The XFEL Timing System

Kay Rehlich, DESY MCS4 & TechlLab
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Introduction - Clocks & Triggers
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o Define the source and destination of bunches (XFEL: 27000 / sec.)
o Irigger and clocks for diagnostics and actuators depending on location
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Introduction - Data Tags for Software
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01001110110000 01001110110000 01001110110000
11000011011011 11000011011011 11000011011011
10000111101000 10000111101000 10000111101000
11110001010011 11110001010011 11110001010011
00111100010100 00111100010100 00111100010100

DAQ Event Processing




Trigger and Bunch Pattern Distribution

Master Transmitter

Trigger #
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delay

Receiver

Global
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The Basics

Transmitter Receiver
1.3GHz
g | — .. 4 km o Trigger
Sender ~rTm I Event & Data
Master Oscillator Receiver
100.3kHz Bunch
Pattern

> Clocks

Timing Events &
Divider

Pattern Table

7/:/ .
%%,

Jitter of Clocks and Triggers ~10 ps RMS

> 2 ns without compensation, AT 15° |8
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MicroTCA.4 Timing Receiver / Transmitter

32 Transmitter

i Piggyback
LK with link delay
(] compensation

Can be used as a
timing receiver or transmitter

Optional RTM:

O transmitters,
Further triggers or
clocks _-

|
LA A B B B A B B F E R A I ™

, R3is

MicroTCA Backplane: 5
Clocks: TCLKA and TCLKB
Triggers: 8 * M-LVDS

""""
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Fiber optics

2 * Trigger out
1 * Clock out

2 * Trigger out
1 * Clock out

2 * Trigger out
1 * Clock out

4 * General I/O

LVDS Signals



RITM Timing Extension Modules

9 Lemo outputs (50 Ohm):
- Triggers, Clocks, Data
-+ 3 channels with 5ps resolution
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9 SFP outputs:
- length compensated fiber links
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9 Fiber outputs (ST):
- Triggers, Clocks, Data
+ used for modulators
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RITM Timing Extension Modules
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Clock & Trigger Box:

TTL Outputs @ 50 Ohm
0® 010 9ol Standard Ethernet Cable ... 200m
Tﬂggg}gﬁ;gﬁgenﬂ - Powered from AMC / RTM

Serial Clk Trg1 Trg2
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XFEL

MCS4 + XFEL
Trigger Level Converter

Serial Clk Trg1 Trg2
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Timing in a MicroTCA.4 Crate

Common modules Application modules
ADC
Machine Digi. 10
MCH CPU Timing Protection Controller
Management System .
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Timing I\/\am Controls - DOOCS Panel with jddd

Front
Qutputs

| Triggers & Clocks

Expert Info

C

Drift Compensation

SlaveTiming.xml XFEL.DIAG/TIMER/DI30I1/

MPS & Interlock BlockDiagr.

PU Interface

Macro Pulse Number: 910448453

Error:

CPU Interrupts: Enable

Delay: 400000

*16 ns = 6.4ms

999 ms

RTM backpl fron M

[T T T T T

Front Triggers

[4 VCC 5V out Enable

Trigger 116 2.735ms
FRONT.TRGG
| CCD Tmgger]

Trigger

B VCC 5V out Enable

Trigger 116 5111ms
FRONT.TRG4
| Toroid-Cal.-Pulser ext Trigger 10Hz|

FPGA Clock 3 2.622us

FRONT.TRG3
| Toroid-Cal.-Pulser ext Tngger 200.6kHz|

VCC 5V out Enable

I FPGA Clock 1
' Tngqer for DaMon sigmaz electronics

lgger 116 3.64m s

FRONT.TRG1

Divider

Delay Divider

= S
S T
S TS [

s S

Oscillator

PLL

CrossPointSwitch
FPGA MUX

3P 7R |
3P 7R |

XFEL.DIAG/TIMER/DI30I11/

RTM Triggers
B VCC 5VoutEna...
Trigger

Trigger

RTMLTRES 1:1

Trigger 0s

I:]
B VCC 5VoutEna...

Trigger

R TRES |:1 ——

FPGA Clock 1

RTM.TRGS
| DC Kicker Clock 4. 5MHz] .;MHz

AND

B VCC 5VoutEna..

Trigger

ri r
gge:l

Trigger

RTM.TRG3 :

Backplane Clocks & Triggers

D-Clock 108MHz v |

Rl [ 708 Mhz clock for MPS]

Data 108MHz

T | 108 Mhz data for MPS|

Tri
P Trigger 116 4321ms
[ Wi

Tri r
e gge 116 5.021ms
| SIS8300 trigger {DaMon, FC and Toroid)]

Trigger 0s .

Trigger 0s .

I:los.

Trigger 0s .

enable Port:

17R

177

18R

18T

19R

197

20R

activity
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RTM
Qutputs

23 Channels:
trigger/clock/data

5 Channels:
precision clocks

Backplane
Outputs

10



One Trigger/Clock/Data Channel Configuration out of 23

O O | x2_trigger_channel.xm| XFEL.DIAG/TIMER/LASER1/BACK.TRG2

Trigger Channel LASER1/BACK.TRG2

Channel description:

Pulse CTRL Macropulse trigger |

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

Trigger del. or imm. ‘v Backplane Ch 1 \v Width output ‘v

Fast Data/Clock P>

FPGA clock 1 Backplane Ch. 1..8 —}
N . P

451 MHz UART 115kbaud P> Ch out intern

cloc RTMCh.1.9 —p» to '2. source”
et wa e g Select source:
L oot R ot — - Single delayed & width
S S M invert] [ Inhibit enable - Combination w/ 2nd Ch.:
Front RJ45-4 input —» AND, OR, F|| Flo
Trigger No.: |— Delay : |— Width : Fine Delay : . Seria| data p p
e > T
. — — Qutput can be:
*9.23 ns (x+1)* 9.23 ns )
923.077us = 18.471ps - Inverted
nhibited
| —ine Delay: .92 ns steps
Selection of:
- Trigger # (0 ... 255) Combination w/ second channel:
- Bunch Pattern Delay and Width: - (Gates (start
- Clock from FPGA - up to 150ms - Bursts of clocks
- Front Input - In 9.23Nns steps - Combine with 2nd channel
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One Trigger/Clock/Data Channel Configuration out of 23

x2_trigger_channel.xml|l XFEL.DIAG/TIMER/LASER1/BACK.TRG2

Selection of:
- Trigger # (0 ... 255)
- Bunch Pattern

- Clock from FPGA
wont Input

NN |
Trigger Channel

Channel description:

LASER1/BACK.TRG2

Pulse CTRL Macropulse trigger |

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

Trigger del. or imm. Backplane Ch 1 \v Width output ‘v

FPGA clock 1 .
451 MHz

FPGA clock 2 '
451 MHz

FPGA clock 3 '
1.00 MHz

Bunch pattern 1..6 —»
Front RJ45-4 input —»

Trigger No.:
115

w

Fast Data/Clock P>
Backplane Ch.1..8 —p»

RTMCh.1.9 —p»
FrontCh.1..6 —p»

Front RJ45-4 input —p»

UART 115kbaud P>

Global Sync P

I_ Delay : |— Width :

—» 100000 —gum 2000~

*9.23 ns (x+1)* 9.23 ns
923.077us = 18.471us

' Ch. out intern
to "2. source”

Select source:

- Single delayed & width

B Invert| [ Inhibit enable - Combination W/ 2nd Ch.:
AND, OR, FlipFlop

- Serial data

Qutput can be:

- |nverted

nhibited

—ine Delay: .92 ns steps

Fine Delay :
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Delay and Width:

- up to 150ms
J - 1IN 9.23Nns steps

Combination w/ second channel:
- Gates (start

- Bursts of clocks

- Combine with 2nd channel
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One Trigger/Clock/Data Channel Configuration out of 23

O O | x2_trigger_channel.xm| XFEL.DIAG/TIMER/LASER1/BACK.TRG2

Trigger Channel LASER1/BACK.TRG2

Channel description:

Pulse CTRL Macropulse trigger

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

Trigger del. or imm. ‘v Backplane Ch 1 \v Width o

Fast Data/Clock P>
FPGA clock 1 . Backplane Ch. 1...8 —}
p

451 MHz
RTMCh.1.9 —p»
FPGA clock 2 B Global Sync P

4.51 MHz FrontCh.1..6 —p»

FPGA clock 3 I
1.00 MHz Front RJ45-4 input —p»

Bunch pattern 1..6 —»
Front RJ45-4 input —»

Trigger No.: |— Delay : |— Width : J FF Gat
115— i —» 100000 — g 2000}~

*9.23 ns (x+1)* 9.23 ns
923.077us = 18.471us

UART 115kbaud P>

OR P>
AND P>

utput ‘v

Ch out intern

to ‘2. source”
Select source:
- Single delayed & width
B Invert| [ Inhibit enable - Combination W/ 2nd Ch.:
Fine Delay : AND, OR, FlipFlop
- Serial data
Qutput can be:
- |nverted
nhibited
—ine Delay: .92 ns steps

Selection of:

- Trigger # (0 ... 255)

- Bunch Pattern Delay and Width:

- Clock from FPGA - up to 150ms

- Front Input K - In 9.23ns steps j
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Combination w/ second channel:
- Gates (start

- Bursts of clocks

- Combine with 2nd channel

13



One Trigger/Clock/Data Channel Configuration out of 23

. NON x2_trigger_channel.xm| XFEL.DIAG/TIMER/LASER1/BACK.TRG2
Trigger Channel LASER1 /BACK.TRG2

Channel description:

Pulse CTRL Macropulse trigger |

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

Trigger del. or imm. ‘H Backplane Ch 1 \v ”

Fast Data/Clock P>

FPGA clock 1 —» Backplane Ch.1..8 —p»
451 MHz UART 115kbaud P> _’Ch. out intern
EPGA clock 2 S RTMCh.1.9 —p» ol & to "2. source”
451 w ot Ch. 16— obalSync Select source:
FPG?OC(;OC:H:’; _’ Front RJ45+4 input —P : Slngle delayed & Wldth
Bunch pattern 1.6 —> M Invert| [l Inhibit enable - Combination w/ 2nd Ch.:
Front RJ45-4 input —» | AND, OR, FllpFlop
Trigger No: e . Serial data
115
. , Qutput can be:
*9.23 ns (x+1)* 9.23 ns
923.077us 18.471ps - Inverted
nhibited
| —ine Delay: .92 ns steps
Selection of:
- Trigger # (0 ... 255) Combination w/ second channel:
- Bunch Pattern Delay and Width: - Gates (start
- Clock from FPGA - up to 150ms - Bursts of clocks
- Front Input - In 9.23ns steps - Combine with 2nd channel
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One Trigger/Clock/Data Channel Configuration out of 23

NN |
Trigger Channel

Channel description:

Pulse CTRL Macropulse trigger |

x2_trigger_channel.xml|l XFEL.DIAG/TIMER/LASER1/BACK.TRG2

LASER1/BACK.TRG2

Input Source Select:

Trigger del. or imm.

FPGA clock 1 .
451 MHz

FPGA clock 2 '
451 MHz

FPGA clock 3 '
1.00 MHz

Bunch pattern 1..6 —»
Front RJ45-4 input —»

Trigger No.:
115

Backplane Ch.1..8 —p»
RTMCh.1.9 —p»
FrontCh.1..6 —p»

Front RJ45-4 input —p»

|— Delay

2. Source Select:

‘v Backplane Ch 1 \v

Output Source Select:

Width output ‘v

Fast Data/Glock P>

UART 115kbaud P> Ch out intern

to ‘2. source”
Global Sync P
B Invert| B Inhibit enable
: |— Width : ; Fine Delay :
—» 100000 —gum 2000

*9.23 ns (x+1)* 9.23 ns

923.077us =

18.471us

Selection of:

- Trigger # (O ...
- Bunch Pattern
- Clock from FPGA

- Front Input

259)
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Delay and Width:

- up to 150ms
- 1IN 9.23Nns steps

Select source:
- Single delayed & width
- Combination w/ 2nd Ch.:
AND, OR, FlipFlop
- Serial data
Output can be:
Inverted
Inhibited
Fine Delay: .92 ns steps

Combination w/ second channel:

- Gates (start
- Bursts of clocks

- Combine with 2nd channel
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3 Channels with 5 ps resolution on RTM

® 00 x2_trigger_channel.xml FLASH.DIAG/TIMER/LASER2/FRONT.TRG2
Trigger Channel LASER2 /FRONT.TRG2

Channel description:

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

Bunch Pattern ‘v Backplane Ch 1 ‘v Width output lv

Fast Data/Clock—p»
FPGA clock 1 Backplane Ch. 1..8—p»

451 MHz UART 115kbaud—pp»
Ch. out intern
sl i e ™ RTM Ch.1..9—p> Global Sync—p» >

1.00 MHz to "2. source
Bunch pattern 1 —}

Bunch pattern2 —pp»

Front Ch. 1..6—p»

Trigger No.:

- T .
Width S s
< >
Trigger of channel
Delayed trigger 1

Delayed trigger 2

| Trigger Channel LASER1/RTM.TRG?7
Delayed output g =

Rising Edge Fine Delay : Falling Edge Fine Delay:

Falling Edge Delay must be smaller than/equal to Rising Edge Delay!
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summary

- 10 ps RMS jitter and drift after 4 km
+ Provides:
- Triggers with delays and width (9.23 ns resolution, 24 bit)
-+ 3 Channels with 5 ps resolution on optional RTM
-+ Wide rage phase stable clocks with and without FPGA
- Distributes data words and tables w/ reliable delivery
- Divider synchronization with main rep rate
- 23 Outputs on: front, backplane, RTM, RTM backplane
- Very flexible bunch generation and distribution
- User panels for complex functions
- Timing server has ~1900 DOOCS properties (incl. 160 archived channels)
-+ Designed by DESY & Stockholm Uni, Available from N.A.T.  NAMC_psTimer
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