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Satellite Communication RF System Architecture, Satellite Classification,

and Power Amplifier Selection

1. Satellite Communication RF System Architecture and Block Diagram

1.1 System Architecture

The core of a satellite communication RF system is the signal transmission between the ground

station and the satellite. The basic architecture typically consists of the following components:

Uplink: The part where the ground station sends signals to the satellite. The signals are
typically generated at the ground station and processed (modulated and amplified) before

transmission to the satellite.

Downlink: After receiving the signals, the satellite forwards them back to the ground

station or user terminal.

Satellite: The satellite has the capability to receive, process, and forward signals. It
typically includes components such as antennas, RF receivers, signal processing modules,

and power amplifiers.

Ground Station: The ground station typically includes antennas, power amplifiers,

receiving equipment, and signal processing systems.

1.2 RF System Block Diagram

The RF system block diagram can be divided into the following key modules:

1.

4.

Antenna System: Used for transmitting and receiving RF signals, with various gain,

directionality, and frequency range characteristics.

RF Front-End: Includes power amplifiers, low noise amplifiers (LNA), filters, and

frequency converters for signal amplification and processing.

Modulator/Demodulator: The modulator converts information signals to RF signals for
transmission, while the demodulator restores the RF signals back to baseband signals and

extracts information.

Signal Processing and Management System: Decodes and processes the received signals
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and manages the signal transmission.

5. Power Amplifier: Used to increase the power of the signal to ensure that it covers a long

distance.
2. Classification of Satellites

Satellites can be classified based on various factors, including their function, frequency band, and

orbit.

2.1 Classification by Function
e Communication Satellites: Used to transmit voice, data, and video signals.
o Navigation Satellites: Provide global positioning services (e.g., GPS, BeiDou).
¢ Remote Sensing Satellites: Used for Earth observation and resource detection.

e Scientific Satellites: Used for scientific research, such as space exploration and weather

monitoring.
2.2 Classification by Frequency Band
e L-band (1-2 GHz): Mainly used for navigation and mobile communication.

e (C-band (4-8 GHz): Used for fixed satellite communication, with good rain attenuation

properties.
e Ku-band (12-18 GHz): Suitable for broadcast TV and high-throughput communication.

e Ka-band (26.5-40 GHz): Used for broadband satellite communication, offering higher
bandwidth.

e  Q/V-band (33-75 GHz): An emerging high-frequency band for high-speed data

transmission.
2.3 Classification by Orbit

e Low Earth Orbit (LEO, 500-2000 km): Short orbital period and low latency, suitable for

communication and remote sensing.

¢ Medium Earth Orbit (MEO, 2000-35,786 km): Commonly used for navigation systems,
such as GPS and BeiDou.
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¢ Geostationary Orbit (GEO, 35,786 km): Provides fixed coverage and is suitable for

broadcast and fixed communication.

3. Power Amplifier Requirements and Frequency/Power Allocation in Satellite

Communication Systems

Power amplifiers are critical components at the transmitter end of satellite communication systems,
and their performance directly impacts the quality of communication. Below are the key

requirements for power amplifiers, as well as frequency and power allocation:
3.1 Power Amplifier Requirements

e Frequency Range: The amplifier must cover the target satellite communication frequency

bands, such as:
L-band: 1-2 GHz
C-band: 4-8 GHz
Ku-band: 12-18 GHz
Ka-band: 26.5-40 GHz

e  Output Power: Output power determines the coverage and signal strength:

Low-power amplifier: 10 W — 100 W, used for low-power communication links.
Medium-power amplifier: 100 W — 500 W, used for medium-distance communication.
High-power amplifier: Above 500 W, used for long-distance or high-bandwidth communication.

e Efficiency: High-efficiency amplifiers reduce power consumption and heat generation,

suitable for energy-sensitive satellite communication scenarios.

e Linearity: High linearity is required to minimize signal distortion, especially when using

wideband modulation techniques such as QAM.

o Size and Weight: For satellite payload applications, power amplifiers must be lightweight

and compact to reduce the satellite launch cost.
3.2 Power and Frequency Allocation

e High-Power Amplifiers: Typically used for geostationary satellites (GEO) and
high-capacity communication scenarios. Their output power can reach several kilowatts
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to meet long-distance transmission requirements.

o  Medium-Power Amplifiers: Used for medium Earth orbit (MEO) and low Earth orbit
(LEO) satellites, with power output typically ranging from a few hundred watts to several

kilowatts.

e Low-Power Amplifiers: Used for low-power communication devices, such as small

satellites or specific applications.
4. How to Choose a Power Amplifier in Satellite Communication

Selecting the appropriate power amplifier is a crucial aspect of satellite communication system

design. Below are some key factors to consider when choosing a power amplifier:
4.1 Key Points for Selecting Power Amplifiers

e Frequency Compatibility: Ensure that the amplifier supports the target communication

frequency band, such as C-band, Ku-band, etc.

e Power Requirements: Select an appropriate output power based on communication

distance and coverage area.

e  Modulation Compatibility: Ensure that the amplifier's linearity meets the requirements for

wideband modulation, such as QPSK, 8PSK.

e Thermal Management: Especially in high-power applications, choose amplifiers with

good thermal management to avoid overheating.
4.2 Considerations When Using Power Amplifiers

¢ Input Signal Amplitude Control: Avoid input signals that are too strong, which may push

the amplifier into a nonlinear operating region.

e Thermal Management: Ensure that the amplifier has effective heat dissipation solutions

for high-power output scenarios.

e Reflection Power Protection: Prevent damage caused by reflected power resulting from

mismatched loads at the output end.

e Regular Calibration and Maintenance: Perform regular checks on amplifier performance

to ensure long-term stable operation.

5. Common Power Amplifier Frequency Bands and Power
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5.1 C-Band Amplifier

e Frequency Range: 4-8 GHz

e  Output Power: 50 W — 500 W

e Application: Fixed communication and broadcasting.
5.2 Ku-Band Amplifier

e Frequency Range: 12-18 GHz

e  Output Power: 10 W —200 W

e Application: Satellite TV and broadband communication.
5.3 Ka-Band Amplifier

e Frequency Range: 26.5-40 GHz

e  Output Power: 10 W — 100 W

e Application: High-speed data communication and emerging broadband services.
5.4 L-Band Amplifier

e Frequency Range: 1-2 GHz

e  Output Power: 10 W — 100 W

e Application: Mobile communication and navigation.

6. Conclusion

The satellite communication RF system architecture includes core modules for both the transmitter
and receiver, which must meet the functional, frequency, and orbital requirements of different
satellites. Power amplifiers are critical components that influence the coverage range and quality
of communication links. When selecting and using power amplifiers, factors such as frequency,
output power, linearity, and efficiency must be considered to meet the requirements of specific

application scenarios.
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