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This decade was in the drastic change of lighting. The LED prevailed in
the world to replace fluorescent lamps and incandescent lights. However,
the current common LED is not well-suitable for a gemstone. Because of
its lack of cyan and red spectrum, the color of a gemstone is not well
displayed with it. However, the new full spectrum LED got over it, and
also has many more benefits than the previous fluorescent lamps. In this
article, we will explain how to choose LED for gemstones and jewelry
and what to be noted about it.
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LEDs and jewelry - How to choose and what should be -

This decade was in the drastic change of lighting. The LED prevailed in
the world to replace fluorescent lamps and incandescent lamps. However,
the current common LED is not well-suitable for a gemstone. Because of
its lack of cyan and red spectrum, the color of a gemstone is not well
displayed under it. However, the newly developed full spectrum LED got
over it mostly, and also has many more benefits than the previous lamps.
In this article, we will explain how to choose LED for gemstones and
jewelry and what to be noted about it.

1) Questions about LEDs

Everywhere you look, lighting is being replaced by LEDs.
It is also a global trend from the standpoint of
environmental protection, as LEDs are highly energy
efficient. One thing that caught my attention. At one
conveyor belt sushi restraint, the sushi looked different
near the sushi lane and away from the lane. This was due
to the difference in the light source: the lane where the
sushi was taken was lit by reddish LEDs, while the area
away from the lane was lit by sunlight. What if something
like this happened with gemstones?

The difference of Sushi under the Sushi bar's LED light

and near the window

2) Lighting transition from fluorescent and
incandescent to LED
The last decade has been a period of transition to LED
lighting. According to statistics on lighting fixture
shipments by the Japan Lighting Manufacturers Association,
LED lighting fixtures accounted for 7.8% of the market in
2010, but by 2013 their share had exceeded 50%, and by
2016 it was 90%, and by 2021 it exceeded 97%. The high
energy-saving performance of LEDs, the low price of LEDs,
and legal regulations aimed at saving energy are all behind
this trend, but here is a summary of what the jewelry
industry should pay attention to as it moves toward LEDs.

3) Previous LED problem = low color rendering

The light source is very important in viewing gemstones.
No need to mention the extreme cases such as alexandrite
(color-changing gemstone), light source can change the
color of a gemstone. In this context, common LEDs on the
market are not suitable for gemstones in some respects.

The first is that general white LEDs have a wavelength
bias. This is due to the structure of the white LED. The
luminous body itself emits only blue light, and as it passes
through the phosphor on top of it, it fluoresces yellow light
to emit “white-like” light. The combination of the blue light
and the yellow light, which is the complementary color of
the blue light, makes the light appear white. (This type of
LED is hereafter referred to as "white LED.)
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The mechanism and spectrum of common white LED

However, the spectrum of this white LED shows that blue-
green (cyan) is completely missing and red is weak.
Applying this to gemstones, cobalt spinel, with its strong
blue-green color, and weak fluorescent type ruby, would
appear dull under this light source. The color of the light is
white and bright enough, but the color does not appear
vivid under it. (Conversely, the recently popular gray spinel
appear gray under LED, but halfway purple or blue under
sunlight of full spectrum light.)

Difference in appearance of cobalt spinel in sunlight (left)
and white LED (right)

In order to show the differences in the appearance of
different light sources, color charts used in photography
were photographed with various light sources as follows.
An iPhone camera was used as a general purpose camera.

iPhone's default camera is supposed to have various corrections, but because it

is a common camera and because the differences were expected, we left it as is.

Sunlight
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High color-
rendering
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High color
rendering LED

(Ra>97)
YUJILEDS

Differences in color chart visibility under various light sources
(all Tights are D65)

Sunlight consist of all visible light wavelengths and all
colors are nicely chromatic. This is basically the ideal light
source. In comparison, white LEDs appear dull and dark in
cyan (right 1 column, top 3 rows) and red (right 4 columns,
top 3 rows). Compared to sunlight, fluorescent lamps
appear duller in purple (right 3 columns, top 2 rows) and
yellow (right 3 columns, top 3 rows). In this way, colors
appear dull when viewed under a light source that lacks a
certain wavelength.

One might say that these are just slight differences, but
if the red (right 4 rows, top 3 rows) were the color of rubies,
the difference in price would not be slight. It could also be
argued that comparing the gemstone to the master stones
under the same light source would not be a problem, but
the higher upper limit of color vibrancy would make it
easier to see the finer differences in color during sorting
out colors, etc. There would be no need to struggle to use
a light source that is difficult to see.

Now, there is an index called the color rendering index

(CRI), which was established by the CIE in 1937, for the
color visibility of such light sources. The average color
rendering index (Ra), which is the average of the color
deviations of the eight colors (R1 to R8) in the upper row
of the following figure, selected from the Munsell color
system, is commonly used. However, the special color
rendering index (Ri), which indicates the color deviation of
15 colors (R1 to R15), including extreme colors, is also
used to evaluate lights for special purposes.

The Ra of the various light sources used in the previous
color chart is an indicator of this, and there is a correlation
between Ra and color visibility. Even if the overall Ra is
high for LEDs, they may not be good at strong tints,
especially R9 as strong reds and R12 as strong blues, and
these should also be checked. As a rule of thumb, we
recommend Ra to be 90 or higher (preferably 95 or higher)
for jewelry looking lights, and R9~15 to be 70 or higher
for 6500K, and 80 or higher (preferably 90 or higher) for
5000K.

: . . . . . . .
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Color samples Ra=1~8, Ri=9~15 used to evaluate color rendering index
(Source: UMU Tokyo)

4) How full spectrum LEDs with high color
rendering properties work

LEDs have also developed mechanisms to compensate for

wavelength defects such as those described earlier. As
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shown on the left in the figure below, the same blue
luminant is used as the source, but some have enhanced
not only yellow but also green and red by using green and
red phosphors instead of yellow. And some generate light
with more uniform wavelengths by fluorescing all red(R),
green(G) and blue(B) based on purple light, which is close
to ultraviolet light, as shown on the right below. However,
LEDs that emit light with shorter wavelengths, such as
violet, still have some technical challenges, such as a
shorter life span due to heat generation, a weaker total
amount of light emitted because the light from the
luminant is not used directly as in the old white LEDs, and
simply higher manufacturing costs. However, such full-
spectrum LEDs have been developed and are steadily
expanding in the market.

White Light White Light
R.G. R.G.B
ﬂﬂ Phospor ﬂﬂt Phospor
(-} ° Ao
OOoO .O oOo.o

The mechanism of broader spectrum LED

5) LED color temperature and its problems
Another light source feature is color temperature. Color
and temperature are not easily associated in our senses,
but star lovers may understand when we say stellar
temperature. Hot objects such as fire and stars emit light,
and the higher the temperature, the bluer the light: Rigel
at 10,000 Kelvin (K) is blue, the sun at 5840K is yellow,
and Betelgeuse at 3500K is orange. Another familiar
example is an incandescent light filament at 2800K and a
candle at 2000K. The lower the temperature, the more
orange to reddish the light. The color temperature (Kelvin,
K) is an expression of the color of light based on the
temperature of thermal radiation.

In jewelry, lighting with a color temperature of 6500K has
been widely used in the past as light for north windows
because it is less affected by the time of day. This light is
also described as daylight color and is said to be suitable
for detailed work requiring concentration. In contrast,
daylight white, which is 5000K, is considered the natural
color of light, similar to color of the sunlight, and has the
same intensity at all wavelengths, making it inherently
suitable for viewing colors. Also, 2800K, known as light
bulb color, is often considered to be the color of warm,
orangey light, suitable for places of relaxation.

Although we have been using 6500K lighting for gems and
jewelry, it seems that LEDs claiming high color rendering
properties are easier to produce at a wavelength of 5000K,
which has a relatively uniform wavelength. If you choose
6500K, you may be required to make some compromises
in color rendering index.

6) LED issue to see color change

I explained why 6500K fluorescent lamps have been used
for jewelry in the past, but another reason may have been
that it was easier to see the color change. Red tends to be
weaker in LEDs because red is closer to invisible (useless)
infrared light. On the other hand, looking at the spectrum
of high color-rendering LEDs, many of them dare to make
red stronger. Even those claiming 6500K have stronger red



than yellow, etc., and some have color temperatures set
near 6000K with priority on color rendering. Though 6500K
light should have strong blue and weak red, in these cases,
red is relatively strong even at 6500K, which is used to see
colors before color change. Therefore, when looking at a
color-changing stone with this type of LED, the color after
the change appears mixed, and the color before the change
may be difficult to see. This is a problem with some
alexandrite, color-change garnet, and zultanite, which
have weak color change.

In addition, it seems to be difficult to see the color after
the change by LEDs. As mentioned earlier, red was a weak
feature in white LEDs that are not full spectrum. Penlights
(incandescent lamps) that is used to see color change
actually have peaks in the invisible infrared range, as
shown in the red spectrum in the figure below, and red is
stronger than yellow or orange. In contrast, LEDs called
"warm white" have a spectrum centered on yellow and
orange (blue in the figure below), and red is weaker than
yellow and orange. Therefore, a color change to red is not
visible in this type of LED.

—— Warm white LED
Incandescent
Light (Penlight)

600
Wavelength [nm]

The spectrum of warm white LED
and incandescent Tight (traditional penlight)
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So we obtained an LED that claimed to be full spectrum
with an even stronger reddish color temperature of 1800K
(this color temperature equivalent to that of a candle) and
tried to see if it could be used in place of the penlight.
However, the results were very difficult to see the color
change, as shown in the photo on the next page. The
problem was that the LED was too bright. In the middle
photo with the LED as the light source, if you look at the
gemstone alone, it appears to change its color like a
penlight, but the problem is that the LED is too bright,
illuminating the surrounding area in yellow - orange as
well. In this case, the human eye adjusts to the
surrounding light and recognizes the color, so the color
change does not look quite right. On the other hand, a
penlight has a low intensity of light and is focused to
illuminate only small area around the stone, so the color
of the surrounding light remains unchanged and only the
color change of the gemstone can be seen. The advantage
of using LEDs for the penlight to see the color change may
be to make the light brighter, but if the light is too bright,
the color change will be difficult to see. If we go to the
trouble of creating a dark LED for this purpose, it would be
a complete reversal of the original purpose. Furthermore,
using such a special LED for color change would look
uncomfortable, as in the sushi example at the beginning.
Unfortunately, historical incandescent penlights are
currently the best light for viewing the color change effect
in the gemstone, and it is difficult to see how LEDs can
replace them.

20

Penlight

Fluo lamp (D65)

Full spectrum LED(1800K)

Differences in the appearance of color-changing sapphires under various light
sources
The color change sapphire under the various lighting

In the past, color change was a feature of gemstones that
could be easily enjoyed because it was a combination of
sunlight or fluorescent light and incandescent light or
candlelight. But now that fluorescent and incandescent
lights and candles are becoming special, the meaning of
color-changing gemstones may be changing too.

7) Differences due to the absence of UV light in
LEDs

Another feature of LEDs in general is that they do not
contain ultraviolet light. The absence or presence of UV
light affect, especially when looking at the color of
diamonds. Many diamonds have blue fluorescence, which
makes a yellowish stone appear more colorless when
viewed under ultraviolet light due to its own blue
fluorescence. Some earlier fluorescent Ilamps also
contained some ultraviolet light, which was the preferred
light in the diamond industry. However, LEDs basically do
not contain ultraviolet light, so fluorescent diamonds look
different when viewed with LEDs than they do with
fluorescent lights.

It is possible to add ultraviolet light to LEDs structurally.
However, invisible ultraviolet rays are wasteful as energy
for the lighting itself, and it is unlikely that ultraviolet rays
will be included in LEDs for general lighting, as ultraviolet
rays cause degradation of various items also. However, if
there comes an LED that complies with international
standards for lighting that contains more UV light in terms
of bringing it closer to sunlight, we would like to choose
such LEDs.

8) Attractiveness of Fluorescence with UV LEDs
I have introduced several LED disadvantages in gems and
jewelry, but since UV light was mentioned, I would like to
introduce some of the advantages in gems and jewelry
made possible by UV LEDs. Some UV LEDs mimic the long-
wave UV of black light at 365 nm, while others have
ultraviolet to near-ultraviolet rays of about 400 nm, which
are now readily available as resin-curing lamps for nail
polish. Compared to conventional black light type UV
fluorescent lamps, they are smaller and have as higher
output as UV fluorescence is visible even in bright light.

In recent years, gemstones with strong UV fluorescence,
such as pale green grossular garnets called "Merelani mint"
or "UV garnet" and highly fluorescent scapolite, have
become popular. Since these gemstones show fluorescent
colors with a simple penlight-type UV LED, we feel that
these gemstones are being treated like the color changes
they used to be. It can be said that the appearance of this
UV LED enabled them. As mentioned earlier, the LEDs may
make it difficult to see color-change stones, but on the
other hand, gemstones characterized by UV fluorescence



will probably be enjoyed in the same way as previous
color-change gemstones.

The fluorescence of "Melerani mint" garnet with UV LED

9) LED glare and its benefits in gems

In recent years, when car lights have been replaced by
LEDs, the lights of oncoming cars have become
increasingly dazzling. In addition, LEDs are now used as
positioning lamps, and these are so bright that they are
clearly visible even in day time. This is not only because of
the high luminous intensity of LEDs, but also because of
the small size of their luminous body, which makes them
seem more dazzling.

However, when considered as a display of gemstones, this

LED feature has the effect of enhancing the brilliance of
the stone, and in Gem Information Vol. 42, it was
introduced that people perceive brilliancy when the
contrast between each facet (the facets that become a
shadow and those that reflect the light to shine) is clear.
For this purpose, a point light source such as the sun or a
spotlight can make this contrast more pronounced than a
surface light source such as a fluorescent lamp, which
shines over a wide area, and thus can strengthen the
brilliance of gemstone. In this sense, LEDs with small
luminous elements are suitable lights for highlighting the
brilliance of gemstones. Although LEDs with a large
luminescent body using special phosphors have been
developed, small luminescent LEDs are better for retail
stores and exhibitions displaying gemstones, as the
gemstones' brilliance can be perceived more strongly.

10)
LEDs
There was also an unexpected effect with full-spectrum
LEDs. “Fire” in gemstones appears stronger in full-
spectrum LEDs than in fluorescent lamps. Although the
intensity of the fire cannot be quantified, the fire itself is a
property of light entering an object, like a prism, that is
divided into its different wavelengths to produce rainbow
colored reflection. Therefore, light with wavelengths not
included in the light source is not visible in the fire.

Unexpected effects of full spectrum

In the past, our company used fluorescent lamps, but
fluorescent lamps emit white light by gathering peaks of
several wavelengths (emission lines). Other wavelengths
are also emitted slightly, but they are much weaker than
emission lines, and fluorescent light emission lines have
discontinuous wavelengths, making it difficult for fire to
occur. In contrast, full-spectrum LEDs are affected by the
fact that their wavelengths are even and continuous,
making it easier to see the fire in gemstones.
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(Source: company website)

In addition, for further fire viewing, a surface light source
such as a fluorescent light source also has the effect of
weakening the fire due to the overlap of the dispersed light.
Also, it should be mentioned that the sun, a distant point
light source, is an ideal light source to see fire as well.

It is more than a year since we changed our lighting to
full-spectrum LEDs from YUJILEDS (Unipo Corporation,
distributor in Japan), which we have introduced here. At
first, we were puzzled by the difference in visibility, but
after more than a year of use, we have found many
advantages in addition to energy-saving performance,
which is why we introduce them here. LEDs are still in the
process of evolution, and since the wavelength can be
adjusted, LEDs are being developed for a variety of uses.
While we may not be able to use special LEDs to make
products look better, as in the sushi example at the
beginning, we believe that further development will be
made to make LEDs closer to the sunlight, which is the
ideal and universal light source than conventional lighting.

We would also like to thank Unipo Corporation once again
for providing various materials and advices.
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