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Definition:
An RF power amplifier is used to convert a low-power RF
signal into a high power.

* There are several types of amplifiers with
different characteristics.

» Frequency

> Power

» Maintenance cost.
» Efficiency.

» Size and weight.
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e Tetrodes — Grided tubes
o Klystrons
e |Inductive Output Tubes

e Solid state amplifiers

e

vacuum tubes




Grided Tubes - Tetrode

Gridded Tubes (electron tubes)
Frequency range: 0...0.5 GHz (tetrodes), 0...3 GHz (triodes)

¢ Powerrange:
s for CW (continuous wave) up to 30 MHz: 1 MW
= at 300 MHz: 200 kW
= pulsed at 200 MHz: 4 MW

¢ Medium reliability, lifetime cathode limited to 5000...40000
hours

¢ Relatively robust
¢ Inherently medium to high voltage, low current devices
¢ Density modulated
¢ High gain at low frequencies, medium gain at high
frequencies
F. Caspers, M. Betz; JUAS 2012 RF Engineering Active elements



Grided Tubes - Tetrode

* Filament burns off electrons
¢  acceleration in DC field P :
¢ density modulation by grid | orie i S
@ => yoltage controlled current Screen |~ l
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F. Caspers, M. Betz; JUAS 2012 RF Engineenng




Grided Tubes - Tetrode

Grid tubes:

> Evolution of Triodes.

» Electrons produced at the cathode;

» Intensity at the Anode is modulated
by the Control grid.

» Screen grid — RF isolation.

Used at MaxLab
100 MHz
30 kW




Grided Tubes - Tetrode
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v" Simplicity. % High voltage.
Upto 200/ n<70 v Low cost. X Transit-time
200 tube limited.

One will use for low frequencies



Klystron

* Klystrons
* Freguency range: 0.3...10 GHz
* Power range:
= CW at 350 MHz: 1 MW
m pulsed at 3 GHz: 30 MW
* Medium reliability, lifetime cathode limited
* Needs expert care
* Inherently very high voltage device
* Velocity modulated
* Very high gain (=40 to 60 dB, about 10 dB per passive resonator)
* Tend to be noisy (acoustically and electrically)
F. Caspers, M. Betz; JUAS 2012 RF Engineering Active elements
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* Klystron principle:
» High electron DC current produced in the klystron gun.
» Electron beam is velocity modulated in the first cavity.
» Velocity modulation — Density modulation.

» RF power output is extracted from a output cavity.
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Klystron

HVPS Gun —
Hamen
-50 kV : PS
8 A
Klystron principle: gi\/\/\/\_
- High electron DC current produced in the Solid State
klystron gun. Klystron RF Amplifier
- Current velocity modulated in the first cavity ~ ¢avities <
by the driving power.
- The e-beam is then grouped in pulses, <
which are enhanced in three intermediate 25/(\)/\'7\W =
cavities (shorter pulses) AR, €§
. . e RF
- This pulsed stream induces a high field in Collector

the last cavity, out of which the high power is
decoupled.

150 kW

Heat

dissipation




Klystron

Output Coupler
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Klystron

Frequenc | IVIax. power | Efficiency

\ (IMW) (%) Main Main'drawbacks
(GHZ) Features
v High X High voltage.
~ 2 (HP tubes) <n< ower. X Efficiency.
0.3-30 ~100 (Pulsed 40=n= v E“ h oain y
tubes) 60 & £dIh.
v Controlled
output.

One will use for high power



|OT (Inductive Output Tube)

= |OTs combine design aspects of Triodes and Klystrons

|
Collector | I

= From Triodes : N < ——
» Cathode. Output cavity |

> Grid. ~ 1 [ RF Output

» Density modulated.

Anode

Cathode |

= From Klystrons : : s T R

| Input cavity I

» Linear beam

» Magnetic focussing field.
» Output cavity

» Collector
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|OT in the troley
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Freqguency  Vax:s P Efficienc
\ POWer \ ViaintEeatures Mainidrawbacks
(IVIHZ) (kW) ),

v Efficiency. X% High voltage.
100 - 100 n <80 v" Reliableand X Power limited at

2000 /tu be cheap. high frequencies,

One will use for high eficiency



RF transmitter/modulator

In terms of power, its

| function if to transform a

DC power (high voltage)
Into an

RF power (voltage)




2 =. High Voltage Power Supply: HVPS

RADIOFREQUENCY SYSTEM (RF), f = 500 MHz

1. ACCELERATING
CAVITIES

160 KW / cav

600 KV / cav 2.WAVEGUIDES

3.10T (RF Ampilifier)
80 kW / amplifier

4.RF
CIRCULATOR

5.CACO
(Cavity Combiner)

6.RF LOS#

7. HVPS
(High Voltage
Power Supplies)
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High Voltage Power Supply: HVPS

HVPS

HVPS 38kV /4A

-405P2
2

/2R
‘/'\;K;\‘ -404T
NS

b

—

ALBA

-403Q4
-403XT1 -403KM4
I -403KM5
" ———+
-403R5
403Q2 -441A1

he) " n PSM Control
“ - System

(W) -aaam1
N

-102XT1

10T

Amplifier 80kW / 500 MHz

-1oxat -toaxrs_"104Q2
o Peips

I
¥00Z

-428C3

[2*100nF

-428U2

<21 o

1
+ UPS
4 {
T} o 3 X \f’ i’
L L Vo
DN |
405G1 -111A1
HV Deck
MJ5P300
HV Relay DC820:50
- .
42811 N i
36KV : f— -
478716 mH t \ !
T LT
- AAANA
428R3 i—zgl;;lger DLM300-2 ~_

r{ 10T ]

Body
Current

gidl

TH 18793-LS

l -441A1

PSM Control [«

Iy

\4

ZAEO05
Fast Interlock




Built up with
60 modules in series
of 700 V each

Input fuses 3 phase input Supply Control fuse

transformer
~=ag THOMSON )

images & bayond

3 phase
rectifier

DC link
capacitor bank

DC output

x60| .
A L B A Fres wheeiing

Fiber optic
link

Clip for module
fastening

Vewns 98% efficiency

Current
transfromer

Module filter
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500 MHz - 5 cell Petra type |OT transmitter

B]7A

ALBA Boost




|OT transmitters

500 MHz — Dampy cavity ALBA SR IOTs:




Solid State Amplifiers

'S Semiconductors

= Bipolar transistors
= Field effect transistors
=  many others

Frequency range: 0...100 GHz
Power range: from close to thermal noise level to many kW

¢ High reliability, but lifetime not infinite (thermal fatigue, metal
migration, etc.)

Often unforgiving, failure is normally definitive

Inherently low-voltage, high current devices compared to
tubes

¢ Low to medium gain

F. Caspers, M. Betz; JUAS 2012 RF Engineering Active elements



Solid State Amplifiers

Transistors

Example: a field effect transitor (FET)

Structure of an advanced High Power and Low Distortion
pulse-doped MESFET GaAs FET
Depletion

AlGaAs Stop Layer

cap layer (xA, n=1E15) Doping layer (80A, h=2.7E18)
S.1.GaAs sub

F. Caspers, M. Betz; JUAS 2012 RF Engineering Active elements




Solid State Amplifiers

= The power required is obtained by operating numerous
transistors in parallel.

LR W

= Technologies available: gl
> Si bipolar transistors. Qg 1111 TG TTIgTTIomT G i ginnes
> Si LDMOS. Casimiirners r‘..—“_:.'.'2 '—I_—' :"'._‘_—.:.' '.“.Tf"'! t._i_l. 4 & ; -1 :- ¢ _ iitw
> GaAsFET. IR
> SITs 0



Solid State Amplifiers

6" generation LDMOS = BLF578 : 650 W modules

650W CW - 500 MHz
ampiifier module
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Input Matching |: :\ Matching Output I>
balun circuit |: :\ circuit balun

circulator

Bias
circuits

SSA module SOLEIL




Solid State Amplifiers
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Solid State Amplifiers

Power combination components

8x5kw  8x650W

B i b= iy | = R
2-way splitter

SOLEIL
|



Solid State Amplifiers
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Voltage to voltage converters

SSA need voltage to voltage converters
220V ac to 50V dc needed by the transistor

High efficiency (96%) 220 V_ac /50 V_dc power converters

SOLEIL



Solid State Amplifiers

Frequency  Vax:s P Efficienc

y POWer: y IViain Eeatures
(GHZ) (kW) )
v~ Modularity.
0-10 05/ n<40 * Low

maintenance.

Module
v" Graceful

degradation

Main drawbacks

x N

Efficiency.
Combiner
losses.

Transistor

isolation.

One will use at medium frequencies,

for high reliability



A light for Science

RF power sources for accelerating cavities
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turnpean Synchrotron Aadiation Facility SRF'2008 — 15th Sepl 2003 Tulorial: RF Power Sources J. Jacob, siide 4
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Thank you

Questions?




