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Modern synchronization systems

Common time

Events

Timestamping

LLRF distribution

Dynamic delay compensation

Machine Safety and Interlocks



  

Achievements
Synchronization precision 
is several ps 

Distances from 100 m up 
to 10 km

Large number of channels 
» 100



  

White Rabbit
(CERN)

EVG и EVR
(Micro Research Finland)

Greenfield
J-PARC
BINP



  

Frequency sources
Quartz

5·10-10 /day

Thermostatic quartz

5·10-11 /day

Rubidium generator

5·10-11 /month - 3·10-10 /month

GPS/GLONASS (Atomic clock)

5·10-14 /month



  

Synchronisation 

Syntonization
Phase alignment

Counter compensation 



  

Jitter

Long-term frequency УХОД



  

What should be done

1. Frequency synchronization

2. Events transfer

3. Determination of delays and phase 
differences



  

Principle of operation



  



  

White Rabbit

Protocol for synchronization 
of distributed nodes with 
sub-nanosecond precision 
(~10 ps jitter)

125 MHz clock + Ethernet 
messages

Open Hardware 

Open Software



  



  

White Rabbit Switch

 



  



  

PTP



  



  

Low-level RF or fractional frequency distribution (50 — 125 МГц)

Event distribution following scenario

Event Timestamping

 

50-125 MHz 1000-2500 MHz

0x32 0x33 0x33 0x33

EVENT Generation E EVENT RECIEVER

50-125 MHz

0x32

Optical line

0x32

Memory Memory



  

MRF EVG и EVR



  

VME-EVG-230 VME Event Generator 5352 €



  

VME-EVR-230 VME Event Receiver 2606 €



  

BINP Scheme



  

Transmission



  

Setting the clock



  

S-Timer

9 output optical lines
2 synchronization inputs
250 MHz clock in 
optical lines
±125 ps Delay 
measurement error
Jitter < 100 ps
Up to 256 Events
Event Sequencer
Timestamp 



  

L-Timer

1 input optical line
2 synchronization inputs
±125 ps Delay 
measurement error
Jitter < 50 ps
8 TTL lines with 512 ns 
length
19 intermodule 
communication lines
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