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Introduction

LED displays are now available with a wide range of different colour
options. This purpose of this presentation is to:

Give some general background information on Colour theory
Describe how L E D preduce different Colours

How do we define Colour

Describe the requirements of Colour in Road Side Displays
Describe the alternative approaches to multi-colour signs
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VARIABLE MESSAGE SIGNS
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Increasing Wavelength (A) —

electromagnetic radiation
which has wavelengths in the
range of about 380nm to
740nm.

Visible spectrum

400 500 600 TOO

About 44% of the energy s R

radiated by the Sun is in this

range of visible ||ght color wavelength interval frequency interval
red ~ 700635 nm ~ 430480 THz
orange ~ 635-590 nm ~ 480-510 THz
green
blue ~ 490450 nm ~ B610-670 THz
violet ~ 450400 nm ~ &70-750 THz

Applying N transportation

Document Ref : PRES000019 Rev A



VLVES  signs of Many Colours

VARIABLE MESSAGE SIGNS

How do we see colour?

Our eye have two types of light sensitive receptors, cone and rods.

Absorption

The rods are primarily used for low light conditions and give very
sensitive black and white vision.

400
Cones are sensitive to specific wavelengths of light and are grouped Wavelength (nm)

in 3ranges, Low frequency light (Red), Medium (Green), High (Blue).

Our brain combines all this information to allow us to see colour.

People with Colour blindness or Colour Vision Deficiency either have one or more sets of cones
missing or more commonly one of the sets of cones is shifted which reduces the ability to
differentiate between colours.

The most common form of colour blindness present in 6% of men causes the green cones colour
response to be shifted towards red. This results in areduced sensitivity to the green area of the
spectrum.
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VARIABLE MESSAGE SIGNS

How do LEDs produce Coloured Light?

. . . . Color |Wavelength [nm] Voltage drop [AV] Semiconductor material
An LED is just a diode which happens to produce S : Mjﬁg i meae o

I | g ht . Aluminium gallium arsenide (AlGaAs)

Aluminium gallium arsenide (AlGaAs)
Gallium arsenide phosphide (GaAsP)

. . . Red 610 <4 <760 163<Av=203 Aluminium gallium indium phosphide (AlGalnP)
A diode works by putting together two different Galium(l) phosphide (GaP)
materials which allow electrons to pass easily ornge [530 <A<610 |23 <AV<210  |Slaminiam sl o hosgde (4GP
in one direction but not the other. This process 23::i“m("'>p“_°dsph‘:e(j?:’(w )

. allium arsenide phosphide s
causes the electron to Change Its energy level. Yellow 570 <A<590 |20 <AV <218 | Aluminium gallium indium phosphide (AlGalnP)
Gallium(lll} phosphide (GaP'

When the electron moves to a lower energy level e s s i G e ot
some energy is released. Green |500<A<5T0 |19 <Ay <4 |C2Mm{l phosphide (GaP)

Aluminium gallium indium phosphide (AlGalnP)
Aluminium gallium phosphide (AIGaP)

| Zinc selenide (ZnSe)
|

Indium gallium nitride (InGalN)
/:f B {H<lemt ZERCS Silicon carbide (SiC) as substrate

Silicon (Si) as substrate — under development

In LEDs this release of I

energy is in the form
of | Ig ht pee » n-type Violet 400 <A<450  |276<AV<4.0 |Indium gallium nitride (InGaN)
Dual bluefred LEDs,
Purple multiple types 248 <AV <37 blue with red phosphor,
or white with purple plastic
Diamond (235 nm)¥7)
Boron nitride (215 nm)[E'B'[E'B'
Ultraviolet| 4 < 400 31<AV<44  Aluminium nitride (AIN) (210 nm)®°
Aluminium gallium nitride {AlGaN)
Aluminium gallium indium nitride (AlGalnN) — down to 210 nm!®1!

LEDs use different
materials to produce
different wavelengths
of light.

Blue with one or two phosphor layers:
Pink multiple types AV~ 33 yellow with red, orange or pink phosphor added afterwards,
or white with pink pigment or dye.[e'a-
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How can LEDs produce White Light?
Method 1

Use Red, Blue and Green LEDs

|||||||||
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How can LEDs produce White Light?
Method 2

Use a Blue LED coated with a Yellow Phosphor

00000 GaN or InGaN LED

600 650
Wavelength (nanometers)
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CIE 1931 Colour Chart

Almost all light sources emit a range
of frequencies of light.

Even LEDs which are thought of as
mono-chromatic emitters actually
emit a band of frequencies.

Therefore we do not define colour
simply as a single frequency but as a
X,Y coordinate on a colour chart.

aml
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CIE 1931 Colour Chart

The colour standards for road
signals are defined as areas on

this colour chart. (As defined in
EN12966)

The colours have been selected
to give the best possible colour
separation and allow as far as
possible for drivers with impaired
colour vision.

For example traffic signal Green
IS not a pure green but a bluish
Green.
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CIE 1931 Colour Chart

The colour standards for road
signals are defined as areas on

this colour chart. (As defined in
EN12966)

The colours have been selected

to give the best possible colour \
separation and allow as far as
possible for drivers with impaired
colour vision.

For example traffic signal Green
IS not a pure green but a bluish
Green.
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So what Is colour temperature?

Col our temperature is used to define the o6dwar mt ho
06coolnessd6 of different | ight sources. It i s measu
Degrees Kelvin (K).

Colour temperatures above 5000K are called Cool Colours
(blueish white).

Colour temperatures below 3000K are called Warm
Colours (yellowish to redish white)
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