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= Timing System Concepts

= MTCA.4 Components of the Timing System

» Timing System Software

= Summary
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The EUXFEL Timing System



The European XFEL

Accelerator and Photon Beamlines

Repetition Rate 1 - 10 Hz
RF Pulse (flat top) 800 ps

Bunches 36000/s
Bunch Charge 0.02 -1 nC

mwm electron tunnel &, electron kicker . rf gun

W photon tunnel ®, electron bend -
: =
®m = = undulator B/ electron dump B rf modules / linac E.’ -
—_—
—
—
.
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Courtesy: Tim Wilksen (DESY, MCS) 1.9 km 3.4 km
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DESY Schenefeld
Campus Campus
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Timing System Concepts

Machine And Experiments Requirements — Pulsed Machine

» RF Reference 1.3 GHz
= Bunches up to 36000/s over 800 us RF pulse

= Bunch spacing from 502 kHz [1992 ns] up to 4.5 MHz [222 ns] MMMUMMMM

at 10 Hz repetition [9 MHz raster — 111 ns steps] A T A
" Pre-bunches, intermediate gaps L LLCLTRTUFLTRTRTRTER AFETTOL,
= Beamline-specific and user-defined bunch patterns

T
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Courtesy: Tim Wilksen (DESY, MCS)
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Timing System Concepts

1.128 MHz
—

Kicker gap

The Timing (Bunch) Pattern 800 s

= Information block distributed by the timing system
before each macro pulse or bunch train.

Length of pattern table = 7222
= 800ps*1300MHz/144

= Table of 8192 32-bit timing words, each describing the
bunch configuration at one 9 MHz raster point (111 ns)

= 7222 timing words cover the 800 us RF pulse length

» Timing words — used by timing modules to generate triggers
and by hard- and software to classify bunches/pulses

special flags destination user laser injector laser charge
I . L A L1 A L1 . u . 1
) .
DT | | [ [ [ | [ |
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 § 7 6 5 4 3 2 1 0
[ R T R | H [ T T | L T S T T T T R T T N A T
] 1 1 1 ] 1 1 1 1 1 1 1 1 1 1 1 1 ] 1 ] 1 1 1 1 1 1 1
1 1 1 1 ] [l 1 ] 1 1 ] 1 ] 1 1 1 1 ] 1 3 B E 1 1 ! (] 1 1 1
] 1 1 1 ] 1 1 1 1 1 [} 1 . . 1] L 1 ] 1 1
' P E W & L F gogage d o141
sy < S = i ¢ b i il 33 css3oasos -8 BT8TEGLO: oy No bunch
e g Tg & ! g 0 g 222 o3 o2 R B OBJ —
¢ - B2 E & & 1111 88383388588 83 /iiii \
£- 3 g; T%' ui 3 E E E i §§§9§9§ Sﬁgggésg 3 gﬁ [ 335”?’" Pulse Types Cleanup Final Bunch Pattern
E é’% E % g E a% SEL L L ThmemEmAEEEEEEEe R R 0:0320 Nobunch .+
xRS X Ko 3 5 /! L =R FLASH \ g'g‘é“g
s B % 0. None None .06 n
2 z g 1. LSt LSt 0.09nC ‘SASE] # Bunches
55 8 & 2. T5D  FLASH2 g-}gng
N E 3 6 3. G1D Gun (valve)/IDUMP .18 nf _
3 B 3 GID  Gun vah 025G ‘SASEZ #‘71
5. 1D ® g-gg ng
6. BID () 50 _
7.B20 () 0.71nC .SASE3 #‘ 2
8. TLD FLASH3 1'32“@
9. 12LSt (1) 42 Lin. mi # =2
10. G20 (1) 2.00 nC ‘ ac dump
11 12D 0] \ 4.00nC ‘:‘
2. @ SDUMP v
13 () Killer Steerer o Subpatterns
Courtesy: Lars Frohlich
. . . (DESY, MCS) .xz .x3 ‘x2 2
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Timing System Concepts
Layout, Topology & Distribution of Signals and Data

Star topology with one timing
Transmitter and multiple
timing Repeaters & Receivers

1.3 GHz RF Reference

Allowed bunch pattern
[permitted machine
sections, charges, and
number of bunches]

50 Hz mains

Timing
Transmitter
(TX)

Injector —

Bunch Pattern,
Macro Pulse ID,
Trigger events
configuration,
Trigger delays,
etc.

Transmitter, Repeaters and
Receivers implemented as
MTCA.4 AMCs

DESY Campus

compensate the drift.

Telegrams contain: bunch pattern table, macro pulse
trigger, trigger events configuration, commands, etc.
Routed back to transmitting module to measure &

= Timing telegrams [optical link @1.3 Gbps]
<—— Feedback line [optical link @1.3 Gbps]

[for drift & delay measurements + timer ID data]

Timing

Timing

Repeater

Receiver (RX)

Timing

Receiver (RX)

Timing
Repeater

Repeater = Receiver that forwards the optical
telegram streams to downstream Receivers

A

Timing
Receiver (RX)

Timing Timing
Repeater 3l Receiver (RX)

Each timing module can forward the optical Timing
streams to up to 3 downstream modules Receiver (RX)
[extendable to 12 modules via dedicated RTM]

'
B !
>

XFEL Timing System

:> timing signals & data

to local clients
[electrical links]

Clocks
(derived from RF Ref.)

130 MHz [div 10]
81.25 MHz [div 16],
108.33 MHz [div 12],
216.66 MHz [div 6]
(ADC clocks)
User-defined clocks

Triggers

Macro Pulse Trigger
Bunch Trigger
User-specific triggers/IRQ
etc.

Machine-Specific Data

Macro Pulse ID
Timestamp
Beam Mode
Bunch Pattern
etc.

Global Trigger Delays [w.r.t. Macro Pulse Trigger] + Local Trigger Delays

»
0

Repeaters & Receivers are distributed
along the accelerator and photon beamlines

»

Each Repeater & Receiver
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- recovers the 1.3 GHz RF Reference
- decodes the Telegram data from the input optical stream.
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MTCA.4 Timing System Components

Timing in a MTCA.4 Crate

MTCA Common Modules Application Modules (AMC + RTM)
Machine ADC * Electron Beam Diagnostics
.- . . P + Laser Controls
MCH CPU & Timing Protection Digital I/0 + Kicker Controls
£ System Controller - Special Diagnostics
7 .
C 2 e
: O g GO ‘ - Kalypso
% o) [ «'F - CRISP
§ £ * LLRF
;§ b g - RF Coupler Interlocks
] £ * Magnet and Vacuum Controls
m:N o - Motor Controls
m‘ L Y » Photon Beam Diagnostics
. HHH + Gas Monitor Detector
@ - * Imagers
] o
Ethernet | - s
. X
— 8
2 @
TE— <
- <
| ———————) | o
EE— |
jiE=———— E

)
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MTCA.4 Timing System Components
x2timer / NAMC-psTimer AMC

° o * Drift compensation daughterboard
id_ci H T o X & 3 channels, each controlled by a separate uC
DO u b I e mi d Size AMC (Wlth 0 ptl on al RTM) 13 : ety - - Measures phase difference between MO clock
3] and looped back signal
- Increases/decreases delay to keep phase stable
(long-term phase drift 80ps peak-to-peak)

= May be operated as

» Transmitter, Repeater or Receiver

= Stand-alone w/ on-board PLL
= Optical TX/Rx of 1.3 GHz telegram streams

-

= Lowsjitter clock (5) and trigger (23) outputs

= Xilinx Spartan-6 FPGA (central logic unit)

“ IN OUT OUT OuUT

I .-

=  Software-accessible via PCle

“ 4 x General I/0

2 x Trigger out

‘ 1 x Clock out
‘ 2 x Trigger out
1 x Clock out

‘ 2 x Trigger out

= Hot-swap capable

= Once configured it runs
autonomously

ST

= No trigger/clock interruption if crate CPU is
maintained/rebooted/replaced

1 x Clock out

DESY. | MTCA Workshop | The European XFEL and PETRA IV Timing Systems | Victor Andrei, 02.12.2025 Page 9




MTCA.4 Timing System Components

Drift compensation daughterboard
3 channels, each controlled by a separate uC

Measures phase difference between MO clock

Double mid-size AMC (with optional RTM)
= May be operated as Optional RTM:
9x optical-TX (SFP),

= Transmitter, Repeater or Receiver | 2XLVDS&TIL
(triggers or clocks)

and looped back signal
Increases/decreases delay to keep phase stable
(long-term phase drift 80ps peak-to-peak)

= Stand-alone w/ on-board PLL

ouT

2014-04-16
11:36:55

'[Hml}

°
“ a .;L

4 Fiber Optics
' SFP

ouT

LLLLLLL

(
(

Cl
ri

LLOLLL]

174t -12,73885... ‘GHz

e S @

Illl

IN OUT

e

4 x General I/O

2 x Trigger out
1 x Clock out

2 x Trigger out
1 x Clock out

Jitter & drift ~10ps RMS
@4km fibre
(clocks & triggers)

1118

2 x Trigger out
1 x Clock out

I R T R T RN

DESY. | MTCA Workshop | The European XFEL and PETRA IV Timing Systems | Victor Andrei, 02.12.2025 Page 10



MTCA.4 Timing System Components

Timing RTMs (Rear Transition Modules)

x2Timer /
NAMC-psTimer
Receiver-Transmitter
MicroTCA.4 AMC
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MTCA.4 Timing System Components

Adapters

Back panel

RJ45 connectors ,

Back panel

B1 RJ45 connectors

ITA — Internal Timing Adapter

4 Clock or Trigger 3
s C|ock or Trigger 4
4 C|ock or Trigger 2
4 C|ock or Trigger 1

mmmm) Clock or Trigger 2
mmmmm) Clock or Trigger 1
mmmm) Clock Signal

s C|ock or Trigger 1 (RS232)

.

®
y mmsssmmm) Clock or Trigger 3

s Clock or Trigger 2
s Clock or Trigger 1
s Clock or Trigger 2 (RS232)

ETA - External Timing Adapter

DESY. | MTCA Workshop | The European XFEL and PETRA IV Timing Systems | Victor Andrei, 02.12.2025
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Timing System Software

@ @ SlaveTiming.xml XFEL.DIAG/TIMER/DI30I11/

= Xx2timer server running on the crate E— N T ——

Divider

Macro Pulse Number: 910448453

= can manage several x2timer AMCs and N | e = gmg‘;;’;f,:;,‘;ﬁ;}"‘“s

0s

RTM.TRGY

W VCC 5V out Ena...

TR ————— "

FPGA Clock 1 0s

[———OC Kicker Clock 4. 5Mirz]

= Configurable remotely over Ethernet
with DOOCS and JDDD user interface

-
RTM.TRGY o 0

FP output chans (RJ45) . 23 channels

[6x trigger/data/clock, 3x clock] R oo 0 [trigger/data/clock]
I |

RTMs in the crate via PCle oony: MR~ e %02 m—

RTM.TRGS

2 3

Front Triggers
inputs

3ack e Clocks & Triggers
ble Port:
14 VCC 5V out Enable PLL enable Port 5 channels

D-Clock 108MHz v}
FRONT TR [ 116 2.735ms o f o reCiSiOI‘) clocks
SED Toger - ]
C CtoTmae] Controls
Trigger 0 0s

T ————— |

Data 108MHz 17T

™
BACKTRG2 108 Mhz data for MPS

AekTess Trigger 116 4.321ms 18R
BLM ingger]

B VCC 5V out Enable b
- Trigger g CrossPointSwitch =
FRONT.TRG4 Trigger
oro: E or ext Ti er BACK.TRGS

FPGA Clock 3 2.622us

FRONT.TRG) .
Torow-Cal -Pulser exi Trager 200 6kHz| ppm— Trigger

VCC 5V out Enable —————— Backplane output

FPGA Clock 1 0s Trigger h l
oo ————— Channels

Tiganr 116 i [8x trigger/data/clock,
|
2x clock]

actuvity

Trigger 116 5.021ms 187
]

BACKTRGE

DESY. | MTCA Workshop | The European XFEL and PETRA IV Timing Systems | Victor Andrei, 02.12.2025 Page 13



Timing System Software

S

x2_trigger_channel.xml XFEL:.DIAGFTIMER/LASEW/BACK.TRGQ

£

Pulse CTRL Macropulse trigger

election of:
Trigger # (0 ... 255)

+ Bunch Pattern
. Clock from FPGA
« Front input

Trigger del. or imm.

v

. L
S A

BackplaneCh1l |+

D o
0bDd
Dela "
100000} 2000

Width output

DESY. | MTCA Workshop | The European XFEL and PETRA IV Timing Systems | Victor Andrei, 02.12.2025
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Timing System Software

o @] x2_trigger_channel.xml| XFEL.DIAG/TIMER/LASER1/BACK.TRG2
(C € 3 s : x B A H
I
- oo 0 ) atio U M U
Pulse CTRL Macropulse trigger ate 8 op gfielialzifzhiteaal (vl
B 0O AND g d ombpinatio d
0 D ' 0 0 e Sele 0 . 0 e Sele - .- ..- P 812
gaer # (U
B Patte Trigger del. or imm. 4 Backplane Ch 1 | » Width output 4 Outp h
0 0 P (GA ‘ erted o D a
O P Delayed s D
Da 0 of 0.9
P 4 0 B D 0
- R 9 0 0
e 0
0D4d
D A 0
O
00 0 RJ4 D
B pa 3 n D D
0 R i D
De C )
L U U
115/ 100000~ 2000}~ 0F
[)
0 8 |
Delay and width
- up to 150ms
- in 9.23ns steps
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Timing System Software

DESY. | MTCA Workshop | The European XFEL and PETRA IV Timing Systems | Victor Andrei, 02.12.2025

£

Pulse CTRL Macropulse trigger

Trigger del. or imm.

v

. L
S A

x2_trigger_channel.xml XFEL:.DIAGFTIMER/LASEW/BACK.TRGQ

Combination with 2" channel:

- Gates (start ... stop)

- Bursts (clock AND gate/width)

D o
' 0
100000}
g 0
U L

Backplane Ch 1

v Width o tput

0bDd
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Timing System Software
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Pulse CTRL Macropulse trigger

x2_trigger_channel.xml XFEL-.DIAGFTIMER/LASEN/BACK.TRGQ

£

Trigger del. or imm.

115

|~

L)

Backplane Ch 1

100000

\
J

Width output

O

|
Select output source
- Single delayed & width

- Combination w/ 2™ chan:

AND, OR, Flip Flop
- Serial Data

~ [ Output can be
= Inverted or inhibited
= Delayed in fine steps
of 0.923ns
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Timing System Software

Optical Links and Drift Compensation

o0e SlaveTiming.xml XFEL.DIAG/TIMER.CENTRAL/TRANSMITTER.S3/

[ Triggers & Clocks | OpMode | BunchPattern | Info | Drift Compensation MPS & Interlock | BlockDiagr. | XFEL.DIAG | »|TIMER.CENTRAL |+ | TRANSMITTER.S3 | +|

— e O
_.RFETIMER/LLAH1I1 EL.RF/TIMER/LLABM
% )
« | mwrew.

4500 ps |

=L RFTIMER/ILLATM
)
4_‘_ 4500 ps [

e |
(<)
<« mwrra.

. . [
« e

[ e o
()
[ P < e,

DESY. | MTCA Workshop | The European XFEL and PETRA IV Timing Systems | Victor Andrei, 02.12.2025 Page 18



Timing System Software

SlaveTiming.xml XFEL.DIAG/TIMER.CENTRAL/MASTER/

Triggers & Clocks OpMode Bunch Pattern Info Drift Compensation RTM MPS & Interlock BlockDiagr. | XFEL.DIAG w TIMER.CENTRAL |+ MASTER

Operation Mode

Transmitter Mode o Event#: Delay + 9.23ns divider:

should stay off 4600000 — RF Station A3 4803142 RF Station A26

1. Trg. after sync ] = RF Station A4 = SASE1 bunch train
WireScanner RF Station AS - - SASE2 bunch train
Camera Linac ] - RF Station A6 SASE3 bunch train
Diag Linac main = =1 RF Station A7
Camera Injector 1 ] [ RF Station A8
Diag. Injector 1 : RF Station A9 = Experiment 5 Hz Rep R...
TDS B1? ] - RF Station A10 XFEL PPL_1

Special Bunches rep-rate =3 a RF Station A11 = XFEL PPL_2

Laser 10 Hz ! RF Station A12 ] XFEL PPL_3

TDSA.52.11 ] = RF Station A13
A1, AH1 shifted ) - RF Station A14
TDSB.428.82 ] 2 RF Station A15
Kicker 2 RF Station A16
Main Timer Interrupt ] = RF Station A17
XFELO OTRA.2494.T4 | RF Station A18

RF Station A19

RF Station A20
RF Station A21
RF Station A22

[4 ext S0Hz
RF Station A23 r 10.833MHz / n+1

] :l:l] LLRF Reset_N a RF Station A24 g

4600000 (AN ST ] [ RF Station A25
ABCD

Divider from Main Trigger:

Dividers

Configure as:
[ rransmitor [ Stanc.aione

DESY. | MTCA Workshop | The European XFEL and PETRA IV Timing Systems | Victor Andrei, 02.12.2025

Main Operating

Index:

Bunch pattern entry (hex):

203F29|
0|
0
0
200029
0

200029
0
0
0
200C29
0
0
0
200029
0
0
0
200429
0

200C29
0
0
0
200029
0
0

nl_J

Special Bunches

Inspect Bunch Pattern

XFEL_MainTiming.xm| XFEL.DIAG/TIMER.CENTRAL/MASTER/SASE

Main Timing Controls

Bunch Pattern Table MPS & Limits

Pattern interpre_ation:

Index: Position:

AAAA

[

Decode pattern at chosen index

800.0000 ps

[TIT1TT]

—» (LTI

Bits that are masked out from one
or more transmitted table entries
due to current MPS vetoes.

XFEL

TDS Ini
TDS BC1

TDS BC2 .

Wire Scanner Special flags

Soft kick [e.a. SA3)

Beam distribution kicker (T1) N

SASE3 soft kick (T4) 4-bit Code:
Beam region transition

Event trigger 25 for reduced rep rate
Roee

Destination

Seed/user laser 9

Seed/user laser 8

Seed/user laser 7

Seed/user laser 6

Seed/user laser 5 User laser
Seed/user laser 4

Seed/user laser 3

Seed/user laser 2

Seed/user laser 1

12.Laser 1

.Laser 3 1
H.Laser 2 Injector laser
H.Laser 1

1000 = TLD

Charge

onmnecro

Laser stand-alone

This table represents the operators’ wish.
It does not take any current MPS veto into account.

SASE2 dump
Gun dumpivalve
SASE1/3 dump
Injector dump

B1 dump
B2 dump

Noo

SrrNAB~aTOoS

No bunches -

[nC]

_Send toelLog

Table index 0 starts with first bunch at 800.00 ps
The increment is based on a 9.028 MHz raster.
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The PETRA IV Timing System



Upgrade of PETRA Il to PETRA IV

From the 3'd to the 4th-generation synchrotron radiation source

e

PETRA Il 7 g
o

e

Complete renewal of accelerator, injector and beamlines

New RF sender, magnets, orbit feedback, beam diagnostics

New injector (LPA — Laser Plasma Accelerator) and new experimental hall (PXW)
MTCA.4 to become the standard for r/o electronics

New control system based on European XFEL experiences

N _ Paul P. Ewald Hall (PXN)
] upgrade
Secti until 2029 4—‘ R I—b from 2032
w7 N
/', : Parameter PETRAIII PETRA IV
f Masx-von-Laue Energy 6 GeV 6 GeV
The new PETRA IV synchrotron will replace PETRA IIl'with an ultra low emittance Hall (MvL) Length 2304 m 2304m
ring adding a new experimental hall'with beamlines. S Emittance (H/V) 1300/13 pm-rad < 20/3.33 pm rad
po—— Brightness Mode 480b@200 mA 1920b@200 mA
' sPEAR3e LS eBessy-ll w PETRAIV. E Timing Mode 40b@100 mA 80b@80 mA
NEW DIMENSIONS
o RF Frequency 499.6643 MHz 499.6643 MHz +
g 1,0E-07 | € PETRA Extension 1.4989929 GHz
; e H Hall West (PXW) Harmonic Number 3840 3840
© \ .
£ 1.0E-08 L ELETFRA-.’Z Shat SIR]USW-IV ® -l Revolution Freq. 130.121 kHz 130.121kHz
§ Asu® & L BESSY-II ETRAII Ala Yonath Electronics Std VME, SEDAC, etc. MTCA
o ALBA-I Hall (PXE) : ! e
° SW Control System Tine DOOCS + TANGO
Q 1,0E-09 ¢ HEPs | Injection
§ Spring8-1l 65X
E _ S " Injector
g 1,0E-10 i PETRAIV =
= . New lattice type: Hybrid Six-Bend Achromat (H6BA)
1,0E-11 . . 8 arcs [9 HBBA cells/arc] + ID straight sections
100 1000 -
Circumference (m) 0 50 . More beamlines (37) [12 (von Laue Hall) + 3 (PXN) + 4 (PXE) + 18 (PXW)]
x [um]
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Upgrade of PETRA Il to PETRA IV

From the 3'd to the 4th-generation synchrotron radiation source

Naw .. g prad
N ™ s e SAPETRA b -
o~

ﬁ European et 2]
Vi XFEI__._;?‘;g
: : Complete renewal of accelerator, injector and beamlines
New RF sender, magnets, orbit feedback, beam diagnostics
New injector (LPA — Laser Plasma Accelerator) and new experimental hall (PXW)
MTCA.4 to become the standard for r/o electronics

New control system based on European XFEL experiences

N __Paul P. Ewald Hall (PXN)
] upgrade
until 2029 4—‘ R I—b from 2032
NW ‘,
_/', Parameter PETRAIII PETRA IV
- ‘ - / Max-von-Laue Energy 6 GeV 6 GeV
The new PETRA IV synchrotron will replace PETRA IIl'with an ultra low emittance Hall (MvL) Length 2304 m 2304m
ring adding a new experimental hall'with beamlines. S Emittance (H/V) 1300/13 pm-rad < 20/3.33 pm rad
po—— Brightness Mode 480b@200 mA 1920b@200 mA
' sPEAR3e LS eBessy-ll w PETRAIV. E Timing Mode 40b@100 mA 80b@80 mA
| NEW DIMENSIONS
o RF Frequency 499.6643 MHz 499.6643 MHz +
g 1,0E-07 F PETRA Extension 1.4989929 GHz
; e Hall West (PXW) Harmonic Number 3840 3840
© \ .
£ 1.0E-08 L EUiTI'RA-.Z’ Shat SIR]USthX»N ® -l Revolution Freq. 130.121 kHz 130.121kHz
E ALS-U I ETRAI AdaYonath &\ tronics Std. VME, SEDAC, etc. MTCA
9 ALDAI Hall (PXE) 0 d
° SW Control System Tine DOOCS + TANGO
Q 1,0E-09 ¢ HEPs 1 Injection
§ Spring8-1l 65X
E _ S " Injector
g 1,0E-10 T PETRAIV
. New lattice type: Hybrid Six-Bend Achromat (H6BA)
1,0E-11 . . 8 arcs [9 HBBA cells/arc] + ID straight sections
100 1000 -
Circumference (m) 0 50 . More beamlines (37) [12 (von Laue Hall) + 3 (PXN) + 4 (PXE) + 18 (PXW)]
x [um]
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PETRA IV Timing System Concepts
Requirements

! }

Main Oscillator Main Oscillator
DESY IV / LPA PETRA IV
N - Paul P Ewald Hall (PXN)
—_

500 MHz [RF reference distribution) 500 MHz (RF reference distribution)

Machine & Experiments Requirements — Storage Ring

RF Reference 500 MHz
Revolution Frequency ~130.1 kHz
3840 RF buckets (2ns spacing)
Two main operation modes:

DAMC-X3TIMER
Transmitter
Central System |

Max-von-Laue
Hall (MvL)

Timing data distribution Timing data distribution

* Brightness mode: 1920b@200mA ( 4ns spacing) i i N eceier

0 Tim|ng mode: 80b@ 80mA (96ns Spac|ng) EEP:\?EE:?:;RD}H 1] PIA DESY IV PETRA IV ETRA Beamlines PETRA Experiments
Two injectors (DESY IV / LPA) v e Pl S =
37 beamlines in four halls Hall (PXI Dingnostic Disgnostcs niecion | e o

Extraction

. LPA
3 Injector

DESY IV / LPA Timing System

PETRA IV Timing System

2ns
“+--»

LU I A A Ay I By

oo 7.68 s (~130.1 kHz)----------===-ooommeeoooe >

Revolution Trigger / /] \ // /

<« - - programmable offset

RF Buckets \__/\ == /\ /\ = /\ /= /\ / __ _ _ _ _ _ _ o ____. -\ e\ -/
MSB  LSB MSB LSB

BunchPatem 0 X_A X 0 XA X 0 XA )__ o) 7777177777770 X2 X_o XA X o\

(bit number) 89 0 1 2 3 4 5 .. 839 0 1 2 3 4

Bunch Trigger [BT0\  [BT2\  [BTA\ / Wm /870 \ BTz \ [BT4
BT3839 BT1 BT3 BTS BT3839 BT1 BT3

< - - » programmable offset

Generation of Revolution Trigger and Bunch Trigger in the PETRA IV Timing System. The example describes the case of a 4ns gap between two
consecutive filled RF buckets (as in Brightness Mode). The configuration of the first filled RF bucket will be stored in the LSB of the Bunch Pattern.
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P ET RA IV TI m I n g Sys t e m CO n C e p tS Timing data: synchronisation and machine-specific data

. . . . . e transmitted continuously in frames at ~130.1 kHz.

Layout, Topology & Distribution of Signals and Data | Star topology with one timing Routed back to transmitting module to measure &
Transmitter and multiple :

e . compensate the drift.

timing Repeaters & Receivers

500 MHz RF Reference

:> timing signals & data

=P Timing data stream [optical link @500 MHz] to local clients

«4—— Feedback line [optical link @500 MHz] [electrical links]
500 MHz RF Reference Beam Revolution [for drift & delay measurements + timer ID data]
(phase-corrected) Detect Trigger Clocks
* 500 MHz RF Reference
Timing Timing (phase-cc_Jrrected)
R ter R iver (RX) * User-defined clocks
Status (post-mortem, SPESs SRCHE [derived from RF Ref.]
beam abort, inj. veto)
+ Beam Current (DCCT) Trizgers
Revolution Trigger Ty Rec:ir\?;?%Rx) * Revolution Trigger
.......................... Transmitter * Bunch Trigger
(TX) . * User-defined triggers
Bunch injection status [derived from Rev.Trigg.]
* etc.

Timing
Repeater

Timing
Receiver (RX)

Status, errors, etc.

Machine-Specific Data
* Revolution Number
* MPS Status

Timing Timing * Machine State

PETRA North
( PRN 46f)

Machine State,
Beam Mode,

Bunch Filling Pattern, | Repeater = Receiver that forwards the optical

tern, Repeater 3l Receiver (RX) ) :eamh“:'ﬁf‘e .
Beam Current (Lifetime), | telegram streams to downstream Receivers . B”"ch | '_";f_ at;:r:
etc. ! + Bunch Injection Status
Each timing module can forward the optical Timing * geam Eetectt
. eam Lurrents
sremto s dowrsven ot | | IR | ¢ S
Transmitter, Repeaters and 1 . etc
i i < PETRA IV Timing System > |
Recelvers |mplemented s ! gy Global Trigger Delays .+ Local Trigger Delays
MTCA.4 AMCs | > >

Repeaters & Receivers are distributed

i k Each Repeater & Receiver
along the storage ring and beamlines

- recovers the 500 MHz RF Reference
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PETRA IV Timing System

DAMC-X3TIMER — Demonstrator

Talk: Wed, 03.12, 11:15, Hendrik Lippek
“DAMC-X3TIMER Status Update”

Machine ADC
Timing Protection Digital /0
System Controller

From timing transmitter

MTCA.4 Backplane

o
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DAMC-X3TIMER Module

Main I/O Ports

= Front Panel
= SFP(+) — timing data TX/RX
= SMA — RF input/output
= RJ45 — LVDS output [clocks, triggers, data]
= RJ45 — LVDS input [ext. sync/triggers]
= USB — debug/JTAG to MMC Stamp
= SD-Card — aux. FW / SoC SW

= AMC Backplane
= PCle — communication to MTCA-CPU
= Ethernet — access to Zynq PS
= TCLKA/B — clock distribution

= Ports 12-15
= Ports 17-20 — M-LVDS lanes [clocks, triggers, data]
= |PMIto MMC — management, firmware update

= RTM Zone 3 [Class D1.1]

= MGT Lanes — timing data distribution
= LVDS — clocks, triggers, data
= SPI/I12C — board configuration
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RTM

FP

— low latency links [clocks, triggers, data]

Zone3 XC72035 Dual Arm Cortex®-A9 | _ USB L—‘
MGTCLK SoC FPGA PS N SD CARD i
AMC CLK - J
RTM CLK _ J[
_2*GTX PL | MGT <
_LVDS /O -
(COR ax
SFP(+)
AMC 4.
_Ethernet BP o)
[PCle o
(&}
Port 12 - 15 4 * LVDS Input RJ45
LLL In
_- 9 * LVDS Outputs >
(Triggers /serial Data)
Port 17 — 20
"MLVDS
¥ 3 * LVDS Outputs >
o) (Clocks) 3x
et RJ45
[©] Out
= [V}
AMC CLK
RF-IN
T RF-OUT
2 >
0
= i
RF-Switch > SMA
JELKA/B Crosspoint Switch ‘
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7.68 ps — one PIV Revolution
D ettt o

PETRA IV Timing System

“Timing Data” Frame [M/LVDS Link @ ~125 MHz]

Bit Number
15]1a]13]12[11]10] 9 [8]7[6 |5 [a]3]2]1]0
0 | TIMING RX STATUS [7:0]
1 REVOLUTION NUMBER [15:0]
2 REVOLUTION NUMBER [31:16]
3 REVOLUTION NUMBER [47:32]
4 <
5 | BEAM MODE [4:0] MACHINE STATE [10:0] g
sl 6 B. MODE [85] | 5
e <=
£l 7 BEAM CURREN T LIFETIME [10:0] [
2[ g [[o:8 | BEAM CURRENT LIFETIME [24:12]
HIE) SPARE BITS [25:10]
210 CRC-A [15:0]
211 CRC-A [31:16]
12 DATA BLOCK HEADER [15:0]
13 DATA BLOCK HEADER [31:15]
14 TIMING DATA [15:0] 3
e §
45 TIMING DATA [511:496] &
46 CRC-B [15:0]
47 CRC-B [31:16]
Field Width | Description
[bits]
PAYLOAD 768 Timing Data (Channel A& B)
OVERHEAD 192 | 8b/10b overhead bits
FRAME LENGTH 960 Total number of bits per frame @~125 MHz

v

Serial interface @~125 MHz

Channel A update rate
~130.2 kHz

* 48-bit unique value — unambiguous tagging of recorded data

A

over M-LVDS [MTCA backplane]

and/or LVDS cable [RJ45]

| REVOLUTION NUMBER [47:0] { » « provides the number of elapsed PIV revolutions since start of the project
| « continuously generated in each timing module
| TIMING RX STATUS [7:0] |
_— Period of operation | Num P4turns (dec) | Num P4turns (hex)
1second 1,30208E+05 1FCAO
‘ 1day 1,12500E+10 2 9E8D 6080
. 1(lap) year 4,11750E+12 3BE AE1F F700
n MACHINE STATE [9:0] 10 (lap) years 4,11750E+13 2572 CD3F A600
H BEAM MODE [7:0] 40 (lap) years 1,64700E+14 95CB 34FE 9800
: 60 (lap) years 2,47050E+14 EOBO CF7D E400
from Controls / MPS; format & content still to be defined
n BEAM CRT. LIFETIME [23:0] I > n = status flag — 1 = new data (in the given PIV turn)
e — 0 = unchanged data (w.r.t. previous PIV turn)
BUNCH PATTERN Bit Num | Description
_< [3839:0] 0 Lost communication with the timing TX module
¢ » 1 CRCerror in Channel A (optical link TX = RX)
d - 183 kH 2 CRC error in Channel B (optical link TX = RX)
up ate rate: ~18. z 3-7 Not allocated (set permanently to zero)
7 . . . . . .0
[o[o]o|o]o|wv|Balpm MPs status
- : WY
. spare bits Post-mortem
——— Beam Abort
Injection Veto
7 . . . . . .0
[T eofen] - Timing Triggers
» L Bunch Injection (single)
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Beam Detect (single)

L

User-specific, programmable triggers
(single ! perodic)

Design in

progress!
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Summary

European XFEL Timing System
(with x2timer AMC and RTM)

= |n operation since 2017

=  Provides:

10ps RMS jitter and drift after 4 km

Triggers with delays and width (9.23ns resolution)

3 channels with 5ps resolution on optional RTM

Wide range of phase-stable clocks

Reliable distribution of timing data and bunch patterns
Divider synchronisation with main repetition rate

23 outputs on front panel, backplane & RTM backplane
User panels for complex output functions

» Timing server has more than 2200 properties
[including 160 archived channels]

= Timing module designed by DESY & Uni Stockholm,

available from N.A.T. as NAMC-psTimer
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PETRA IV Timing System
(with DAMC-X3TIMER)

In development phase
[PETRA IV start of operation planned for 2032]

Based on concept and functionality of x2timer
+ improvements

Clock jitter

Short- & long-term stability
Fine delay

Zynq SoC FPGA, etc.

Timing module demonstrator being tested

Timing firmware & software being developed
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Thank you!

Contact
DESY. Deutsches Victor Andrei
Elektronen-Synchrotron Machine Control Systems (MCYS)

Phone :+49 (0)40 8998-3352
www.desy.de Email : victor.andrei@desy.de



mailto:victor.andrei@desy.de

	Folie 1: European XFEL and PETRA IV Timing Systems
	Folie 2: Outline
	Folie 3: The EuXFEL Timing System
	Folie 4: The European XFEL
	Folie 5: Timing System Concepts
	Folie 6: Timing System Concepts
	Folie 7: Timing System Concepts
	Folie 8: MTCA.4 Timing System Components
	Folie 9: MTCA.4 Timing System Components
	Folie 10: MTCA.4 Timing System Components
	Folie 11: MTCA.4 Timing System Components
	Folie 12: MTCA.4 Timing System Components
	Folie 13: Timing System Software
	Folie 14: Timing System Software
	Folie 15: Timing System Software
	Folie 16: Timing System Software
	Folie 17: Timing System Software
	Folie 18: Timing System Software
	Folie 19: Timing System Software
	Folie 20: The PETRA IV Timing System
	Folie 21: Upgrade of PETRA III to PETRA IV
	Folie 22: Upgrade of PETRA III to PETRA IV
	Folie 23: PETRA IV Timing System Concepts
	Folie 24: PETRA IV Timing System Concepts
	Folie 25: PETRA IV Timing System
	Folie 26: DAMC-X3TIMER Module
	Folie 27: PETRA IV Timing System
	Folie 28: Summary
	Folie 29

