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HPHT-GROWN SYNTHETIC DIAMONDS
GROWTH FEATURES

COMMON
FEATURES

CRYSTAL SHAPE
A1

A2

A3

A4

A5

A6

A7

A8

A9

SYNTHETIC DIAMOND CRYSTALS grown from
a metal flux at high pressures and temperatures (HPHT) using the temperaturegradient technique have a distinctive
morphology (A1, A2, A3). They exhibit
a cuboctahedral shape consisting of a
combination of octahedral {111}, cubic
{100}, and dodecahedral {110} faces, and
on occasion other minor crystal faces as
well (A4, A5, A6). In contrast, natural
diamond crystals typically display an
octahedral shape that is often modified
by growth or dissolution.
Depending on the growth conditions, one
or more of the faces on a synthetic diamond
crystal may be larger in surface area, thereby giving rise to the dominant shape of a
particular crystal. Sometimes the faces are
unequally developed, which can lead to a
distorted, asymmetrical appearance.
Synthetic diamond crystals usually have
sharp edges and corners as well as flat faces.
The base of a crystal is truncated by a flat
surface where the seed that initiated growth
was located (A7, A8, A9). The overall shape
of the crystal is determined by both the
orientation of the seed and the growth
conditions used.
Crystallization over a period of several
days can yield a synthetic diamond crystal
weighing as much as 2 ct. Up to several
crystals can be produced during one growth
run. The longer periods needed to grow
larger synthetic diamonds can result in
lower-quality crystals containing visible
flaws or metallic inclusions.
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INCLUSIONS
THE EXTERIOR CRYSTAL FACES of synthetic
diamond crystals can display dendritic,
striated, or other types of markings (B1,
B2), as well as an imprint (often squareshaped) of the seed location (B3).
Beneath the crystal faces lies an arrangement of internal growth sectors. Larger
exterior faces correspond to larger internal
sectors and vice versa. If a synthetic diamond crystal is sliced vertically, these
sectors can be seen to radiate upward and
outward toward the exterior faces from the
seed at the base of the crystal. If a crystal
is sliced horizontally, these sectors often
appear to form a cross-shaped arrangement
that is consistent with the cubic crystal
symmetry of diamond.
During crystallization, these growth
sectors incorporate impurities (such as
nitrogen and boron) in different amounts.
This segregation of impurities between
sectors is often revealed by distinctive
visual patterns of coloration, graining, and
luminescence. Color zoning can be quite
pronounced (B4, B5, B6, B7, B8). Adjacent
highly saturated and less-saturated/colorless sectors are often separated by sharp
linear or angular boundaries. This is also
true of luminescence patterns. Linear or
planar graining may occur along growth
sector boundaries as repeated bands that
either parallel exterior crystal faces or
intersect (B9).
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NON-MODIFIED COLORS
Yellow/Brown
Ib (+ IIa)
As grown

Color Range
Diamond Type
Color Origin

SPECIFIC FEATURES

Color

Magnification

Ultraviolet
Luminescence

MODIFIED COLORS

Blue
IIb (+ IIa)
As grown

Colorless
IIa
As grown

Yellow/Brown
IaA + Ib
HPHT annealing

Pink
Ib
Irradiation + Annealing

Red/Purple
Ib + IaA
Irradiation + Annealing

Green
IIa or Ib
Irradiation

Yellow, to greenish
or orangy or
brownish yellow,
to orange-yellow
with moderate to
strong saturations
and light to dark
tones.

Yellowish green to
green to bluish green
with moderate to
strong saturations
and light to dark
tones.

Blue or grayish blue
with moderate to
strong saturations
and moderate to
dark tones.

Colorless to nearcolorless (very
light gray, blue,
yellow, or green if
small amounts of
impurities are
present leading to
faint color zoning).

Yellow, to greenish
or orangy or brownish yellow, to
orange-yellow with
moderate to strong
saturations and
moderate to dark
tones.

Pink to orangy or
brownish pink to
purplish pink with
weak to strong
saturations and
light to moderate
tones.

Red to orangy
red to purplish
red to purple with
moderate to strong
saturations and
moderate to dark
tones.

Yellowish green
to green to bluish
green with weak
to moderate
saturations and
light to moderate
tones.

Often appears
uneven with yellow
and colorless, or
lighter and darker
yellow zones in
square- and/or
cross-shaped patterns; sometimes
the coloration can
appear more
evenly distributed.

Often appears
uneven with yellow
and blue zones in
square- and/or
cross-shaped zones;
the zoning may be
less apparent in
lighter colors.

Often appears
uneven with blue
and colorless, or
lighter and darker
blue, zones in
square- and/or
cross-shaped patterns; sometimes
the coloration
appears more
evenly distributed.

Often contains
metallic inclusions
and other growth
imperfections that
lead to lower clarity.

Often appears
uneven with yellow
and colorless, or
lighter and darker
yellow, zones in
square- or crossshaped patterns;
sometimes the
coloration appears
more evenly
distributed.

Often appears
uneven with pink
and colorless, pink
and yellow, or
lighter and darker
pink zones; sometimes the coloration
appears more evenly
distributed.

Often appears
uneven with red or
purple and yellow,
or lighter and
darker red or
purple, zones in
square- or crossshaped patterns.

Coloration may
appear either
evenly or unevenly
distributed.

LWUV: inert or weak to moderate orange or orange-red
SWUV: weak to moderate orange or orange-red
Intensity: SWUV may be greater than, less than, or equal to LWUV
Phosphorescence: weak green
Pattern: often unevenly distributed; square or cross-shaped
zones may be visible

LWUV: very weak to weak red-orange or orange-red
SWUV: weak to moderate green-yellow, yellow-green, green, or inert
Intensity: SWUV may be greater than, less than, or equal to LWUV
Phosphorescence: rarely observed
Pattern: often unevenly distributed; square or cross-shaped
zones may be visible

Square- and crossshaped fluorescent
patterns, in this
case slightly diffuse
in appearance, are
typical of red-topurple synthetic
diamonds.

Distinct square
and cross-shaped
fluorescent zones
reflect the internal
growth sector
arrangements
that characterize
synthetic diamonds.

LWUV: usually inert
SWUV: weak to moderate green-yellow, yellow-green, green, or inert
Intensity: typically SWUV greater than LWUV
Phosphorescence: occasionally weak yellow or greenish yellow
Pattern: often unevenly distributed; square or cross-shaped
zones may be visible

LWUV: usually inert or weak orange
SWUV: weak to moderate yellow, green-yellow, or orange
Intensity: typically SWUV greater than LWUV
Phosphorescence: weak to moderate yellow, often persistent
Pattern: often unevenly distributed; square or cross-shaped
zones may be visible

LWUV: usually inert or weak orange
SWUV: weak to moderate green, yellow, or orange
Intensity: typically SWUV greater than LWUV
Phosphorescence: moderate to strong yellow or blue, often
persistent
Pattern: often unevenly distributed; square or cross-shaped
zones may be visible

Typical square- and
cross-shaped pattern
of fluorescent and
nonfluorescent
zones reflects the
segregation of
impurities into
different sectors
during growth.

Combined squareand cross-shaped
fluorescence patterns are characteristic of synthetic
diamonds, and
result from the
arrangement of
internal growth
sectors.

DTC DiamondView™
Fluorescence Imaging

Visible Spectrum

Green
Ib + IIb
As grown

THE GROWTH OF SYNTHETIC DIAMONDS by the
HPHT temperature-gradient method utilizes
a molten metal or metal alloy flux as a
solvent/catalyst. Typical flux metals include
iron, nickel, and cobalt; occasionally others
are used as well. As crystallization progresses,
small amounts of this flux can become
trapped within the synthetic diamond crystal
as metallic inclusions (C1, C2, C3). Special
steps must be taken to produce an inclusionfree crystal.
Metallic inclusions are typically rounded,
elongate, or irregular in shape and can vary
in size from eye-visible (on the order of 1
mm across; C4, C6) to microscopic (C7,
C8). In transmitted light, they are opaque;
in reflected light, they are gray or black
with a metallic luster. They may occur
singly or in groups that lie along growth
sector boundaries, are parallel to exterior
crystal faces, or are in random locations
within the crystal. Because of their iron
content, metallic inclusions can cause a
synthetic diamond to be attracted by a
magnet (C5).
Some synthetic diamonds exhibit cloudlike arrangements of pinpoint inclusions
(C9). Although these tiny inclusions are not
typically identified, some scientific studies
have suggested that they are metals, metal
alloys, metal-carbon compounds, or other
phases.

LWUV: moderate to strong green, yellow-green, green-yellow,
yellow, or orange
SWUV: moderate to strong green, yellow-green, green-yellow,
yellow, or orange
Intensity: SWUV may be greater than, less than, or equal to LWUV
Phosphorescence: occasionally weak to moderate yellow or
yellow-green, often persistent
Pattern: often unevenly distributed; square or cross-shaped
zones may be visible

LWUV: usually inert
SWUV: weak to moderate green, yellow, blue, or orange
Intensity: typically SWUV greater than LWUV
Phosphorescence: weak to moderate blue, yellow, or greenyellow, often persistent
Pattern: often unevenly distributed; square or cross-shaped
zones may be visible

This pavilion view
shows sharply
bounded nonfluorescent zones
that form the arms
of the cross-shaped
pattern typical of
most synthetic
diamonds.

Often seen is a
cross-shaped pattern
of fluorescent and
nonfluorescent
zones, with a complex structure in the
fluorescent zones
between the arms
of the cross.
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LWUV: moderate to strong orange or orange-red
SWUV: weak to moderate orange
Intensity: often LWUV greater than SWUV
Phosphorescence: occasionally weak orange or orange-red
Pattern: often unevenly distributed; square or cross-shaped
zones may be visible

Often seen is a combined square- and
cross-shaped pattern
of fluorescent zones,
with the former
more distinct and
the latter less distinct in appearance,
possibly due to postgrowth treatment.
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This pavilion
view shows highly
fluorescent and
nonfluorescent
zones in a synthetic
diamond faceted in
an orientation such
that only two of the
four arms of the
cross pattern are
visible.
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Strong absorption below about 500 nm creates the yellow color;
weak sharp bands at 494 and 658 nm are due to nickel as an
impurity.
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Increasing absorption toward both ends of the spectrum (with no
superimposed sharp bands) gives rise to the green color.
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Increasing absorption toward the red end of the spectrum (with
no superimposed sharp bands) gives rise to the blue color.

Key to Information
The information on this chart represents many of the common features of synthetic diamonds grown under high-pressure and high-temperature (HPHT) conditions, as well as those that have been subjected to post-growth
treatment processes to change their color (annealing, irradiation, or a combination of both). Although identification of post-growth treatments may not be a concern for synthetic diamonds, recognition of the wide range of colors
produced by such treatments is nonetheless important. Not all features illustrated on this chart are always seen; however, all synthetic diamonds examined to date at GIA (approximately 500) exhibited one or more of these distinctive features. Additional means of identifying synthetic diamonds not mentioned on this chart include: nondestructive chemical analysis (by X-ray fluorescence or other means) to detect metal impurities (such as Fe, Ni, and
Co), cathodoluminescence imaging to reveal the internal growth sector structure, X-ray imaging to detect metallic inclusions, sensitive measurements of electrical or magnetic properties, and other spectroscopy techniques.
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The absence of sharp absorption bands and the relatively
constant absorption across the visible spectrum results in
a near-colorless synthetic diamond.
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Strong absorption below 500 nm gives rise to the orange-yellow
color; sharp bands at 473, 658, and 732 nm due to nickel or
nickel-nitrogen complexes are intensified by annealing.

The information presented in this chart was obtained using the following methods: Diamond type: Diamond type was determined by Fourier-transform mid-infrared spectroscopy. Color: The ranges of hue, tone, and
saturation of the synthetic diamonds examined were determined using a fluorescent "daylight equivalent" light source and controlled viewing conditions. Magnification: Features seen with a standard binocular gemological
microscope (with 10x to 40x magnification) and either transmitted or reflected illumination and/or fiber-optic lighting. Ultraviolet (UV) luminescence: Fluorescence colors and intensities observed in a darkened room using
contrast-control glasses and standard long-wave and short-wave UV lamps. Phosphorescence observed under the same conditions once the UV lamp was turned off. DTC DiamondView™: Surface-related fluorescence patterns
of growth sector structure observed by exposure to UV radiation with wavelengths shorter than about 230 nm. Visible absorption spectra: Spectra collected over the 350–750 nm wavelength range at a scan speed of 30
nm/min and a bandwidth of 0.5 nm, with the sample held in a cryogenic cell cooled by liquid nitrogen. On these spectra, the vertical scale is absorption and the horizontal scale is wavelength in nanometers.
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Absorption bands at 575, 595, 637, and 741 nm indicate irradiation
and heat treatment; the pink color is due to the strong 637 nm
band and associated absorption between 500 and 600 nm.
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Absorption bands at 503, 575, 595, and 637 nm indicate the red
color is due to irradiation and heating, while the bands at 473
and 732 nm are due to nickel or nickel-nitrogen complexes.
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Sharp absorption bands at 393, 412–430, 503, 595 and 741 nm
indicate the green color is due to irradiation treatment.

This chart accompanies J.E. Shigley, C.M. Breeding, and A.H-T. Shen, "An updated chart on the characteristics of HPHT-grown synthetic diamonds,” Gems & Gemology, Vol. 40, No. 4, pp. 303–313. Additional published
sources of information on synthetic diamonds are given at the end of that article.
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