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Outline – RF Power Sources 

• Frequencies of operation  
• ITU/STM Frequency bands for RF plasmas 
• Amplifiers vs Power Sources 

 

• Input and Output Power 
• Expected impedance and matching 
• Gain compression 
• Harmonics (THD and dBc) 

 

• Classes of Amplifier 
• Class A – Wideband amplifier 
• Classes B to E – Narrow band 
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What do we mean by RF plasma excitation 

Technically, all frequencies at which we can generate EM waves through oscillations 
in a macroscopic dipole/antenna are radio frequencies. 
 
Direct current (0 Hz) does not generate an EM wave, and optical frequency waves 
are not generated in the same way (and physics is different). 
 
For plasmas, we are particularly interested in the band of frequencies where 
electrons can respond but ions are too heavy, and things are still technologically 
manageable. 
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Radio Frequencies and ISM Bands  

International Telecommunications Union has split up spectrum into named bands. 
 

Frequencies of 1 GHz and above are conventionally called microwave,[7] while 
frequencies of 30 GHz and above are designated millimeter wave.  

https://en.wikipedia.org/wiki/Microwave
https://en.wikipedia.org/wiki/Radio_frequency#cite_note-Kumar-7
https://en.wikipedia.org/wiki/Millimeter_wave
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Band name Abbrev. ITU 
band # Frequency Example Uses 

Extremely low 
frequency ELF 1 3–30 Hz Communication with submarines 

Super low frequency SLF 2 30–300 Hz Communication with submarines 
Ultra low frequency ULF 3 300–3,000 Hz Submarine communication, communication within mines 

Very low frequency VLF 4 3–30 kHz Navigation, time signals, submarine communication, wireless heart rate monitors, geophysics 

Low frequency LF 5 30–300 kHz Navigation, time signals, AM longwave broadcasting (Europe and parts of Asia), RFID, amateur radio 

Medium frequency MF 6 300–3,000 kHz AM (medium-wave) broadcasts, amateur radio, avalanche beacons 

High frequency HF 7 3–30 MHz 
Shortwave broadcasts, citizens band radio, amateur radio and over-the-horizon aviation 
communications, RFID, over-the-horizon radar, automatic link establishment(ALE) / near-vertical 
incidence skywave (NVIS) radio communications, marine and mobile radio telephony 

Very high frequency VHF 8 30–300 MHz FM, television broadcasts, line-of-sight ground-to-aircraft and aircraft-to-aircraft communications, land 
mobile and maritime mobile communications, amateur radio, weather radio 

Ultra high frequency UHF 9 300–3,000 MHz 
Television broadcasts, microwave oven, microwave devices/communications, radio astronomy, mobile 

phones, wireless LAN, Bluetooth, ZigBee, GPS and two-way radios such as land 
mobile, FRS and GMRS radios, amateur radio, satellite radio, Remote control Systems, ADSB 

Super high frequency SHF 10 3–30 GHz 
Radio astronomy, microwave devices/communications, wireless LAN, DSRC, most 
modern radars, communications satellites, cable and satellite television broadcasting, DBS, amateur 
radio, satellite radio 

Extremely high 
frequency EHF 11 30–300 GHz Radio astronomy, high-frequency microwave radio relay, microwave remote sensing, amateur 

radio, directed-energy weapon, millimeter wave scanner, wireless LAN (802.11ad) 

Terahertz or Tremendo
usly high frequency 

THz or 
THF 12 300–3,000 GHz Experimental medical imaging to replace X-rays, ultrafast molecular dynamics, condensed-matter 

physics, terahertz time-domain spectroscopy, terahertz computing/communications, remote sensing, 

https://en.wikipedia.org/wiki/Extremely_low_frequency
https://en.wikipedia.org/wiki/Extremely_low_frequency
https://en.wikipedia.org/wiki/Communication_with_submarines
https://en.wikipedia.org/wiki/Super_low_frequency
https://en.wikipedia.org/wiki/Ultra_low_frequency
https://en.wikipedia.org/wiki/Through_the_earth_mine_communications
https://en.wikipedia.org/wiki/Very_low_frequency
https://en.wikipedia.org/wiki/Radio_navigation
https://en.wikipedia.org/wiki/Radio_clock
https://en.wikipedia.org/wiki/Heart_rate_monitor
https://en.wikipedia.org/wiki/Geophysics
https://en.wikipedia.org/wiki/Low_frequency
https://en.wikipedia.org/wiki/Radio_clock
https://en.wikipedia.org/wiki/Longwave
https://en.wikipedia.org/wiki/RFID
https://en.wikipedia.org/wiki/Amateur_radio
https://en.wikipedia.org/wiki/Medium_frequency
https://en.wikipedia.org/wiki/AM_broadcasting
https://en.wikipedia.org/wiki/Avalanche_transceiver
https://en.wikipedia.org/wiki/High_frequency
https://en.wikipedia.org/wiki/Shortwave
https://en.wikipedia.org/wiki/Citizens_band_radio
https://en.wikipedia.org/wiki/Over-the-horizon
https://en.wikipedia.org/wiki/RFID
https://en.wikipedia.org/wiki/Over-the-horizon_radar
https://en.wikipedia.org/wiki/Automatic_link_establishment
https://en.wikipedia.org/wiki/Near_Vertical_Incidence_Skywave
https://en.wikipedia.org/wiki/Near_Vertical_Incidence_Skywave
https://en.wikipedia.org/wiki/Marine_and_mobile_radio_telephony
https://en.wikipedia.org/wiki/Very_high_frequency
https://en.wikipedia.org/wiki/FM_broadcasting
https://en.wikipedia.org/wiki/Television
https://en.wikipedia.org/wiki/Weather_radio
https://en.wikipedia.org/wiki/Ultra_high_frequency
https://en.wikipedia.org/wiki/Microwave_oven
https://en.wikipedia.org/wiki/Microwave
https://en.wikipedia.org/wiki/Radio_astronomy
https://en.wikipedia.org/wiki/Mobile_phone
https://en.wikipedia.org/wiki/Mobile_phone
https://en.wikipedia.org/wiki/Wireless_LAN
https://en.wikipedia.org/wiki/Bluetooth
https://en.wikipedia.org/wiki/ZigBee
https://en.wikipedia.org/wiki/GPS
https://en.wikipedia.org/wiki/Family_Radio_Service
https://en.wikipedia.org/wiki/GMRS
https://en.wikipedia.org/wiki/Satellite_radio
https://en.wikipedia.org/wiki/Automatic_dependent_surveillance_%E2%80%93_broadcast
https://en.wikipedia.org/wiki/Super_high_frequency
https://en.wikipedia.org/wiki/Dedicated_short-range_communications
https://en.wikipedia.org/wiki/Radar
https://en.wikipedia.org/wiki/Communications_satellite
https://en.wikipedia.org/wiki/Direct-broadcast_satellite
https://en.wikipedia.org/wiki/Satellite_radio
https://en.wikipedia.org/wiki/Extremely_high_frequency
https://en.wikipedia.org/wiki/Extremely_high_frequency
https://en.wikipedia.org/wiki/Microwave_radio_relay
https://en.wikipedia.org/wiki/Remote_sensing
https://en.wikipedia.org/wiki/Active_Denial_System
https://en.wikipedia.org/wiki/Millimeter_wave_scanner
https://en.wikipedia.org/wiki/Terahertz_radiation
https://en.wikipedia.org/wiki/Tremendously_high_frequency
https://en.wikipedia.org/wiki/Tremendously_high_frequency
https://en.wikipedia.org/wiki/Condensed-matter_physics
https://en.wikipedia.org/wiki/Condensed-matter_physics
https://en.wikipedia.org/wiki/Terahertz_time-domain_spectroscopy
https://en.wikipedia.org/wiki/Remote_sensing
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Reserved and ISM Bands  

• Certain frequency bands are reserved for telecommunications, and one needs a license 
to broadcast in these bands (“spectrum allocation” for TV, radio, etc).  
 

• The industrial, scientific and medical (ISM) radio bands are radio bands (portions of 
the radio spectrum) reserved internationally for the use of radio frequency (RF) energy 
for industrial, scientific and medical purposes other than telecommunications.[1]  

• Examples of applications in these bands include radio-frequency process 
heating, microwave ovens, and medical diathermy machines.  

• The powerful emissions of these devices can create electromagnetic interference and 
disrupt radio communication using the same frequency, so these devices were limited 
to certain bands of frequencies.  

• In general, communications equipment operating in these bands must tolerate any 
interference generated by ISM applications. 

• Despite the intent of the original allocations, in recent years the fastest-growing uses of 
these bands have been for short-range, low power wireless communications systems 
(Cordless phones, Bluetooth devices,  wireless computer networks (WiFi)). 
 

https://en.wikipedia.org/wiki/ISM_band#cite_note-1
https://en.wikipedia.org/wiki/Wireless_communication
https://en.wikipedia.org/wiki/Cordless_phone
https://en.wikipedia.org/wiki/Bluetooth
https://en.wikipedia.org/wiki/Wireless_network
https://en.wikipedia.org/wiki/WiFi
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Amplifier vs Source 
Word  
  
 

Broadband RF Amplifier operating 
from LF to VHF 

RF Power Source operating in ISM bands 
Has internal oscillator 
Designed for single frequency operation 
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Outline – RF Power Sources 

• Frequencies of operation  
• ITU/STM Frequency bands for RF plasmas 
• Amplifiers vs Power Sources 

 

• Input and Output Power 
• Expected impedance and matching 
• Gain compression 
• Harmonics (THD and dBc) 

 

• Classes of Amplifier 
• Class A – Wideband amplifier 
• Classes B to E – Narrow band 
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I/O Impedance and Power 

• Input and Output characteristic impedance is 50 ohms 
• Optimal power coupling is achieved when a 50 ohm load is applied (for any other type of load, 

impedance matching network is necessary so that output « sees » 50 ohms). 
• If any other impedance is seen, mismatch, and power will be reflected back into amplifier 

 
 
 

• Power gain is given in dB (divide by 10 and put into exponent, 55dB = 105.5 ) 
 

• dBm is decibels relative to one milliwatt (30 dBm = 103 mW = 1W) 
 

• Since impedance is 50 ohms, P = Vpeak
2/2(50)  

• For this amp, max input power 10 dBm = 10 mW = 0.01W 
• Maximum peak input voltage is 1V (Vpk-pk = 2V)   
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Gain Linearity 
If the voltage out is proportional to the voltage in, then the gain is linear. 
Obviously, either always or at some level of input voltage, this will no longer be true 
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Gain Non-Linearity 
Word  
  
 

If the voltage gain is not linear, then distortion will 
result (and harmonics will be generated). 
 
In this case, non-linear transfer function around 0 
generates harmonics. 
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Gain Compression 
As maximum output power is approached, gain saturates. 
This will depend on the frequency as well 
Notice this will also cause harmonics to be created. 
 
  
  
 

dBc is decibels below carrier frequency 
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Outline – RF Power Sources 

• Frequencies of operation  
• ITU/STM Frequency bands for RF plasmas 
• Amplifiers vs Power Sources 

 

• Input and Output Power 
• Expected impedance and matching 
• Gain compression 
• Harmonics (THD and dBc) 

 

• Classes of Amplifier 
• Class A – Wideband amplifier 
• Classes B to E – Narrow band 
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Class A Amplifiers 

Class A 
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Class A Amplifiers 

Class A 
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Dis/Advantages of Class A 

Advantages 
• Provides linear amplification over a wide range of output powers and 

frequencies 
• Great when relative magnitudes of signals matter (AM modulation) or multiple 

frequencies are used 
• Can be made totally insensitive to reflected power 

 
Disadvantages 
• Power consumed within amplifier (in transistors) will always be V I 
• To ensure linearity, quiescent point (operating point with no signal) is at point 

that consumes ½ maximum power. 
• Power is consumed even when no signal is applied 
• Total efficiency is 50% (maximum) 
• Overkill if signal is quasi-single frequency and constant envelope (30-100 € / 

Watt RF) 
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Dis/Advantages of Class A 

500 W output power 

230V x 7.4 A = 1.7 kW    => 30% efficiency 
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Class B amplifier 

Amplifier is biased so that only top half of the signal is amplified. 
Harmonics are then filtered out to generate a perfect sinusoid 
 

Signal will look even worse because it is not two linear regions…. 
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Push-pull Class B amplifier 

Can compensate a little by using push-pull configuration  
Both transistors are off when signal is 0. 

This transistor handles 
the positive part of the 
signal 

This transistor handles 
the negative part of the 
signal 

Full signal recombined, 
then harmonics filtered 
out. 
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Class AB Amplifiers 

Quiescent point is a little higher, still generated harmonics to be filtered out 
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Class C Amplifier 

Biased well below zero-crossing of signal 
Circuit to bias the input can be very simple 
Filtering done with transformer/capacitor pair 
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Dis/Advantages of Classes AB/B/C 

Advantages 
• Transistors are off when no signal applied 

 
 

Disadvantages 
• Filtering required limits operation to a small range of frequencies 
• Power consumed within amplifier (in transistors) is still V I 

 
• Can we design an amplifier where the VI product for the transistor (over an 

entire cycle) is zero? 
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Class D Amplifiers 

Instead of just amplifying a sinusoid, use transistors as switches to route current 
Advantage is that FETs can be designed to be conducting when voltage is 0. 
 



Erik V. Johnson,  
LPICM-CNRS, Ecole Polytechnique 

Class E Amplifiers 
Even more efficient 
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Class E Amplifiers 

Transistors only absorb power during very short periods of the cycle. 
Almost all power used goes to output 
Lots of harmonics to filter out 
Very low component count means higher reliability 
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Summary – Amplifier/Source Classes 

• Class A 
• 30-100 € / Watt RF 
• Inefficient but very flexible 
• Very linear over a large range 

 
• Class AB/B/C  
• Transistors are off when no signal applied 
• Distortion so single frequency (narrow band) 
• More efficient 

 
• Class D/E 
• 5-10€ / Watt RF 
• Very efficient 
• Narrow band (must filter out all harmonics) and designed for one frequency 
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Summary – RF Power Sources 

• Frequencies of operation  
• ITU/STM Frequency bands for RF plasmas 
• Amplifiers vs Power Sources 

 

• Input and Output Power 
• Expected impedance and matching 
• Gain compression 
• Harmonics (THD and dBc) 

 

• Classes of Amplifier 
• Class A – Wideband amplifier 
• Classes B to E – Narrow band 
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Sources 

RF Power Amplifiers, Iulian Rosu (qsl.net) 
 
RF Power Amplifiers, Analog Devices Presentation (2003) 
 
RF Circuit Design, Second Edition Christopher Bowick 
 
R. Kubowicz, « Class-E Power Amplifier », Master’s Thesis, University of Toronto 2000. 
 
Wikipedia… 
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