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Introduction
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• In general, charged particles are focused and bent by use of magnets, and 

accelerated by use of electromagnetic waves in cavities. 

• DC acceleration is limited by high-voltage sparking and breakdown. It is very 

difficult to produce DC voltages more than a few million volts.

• RF accelerators bypass this limitation by applying a harmonic time-varying 

electric field to the beam, which is localized into bunches, such that the bunches 

always arrive when the field has the correct polarity (phase) for acceleration.

• The beam is accelerated within electromagnetic-cavity structures, in which a 

particular electromagnetic mode is excited from a high-frequency external power 

source.
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DC Acceleration
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RF Acceleration
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Low and High frequencies

펄스의 rise time 이 신호의
cable 통과 시간 보다 아주
느릴 때

펄스의 rise time 이 신호의
cable 통과 시간 보다 아주
빠를 때
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Block Diagram of RF Accelerator
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Circuit Diagram of RF Accelerator
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Real Pictures of RF Accelerator

~78%

~95%LLRF

Wall Plug

8



Moses Chung | RF 기초 1

Building Blocks of RF Systems
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Hertz (Hz)

Heinrich Rudolf Hertz

IEEE

Band

Frequency 

Range
Origin of Name

Wavelength in free 

space (centimeters)

L 1 to 2 GHz L for "long" wave. 30.0 to 15.0

S 2 to 4 GHz S for "short" wave 15 to 7.5

C 4 to 8 GHz C for "compromise" between S and X band. 7.5 to 3.8

X 8 to 12 GHz Used in WW II for fire control, X for cross (as in crosshair). 3.8 to 2.5

Ku 12 to 18 GHz Ku for "kurz-under". 2.5 to 1.7

K 18 to 26 GHz German "kurz" means short, yet another reference to short wavelength. 1.7 to 1.1

Ka 26 to 40 GHz Ka for "kurz-above". 1.1 to 0.75

V 40 to 75 GHz V for "very" high frequency band (not to be confused with VHF). 0.75 to 0.40

W 75 to 110 GHz W follows V in the alphabet. 0.40 to 0.27
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decibel (dB)
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• Means of expressing large values via a 

logarithmic ratio. 

• In RF and microwave systems, typical power 

and voltage ratios are expressed in dB.

• Sometimes, reference power is normalized to 

1 mW.

• Attenuation is 

Alexander Graham Bell
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Connectors

Typically supports frequencies up to 11 GHz

Typically supports up to 4 GHz

Ideal for compact applications 
requiring high performance.

Connector used for high-
frequency signal transmission
(Typically up to 18 GHz)
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CW Power Sources
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• The two main categories are solid-state devices and vacuum tubes.

IOT: Inductive Output Tube

SSPA: Solid State Power Amplifier

Class B PA: 50% of 

the input signal is used

13



Pulsed Power Sources
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• Klystrons (>350 MHz) for electron linacs and modern proton linacs. RF 

distribution via waveguides.

• RF tube (<400 MHz) or solid state amplifiers for proton and heavy ion linacs. RF 

distribution via coaxial lines.
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Typical Klystron Operation
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• Decelerator: Amplify RF signals by converting the kinetic energy in a DC electron 

beam into radio frequency power. (velocity modulation  bunching)

Cathode
Collector

+-

Modulator

Input Output

+- +- +- +-

Focusing

+-

Filament

Interlocks
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Typical Klystron Parameters
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• Power Gain 40-60 dB (104-106)

• Power 103 to 107 Watts

• Duty Cycle Continuous or Pulsed

• Frequency Hundreds MHz to Tens GHz

• Bandwidth 1%

• Efficiency 50%

• Cathode Volts 10’s to 100’s of kilovolts

• Klystron Life 10,000-100,000 hours

Toshiba
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Typical Solid State Module
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• Solid state amplifiers are based on transistors instead of vacuum electron tubes 

as active device. 
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Typical Solid State Parameters
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• Power Gain 20-70 dB (102-107)

• Power 103 to 105 Watts

• Duty Cycle Continuous or Pulsed

• Frequency 1 MHz to 2 GHz

• Bandwidth few % to decades %

• Efficiency 10-50%

• Supply Volts 20-50 volts DC

• Life time 10,000-200,000 hours

Bruker
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Modulator
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• The modulators are locally and remotely controlled pulse generators that supply 

high-voltage pulses required for proper operation of high-power pulsed RF 

amplifiers.
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Pulse Forming
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Fast/High current switch

Fast/High current switch
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Power Transmission
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• Transmission lines transmit RF power from one point to another with minimum 

loss and external radiation of energy.

• Two common types: Rectangular waveguide type / Coaxial type

• Commonly used rectangular waveguides have an aspect ratio b/a of ~ 0.5.

Rigid line
Hard line (Heliax)
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6.50’’
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• Coaxial cable is used for frequencies up to about 400 MHz and down to DC and 

waveguide at higher frequencies, where the loss is less than coaxial cable.
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Velocity of Propagation in a Coaxial Line
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• Typically, a coaxial cable will have a dielectric with relative dielectric constant 𝜖𝑟
between the inner and outer conductor, where 𝜖𝑟 = 1 for vacuum, and 𝜖𝑟 =
2.29 for a typical polyethylene-insulated cable.

• For a polyethylene-insulated coaxial cable, the propagation velocity is roughly 

2/3 the speed of light:

Ex] 1 nsec time delay in RG58 cable: ~ 19.8 cm
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Why 50 Ohms ?
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• The arithmetic mean between 30 ohms (best power handling) and 77 ohms 

(lowest loss) is 53.5, the geometric mean is 48 ohms. Thus the choice of 50 

ohms is a compromise between power handling capability and signal loss per 

unit length, for air dielectric.
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Impedance Matching
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Radar works due to poor matching
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Better matching (absorption) with the Stealth ! 
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Reflection Coefficient
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• Note that the generator has an internal impedance 𝑅. If 𝑅 = 𝑍0, the returning 

pulse is completely absorbed in the generator (Matched generator).

Short (𝑍𝐿 = 0)

Open (𝑍𝐿 → ∞)
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Simple Matching
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RF Devices for Matching

Directional Coupler
Three Stub Tuners

Waveguide Load

Circulator/Isolator
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LC Circuit to RF Cavity
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Beam

Shunt

Impedance

Effectiveness of 

producing an axial 

voltage for a given 

power dissipated
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Methods of Coupling to Cavities
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• The coupling mechanism and the waveguide are represented by a transformer 

with a turns ratio of 1:n.



33



Moses Chung | RF 기초 1

prevents excessive 
power levels

protect RF components 
from reflected signals 
(passive)

an active 
semiconductor device 
to process RF signals
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Time vs Frequency
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Time vs Frequency
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• Electric field near a good conductor: • Static magnetic field near 𝜇𝑟 ≈ 1(even in 

the case of a good conductor)

• Time-varying magnetic field near a good 

conductor (i.e., small skin depth):

• Static magnetic field near 𝜇𝑟 ≫ 1(i.e., 

ferromagnetic material)

I

I I

0o 0.1o

37

Boundary Conditions
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BCs determine Modes
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RF Measurements

source source
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Function/Signal/Waveform/Pulse Generator 

Function generators tend to be signal generators that focus on low frequency, but with very 
flexible waveforms.
Signal generator is a more generic term, but would frequently refer to RF or audio frequency sine 
wave generators that are designed to generate signals with very high spectral purity and stable 
frequency and amplitude.


