Timing system and clock distribution
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Standard White Rabbit for KM3NeT
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Workshop on the evolution of advanced electronics and instrumentation

for Water Cherenkov experiments
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Opens a new window on our universe

IQ KM3NeT KM3NeT Collaboration

Cities and Sites of KM3NeT

> 50 Institutes
> 250 Physics & Engineers

Two detectors, same
technology, different
physics objectives
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I ) KM3NeT KM3NeT Detection Unit

Opens a new window on our universe

e 18 DOMs per DU

e ARCA: 36 m spacing, DUs 700
m height

e ORCA: 9 m spacing, DUs 180 m
height

e Two parallel ropes, 4 mm
diameter

e Four buoys to sustain DU
flotation
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Q KM3NeT KM3NeT Digital Optical Module

ew window on our universe

e 17" glass sphere,
transparent
Aluminium cooling block
o 313"PMTs
Two hemispheres (19
PMTs bottom, 12 PMTs
superior)
e Acquisition Electronics
e Piezo sensor
Nanobeacon
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Opens a new window on our universe

IQ KM3NeT KM3NeT Acquisition Electronics

. ) Cooling system '
Acquisition electronics: E s 1power board

1 central logic board

1 nanobeacon
(led pulser)

e 1 Power Board (PB)
e 1 Central Logic Board (CLB)

31PMTs

2 SCB boards

e 2 Signal Collecting Boards (smal and large)
(SCB) : s 31 PMT ba
e 31 PMT bases oy -~
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Opens a new window on our universe

WRS-Levell

KM3NeT Broadcast White Rabbit Network

I SC+WR-PTP

SC-replies + WR-PTP
Base
%VC channel
optically split to N CLBs
Optical @

4

WRS-BC

splitting DOM

Time distribution -ns precision-.
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N DOM CLBs datastreams * Hybrid

on N separate channels networking
fabric



KM3NeT

Opens a new window on our universe

Broadcast Level 1

Switch (wr17) Switch BASE
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WR_Sleve_Prosent WH _Sluv:»l'n'e‘am

WR_LOCK

DO PLL i locking 1o Broadcast Sigrat (Syn)

Broadcast White Rabbit Network

DOM Simplified WR state machine
note: the link setup stage is concurrent in all DOMs
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SENEN ' v ¥ AND REPEAT!
Solutions
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Broadcast
Switch (wr17)

Eg
53
[}
£s
v

Caveats:

PTP Announce

PW_iYNC

PTP_FOLLOW_up

(_&_)
L (LaT2)

= (T1&T2)

UPDATE MY CLOCK
AND REPEAT

.......... W

Bitslide

* Round-trip time stability is monitored with Base Module and

applied online to collected data at TriDAS level

» Stable temperature and fixed length of connections necessary



P KM3NeT  New Time Distribution Design

a new window on our universe

The design and validation of the Standard White Rabbit System
(Point-to-point connections. Data communication and time distribution in
the same line) in KM3NeT:

Electronics: New Carrier Development + SCB reliability assessment + new CLB version
Optics system: New optical network + new transceivers

Power System: Additional power at the DU Base

DAQ: Network redesign + redundancy management

Calibration: New calibration plan

It replaces the current time distribution system based in a modification of the White Rabbit
protocol, which uses a broadcast line to distribute time
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KM3NeT

Opens a new window on our universe

KM3NeT Phase 2.0 - ARCA Optical System - Overview

bu Junction Box
DoM Base Module
Do WWRS-A ‘ i
as
T i -
hji 0

& ==

61Bto complete BB1:
8B for BB2: 16 fibers

sin th
in the MEOC

Legend

I ‘f‘:rec"""e""' D ED - Erbium Doped Fiber Amplifier
g 15 - Tunable SFP+ . CLB - Central Logic Board ICE - Instrumentation Control Electronics @

tter 1:
. WRS - White Rabbit Switch

BD - BiDirectional Transceiver

(€.} RB- Red Blue band filter

MX- Multiplexer/Demultiplexer

EOIB— Electro Optical Interface Box
WWRS ~Wet White Rabbit Switch - MCU - Media Controller Unit

2 WRS needed at the bottom of the DU
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Standard White Rabbit Network

2 tunable SFP+DWDM long range
transceivers for connecting with the
on-shore station

2 WRS per DU: 9 DOMs connected
per WRS

1 CLB connected to one of the two
WRSs

23 bidirectional short range
transceivers (high reliability) for DOM
connections (9x2), CLB connection (3),
inter-WRS connection



1P KM3NeT SCB + New carrier

Opens a new window on our universe

SCB: Switching Core Board. Main board of
the WRS (reliability assessment)

Carrier designed by KM3NeT with Glenair =
transceivers

CLBv4: New KM3NeT WR node with
Glenair transceivers

.

Tokyo Workshop - April 2022 Diego Real 10 [



pm—

O O

®

EEEEEE

KM3NeT

Opens a new window on our universe

First Test Bench

Shore Station-WRS—0SS
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Backup WWRS interlink

Scheme of the first tests
performed

Possibility to reroute
traffic from one WRS to
the other

One WRS configures
the other one

Two levels of
redundancy (upstream
channel & WRS)
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KM3NeT

Opens a new window on our universe

y 4

I35

E0 e = s )

-

WWRSs power supply
LAN-remote controlled

Splitter for
CLB redundancies
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KM3NeT Reliability

Opens a new window on our universe

FIDES (theoretical procedure)
Applied already in KM3NeT

HALT ( procedure)

Under application in combination with HASS
tests -> Upgrading from ESS
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KM3NeT FIDES

Opens a new window on our universe

FIDES methodology: MBLDA

MISHILE SHSTERS

MIL-HDBK-217B
MIL-HDBK-217C
MIL-HDBK-217D
MIL-HDBK-217F
MIL-HDBK-217F N1
RDF93
MIL-HDBK-217F N2
UTE-C 80-810 (1997)
RDF93 - 1998

PRISM 1.0

UTE-C 80810 (RDF2000)
FIDES

IEC 62380 (UTE-C 80810)
PRISM 1.5

217Plus

UTE-C 80811(FIDES)

e Include most recent ﬁ

technologies *{JJ
Consider all factors that AIRBUS

could affect reliability
NEXTEr

(]

1965 ——g—— MIL-HDBK-217A

1991
1992
1993
1995 —
1997
1998
1999
2000
2004
2005
2005

L
1986——%—— MILHDBK.217E
[

1973
1979
1982
2006
2006

FIDES handbook (2009) developed by:

e Airbus France, Eurocopter, Nexter Electronics, MBDA missile systems (chef de projet), THALES THALES
Avionics, THALES Services SAS, THALES Systémes Aéroportés, THALES Underwater Systems, THALLS RISIARGH & TECHNOLOGY

e And by DGA (development fund providing)

e GTRFides open to all users Don't hesitate to contribute THALES

\ /a7 )
—~— THALES
B°Y - MOS gy ¢ Thermic BCl - V Cycle [#f] - Overload [=8 - Naval
= - Bipolar =¥ - Mechanical kel - Quality [l - Interfaces 8 « Military T PYRSIITIN
g ° Ceramic g « Electrical % « Suppliers "5 i - Aeronautic
j=4 - Chip/case Bl - Pollution [y ° Process (7] =3 - Automptive . . g
= — Q
o - © of - 3 5 Scientific -> THALES
= S O B THALES ARBORNE $YSTEMS
=2 [}
2 s
o [
© eurocopter
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I KM3NeT

a new window on our universe

Current Design

WR SCB

FIT MTBF
2937 340483
Chromium board (carrier)
FIT MTBF

639 1564945
TOTAL

3576 279642

Tokyo Workshop - April 2022

FIDES Results

200 %

KM3NeT Upgrade

FIT MTBF
794 1259445
FIT MTBF
435 2298850
TOTAL

1229 813669

Diego Real

improvement in
the reliability of
the WRS

Mainly due to
decoupling
capacitors.
Better part
choice
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KM3NeT HALT

Opens a new window on our universe

Highly Accelerated Life Test (HALT) is a design test used to improve the robustness/reliability of a product through
test-fail-fix process where applied stresses are beyond the specified operating limits. The main idea is to find weak points
in the design in an early stage in order to correct them and improve and optimize the design in a reliable way

This applies only to a few boards in the design stage.

Product |
: Specs :
— Margin to fail Margin to fail — =
. i«lﬂfa‘ting Margin Operating MaM .
: Initial Acceptance Initial :
Improved Lower Upper Improved
) Lower Limit Range Limit Upper :

S — Operating . . Operating improved
o Limit : : Limit Spper
Destruct . Qualification . Destruct

Limit
Range
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KM3NeT HALT tests

Opens a new window on our universe

WWRS_B WWRS_A

0 O WWRS-A
o B 'E (S ﬁ 0 ) o ) ® L
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% o 0 192.168.1.11
(5] = CLIMATIC
o From
o0 ol ® " CHAMBER
192.168.1.1 e Redundant connection i
" of CLB Rfeglll-gdanl connection
= o
&0
: C ted to O
4 s G s O
wrs-c | [t .
o - Test points (every 52):
Station . 1. Communication with CLB
F o 2. Communication with WRS in the chamber
ré 3. Data traffic
4. Track phase
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I KM3NeT

Opens a new window on our universe

HALT Results

WWRS- | WWRS- | Mean |HASS (80%
A(°C) |B(°C) |(°C) oL) (°C)
UOL -Upper Operating Limit 100 95 97.5 78
UDL- Upper Destructive Limit |100 95 97.5
LOL - Lower Operating Limit -40 -40 -40 -32
LDL - Lower Destructive Limit |-40 -40 -40
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KM3NeT CONCLUSIONS

I‘ Opens a new

Tokyo Workshop - April 2022

window on our universe

Simplification of the Broadcast Optical Network by using WRSs at
the bottom of the KM3NeT DUs

A high reliable SCB has been designed + a carried adapted to
KM3NeT needs (using high reliability transceivers) + a new
version of the KM3NeT WR node (CLV4)

Qualified. Production of components started this year (2022)

Diego Real 19



I‘ Opens a new window on our universe

THANKS!

QUESTIONS?

Diego Real



KM3NeT

Opens a new window on our universe
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