he XFEL Timing System
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INntroduction

= The XFEL can produce 27 000 bunches per second

Bunch Compressor : . :
Collimation Section

B o

Main Linac

Beam Switchyard

AN <=2700 bunches in main linac

r \

(C_ IH
)) >

S
>

0.6 ms 100 ms

v

= Machine Protection System can reduce the
number of bunches in a beam line by an interface —> timing
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Beam Distribution

/N bunches in experiment A

‘ ( III
)) >

Beam Distribution

N bunches in experiment B
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The Basics

Transmitter L = const. Receiver

1.3GHz

v

SN Event & Pattern Trigger

Receiver

Pattern
Clocks

Sender

50 Hz | -~ Timing Events &
mains Pattern Table

10 ps RMS @ 4km (+12) 108.333 MHz

Jitter + Drift (+288) 4.514 MHz
(+144) 9.028 MHz
FLASH
>
XFEL
>
é
1 MHz
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Triggers

K Inj1 TimingOverview.xml XFEL.DIAG///
I
- Trigger Definitions I Print |
XFEL
_Overviewinjl | Hardware = Listall |
XHM1 .
x2timer | CPU Interrupt: 6.40 ms Inj. 1 S —
Trig. 116
TO0 .’i_ ____________ ’|
I | 5ms fixed
—— | 55.00 | |
RTMTRG) i ’: :
L
| = |
RTMTRGH Trigger : \ 0.8ms ?!Od
| \ |
| \ : g
. I \
LLGUN1 r— CPU Interrupt: 6.40 ms | W 7
Trigger i Trigger | | J | 10 ms
phemme e Modulator start: | 842074 J
ILA1 LLRF start: | 155970000001 |
x2timer I CPU Interrupt: 6.40 ms | 1 | |
Trigger LLRF gate:
BACK.TRG) 2 o H .
Coupler Interlock start: ' 4. 1‘.1;.’65
| |
LASER1 x2timer | CPU Interrupt: 11.20 ms Laser start: 40 L 0.923
| 1 I 1
Laser beam line start: 39908 \
' ' v 1 '
Trigger | | | | -
BACK.TRG) Diag start: | 31235 \
' ' ' . ‘
Back Trr [———— BLM start: | 32078452
LASER2 —— |
Trigger
BACK.TRG)
DI30I1 o CPU Interrupt: 6.40 ms
Trigger Trigger 116
FRONT TRGS BACK TRG)
FRONT.TRG2 v - BACK TRG4
1 noaer 1or DalMon somaz &
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MicroTCA.4 Timing

Receiver / Transmitter

Can be used as a timing
receiver or transmitter

Optional RTM:
9 transmitters,
Further triggers or clocks

MicroTCA backplane:
TCLKA and TCLKB,
8 * M-LVDS

Kay Rehlich, DESY MCS4
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u‘~_;;_.:1,'_‘-;:-".-‘;.¢ MRS Transmitter
f‘.—.-. _,,.zpl --;‘rii“ .,f Piggyback
h':'E FISREER il 1 with link delay

2*:-.’%.:;. ']

|

compensation

‘f '}m o

[
o
19 -!!l

RERSANEARORAPERERARANN: "‘E

OouT OouUT OouT
Fiber optics

IN

3 * Trigger out
1 * Clock out

3 * Trigger out
1 * Clock out

3 * Trigger out
1 * Clock out

4 * General I/O



RTM Timing Extension Modules

9 Lemo outputs (50 Ohm):
Triggers, Clocks, Data
3 channels with 5ps resolution

9 SFP outputs:
length compensated fiber links

9 Fiber outputs (ST):
Triggers, Clocks, Data
used for modulators

Kay Rehlich, DESY MCS4



Timing in a MicroTCA.4 Crate

Common modules Application modules
ADC
Machine Digi. 10
MCH CPU Timing Protection Controller
Management System
—
g 31@
£ -
o©
I=
(O]
(&)
£
o
K
Clock Clock Clock/ %
Q
X
&)
®
) m
Iriager Trigger <t
Interlock Interlock >— g
v
=
= b
© o) ©
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Timing Main Controls

© ] SlaveTiming.xml XFEL.DIAG/TIMER/DI30I1/

Triggers & Clocks | Expert | Info | Drift Compensation | RTM | MPS & Interlock @ BlockDiagr. XFEL.DIAG/TIMER/DI30I1/

RTM Triggers

Divider
Macro Pulse Number: 910448453 M VCC 5V out Ena...

Error:

0

RTM TROY

23 Channels:

- )
Delay Divider —— : trigger/clock/data
]

CPU Interrupts: 4 Enable m m . RTM TROS

0
ATV TROS

I [ o= v S f— 5 Channels:

*16ma = €.4ms v
precision clocks

Trigger 0

s
L]
m m B—— ] I—
5

FPGA Clock 1 0
DC Kicker Clock 4 SAz|

RTM.TRGS

RTM TRGS AND

DC Kchar 2411)

Oscillator

— '
s
|
5
]

RTMTRO2

0

RTVMLTRG)

Front Triggers = ~ :
- Backplane Clocks & Triggers
-t enable Port

[ VCC 5V out Enable PLL
PP O -Clock 108MHz 17R
Trigger 2.735ms a [ TO% Uz cock o MEE)

| CCD Trgger]
Data 108MHz 177

;"'“’" 0 ’l : [ TO8 WMz dain Tor WPS)

_ _ BACK TRO3 Trigger 116 4321ms 18R

RJ45 - Clk 3

| BLM tnaqer]

i Trigger 116 5021ms 187
B VCC 5V out Enable [_SIS8300 tnager (DaMon, FC and Torou))

I iooe 116 5111ms CrossPointSwitch .
— — | Torod Cal Pulser oxi Tnaner 10Hz] FPGA MUX :"99" 0 0 Sl . 19R

I #PGA Clock 3 2622us ‘
N [T P o T 200 B BP1/R |w Trigger L I

v i |- N - B =" "
VCC 5V out Enable
- FPGA Clock 1 0s — - Trigger 0s .
) “ 8 Trgger for DaMon sigmraz electanics| ) | |

N Trigger 116 364ms
. ) i)

acuvny

RJ4S5 - Clk 2

RJ45 - Clk 1
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One Trigger/Clock/Data Channel Configuration

0 _______x2_trigger_channel.xml FLASH.DIAG/TIMER/LASER2/FRONT.TRG2
Trigger Channel LASER2 /FRONT.TRG2

Channel description:

- up to 150ms
-+ In 9.23ns steps

Input Source Select: 2. Source Select: Output Source Select:

Bunch Pattern 1v Backplane Ch 1 lv Width output ‘v
Fine delay:

Fast Data/Clock—p» - 0.92ns steps

FPGA clock 1 ' Backplane Ch. 1..8—p»
451 MHz UART 115kbaud—p»

8 Ch. out intern 256 Trigoers
RTMCh.1.9—p» Global Sync—pp» to "2. source" 99

Bunch pattern1 —p»
Bunch pattern2 —pp»

FrontCh.1..6—p»

Trigger No.: FF Gate Fine Delay:

2> —HE EE
*9.23ns *9.23 ns
0s 64.815ns

Selection of: Combination w/ second channel: Select source:

- Trigger # - Gates - Single delayed with width
- Bunch Pattern - Bursts - Combination

+ Clock from FPGA - Combine - Serial data

Kay Rehlich, DESY MCS4 9



3 Channels with 5 ps resolution on

Trigger of channel

Width

R TM

Delayed trigger 1

Delayed trigger 2

8 0 0

Trigger Channel

Channel description:

Input Source Select:

Bunch Patt

FPGA clock 1
4.51 MHz

FPGA clock 2 »

1.00 MHz
Bunch pattern1 —p»
Bunch pattern2 —p»

Trigger No.:

-

Delayed output

Kay Rehlich, DESY MCS4

>
—>

x2_trigger_channel.xml FL-ASH.DIAC/TIMER/ LASER2 /FRONT.TRG2
LASER2 /FRONT.TRG2

2. Source Select: Output Source Select:

ern | v Backplane Ch 1 ‘v Width output iv

Fast Data/Clock—p»>
Backplane Ch. 1..8—p»
UART 115kbaud—p»
Ch. out intern
Global Sync—p» >

to "2. source™

RTM Ch.1.9—p>

Front Ch.1..6—p>

Delay : Width : FF Ga(e Fine Delay :
—p

S EE > S
_ af [
*9.23ns *9.23 ns 923ps
= 0s = 64.815ns = 0s

LASER1/RTM.TRG?7

Trigger Channel

Rising Edge Fine Delay : Falling Edge Fine Delay

Falling Edge Delay must be smaller than/equal 1o Rising Edge Delay!

10



Sunch Pattern

FLASH1 FLASH2
Kickergap
700p.s 1 MH2 A 13646p.s . 0.5 MHz
IHH\H\I\H\HHIHHHHI\HHHHHH\H\H\HHHH\\HH\HHHHHHHHH \HHHIH\H\HHHH\HI\H\H\HHHH\\HH\HHHHHHH " :
Length of
pattern table = 7222
= 800us*1300MHz/144
Bunch 8 * 5972 * Bunch 8 * 1212 *
200 pC No bunch No bunch 50 pC No bunch No bunch

Kay Rehlich, DESY MCS4 »



Sunch Pattern in the Timing System

O O MainTiming.xm|l FLASH.DIAG/TIMER/FLASHCPUTIME1.0/FLASH

Main Timing Controls SZ’F'EL m

Main Operating Special Bunches | Expert Bunch Pattern Table

Bunch Pattern | FLASH XFEL

= Index TDS Inj
1048876 < Ly 8"(131

0 ' LOLA TDS BC2 Special modes
WireScanner WireScanner
Photon mirror

‘ enabled on trigger 25 to reduce rep rate

Main dump

SASE 1 e-

0 gﬁgg g =- lal Destination

secla

1048876 SASE 4 secial e

SASE 5 secial Max charge limit:

no bunch
0.02 nC
PP3 Seed5 0.03 nC
PP 2 Seed 4 0.04 nC
PP 1 Seed 3 0.06 nC
Seed 3 Seed 2 0.09 nC
Seed 2 Seed 1 ) 0.13 nC
Seed 1 12.Laser 2 Laser selection 0.18 nC
Laserd 12.Laser 1 0.25 nC
Laser 3 I1.Laser 3 0.36 nC
Laser 2 1.Laser 2 0.50 nC
Laser 1 I1.Laser 1 0.71 nC

1.00 nC
142 nC
2.00 nC
infinite

AN

decode index ‘ Aa =

Pt | ot | ot
AN | bt cﬂo DINA WV EIWIN - O

P
W

14
15
16
17
18
19
20

NININ
WIN [

NN
(W

WININININ
(e BLFS R Lo QLN Rl

W W W
W N |

The table starts at index 0 = 700 ps = first bunch.
The increment is basedona 9.028MHz raster.

W
Vv

1N4ARRTA

»
N
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Burst Outputs by Bunch Pattern

e © SlaveTiming.xml XFEL.DIAG/TIMER/DI30I1/

Triggers & Clocks Drift Compensation MPS & Interlock | BlockDiagr. XFEL.DIAG/TIMER/DI30I1/

Operation Mode Bunch Pattern Output

Recelver Mode Trigger #:
*9.0277 ns

Fiber link length delay: 76}

Position in tunnel delay: = Pos [m] * 0.3614

Bunch Pattern Mask 1:

Destination

Bunch Pattern Mask 2

123

Destination

Bunch Pattern Mask 3:

Destination

Bunch Pattern Mask 4:

123
Destination

Bunch Pattern Mask 5:

Destination

Bunch Pattern Mask 6:

123
Destination

FPGA Clock Divider
Clock 1 divider: 54 mHz/ ( [IIEEER"1) = 0.1003 wis
Clock 2 divider: sumu(mn)- 541667 W

CORNUS Sa: Clock 3 divider: 54 MHz /( 269 — 21k 0.2006 wei
Recelver Stand-alone FLASH Master

Kay Rehlich, DESY MCS4




Master Timing: Definition of Triggers

@] © SlaveTiming.xml XFEL.DIAG/TIMER.CENTRAL/MASTER/

Triggers & Clocks Drift Compensation MPS & Interlock BlockDiagr. XFELDIAG/TIMER.CENTRAL/MASTER/

Operation Mode Bunch Pattern Output
Transmitter Wode ¢ Event #: Delay * 9.23ns: divider:
evento I -E-Elll |
— T Raa
Bunch Pattern Mask 1:
evenz 2 [ 1083423 123
& -> Main Trigger - Bunch PatternMask 2: | | | | | (111
events 4 5417118 123
10333MHz / n#1 EVENTS m 5958829 [ l I ™ Destination
107 o
eventr 4 m 5958529 —J " Ml
even: 1 TS 5958529 —ME Ml
T R
Bunch Pattern Mask 4: | | [ [
—— 1
—— 1 m"
— 11
o NS DS UL |

v . —
Bunch Pattern Mask 6: [ I

Divider from Main Trigger: m m n u 123

Destination

Bunch Pattern Mask 3:

Bunch Pattern Mask 5:

|
|
|

n"--:‘ m u _ F_ P l“‘—" ”.‘\ (-:](—’ C L’: [‘] v fif-'
Clock 1 divider: 54 mHz/ ( [IEERR*1) = 45139

Clock 2 divider: 54 MHz /( mn): 45139 wz

Configure as: -
- Clock 3 divider: 54 MHz / +1)= 54.1667 wu
Recelver Transmitter Stand-alone FLASH Master ( m ' ’
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Fiber Link Outputs

Auto-detect:
IS connected
to

Measured
link
delay

Triggers & Clocks Expert

Drift Compensation

M1.CHO
EL.RFITIMER/XHM1
Temp: Link dela...
66.13 123
62.41 1.14ps

M2.CHO
DIAGTIMER/SDS5411
Temp: Link dela...
61.74 80
56.94 738.46ns

M2.CH1
DIAGTIMER/DISS!1
Temp: Link dela...
55.77 82
5262 756.92ns

Info

Drift Compensation

MPS & Interlock

86.11 Phase

XFELDIAG/TIMER.CENTRAL/MASTER/

() 87.31 Phase

Kay Rehlich, DESY MCS4

15



D |
SlaveTiming.xml XFEL.DIAG/TIMER/DI30N1/

Triggers & Clocks Expert Drift Compensation RT™ MPS & Interlock BlockDlagr.

x2timer Debug Panel XFEL.DIAG/TIMER/DI3011/

XFEL.DIAG/TIMER/DI30I11/

Base Freq. Div.:
10.833MHz / n+1

ol - 2 '

FPGA_GTP1_TX
FPGA_GTPO_TX

e
—Ch3 TX

—RIM _GTP _TX

FPGA_GTPO_RX

Ch3_TX

Front connector

RF_Ref_Clk — 1
CLK SW — »
S— PLL |-

h3_RX

L

Clock
Ak - ! cross-gsoint

4

—D8_Ref 2

AD9516

—54 MHz < -
130 MHz

I0TEVS4

switch

[ —

n3

11_Rx1

10}98Uu09 WIN

M-LVDS

17 Rx
XILINX 17 Tx
18 Rx
18 Tx

10 RX0

19 Rx -

9 TX1

19 Tx
20 Rx -

8 TX0

20 Tx -

10}29UU03 DNV

Version: Interrupt (* 8ns)

1 1
I Sis3ze ¥ 400000——vlen
Trigger Outputs

TCLKA

blue: FPGA

red: DB
green: RTM

Kay Rehlich, DESY MCS4

TCLKB

Macro Pulse Number: 910450731
MPS in backplane: 0

Holger's Ctri

16



Summary

- 10 ps RMS jitter and drift after 4 km

- Provides:

riggers with delays and width (9.23 ns resolution, 24 bit)

3 Channels with 5 ps resolution on optional RTM

- Wide rage

clocks with and without FPGA

Distributes data words and tables
Divider synchronization with main rep rate

- Qutputs on: front, backplane, RTM, RTM backplane

+ User panels -

'or complex functions

- Timing serve

- has 1880 properties (incl. 160 archive chan.)

- Avallable from N.A.T:  NAMC_psTimer

Kay Rehlich, DESY MCS4
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