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Super-FRS with beam diagnostics 
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TOF measurement                    

with Si detectors for SFRS 

 TOF stations FMF2, FLF2, FHF1, FRF3 

 Ion rate <5*104 s-1 per cm2 

 Time resolution – down to 20 () 
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Experimental setup at GSI 

 S4 focal area of FRS, later – HTD/Cave C 


197Au, 238U, 132Xe beams 

 DAQ 1: Fast current amplifiers/discriminators + TDC 

 DAQ 2: Waveform digitizers (3.2 Gs/s and 5 Gs/s) 
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Beam tests in JINR 

 Test of time resolution with fast electronics 

 Check performance change under heavy irradiation 

 Compare Si detectors with different topology  

40Ar @ 40.5 MeV/u 
32S @ 50 MeV/u 

Intensity – up to 2*109/s 
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Experimental setup at JINR 

 ACCULINA fragment separator after 
U400 cyclotron  

 Scattering chamber/final focal place F4 

 Trigger scintillator + MWPC (beam 
tracking) 

 Full-size (40 cm2) Si detector tested 

 Accumulated dose – up 6*1012 ions/cm2 
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Si detectors made in St. Petersburg, Russia 



Example of the signal shapes 

 Signals from heavy ions (Xe, U,  Au ) can be digitized without 

amplification 

 Digitized signals hold all information – amplitude, charge, timing 

 Sampling should be very fast – 3-5 Gs/s due to a fast rise time         

(0.3 – 1 ns)  
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Energy loss via Time-over-Threshold 

 Used for a „time walk“ correction 

 Moderate energy measurement, non-linear, 3-10% precision 

 Charge-based event selection in real time possible  
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PADI + VFTX2 electronics 
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Time resolution with the fast 

digitizers 

• DRS4 5 GS/s and SAMLONG 3.2 GS/s chips, 12 bit ADCs 

• Fully digitised waveforms  E also possible 

• Spline fitting, CFD method for time determination 

• T (TOF)  13 ps ()! 
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Time resolution with PADI/VFTX2 
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• PADI current amplifier/discriminator + VFTX2 TDC 

(15 ps internal resolution, up to 106 events per 

channel) 

• PADI-X (8 ch),  VFTX2 (28) 

• Leading edge method with ToT/amplitude correction  

• T (TOF) 20 ps () 

• Only possible method for high rate 

 

GSI EE + DL 
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PicoTDC: Pico-second TDC 

 Based on the design of HPTDC/CERN 

 Untriggered or trigger with configurable 
latency and length, overlap possible 

 3 ps or 12 ps binning 

 Larger data buffers 

 32 or 64 channels per ASIC 

 40 MHz high quality reference clock 
needed 

 100 µs full range 
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PicoTDC: Pico-second TDC 

 Channel ID:  4 bits, for single port readout +2 bit group 
separator 

 Programmable part of full 25bits leading TDC  

 Leading:    16/19 bits 

Large dynamic range 
 16bit 3ps resolution: 200ns 

 19bit 3ps resolution: 1600ns 

 TOT (Relative to leading):   11/8 bits 

◦ Short dynamic range: 
 8bit 3ps resolution:  780ps 

 11bit 3ps resolution:  6.1ns 

◦ Programmable part of full 25bits TOT difference 
 TOT assumed to be used for offline time-walk correction of leading. 

 Alternative: Readout of Individual Leading and Trailing edges 
with full range/resolution 

 2x readout bandwidth 
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PicoTDC: Pico-second TDC 

 Control/monitoring:  I2C at CMOS 1.2 V-levels 

 Power: 1.2v, ~1.0W (64ch,   3ps),  
    ~0.5W (64ch, 12ps) 
    ~0.3W (32ch, 12ps) 

 Hits: Differential (LVDS “compatible”) 

 Sustainable rate to channel buffer 320MHz, 
trigger matching running @320MHz for each 
channel separate 

 TDC readout bandwidth:  
Max:  
320MHZ x 8 x 4 = 10Gbits/s ( ~4Mhits/s per 
channel without triggering) 
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PicoTDC: Pico-second TDC  

 TSMC 65 nm production 
technology – rad. hard up to 
100 Mrad 

 Packaging:             340 FPBGA  

 Prototype submission: April 
2017 

 Cost – 1-2 CHF/ch 

 Testing of packaged chips:     
Oct. – Dec. 2017 

 Mass production – mid 2018 

 CBM TOF system would 
like to try PicoTDC also – 
synergy possibility  
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Conclusions 

 TOF measurements of heavy ions with Si 
strip detectors possible 

 TOF resolution with fast digitizers – 13 ps 

 TOF resolution with PADI + VFTX2 – 18 ps 

 Basic layout for SuperFRS beam diagnostics 
TOF system (PTI St. Petersburg) and for 
SuperFRS EXPERT TOF system (GSI, JINR, 
PTI St. Petersburg) 

 Current solution - PADI-X + FPGI TDC, 
possible solution – PADI-X + PicoTDC 
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