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Abstract—The new LLRF system architecture based on the
ATCA platform was developed and tested at FLASH. The LLF
system require generation of highly stable clock ah trigger
signals for system operation and initiation of timng events. This
paper describes the conception, design and performae test
results of the AMC module designed to fulfill the LLRF system
synchronization needs. This module contains three dependent
clock synthesizers that are able to generate LVDSatk signals in
the range 10 MHz to 100 MHz. These signals are pub the AMC
connector and can be distributed over the entire AT@ crate.
The clock synthesizers can be synchronized either @an internal
quartz oscillator or an external 1.3 GHz reference signal
provided to the board either via the AMC connectoror via a
front panel junction. This assures flexibility when using the
board for tests and for the LLRF system operation. Bades clock
synthesizers the AMC card contains an optical receér suited to
convert and decode FLASH timing signals distributedin the
FLASH accelerator system.

Index Terms—Timing; clock; AMC; synthesizer; jitter

|. INTRODUCTION

The modern superconducting linear accelerator itiasil
such as the European XFEL use highly stable RE fml the
acceleration of the electron beam. The field stediibn is
performed by the LLRF system [1] including highfpemance
RF and digital subsystems. The LLRF system muspaup
acquisition and processing of more than 100 higlguency
(1.3 GHz) measurement signals at each RF statiothef
accelerator. The scale of the LLRF control systém, data
transfer rates, the number of implemented
applications, the required performance and finahg, required
high availability and modularity lead to a decisithmat the
XTCA! standard [2] will be used as the main hardwardqria
for the XFEL accelerator.

software

redundancy and thus, together with the intellige&MCA
platform management system, fulfill the high religp
requirements.

Most of the specified modules, like the ADC car@®U's
and vector modulators require synchronization vétiother
devices and with the measured RF signals. The bvRFa
stations synchronization in the entire acceleraqrerformed
by the RF phase reference and timing distributitesn [4].

In general, there are two types of synchronizatigmals:
the phase reference (from the Master OscillatoiG) Mnd the
timing signals. The MO signal is an analog (harraphighly
phase stable signal and is distributed by coaxddles or
analog optical fiber links. The phase referencedigs used as
a input for analog subcomponents of the LLRF sys(te
vector modulator) and for generation of synchroniousijitter
clock signals for the digital part of the systenheTtiming
signal is a digital, coded signal carrying the mfation about
triggers and various accelerator states like ewades and
unique numbers for identification of e.g. pulse adectron
bunch numbers.

Both the MO and the timing signals, provided to XR€A
crate should be split and distributed internallyatbrelevant
devices. For this purpose an AMC timing received atock
synthesizer module (called further in this text KdC-TM)
was designed. The design and performance of the AMC
card is described in the remnant of this paper.

Il. ATCA Basep LLRF Srstem HARDWARE ARCHITECTURE

The ATCA based LLRF system is using a three-sloCAT
carrier board [5]. It was assumed that an AMC medfl any
functionality can be operated in any of the slot@ilable in the
ATCA crate. Therefore there is a flexibility in ngi of the
AMC-TM. Furthermore, there can be two AMC-TM modiile

The xTCA based LLRf system has been designed and tnn one crate and in case of failure of one of thém, other,

first prototype performance was evaluated at theASH
accelerator [3]. Amongst multiple requirementsifigfl by the
system architecture there are the modularity angh hi
reliability. These requirements imply using module$
specified functionality. Minimum two modules of giv type
could be installed in one operating system in otdegprovide

1 The “X” stands either forl” or for “A”- respectivelynTCA and ATCA

functioning module can take over the generationtiming
signals.

The conceptual hardware layout for the timing digna
distribution is shown in Fig. 1. The AMC-TM locadid in one
of the AMC bays of the ATCA carrier generates claoid
trigger signals. Those signals are distributedhéoremaining
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Figure 1. The ATCA based LLRF system hardware cptice with
exemplary AMC-TM location and clock distributionhsmne.

AMC slots on the carrier board and over a customeZ8

Backplane to all other carrier boards presenténstystem. The
hardware allows for bi-directional signal distritaut, therefore
the AMC-TM can be localized in any AMC slot at argrrier

board in the crate.

Due to various types of modules that can be irstah the
system, the AMC-TM should generate 3 independerakcand
3 trigger signals. All these signals are distridutver the
entire ATCA crate as shown in Fig. 1. The requingakimum
clock jitter value is 5 ps. The trigger signalgitivalue is of low
importance because the triggered events are dfvedialow
frequency.

The LLRF system conception assumes installing lesizé

AMC modules composed of two Printed Circuit Boards

(PCBs): the top module (AMC-B) [6] and the bottorndule
(AMC-A). The top module is an universal PCB coniagnall
hardware components necessary for communicatiotis the
ATCA systems and specified digital 1/0 for contiradj of the
bottom module. The AMC-A can contain custom eledtos
(also analog) realizing given functionality for thgstem, e.g.

the vector modulator. The top and bottom modules a

connected by universal connector used for transomissf
differential signals and power supplies. One of filnectional
AMC-A modules is the AMC-TM board being the subjett
this paper.

I1l.ProToTYPEBOARD CONCEPTION

The conceptual block diagram of the AMC-TM modude i
shown in Fig. 2. Both AMC-A and AMC-B PCBs are shmow

The AMC-A construction is described in the follogisections
of this paper.

Two independent hardware parts can be distinguished

the AMC-TM hardware. The clock synthesizer circaitsl the
timing signal receiver.
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Figure 2. The block diagram of the AMC-TM module.

The MO phase reference signal can be providedreithahe
the AMC-A+ edge connector or by a front panel catoe
After frequency division the signal is provided three
independently controlled frequency synthesizerst than
output LVDS clock signals in frequency range of MBIz to
100 MHz. All synthesizers are controlled by the ANBC
module.

The timing signal receiver uses an optical receiver
compatible with the FLASH accelerator timing systeptical
fiber connectors. Obtained electrical signal issraitted to the
AMC-B card, where trigger decoding algorithms are
implemented in the FPGA. Generated trigger sigasadssent
back to the AMC-A module and provided to the AMCged
connector.

The AMC-TM board contains also diagnostic and
microcontroller circuits. The diagnostic circuitsonitor the
temperature of the board, the availability of ingignals, the
board component status (like PLL lock) and the eslwf
power supply voltage. The diagnostic information te read
out by the AMC-B card and used by the crate managém
software for fault detection and for switching beém the
rredundant units.

The microcontroller circuit allows for the synthesi part
configuration without the use of the AMC-B modulEhe
purpose of this option is to test the board perforce in
laboratory conditions without the complex top meadul'he
results could give the information about the clasignal
degradation by the AMC-B part operation when coragawvith
the laboratory tests outside the ATCA crate.

IV.CLock SvnTHESIZER CRCUIT

The block diagram of one PLL clock synthesizer cighis
shown in Fig. 3. The input frequency divider care wignal
provided either from the AMC edge connector or freme
front panel of the AMC module. Additionally a highttable
on board crystal oscillator circuit can providesgerence clock
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Figure 3. Block diagram of the clock signal syisilaer (one channel).

in case when the MO signal is missing or when tieCA
crate is tested in laboratory independently from dhcelerator
control system.

Frequency divider chip with fanout and differentialtput
was selected to be able to drive three clock sgibe chips
simultaneously. The MO signal frequency is divided value
acceptable for the the PLL synthesizer input (be20MHZz).
The complex synthesizer chip architecture with rimaé 1.6
GHz VCO allows for very broad range of configurasoand
very flexible selection of the output frequencyuel Example
divider settings for 100 MHz clock frequency arewh in Fig.
3. The required clock frequency range is 10 MH2@0 MHz

with 1 MHz step but designed architecture allows fo

generation of signals in much broader frequencyeawith
fine resolution and also fractional ratios to thpdit frequency
value. The synthesizer circuit allows also for ghadjustments
of the clock signals.

The LVDS output signals of the clock synthesizdpstare
fed over the AMC connector to the ATCA carrier libdor
further distribution. Advanced design techniques|dav-jitter
signals propagation were applied in order to minénthe
degradation of the signal performance.

V.Timing Receiver DetaiLs

The timing signal receiver block diagram is showrFig.
4. The optical receiver module converts the sigaatived by
the optical fiber to electrical signal which is difipd and
provided to a comparator circuit. The latter onerf® a CMOS
compatible signal which is sent to the FPGA foraitieg. As
described above, the decoded trigger signals aresriitted
back to the AMC-A and further to the ATCA carrieodnd.
The algorithm implemented in the FPGA can decodetaup
three different event triggers. The CMOS standaad selected
due to much simpler requirements for board routiman for
the differential signals and the electrical perfante is still
sufficient.

VI.PCB Desicn
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Figure 4. Block diagram of the timing signal reezipart.

regulators supplying each sensitive device on tad By this

a good isolation between board sub-circuits ando als
interference suppression from the digital AMC-B was
achieved.

Multiple test points and configuration componentsrev
foreseen in the board in order to make possiblensite tests
of the board performance in laboratory conditidige pictures
of designed device are shown in Fig. 5. More datail
description of the conception and the hardwaregdesan be
found in [7].

VII.PerrForRMANCE TESTS

Extensive laboratory tests have been performedhen t
clock synthesizer circuits [7]. As it was descrilbedhe section
IV, there is very large flexibility in setting upf ¢he output
frequency value of the PLL synthesizer. Unfortulyat¢he
clock jitter value strongly depends on the freqyené the
signals provided to inputs of the PLL phase dete@o called
comparison frequency). In general the higher teguency, the
higher the jitter performance. Furthermore, theejitvalue, at
given comparison frequency depends also on the filiep
parameters and on the output frequency value. THE-AM
architecture allows for fixing the comparison freqay value
and still fulfilling the tuning range and step r@gments. By
this the loop filter bandwidth can be fixed andidiér settings
determined for the best clock signal performandgs Tequires
significant complexity of the synthesizer controfta/are.

Simulations were performed where various comparison
frequency values were investigated along with thaplfilter
parameters in order to find relationships betweter jvalues
and synthesizer settings. It was found that theamioptimum
loop bandwidth for given comparison frequency. The
simulations results were confirmed by measurements
performed in laboratory conditions. The Signal $eur
Analyzer device was used for clock jitter measumse

Measurement results for the comparison frequenhyevaf
1 MHz are shown in Table 1. The jitter values otV ps
were measured for the loop bandwidth of 5 kHz. BokHz,

An eight-layer PCB was designed for the AMC-TM card there is optimum, excellent jitter values even thelb ps!.

Signal integrity techniques were applied in oradeassure the
high clock signal performance. Low loss and imprbgeality
substrate was selected for the circuit. Precis trauting and
differential pair equalization were performed ie #reas where
clock signals are distributed. The RF transmis$iioa routing,
impedance matching and RF grounding techniques wsed
for distribution of the 1.3 GHz MO signal. Compl@ower
supply network was used with separate low noistagel

When increasing the loop bandwidth, the jitter ealincrease
again.

The example measurement screen-shot is shown ir6Fig
These measurements were performed in the laboratotiye
outputs of the AMC-TM board. Results of 1 ps clgitter
fulfill the design requirements for the board. Bl jitter can
be significantly affected by the distribution withthe ATCA
carrier board and over the Zone 3 Backplane.
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Figure 5. The assembled AMC-TM card.

TABLE I. THe Measurep PrHase JTTeR VALUES IN PSFOR THE COMPARISON
FreqQuency orF 1IMHz

Loop Filer Clock Frequency
Bandwidth
[kHz] 20 MHz 51 MHz 99 MHz
5 7,07 7,11 7,33
16 1,32 0,93 0,97
100 1,77 1,59 1,64

This is an issue exceeding the scope of this pgaytesuch tests
are planned.

VIII.SummARrY

The conception and design of the AMC clock synttexsand
timing receiver board is described. The -eight-lay?&CB
provides the possibility of synthesizing three lojitter
independently programmable clock signals. It alkowes for
receiving and decoding of the optical trigger slgrfeom the
FLASH accelerator timing system. Together with &#dC-B
module, the designed board allows for fulfillingethiming
requirements of the ATCA based LLRF system. Theesys
availability is supported by extended diagnostipatalities
implemented in the board where the system compserstate,
the availability of input signals and the board pemature can
be read out and sent to the ATCA management satwidre
measured excellent clock jitter values show thatdésign and
board configuration was performed correctly. Furtipéans
foresee extensive performance tests of the boatdllied in the
operating ATCA system.
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Figure 6. Clock jitter measurement example.
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