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Abstract

I have been developing a new-paradigm trigger and tag information distribution system based on a high precision
time synchronization technology over a network. This system generates ~209kHz revolution frequency signal
synchronized with the specified bunch address of the SPring-8 storage ring and can deliver any additional information
such as a shot number and precise time. As the high precision time synchronization technology, White Rabbit, which
provides sub-nanoseconds synchronization accuracy, is adopted. Since the system generates trigger signals based on the
digital information of the precise time, the output timing can be easily adjusted by using software. The system can be
easily and inexpensively expanded using single mode fibers and the White Rabbit switches. I have built the proof of
concept system that consists of a minimum set of a master PC, a slave PC and two White Rabbit switches. The master
PC detects the zero-address signal as a pre-trigger and stamps the absolute time with 2ps resolution. Then the master
calculates the absolute output time of the fundamental revolution frequency signal and sends the time to the slave PC
via White Rabbit network according to the given decimation rate. The slave PC generates the revolution frequency
signal synchronized with the target bunch address by adding the offset time by software. At present, the measured one-
sigma jitter of the output signals from the slave PC is less than 100ps.
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Figure 1: Block diagram of the proof of concept system
(version 1).
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Figure 4: Block diagrams of the FPGA logics.
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Figure 3: Timing chart of processes on the master PC and the slave PC.
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Figure 5: Evaluation test environment of the system.
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Figure 6: Result of the jitter measurement.

32 UyEOMSIEL—k DARFEHRE
D OfEEEz TooXasHAILT- (Version] Tid D>N
EVIHIIBY) , i HA Table 112777,

Table 1: Decimation Rate D Dependence on the Jitters

Measurement Std. Dev. Std. Dev. Num. of
Conditions (Whole) (Central Part) samples
D=1000, N=900 254 (ps) 171 (ps) 163,233
D=600, N=500 221 (ps) 139 (ps) 68,321
D=300, N=200 201 (ps) 131 (ps) 71,249
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Table 2: Delay Control Functions of the Slave PC

Ave. Num. of
(ns)  samples

Measurement Conditions

D=600, N=500, K=0, F=0 1228 176.7k
D=600, N=500, K=2435(-1.9ns), F=0 10.37 110.5k
D=600, N=500, K=0, F=2047(4.0ns) 16.27 131.8k
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Table 3: SMF Length Dependence on the Output Signal

Measurement Ave. Min. Max. Std Num. of
Conditions (ns) (ns) (ns) Dev samples
D=600, N=500, (ns)

K=0, F=0

SMF 1Im 475 -234 1023 045 118.8k
SMF 100m 468 -2.11 10.86 047 600.8k
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D=300,N=200 20.4 -522 595 127.7 121.2k
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Figure 7: Hardcopy of the oscilloscope display at the
jitter measurement with a new FMC DEL.
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Figure 8: Block diagrams of the updated FPGA logic for
a master PC.
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Figure 9: Block diagram of the updated system.
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Table 5: Results of the Jitter Measurements with the
Updated System.

Measurement Ave. Min. Max. Std. Num. of
conditions (ps) (ps) (ps) Dev. samples
K=0, F=0, (ps)
Af=-31.2ps
D=1000, N=1000 4.89 424 553 1552 108.2k
D=50, N=1000 5.06 455 562 9733 4583k
e
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Figure 10: Hardcopy of the oscilloscope display at the
jitter measurement with the updated system.
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[1] http://www.ohwr.org/projects/white-rabbit

[2] http://www.ohwr.org

[3] http://www.ohwr.org/projects/spec

[4] http://www.ohwr.org/projects/fmc-delay-1ns-8cha
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