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~ To develop lighting standards for 
color grading colorless diamonds to 
insure reliable and consistent color 

grading results, globally ~
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� Trade concerns still remain regarding artificial 
lighting standards which perpetuate the likelihood 
of inconsistent color grading results between 
global gemological labs.

� In G&G Winter 2008 released 3 weeks ago, a 
26-page article was published detailing how GIA 
labs color grade “D-to-Z” diamonds.  In part, this 
article defined current GIA lighting standards for 
color grading these diamonds.
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� Of blue fluorescent diamonds,15% show STRONG or VERY 
STRONG fluorescent intensities.

� Fluorescent diamonds represent approximately forty percent 
(40%), including non-fluorescent and fluorescent diamonds.

� Blue fluorescent diamonds represent  98% of all fluorescent 
diamonds , while diamonds that fluoresce a color other than 
blue represent the remaining 2%.

� "Over 98% of clear, sizable, natural diamonds are type 1a (cape 
series) containing aggregated nitrogen as an impurity.” (Nassau, 
K., 1984). 
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� Therefore, the Task Force research focused on:
1. The history of blue fluorescence and the trade’s view of blue 

fluorescence when color grading colorless diamonds.

2. The science behind the physical properties of blue fluorescent 
diamonds, and what causes them to fluoresce blue.

3. Grading a sample of diamonds with varying degrees of reported 
fluoresce in different artificial lighting environments to determine the 
amount of variation when grading blue fluorescent diamonds in 
differing artificial lighting conditions .

4. Developing basic standards for an artificial lighting environment to 
be used to color grade diamonds at their True Body Color .

5. Making suggestions for the periodic maintenance, calibration, 
and certification of your lab’s color grading artificial lighting 
equipment.



)��"������)��"������

� “Most transparent minerals have, when pure, no colour at all, and diamonds are 
no exception to this rule” FB Wade, 1916

� “Now the presence or absence of colour in diamonds exerts a very great effect 
upon their commercial value , and the merchant who deals in diamonds cannot 
be too well informed or too well trained in the mat ter .”

FB Wade, 1916

� “There are several difficulties that confront the diamond expert when he attempts to 
reach a decision in regard to the color grade of a stone.  The Federal Trade 
Commission fair-trade-practice rules and rulings established by the American Gem 
Society in both the United States and Canada require that the color of the stone 
be graded entirely on the basis of its body color .”

Shipley & Liddicoat, G&G 1941

� “To persons inexperienced in color grading , most of the gem variety diamonds 
appear colorless, and many of them slightly bluish . This is particularly true 
when the gem is observed "table up" under bright daylight and certain types of 
direct artificial light. However, when their body color is examined under the 
exacting conditions of the laboratory, some are colorless, but the vast majority are 
found to contain varying intensities of yellow”. Shipley & Liddicoat, G&G 1941
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1. Light Source That Causes Reflections.  “Direct reflections from the diamond surfaces 
of the source of the light that is falling upon the stone. These reflections both 
obscure the body color and cause confusion between the color of the reflections 
and the true body color of the stone.”

Robert M. Shipley and Richard T. Liddicoat, G&G, 19 41, V.3, No.11

� Difficulties in Diamond Color Grading :

2. When a Light is Too Bright.  “Stones examined under too bright lighting conditions. 
Here the extreme brilliancy of the light, even when reflected from inside the facets of 
the pavilion, tends to prevail over the true body color .”

3. Background.  “Reflections from buildings, walls, or fixtures usually make the diamond 
appear more yellowish or brownish, and reflections from the blue sky more bluish. 
Stones graded too close to a door or window often reflect the color of the sky resulting 
in incorrect decisions as to their true color .”

4. Characteristics of Artificial Lighting Matter.  “Nearly as important as variations in 
quality of daylight are the variations in quality found in various types of artificial 
light used in color grading.  Even by the most experienced of diamond graders, the 
varying qualities of the artificial lights mentioned affect greatly the colo r grade
determination.”
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Robert M. Shipley and Richard T. Liddicoat, G&G, 19 41, V.3, No.11

� Difficulties in Diamond Color Grading:

5. Impact of Variable Lighting Conditions on Fluorescent Diamonds.  “One of 
the most important causes of the anomalies that so often trouble a 
diamond grader is the change of color shown by many fluorescent 
stones when viewed under different light conditions . Often a 
fluorescent diamond which appears slightly yellowish under artificial light 
appears distinctly bluish in daylight. Many fluorescent diamonds even 
vary in interior daylight, depending upon the amoun t of ultraviolet 
light which has been filtered out by the glass of the windows and doors. 
Such diamonds are more bluish near an open window”.

� “The colour grading of a polished diamond depends upon the ability of the 
grader to both see and appraise the body colour of the stone. 

Gemmological Instruments, 1978
Peter Read, Technical Manager of the Diamond Tradin g Company, Ltd.
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� “False colour stones may be very blue when faced up, yet 

yellowish when seen at some other angle.  Most of them owe their
blueness to a bluish fluorescence which becomes more marked 
the stronger the light.  Some of these stones are inferior in beauty 
to pure white stones when viewed under a light which does not 
cause them to fluoresce .”

Frank B. Wade, “Diamonds:  A Study of the Factors t hat Govern Their Value” (1916)

� Daylight contains sufficient ultraviolet so that it makes a (fluorescent) 
stone of this kind appear much better than in artificial light; it is often 
referred to as a ………

*����������	�
�
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��
 +
The Jewelers Manual

R.T. Liddicoat, F. Copeland, Course Editor, 7th Pri nting, 1982, P.31
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� 1940’s:  The Diamolite…
“A light source as closely approximating daylight as possible… giving, as a result, a 
light that lacks only the ultra-violet rays of dayl ight .”

Robert M. Shipley and Richard T. Liddicoat G&G, 1941 , V.3, No 11,  P.164

� 1960’s: The Diamondlite…
“The GIA Diamondlite is especially valuable for color grading since it eliminates 
surface reflections and is free from ultraviolet radiation .”

Eunice R. Miles, G&G, 1962, V.10, No. 12,  P.358

� 1950’s: GIA Course Materials…
"Fluorescent stones should be graded at their poorer color [as seen] in artificial 
light devoid of ultraviolet radiation , rather than at their daylight grade”

GIA Assignment 2-31 (Shipley, 1957, p.8)

� 1970’s: Gemmologists Instruments…
“A large portion of diamonds fluoresce under ultraviolet light, and because ‘daylight’
fluorescent lamps contain a proportion of ultra-violet rays, such stones can appear to 
be “whiter’ than they actually are because of their blue fluorescence.  For this 
reason, most lamps have a diffusing cover over their fluore scent tubes which 
absorbs ultra-violet rays …”

Gemmological Instruments, Their Use and Principles of Operation, 1978
Peter G. Read, FGA CEng, Technical Manager of Diamo nd Trading Company, Ltd
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� 1970’s: Gemmologists Instruments

Koloriscope G+S Diamond Grading Cabinet:  “Is the latest in a series originated 
by Dr. Eduard J. Gübelin, FGA, CG… A removable U-V filter is provided (with 
a sharp cut-off below 400nm), and this removes any residual ultra-violet 
light form the source, enabling accurate colour comp arisons to be made in 
non-fluorescing conditions .”

Gemmological Instruments, Their Use and Principles of Operation, 1978 
Peter G. Read, FGA CEng, Technical Manager of Diamo nd Trading Company, Ltd

� 1970’s:  Diamonds
“A very important consideration is that any fluorescence in the stone must be 
surpressed”… “It is therefore important to grade stones in white  light that is
relatively free of ultra-violet.”

Eric Bruton, Diamonds, 1979, pp 264-265
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� 1980’s:  The Jewelers Manual

“Color is usually graded…in an instrument called the Diamondlite, which furnishes a 
light that is corrected to the equivalent of north daylight but with the ultraviolet 
removed ”.

R.T. Liddicoat, F. Copeland, Course Editor, 7 th Printing, 1982, P.31

� 1990’s:  1999 AGS Way course
"Use daylight-equivalent fluorescent lighting with minimal ultraviolet output. To 
eliminate all ultraviolet light, use a filter of Lexan plastic .“

Investigation by Diane Flora, AGS Director of Educa tion
Study on Long U.V. Content, Peter Yantzer, 2008

� 1990’s:  Jewelers Circular Keystone
“Certainly a lack of UV would allow a diamond to sho w its “true” body color 

without any additional blue fluorescence to enhance  the color grade .”
John King, GIA Gem Trade Lab

What GIA’s Study Ignored:  Jewelers Circular Keyston e  - Sept 1998
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� “An emission for long-wave UV between 
315and 400 nm, close to the reference 
spectrum of D55–D65”

Basic technical specifications for the lighting use d for D-to-Z color grading at GIA
G&G, Winter 2008, P.305

� “The fact is that since the 1974 implementation of new coatings on 
fluorescent lamps, GIA has promoted using a daylight-equivalent 
fluorescent lamp with a non-negligible amount of emitted UV .”

G&G, Winter 2008, P.306-307

“Color Grading “D-to-Z” Diamonds at the GIA Laborato ry”

� “We believe that a standard light source for diamond color grading 
should have key characteristics of daylight, including a UV 
component .” G&G, Winter 2008, Summary and Conclusion, P.320

“Color Grading “D-to-Z” Diamonds at the GIA Laborato ry”
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� “Diamond graders don’t use UV-free lights. John King, GIA Gem Trade Lab’s 
director of special projects, explains why. “Yes, you can create an 
environment devoid of UV, but it’s a false situation ,” he says. “It may 
sound like the ideal, but it steps outside the practical world. It’s not relevant 
because it doesn’t really exist anywhere .  We try to be sensitive to the 
practical gemological issues.”

Color Grading “D-Z” Diamonds at the GIA Laboratory – G&G Winter 2008 
Requote from:  What GIA’s Study Ignored:  Jewelers Ci rcular Keystone   - Sept 1998

� “Moses says GIA continues to study the issue and is mindful of the market. 
We don't want to create too rarefied of an environment that other people 
would not be able to reproduce," he says.  But it's also important, he says, 
to remember consumers view diamonds in natural light, which almost 
always has UV waves.”
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E. Daylight Tinted Plate Glass 
(2µW/cm²)

N. Daylight Tinted Dual Pane 
(3µW/cm²)

N. Daylight UnTinted Dual Pane 
(130µW/cm²)

Study on Long U.V. Content, Peter Yantzer, 2008

3’ From Window 
(51µW/cm²)
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� All reputable manufacturers (GE, Osram Sylvannia, Phillips) design overhead light 
bulbs specifically to minimize UV content due to perceived health concern s and 
related potential product liability .

� UV emitted from overhead fluorescent light sources , properly mounted in a 
standard overhead fixture with a diffuser covering in a 10’ ceiling is virtually 
undetectable from  6’ off the ground.

� Windows for commercial and residential buildings of all kinds are specifically 
designed to filter out UV wavelength to prevent color fading and UV damage to 
curtains, furniture, etc.   Even with small distances away from common UV protected 
windows, UV is virtually undetectable.

� Consider UV energy AT NIGHT when consumers are more likely to wear and show off 
their most important diamonds?

In indoor artificial lighting environments, whether  during the day or at 
night, UV wavelength is virtually undetectable at n ormal distances 

away from fluorescent light sources (e.g. greater t han 3’)
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Photoluminescence:  Excitation to a higher energy state and then return to a lower 
energy state accompanied by the emission of a photon.  One of the many forms of 
luminescence.

Photoexcitation:  Production of an excited state by the absorption of ultraviolet, visible, 
or infrared radiation

Photon:  Quantum unit of electromagnetic radiation including ultraviolet light, visible light, 
infrared, radio ways, etc. Elementary particle without mass. 

Fluorescence:  A form of photoluminescence, it is the absorption of a photon by a 
substance which undergoes a rapid internal energy transition before emitting a 
photon of lower energy when returning to its ground state. 

Phonon:  Quantum mode of vibration occurring in a rigid crystal lattice, such as the atomic 
lattice of a solid.

Zero-Phonon Line:  A zero-phonon line and its phonon sidebands jointly constitute the line 
shape of individual light absorbing and emitting molecules (chromophores) embedded 
into a transparent solid matrix.

Vibronic Center:  A subatomic location having its ground and excited energy levels situated 
in the forbidden energy gap between the valence band and conduction band.
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� “The N3 absorption and photoluminescence is predominant in many natural diamonds, which 
has ensured that this centre has been much studied .  It has previously been discussed by Clark 
(1965), Davies (1972a, 1977a) and Davies and Summersgill (1973)”

John Walker, Optical Absorption and Luminescence in  Diamond
Groupe de Physique des Solides de 1’Ecole Normale SupC rieure

Rep. Prog. Phys., Vol. 42, 1979. Printed in Great B ritain

� “Nitrogen is an impurity of special importance in diamond.  First, nitrogen is responsible for the 
vast majority of impurity-related optical centers i n diamond .  Secondly, many of the most 
intense and most interesting optical centers for pr actical applications are known to be 
nitrogen related .” “Nitrogen is a very effective yellow color center in diamond.”

Alexander M. Zaitsev, Optical Properties of Diamond, 2000

� “The absorption line at 415nm, characteristic of “Cape Yellow” diamonds, was first documented by 
Walter in 1891 .  The N3 center is a structural defect in the diamond, and the absorption of light 
occurs by the exciting electrons in this defect from one well-defined energy state to another.  
When the electron returns to the original energy level, luminescence is produced.”

Professor Alan T. Collins, Wheatstone Physics Labor atory, King’s College London
Forward, Optical Properties of Diamond, Alexander M . Zaitsev, 2000 

� “The N3 system , with a zero-phonon line at 415.2nm (2.985eV), is one of the most studied 
vibronic bands in natural diamond and is responsible  for the blue emission observed in 
samples excited by a mercury “black lamp”.” “The col oration caused by the N3 center is 
probably the most influential color-feature affecti ng the price of gem diamonds .”

Professor Alan T. Collins, Wheatstone Physics Labor atory, King’s College London
The Characterization of Point Defects in Diamond by  Luminescence Spectroscopy, 1992
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“N3 Photoluminescence Spectrum.  Note the almost perfect symmetry of the N3 
absorption and luminescence spectra.”

John Walker, Optical Absorption and Luminescence in  Diamond
Rep. Prog. Phys., Vol. 42, 1979. Printed in Great B ritain

Groupe de Physique des Solides de 1’Ecole Normale SupC rieure

415.2 nm

400 375 350

2.998 eV
Energy Absorption 

(excitation of the N3 Center)
Fluorescence Emission 

(Return of excited N3 Center 
to Ground)

Energy in
Wavelength (nm)

Energy in
Electron Volts (eV)

Note:  Zero-phonon line of diamond at 80°K (about - 190°C).  “ The zero-phonon lines of all the 
optical systems in diamond are much sharper at 77K than at room temperature ” (Collins, 1992).
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Notes:  1. Sample of one .43 ct MED fluorescent RB cut.
2. Fluorescence Intensity measured at 450nm.
3. Fluorescence Excitation is very efficient at 395 – 408nm.
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Total Population by Fluorescence Disclosure

VST 4

STG 7

MED 4

FT 4

N-FT or NONE 6 25

GIA vs NonGIA Diamond Reports

A) GIA

VST 3

STG 5

MED 2

NONE 3 13

B) NonGIA

VST 1

STG 2

MED 2

FT 4

N-FT or NONE 3 12

#  Diamonds 25

Task Force Artificial Lighting Grading Environments:

1.A. DiamondLite w/ 2pcs F6T5 Verilux Bulbs, 
unfiltered, 600fc, 150 µW/cm²

1.B. DiamondLite w/Lexan UV Filter, 560fc, 1 
µW/cm²

2.A. GIA Microscope Light with Diffuser, 400fc, 
9 µW/cm²

2.B. GIA Microscope Light with Diffuser + UV Filter,  
400fc, 0 µW/cm²

3. Dazor 2-Bulb Desk Fixture with GE Daylight 
Bulbs and Diffuser + UV Filter, 800fc, 8 µW/cm²

4. Dazor Desk Fixture with 6pcs 1W Lumiled LEDs
and Diffuser, 600fc, 0 µW/cm²

5. Philips 4pc F32T12 Daylight in Overhead Fixture 
with Diffuser, Grade Distance = 3ft (91cm), 
200fc, 0 µW/cm²
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Total Population by Fluorescence Disclosure

VST 4

STG 7

MED 4

FT 4

N-FT or NONE 6 25

GIA vs NonGIA Diamond Reports

A) GIA

VST 3

STG 5

MED 2

NONE 3 13

B) NonGIA

VST 1

STG 2

MED 2

FT 4

N-FT or NONE 3 12

#  Diamonds 25

Task Force Artificial Lighting Grading Environments:

1.A. DiamondLite w/ 2pcs F6T5 Verilux Bulbs, 
unfiltered, 600fc, 150 µW/cm²

1.B. DiamondLite w/Lexan UV Filter, 560fc, 1 
µW/cm²

2.A. GIA Microscope Light with Diffuser, 400fc, 
9 µW/cm²

2.B. GIA Microscope Light with Diffuser + UV Filter,  
400fc, 0 µW/cm²

3. Dazor 2-Bulb Desk Fixture with GE Daylight 
Bulbs and Diffuser + UV Filter, 800fc, 8 µW/cm²

4. Dazor Desk Fixture with 6pcs 1W Lumiled LEDs
and Diffuser, 600fc, 0 µW/cm²

5. Philips 4pc F32T12 Daylight in Overhead Fixture 
with Diffuser, Grade Distance = 3ft (91cm), 
200fc, 0 µW/cm²
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� True Body Color – The color of a diamond observed 
when its fluorescence is not stimulated.  

� Reference Artificial Lighting Environment – For purposes of color grading the 25 
test diamonds, the artificial lighting environment considered representative of 
determining a diamond’s True Body Color was situated approximately three feet 
(91cm) beneath an overhead lighting fixture, which consisted of four 32Watt Philips 
fluorescent bulbs (F32T8), daylight color, enclosed by a clear plastic diffuser.

� Summary of Test Results:

1. Diamonds with GIA Report

A. VST:  Reported color grades were 2.0 to 4.0 grades overstated
compared to color grade test results.

B. ST:  Reported color grades were 0.5 to 2.0 grades overstated compared 
to color grade test results (note: the 0.5 difference related to a diamond 
whose fluorescence was re-graded and determined to be MED).

C. MED:  Reported color grades up to 0.5 grade overstated compared to 
color grade test results.

D. FT:  All grades within 0.25 color grade of testing tolerance .
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� Summary of Test Results:

2. Diamonds without GIA Report

A. VST:  Variation between color grading environments up to 4.5 color grades .

B. ST:  Variation between color grading environments up to 2.5 color grades .

C. MED:  Variation between color grading environments up to 1.25 color grades.

D. FT:  All grades within 0.25 color grade of testing tolerance.

3. Qualitative Visual Fluorescent Strength Test with  365nm Black Light Bulb

A. UV Energy = 180 µW/cm².

All 25 diamonds observed to be consistent with original fluorescence 
disclosure.

B. UV Energy = 15 µW/cm².

VST:  These 4 diamonds observed between VST and ST fluorescence
ST: These 7 diamonds observed to be MED fluorescence
MED: These 4 diamonds observed to be FT fluorescence
FT: These 4 diamonds observed to be NONE

4. After filtering out the UV from intense lighting (high lux), stimulation 
from the remaining narrow band of visible-violet en ergy from 
400 – 420nm was found to cause color grade improveme nt up to one 
grade in some ST and VST fluorescent diamonds.
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A B A B SOURCE 3 SOURCE 4 SOURCE 5
Dazor - GE Daylight Dazor - Lumileds Philips 4x 32W @ 3'

Illumination Configuration No Filter UV Filter Diffuser UV Filter Diffuser + UV Filter Diffuser Diffuser
Footcandles (fc) at Grading Distance 600 fc 560 fc 400 fc 400 fc 800 fc 600 fc 200 fc

Ultraviolet  at Grading Distance (UV-A) 150 µW/cm² 1 µW/cm² 9 µW/cm² 0 µW/cm² 8 µW/cm² 0 µW/cm² 0 µW/cm²

No Cut Carat Color Clarity Fluorescence

Diamonds with GIA Reports
1 R 0.92 E VS2 VST Blue E/F G - G G H H
2 M 0.63 F VS2 VST Blue E/F H G H - I J
4 P 1.13 H VS2 VST Blue F H - LoH G J J
5 CM 3.02 D VS1 ST Blue Hi D D - D D E/F E/F
8 O 2.02 E VS2 ST Blue E/F E/F - E/F - Hi F G
9 O 1.56 F VS1 ST Blue LoE F - - - F/G G

10 R 1.00 E VVS2 ST Blue E E/F - F E/F G HiG
12 O 0.68 F VVS1 MED Blue F* F - - - F F/G
13 R 1.09 G VS2 MED Blue G* G G - - - G
15 R 0.59 E SI1 ST Blue (MED) E E/F - E/F E/F - E/F
20 R 1.01 J VS2 NONE LoJ - - - - - LoJ
22 R 0.73 G VS2 NONE G - - - - - G
23 R 2.28 I SI2 NONE H H H H H H H

Diamonds without GIA Reports
3 M 0.50 SI1 VST Blue LoE G - G/H - H Hi I
6 R 1.05 SI1 ST Blue I J I J - J HiK
7 O 2.01 SI1 ST Blue E E/F - E/F - Hi F G

11 M 0.84 VS1 MED Blue LoG* LoG LoG - - Hi H H
14 R 1.50 SI3 MED Blue G* H G - - H H
16 R 0.50 SI1 FT Blue D - - - - - D
17 R 0.42 VS2 FT Blue LoD - - - - - LoD
18 P 0.70 SI1 FT Yellow LoG - - - - - LoG
19 P 0.62 VS1 FT Blue D - - - - - D
21 R 0.77 VS2 N-FT G - - - - - G
24 R 0.71 VS2 N-FT G/H G/H G/H G/H G/H G/H G/H
25 M 0.71 SI1 NONE D - - - - - D

GRADER ERROR:  +/- 0.25 Color Grade

* Diamond graded on DiamondDock bottom surface with UV = 90 microwatt/cm2

SOURCE 1

DiamondLite

SOURCE 2

GIA Microscope Lamp
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� Electrodes provide electrical current into glass tu be containing Hg + noble gases (Ar)
� Electrical current converted into energy of free el ectrons in the noble gases
� Electrons collide with mercury atoms, which are exc ited to higher energy level
� Excited mercury atoms lose energy by emission of ul traviolet energy
� Ultraviolet radiation is absorbed by phosphor layer  deposited on inner wall of glass tube
� Phosphor layer converts the absorbed ultraviolet en ergy into a photon of visible light

University of Technology, Applied Physics
Eindhoven, Netherlands

Leon Bakker



Fluorescent Light Bulbs –Mercury Vapor Emission Lin es

� UV-C emission excites phosphor coating inside glass  of fluorescent light bulbs
� UV-C does not transmit through glass tube of fluore scent light bulb
� Other Mercury emission lines can be seen in spectra  distribution of fluorescent bulbs
� Mercury emission line at 365nm is UV-A present in l ow quantities in fluorescent light
� There are more Mercury emission lines than presente d in above diagram

Sources :                                              Ocean Optics 
NIST Atomic Spectra Database

Observatoire Astronomique de Strasbourg, France



Overhead Fluorescent Light Fixture with 
Exposed Bulbs (2x F96T12 Sylvania 
Supersavor®)
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Mercury Emission
Long UV-A

365nmMercury Emission
Short UV-A

313nm

Mercury Emission
“Visible Violet”

405nm
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Philip’s phosphors 
yield more 

yellow/orange

Verilux phosphors 
yield more orange/redSim
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Mercury Emission
Long UV-A 365nm

UnfilteredMercury Emission
Short UV-A 313nm

Unfiltered

Mercury Emission
“Visible Violet” 405nm
Filtered and Unfiltered

Polycarbonate UV Filter 
(Lexan or Macrolon)

Blocks all energy < 390nm

“Visible Violet” N3 
Excitation Wavelengths

N3 Excitation Energy 
from Unfiltered 

Fluorescent Bulbs



Change to Blue Phosphors 

“ Within Tolerance”

UV
“Looks Good”
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G&G, Winter 2008, Summary and Conclusion, P.306
“Color Grading “D-to-Z” Diamonds at the GIA Laborato ry”

“The 15- and 20-watt Verilux lamps chosen for the new viewing environments produce results that 
are within tolerance for color grading and compatible with the 6-watt lamps used in the past. 
Here, the UV region shows good agreement between the three lamps. Note that the 15-and 20-
watt lamps have a phosphor layer that results in an additional emission in the red region between 
620 and 700 nm that does not have a noticeable influence on D-to-Z colo r grading .”

Change to Red Phosphors

“ Within Tolerance”
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� 4700K lamp overdriven (10v – 12v) to 
achieve 5000K +/- 200

� Life: 500hrs, CCT: 4900K, CRI: 98

� UV: 41.9 µW/lm, UVA: 39.6, UVB: 2.3

www.solux.net



Making White Light with LEDs
� Two Methods to Make White Light with LEDs:

A. RGB LED Mixing .  White Light can be produced by locating Red Gree n and Blue LEDs adjacent to one 
another and electronically mixing the amount of eac h individual output. 

B. White Phosphor LEDs .  Most common approach used today.  Yellow phospho r mix covers blue LED 
chip (InGaN) which emits blue light between 450nm – 470nm.  Result is white.  Heavy government and 
industrial investment & research into this white li ght technology.  Rapid advances.

National Lighting Products Information Program
Diagram by Philips Lumileds

Diagram of High Power White Phosphor LED
� “The Color Rendering Index (CRI) has been used to 

compare fluorescent and HID lamps for over 40 years , but 
the International Commission on Illumination (CIE) does 
not recommend its use with white LEDs.  A new metri c is 
under development.

LED Measurement Series: Color Rendering Index and L EDs.
US Department of Energy, January 2008

� “Several problems of the CRI have been identified o r 
confirmed in this study.  The CRI is not a trustable  index 
for color rendering performance of white LEDs.”

Dr. Yoshihiro Ohno, Color Rendering and Luminous Ef ficacy of White LED Spectra
Optical Technology Division, National Institute of Standard and Technologies

� White Light LEDs DO NOT EMIT ULTRA-VIOLET WAVELENGTH  AND CAN BE INTENSITY CONTROLLED 
TO REDUCE ENERGY IN THE VISIBLE SPECTRUM, INCLUDING  THE “VISIBLE VIOLET” (400nm – 420nm).  
Also, no color shift with dimming LEDs.

� The current Color Rendering Index is NOT an appropr iate metric for color evaluation of White Phosphor 
LED’s.  A “Color Quality Index” is currently being d eveloped by the CIE.
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Each measurement
at 300fc
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“Visible Violet” N3 
Excitation Wavelengths

Polycarbonate UV Filter 
(Lexan or Macrolon)

Blocks all energy < 390nm
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GIA DiamondDock User Guide
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GIA DiamondDock User Guide
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GIA DiamondDock User Guide
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GIA DiamondDock User Guide



� “For consistency, we use a distance of 8–10 in. (20–25 cm) between the lamps and the diamond. 
Bringing a fluorescent diamond closer to the lamps may result in a stronger fluorescence impact. For 
instance, a yellow diamond with strong blue fluorescence could appear less yellow (i.e., to have a 
higher color grade).”

G&G, Winter 2008, Summary and Conclusion, P.304
“Color Grading “D-to-Z” Diamonds at the GIA Laborato ry”

� “An 8-to-10 in. distance between the lamps and the grading tray.”

Basic technical specifications for the lighting use d for D-to-Z color grading at GIA
G&G, Winter 2008, P.305
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6 3/4”
(17.1 cm)

Distance from bottom of Verilux Bulb to center of 
Grading Tray is 17.1cm.  This Grading Box does 
not comply with Basic Technical Specifications.

Distance from Bottom of Verilux Bulb to Center of 
Grading floor is 12.7cm.  This Grading Box does 
not comply with Basic Technical Specifications.

5”
(12.7 cm)



)���������������5'�����������������������
����
�
��������������B�������	�����
����	��

1. Stable, fluorescent lamps 17 in. (43 cm) or longer

2. An intensity of light in the range of 2000–4500 lux at the surface of the 
grading tray

3. An 8-to-10 in. distance between the lamps and the grading tray

4. A color spectrum close to CIE D55–D65

5. A color temperature between 5500 K and 6500 K

6. A color rendering index of 90 or above

7. A high-frequency (>20,000 Hz) electronic ballast

8. A light ballast with efficiency (power factor) above 0.5 (50%)

9. No noticeable output in the short- or mediumwave UV range (or 
a filter available to eliminate UV in this range)

10. An emission for long-wave UV (between 315 and 400 nm, close to 
the reference spectrum of D55–D65)

G&G, Winter 2008, Summary and Conclusion, P.320

“Color Grading “D-to-Z” Diamonds at the GIA Laborato ry”
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1. A colorless diamond should be laboratory-graded w ith the intent of 
observing, grading and reporting its True Body Colo r.  A colorless 
diamond’s True Body Color is defined as the color of a diamond observed 
when its fluorescence is not stimulated.

2. A white artificial lighting environment should be created which is free from
reflections, distractions, ambient interferences, and any ultraviolet energy 
(wavelength below 400nm) which may be emitted from the illumination 
source . In a professional color grading laboratory, any negligible ultraviolet 
energy remaining in the color grading environment should not exceed 3µW/cm². 

4. The intensity of the white light at the location of the diamond should be between 
200 and 500 fc (approx. 2000 – 5000 lux).  By controlling the intensity of the white 
light within the grading environment, the subtle colors of the diamond will not be 
overcome by the artificial light source.  In addition, reducing the artificial light 
intensity will reduce fluorescence-stimulating energy in the narrow visible-violet 
band of 400nm – 420nm.

AGA Task Force on Lighting and Color Grading Colorl ess Diamonds

AGA Conference, Tucson, AZ 

3. The artificial lighting environment should also be properly diffused to further remove 
any possible reflections resulting from the illumination source, and to provide the 
most consistent pattern of illumination within the diamond viewing area.



5. The color of the artificial illumination should replicate white light color within the 
definition of the International Commission on Illumination daylight illumination points 
of D50 to D65.  These points are commonly correlated to color temperatures of
5000K – 6500K.  Since colorless diamonds should be comparatively graded by the 
gemologist against a sufficient set of qualified Master Stones , the color of the white 
lighting within this standard range is based upon the professional gemologists viewing 
preference.
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AGA Task Force on Lighting and Color Grading Colorl ess Diamonds

AGA Conference, Tucson, AZ 

6. A gemologist’s light source must be calibrated and formally certified at minimu m 
of every 24 months .  This can be completed by self-certification by the 
gemological lab or by certification by a qualified independent testing lab .  
Independent certification is recommend for gemologists involved with litigation .  
Included in certifying the light source is calibrated in accordance with these 
standards, documentation should account for the following:

a. Light Source.
� Manufacturer and Model Number
� Date Bulbs Installed.  Fluorescent bulbs should be changed a minimum of 

every 12 months and allowed a ‘burn in’ period of 160 hours before use in 
grading colorless diamonds.

b. UV Content.  Quantification of ultraviolet energy in the , measured in µW/cm².

c. Intensity.  Light intensity at 10cm and 20cm measured in Lux.
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� The  Task Force………….
1. The history of blue fluorescence and the trade’s view of blue 

fluorescence when color grading colorless diamonds.

2. The science behind the physical properties of blue fluorescent 
diamonds, and what causes them to fluoresce blue.

3. Grading a sample of diamonds with varying degrees of reported 
fluoresce in different artificial lighting environments to determine 
the amount of variation when grading blue fluorescent diamonds 
in differing artificial lighting conditions.

4. Developing basic standards for an artificial lighting environment to 
be used to color grade diamonds at their true body color.

5. Making suggestions for the periodic maintenance, calibration, 
and certification of your lab’s color grading artificial lighting 
equipment.


