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As part of a strategy aimed at maintaining consumer confidence in natural untreated 
diamonds, De Beers has for many years been developing equipment for rapidly screening 
and testing for potential synthetic diamonds and treated diamonds. This work has been 
underpinned by extensive research into defects in natural and synthetic diamond and 
differences in the characteristics that can be used in practical and reliable identification 
methodologies. The most tangible products of this work are commercially available 
diamond verification instruments, described in this paper, that are widely used by the 
diamond trade and more recently have been expanded to include automated equipment 
that makes it viable to screen small polished diamonds for synthetics. It is important, 
however, to recognize the role that scientific research will continue to play in providing 
the foundation of knowledge required to ensure that consumer confidence is maintained 
for the good of all in the diamond trade.  The most recent generation of equipment makes 
use of the discovery that almost all colourless and near-colourless natural diamonds show 
a characteristic short-lived blue phosphorescence, and that no known synthetics show 
phosphorescence with this combination of colour and decay characteristics. 
 
 

INTRODUCTION 
 
Despite rapid development of methods for producing large single-crystal synthetic diamond over the 
last 30 years, any direct competitive challenge from such material to diamonds of natural origin has 
been relatively slow to emerge. It has generally been accepted, however, that the greater challenge for 
the diamond trade comes from potential undisclosed sale of synthetic diamonds and the impact that 
this could have on consumer confidence. It is universally accepted in the diamond trade that consumers 
need to be confident that they can buy diamonds without any fear of misrepresentation of the products 
on offer and that undisclosed sale of synthetic diamonds is unacceptable. Not only is such fraudulent 
sale morally unacceptable, but there is also a risk that high-profile cases of undisclosed sale of synthetic 
diamonds could impact consumer confidence, with potentially damaging affects for everybody in the 
trade.  As the cost of production of large single-crystal synthetic diamond has fallen, the incentive has 
grown for unscrupulous people to try to sell such material undisclosed. At the same time, the 
technology and expertise for synthetic diamond production has spread and the resulting material has 
become widely available to members of the diamond trade. Clearly, the combined effect of increased 
availability and incentive has tended to increase the risk of undisclosed sale of synthetic diamonds, and 
it is important to counteract this through development and effective use of practical detection methods 
and equipment that can help to support full disclosure.  
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At an early stage De Beers recognized the risk to the trade of potential loss of consumer confidence from 
undisclosed sale of synthetic diamonds and proactively started research into detection of synthetic 
diamond in the 1980s. It was understood that full disclosure of products would have to be backed up 
by use in the trade of reliable and practical identification methods, and that deployment of practical 
detection methods would form part of a broader strategy to deal with the issue. For many years research 
was carried out without the need to raise concern in the trade. In the 1990s the trade gradually became 
more aware of larger single-crystal HPHT (high-pressure high-temperature) synthetic diamonds and 
methods for their identification were discussed (Welbourn, Cooper, and Spear, 1996). In 2003, concerns 
were increased by the publication of an article (Davis, 2003) that made the diamond trade more aware 
of a different kind of synthetic diamond: CVD (chemical vapour deposition) synthetic diamond grown 
at low pressure from carbon-containing gases. Shortly after the publication of this article De Beers 
started to publish the results of research into identification methods for CVD synthetic diamond 
(Martineau, 2004), and also to sell equipment for detecting synthetic diamond to meet needs resulting 
from the emergence of single crystal diamond as a material for use in jewellery products. Since that 
time, detection equipment has been improved to meet the growing needs of the trade.  
 
This paper will provide a broad introduction to the main differences between natural and synthetic 
diamond that can be used as the basis of an identification methodology, and describe how the 
development of the this understanding led to the De Beers diamond verification instruments that are 
now used worldwide by the diamond trade. 
 
 
ABSORPTION SPECTRA DIFFERENCES FOR NATURAL AND SYNTHETIC DIAMOND 
 
It is well known that nitrogen is an important impurity in most diamonds and that, as a diamond crystal 
grows, nitrogen in the growth environment can readily become incorporated into the diamond crystal 
structure at substitutional sites that would otherwise be occupied by carbon atoms. It is also known that 
at elevated temperatures nitrogen atoms incorporated at isolated sites can migrate slowly through the 
crystal in a process that tends to lead to the formation of more stable aggregates of nitrogen impurities. 
As a result of the very long residence times (typically hundreds of millions of years) of diamonds in the 
relatively high-temperature environment of the Earth’s mantle, nitrogen atoms in diamond, rather than 
occurring as isolated impurity atoms in the crystal structure, tend to be found in a range of more stable 
aggregates. Examples include A-centres, which are composed of pairs of neighbouring nitrogen atoms, 
and N3-centres, which are made up of three neighbouring nitrogen atoms with a neighbouring missing 
carbon atom (vacancy). Diamond scientists have known for many years (Clark, Collins, and Woods, 
1992) that these various nitrogen-related defects affect how diamonds absorb light and lend distinct 
contributions to the absorption spectra of diamonds. Single substitutional nitrogen, for example, has an 
absorption spectrum with a broad maximum in the ultraviolet at 270 nm and a gradual decrease in 
absorption to higher wavelengths. A-centres give rise to an absorption that increases steeply to shorter 
wavelengths, starting from about 320 nm. N3-centres give rise to an absorption line at 415 nm, with 
associated structure to shorter wavelengths.  
 
Such knowledge of the spectroscopic signatures of these various defects (both in the UV/visible and 
infrared regions of the spectrum) now gives diamond scientists the ability to use absorption 
spectroscopy to assess the relative concentrations of these nitrogen-related defects. A De Beers 
instrument called DiamondSureTM measures absorption spectra of polished stones. In a measurement 
that takes just a few seconds the vast majority of diamonds will be identified as being of natural origin 
without the need for any further testing. The instrument’s algorithm makes use the absorption 
spectroscopy signatures of nitrogen-related defects in diamond of natural origin and the fact that it has 
been found effectively impossible to mimic exactly, on any practical time-scale, the combination of 
concentrations of these nitrogen-related defects in any synthetic material. DiamondSure can be used to 
screen both loose and mounted stones for potential synthetics, but a newer version, DiamondSure 
Mount, has been developed that is more suitable for testing mounted stones. Any synthetics tested will 
be referred for further tests, along with the relatively rare natural diamonds (type IIa and type IaB) not 
showing absorption in the UV or visible regions of the spectrum that is attributable to nitrogen impurity. 
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DIFFERENCES IN CRYSTAL MORPHOLOGY 
 
Natural diamonds mined today typically grew in the Earth’s upper mantle at temperatures in the region 
of 800–1200° C in a chemical environment that is distinct from those used in either of the methods for 
commercial production of synthetic diamond material: HPHT and CVD synthesis. HPHT synthetic 
diamond is grown under high pressures mimicking those under which natural diamonds formed but 
at rather higher temperatures (>1300°C) and in a metal solvent catalyst (typically containing metals such 
as iron, nickel, or cobalt). As a result, the material produced not only tends to have metallic inclusions 
but also different crystal shapes during growth. Diamond has a cubic crystal structure, but there are a 
range of different possible crystallographic orientations for the diamond surfaces formed during 
growth. In contrast to the typically octahedral or dodecahedral shapes of natural diamonds, as-grown 
HPHT synthetics tend to show cubo-octahedral morphology. 
 
As diamond grows some impurities, such as nitrogen, can become incorporated in the crystal in a way 
that affects the luminescence properties of the material, and the way in which impurities are taken up 
depends of crystallographic orientation. As a consequence, HPHT synthetic diamond crystals are 
typically composed of both cubic and octahedral growth sectors; regions of crystal with different 
impurity contents (from different uptake of impurities on the differently oriented crystal surfaces) and 
corresponding differences in luminescence properties. In contrast, natural diamonds do not show this 
growth sector structure (resulting from cubo-octahedral morphology), but if they experienced 
variations in conditions during their growth they may show variations in impurity content resulting 
from nitrogen incorporation on their octahedral surfaces at different stages of the growth process. 
 
In this way, a record relating to the different crystal shapes is grown into HPHT synthetics and 
diamonds in the form of spatial variations in impurity content that show up as spatial variations in 
luminescence properties. In DiamondViewTM, polished stones are illuminated with UV radiation and 
images of the resulting surface luminescence are captured that show characteristic features relating to 
the way a stone grew. Figure 1 shows two examples. As discussed above, practical diamond synthesis 
methods employ different conditions to those under which diamonds grew in the Earth’s upper mantle, 
and as a result synthetics show features in DiamondView images that allow them to be distinguished 
from natural diamonds. 
  

  
 

Figure 1. DiamondView images of a natural diamond (left) and a colourless HPHT synthetic (right). 
 
The DiamondView approach is also useful for identifying CVD synthetics, which are produced from 
carbon-containing gases such as methane (usually diluted in hydrogen) at temperatures typically in the 
region of 800–1000°C and at pressures that are less than atmospheric pressure. Single-crystal CVD 
synthetic diamond is grown on substrates that are formed from thin slices of previously grown synthetic 
diamond. The differences in growth conditions relative to natural diamond again lead to differences in 
crystal morphology that are reflected in the different uptake of impurities. For example, if CVD 
diamond is grown with low concentrations of nitrogen in the sources gases, characteristic steps tend to 
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form on the growth surface. The nitrogen-vacancy defect (made up of a nitrogen impurity with a 
neighbouring missing carbon atom) causes as-grown CVD synthetics of this kind to show orange 
luminescence, which is rarely the dominant luminescence for natural diamonds. As the nitrogen-
vacancy defect is taken up differently on the risers and terraces of the surface steps that formed during 
growth, a corresponding spatial variation in the intensity of the orange luminescence is observed in 
DiamondView images of such polished CVD synthetic diamond. Although the dominant colour of the 
luminescence may be changed by post-growth heat treatment of the material that changes the defects 
responsible for the luminescence, the spatial variation in luminescence intensity remains as an indicator 
of CVD synthetic material.  
 
Martineau et al. (2004) described how DiamondView could be used for detection of different kinds of 
CVD synthetic diamond generated within the De Beers research programme: nitrogen-doped, heat-
treated nitrogen doped, boron-doped, and high-purity CVD synthetic diamond. Today, in 2018, much 
of the CVD synthetic diamond that is sold for jewellery purposes falls broadly into the first two of these 
categories. It should, however, also be recognized that some CVD synthetic diamond that is sold today 
has properties affected by the fact that it contains significant concentrations of silicon impurity. To 
improve DiamondView identification of certain kinds of CVD synthetics, a newer version of the 
instrument is equipped with filters that make it easier to discern the spatial variations in the intensity 
of luminescence of given colours. CVD synthetic diamond, for which the use of these filters is 
particularly beneficial, shows a strong silicon-related 737 nm luminescence feature that can be readily 
detected using DiamondPLusTM, a compact photoluminescence spectrometer system equipped with a 
liquid nitrogen bath into which stones are placed to enhance sensitivity to low concentrations of defects. 
Although it was developed primarily to aid screening of type II diamonds for potential HPHT-treated 
stones, DiamondPLus is also useful for identification of current CVD synthetic diamond.  
 
 
PRACTICAL TESTING METHODS FOR SMALL DIAMONDS (MELEE) 
 
The initial focus of the early detection equipment was on providing capability to test polished stones 
with weights from about 0.05 ct upwards, but by 2012 De Beers had started developing equipment that 
would be more cost-effective for screening very small polished diamonds (melee). The first De Beers 
automated melee screening (AMSTM) instrument, sold from June 2014, enabled automated testing of 
round brilliants of between 0.01 ct (1.4 mm diameter) and 0.2 ct at rates of about 360 stones per hour. 
Melee loaded into this equipment is automatically dispensed into one of five different bins based on the 
combined results of absorption spectroscopy (the same principle as with DiamondSure) and 
Raman/photoluminescence (PL) spectroscopy (as used in DiamondPLus). The latter ensures automated 
identification and dispensing of any non-diamond material and CVD synthetic diamond showing a 
feature at 737 nm in its PL spectrum.  
 

 
 

Figure 2. The first automated melee screening (AMS) instrument produced by De Beers. 
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The introduction of this instrument coincided fairly closely with the introduction of small colourless 
HPHT synthetics produced in China and resulting urgency in the trade to ensure that such stones were 
not mixed with natural diamonds. Although AMS met the initial needs, it was realized that a faster 
screening method was required for the trade in India, in particular, where much of the processing and 
trading of melee takes place. To tackle the specific issue of the large volumes of colourless and near-
colourless HPHT synthetic melee emerging from China, in 2015–2016 De Beers rapidly developed a 
low-cost screening instrument called PhosView that makes use of the fact that such HPHT synthetics 
continue to show luminescence for a significant time (at least a few seconds) after they have been excited 
with short-wavelength (< 225 nm) UV radiation. Such long-lived phosphorescence is relatively rare in 
natural diamonds and therefore it can be used in a screening process.  
 
Although instruments such as PhosView provided a quick solution to the immediate problem of HPHT 
synthetic melee, it is well known that not all near-colourless and colourless CVD synthetics show long-
lived phosphorescence. In mid-2015, however, De Beers filed a patent application (Smith, McGuinness, 
and Fisher, 2017) on a revolutionary new approach that promised to provide a practical method for 
more efficient screening out of both HPHT and CVD synthetics from natural diamonds. In March 2017, 
shortly after the publication of the patent application and less than three years after the first AMS 
instruments were sold, De Beers launched a faster machine (the AMS2) which uses a revolutionary time-
resolved photoluminescence imaging approach that brings a number of important improvements. 
AMS2 is ten times faster (processing stones at rates of up to one stone per second), can be used to test 
smaller round brilliants (0.9 mm diameter, 0.003 ct), and can also be used for all cuts from 0.01 ct 
upwards. Importantly, AMS2 refers for further testing approximately ten times fewer colourless and 
near-colourless diamonds than AMS. Non-automated testing was first carried out using manual time-
resolved imaging equipment that has now been developed into a new instrument called SYNTHdetect. 
This can be used for testing loose stones and also stones mounted in jewellery. This new instrument was 
unveiled in June 2017 at a trade show in the USA. 
 

 
 

Figure 3. AMS2, an instrument for automated screening of small diamonds (0.003–0.20 ct) for potential 
synthetics and simulants at rates of up to 3600 stones per hour. 
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Figure 4. SYNTHdetect, an instrument designed for screening of diamonds mounted in jewellery. 
 
Both AMS2 and SYNTHdetect make use of the fact that when excited with above-band-gap radiation, 
almost all colourless and near-colourless natural diamonds (both type Ia and type IIa) show a 
characteristic short-lived blue phosphorescence with a lifetime of the order of 8 ms, and that no known 
synthetics show phosphorescence with this combination of colour and decay characteristics. This has 
made it possible to use time-gated photoluminescence imaging for rapid and low referral rate testing of 
diamonds. 
 

 
 

Figure 5. Spectrum of short-lived phosphorescence exhibited by typical natural diamond excited at room 
temperature with above-band-gap short-wavelength UV radiation. 

 



41 

 
Figure 6. Decay characteristics of phosphorescence exhibited by natural diamond when excited with short-

wavelength UV radiation. The fit indicates an 8.8 ms lifetime. 
 
 
CONCLUSION 
 
Proactive research into the differences between diamonds of natural origin and synthetic diamond 
material has enabled the development of effective methods and equipment for screening of diamonds 
for potential synthetics. Relevant equipment developed by De Beers is listed in Table I. This has played 
a critical role in helping to maintain consumer confidence, to the benefit of all in the trade, as synthetics 
of different kinds have emerged. In recent years more viable methods have been developed for 
automated screening of very small diamonds, both when loose and when mounted in jewellery. The 
most recent generation of such equipment uses the fact that almost all natural diamonds show a fast-
decaying blue phosphorescence not shown by synthetics. Proactive research will continue to focus on 
challenging detection methods so that any identified weakness can be eradicated.  
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Table I. De Beers diamond verification instruments. 
 

Instrument name Summary of focus and capability 

DiamondSure Manual screening using absorption spectroscopy                                                
(mainly loose stones but usable for mounted stones). 

DiamondSure Mount Manual screening using absorption spectroscopy                                                
(mainly for mounted stones but usable for loose stones). 

DiamondView Identification of synthetics using photoluminescence imaging. 

DiamondPLus Screening for potential HPHT-treated diamonds and the most common 
varieties of CVD synthetics using photoluminescence spectroscopy. 

PhosView Screening for HPHT synthetics based on long-lived phosphorescence. 

AMS Automated melee (0.01–0.2 ct) screening for synthetics and simulants 
based on absorption spectroscopy and Raman/PL spectroscopy. 

360 per hour.  

AMS2 Automated melee (0.003–0.2 ct) screening for synthetics and simulants 
based on time-resolved PL imaging and Raman/PL spectroscopy.        
Order of magnitude lower referral rate than AMS. 3600 per hour. 

SYNTHdetect Screening of loose or mounted stones (effectively no lower size limit) 
based on time-resolved photoluminescence imaging. Semi-automated 
analysis.  Manual loading and unloading.   
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