
LEDs: A Comprehensive Guide
This cheat sheet provides a comprehensive guide to understanding and working with LEDs (Light Emitting Diodes). Covering basic principles, types,

specifications, and practical applications, this resource is perfect for electronics enthusiasts, students, and professionals.

LED Basics and Principles

Types and Characteristics of LEDs

Fundamentals of LEDs

An LED (Light Emitting Diode) is a semiconductor

device that emits light when an electric current

passes through it. This phenomenon is known as

electroluminescence.

LEDs are diodes, meaning they allow current to

flow in one direction only. They have an anode (+)

and a cathode (-).

The color of light emitted depends on the

semiconductor material used and the energy gap.

Common materials include gallium arsenide

(GaAs), gallium phosphide (GaP), and gallium

nitride (GaN).

When voltage is applied, electrons recombine

with holes within the semiconductor, releasing

energy in the form of photons (light).

LEDs are energy-efficient and have a longer

lifespan compared to traditional incandescent

and fluorescent lights.

Key LED Parameters

Forward

Voltage (Vf)

The voltage required for the LED

to conduct and emit light.

Typical values range from 1.8V

to 3.3V, depending on the LED

color.

Forward

Current (If)

The current that should flow

through the LED to achieve

optimal brightness without

damaging it. Commonly around

20mA for standard LEDs.

Luminous

Intensity

(mcd)

A measure of the brightness of

the LED, measured in

millicandelas (mcd). Higher

values indicate brighter LEDs.

Wavelength

(nm)

Specifies the color of the light

emitted by the LED, measured in

nanometers (nm). Different

wavelengths correspond to

different colors.

Viewing

Angle

The angle at which the LED’s

light intensity is at least 50% of

its maximum. Affects how

focused or dispersed the light

appears.

Basic Circuit for LEDs

LEDs must be used with a current-limiting

resistor to prevent damage from excessive

current. The resistor value can be calculated using

Ohm’s Law:

R = (Vs - Vf) / If

Where:

R  is the resistance in ohms.

Vs  is the supply voltage.

Vf  is the LED’s forward voltage.

If  is the LED’s forward current.

Example:

If Vs = 5V , Vf = 2V , and If = 0.02A

(20mA):

R = (5V - 2V) / 0.02A = 150 ohms

Choose the closest standard resistor value (e.g.,

150 ohms).

Ensure the resistor’s power rating is adequate.

Calculate power dissipation:

P = I^2 * R

Where:

P  is the power in watts.

I  is the current in amperes.

R  is the resistance in ohms.

Standard LEDs

These are the most common type of LEDs,

typically available in 3mm, 5mm, and 10mm sizes.

They emit light in a specific color based on the

semiconductor material.

Standard LEDs are used in indicators, displays,

and general lighting applications due to their

simplicity and cost-effectiveness.

Common colors include red, green, blue, yellow,

and white. Each color has a different forward

voltage requirement.

High-Power LEDs

Characteristics Designed to produce a high

luminous output and are used

in applications requiring bright

light, such as flashlights and

automotive lighting.

Heat

Dissipation

Require proper heat sinking to

prevent overheating and

damage. Often mounted on

metal core PCBs or attached to

heat sinks.

Drive Current Operate at higher forward

currents (e.g., 350mA to

several amperes) compared to

standard LEDs.

RGB LEDs

RGB LEDs contain three LEDs (red, green, blue) in

a single package, allowing for the creation of a

wide range of colors by adjusting the intensity of

each primary color.

Commonly used in color-changing lights,

displays, and decorative lighting applications.

They can be controlled using PWM (Pulse Width

Modulation) to adjust the brightness of each

color channel.

There are two main types: common anode and

common cathode. The connection type affects

how they are wired and controlled.
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Practical Applications and Considerations

Advanced LED Concepts

SMD LEDs

Surface Mount

Device (SMD)

Designed for surface mounting

on PCBs. Compact and widely

used in electronic devices.

Various Sizes Available in various sizes such

as 3528, 5050, and 5630, with

each size offering different

brightness and power

characteristics.

Applications Used in LED strips, displays,

backlighting, and other

applications where space is

limited.

Driving LEDs with Microcontrollers

Microcontrollers can be used to control LEDs by

providing the necessary voltage and current.

PWM can be used to adjust the brightness of the

LED.

A series resistor is still required to limit the

current flowing through the LED, even when

using a microcontroller.

For RGB LEDs, multiple PWM pins are needed to

control each color channel independently,

allowing for dynamic color mixing.

LED Arrays and Matrices

Series

Connection

LEDs connected in series require a

higher voltage supply but the

same current. Ensure the supply

voltage is sufficient to drive all

LEDs.

Parallel

Connection

LEDs connected in parallel require

the same voltage but the current

is divided among the LEDs. Each

LED should have its own current-

limiting resistor to ensure even

current distribution.

LED

Matrices

Used to create displays. LEDs are

arranged in a grid pattern and are

controlled by multiplexing rows

and columns.

Troubleshooting LEDs

No Light Emission

Check the polarity of the LED. Ensure the forward

voltage and current are within the specified limits.

Verify the resistor value is correct and the power

supply is functioning.

Dim Light Emission

Check the forward current. It might be too low.

Increase the current-limiting resistor value if

necessary. Verify the power supply voltage is

stable.

LED Overheating

Reduce the forward current. Ensure proper heat

sinking, especially for high-power LEDs. Check

the ambient temperature.

Safety Precautions

Current

Limiting

Always use a current-limiting

resistor to protect the LED from

overcurrent damage.

Polarity Connect the LED with the correct

polarity. Reverse polarity can

damage the LED.

ESD

Sensitivity

Handle LEDs with care to avoid

electrostatic discharge (ESD)

damage. Use ESD-safe practices

when handling LEDs.

LED Drivers

LED drivers are specialized power supplies

designed to provide a constant current to LEDs.

They ensure that the LED operates within its

specified current range, regardless of variations in

the input voltage or LED forward voltage.

There are two main types of LED drivers: constant

current (CC) and constant voltage (CV). CC

drivers are typically used for high-power LEDs,

while CV drivers are used for LED strips and other

applications where a fixed voltage is required.

Using an LED driver can improve the efficiency

and lifespan of LEDs compared to using a simple

resistor.
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Color Temperature and CRI

Color

Temperature

(K)

Describes the color appearance

of the light emitted by the LED,

measured in Kelvin (K). Lower

values (e.g., 2700K) are warmer

(yellowish), while higher values

(e.g., 6500K) are cooler (bluish).

Color

Rendering

Index (CRI)

A measure of how accurately an

LED reproduces the colors of

objects compared to a natural

light source. Higher CRI values

(up to 100) indicate better color

rendering.

Importance These parameters are important

for applications where accurate

color representation is crucial,

such as photography and retail

lighting.

Pulse Width Modulation (PWM)

PWM is a technique used to control the

brightness of LEDs by rapidly switching the LED

on and off. The duty cycle (the ratio of on-time to

total time) determines the average current

flowing through the LED and, therefore, its

brightness.

Higher duty cycles result in brighter light, while

lower duty cycles result in dimmer light. PWM is

commonly used in microcontrollers to control

LED brightness.

PWM allows for smooth and precise control of

LED brightness without changing the actual

current flowing through the LED when it is on.
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