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Part I: How to build a timing system

= Definition of a Timing System

*Synchronization system

*Reference line

e

Timing syster What's the difference?

*Triggering system

*Global timing system



Part I: How to build a timing system

= Synchronization System and Reference Line

*Generally , Only RF Clock Signal, High Frequency

*Giving reference clock for kinds of Cavitie (RF cavity,
Buncher, Bl cavity......) . accelerator module, diagnostic
module......

*Precision. Can Reach Less than 100fs
e Signal Type: Sine signal (One Point in Frequency Spectrum )

*Phase can be adjusted



Part I: How to build a timing system

m Timing / Trigger / Global Timing system
*Control the accelerator operating logic :When to trigger e-
gun?When to tirgger kicker?......

*Giving trigger signal to other system to define when to make
sense for the beam

*Square one , slow (may lager than several seconds )
*Precision. Can reach sub-picoseconds
* Can implement Complex logic for accelerator

*Digital System, FPGA based system



How to build a timing system ?

Procedure

mHave to know the operating logic of your accelerator
mnCollecting requirements from other systems
mConfirm your Design. requirements and budget
mnBuild a test platform . key parameters

nStart your program, take care with cables and connection



Two commonly used timing systems in Accelerator

BEvent-Based Timing System

mnThe Most Famous. MRF

sEVG, FANOUT, EVR

HBWhite Rabbite Timing System
nEarliest Developer.. CERN

nThe underlying technology is the same



Event-Based Timing System

O Widely used: SSRF, HLS, TPS, NSLS-1I, MAXIV, Diamond, APSU and so on

O Basic implementation:

RF clock Event » The event clock and the high-frequency

reference Generator reference clock are multiples

loptical fiber » The timing from the EVG to the EVR is
fanout determined
» Different triggering processes are
pticalfms controlled by different event codes
fanout
Event Event Eve’nt/ \ent
Receiver Receiver Receiver Receiver




Event-Based Timing System

O Based on high-speed serial digital communication technology
O FPGA:MGT, GTX, GTH......
O CDR: Clock and Data Recovery

------ > The Jitter between RF clock and

events > event; ngjssing »| transceiver E output trigger can reach Sub
RF cloék clock event clock I plcoseconds.
i |synthesizer

- » Delay step: event clock, sub-
nanoseconds ; Can make a Fine
Delay Module, Less than 10ps

evﬁnt _ _ trigger
S i Bl e
i = controlle > .
f ety = »Delay compensation
event clock A
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White Rabbite Timing System

]
Gigabit Ethernet-based synchronization system NETWORK %;
Analog signal a = -I——
> Synchronous Ethernet (Sync-E) +Precision s TY o st

Time Protocol (IEEE1588) +Digital Dual-Mixer pigial o
Time Difference (DDMTD) ;

T

RF Generation

» Sub-nanosecond synchronization accuracy(UTC
and PPS, Timestamp,125MHz Clock)

Timing Node

_ Problem:
» litter between outputs also can reach sub-

» Based on Ethernet, with a fixed 125MHz operating
frequency, which cannot be directly synchronized with RF
frequency

» The delay is adjusted in 8ns steps, and it is not possible to
achieve specific injection control

picoseconds

» Delay compensation;




The Benetit of a Timing System using MicroTCA

B The Backplane provides extensive connectivity

Port

SAS/SATA
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links 14
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Clk 1
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PCle Clock Clk 3

Clocks [ Extended Options  ExtFatP
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main
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EEER O0DDOOEE
EEER 00DDOOEE
EEER 00DDOOEE
EEER UODOOOEE
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#7
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Triggers, clocks,
- interlocks

Low lJitter Clocks

Time Stamp and
Data transfer



@ Part Il

Introduction of HEPS Timing System




HEPS Project Introduction

0 HEPS— 4th generation synchrotron light source, =/
7BA-lattice o s
» 14+1 beamlines for phase 1 ¢ o= ;
O Construction period —Jun. 2019 — Dec. 2025
1 Huairou District, Beijing area, ~80 km,
northeast to IHEP

Beam energy 6 GeV

Circumference 1360.4 m VA storage ring
Emittance <60 pm-rad NG

Brightness >10%2  ph/s/mm?/mrad?/0.1%BW e

Beam current 200 mA




Challenge

e Due to small dynamic aperture of Storage ring, the baseline injection scheme for HEPS : On-axis swap-
out injection

e Three Injection Processes; SR and BST: The bunch in the storage ring will go back to the booster and
merge with a specific bunch in boosterm, then go back to the same bucket in the storage ring.

e Beam deflection/ SR kicker pulse is within 12 ns, the timing trigger jitter should be less than 10ps, also
delay adjustment step need to reach 10ps/step. To align the microwave optimized phase, maintain
optimal beam gathering and acceleration, e-Gun jitter also requires less than 10ps, Delay adjustment step
size:S10ps

High Energy Phaton Source
e

Small charge bunch after acceleration Merged bunch stays in the booster for ~ 20
» 5000 R
' : < @ Rise time ~ 400 m
9\0\3 > .
% b% ,,/.<\/ ; 4000
4\ ) } J . j Vs, 3 ‘E::;w}::
: S o < > ¢
w,__ o amoiec 1081
High charge bunch to be replenished 12 nsin SR 2000 Ramping L
4 . | o | . Injection-51
{4\ /& G\Q ‘ %\ —» S 1000 ' f [
o 36.3] 16 AL
- : - 0
\ o Injection i
® oo’ e oo >xl5o apants Immm pal >
ns /
Linac to booster injection Ring to booster injection Booster to ring injection 15

Single bunch swap-out



Overview of HEPS Timing System

0 Beam Line and Station

RF166.6 MHz mps O Injection and Extraction System O FOFB
50HZ pps O Linac Accelerator O RF System
O Power Supply O Machine Protection
Main station O Beam Instrument
\ 4 \ 4 A 4 A 4 A 4 l \ 4 \ 4
Linac Booster : ) :
. . .. Booster BI ) Storage Ring High Energy Storage Ring :
Linac Station Iny ecjuon Stations Rampmg BI Stations inj/ext Stations RF Station Other Stations
Station Station
—> Mod.s —> BPMs —> Booster RFs L BMag.s [—» BPMs > SR Inj. Kickers > Beam lines
—> BPMs T
—> PR —> Tune -
—> LLRFs S > QMag.s — SR Ext. Kickers
— Tune
—> Fdbks o
—> Ampl.s —> ICTs —> Smag.s —> BST Inj. Kickers
— Fdbks —> FOFB
—» eGun —» Kickers —» Others —> (CMag.s — Others ——» BST Ext. Kickers > Others

» Provides a trigger signal that is synchronized with RF frequencies and has a certain time relationship

» Provides distributed clock signals for revolution frequency and synchronization frequency

» The overall system jitter must be less than 30 ps, triggers for e-Gun and SR kicker <10ps

16



Layout

[0 36 timing stations: 1 Master station, 28 Acc. stations

7 beamline stations

Linac station: 2
v 01 station: E-Gun, Linac Klystron and LLRF
v/ 02 station: Low energy injection kicker.
energy transport line and part booster B

High energy injection and extraction station: 4
v" 03: Booster extr. kicker and bumper
v 04: Storage ring injection kicker
v’ 05: Storage ring pre-kicker, kicker
v" 06: Booster injection kicker

Booster Stations: 5
v' 07-10 stations: Booster Bl (BPM and others)
v' 11 station: Booster Bl and Booster RF

Storage ring Bl and FOFB stations: 16
v’ 12-27 stations:

Storage ring RF station: 1
v’ 28 stations: SR RF

Beamline stations : 7

Linac, low

3 straight section’s Bl and FOFB in one statig$BF

24SBF _ 23SBF

"/_'l: y
.t "\ _ 22SBF
25SBF _ . -y
/, > ) 28RF ~'\
26SBF -~ v-, 21SBF

Y

/ S teYopps (3 11BBRF
27SBF (%

] [._% 03BSI 08BB2
i 3 20SBF

05SBI «_;
{ 10BB4 J

¢ 7 19SBF

L X 4

\ /: _' 18SBF

L3 ‘ 5
MSESN y  re

15SBF 16SBF
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Main Station

00000 0
000100 0
00000 0
010000 O
00000 0]
00000 [

POWER | MCH Alolololn 0 MCH || POWER
00000 ]

Yol (Nel[NeR NoX Ko e
Ol 0|[0]0]0 -
EVG | FAN | FAN| FAN | FAN il

GFO1 GFO2 GFO3 GFO4 GRO1

0 MTCA.4 Crate: Native-R9(11850-028)9U

O Double Power Supply, double MCH: NAT-MCH-PHYS80

O CPU: AMG64/472 4-core (4.0 GHz) (45W) Xeon E3-1505M v6,32GB DRAM,
CentOS—>Debian linux,

O EVG: mTCA-EVM-300

O FANOUT: mTCA-EVM-300

O DATA TRANSFER: DAMC-Z710 +DFMC-SFP4

18



Slave Station

[(JJO| OO OO
[(JJOJ OO OO
(J1T OO )OO0 | O
(11O O OO0
L O D O ) O
e OO0 0|0
PR e | O OO OO
OoNo0|0|0)|o
0 ORI ROR NORINONI NG,
0 ORI NOR NORINONI NG,
00000
FAN| my | e | || e | |
3U chassis 1-10 TTL FANOUT  1-10 HFBR-1414  TTL5V TTL3.3V
B Crate B Timing Board B Output
O 9U: 12slots O FANOUT: mTCA-EVM-300 O UNIV-TTL5V: LEMO
O 2U: 6slots O EVR: mTCA-EVR-300 O UNIV-HFBR-1414: ST
- : .
MCH+CPU: » TTL:4 O UNIV-TTL-DLY: 10p delay step
4 Core Core E3 (E3-1505LV5 25W 4c¢/8t » UNIV: 4 size
HDP530 2.0GHz 8MB incl. ECC 16 GB > Pulser 16 O 1-10 TTL FANOUT
DDR3-1066) O RTM: UNIV: 10 O 1-10 HFBR-1414 FANOUT

O 3U :beamline
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Alignment of the three Injection& Extraction processes

[ Oth bucket alignment for the three IE processes; Each IE process needs to run independtly;
[ Coincidence clock:291Hz;

X AE AT

(291Hz) |
|

0S5 bucket{KBESEN
FriaRtZITO
(B Fiefl & BTZ)
e—al—P

0SbucketSBEEAN | At2=a1+3.435k ms
FIGATRIT2

/A\t0=3.435k ms

M * s,
s()

HEME

|[&——al+a2—»

(a) (b)
0Sbucket= g€ X ~
Iﬁljjfﬁﬁﬁﬂﬂ'é{lﬁ3 i At3=al+a2+3.435k ms At xc = SSTB + N X SB + SBITE + SBTS =M X SS + SSETI

I\{ R E29 14 L A5 2 ) Aty = 6ns X (m + 756M1) = 2ns X (n + 757N1)
Aty = 6ms X mod(190512n + 757m,572292)

» After finding the start time of bucket 0 in each
injection process, buckets in other locations can be
injected into the specified bucket with an integer
multiple delay of 6ns.

» The timing system will use different event codes to control
each independent process, and each process can be
controlled independently or combined to meet the various
needs of operation.
20




Distributed clocks

B Three distributed clocks are provided through DBUS: SR revolution frequency, Booster revolution
frequency, and alignment clock

fsr rev fo/2268 220.371 kHz SR revolution frequency
fastrev foi/ 757 660.239 kHz BST revolution frequency
g fe/ 2268 /757 291.11 Hz Coincidence rate of BST -> SR 0-th bucket

0 Coincidence clock

STRAH

» obtained by dividing the event clock by dividing it by 572292

O SR revolution Frequency [ ‘& GGG———m

» event clock/756 G;G;u;u;u;c;;,f,;u;;' pr et j‘
R EEER

[0 Booster revolution Fre

» Solution: event clock/756, EVR+ Triple multiply

21



Synchronous Ramping Control

B The timing system provides an synchronous enable and step-by-step trigger
signals, and controls the booster magnet and the RF system to ramping

synchronously.

6000 - -

Ramping Up-S2
Ramping Down-S2

Energy (MeV)
]
8
|

Ramping Up-S1

N

[=]

[=]

[=]
T

Injection-S1

—_

=

(=]

(=]
I

- -

et | | |

it || AL O

taee el s [T LT T LIl [TLTTLT] s

The HEPS injection cycle is 1 second. Among them, there
are 3 ramping processes

When it is necessary to raise or lower energy, the timing system
will receive the control system RAMPING start signal, the
frequency and number of triggers that need to be provided.

After an timing enable signal is sent to the participating devices ,
each device is enabled to the RAMPING state.

After a fixed period of time, a trigger signal is sent at a regular
interval, and each time the ramping device receives a timing
trigger signal, it advances one point according to the direction
determined above.

When the Ramping reaches the specified value, the Ramping
device will automatically disable and enable the device, and
maintain the current set value, even if there is a timing trigger
signal, it will no longer operate.

When the Ramping reaches the end of the Ramping Table, the
current index value of the device will automatically jump to the
start point of the Table, waiting for subsequent control.

If the device receives the control force disable command, it does
not act on the enable signal sent from timing system.

22



HEPS LINAC Timing System

mAdopted the MicroTCA.4 structure.

Temporary Linac Control Room  Temporary Main Timing Station &
Microwave and Power Source Timing Station

o B A i
3
= v’,:u';,_:—/'"iA—_
== WX L
\ . . I
L |
sty ik i A A\
) 7 | sl b B
sl a3 AR ﬂ@x‘éﬂ \ .%ﬁ

Linac Bl Timing Station
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Booster Timing

eBooster RF and Power Supply Timing

E# 7 org.phasbus.ul application PhasbusApplication +

Booster Ramping Timing

Bend Magnet Power Supply:trigger

VR v enatieiisabie
Bs18P g =] FTT 5000w (@6
Rnes g bl 2 0000w [8Gn
BE3BPS g 1@ nermal RN s 50000 ug

EseEpaTig @il P s WO us

Quadrupols hagnet Power Supply:irigger

saws el i
BSQRIPS G @ Nexma 2800 s 50006 s
ESQF195 g @ Nermal| ZRen s R000C us
E5002PS (@l = S0 us
RQF2PS 17 (@ nezmal 50008 us
B5Q03PS Y [@emal 2 us WO us
BSORIPS Y @ Nl Sue s 000 us
RSODLRS g (@ tiemal 2800 us 50000 e
BSQFAPSIY (@ Nemal TR o 500 us

Booster RF Timing

€5-Studia {Phaebus)

enable.
Pulse Number  Pulse Frequency
613 2000 He

delay wiler o Al
BEIBLIBLOPSEn 00oa ys 50000 us oon
RSIRPSiEn 0.000 us G0.000 s @on
ssisrsien 05 us soom v (8on]
BS5PS:en @ Hermall oun s 50000 us (860
ASIGHPSOITION  [@amal 0006 1 50000 w (@60
SEICHPSLLTIEN @ riormal 0600 us soom us [ @on |
Bs2GHPSOLTIO (@Bl 0 s s s [@on ]
nSICPSITIZM @ Narmal 0000 1 0000 s (@00
asicHPsOITICen @ ermal A5 s som s (86n ]
BSACHFSOLTICn © Nl 0.000 us 50000 us ean |

RF revolution Frouency

Pulse Number  Puse Frequency sas  deley Width enahielfisable
LU UL BSULRFrev Olomd 00 s 002 s [Oon

w oW e | O

SSlRFamige  [Qomel W s | A0 s (00 wis iy i ——
BSLUAFLampngtiy  (Oomel w200 i [00n BlARmy Ol 0000 s 20 v | 800
BSLLRFIampingiig 0 homal 000 00 s (8o BSLLRFIZig O nommal 0000 15 200 us | @0n
—— ne Y= 3 Tam |
BSLLRFIG gt Nomal 000 W0 s BSLLRFI3 g O Nomal 0000 s 200 vs | 000
BSLLAFMnping i ONama 13 1 W00 s BELLRFOTY ONomal LR 20 v | 000
BSLLRFGanpingiy 0ol 20 15 00 BsLLAFLEy Otormal 000 15 W s |80
BSLURFGranpngti (O emal 2000 1 00 1 BSLLRFOE g O Nomal 0000 15 200 us | @00

o Home
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Booster Timing

eBl Timing

o4 stations are located under the vacuum pipes in Booster tunnel

v

‘A\\,.,
L5

25



SR Timing

eBl: 576 BPM, ~200 BLM, BCM, TUNE......
oPS: ~2700 power supplies, Postmortem
olE, FOFB. RF




Control Interface

mLow energy injection . BTS and STB injection control

mRamping:. Power Supply Ramping. RF voltage& Phase Ramping

LHIST 4l
11
TPITI % - NEPSTQWIWOMW)(; ¥ ‘ m PR :
T 12on o x [ 20t owsrx [ ot rowsr .| menspoamraoricsss i T
RS San
Data |
- —P Control
|
u BST:ENG:LIND
! Low Eng Inj R R
| [ amp Up High Eng BTS Inj ElﬂhEr\gS‘l’sm’

o
t BST:ENGEXT

Nnﬁ iw i"ii'i

Mev.

| oewe

—Delay and Intervals in injection, ramping up and extraction

SR MingQ Injection

Lowest E inj
Ramp to linj L_injection Ramping Up ka1 o smeh Infeion
Delay BT s LR TRORRERA STATUS:
.500's. 0.280's 0010s 0.060s. i
Total
Interval 0.609 s 0.501s 0.002's 0.557 s 0.368's
—Booster BucketT Storage Ring '
Oth bucket 375th bucket ‘70 ©000000000000000000000006000000000006 3 § 7 B
} o o 36 00o0ooooocooo‘oooooooooooooooooooooon i 84
7 ©00000000000000000000000600000080609 o7
108 oooaoocoooocccooooooocooooooooooooRFu s
B fa ket - a50th bucket 144 s ooeeesoeocssosoeneseeonsionasoeeessensses 179 i
180 oooooooooooooooooooeoooooonoooooooooz:s e
L4 ° 216 ooooonooooooocooooocooooooooco-ooooom -3
252 oouooooooooooooooooocaoooooooooooooom o
288 ouooooooooooooooooo.oooooo.cooooo-oo 323
150th bucket 525th bucket 224 oooooooooooeooooooooooooooooooooooooass £
° ° :lsoooo.ooooooooooo.oooooo.ooooccooooooo:ns b
mooooooooooooooaoooooo-oooooo.aoooooom L
\ 432 oooooaooooooaooooo.ocooooooooooo-ooo451 24 -
i wsooocoooooooooooooooooooooaoonooooooosoa
||| 225t bucket 600t bucket soaooooooooo-oaoooocoooooooooaooooooooom
| e L) saooooooo.oooooooooocooooaooocooooooooo515
R 576 ooooo.ooooooooooooeooooc-ooooooooooosu
i 612 oooocooocoooooooooooooooooooooooocoom
Soth ooooooooooooocooooooooooooooooeun
300th bucket 675th bucket wo.coz.ooooqooooooooooooooooooooooooom
::‘oz:::.oooooo.oooooocooooooooooooooooom )

» Top-up Mode
» Normal Mode

» Flexible combine each
injection process

» Can set the delay
between each injection
or ramping process

ply ramping curves
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Bucket Select

B Max Booster bucket : 10 Select in Control inteface

B SR bucket: 756 download using a waveform

Booster Low Energy Injection Timing Control

Update

Single shot Repetition Control

Injec:t Passive| Event

/O Intr

5 2 1 5 B il

second  second second  second second second second

Linac Firing Rate

Injection Rate

4851836 Hz

Number of triggering of Klystron

Trigger Number Trigger Rate

0

Delay of Booster 0th Bucket

Oth bucket Delay

0.000 us us 0.000 us

Oth bucket

on/off

375th bucket

75th bucket

450th bucket

on/off

150th bucket

onfoff

525th bucket

225th bucket

600th bucket

on/off

Booster Bucket Selection

300th bucket

onfoff

675th bucket

Timing Control

Timing Control

Injection Control Injection Setting

Linac Injection&Extraction

Power Supply Beam Instrumentation

Device Control

RF

Booster To Storage Ring Injection Timing Parameters

Bucket Selection

[1.00, 0.00, 0.00, 0.00, 0.00, 1.00, 0.00, 0.00, 0.00, 0.00, 1.00, 0.00, 0.00, 0.00, 0.00, 1.00, 0.00, 0.00, 0.00, 0.00, 1.00, ~
0.00, 0.00, 0.00, 0.00, 1.00, 0.00, 0.00, 0.00, 0.00, 1.00, 0.00, 0.00, 0.00, 0.00, 1.00, 0.00, 0.00, 0.00, 0.00, 1.00, 0.00,
0.00, 0.00, 0.00, 1.00, 0.0, 0.00, 0.00, 0.00, 1.00, 0.00, 0.00, 0.00, 0.00, 1.00, 0.0, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, .00, 0.00, 0.00, 0.00, 0.00, 0.00, 1.00, 0.00, 0.00, 0.00, 0.00, 1.00, 0.00, 0.00, 0.00,
0.00, 1.00, 0.00, 0.00, 0.00, 0.00, 1.00, 0.00, 0.00, 0.00, 0.00, 1.00, 0.00, 0.00, 0.00, 0.00, 1.00, 0.00, 0.00, 0.00, 0.00,
1.00, 0.00, 0.00, 0.00, 0.00, 1.00, 0.00, .00, 0.00, 0.00, 1.00, 0.00, 0.00, 0.00, 0.00, 1.00, 0.00, 0.00, 0.00, 0.00, 1.00,
0.00, 0.00, 0.00, 0.00, 1.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.0, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 1.00, 0.0, 0.00, 0.00, 0.00, 1.00, 0.00, 0.00, 0.00, 0.00, 1.00, 0.0, 0.00, 0.00, 0.00, 1.00, 0.00, 0.00,
0.00, 0.00, 1.00, 0.00, 0.0, 0.00, 0.00, 1.00, 0.00, 0.00, 0.00, 0.00, 1.00, 0.00, 0.00, 0.00, 0.00, 1.00, 0.00, 0.00, 0.00,
0.00, 1.00, 0.00, 0.00, 0.00, 0.00, 1.00, 0.00, 0.00, 0.00, 0.00, 1.00, 0.00, 0.00, 0.00, 0.00, 1.00, 0.00, 0.00, 0.00, 0.00,
0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 1.00, 0.00, 0.00, 0.00, 0.00, 1.00,

BTS Oth delay 1

Oth bucket Delay

0.000 us us 0.000us

Firing Rate

Injection Rate

50.00000t Hz #3S185E

» thO can delay
» giving pre-trigger for Linac LLRF

Go Injection Home

v’ Pulse number and Frequency can set
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Tigger for BI, e-Gun, LLREF......

Timing Control for Linac e-Gun & Power Source & LLRF

Status Delay Width enablefdisable Fine Delay
e-Gun Pulser trigger  © Normal 152,570 us 1.000 us ©0n 0.00 ps 0.00 ps K2 A
e-Gun PS pre-trigger = Normal 0.000 us 2.000 us ® off g1 19 I
R s
e-Gun PS trigger Narmal 149.000 us 2.000 us © 0On . B ]
A =_:*\ o]
25 7
Status  Delay Width enable/disable Status 377 ]
K1 pre-trigger nver 0.000 us 4.000 us ® oif SHB1 trigger Jormall | & %, g
] <
K1 trigger lormal 147.310 us 4.000 us ©0on SHB2 trigger lormal _Jg3 >
K2 pre-trigger nvert 0.000 us 4.000 us @ off K1 trigger lormal 2
Hakl S
K2 trigger Normal 145630 us 5.000 us ©0n K2 trigger lormal . =3 _
= — ERLE ]
Linac Beam Instrumentation TII'I"III'Ig Control R g_
[ =177 -
£3.1 a4
LINAC PR : :a\ TT Illo\ TT \Zlnl TT \3I“\ TT I‘I‘l\ TT \;Ial TT \Gln\ TT \’Ia\ TT \xla\ TT \ﬂlnl TT ‘14!0‘ TT IL:“\ TT IJZII)I TT \1;“I TT \ulﬂ\ T N
i . y ) y ] ] | y o o, I ] ] f °
I status delay Width enablefdisable status delay Width K2 SSA Output K2 HV Time ()
I ictor  © Normal 157.150 us 2000 us [@0n PROL lormal 50.000 us 35000 us [Oon | |
| icToz (@ Noral 157150 us 2000 us [[@on PROZ  [@Noral 50.000 s HEPS Storage Ring ZRiEiN=E
ICT03 Normal 157.118 us 2000 us 00n PRO3 Normal 50.000 us — zase Baue | mesn | vz | 2024/9/17 1057:56 HEPS STORAGE RING BPM STATUS
ICTo4 @ Normal 157.100 us 2000 us | ©@0n PRO4 O Normal 50.000 us a3 s WAEE :
— eEEREq  BFR BST: 0.00215 mA erx 22t Moy 2t | i 03 S RESEPMEL T ABCO SUM G i
ICTO5 \ormal 157.088 us 2000 us o0n PROS \ormal 50.000 us 2° 2048 SR: 133777 ma Mami | "1 ! H e R i
T T sELsEq  @EK ) 1x2089€ My (2089 i ol { £ ! :
ICT06 lormal 157.098 us 2000 us Q0n PRO6 lormal 50.000 us & ,7048 milx65 | i 65 | ! ¢ ia Bl
WHRIE (5) Lattice ‘ § b
Y] i oot O MRS A AR AP A S
LINAC BPM 5 : el ] b | : e
: s ner amm mesmemozTHTY
status delay Width enablefdisable BPM SYN :m& ¥ centroid A R R R L $
BAEER TH S | - 3L O M WO Sl S RSO 0
BPMO1 & Normal 185120 us 2000 us | ©@0n status delay Width m?m el = Prt—— ié ;
M f | 7 { i
BPMO2 [0 Mol 155.100 us 200 us [1@0n BPMSYN I 0.000gvs I :
849 1759 e i rerleel
BPMO03 Normal 155127 us 2000 us Q0n —— i g AL AR, ANBS ORI K00 AT
. BPM TEST 4X lens BiRsum i v e
BPMO4 Normal 155.250 us 2000 us 00n 17.51 TR R v G e Samplasize PLL_STATE -
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Testing for Distributed Clock

Hame frequency Divider » Teledyne LeCroy SDA 820Zi-B oscilloscope measures the time-domain

Feo 291.11Hz 572292 (756x757) waveform of the output signal. The LeCroy oscilloscope has a bandwidth of

F 220.370Hz 756 20GHz and a sampling rate of 80GS/s

rev °
» KEYSIGHT 53220A frequency meter measures the frequency and frequency
Farey 660.239Hz 757/3 o
stability.
ExtRe f] 2 ERR:

iﬂﬂ 50::‘ - iﬂﬂsn::" — ;JQ su::‘
CH 1 Frequency CH1 Frequency CH 1 Frequency

291110132 64 1.

Iean:  281.110 132 59 H:
StdDev: 33.343 075 730nH:
Count: 672 340

Max: 291.110 132 77 He
Min: 291.110 132 40 He
Allan Deviation: 33.680 639 184n

220.370 370 37k

Mear:  220.370 370 37kH:
StdDev: 6.199 666 277 9uH:
Count: 531 106

MWax: 220.370 370 40kH:
MWir: 220.370 370 33kH:
Allan Deviation: 6.631 867 787 &y

220.079 260 24kH-

Mean  220.079 260 24kH:
StdDev: 6.186 820 368 7uH:
Count: 579 279

Max: 220.079 260 27kH:
Min: 220.079 260 20kH:
Allan Deviation: 6.609 411 207 9,

Math On
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3
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E
<
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0.5
of ——— —— — —
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Time (ms)

DBUSO: Aligment clock
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DUBS2: SR revolution clock
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DUBS1: BST revolution clock/3

» Coincidence Clock:
291.11013264Hz
resolution 34nHz

> SR revolution clock:
220.37037037 kHz
resolution 7uHz

» BST revolution clock/3:

220.07926024 kHz
resolution 7uHz,



Delay Adjustment Test

» Since 6ns is a digital counting implementation, only 10ps adjustment accuracy is tested here.

» The delay adjustment is performed by adjusting the delay step size of the delay module in the EVR. For each delay
value, 1000 waveforms are measured with an oscilloscope and averaged over the 1000 sets of data.

Measured delay (ps)

10ps step size adjustment 10 times, adjust 100ps

120

100

80

60

40+

20t

Set value

. , T ! 104 3
. — * measured :
——fit
':}: —
< tn
o
E , =103t
J [
15 9 25 g
Time (ns) . _ 512 + 10.04x 2 10°F
g L
=
S
10"
; , 4 5 8 10 10°

10 10°
Set value

10ps delay step size, adjustment close to 10ns
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Delay Compensation Test

» Optical fiber networks are susceptible to temperature and humidity, and are prone to slow drift due to

diurnal temperature and seasonal changes
» All our timing modules equipt with delay compensation function

» The system does not require the use of contour wires, has an automatic measurement function

' Hits Skewt: Histogram ‘ H:Time
400

2 (A » Due to the influence of experimental
S OmmE s an — conditions, only qualitative
e R experiments were conducted

350

300

230

) == = » In the experiment, a heater was used to

heat the 400m fiber from 27 degrees to
' 46 degrees (fiber surface temperature)
109 for two hours, while the output jitter
was measured.

» Test result: The output RMS jitter is
27.353ps

a0

£00ps -550ps S00ps -450ps -400ps -350ps -300ps -250ps

Description Mean [ Std Dev Max Min Peak-peak Points
Skew, chl,ch3 -491.93ps I 27.353ps -357.93ps -560.00ps 202.08ps 43827
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Jitter Test

ee-Gun trigger jitter test, RMS jitter <10ps

fle | Eat | Vedicdl | HorizAcq | Th | Display | Cursors | Measwe | Mask | Math | MyScope | Analyze | Uniites | Help

166.6MHz EVG&
Splitter EVR

e-Gun trigger
in Tunnel

oscilloscope

» RMS jitter 9.687ps
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Jitter Test

eBRBPOS8 trigger jitter

s ; | : RMS jitter is 22.352ps

= | """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" . |

long term is 30.489ps (5 days)
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6 Part Il

Some Other Timing System Based on MicroTCA




European XFEL

Clock Ref: 1.3 GHz Drift compensation: keeps length constant
- - e Y >
( Y
Phase | N
Detect N o
§ = 3 km Clock, Data => Clock
© J_ < Recover! > Data
Clock, Data |
Transmitte / Receiver /

» Fiber optic links @ 1.3GHz
. . . Optional RTM:
» AMC module is a receiver: i i
* It retransmits on one link Further triggers or clocks
* Or transmits on 3 fiber links
with drift compensation

: MicroTCA backplane:
(piggyback) TCLKA and TCLKE,
» ps stability (5 ...10 ps RMS) 8 * M-LVDS
» Clock, trigger and event
distribution

» Distribution of data words and
tables

with link delay |

compensation/ §E8

Can be used as transmitter or receiver

B X2Timer

Transmitter [
Piggyback |

LCCLLE CCPCLLCCOIrLLD

RE.

D W WA W

OUT OUT ouT
Fiber optics

IN

* Trigger out
* Clock out
* Trigger out

* Clock out
* Trigger out

* Clock out
* General I/0

ICALEPCS 13

THCOBBO02
36



European XFEL

B MicroTCA.4: Clock and Trigger Distribution

MCH CPU Timing Digi 10 ADC

©

31

[Wom central timing

MicroTCA Backplane

ICALEPCS 13, THCOBBO02 37




European XFEL

B Real Time Configuration Data

== — = Bunch Pattern Table: One 32b|t word per bunch > The XFEL can

- - e ‘ "ﬁ'fl T T — - i o v ™y

2 = - BT T T T[T T il 1

SIE e N CH ENENEER B N o amEm produce 27 000

2 e nao T e oo [FOORR 3130 29 28 27 26 2524 23 22 M R $ 151013121110 9 8 7 6 5 ¢ 2 1

=] I D — Diag destination special modes source charge bunches per second

§ e (e Allowed Modes/Sections: 32bit words per bunch

O smnromne 75 » tantsucnponton G w0

o

o —3 | » Variable bunch
| oo o olo ol 100 11bo "BS N

' MicroTCA Crate

pattern for the users

<= 2700 bunches in XFEL linac

i III (@
P2

600 ... 800 s >
100ms 10 Hi)

MPS -

limits

ICALEPCS 13, THCOBBO02



PETRAI1V

oPETRAIV: Timing

= =
Standard - Standard
(vain) _Jll  (Backup) J

I 10 MHz (GPS reference distribution)

N Paul P. Ewald Hall I

S00 MHz (RF reference distribution)

DAMC-X3TIMER
Transmitter
Central System |

PETRAIV. u

w ~ I- Timing info distributio
NEW DIMENSIONS PIAC)
>
7 DAMC-X3TIMER DAMC-X3TIMER DAMC-X3TIMER

Receiver Receiver Receiver

LINAC I PIA DESY IV
Extension l
West (PXW) ﬁdﬁ L Gun PIA RF 125 MHz RF

g Modulators PIA Septum LLRF
SE LULRF Kicker Diagnostics
Diagnostics Diagnostics Injection /

Injection Extraction

Direct Connection (central-to-local)

Interconnection (local-to-local)

- Local supply hall S
Optical Fibre Distribution Topology

DESY IV / Injector Timing System

https://accelconf.web.cern.ch/icalepcs2021/papers/thpv025.pdf

NE Main Oscillator 1 i
CA Maxvon Lace DESY IV / LINAC II

.
Main Oscillator
PETRA IV )

S00 MH2 (RF reference distribution)

DAMC-X3TIMER
Transmitter
Central System ||

Timing info distribution

DAMC-X3TIMER DAMC-X3TIMER DAMC-X3TIMER
Receiver Receiver Receiver
PETRA IV PETRA Beamlines PETRA Experiments

RF / LLRF Disgnostics Experiments
FOFB / MBFB Scan Controls Laser
Magnets - PP-Laser
Diagnostics

PETRA IV Timing System
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PETRAI1V

oPETRAIV. DAMC-X3TIMER

[Serial Interface, MLVDS]

MGTCLKO
[from MO via onboard jitter cleaner]

MGTCLK1

A s

FPGA (x3timer AMC)

MPS Data

* Beam Mode

* Beam & Bunch Currents
* Post-mortem Trigger
Dump Trigger

Injection Veto

etc.

[PCle]

Event Generator &
Data Encoder

Event Receiver &
Data Decoder

Bunch pattern data, etc.

to/from internal logic

L. Configuration,
Control &

[to/from higher/lower level
machine control applications)

Monitoring

MGT-Rx
[w/ COR Logic]

—

—
—

MTCA4 Backgtane

[from onboard PLL; for standalone tests]

Recovered Tx clock
[to onboard jitter cleaner]

0.5/1.5/3 Gbps Timing data stream
[to x3timer-Rx]

0.5/1.5/3 Gbps Timing data stream
[from x3timer-Tx]

MTCA.4 Layout

Event Data
Processing

to internal logic

Clock

Manager

[Serial Interfaces, MLVDS]

Single Lines [MLVDS, LVDS]

[to/from on-board components]
[via 12C, SPI or single control lines]

L L

Recovered & derived clocks
[from onboard jitter cleaner]

Rx Output Data

Bunch Pattern

* Beam Mode

* Beam & Bunch Currents
* Revolution Counter

* Event Number

* Timestamp

* etc.

Rx Output Triggers

LINAC-Ii Pulse

* DESY IVramp-up

* PETRA IV Revolution

* Beam Injection/Extraction
* Beam Dump

* Post-mortem

o etc

DAMC-X3TIMER Firmware Functional Processes

Ll SoC FPGA P
 MGT CLK PS
AMC CLK
- j[AXl
RTM CLK .
2*GTX PL N MGT
LVDS /O '
COR =— ax
SFP(+)
AMC ‘
_Ethernet BP GTX
PCle GTX 4 * LVDS Input RJ45
. In
8 * MLVDS N
> | _- LVDS Outputs
(Triggers /serial Data)
3x
(]
£ g « RJ45
al 3 i LVDS Outputs Out
O o (Clocks)
z 3 =
s g e
n B =
AMC CLK
RTM CLK —
RF-IN
RF-OUT_ >_ SMA
RF-Switch
JCLKA/B Crosspoint Switch

https://accelconf.web.cern.ch/icalepcs2021/papers/thpv025.pdf

DAMC-X3TIMER Hardware Schematic
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SIRIUS: A MicroTCA.4 TIMING RECEIVER

e Developed a timing receiver board to provide triggers and synchronized clocks for Sirius BPM electronics
and other devices

e Timing Receiver: AFC+ RTM with 8SFP, can output trigger and clock by FMC board
e BPM and FOFB: same AFC

—'?‘#y
>
w8l B
<51
N .
< 13
~

e ) ﬂlm-rrvrrmrrrfr_.;g-;.nﬂ"k

Figure 2: FMC 5 POF, a FMC board with 5 plastic optical
fiber outputs.

Figure 3: RTM with 8 SFP slots.
a general purpose 10- 280MHz 12C programmable XO oscillator
(Silicon Labs Si570, 570BCC000121G) that outputs a reference
IBIC2018, WEPAO1 clock to the FPGA GTP transceivers

Figure 1: AFC board with two FMC 5 POF mounted.
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European Spallation Source(ESS) Timing System

RF Master l 88 MHz Master Event

Oscillator | Genetfamf
fanout
Event Event Event Event ‘ s o4 e A r— I e
receiver receiver fanout receiver receiver - = \ ) JRL A ; .
—— s -
g )= |
Event | Event Event Event
receiver receiver receiver receiver

» The event clock frequency is 88.0525 MHz, divided down
from the bunch frequency of 352.21 MHz.

» An integer number of ticks of this clock defines the beam
macropulse full length, around 2.86 ms, with a repetition
rate of 14 Hz.

> ESS uses the MTCA-EVR-300 and PCle-EVR-300DC EVRs

https://proceedings.jacow.org/icalepcs2023/papers/thmbcmo?2 provided by Micro-Research Finland (MRF)
1.pdf

Proceedings of IPAC2017, Copenhagen, Denmark THPVA064
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Summary

eThe timing system is one of the most critical systems

controlling the operation of t

eT0 design and implement suc

ne entire accelerator.

n a system, one must understand

the machine’s operational principles, master relevant timing

technologies, and be familiar

with performance requirements.

eThe High Energy Photon Source (HEPS) timing system has
adopted MicroTCA technology, which is increasingly being
used in accelerator facilities worldwide.
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Thank you!
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