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ELBE Upgrade 

ELBE is a LINAC electron accelerator for small energies (12 to 50 MeV) 

[1]. The ELBE upgrade allows electron beams with bunches ranging from 

single electrons to 1 nC in the future. The maximum possible beam current 

is now 1.6 mA CW and the repetition rates covering the range from one 

shot single bunch pulses to 26 MHz CW. This requires an increase in the 

dynamic range of the BPMs / DCMs. 

ELBE Layout with new extension. 
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DCM working principle 

DCMs watch the beam current difference 

between two stripline sensors. A beam loss 

greater than 10 A produces an interlock. 

For the beam dump exist special DCMs. 

New BPM with integrated DCM 

Main parts of the new BPM are: 

• The RF Frontend 

• The two dual ADCs 

• The FPGA with the signal processing: 

 I/Q-Demodulation and averaging 

 Position and beam current calculation 

 DCM functionality 

 Interpolation filter 

• The DACs 

The following interfaces are implemented: ProfiNET (SCADA), SFP high 

speed I/O, Machine interlock system and USB. The FPGA firmware 

realizes functions for control, communication, maintenance and debugging. 

RF Frontend 

ELBE beam modes 

ELBE has a great variety of beam modes. CW with different micro pulse 

rates, macro pulses and single pulse counts may be combined. This gives 

different signals in the BPM RF frontend: 

13 MHz / 500 / 250 / 100 KHz 

SRF Gun 

100µs – 20ms 0 – 10s 100µs – 36ms 0 – 1s 

26 MHz – 102 kHz 
(260 MHz)  

1 -  231 bunches 

DC Gun 

100µs – 1000s 

1-10 ps 

   200fs 

CW 

Single 

pulse 

Macro 

pulse 

CW 13 MHz 

CW 1.6125 MHz 

Single pulse 

By a completely synchronized operation with true RMS calculation the 

bunch mode dependency problem could be solved. 

The new RF Frontend 

together with  I/Q sig-

nal processing and 

averaging in the FPGA 

increases the dynamic 

range significant. 

Summary 

The new BPM for the ELBE accelerator solves the bunch mode 

dependency problem inherent in the old BPMs and DCMs and gives a 

huge improvement in dynamic range. 
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