatus, which can be provided with a PC ac-
cess port, e.g. in its housing, for connection with an ex-
ternal computer and/or to a display screen. In a particular
embodiment, the processing module is configured to an-
alyse the spectral intensity distribution to determine the
presence or absence of a spectral pattern indicative of
artificial treatment, to display the spectral intensity distri-
bution and, if the spectral pattern is determined to be
present, to provide an indication of the position of the
spectral pattern on the displayed spectral intensity dis-
tribution. According to this embodiment, establishing that
the diamond has been artificially treated is performed by
a user viewing the displayed spectrum and a displayed
indication of the position of the spectral pattern, for ex-
ample in the form of one or more lines superimposed on
the displayed spectrum.
[0093] The method of the embodiment of Fig. 9 com-
prises, after conversion of the acquired image and, op-
tionally, display of a photoluminescence spectrum, veri-
fying that the analysed gemstone is a diamond by check-
ing for the presence or absence of a peak at a wavelength
corresponding to the Raman wavenumber shift of 1332.5
cm-1, which identifies the gemstone as diamond.
[0094] Verifying the nature of the gemstone is imple-
mented by data processing of the x-y data (indicated with
step 45). Verification is performed automatically by the
processing module for spectral analysis which is config-
ured to perform data processing comprising analysing
the x-y data of the spectrum to determine if the spectral
intensity has a value larger than a predetermined thresh-
old intensity value at a wavelength corresponding to the
Raman wavenumber shift for a diamond (46). If the in-
tensity has a value larger than the threshold, the verifi-
cation produces a positive result by determining that the
gemstone is a diamond and the process proceeds with
the subsequent programmed steps. If the result of the
verification is in the negative, the process terminates.
Termination of the process is represented in the flow
chart by end block 50.
[0095] In an embodiment, in the data processing, the
software calculates the mean value IRAMAN of the Raman
signal in a first wavenumber range comprising the wav-

enumber value expected for the Raman line, where the
intensity has a peak maximum (for example, from 1330
cm-1 to 1334 cm-1). After calculation of the mean value,
data processing comprises dividing this value by the
standard deviation σA of the collected intensity, which is
determined in the spectral intensity distribution in a sig-
nal-free sub-range of wavenumbers outside the wave-
number values at which the maximum of the Raman sig-
nal is expected (for example, from 1310 cm-1 to 1320
cm-1). Subsequently, if the calculated ratio IRAMAN/σA is
lower than or equal to 2, the outcome is that the sample
is not a diamond and the process ends at block 50. Oth-
erwise, namely if IRAMAN/σA >2, the outcome is that the
sample is a diamond and the process goes on.
[0096] If the verification gives positive result, the meth-
od proceeds with step 49. Preferably, before proceed-
ings, the method comprises providing an output indicat-
ing the positive result (47), for example by visualising a
message "The sample is a diamond" on a display screen
of the user terminal.
[0097] If the verification gives negative result, the proc-
ess terminates as illustrated by block 50. Preferably, the
process terminates with a message (48), which can be
visualised on the display screen, informing the user that
the sample under analysis is not a diamond and that the
process ends.
[0098] Subsequently to the positive verification that the
sample under analysis is a diamond, the method com-
prises requesting a manual input from the user concern-
ing the diamond colour (step 49). Requesting a manual
input can be carried out by either selecting between dif-
ferent options visualised on the display or by typing the
colour in a field provided by the application by means of
the input unit. In an embodiment, colours accepted as
input data are grouped in three colour groups: a first
group 51 associated with yellow, orange and brown ("yel-
low"), a second group 52 associated with blue, green,
blue-green and black colours ("blue-green or black"), and
a third group 53 associated with the absence of a colour
("colourless").
[0099] If input data indicative of the colour of the dia-
mond is categorised in the group 53 "colourless", the
process terminates (block 50), because no reliable spec-
tral indicators are observed in the collected wavelength
region of wavelengths larger than 600 nm.
[0100] Since detection of the GR1 spectral line at 741
nm in the spectrum can reliably detect if a "blue-green
or black" diamond of the second group has been artifi-
cially treated, the Applicant has realised that, if the image
from the light scattered from the gemstone is acquired
across a spectral region comprising the spectral pattern
and the GR1 line, the method according to the present
embodiment allows the examination of the nature of also
"blue-green or black" diamonds.
[0101] Figure 10 is a plot of intensity vs. wavelength
for light emission from an artificially irradiated blue dia-
mond, showing the photoluminescence spectra of an ar-
tificially irradiated blue diamond. The photoluminescence
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signal was collected by employing the same analysis ap-
paratus for the spectra of Fig. 4. The photoluminescence
intensity exhibits a strong Raman line at 691 nm, corre-
sponding to a wavenumber shift of about 1332 cm-1 from
the incident radiation and identifying the sample as sin-
gle-crystal diamond. A peak at about 741 nm, which is
ascribed to the GR1 optical centre, is clearly visible and
intense. Further, a broad band at wavelengths larger than
741 nm, which can be associated with a vibrational side
band of the GR1 emission. No spectral indicators at 681,
705 and 725 nm were detected.
[0102] In accordance with some embodiments, if input
data is categorised in the second group (52), the method
comprises determining if the GR1 spectral line at 741 nm
is present or absent in the spectrum (54,55). Determina-
tion of the presence of the GR1 spectral line is preferably
done automatically. In an embodiment, in the data
processing 54, the software calculates the mean value
IGR1 of the photoluminescence signal in the wavelength
range comprising the GR1 peak maximum and having
as minimum wavelength value larger than 725 nm (for
example, from 738 nm to 744 nm) and divides this value
by σA. If the calculated ratio IGR1/σA is lower or equal to
2 then the outcome is that the GR1 peak is absent. If the
calculated ratio IGR1/σA is greater than 2, then the out-
come is that the GR1 peak is present.
[0103] If the result of determining if the GR1 spectral
line at 741 nm is present or absent in the spectrum is
positive, the software establishes that the blue-green or
black diamond is treated and the method proceed to show
the result that the diamond is treated, for example by
visualising a label "The diamond is treated" on a display
screen of the user terminal. If the result is negative, soft-
ware establishes that the diamond is untreated and the
method proceed to block 56 to show the result that the
diamond is untreated, for example by visualising a label
"The diamond is untreated" on a display screen of the
user terminal.
[0104] If the input data is categorised in the group "yel-
low" (51), the method comprises checking for evidence
of artificial treatment by data processing 58. Checking
for evidence of artificial treatment of the "yellow" group
of diamonds comprises:

- analysing the emission spectrum to determine the
presence or absence of an intensity peak at 681 nm
(59);

- if an intensity peak at 681 nm is determined to be
present, establishing that the diamond is treated and
indicating the result (62). Then, the process termi-
nates (50);

- if an intensity peak at 681 nm is determined to be
absent, the method proceeds to block 60 by analys-
ing the emission spectrum to determine the presence
or absence of an intensity peak at 705 nm;

- if an intensity peak at 705 nm is determined to be
absent, establishing that the diamond is untreated
and indicating the result (63). The process then ter-

minates;
- if an intensity peak at 705 nm is determined to be

present, the method proceeds by analysing the emis-
sion spectrum to determine the presence or absence
of an intensity peak at 725 nm (61);

- if an intensity peak at 725 nm is determined to be
present, establishing that the diamond is treated and
the process ends (50) after providing an indication
that the diamond is treated (62) as output.

- if an intensity peak at 725 nm is determined to be
absent, establishing that the diamond is untreated
and the process ends (50) after providing an indica-
tion that the diamond is untreated (63) as output.

[0105] Indication to the user of the result that the ana-
lysed gemstone is treated or untreated can be made in
conventional ways, for example by visualising a mes-
sage, such as "Diamond is treated" or "Diamond is un-
treated" on the display screen of the user terminal (as in
the embodiment of Fig. 9). In another embodiment, pro-
viding an output indicating the result is made by providing
as output a switch-on of a red light (diamond treated) or
of a green light (diamond untreated) on the spectroscopic
apparatus. In a still further embodiment, providing an out-
put indicating that the diamond has been artificially treat-
ed comprising activating a sound signal, wherein activa-
tion is triggered by the processing module to produce an
audio sound from an audio unit of a user terminal em-
bedding the processing unit or from an electronic alarm
unit (per se known) installed on the spectroscopic appa-
ratus and logically connected to the processing module.
[0106] An automatic procedure for data processing is
preferably implemented for the process starting from
block 58, i.e. for checking for evidence of artificial treat-
ment of the "yellow" diamonds. In an embodiment, the
processing module for spectral analysis calculates the
mean value I681 of the photoluminescence signal in the
wavelength range comprising the expected value for the
peak maximum and having a range upper limit smaller
than 700 nm (not to include the second spectral indicator
at 705 nm) and preferably smaller than the wavelength
of the expected Raman peak. For example, for an exci-
tation wavelength of 633 nm, the Raman peak is at 691
nm and the wavelength range is selected from 676 nm
to 686 nm. The calculated mean value is divided by σA,
the previously defined standard deviation. If the calculat-
ed ratio I681/σA is lower than or equal to 2, the outcome
is that the peak is absent. If the calculated ratio is greater
than 2, the outcome is that the peak is present. If the
peak is determined to be present, the process ends by
indicating the result that the diamond is treated (62).
[0107] If the peak at 681 nm is determined to be absent,
subsequently to the checking for the occurrence of the
peak at 681 nm, the method comprises checking the oc-
currence of an intensity peak at 705 nm (60). In an em-
bodiment, to carry out the check of the occurrence if the
705 nm- peak, the processor calculates the mean value
I705 of the photoluminescence signal in the wavelength
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range comprising the wavelength value at which the peak
maximum of the second spectral indicator is expected,
wherein the range has a lower limit larger than the wave-
length of the first indicator and an upper limit smaller than
the wavelength of the third indicator (e.g. from 700 nmto
710 nm). The mean value I705 is then divided by σA. If
the calculated ratio I705/σA is lower or equal to 2, the
outcome is that the peak is absent, whereas if it is greater
than 2, the outcome is that the peak is present. If the
checking of a peak at 705 nm gives a negative result, the
process ends and the result that the diamond is untreated
is indicated to the user (62).
[0108] If the checking of a peak at 705 nm gives pos-
itive result, the method comprises checking for the oc-
currence of an intensity peak at 725 nm. In an embodi-
ment, to carry out the check of the occurrence of the 725
nm peak, the processor calculates the mean value I725
of the photoluminescence signal in the wavelength range
comprising the wavelength at which the peak maximum
is expected, wherein the range is selected to have a lower
limit larger than the wavelength of the second spectral
indicator, preferably within 6 5 nm about the expected
value of 725 nm, (e.g. from 720 nm to 730 nm). The mean
value I725 is divided this value by σA. If the calculated
ratio I725/σA is lower or equal to 2, the outcome is that
the peak is absent and the process establishes that the
sample is untreated. If the calculated ratio is greater than
2 then the outcome is that the peak is present and the
process establishes that the sample is treated. In either
case, the process terminated after having provided an
output indicating that the sample is treated or untreated
(62 or 63)
[0109] As exemplified by the embodiment of Fig. 9, al-
though the presently disclosed method is particularly suit-
able to discriminate diamonds with natural coloration
from artificially coloured diamonds, the method can also
be used to discriminate diamonds from similar gem-
stones not composed by diamond phase, such as mois-
sanite, cubic zirconia, and other gemstones with different
chemical composition and/or crystal structure. In the em-
bodiment described with reference to the flow chart of
Fig. 9, is performed through the detection of the scattered
light related to the Raman mode of diamond. Without
wishing to be bound by theory, the light diffused by Ra-
man effect at a wavelength shifted from the incident
wavelength is dependent on the crystal symmetry, the
bond length values, and the mass of the involved atoms,
and is therefore an identifier of the diamond composition
or crystallographic structure. According to some embod-
iments, excitation wavelength of the primary beam is se-
lected so as to have the Raman mode falling within the
wavelength range comprising the spectral pattern, pref-
erably between 670 nm to 750 nm. Preferably, the exci-
tation wavelength is of from 600 to 675 nm.
[0110] In some other embodiments, verification of the
presence of the Raman peak can be done manually by
a user who, by observing the displayed spectrum, enters
the result of the check. To this purpose, a template can

be graphically rendered on the display with fields to be
selected or filled in.
[0111] Some further embodiments do not comprise the
verification that the gemstone is a diamond. In such em-
bodiments, the identification of the gemstone can be car-
ried out by other tests or by visual examination of an
expert.
[0112] Figure 11 is a flow chart of a method of detection
of artificially generated colour in a diamond, in accord-
ance with another embodiment consistent with the
present disclosure. The sample analysed in this embod-
iment is a yellow coloured diamond. First steps 41 to 44
of the method of Fig. 11 correspond to the steps indicated
with the same referral number of Fig. 9. After conversion
of the acquired image (43) and, optionally, after visuali-
zation of the intensity distribution (44), the x-y data are
entered in a processing module for implementing the
spectral analysis. The processing module is configured
to perform data processing on the x-y data as spectral
intensity distribution (71). The automatic procedure for
determining whether the yellow diamond has been arti-
ficially treated to change its colour comprises:

- analysing the spectral intensity distribution to deter-
mine the presence or absence of an intensity peak
at 681 nm (72);

- if an intensity peak at 681 nm is determined to be
present, establishing that the diamond is treated (to
76);

- if an intensity peak at 681 nm is determined to be
absent, the method proceeds to block 73 by analys-
ing the spectral intensity distribution to determine the
presence or absence of an intensity peak at 705 nm;

- if an intensity peak at 705 nm is determined to be
absent, establishing that the diamond is untreated
(to 77);

- if an intensity peak at 705 nm is determined to be
present, the method proceeds by analysing the spec-
tral intensity distribution to determine the presence
or absence of an intensity peak at 725 nm (74);

- if an intensity peak at 725 nm are determined to be
present, establishing that the diamond is treated (to
76).

- if an intensity peak at 725 nm are determined to be
absent, establishing that the diamond is untreated
and the process ends (50).

[0113] After establishing that the diamond is treated or
untreated (76, 77), the method comprises providing an
output indicating that the diamond is treated or untreated,
respectively (75, 78).
[0114] After indication of the natural or artificial origin
of the diamond (75, 76), the process terminates at block
79.
[0115] In the procedure of Fig. 11, indication to the user
of the result that the yellow diamond is treated or untreat-
ed is made by visualising a message, such as "Diamond
is treated" or "Diamond is untreated" on the display
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screen of a user terminal embedding the processing
module or being logically connected to the processing
module. In another embodiment, providing an output in-
dicating the result is made by providing as output a
switch-on of a red light if the diamond is treated on the
spectroscopic apparatus. In a still further embodiment,
providing an output indicating that the diamond has been
artificially treated comprising activating a sound signal,
wherein activation is triggered by the processing module
to produce an audio sound from an audio unit of a user
terminal embedding the processing unit or from an elec-
tronic alarm unit (per se known) installed on the spectro-
scopic apparatus and logically connected to the process-
ing module.
[0116] Figure 12 is a flow chart of a method of spec-
troscopic analysis of a gemstone, in accordance with an-
other embodiment consistent with the present disclosure.
This method can be applied for the analysis of a "yellow"
coloured diamond-like gemstone to verify that the gem-
stone is a diamond (and, for example, not a cubic zirco-
nia) and, if the verification has positive result, to check
whether the diamond has undergone artificial treatments.
Initial steps 41 to 47 correspond to data processing op-
erations indicated with same referral numbers in Fig. 9.
Subsequently to the positive verification that the sample
under analysis is a diamond and the provision of an out-
put to the user of the result (47), the method proceeds
by checking for evidence of an artificial treatment on the
diamond.
[0117] The processing module is configured to perform
data processing on the x-y data as spectral intensity dis-
tribution (81). The automatic procedure for determining
whether the diamond has been artificially treated to
change its colour comprises:

- analysing the spectral intensity distribution to deter-
mine the presence or absence of an intensity peak
at 681 nm (82);

- if an intensity peak at 681 nm is determined to be
present, establishing that the diamond is treated (to
84);

- if an intensity peak at 681 nm is determined to be
absent, the method proceeds to block 83 by analys-
ing the spectral intensity distribution to determine the
presence or absence of an intensity peak at 705 nm;

- if an intensity peak at 705 nm is determined to be
absent, establishing that the diamond is untreated
(to 85);

- if an intensity peak at 705 nm is determined to be
present, the method proceeds by analysing the spec-
tral intensity distribution to determine the presence
or absence of an intensity peak at 725 nm (86);

- if an intensity peak at 725 nm is determined to be
present, establishing that the diamond is treated (to
84), and

- if an intensity peak at 725 nm is determined to be
absent, establishing that the diamond is untreated.

[0118] After establishing that the diamond is treated or
untreated (to 84 or 85), the method comprises providing
an output indicating that the diamond is treated or un-
treated, respectively (88,87)
[0119] After providing an output indicating the natural
or artificial origin of the diamond colour (88, 87), the proc-
ess terminates at block 89.
[0120] As exemplified in the foregoing description,
analysis for artificial treatment can be based on a simple
yes-no method with a very low level of uncertainty.
[0121] In accordance with some embodiments, the
outcome of the analysis is not constrained by or based
on the particular shape, or cut, or surface condition of
the analysed gemstone. In some embodiments, the
method is also applicable for verifying that the analysed
gemstone belongs to the diamond crystallographic spe-
cies through the detection of the characteristic Raman
mode of diamond, by means of a spectroscopic device
that can be simple and inexpensive.
[0122] In some embodiments, spectroscopic appara-
tus for verifying whether a gem is a diamond can be ad-
vantageously used for black diamonds, which are partic-
ularly difficult to check by means of usual gemmological
inspection carried out by using basic instrumentation,
such as refractometer, hydrostatic balance, microscope
or Wood lamp. Because of the variability of black dia-
mond properties, such as the density value, the analysis
of this gem generally requires the ability of skilled ana-
lysts. In addition, the high refractive index of black dia-
mond may not allow the use of a standard refractometer,
whereas its poor transparency makes it hard to identify
a diamond by using a gemmological microscope. For
these reasons, a spectroscopic apparatus is often nec-
essary for the identification of the nature of a black gem.

Example

[0123] An apparatus of the type described with refer-
ence to Figs. 1a and 1b was used for the detection of
stimulated photoluminescence spectra of Fig. 4. A light
beam from a laser at 633 nm was focussed on a diamond
to generate optically-excited stimulated emission collect-
ed by a first focussing lens 17, which was a plain-convex
lens placed at focal length from the sample (e.g. 40.0
mm). Stimulated emission produced a divergent light
beam emerging from the sample. A first focussing lens
17 converted the divergent beam in a collimated beam,
which was then directed to a second focussing lens,
which was a plain-convex lens, with focal length of 25.0
mm, to focalize the collimated beam onto slit 19. The first
two lenses formed the first focussing optical system of
this example. From the slit the secondary beam emerged
as a divergent beam. At the downstream side of slit 19
with respect to the sample, a wavelength-selective filter
20 produced a spectrally selected light beam. The filter
optical properties depend on the power and on the type
of the light source. In the present example, filter 20 was
a high-pass filter with cut-off wavelength of 650 nm. A
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collimating lens 21 with focal length of 35.0 mm collimat-
ed the divergent beam from the slit on a reflection dif-
fraction grating 22.
[0124] Selection of a suitable width of the slit mainly
depends on the dispersing power of the reflection diffrac-
tion grating and on the size of the photodetector device.
In the present example, the reflection diffraction grating
had a groove density of 1200 grooves/mm and a slit with
width of from 0.1 to 0.5 mm was selected to obtain a
spectral resolution, i.e. the ability to separate between
two adjacent spectral lines (Δλ), of 0.5-1.0 nm. By choos-
ing an appropriate angle of incidence of the beam on the
grating system, the produced dispersed beam impinging
on the detector area lies within the spectral region of in-
terest, in the present example of from 650 to 800 nm. In
some embodiments, a relatively high dispersion, for ex-
ample larger than 2 mrad/nm, can be advantageous
since it helps increasing compactness of the spectro-
scopic apparatus.
[0125] The spectrally dispersed beam was collected
and focalized by a focussing lens 23 of focal length of
35.0 mm. The photodetector device was placed at the
focal plane of lens 23.
[0126] The photodetector device was a CCD sensor
of suitable finite size, for example with size of from
3.25x2.45 mm2 to 6.5x4.9 mm2, to allow the collection of
a spectral region of approximate width of from 100 nm
to 200 nm, respectively - assuming a linear relation be-
tween spectral distribution and number of pixel - with a
spectral resolution of 0.5-1.0 nm.
[0127] All optical components of the apparatus of the
present example were fixed, i.e. not movable for tuning
of optical properties, and no additional alignment of the
components was necessary before or during the analy-
sis.
[0128] A relatively short optical path of the emitted
beam can be obtained by selecting optical components
so as to make possible for the components to be mounted
on an optical bench to be contained in a portable case
with size of the order of few tens of centimetres.
[0129] The spectroscopic analysis apparatus in ac-
cordance with the present example can be constructed
as a hand-held apparatus of relatively low cost.

Claims

1. A method of spectroscopic analysis of a yellow dia-
mond gemstone for determining whether the dia-
mond has been artificially treated to change its col-
our, the method comprising:

- generating light emission from a diamond upon
optical excitation at an excitation wavelength
from 600 nm to 675 nm, wherein the diamond
is exposed to a light beam that generates opti-
cally excited emission and scattered light at
room temperature;

- optically producing a dispersed light emission;
- detecting the dispersed light emission across
a collected spectral region by means of a pho-
todetector device to electrically generate output
signals, wherein the collected spectral region
comprises emission wavelengths of from 670
nm to 750 nm;
- processing the output signals to produce a
spectral intensity distribution as a function of
emission wavelengths, characterised in that
the method further comprises:
- analysing the spectral intensity distribution to
determine the presence or absence of a spectral
pattern comprising either an intensity peak at
681 nm or a combination of intensity peaks at
respective wavelengths 705 nm and 725 nm,
wherein the spectral pattern is at least one spec-
tral feature selected from the group consisting
of an intensity peak at 681 nm, two intensity
peaks positioned at the respective wavelengths
of 705 nm and at 725 nm, and three intensity
peaks positioned at respective wavelengths of
681 nm, 705 nm and 725 nm;
- if, as a result of analysing, a spectral pattern
is determined to be present, establishing that
the diamond has been artificially treated to
change its colour, and
- if, as a result of analysing, a spectral pattern
is determined to be absent, establishing that the
diamond has not been treated to change its col-
our.

2. The method of claim 1, further comprising, after es-
tablishing that the diamond has been artificially treat-
ed, providing an output indicating that the diamond
has been artificially treated.

3. The method of any of claims 1 or 2, wherein analys-
ing the spectral intensity distribution and establishing
that the diamond is treated or untreated is performed
automatically.

4. The method of anyone of the preceding claims, fur-
ther comprising, after analysing the spectral intensity
distribution and before establishing if the diamond is
untreated or has been artificially treated, visualising
on a display screen the spectral intensity distribution.

5. The method of anyone of the preceding claims,
wherein generating light emission from a diamond
comprises:

- irradiating a diamond with a primary optical
beam at an excitation wavelength to generate
excited light emission in the form of a secondary
optical beam.

6. The method of claim 5, wherein optically producing
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a dispersed light emission comprises:

- focussing the secondary optical beam onto a
slit to produce an image of light emission, and
- spectrally dispersing the secondary light beam
to spatially separate the light emission imaged
by the slit into wavelengths across an emission
wavelength region.

7. The method of anyone of the preceding claims,
wherein analysing the spectral intensity distribution
to determine the presence or absence of a spectral
pattern comprises:

- analysing the spectral intensity distribution to
determine the presence or absence of an inten-
sity peak at 681 nm;
- if, as a result of analysing, an intensity peak at
681 nm is determined to be present, determining
that the spectral pattern is present;
- if, as a result of analysing, an intensity peak at
681 nm is determined to be absent, analysing
the spectral intensity distribution to determine
the presence or absence of an intensity peak at
705 nm;
- if, as a result of analysing, an intensity peak at
705 nm is determined to be absent, determining
that the spectral pattern is absent;
- if an intensity peak at 705 nm is determined to
be present, analysing the spectral intensity dis-
tribution to determine the presence or absence
of an intensity peak at 725 nm;
- if an intensity peak at 725 nm are determined
to be present, determining that the spectral pat-
tern is present,
- if an intensity peak at 725 nm is determined to
be absent, determining that the spectral pattern
is absent.

8. The method of claim 1, wherein the method is also
a method of identifying a yellow diamond-like gem-
stone as a diamond comprising, before proceeding
by analysing the spectral intensity distribution to de-
termine the presence or absence of a spectral pat-
tern:

- analysing the spectral intensity distribution to
determine the presence or absence of a Raman
peak at a wavelength corresponding to a wav-
enumber shift between the excitation wave-
length and the scattered wavelength of 1332.5
cm-1;
- if, as a result of analysing, a Raman peak is
determined to be absent, establishing that the
gemstone is not a diamond and providing an out-
put indicating that the gemstone is not a dia-
mond;
- if, as a result of analysing, a Raman peak is

determined to be present, establishing that the
gemstone is a diamond, the method further com-
prising, after establishing that the diamond is ei-
ther treated or untreated, providing an output
indicating that the diamond has been artificially
treated.

9. A spectroscopic apparatus comprising:

- a source (12) emitting a primary beam at an
excitation wavelength from 600 nm to 675 nm
to be directed onto a yellow diamond gemstone
(13) to generate light emission and scattered
light from the diamond, wherein the diamond is
exposed to the primary beam at room tempera-
ture;
- a first optical focussing system (17,18) ar-
ranged to focus the light emission onto a slit (19)
to produce an image of light emission;
- a spectrally dispersing device (22; 33; 37) ar-
ranged to spatially separate the light emission
imaged by the slit into wavelengths, the spec-
trally dispersing device being configured to pro-
duce a spatially dispersed light emission;
- a photodetector device (24) arranged to collect
the dispersed light emission across a collected
spectral region and to electrically generate out-
put signals, wherein the collected spectral re-
gion comprises a wavelength region of from 670
nm to 750 nm;
- a processing circuit (25) configured to receive
the output signals and to process them to pro-
duce a spectral intensity distribution as a func-
tion of emission wavelength across the collected
wavelength region, characterised in that the
apparatus comprises
- a processor (102) operatively connected to the
processing circuit comprising a processing mod-
ule configured to:

analyse the spectral intensity distribution to
determine the presence or absence of a
spectral pattern comprising either an inten-
sity peak at 681 nm or the combination of
intensity peaks at respective wavelengths
705 nm and 725 nm, wherein the spectral
pattern is at least one spectral feature se-
lected from the group consisting of an inten-
sity peak at 681 nm, two intensity peaks po-
sitioned at the respective wavelengths of
705 nm and at 725 nm, and three intensity
peaks positioned at respective wavelengths
of 681 nm, 705 nm and 725 nm;
establish that the diamond has been artifi-
cially treated to change its colour if, as a
result of analysing, a spectral pattern is de-
termined to be present, and
establish that the diamond has not been
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treated to change its colour if, as a result of
analysing, a spectral pattern is determined
to be absent.

10. The apparatus of claim 9, wherein the processor
comprises a rendering module operatively connect-
ed to the processing module for rendering a graph
of the spectral intensity distribution on a display
screen operatively connected to the processor.

11. The apparatus of claim 9 or 10, wherein the process-
ing module is further configured to trigger the provi-
sion of an output indicating that the diamond has
been artificially treated, after establishing that the
diamond has been artificially treated.

12. The apparatus of any of claim 9 to 11, wherein the
spectrally dispersing device is a reflection diffraction
grating (22; 33) or a transmission diffraction grating
(37).

13. The apparatus of any of claims 9 to 12, further com-
prising a second optical focussing system (23; 32;
38) arranged to collect the dispersed light emission
from the spectrally dispersing device and to direct a
focussed dispersed light emission onto the photode-
tector device.

Patentansprüche

1. Verfahren der spektroskopischen Analyse eines gel-
ben diamantenen Schmucksteins zum Bestimmen,
ob der Diamant künstlich behandelt wurde, um seine
Farbe zu ändern, wobei das Verfahren Folgendes
umfasst:

- Erzeugen einer Lichtemission von einem Dia-
manten nach optischer Erregung mit einer Er-
regungswellenlänge von 600 nm bis 675 nm,
wobei der Diamant einem Lichtstrahl ausgesetzt
wird, der bei Raumtemperatur eine optisch er-
regte Emission und Streulicht erzeugt;
- optisches Produzieren einer dispergierten
Lichtemission;
- Detektieren der dispergierten Lichtemission
über einen gesammelten Spektralbereich mit-
tels einer Photodetektorvorrichtung, um elek-
trisch Ausgangssignale zu erzeugen, wobei der
gesammelte Spektralbereich Emissionswellen-
längen von 670 nm bis 750 nm umfasst;
- Verarbeiten der Ausgangssignale, um eine
Spektralintensitätsverteilung als eine Funktion
von Emissionswellenlängen zu produzieren,
dadurch gekennzeichnet, dass das Verfahren
ferner Folgendes umfasst:
- Analysieren der Spektralintensitätsverteilung,
um das Vorhandensein oder das Fehlen eines

Spektralmusters, das entweder eine Intensitäts-
spitze bei 681 nm oder eine Kombination von
Intensitätsspitzen bei einer Wellenlänge von
705 nm bzw. 725 nm umfasst, zu bestimmen,
wobei das Spektralmuster mindestens ein spek-
trales Merkmal ist, das aus der Gruppe ausge-
wählt ist, die aus einer Intensitätsspitze bei 681
nm, zwei Intensitätsspitzen, die bei der Wellen-
länge von 705 nm bzw. bei 725 nm positioniert
sind, und drei Intensitätsspitzen, die bei der Wel-
lenlänge von 681 nm, 705 nm bzw. 725 nm po-
sitioniert sind, besteht;

- wenn als ein Analyseergebnis bestimmt
wird, dass ein Spektralmuster vorhanden
ist, Festlegen, dass der Diamant künstlich
behandelt wurde, um seine Farbe zu än-
dern, und
- wenn als ein Analyseergebnis bestimmt
wird, dass ein Spektralmuster fehlt, Festle-
gen, dass der Diamant nicht behandelt wur-
de, um seine Farbe zu ändern.

2. Verfahren nach Anspruch 1, das nach dem Festle-
gen, dass der Diamant künstlich behandelt wurde,
ferner das Bereitstellen einer Ausgabe, die anzeigt,
dass der Diamant künstlich behandelt wurde, um-
fasst.

3. Verfahren nach einem der Ansprüche 1 oder 2, wo-
bei das Analysieren der Spektralintensitätsvertei-
lung und das Festlegen, dass der Diamant behandelt
oder unbehandelt ist, automatisch durchgeführt
wird.

4. Verfahren nach einem der vorhergehenden Ansprü-
che, das ferner nach dem Analysieren der Spektral-
intensitätsverteilung und vor dem Festlegen, ob der
Diamant unbehandelt ist oder künstlich behandelt
wurde, ferner das Visualisieren der Spektralintensi-
tätsverteilung auf einem Anzeigebildschirm umfasst.

5. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Erzeugen einer Lichtemission von
einem Diamanten Folgendes umfasst:

- Bestrahlen eines Diamanten mit einem primä-
ren optischen Strahl mit einer Erregungswellen-
länge, um eine erregte Lichtemission in Form
eines sekundären optischen Strahls zu erzeu-
gen.

6. Verfahren nach Anspruch 5, wobei das optische Pro-
duzieren einer dispergierten Lichtemission Folgen-
des umfasst:

- Fokussieren des sekundären optischen
Strahls auf einen Schlitz, um ein Lichtemissions-
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bild zu produzieren, und
- spektrales Dispergieren des sekundären Licht-
strahls um die durch den Schlitz abgebildete
Lichtemission über einen Emissionswellenlän-
genbereich räumlich in Wellenlängen zu tren-
nen.

7. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Analysieren der Spektralintensitäts-
verteilung, um das Vorhandensein oder das Fehlen
eines Spektralmusters zu bestimmen, Folgendes
umfasst:

- Analysieren der Spektralintensitätsverteilung,
um das Vorhandensein oder das Fehlen einer
Intensitätsspitze bei 681 nm zu bestimmen;
- wenn als ein Analyseergebnis bestimmt wird,
dass eine Intensitätsspitze bei 681 nm vorhan-
den ist, Bestimmen, dass das Spektralmuster
vorhanden ist;
- wenn als ein Analyseergebnis bestimmt wird,
dass eine Intensitätsspitze bei 681 nm fehlt,
Analysieren der Spektralintensitätsverteilung,
um das Vorhandensein oder das Fehlen einer
Intensitätsspitze bei 705 nm zu bestimmen;
- wenn als ein Analyseergebnis bestimmt wird,
dass eine Intensitätsspitze bei 705 nm fehlt, Be-
stimmen, dass das Spektralmuster fehlt;
- wenn bestimmt wird, dass eine Intensitätsspit-
ze bei 705 nm vorhanden ist, Analysieren der
Spektralintensitätsverteilung, um das Vorhan-
densein oder das Fehlen einer Intensitätsspitze
bei 725 nm zu bestimmen;
- wenn bestimmt wird, dass eine Intensitätsspit-
ze bei 725 nm vorhanden sind, Bestimmen, dass
das Spektralmuster vorhanden ist,
- wenn bestimmt wird, dass eine Intensitätsspit-
ze bei 725 nm fehlt, Bestimmen, dass das Spek-
tralmuster fehlt.

8. Verfahren nach Anspruch 1, wobei das Verfahren
auch ein Verfahren zum Identifizieren eines gelben
diamantartigen Schmucksteins als einen Diamanten
ist, das vor dem Fortfahren durch Analysieren der
Spektralintensitätsverteilung, um das Vorhan-
densein oder das Fehlen eines Spektralmusters zu
bestimmen, Folgendes umfasst:

- Analysieren der Spektralintensitätsverteilung,
um das Vorhandensein oder das Fehlen einer
Ramanspitze bei einer Wellenlänge zu bestim-
men, die einer Wellenzahlverschiebung zwi-
schen der Erregungswellenlänge und der ge-
streuten Wellenlänge von 1332,5 cm-1 ent-
spricht;
- wenn als ein Analyseergebnis bestimmt wird,
dass eine Ramanspitze fehlt, Festlegen, dass
der Schmuckstein kein Diamant ist, und Bereit-

stellen einer Ausgabe, die anzeigt, dass der
Schmuckstein kein Diamant ist;
- wenn als ein Analyseergebnis bestimmt wird,
dass eine Ramanspitze vorhanden ist, Festle-
gen, dass der Schmuckstein ein Diamant ist, wo-
bei das Verfahren nach dem Festlegen, dass
der Diamant entweder behandelt oder unbehan-
delt ist, ferner das Bereitstellen einer Ausgabe,
die anzeigt, dass der Diamant künstlich behan-
delt wurde, umfasst.

9. Spektroskopische Einrichtung, die Folgendes um-
fasst:

- eine Quelle (12), die einen primären Strahl bei
einer Erregungswellenlänge von 600 nm bis 675
nm emittiert, der auf einen gelben diamantenen
Schmuckstein (13) zu richten ist, um eine Lich-
temission und Streulicht vom Diamanten zu er-
zeugen, wobei der Diamant dem primären
Strahl bei Raumtemperatur ausgesetzt wird;
- ein erstes optisches Fokussierungssystem
(17, 18), das angeordnet ist, die Lichtemission
auf einen Schlitz (19) zu fokussieren, um ein
Lichtemissionsbild zu produzieren;
- eine Spektraldispergierungsvorrichtung (22;
33; 37), die angeordnet ist, die durch den Schlitz
abgebildete Lichtemission räumlich in Wellen-
längen zu teilen, wobei die Spektraldispergie-
rungsvorrichtung dazu ausgelegt ist, eine räum-
lich dispergierte Lichtemission zu produzieren;
- eine Photodetektorvorrichtung (24) die ange-
ordnet ist, die dispergierte Lichtemission über
einen gesammelten Spektralbereich zu sam-
meln und elektrisch Ausgangssignale zu erzeu-
gen, wobei der gesammelte Spektralbereich ei-
nen Wellenlängenbereich von 670 nm bis 750
nm umfasst;
- eine Verarbeitungsschaltung (25), die dazu
ausgelegt ist, die Ausgangssignale zu empfan-
gen und sie zu verarbeiten, um eine Spektralin-
tensitätsverteilung als eine Funktion einer Emis-
sionswellenlänge über den gesammelten Wel-
lenlängenbereich zu produzieren, dadurch ge-
kennzeichnet, dass die Einrichtung Folgendes
umfasst
- einen Prozessor (102), der mit der Verarbei-
tungsschaltung wirkverbunden ist, die ein Ver-
arbeitungsmodul umfasst, das zu Folgendem
ausgelegt ist:

Analysieren der Spektralintensitätsvertei-
lung, um das Vorhandensein oder das Feh-
len eines Spektralmusters, das entweder ei-
ne Intensitätsspitze bei 681 nm oder die
Kombination von Intensitätsspitzen bei ei-
ner Wellenlänge von 705 nm bzw. 725 nm
umfasst, zu bestimmen, wobei das Spek-

33 34 



EP 3 111 199 B1

19

5

10

15

20

25

30

35

40

45

50

55

tralmuster mindestens ein spektrales Merk-
mal ist, das aus der Gruppe ausgewählt ist,
die aus einer Intensitätsspitze bei 681 nm,
zwei Intensitätsspitzen, die bei der Wellen-
länge von 705 nm bzw. bei 725 nm positio-
niert sind, und drei Intensitätsspitzen, die
bei der Wellenlänge von 681 nm, 705 nm
bzw. 725 nm positioniert sind, besteht;
Festlegen, dass der Diamant künstlich be-
handelt wurde, um seine Farbe zu ändern,
wenn als ein Analyseergebnis bestimmt
wird, dass ein Spektralmuster vorhanden
ist, und
Festlegen, dass der Diamant nicht behan-
delt wurde, um seine Farbe zu ändern,
wenn als ein Analyseergebnis bestimmt
wird, dass ein Spektralmuster fehlt.

10. Einrichtung nach Anspruch 9, wobei der Prozessor
ein Renderingmodul umfasst, das zum Rendern ei-
nes Graphen der Spektralintensitätsverteilung auf
einem Anzeigebildschirm, der mit dem Prozessor
wirkverbunden ist, mit dem Verarbeitungsmodul
wirkverbunden ist.

11. Einrichtung nach Anspruch 9 oder 10, wobei das
Verarbeitungsmodul nach Festlegen, dass der Dia-
mant künstlich behandelt wurde, ferner dazu ausge-
legt ist, die Bereitstellung einer Ausgabe, die anzeigt,
dass der Diamant künstlich behandelt wurde, aus-
zulösen.

12. Einrichtung nach einem der Ansprüche 9 bis 11, wo-
bei die Spektraldispergierungsvorrichtung ein Refle-
xionsbeugungsgitter (22; 33) oder ein Transmissi-
onsbeugungsgitter (37) ist.

13. Einrichtung nach einem der Ansprüche 9 bis 12, die
ferner ein zweites optisches Fokussierungssystem
(23; 32; 38) umfasst, das angeordnet ist, die disper-
gierte Lichtemission von der Spektraldispergie-
rungsvorrichtung zu sammeln und eine fokussierte
dispergierte Lichtemission auf die Photodetektorvor-
richtung zu richten.

Revendications

1. Procédé d’analyse spectroscopique d’une pierre
précieuse en diamant jaune pour déterminer si le
diamant a été traité artificiellement pour changer de
couleur, le procédé comprenant :

- la génération d’une émission de lumière à partir
d’un diamant lors d’une excitation optique à une
longueur d’onde d’excitation de 600 nm à 675
nm, où le diamant est exposé à un faisceau lu-
mineux qui génère une émission excitée opti-

quement et une lumière diffusée à température
ambiante ;
- la production optique d’une émission de lumiè-
re dispersée ;
- la détection de l’émission de lumière dispersée
à travers une région spectrale collectée au
moyen d’un dispositif photodétecteur pour gé-
nérer électriquement des signaux de sortie, où
la région spectrale collectée comprend des lon-
gueurs d’onde d’émission de 670 nm à 750 nm ;
- le traitement des signaux de sortie pour pro-
duire une distribution d’intensité spectrale en
fonction des longueurs d’onde d’émission, ca-
ractérisé en ce que le procédé comprend en
outre :
- l’analyse de la distribution d’intensité spectrale
pour déterminer la présence ou l’absence d’un
motif spectral comprenant soit un pic d’intensité
à 681 nm, soit une combinaison de pics d’inten-
sité à des longueurs d’onde respectives de 705
nm et 725 nm, où le motif spectral est au moins
une caractéristique spectrale choisie dans le
groupe composé d’un pic d’intensité à 681 nm,
de deux pics d’intensité positionnés aux lon-
gueurs d’onde respectives de 705 nm et à 725
nm, et de trois pics d’intensité positionnés à des
longueurs d’onde respectives de 681 nm, 705
nm et 725 nm ;
- si, à la suite de l’analyse, un motif spectral est
déterminé comme étant présent, l’établisse-
ment que le diamant a été traité artificiellement
pour changer de couleur, et
- si, à la suite de l’analyse, un motif spectral est
déterminé comme étant absent, l’établissement
que le diamant n’a pas été traité pour changer
de couleur.

2. Procédé selon la revendication 1, comprenant en
outre, après avoir établi que le diamant a été traité
artificiellement, la fourniture d’une sortie indiquant
que le diamant a été traité artificiellement.

3. Procédé selon l’une quelconque des revendications
1 ou 2, où l’analyse de la distribution d’intensité spec-
trale et l’établissement que le diamant est traité ou
non traité sont effectués automatiquement.

4. Procédé selon l’une quelconque des revendications
précédentes, comprenant en outre, après l’analyse
de la distribution d’intensité spectrale et avant d’éta-
blir si le diamant est non traité ou a été traité artifi-
ciellement, la visualisation sur un écran d’affichage
de la distribution d’intensité spectrale.

5. Procédé selon l’une quelconque des revendications
précédentes, où la génération d’une émission de lu-
mière à partir d’un diamant comprend :
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- l’irradiation d’un diamant avec un faisceau op-
tique primaire à une longueur d’onde d’excita-
tion pour générer une émission de lumière ex-
citée sous la forme d’un faisceau optique secon-
daire.

6. Procédé selon la revendication 5, où la production
optique d’une émission de lumière dispersée
comprend :

- la focalisation du faisceau optique secondaire
sur une fente pour produire une image d’émis-
sion de lumière, et
- la dispersion spectrale du faisceau lumineux
secondaire pour séparer spatialement l’émis-
sion de lumière imagée par la fente en longueurs
d’onde à travers une région de longueur d’onde
d’émission.

7. Procédé selon l’une quelconque des revendications
précédentes, où l’analyse de la distribution d’inten-
sité spectrale pour déterminer la présence ou l’ab-
sence d’un motif spectral comprend :

- l’analyse de la distribution d’intensité spectrale
pour déterminer la présence ou l’absence d’un
pic d’intensité à 681 nm ;
- si, à la suite de l’analyse, un pic d’intensité à
681 nm est déterminé comme étant présent, la
détermination que le motif spectral est présent ;
- si, à la suite de l’analyse, un pic d’intensité à
681 nm est déterminé comme étant absent,
l’analyse de la distribution d’intensité spectrale
pour déterminer la présence ou l’absence d’un
pic d’intensité à 705 nm ;
- si, à la suite de l’analyse, un pic d’intensité à
705 nm est déterminé comme étant absent, la
détermination que le motif spectral est absent ;
- si un pic d’intensité à 705 nm est déterminé
comme étant présent, l’analyse de la distribution
d’intensité spectrale pour déterminer la présen-
ce ou l’absence d’un pic d’intensité à 725 nm ;
- si un pic d’intensité à 725 nm est déterminé
comme étant présent, la détermination que le
motif spectral est présent,
- si un pic d’intensité à 725 nm est déterminé
comme étant absent, la détermination que le
motif spectral est absent.

8. Procédé selon la revendication 1, où le procédé est
également un procédé d’identification d’une pierre
précieuse de type diamant jaune en tant que diamant
comprenant, avant de procéder en analysant la dis-
tribution d’intensité spectrale pour déterminer la pré-
sence ou l’absence d’un motif spectral :

- l’analyse de la distribution d’intensité spectrale
pour déterminer la présence ou l’absence d’un

pic Raman à une longueur d’onde correspon-
dant à un décalage de nombre d’ondes entre la
longueur d’onde d’excitation et la longueur d’on-
de diffusée de 1332,5 cm-1 ;
- si, à la suite de l’analyse, un pic Raman est
déterminé comme étant absent, l’établissement
que la pierre précieuse n’est pas un diamant et
la fourniture d’une sortie indiquant que la pierre
précieuse n’est pas un diamant ;
- si, à la suite de l’analyse, un pic Raman est
déterminé comme étant présent, l’établisse-
ment que la pierre précieuse est un diamant, le
procédé comprenant en outre, après avoir établi
que le diamant est traité ou non traité, la fourni-
ture d’une sortie indiquant que le diamant a été
traité artificiellement.

9. Appareil spectroscopique comprenant :

- une source (12) émettant un faisceau primaire
à une longueur d’onde d’excitation de 600 nm à
675 nm à diriger sur une pierre précieuse en
diamant jaune (13) pour générer une émission
de lumière et une lumière diffusée à partir du
diamant, où le diamant est exposé au faisceau
primaire à température ambiante ;
- un premier système de focalisation optique (17,
18) agencé pour focaliser l’émission de lumière
sur une fente (19) pour produire une image
d’émission de lumière ;
- un dispositif de dispersion spectrale (22 ; 33 ;
37) agencé pour séparer spatialement l’émis-
sion de lumière imagée par la fente en longueurs
d’onde, le dispositif de dispersion spectrale
étant configuré pour produire une émission de
lumière dispersée spatialement ;
- un dispositif photodétecteur (24) agencé pour
collecter l’émission de lumière dispersée à tra-
vers une région spectrale collectée et pour gé-
nérer électriquement des signaux de sortie, où
la région spectrale collectée comprend une ré-
gion de longueur d’onde de 670 nm à 750 nm ;
- un circuit de traitement (25) configuré pour re-
cevoir les signaux de sortie et les traiter pour
produire une distribution d’intensité spectrale en
fonction de la longueur d’onde d’émission à tra-
vers la région de longueur d’onde collectée, ca-
ractérisé en ce que l’appareil comprend
- un processeur (102) connecté fonctionnelle-
ment au circuit de traitement comprenant un mo-
dule de traitement configuré pour :

analyser la distribution d’intensité spectrale
pour déterminer la présence ou l’absence
d’un motif spectral comprenant soit un pic
d’intensité à 681 nm, soit la combinaison de
pics d’intensité aux longueurs d’onde res-
pectives de 705 nm et 725 nm, où le motif
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spectral est au moins une caractéristique
spectrale choisie dans le groupe composé
d’un pic d’intensité à 681 nm, de deux pics
d’intensité positionnés aux longueurs d’on-
de respectives de 705 nm et à 725 nm, et
de trois pics d’intensité positionnés aux lon-
gueurs d’onde respectives de 681 nm, 705
nm et 725 nm ;
établir que le diamant a été traité artificiel-
lement pour changer de couleur si, à la suite
de l’analyse, un motif spectral est déterminé
comme étant présent, et
établir que le diamant n’a pas été traité pour
changer de couleur si, à la suite de l’analy-
se, un motif spectral est déterminé comme
étant absent.

10. Appareil selon la revendication 9, où le processeur
comprend un module de rendu connecté fonction-
nellement au module de traitement pour rendre un
graphique de la distribution d’intensité spectrale sur
un écran d’affichage connecté fonctionnellement au
processeur.

11. Appareil selon la revendication 9 ou 10, où le module
de traitement est en outre configuré pour déclencher
la fourniture d’une sortie indiquant que le diamant a
été traité artificiellement, après avoir établi que le
diamant a été traité artificiellement.

12. Appareil selon l’une quelconque des revendications
9 à 11, où le dispositif de dispersion spectrale est un
réseau de diffraction de réflexion (22 ; 33) ou un ré-
seau de diffraction de transmission (37).

13. Appareil selon l’une quelconque des revendications
9 à 12, comprenant en outre un second système de
focalisation optique (23 ; 32 ; 38) agencé pour col-
lecter l’émission de lumière dispersée provenant du
dispositif de dispersion spectrale et pour diriger une
émission de lumière dispersée focalisée sur le dis-
positif photodétecteur.
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