XFEL _l

MicroTCA.4-based Timing
System used at XFEL and
FLASH/FLASHZ2




| P MicroTCA 4-based Timing System used at XFEL and FLASH/FLASH2

European

XFEL] Agenda

x2timer parameters

Hardware implementation

= External timing adapter (ETA)

= Timing system setup

= Drift compensation daughterboard
= Rear Transition Module Types
Software implementation

Setup in FLASH

Setup in XFEL - outlook

Hamburg, 10.12.2014
Christoph Stechmann, Machine Control Systems. DESY
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XFEL | x2timer parameters

double-width AMC

* receives/transmits 1 - 1.3GHz optical timing signal

= Trigger/bunch pattern/FPGA clocks outputs via
3x RJ45 front connectors (2 triggers per connector)
» VDS signal level / TTL with external hardware
8x on uTCA backplane (MLVDS bus on port 17-21)

Ox on optional RTM - LVDS & TTL level
= Low jitter clock output via

3x RJ45 front connectors
TCLKA/TCLKB and crosspoint switch on MCH

Hamburg, 10.12.2014
Christoph Stechmann, Machine Control Systems. DESY



| P MicroTCA 4-based Timing System used at XFEL and FLASH/FLASH2

European ) )
XFEL | External timing adapte
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XFEL | Timing system setup

Star topology

One timing master, synchronized by Master Oscillator
= Also connected to machine protection system
Master oscillator clock is recovered on each receiver
No limitation in no. of receivers

= each receiver can forward signal to another system
Timing information is (de-)coded in onboard FPGA

= System keeps running even when CPU/network fails
Receivers can be added/removed during runtime

Hamburg, 10.12.2014
Christoph Stechmann, Machine Control Systems. DESY
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XFEL | Hardware implementation

Rear Transition Module

Hardware design @ Physics Department of Stockholm University

Hamburg, 10.12.2014
Christoph Stechmann, Machine Control Systems. DESY
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XFEL | Drift compensation daughterboard

Addon board for AMC and
transmitter RTM

= 3 channels, each controlled by
seperate microcontroller

= Programmable via HPM.1

Measure phase difference between
MO clock and looped signal

Increase / decrease delay by some
picoseconds to keep phase stable
(long-term phase drift below

80ps peak-peak)

Hamburg, 10.12.2014
Christoph Stechmann, Machine Control Systems. DESY
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XFpEL Rear transition module types

Type 1: daughter-board RTM (available)

= Up to 9 * output of optical timing signal for other

systems, cable length and drift compensated per
output channel

Type 2: TTL Trigger RTM (in production)

= Upto 9 * TTL level trigger output on LEMO connector

= 2 * high-precision output with rise-/fall-delay in steps of
100ps

Type 3: optical Trigger RTM (under development)
= Up to 9 * optical trigger output on ST connector

Hamburg, 10.12.2014
Christoph Stechmann, Machine Control Systems. DESY
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XFEL | Software implementation

Each crate contains one CPU AMC

x2timer server running on that CPU

One server can manage several x2timer AMCs via PCle
Configurable remotely via DOOCS / Ethernet

* FPGA firmware upgrade also possble via PCle

x2timer hardware generates CPU interrupts that may be
used for other parts of the system, e.g. sampling of ADC
channel, data aquisition, etc.

Hamburg, 10.12.2014
Christoph Stechmann, Machine Control Systems. DESY
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XFEL | Software implementation
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XFEL | Configuration of x2timer - 2

wma x2_trigger_channelxml FLASH.DIAG/

Trigger Channel LASER1/FRONT.TRG1

Channel description:

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

Trigger del. or imm. iv Front Ch 1 - Width output -

Fast Data/Clock—p»

FPGA clock 1 Backplane Ch. 1...8—’-
—p -

5417 mHz

Ch. out intern
EPORLIBEK S RTM Ch. 1..9—P» Global Sync—p» P (02, source”

5417 MHz

UART 115kbaud—p»

Bunch pattern1 ——» S i . or—p

Bunch pattern 2 ——J» snD—p

Trigger No.: - FF Gatf. Fine Delay :

=z ImE R > DR
*0.23ns *0.23ns *023ps
3,1296265ms 799,9992us

Hamburg, 10.12.2014
Christoph Stechmann, Machine Control Systems. DESY
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XFEL | x2timer setup in FLASH/FLASH2

INJector

Laser

KryoAN
KLY39 d

Kick1
Kick2
diag3 II L|7 DIAGH II Geb49

Laseri ACC45
=1 Gebhd9
Laser2 “ acci| mps1 | Accer EOSTHz — DIAGS

[ ] cun i~ accins i ACC23 II
v ! 1 = § ——
] 3 EIHWI——-WA'—‘E = ] =i =
| anm H ACCZ3 ACIC45I A{:Q:sr — \
P! | l\- s

2diag2ﬁ 2diag1ﬁ 2diag4£ 2diag9$ 2diag10¢ 2diag1ZL

2diag3ll 2diag11 2diag13;

FLASH2

diag1

time1

Hamburg, 10.12.2014
Christoph Stechmann, Machine Control Systems. DESY



| P MicroTCA 4-based Timing System used at XFEL and FLASH/FLASH2

European

XFEL | x2timer setup in XFEL
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