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GaAs

0.1 GHz 1GHz 10 GHz Frequency
A SSPAs i complex combination of several <1 kW transistors

Y

A Today: Only few SSPAs above 100kW (commercial and prototypes)
A Goal: Substitute vacuum tubes with SSPA using:

U Effective, simple power combination

U Highest power transistors available
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SIEMENS
SSMG

Unified system architecture

Control system System approach

A Unified architecture for various applications,
frequencies, powers (up to 1.3 GHz, 3 MW)

High modularity and scalability

Reduce costs and development efforts

Use off-the-shelf components as much as possible

No handmade parts/tuning

A Alcomponents fit into stan

/
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cabi nSystom designed components
A RF power modules
A Power combiner
A Control system (designed once for all applications)
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DC power Standard components
supplies A DC power supply
A 190 cabinet
A Auxiliaries, e.g. industrial computer, signal generator,
active RF splitters
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U Combine 2-8 transistors on the PCB. 2-8 kW/module
U Combine RF modules with minimal cascades (1-2) ~10 inputs only
U Use of RF switches to keep efficiency with broken modules

Continues Wave Pulse Wave

Machine Machine
LLRF and Control System

PowerCombiner
+RF switches

RF Modules
(poweramplifier + control
+ cooler)

Quick Connector
(RF + DC + Water)

Capacitor Tank

ModularPower Supply

Water Cooling System
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RF module
72MHz, 2.1 kW CW

A Up to 8 transistors on PCB

A Low loss plane
transformer/combiner on PCB

A No hand made parts
A No circulator

A Semi-automatic production
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U Low loss (< 0.5%)
1 >~10 high power inputs at once

U Power division equality (<1%)

9:1 plane combiner

Operating Freq: 72.5 MHz
Power: 16 kwW
Dimensions: 400x420x47 mm3
Epk@18kW =4.2 kV/cm

Power Dissipation ~ 0.5%

Isolation 16 dB

Return loss -30dB

I I I D D
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U High inputs isolation (>15 dB) - possible to

operate without 1 7 3 RF modules

U Only 5% efficiency loss when 3 RFM switched off

oI I 3> > > D

12:1 loop combiner

Operating Freq: 352.21 MHz
Power: 96 kW with 5% d.c.
Dimensions: 400x400x180 mm
Epk@100kW = 7.56 kV/cm;
Power Dissipation ~ 0.5%
Isolation 20 dB

Return loss -36 dB
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Circulator PIN diode based switch

--------------------------------------------
oooo

Pforward Pforward N I:)Ioss l RF MOdU|e #1 ' RF SWitCh
RF Switch

Pr -----------------------------------------------

eflected PIN diodes are connected directly to the combiner inputs

Combiner

A Introduces a Short (or open) @
combiner input

Circulator operation A Small power losses
A Can be used for automatic calibration
9% 0.1%
— —

Short

o o

RF Module #2 RF Module #2 F
0.25% Load ' 0.1%
RF Module #9 D RF Module #9 D
0.25% 0.1%
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SSMG for PET cyclotrons
72,5 MHz 18KW CW

Cyclotron SSMWG

@ ‘ Target
'\
/ H+ Beam

e
= 11MeV

Conventional specification

Beam energy 11MeV
Isotopes 18F 1C, 13N and 1°0

Frequency of operation | 72-73 MHz

RF power 10 kW
Efficiency 28%
PA 3 dB bandwidth ~2 MHz

PA Class of operation AB
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U Upgrade for new energies/isotopes

U Increase power within current
infrastructure

U Decrease maintenance/service costs
U Customized design

TARGET

A RF power: 16 kW
A Efficiency: >75%
AVSWR: 12:1

A Resonance search
A Resonance hold



SIEMENS

A 9x 2kW RF modules (3 per each AC
phase)

T

9:1 plane power combiner. 2U high

T

Control system with resonance search &
hold option

AC distribution box

Water cooling

p SIS

30U Total ~1.4 m

Page 14 Corporate Technology Siemens Research Center 2014



Content

Page 15

Corporate Technology

SSMG project
Motivation
System architecture

SSMG for cyclotrons
Overview

RF module

Power combiner

Test Results

SSMG for ESS
Overview

RF module
Power combiners
PIN-diodes

Conclusions

SIEMENS



SIEMENS
SSMG for cyclotrons

RF module design

Schematic Drawing of the 72 MHz RFPA
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The power amplifier consists of an 180 power splitter, two pre-amplifiers and two
final stage transistors followed by a 180 planar power combiner. The input power
of the module and the power delivered to the load can be measured via directional
couplers on the board.
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SSMG for cyclotrons

RF module
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MCU unit DRIVER CELL OUTPUT AMPLIFIER POWER COMBINER
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SSMG for cyclotrons
RF module measurements

SIEMENS
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SSMG for cyclotrons
RF module assembly

>‘\ Module shield
-
‘Qs» RF module

Copper
heatsink

Power supply
Circulator

Features

A Telemetry onboard: Forward, reflected
wave, input amplitude, temperature

A One radiator for RFPA, Circulator and load
A 3kW power supply
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72.5 MHz RF module during tests,
measured parameters:

A RF power outputi 2 2.5 kW

A RFinput~10mW, Gaini 50 55dB

A Efficiency upto 77 %
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Generator Cavity Load Measurement

Cavity Q-factor of 2600
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RF pulse at power level about 5 kW

V' Simulation can be compared with tests

RF breakdown in the cavity
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48.5 Ohm
transmission line

Current ajustment hole

i 7-16 input connectors
Ing

system pipe Box size:

430 X 450 mm

Copper box

10.7 Ohm
transmission line

Fits i n t he

Combining line

Teflon support rests

15/8 " Output

connedor

Page 22 Corporate Technology Siemens Research Center 2014



SIEMENS

Fabricated device
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Scattering matrix coefficients

et Measurements

~ Retunloss 40 dB —

- Powerdivision equality 0.1% L 0%

_ 4.2 kV/em No breakdown occurred at high
power tests

~ Powerdissipation 0.1% 0.5%

~ [Isolation 16 dB T
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