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Information Brief

Making White Light with Blue LEDs

LEDs or Light Emitting Diodes are monochromatic solid state lighting (SSL) sources that emit light in one color.
There are no white LED chips; “white” light is created using multiple colors and a phenomenon known as
metamerism. Understanding metamerism forms the basis for an appreciation of how different white LED color
temperatures (or CCTSs) are created and why white LEDs with different CCTs have different efficacies.

The packaged LED device and how it creates light
LEDs as we typically recognize them are packaged devices' consisting of various components. See Figure |.
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Figure I. Cross-section of a LUXEON® Rebel LED.
lllustration courtesy of Philips Lumileds Lighting Company.

At the heart of the packaged LED device is the LED chip or LED die”. LEDs are a unique type of diode. They
directly convert incoming electrons (electricity) into photons or visible light — hence the name LED. See Figure 2.

e
Wt

Heat

Figure 2. How an LED creates light (and heat).
lllustration courtesy of Philips Lumileds Lighting Company.
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Since LEDs are not 100% efficient, this conversion also creates heat. For a more thorough explanation of how this
heat is mitigated in LED luminaires, see the Information Brief LED Thermal Management.
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Diodes (the prefix “di-” means two) are made of two different materials, a positive p-type and a negative n-type.
When a forward voltage (V,, in DC volts) is applied across the LED forward current (I, in DC milliamps)
flows. At the molecular level, holes in the p-type material and electrons in the n-type material flow toward the p-n
junction® where the materials meet. The higher energy electrons “fall” into the lower energy holes. See Figure 3.
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Figure 3. Falling electrons result in light emission.
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According to the First Law of Thermodynamics, or the Law of Conservation, energy can neither be created nor
destroyed — it can only change form. Therefore, to retain the energy balance, when electrons fall into holes they
give off energy in the form of photons* that we see as visible light. For more on LEDs, see IESNA TM-16-05
IESNA Technical Memorandum on Light Emitting Diode (LED) Sources and Systems and IESNA G-2-10 Guideline for the
Application of General lllumination (“White”) Light-Emitting Diode (LED) Technologies available at www.iesna.org.

Blue + yellow = white light

LED chips are nearly monochromatic where the color emitted is dependent upon the material, which is
wavelength specific; thus, we see essentially one color. The terms AllnGaP and InGaN refer to the materials or
elements used to create the LED chip. For longer wavelength red, orange or yellow light, combinations of
Aluminum (Al), Indium (In), Gallium (Ga) and Phosphorous (P) are typically chosen. Philips Lumileds also creates
amber with a blue chip and phosphor plates; AllnGaP is not the only way to create amber. For shorter wavelength
green or blue light, combinations of Indium (In), Gallium (Ga) and Nitrogen (N) are chosen. See Figure 4.
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Figure 4. Wavelength or color is determined by the elements used.
lllustrations courtesy of Philips Lumileds Lighting Company.

Did you know there is no such thing as a white LED chip? “White” LEDs (packaged devices) start with a blue LED
chip, also referred to in the LED industry as a blue “pump”. Then a yellow-based phosphor is applied over the
blue chip — refer back to Figure I. This combination of colors makes use of a phenomenon known as
metamerism® which occurs when our eyes and brain perceive two different but complementary colors as
“mixing” to “create” a third complementary color. When the blue light shines through the yellow phosphor it is
down-converted into what we see as white light. Blue LED chip + yellow-based phosphor = white light.

Different phosphors yield different CCTs
See Figure 5 which is a CIE gamut chromaticity (or color) chart with the Planckian locus or blackbody curve®
superimposed on it. This curve represents the various Correlated Color Temperatures or CCTs of white light.
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Figure 5. Blue pump with yellow phosphor produces cool white light.
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lllustrations courtesy of Philips Lumileds Lighting Company.
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Notice how the blue “pump” and the yellow phosphor are on the same line — mixing these two complementary
colors results in a third complementary color, which we see as cool white light. The addition of the yellow
phosphor means the packaged device’s white light output will be less efficient than the pump’s blue light. This loss,
combined with other losses due to factors such as heat and the protective lens, lowers the efficacy’ of the
resulting white light. Efficacy is a measure of how effectively the LED converts the incoming electricity into visible
light, and it is measured in lumens per watt (or LPW).

Now see Figure 6. If we add red phosphor, the light is down-converted further to warm white light. This
additional phosphor leads to additional losses; thus, warm white LEDs have lower efficacies than cool white ones.

Yellow Phosphor

Red Phosphor

Blue “Pump”

03 04 05 06 07 08
X

Figure 6. Blue pump with yellow + red phosphors produces warm white light.
lllustrations courtesy of Philips Lumileds Lighting Company.
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