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» Introduction of ADS project

» Objectives of the timing system
» Scheme and operation status

» Improvement based on WR

» WR testing and progress

» The next work plan
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One of the main scientific objectives of ADS is the disposal
of nuclear waste.

ADS consists of three parts: proton linear accelerator, liquid
metal spall target, lead bismuth cooled the reactor

Operation mode: CW mode and pulse mode

WRATEA T

Prototype of the front part of the 25MeV proton linear accelerator

® Completed in 2016, with 25MeV pulse beam test
® Verify the technical scheme of CiADS low energy section
® do technical research for CiADS accelerator

ECR + LEBT + RFQ + MEBT + CM1 + CM2 + CM3 + CM4 + HEBT
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In the pulse operation mode, synchronization and trigger signals are

provided for related devices

EVG/EVR 1 chassis EVG/EVR 2 chassis
(inpqt signal 162.5MHz) (input signal 325MHz)
provided by IMP provided by IHEP

These devices include: microwave machines for ion sources .

LEBT chopper. LLRF., BPM, Beam detection equipment
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OO0 Realize chain protection function
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Normal operation (high pulse width) When fault signal coming and the
pulse width automatically

changes to low pulse width

Combined with the MPS system, the low duty ratio pulse beam in the
accelerators can avoid the damage caused by beam bombardment to the

key equipment distributed on the beam line due to the low energy
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Demand target:
project parameter
Trigger period 1ps~10s
Delay range 0"10ms
Delay accuracy (step) <0.25ns
The pulse width 0"10ms
Pulse width precision <6ns
Level standard 3.3V LVTTL. 5V TTL
Total number of triggers >33
jitter <50ps (RMS)
Rising edge of delay signal <3ns
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%%{? ADS Timing system architecture diagram

Master — Master
162.5MHz Multiplier 325MHz

'
EVR1 | | EVR2 |EVR3 EVR4 EVR5 EVR6
LLRF(RFQ+CM1+CM2+CM3) LLRF (CM4)
ECR. BPM. etc. BPM. etc.

Function structure diagram of 25MeV timing system

@—’@—g : g, MTCA/ATCA Workshop for Research and Industry, Beijing



IMP_

Master
162.5 MHz

Alignment scheme

10 MHz reference line
Master

\ N
S 325 MHz

EVG cascade
EVG2

EVR EVR

picture of real products

File Control Setup Trigger
Acquisition is s

2

Measure_Analyze Utiliies_Help

H - bR

Jitter of 162.5MHz EVR contrast with 325
MHz, 200ps

19 Apr 2016 11:35 AM

19 Apr 2016 12:09 PM

Bin Width 1.11
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EVG board card
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@ The historical data associated with MPS requires a high
precision us-ns timestamp, but the timing system has not yet
implemented this function

® Field applications do not implement the event pattern

€ ADS Timing system only has SMA connectors, no 10M low-
speed optical fiber interface, temporarily implemented by

external conversion board card

O Etc...
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®0Objective: WR is used to realize integration of three networks,
including timing network for synchronization and triggering, MPS
fast protection control network and unified timing network with high
precision timestamp.

®Method: now we want to replace EVG/EVR with WR for pulse
distribution, and combine WR with MPS based on the MicroTCA
platform for CiADS timing system . When the fault signal arrives, WR
can mark the time of the fault signal accurately and inform the upper

interface to facilitate online and offline fault query.
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* WR network uses |IEEE 802.3

| standard gigabit Ethernet protocol,
[ ] [ ] [ ]\, e, WR synchronization network consists
°ther"ﬁji ’ of three main parts: clock reference
N oo | | ';;g,r;;;;;'c;;;?w J btherr%ieé source, WR switch and WR nodes.

WR node E - E 1; management | _ _
oo | e * In WR network, clock synchronization
’WRWﬂ lWRmde ] includes two parts: one is clock
actuator
frequency synchronization ; The

= data & timing routes . .
> data routes second is absolute timestamp
Distribution architecture diagram of WR sync hronization.

For more information,
please visit: https://ohwr.org
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Planned technical indicators —
and parameters: o Cental ool
WR master UTC timecode - - =
or WR switch ; IEc
system ~ BENERE U
distance <10 km : —y -
WR switch WR switch WR switch
nodes <2000
jitter <100ps
synchronization precision <1ns nodes fodes
Data bandwidth 1Gbps I I
Ease of deployment easy LLRFL, :m; :
LHte BPM3,
Price (deployment low LLRF3- et / \
distance and quantity)

The power Other
equipment device

The structure diagram of timing system based on WR

& i fg ' MTCA/ATCA Workshop for Research and Industry, Beijing



IMP_.

hardware WR switch
WR nodes based on MicroTCA

FPGA FPGA Xilinx XC6SLX45T....(sparten-6)
Kintex-5
Zynq 7000
Etc.

software Verilog. C
EPICS framework

EPICS EPICS 10C server provided by
default

w e T
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Physical object of WR

Physical object of WR node

ER PuTTY Configuration rd =
Categony:
=- S_ession Basic options for your Pu Y session
i Lpgging Specify the destination you want to connect to
=) Terminal o
K oard Serial line Speed
- Bell [com3 | [115200
- Features Connection type:
= Window () Raw () Telnet () Rlogin () SSH () Serdal
Appearance Load. save or delete a stored session
- Behawviour
... Translation Saved Sessions
- Selection |
{ - Colours Default Settin
H as
= Connection Cos
- Data Save
- Proncy
- Telnet Delete
- Rlogin
- S5H
- Serial Close window on exit :
() Always ) Mever (@) Onhy on clean exit
About Help Open Cancel

WR login on Windows
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Synchronous clock signal test
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PPS signal test
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Switch board card
! for electrical signal
and switch signal
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conversion card
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FPGA PCB layout the related Verilog simulation , according to

the field work requirements
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é%% Next work plan and outlook

» The implementation methods of PTP precise time protocol, phase tracking,
dual digital mixing phase discrimination and clock data recovery

» Based on Micro TCA bus standard, WR node hardware that meets the
requirements of CiADS field equipment will be designed and completed

» Summarize the technical experience and prepare for the pre-research of

CiADS timing system design.

CiADS large scientific engineering installation diagram
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Thank you for listening!
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