ELECTRO - PHOTONICS

Application Note: RF & Microwave Terminations
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Introduction

High power RF terminations are essential components in RF systems where high-power levels
are present. They are used to absorb and dissipate the RF power that is not required by the
system. Without proper terminations, excess power can cause reflections, leading to signal
degradation, component damage, and decreased system efficiency. High power RF terminations
act as dummy loads, absorbing the power and dissipating it as heat.

Importance of High-Power RF Terminations

Power Dissipation: Terminations are designed to handle high power levels and effectively
dissipate excess power as heat. By absorbing the unused power, terminations prevent it from
reflecting back into the system and causing interference or damage.

The power dissipated by a high power RF termination can be calculated using the equation:
Pd=V~A2 /R

Where:

Pd is the power dissipation in watts (W).

V is the RMS voltage across the termination in volts (V).

R is the termination resistance in ohms (Q).

Reflection Reduction: Terminations minimize reflections by presenting a well-matched

impedance to the RF signal source. This helps to maintain signal integrity, prevent standing
waves, and avoid signal distortion or loss.



Protection of Sensitive Components: RF terminations protect sensitive components, such as
amplifiers or transmitters, by absorbing and dissipating any excess power that might otherwise
overload or damage these components.

Considerations for High Power RF Termination Selection
When selecting high power RF terminations, the following factors should be considered:

a. Power Handling Capability: High power terminations should be selected based on their power
handling capability, which should be greater than the maximum power levels expected in the
system. It is essential to consider both continuous wave (CW) power and peak power
requirements.

The maximum power handling capability of a high power RF termination is a critical parameter.
It is determined by factors such as the termination's physical construction, materials, and
cooling mechanisms. The maximum power handling capability can be calculated using the
equation:

Pmax = VA2 /(2 *R)

Where:

Pmax is the maximum power handling capability in watts (W).

V is the RMS voltage across the termination in volts (V).

R is the termination resistance in ohms (Q).

b. Impedance Match: Terminations should provide a good impedance match to the system's
characteristic impedance. Typically, terminations with a 50-ohm characteristic impedance are

used in RF systems, but in specialized applications, different impedance values may be required.

The reflection coefficient measures the mismatch between the termination impedance and the
characteristic impedance of the RF system. It is calculated using the equation:

= (Zt-Z0)/ (Zt + Z0O)
Where:
Iis the reflection coefficient.

Zt is the termination impedance.
Z0 is the characteristic impedance of the RF system.



c. Frequency Range: The frequency range of the termination should be compatible with the
operating frequency of the RF system. Ensure that the selected termination can handle power
across the entire frequency range of interest.

d. VSWR (Voltage Standing Wave Ratio): VSWR measures the quality of the impedance match.
Lower VSWR values indicate better impedance matching. Choose terminations with low VSWR

values to minimize reflections and maximize power absorption.

The VSWR is a measure of the impedance mismatch and is often used to assess the
performance of RF terminations. It is calculated using the equation:

VSWR=(1+|T|)/(-|T])
Where:
VSWR is the voltage standing wave ratio.

Iis the reflection coefficient.

e. Environmental Considerations: Consider factors such as operating temperature range,
humidity, and any special environmental conditions the terminations might be exposed to.
Ensure that the terminations are suitable for the intended environment.

Implementation of High Power RF Terminations

Implementing high power RF terminations requires attention to certain aspects:

a. Mechanical Design: Ensure that the termination is mechanically robust and properly mounted
to handle the power levels and environmental conditions. Use appropriate connectors and
mounting techniques to maintain good electrical connections.

b. Cooling and Heat Dissipation: High power terminations generate significant heat, and
appropriate cooling mechanisms should be employed to prevent overheating. Consider using
heat sinks or cooling fans as required.

The power dissipated by the termination can be calculated using the equation:

Pd=V~A2 /R

Where:

Pd is the power dissipation in watts (W).

V is the RMS voltage across the termination in volts (V).
R is the termination resistance in ohms (Q).



c. System Integration: Termination placement should be strategic to minimize transmission line
length and reflections. Ideally, terminations should be placed at the end of transmission lines or
near the source to reduce the risk of reflections.

Conclusion

High power RF terminations play a vital role in high power RF systems by dissipating excess
power, minimizing reflections, and safeguarding sensitive components. When implementing
high power RF terminations, careful attention should be given to mechanical design, cooling
mechanisms, and strategic placement within the system. The power dissipation formula, along
with the reflection coefficient and voltage standing wave ratio formulas, can assist in selecting
appropriate terminations and evaluating their performance.
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