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LHAASO Timing budget

10k detectors and hundreds of DAQ nodes over 1 km?;
Sub-nanosecond timing accuracy;,

L HAASO Detectors:
_ KM2A:

 Ground detector array over 1 km?;
» 5137 electron detectors, 15m gap;
« 1200 p detectors, 30m gap;

— WCDA: (Water Cherenkov Detector Array)
* 4 sites, 150m by 150m each;
900 detectors in each site, 3600 in total;

— WEFCTA: Wide Field Cherenkov Telescope Array

» 24 telescopes

— SCDA: Shower Core Detector Array

 Centered 5000 m? detector array

AP




LHAASO Detector map
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Timing system features needed

Range and Scalability

— Spreading 1km?;

— 10k detectors readout via hundreds of DAQS;

— Precise time and frequency reference for each node;

— Sub-nanosecond timing accuracy;
Topology and Traceability

— Master — slave, switches;

— Share DAQ network medium;
Robustness and Cost

— Simple complexity and maintenance free;

— Continuously working at high altitude in large
temperature range with good power efficiency;

Compatibility
— Easy to integrate with DAQ system;
— Compatible with industry standards;
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 Functionality
— Master / slave structure;
— Frequency distribution and clock recovery;
— Phase measurement and feedback control;
— Real time continuous delay calibration;
— Combined data/timing trasmit;



Evolution of time/freq distribution methods

Radio Clock Time 10ms Wireless Layer 1 Simple
NTP Time 1ms Wireless Layer 3 Complex No
CDMA Time/Freq 10us Wireless Layer 2 Complex ?
WCDMA Time/Freq 3us Wireless Layer 2 Complex ?
WIMAX/ LTE Time/Freq lus Wireless Layer 2 Complex ?
GPS Time/Freq 14ns Sat — earth Layer 1 Simple No
PTPv2 Time ~Nns Ethernet Layer 2 Complex Yes
UTI J.211 Time/Freq 1ns Cable Layer 1 Simple Yes
SDH/SyncE Freq 10ps Ethernet Layer 1 Simple No
White Rabbit Time/Freq <lns Fiber GBE Layer 1, 2 Complex Yes
el I Freq <50fs Fiber Layer 1 Sl Yes
sync complex
OTpIEel AN Time/Freq <10fs Fiber Layer 1 I Yes

Comb distribution complex



Synchronous Ethernet (SyncE)

» Extends SONET/SDH Layer 1 timing concepts to Ethernet networks

» Clock distribution method similar to SONET/SDH
» Clock timing requirement adapted from SONET/SDH specification

» Supports Clock Failover/Holdover through Synchronization Status Message (SSM) byte
messaging

— Failover: If primary node fails, then secondary node is backup
— Holdover: Switch over to Local Reference Clock if primary and secondary nodes fail

» Guarantees precise frequency resolution

» All nodes must have a clock source traceable to a
Primary Reference Clock (PRC)

» Clock source can be derived from incoming data OR an independent clock source
» An external PLL can be used for frequency correction on each local node



Synchronous Ethernet Timing Overview =

Recovered
Clock

Reference
Clock

» Synchronization is based on a primary reference clock (PRC)
Injected at the transmitter end

» Clock timing is distributed by way of downstream node clock
recovery from the transmitted data

» Use of the PLL for clock recovery helps reduce jitter propagation in
noisy network environments



IEEE1588 Timing Overview

» In IEEE1588, Time of Day (ToD) is

distributed in frames as indicated in the et cosTme I
ﬁ g ure / t—? Sync message :_Da;;t_ =
|Slave Clock
» By sending out time-stamped frames, T .
ollow_Up message
delay and offset can be calculated as g

follows:
» 12 - t1 = Delay + Offset & | s d .

am Delay_Req message 'T ;
» 4 -13 = Delay — Offset /

» Delay = (12— t1 + t4 —13) / 2
b Offset= (12— t1—t4 +13)/2

» IEEE1588 can be used together with l
Synck to ensure high quality transport of
timing information across the network

Delay_Resp message
containing value of {,




» A Protocol proposed by CERN, GSI
e Features:

* Open source, SW & HW,;
e Sync-E + PTPv2 + WR,;
« Determinism, high priority packet delay
kept in certain time period;
« Clock recovery and phase tracking; O Ty T, il b
- Sub-ns accuracy; Pl e,
»  Up to 1000 nodes; @ D
*  Status: N B/
o c (1) oL L Ll §(3\Wuhout Master-to-Slave
* Kicked off in 2008, (2) =L L [Tl 5 Phase compensation
« Demo 15t switch 2010/10; (3) OL{IL B S B O v
« 2011.1: 10km fiber test, pll verification; R o E,",pb?k"‘ec""op”m
. 2011 Q3: WR switch V3: e

2012 Q3: Release Commercial product; . Figure 1: Synchronization and syntonization in a White Rabbit link



White Rabbit Network Topology

10/125 MHz
GPS/cesium | 1pPs < WVF\QI Igms@erh W%a;l;usp:er
reference clock uTcC timecode’ (conﬁgazd as a pi!vg;,ta?,dmasmr) and reference clock
downlink ports
multiple uplink paths
uplink ports for timing redundancy
WR switch WR switch WR switch
downlink ports

WR switch WR switch WR node

data-only routes outside

WR node the tree topology, managed WR node
by the Spanning Tree protocol

< timing and data routes <—p data-only routes



Sync-E and Phase Tracking

,‘(

clock loopback

é_/)- Transmitter Receiver Transmitter RX
Y
o System ' Downlink 1 Sync-E node
5 A Ethernet Uplink O ‘
_8 Timi ng link port = Receiver : ™
2 Master &
© = 0 Downlink 2
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[ = .
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« PTP alone is not good enough;
» Measure phase shift between TX and RX on master side;



Enhanced PTP (IEEE 1588-2008)

 Synchronizes local clock with master by
calibrating the delay introduced by link.

PTPv2 protocol digital DMTD
(coarse delay) (fine delay)
master time slave time
f clock RX k
b Py, s master link slave
¥ reg PHY A PHY
< AVAVaV = ook
(1) b recovered cloe
paeiay ch? -1 l Jclock RX clock recovered by the CDR
_u,pu;j from incoming data is fed
{me esp 101111*'3“ DMTD back as a reference clock for
pdela’\’ TX path of the PHY
v v i The changes of fine delay value are continuously

- . o tracked and the overall link delay is updated without
Ot orse — (ta=t) = (tty) Oty a need for any extra network traffic (e.g. PTP)



Link Delay Model

» Delay asymmetry calculation;
 WR PTP extension for fixed delay calibration;

fixed delays variable delays fixed delays
master | T slave
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Work to do

Topology design System Integration

— Master reference system; — Time-stamping;
— Sharing data link topology; — Clock management;
WR implementation — Central management,
— Hardware « Testing
« WR switch co-development; — Performance testing;

* WR nodes co-development;

« Measurement instrumentation;
— HDL

» Sync-E clock recovery and DDS;

 DMTD phase measurement;

— Reliability testing;
— Robustness testing;
— DAQ testing;

« Documentation

« Fabrication

— Software
e Linux OS: . DeplOyment
 PTP Daemon:  Verification

« Management console;
— Simulation



Clock A

Clock B

Phase tracking HDL

DMTD
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Sync-E HDL

Endpoint

' TX Frontend
e " clk domain TX
8b10b alignment
h TX Framer ’
TX Path Enc — ; Fabric
\ low level
\ signaling
SPD Wishbone
uu — Frame ID —»  Bus —» Driver
TX clk Interface
TX Timestamp. | Control
-n—nj - Registers l
RX clk RX, Timestamp, *
RX Frontend /
B - } clk domain RX
8b10b alignment
q ' RX Deframer :
RX Path ,‘ Dec Fabric

' preamble !
| | detection




Software PTP Daemon

CPU
Phase from '.".
D, 1 )
— : » Link Delay Model
g:rancf: ’,"'; User Space
to, t1
{ t2, 13 At
: i (i = Clock Data
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2010.12:

2011.1.27:

2011.2:
2011.6:
204,12
2012.Q2:
2012 Q4.
2013:
2014:

Status and Plan

~1rst contact;

-irst discussion & organization;
Project Start;

Topology & implementation design;
Key tech Verification & simulation;
WR implementation;

Hardware fabrication & test;
Integration and deployment;

System test;
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U !



