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LINAC - TLS Pre-Injector Systems
TLS pre-injector : 3 GHz, 10Hz, 50MeV (Scanditronixturn -key system) 

Å 140 keV DC electron gun (Thermionic Cathodes)

Å Chopper (3 GHz) 

Å Prebuncher(3 GHz)

Å LINAC (3 GHz, 3m, SLAC type)

Å Klystron (3 GHz, Canon E37310A)

Klystron station
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LINAC - TPS Pre-Injector RF Distribution
TPS pre-injector : 3 GHz, 3Hz, 150MeV (RIturn -key system)  

Å 90 keV DC electron gun (Thermionic Cathodes)

Å Sub harmonic pre-buncherSPB (500 MHz)

Å Primary buncherPBU (3 GHz)

Å Final buncherFBU (3 GHz)

Å Three 5.2 m linacs(3 GHz)

Å Three klystrons stations(TH2100A)

Klystron station
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LINAC -based Coherent THz sources :

ÅCoherent undulator radiation (CUR): Radiation produced by passing through an undulator

ÅCoherent transition radiation (CTR): Radiation produced byhitting a metal foil

LINAC - Superradiant Terahertz Light based on LINAC

STELLA photo injector : 3 GHz, 10 Hz, 30-60 MeV 

Å2.5 MeV Photocathode RF Gun

ÅOne 5.2 m LINAC (3 GHz)

ÅOne klystrons station(Canon E37310A, Homemade modulator)
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Frequency Bands for Household Electronics

AM broadcast band: 535-1605 kHz

Shortwave radio: 3-30 MHz

FM broadcast band: 88-108 MHz

VHF TV (channel 2-4): 54-72 MHz

VHF TV (channel 5-6): 76-88 MHz

UHF TV (channel 7-13): 174-216 MHz

UHF TV (channel 14-83): 470-890 MHz 

Microwave Bands

L-band: 1- 2 GHz               K-band: 18- 26.5 GHz 

S-band: 2- 4 GHz               Ka-band: 26.5- 40 GHz

C-band: 4- 8 GHz               U-band: 40 - 60 GHz 

X-band: 8- 12 GHz             V-band: 60- 80 GHz 

Ku-band: 12- 18 GHz         W-band (IEEE): 80- 100 GHz
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Conventional                   Relativistic
Microwave Electronics           Electronics

Examples ,    TWT, Klystron, Magnetron         ECM, FEL

Frequency                 < 1011 Hz                     1010 Hz ïX-ray

Power < 106 W                        104 W ï1010 W

Electron Energy        < 105 V                         103 V ï1010 V

Beam Current            < 102 A                           1 A ï106 A

Basic                    Circuit equations           Maxwell equations

Equations          + Fluid equations          + Relativistic particle eqs.                

     Vacuum electronics addresses electron-wave interactions in a 

vacuum, usually for radiation generation. It involves a much broader

frequency range than the microwave band (e.g. X-ray free electron 

laser, FEL). This chapter covers only the microwave regime.

Vacuum Electronics
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     The figure above compares the power capabilities of lasers and

microwave tubes. Lasers are quantum mechanical devices, while the

conventional microwave tubes and ECM (a new type of microwave

tubes) are vacuum electronic devices. The term "microwave tube"

refers to microwave generators requirng a vacuum environment for

the electron-wave interaction

One photon per 
excitation,
Large interaction 
space

Multiple photon per 
electron, 
Large interaction space

Multiple photon per 
excitation,
Interaction space
~ wavelength
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Power Capabilities of Laser and Microwave Tubes



     Microwave tubes (or simply "tubes") are the main subject of this 

chapter. They have a long histroy of research and are still being

enriched by new physical insights and the discovery of novel types

of tubes. Microwave tubes are widely used in our daily life. 

     Tubes are bulkier than solid state microwave devices, but they

generate much higher power. The basic types of microwave tubes

are listed below (and will be discussed later). 

: matured in the 1960s

1. Traveling Wave Tube (TWT)

        Cornerstones: 2. Klystron

3. Magnetron

     Conventional Microwave Tubes

     Relativistic Microwave T

ë
î
ì
î
í

: 1970s-present

        Cornerstone: Gyrotron [a device based on a relativistic effect

                             called the electron cyclotron maser (ECM)]

ubes
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An Overview of Microwave Tubes



Amplifier Oscillator Interaction Process

Gridded Tube Gridded Tube Grid control of the beam current

Klystron 1.Two Cavity Oscillator

2.Extended Interaction Oscillator

3.Reflex Klystron

Velocity Modulation with resonant 

cavities

1.Helix TWT

2.Coupled Cavity TWT 

Backward wave Oscillator Velocity Modulation with traveling 

wave structure

Crossed Field Amplifier 1.Carcinotron(M-type BWO)

2.Fixed Frequency Magnetron

3.Coaxial Magnetron

4.Voltage Tuned Magnetron

Crossed Field

Gyrotron Gyrotron Spiraling beam

Linear beam tubes are called O-type devices.

Crossed-field tubes are called M-type devices.

An Overview of Microwave Tubes
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Conventional Microwave Electronics

KlystronMagnetron

Helix TWT
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     :

     Assume a mode is present in the

cavity in Fig. 1, the voltage difference  

across the gap is a parameter of  interest.  

Define the gap voltage  as 

     ( )z

V

V E z¹-

Gap Voltage and Shunt Impedance

  [Gap voltage],                                                 (1)

where the integration is along the -axis.

      Can there be a voltage difference on the same conductor?

     In (1),

:
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 and  are phasors ( -space complex quantities), i.e. in

-space, we have  ( ) Re[ ]  and  ( , ) Re[ ( ) ].
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)] is shown in Fig. 1. Let  be the total power loss in

the cavity (e.g. Ohmic loss). In terms of  and , we define a 

shunt impedance as     Shunt impedance                      (2)

loss

loss

loss

V

P

P

V P

R¹

13

Fig. 1

Fringe field
(negligible)
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     1. A mechanism for the RF fields to  a DC electron beam into 

         an AC electron beam (Microwave tubes are distinguished by their 

         bunching mechanisms).

     2.  betwee

bunch

Synchronism

0

0

0

0 0
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0 0

n the bunched electrons and the RF fields.
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Conditions  Required for the Generation of Coherent 

Radiation - Common to All Types of Microwave Tubes
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Waves in Periodic Structures

ɤ-ɓDiagram of slow wave structure

weak periodic loading strong periodic loading

ɤ-ɓDiagram of slow wave structure
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Klystrons

The first klystron invented by 

the Varian brothers at Stanford

The SLAC S-band klystronThe Stanford ñModel Aò klystron
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: 

velocity modulation electron bunching density
in buncher cavity in the drift space modulation

Principle of  the klystron amplifier

ë û ë ûë ûî î î î î î
ì ü ì ü ì ü

î îî î î îí ýí ý í ý

Ý Ý
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A two-cavity klystron amplifier.

  See Ch. 7, Sec. 5 for cavity excitation by external coupling.

See Ch. 7, Sec. 3 for
cavity excitation by 
AC beam current.

j t
beam acdc

I I eI
w

= +
DC

The design principle of the klystron



The design principle of the klystron

Elements of a Three-Cavity Klystron Amplifier

Plasma Frequency

RF Current Growth in Beam in a 

Three-Cavity Klystron Amplifier
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Klystron Assembly

Interaction Circuit

depressed collector

magnetic 

focusing system

output windowinput window cavity assembly

electron gun

buncher cavities

output cavityinput cavity
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(1) Synchronously tuning (for maximum gain)

All cavities are tuned to the same frequency, which is also referred to as gain tuning. Generally, each 

cavity provides a gain of about 15-20 dB, so a klystron amplifier with four resonant cavities is expected 

to offer a total gain of over 50 dB.

(2) Efficiency tuning (for maximum efficiency)

The penultimate cavity ( i.e. next-to-the last cavity ) is tuned upward in frequency ( making it 

inductive at the operating frequency )ȴIf the resonant frequency of the penultimate cavity is increased, 

the bandwidth will be widened. Although the gain will decrease by about 10 dB, efficiency tuning will 

enhance the bunching efficiency of the electron beam, resulting in a 15-20% increase in power output.

(3) Broadband tuning (for wide bandwidth )

A klystron is typically a narrow-bandwidth microwave source. Usually, stagger tuning is employed, 

sacrificing high gain to achieve a wider bunching bandwidth. Stagger tuning involves adjusting the 

resonant frequencies of different cavities above or below the center frequency to increase the overall 

bandwidth.

Tuning of the multi-cavity klystron
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The design principle of the Klystron

Transfer Curve of rf amplifier
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Small-Signal Analysis Big-Signal Analysis
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Principle of beam-wave interaction
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Principle of beam-wave interaction
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Simulation of the Klystron
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26☼… - צ (under space - charge- limited flow) 

Perveance ☼…
P = I/V3/2  Ÿ 29.33x10-6/a2  (in spherical diode)

Perveance ᾼᾬ
1. ☼ẁ П ϩ
2.Ὲ ᵂӣᾼ ⇔
3. І П ѐЉЄЊ

2

6 cos1
1067.14

a

q-
³= -P

Summary of Mechanisms DominatingCurrent Flow 

Through a Thermionic Diode

ÅSpace Charge Dominated

ÅTemperature Dominated

ÅField Emission Dominated



Thales TH2100 klystron
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Canon E37310A pulsed klystron
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Multiple Beam Klystrons (MBKs)Sheet-Beam Klystrons (SBKs)

Advanced Klystron Configurations
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SLED Cavity

SLED = SLAC Energy Doubler
ÅA methodof achievingRF pulse-compression
throughtheuseof high-Q resonantcavities.
ÅThe cavities store klystron energy during a
large fraction of eachpulseand thendischarge
this energyrapidly into the acceleratorduring
theremainderof thepulse.

SLED output power waveform
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TLS - Canon RF System Introduction
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TLS - Canon RF System Properties

10 sections 

PFN

75% Voperation

6.4 

ms

Primary Side Voltage : (1 : 1k)

Klystron Cathode Current

(1 : 10 A)

Klystron Cathode 

Voltage

(1 ; 5 kV)
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SLAC Energy Doubler (SLED, RF Pulse Compressor)

Research Instruments SLED DAWON(KOREA) SLED SLED Test Circuit



LINAC Group SLED SLED Simulation

Low-Level RF Test

SLAC Energy Doubler (SLED, RF Pulse Compressor)
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Cavity application ïSLED Flat Pulse Operation

doi:10.18429/JACoW-LINAC2022-MOPOJO19

Diamond Light Source



Cavity application ïSLED-II BOC (Barrel Open Cavity)

Single cavity, no power hybrid

C-band BOC of Swiss FEL

36R. Zennaro, et al. IPAC 2013, WEPFI059 .


