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TOPICS 

• 1: Short Remarks on  ELBE  

• 2: ELBE RF System  

• 3: 10kW@1300MHz SSPA  

• 4: 20kW With Two Combined SSPA 

• 5: Two Years Experience With SSPAs 

• 6: Work in Progress 



           Member of the Helmholtz Association Page 3 
Hartmut Buettig | Institut Radiation Physics FWKE (ELBE) | www.hzdr.de Radiation Source ELBE  I   Radiation Physics  I  www.hzdr.de 

 

Member of the Helmholtz Society Seite 3 

ELBE LK2 UPGRADE - USER FACILITY 
40 MeV 1.6 mA CW  

SC Electron Linac 

(from 40MeV, 0.8mA) 

Coherent IR-radiation   

3 – 230 µm 

THz radiation 

100 µm – 3 mm 

Monochromatic X-rays 

30 – 34 MeV/10 – 100 keV 
Bremsstrahlung 

0 – 17 MeV 

Pulsed, Mono-Energetic 

Positrons  0.2 – 30 keV 
Electron- Laser 

Interaction 

Neutrons 
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ELBE USERS 
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Thermionic  
DC Gun 
250 kV 

<= 260 MHz 
125pC 

(1.6mA*13MHz) 
~ 500ps 

~10 mm mrad 
 

RF Bunchers 
260 MHz 
+1,3GHz 

compr. ~ 100:1 

Linac 
1,3 GHz  

~20MeV@10 MeV/m 
<1.6 mA CW 

 

SRF photo gun 
9.5 MeV 

<= 13 MHz 
77pC / 1nC /  

~ 3-15 ps (FWHM) 
~ 1-2.5  pmm mrad 

Linac 
1,3 GHz  

~20 MeV@10MV/m 
<1.6 mA CW 

 

4 x 20 kW CW  

(8 x 10 kW SSPA) 

ELBE RF-REQUIREMENT 1 x 10kW SSPA 

260 MHz:    1 kW SSPA 

1300MHz: 200 W SSPA 
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• 9-power modules with 8 Transistors PTF141501E 

• 1 kW Driver + Controller,  Pout = 60 dBm at  Pin = 0 dBm  

• Inbuilt 28V 800A SMPS  

 

• Safety: 

• CAN Bus interlock (Internal IP) 

• Control:  

• -local (display controlled) or by 

• -external status signals (customer solution) 

• Monitoring via Internet (IP) 

10 kW@1300MHz SSPA 

(Olivier.Gonella@sigmaphi.fr) 
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S21 of  all amplifiers used for the ELBE LINAC 
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-15                     -10                     -5                        0                       +5 

Phase response of  the two SSPAs used for cavity C2  

Pinp/dBm 
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(Laurent.Martinache@Bruker.fr) 
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Pulse Response (SSPA  Prototype) 

Measured at 8kW output power, rise time ≈20ns  fall time ≈ 60ns 

(Laurent.Martinache@Bruker.fr) 
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Phase Noise (RF-OUT of  C3, Pfwd) 
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TWO COMBINED SSPAs   
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Test: LINAC Operation with one SSPA „switched-off“ 

• If one SSPA fails  one get -6dB power drop. 

• It is possible to continue LINAC operation if ¼-th of the maximum available 

• RF-power provide sufficient gradient in the cavity. 

• First: Protect the unused SSPA output with a wave guide short (metal sheet) 

• The 3dB higher drive power can easily deliver the LLRF system 

• Use a „dummy connector“ to simulate the proper 

     status signals of the unused SSPA to unblock the interlock. 

• During the test we reallocated the gradients of the four cavities to keep the  

     right beam energy.  
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Passband of a 9-cell cavity 
Pickup Signal at Cavity C4 

Observation: Excitation Of Unwanted Cavity Modes 

Due to a 10 times higher RF- bandwidth of the SSA at certain circumstances 

(e.g. detuned cavities, high loop gain) the LLRF controller locked not only on the 

Pi-mode but also on (Pi-1) or / and (Pi-2). The system became instable. 

Pi-Mode 

Pi-2 Mode 
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LLRF Controller with improved LP-Filters 

• Redesign of the LLRF-Controller 

• Loop filters with notches in both loops (amplitude, phase) 

• Loop gain is now adjustable independently from the  

  transfere function of the loop filters 

  Result: stable operation  

Attenuation >-70dB at Pi-1; -60dB at Pi-2 
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Rexolite 
Cross linked Polystyrene 

Tensile strength: 62 Mpa 

Thermal conductivity 1.2 W/m x K 

Diss. factor: 0.0002 @ 1 GHz 

 (4 W @ 20 kW) 
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Air cooled waveguide windows (Rexolite) provide more safety 
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SSPA  FAILURES  (Feb.2012 -  April 2014) 

Year Rack Failure Cause Repair 

2012 C3A SMPS pimary failed Wrong machined insulator Spare part, (1 hr.) 

2013 C4B CAN Bus astable Watersensor, 
Wire not fixed  

Took a long time 
to fix the problem 

2013 All Overdrive  
(at LLRF interlocks) 

Spikes caused by GaS 
switches at ELBE LLRF 

Limiters added at 
all RF inputs 

2014 C4A High spurious sigs 
on RF caused by PS 

Not really found Spare part. (1hr) 

LOST TRANSISTORS: 2012: 5 Transistors of  576 ,   2013/14:  no failures  so far 

Model Slide Transistor 

SN007 RF2 T8 

SN007 RF3 T6 

SN006 RF8 T8 

SN001 RF8 T5,T8 

• Without interruption of ELBE operation 

• Repair during shutdown  assisted by SigmaPhi  
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SSPA Spareparts at ELBE 

• In Use: 8x   10 kW SSPA (with 28V transistors PTF141501E) 

•             1x  8.5 kW SSPA (Prototype) 

•             1x  4.2 kW SSPA (not fully equipped, used at Teststand) 

 

 

• Spareparts: 100 x PTF14150E Transistors 

•                            1 Driver-Controller 

•                            1 SMPS (2 boxes) 

•                            3 „slices“: 1,25kW with 8 transistors 
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WORK IN PROGRESS 

In collaboration with DESY: 

• First successful tests with the DESY  

• Digital Single RF Control based on MTCA.4U. 

• FEL U27 was operated with all 4 single RF systems 

    controlled by the MTCA. The work is in progress. 
  

Ref.: Rutkowski, Kuntzsch et al.,MTCA.4 based LLRF system tests at ELBE 

         2nd MTCA Workshop for Industry and Research, MTCA 2013,  

         Hamburg, Germany, 

 

MTCA.4U at ELBE 
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Summary 
 after two years of SSPA operation 

• 1,3 GHz CW  SSPA  installation provide: 

• Smooth and stable operation,  

   We have lost 5 of  576 transistors (of 8 SSPAs)in 2012 

   but became not aware of that during operation 

 

• For ELBE UPGRADE: we saved about 40 % costs 

against a klystron driven system 
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IPAC 2014 

DRESDEN 

www.ipac14.org 


