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Timing system concept:
brief introduction

White Rabbit technology

White Rabbit equipment

Use Cases

B
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Timing System
concept = i

T .:Solutions

Timing System Based on Time

Timing Master

do this

Equipment 1

Equipment 2

do this [
.

« 1 km distance: ~ 5us propagation time
« 1 us precision requires compensation for the cable length

R
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Timing System Based on Time

Timing Master

Equipment 2

[
C

R
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Instead...

/f')_ do this @ 15:03

Equipment 1
@,

do this @ 15:03 ~ dothat@15:01 [
>l Equipment 2

@

Timing Master {

« Equipment pre-programed for autonomous action at given time
* Pre-programing via timing-events
» Clock synchronization ~ns required
« Timing-events must be sent “early enough”
* Need Upper bound latency for transmission (e.g. 100 us) - real-time!
* Need Lossless transmission - robustness!

WWww-sevensols.com Seven Solutions - When every nanosecond counts - Copyright 2018 Pag 5



.~ . Solutions

1. Timing system concept

2. White Rabbit technology:
What is White Rabbit?

3. White Rabbit equipment

4. Use Cases

e
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White Rabbit

White Rabbit (WR) is the technology born at CERN and brought to industry by Seven Solutions
for general purpose long-distance data transfer and sub-nanosecond accuracy synchronization.
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White Rabbit P TN SﬂEN
technology ~i - @ Ty 4 s

An extension of Ethernet

= Synchronization: Sync-E & PTP (IEEE-1588v2)
common notion of time!
= Accurate timestamps
Subnanosecond synchronization!
= Thousand of nodes
Data + Timing packet distribution!
= Distance range over 80 km

» Features for: Robustness & redundancy
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Two main technologies/standards used:
Sync-E & PTP (IEEE-1588v2)

= Synchronous Ethernet (Sync-E).
= Enhanced PTP:
Grand Master as a Timing Reference
Measure delay between master and slave (align nodes).

Dynamic Calibration

T
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technology /.. - Solutions

Synchronization: Sync-E & PTP (IEEE-1588v2)

SYNTONIZATION VIA SYNC-E

Small differences in the node/switch 125.00 MHz _U‘Ulﬂ_ﬂ_

individual clocks 124.98 MHZ _‘I LTI LU
125.03 MHz

Sync-E

®

asoomne 3 L LELTTT L
Common notion of frequency!! 125.00 MHZ JUUUYL

125.00 MHz
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technology

- ».Solutions

Synchronization: Sync-E & PTP (IEEE-1588v2)
OFFSET ADJUSTEMENT WITH ENHANCED PTP

Temperature and ® ®

distance affect!

DDMTD

Capable of measuring time differences between two digital clock signals with very fine
resolution (sub-picosecond)
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g 17:00
t1 17:00
L 2
00:02
L 3
00:07

OFFSET ADJUSTEMENT WITH ENHANCED PTP
Synchronization: Sync-E & PTP (IEEE-1588v2)
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technology i . -

L

t1 17:00
17:00 L, 2
Offset=t2-t1+ dms 00:02
Sms= ((t4-t1)-(t3-t2))/2 L_L 3
00:07
00:07
t o
17:12

OFFSET ADJUSTEMENT WITH ENHANCED PTP
Synchronization: Sync-E & PTP (IEEE-1588v2)
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White Rabbit mixed Hardware & Software
DDMTD: Phase Measurement
Enhanced Hardware timestamps

= Dynamic link asymmetry compensation
= Pre-calibration

clock loopback
3 uncompensated clock
System
Timing
Master

(’) - pha‘Se

m

Ethernet Uplink
link port

W <

recovered in-phase clock

4

recovered clock

T
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technology i .. - T ions

Advance Features: HSR Failover
(Holdover + Switchover)

Normal Operation
< WR-PTP | ‘

Objective:

» Swap from
primary to backup
reference

> Disseminate alert

Alert dissemination

WWww-sevensols.com Seven Solutions - When every nanosecond counts - Copyright 2018 Pag 15
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3. White Rabbit
equipment

Standard

Fj . 4 GbE Switch Other
- . Node

Database

™ 2000 nodes >|"
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HIGHLIGHTS
WR'SWItCh Sub-nanosecond deterministic time
Thousands of nodes
Distance range: over 80 km using fiber
PTPv2, Sync-E supported
Robustness & Redundancy
Dynamic calibration
Web and SNMP software interfaces

The key element of a
synchronized network

WWww-sevensols.com Seven Solutions - When every nanosecond counts - Copyright 2018 Pag 17
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Equipment ::::: : " Solutions

. . . White Rabbit Switch
Seven Solutions White Rabbit nodes

= Starting kits that will ease the first contact with the White Rabbit M,,..,,,..,né*‘w
technology. cpee

» Embedded nodes designed to be integrated into your product as
OEM module. White Rabbit LEN

= |/O, stand-alone and FMC cards The cost effective node

to distribute synchronization

White Rabbit ZEN Time Provider

The ultra-precise standalone node with
Redundancy & security features

% el § W

Starting Kid. FMC ADC/DAC, stand-alone, I/O cards \‘“@\43»\\‘&‘;,@3
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Timing system concept

White Rabbit technology

White Rabbit equipment

Use Cases:
CERN, GSI, ESRF, LIPAc
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- Solutions

CERN's accelerator complex

CMS
LHC
=TT 3 Nowh

* “Open Hardware” approach and environment:
https://www.ohwr.org/

Mayor contributor of White Rabbit technology

A
T —

Aron
< — __T140 T4
_~ SPS ~
/7 (3676 v | e ?
\

ATLAS

* The White Rabbit protocol was articulated with the purpose ™~ <> =
of being the standard of the new generation of deterministic "l 7 D .

~ [ \/

networks.

Main tasks:
= Requirements definition and formalization
= Reference designs and case studies

= Developer community management

" Dissemination activities
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https://www.ohwr.org/

GSlis using a White Rabbit based Timing
System for all ring machines and high
energy transfer lines:

e Currently: 32 WRS and 134 nodes - UES y i =
(production system 8/2018). | e
e Timing System works reliable and stable e AL N
e |ots of features for upcoming beam times
still missing ('storage ring operation’,
'therapy-like operation’, ...)

e |ots of features for FAIR still missing
('Forward Error Correction’, '‘Bunch-To-
Bucket', ...)

* https://www.ohwr.org/attachments/5915/WR 2018 db v0-13.pdf



https://www.ohwr.org/attachments/5915/WR_2018_db_v0-13.pdf

GSI Timing tests facility:

g el
) o
2 le W
0' .
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'R \TR
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- .Solutions

| —
GSI Timin g System: Release Process: Responsibi\i.ﬁgq'»;'»%g

Front-End Computer

* Asterisk (2014)

: . * Balloon (2016) ‘ - r'} b
° Wh |te Ra b b |t over : 825%5231(2)018) ‘ FESAuser-space os | host
A I tera FP GA S E... Timing AP 'saftlib’

EB library/API
Timing Team _ kernel-space
Responsibility \ drliver ,
: , = : :
a2
¢ Etherbone as a | timing receiver

event distribution TR

b FPGA
Xﬁ‘, — Gateware
.e;‘ : ‘

Different timing receivers, OS, kernels, hosts, bitstream on FPGAs

White Rabbit has to stay in track phase for weeks,PPS on IOs is measured constantly
10 layers of switches and an additional ethernet traffic generator for random,“ethernet
noise”

* https://www.ohwr.org/attachments/5915/WR 2018 db v0-13.pdf



https://www.ohwr.org/attachments/5915/WR_2018_db_v0-13.pdf

nnnnnnnnnnnnnnnnnnnn Previous system architecture
“centralized”
Network topology
WRS * Control System
(Free-running master)
| , Node
(Master)
WRS L|
(Boundary)
‘—1 RF T0
Node
(slave)
| |
| New system a
__ NOd e “distributed”
<« \WR network (optical fiber) T (slave)

= Electrical signals

* Complete installation phase 3: “40 modules
* Implement event based triggers distribution

SCADA: Tango control system

.ﬁ@

ESRF

0000000000000 0000 WHIST 0900000000000 0COCO0COS
TRIG FINE DELAY outputs TTL-ECL TTL-ECL TTL
RF_IN TRIG_0 TRIG_1 2 RF RFM I 1 2 3 I Q\,\ O | i O . 5
=g (0@ :fgllooleooelefo olgeleell ¥z
Inputs Outputs ECL ECL 3v-50Q . e s @ ° % 1.° 2 2 @ '

* https://www.ohwr.org/attachments/5917/ESRF_Timing_10thWRworkshop.pptx



__ ESRF TIMING SYSTEM: WHITE RABBIT BASED
ESRF

nnnnnnnnnnnnnnnnnnnnn

White Rabbit selected for ESRF refurbishment :
- Community support / low cost
- High flexibility
- Outstanding time stamping capabilities for ESRF needs
- Compatible optical fiber network already in place

- Available hardware allows “simple” in-house development -> WHIST module

- FPGA flexibility to add specific new features

White Rabbit solution building blocks / features :

“RF over White Rabbit” (Distributed Direct Digital Synthesis : D3S)
highly efficient CERN support

SPEC boards
large FPGA (SPARTAN-6 LX100T) available from 7 Solutions

FMC-DDS mezzanine boards available for RF over Ethernet evaluation

* https://www.ohwr.org/attachments/5917/ESRF_Timing_10thWRworkshop.pptx
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WR Switch
Grand Master
Nevel-1
WR SWitCh m;e- " e 0 P A Retr Senh @ . LLRF c A
LA 1 I -Cav,
Boundary Clock 0 Gl e hexkockorlocodododont denkodecodkodoriag
v DN B OMPD) _ FUSION
T | v - [— M4 (175MHz) - PN FOR
i R R == ==~ - - - ===« M5(175MHz) - PM
» 339 R . . . .. cxxeenss Mé (25MhZ) EN ERGY
M”72 "==== M7 (175MHz) - PN
Newela ey 2 e M8(175MHz) - PM

[ eE—— M9 (25Mhz)
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LIPAc and current A SNE"

WR Solutions - i Solutions

1. LIPAc Control Systems include and beneficiate of White Rabbit technology

 RF & Trigger distributions: WR nodes and switches with low noise
implementation, < 2 psec RMS jitter: ZEN, customized nodes, WR switch, Z-16,...

* RF control system: Low level RF (LLRF) control system. Ciemat
o Direct RF down-up conversion
o White Rabbit node.
o Feedback, Frequency and feedforward control loops

o Conditioning, Beam pulse and continuous wave operation mode FUSION
- Beam Position Monitor control system. FOR
o CPCI serial rack ENERGY

o >12 ENOB bits, WR node with RMS jitter < 0,8 psec (1Hz-1MHz)
2. 7S On-going RF control compatible with WR technology:

o MicroTCA LLRF control system (White Rabbit compliant). ACTECA TI

Desarrollo
Tecnologico Industrial

o Digital and deterministic distribution of Fast interlocks and emergency
stop signals
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= White-Rabbit technology, born as CERN, is the most accurate IEEE-1588
implementation existing in the world. (sub-committee dedicated to White Rabbit)

= |tis able to distribute in a deterministic way timing and frequency, achieving:
« Sub-nanosecond time accuracy and trigger generation
» Typical Clock RMS jitter < 10 ps
« Deterministic Timing
» Ethernet standard data delivery
* Low-latency
* Reliable

= Many White Rabbit nodes and network capabilities, topologies and flexibility.

= Seven Solutions is the leading company in White-Rabbit technology. We offer
full turn-key solutions for research and industrial partners.

= Big particle accelerator facilities, neutrinos detectors, telescope arrays,... are
already using White Rabbit as a Timing system all over the world.
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Solutions

Fusion

Particle Physics

Industry

Metrology

Astrophysics & others

@ o o o o

www.whiterabbitsolution.com \

1. CERN: General Machine Timing system.

2. GSI: General Machine Timing System at FAIR.

3. CTA HiSCORE-EA: Array Time Synchronization.
4. KM3NET: b DOMS sy

5. LHAASO : Timing system of Large High Altitude Air Shower
Observation.

6. MIKES: and sy of

atomic clocks.

7. IFMIF/EVEDA: LLRF Timing system.

8. SKA: Array Time Synchronization.

9. TIGRIS: Detection and time tagging of events in the electrical grid.
10. Sirius: Fast orbit feedback and timing system.

distant

SNEN White

o i

f1\. DLR: Laser ranging to space-debris objects.
12. Arkus: Fixed latency trigger distribution system.
13. CHIRON-IT: Measurement system for high-voltage tests.

.14.-Culham Centre for Fusion Energy: Real-Time

Protection System.

15. DESY: Array Time Synchronization.

16. EISCAT: High Time-based Sy
17. ESS Bilbao: Synchronization Network.
18. JINR: Main clock distribution.

19. Universiteit van Amsterdam:
distribution system.

20. Vrije Universiteit Amisterdam: Time and Frequency.

Central clock

21. Allied Partners:
22. ELI-BEAMS: Facility level electronic timing system.

23. ESRF: RF transmission over WR.

24. Hartnell College: Time stamp information for triggers.

25. Michigan State University: Synchronization and trigger
distribution system.

26. Uni ity of Sci and Tech

and control system.

27. SPring-8: Trigger and tag information distribution system.

28. ELI-ALPS: Timestamps for laser research facility.

29. China Spallati Neutron S Institute: Target and
ASGUAenE COnETGl,

30. Gran Sasso Time Transfer: Neutrino velocity measurement.

y of China: Timing

Rabbit Around The World

When every nanosecond counts

31. NIST

32. Raytheon BBN

33. US Naval Observatory
34. Ohio University

35. Curtin University

36. Honeywell

37. Finnish G
38. Beijin Ultrasync
39. Utah University
40.Rice University
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