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W FERMI
letira Outlook f}

J FERMI@Elettra FEL project: Simple Machine Layout

1 MicroTCA architecture for FERMI@Elettra:

= Diagnostics back-end electronics: system requirements
» Diagnostics back-end electronics: necessary uTCA modules

(J Custom FERMI@Elettra MicroTCA modaules:

= A|D|A, A|D|O, MiTiCH
J Common gateware and software infrastructure
J FERMI@Elettra specific cases:

= The BAM case: from concept to results
= The C-BPM case: from concept to results

1 Other MicroTCA related developments
1 Our field experience with MicroTCA (joy and sorrow)
1 Acknowledgements

A. Borga The MicroTCA Acquisition and Processing Back-end System for Diagnostics ICALEPCS 2011 Grenoble 2



@l@m FERMI@Elettra: Simple Machine Layout %ij'

linac tunnel

FEL1

FEL2 L
§ 2 BAM stations installed 3 BAM stations to be installed
@ 10 C-BPM stations installed @ 15 C-BPM stations to be installed

(1 Diagnostics is crucial for electron beam transport along the machine
d BAM: Bunch Arrival Monitor

= Measure the beam arrival with respect to a timing reference
d C-BPM: Cavity — Beam Position Monitor

= Measure the beam transverse position in the undulator hall

D
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elethr MicroTCA: system requirements FCERVMP'

(] Diagnostics back-end: development started in 05/2009

(J Whole system in numbers:
= 25 -30stations in locations distributed along the machine
= ~ 100 ADC inputs (in groups of 2-4)
= ~ 40 DAC fast + slow outputs (in groups of 2+2)
1 Other features required
= General 10 for slow control and monitor of field devices (frontend)

= Fast communication to the control system
(real time operation and machine feedback)

— Obvious need for a modular system

= Usual VME?

= |n 2009 still digging on a parallel bus architecture?
(J Why not xTCA?

= At the time not ripe We wanted to lase
/

= MicroTCA sounded already like a big step 19 months later
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1y i FERMI
@M& MicroTCA: necessary modules @\/P'

4 Advanced Mezzanine Cards (AMC) CompactSize | Mid-Size Ful-size
(3HP) (4HP) (6HP)
= Double module (150mm) full size (29 mm) Single
= 4 converters per card (limited by real estate) modules J" r' T—
= |PMI (Intelligent Platform Management Interface) : > S
J MicroTCA Central Hub (MCH) Double
= Single module (74 mm) full size (29 mm) I I
= Clock distribution only | |

= ]2C connectivity for IPMI testing
] Side Transition Modules (FERMI custom)

= Double module (150mm) full size (29 mm) — Introduce natural shielding

= AMC for general purpose digital I/O only
=  AMC for specific BAM clock phase control

J Backplane connectivity
=  MicroTCA common test backplane sufficient
= Two clock frequencies distributed to all modules

= Gigabit connectivity (at least one GbE line)
= Ext. fat pipe routed to GPIO for trigger distribution (FERMI custom)

OPTIO_IO rev 1
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(J USE: fast waveform acquisition and synthesis

v' Batch one: 4 prototype (rev0) units produced and tested

v' Batch two and three: 6 + 14 (rev 1.5) produced all tested
— 7 installed for diagnostics purposes

= 10 more units in production this year

¥

A
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¥

General Purpose
Differential header

General Purpose
Single-ended header

Technical Note ST/F-TN-09/14
Fermi Engineering Specification Document (FESD) #070

A. Borga

4 x GP_IO

Y

MicroTCA backplane connector

a

g

a

g

FERMI
@elettra
Analog converter board \;

FPGA

= Xilinx Virtex-5 SX50T
2 x ADC

= Linear Technology LTC2209
2 x DAC

=  Maxim MAX5890

Ethernet interface

= Lantronix (10 Hz operation)
= 2 x SFPs (50 Hz operation)

= Backplane communication to
MCH (future)

Supplementary gear

RCEVENHT

ADA rev1.5
R
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el A|D|A: in numbers T S

O FPGA Xilinx Virtex-5 SX50T
= Configurable Logic Blocks (CLB=1LUT+4FF): 8.160
= Internal RAM blocks: 4.752 Kb
= |Os: 480 single ended (240 differential)

O ADC Linear Technology LTC2209

= Resolution: 16-bit @ 160 Msps

* |nput range: 1.5 or 2.5 Vp-p (hardware configured)

=  Passive input matching network (hardware reconfigurable) 700 MHz bandwidth max (ADC limited)
O DAC Maxim MAX5890

= Resolution: 14-bit @ 600 Msps

= Qutputrange:-1.0to +1.1V (also remotely controllable acting on the reference with LTC2602 )

= Passive output matching network (hardware reconfigurable)
default AC coupled with Bandwidth 0.130 — 425 MHz

1 DACLTC2602 dual output 16 bits, DC coupled
= Bandwidth DC -1 KHz and Amplitude range 0 —+3.3 V
= QOptional fast DAC output range control acting on the reference
O Supplementary features
= General purpose I0s (dual row 1.27 mm pitch headers and SMAs)
= Hardware configurable clock distribution
= Gigabit Transceivers Pair (GTP) optical and electrical (including SFPs)
=  MicroTCA backplane communication (4 GTPs)

B
A. Borga The MicroTCA Acquisition and Processing Back-end System for Diagnostics ICALEPCS 2011 Grenoble 7



A|D|O e
et Analog Digital Only converter board \/9'

Lantronix Xport le——UART— MCX User Clk | [ Ext ref d FPGA
connectors HE i
_ Xtal SMA = Xilinx Virtex-5 SX50T
SFP cage |= 1GTP
- 5 MicroController Backplane d 4 xADC
S mezzanine T Y .
| oL e 161P e [ . _Clocks = Linear Technology LTC2209
l Y Clock -
r v v Y  GTPe _ s | W Ethernetinterface
O 16— » Synthesis J B _ )
~ 2 16 > «CLK buf—] and o = Lantronix (10 Hz operation)
- - . C
FPGA «—apc—| Distribution 8 = 2 xSFPs (50 Hz operation)
Q . .
O le 16 i +—DAC— < = Backplane communication to
o g '« 16 Xilinx XC5VSX50T ° MCH (future)
Q
- 8xGTP g ;3 O Supplementary gear
: : < 4xGP_I0 g » Enhanced with respect to ADA
12 24 5
v v =
General Purpose General Purpose

Differential header | | Single-ended header

(J USE: fast waveform acquisition

v' Batch one: 4 prototype (rev1) units produced and tested

v' Batch two and three: 4 + 10 (rev 1) produced all tested
— 10 installed for diagnostics purposes

= 4 more units in production this year

Fermi Engineering Specification Document (FESD) #014 ADO rev 1
D
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eletir A|D|O: in numbers T S

O FPGA Xilinx Virtex-5 SX50T
= Configurable Logic Blocks (CLB=1LUT+4FF): 8.160
= Internal RAM blocks: 4.752 Kb
= |Os: 480 single ended (240 differential)

O ADC Linear Technology LTC2209

= Resolution: 16-bit @ 160 Msps

= |nputrange: 1.5 or 2.5 Vp-p (hardware configured)

= Passive input matching network (hardware reconfigurable) 700 MHz bandwidth max (ADC limited)
O Supplementary features

= General purpose 10s (dual row 1.27 mm pitch headers and SMAs)

= Hardware configurable clock distribution modified and improved
Micrel SY58040UMY 3x3 cross point switch

= Gigabit Transceivers Pair (GTP) optical and electrical (including SFPs)

=  MicroTCA backplane communication enhanced
more transceiver pairs connected (8 GTPs)
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dar MicroTCA Timing Central Hub o

T TR T OO ] rroupn| A Clock chip
-- - - T RF input = Analog Devices AD9516

. - - - Local Exinput] ] Ethernet interface
c Osc .
s EEE] | T s . 8 . = Lantronix
< Loo gL
& l«—a— | « [«{Extin filterr) ‘:g;: Frequency 3 E} . O Board control
2 PR Synthesizer °3| 3
O S L [ 8‘5': 2z =  PIC 18F44K20

-— - - — O
E SMAl«—| AP 9910 -5% Eg L Supplementary gear
= “_4‘ ) 3 - Monitor t =153 = RF vector modulator

1 5 | ) PIC18F44K20 S

O [ Bin General Purpose - microcontroller _,| Lantronix

| Differential header [* > o XPort

(J USE: Clock distribution via uTCA backplane
Serve up to 12 AMC

Output freq.: 50-300 MHz and 100-600 MHz
RF frequencies: up to S-band (3 GHz) | 2
Lock to external frequencies * . o -
Local oscillator: user select 10-250 MHz i T

O

o, i

SN O00000

Batch one: 6 units produced (4 mounted)
— 4 installed (without RF vector modulator)

5 units in production this year (second revision foreseen)

Fermi Engineering Specification Document FESD #077 draft MiTiCH base and tongue2 rev 1

|
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i Gateware and Software F@gr\:-p
-' infrastructure "

Lantronix GTPs Fast ADCs Fast DACs Slow DAC
Jd Gateware common
Y :
infrastructure code: Fast |
l INKS
n i i il ADC DAC DAC
Control system communication (| | - Memory mapped D onC R
. @ register space . |
= ADC and DAC buffering g f RAM Interface layer I
. . T . |LocalBus ase | Internal A
= [nternal logic clocking E communication | o
& bus__ [ Application J o
. . O Teat specific & o
J Gateware application Conirol and monfiereg L agoritms ) =
. po @ | [Clocking and Timing b A >
specific users space: 2 = O 8
% —_— Digital Clock Users’ space -:i_:_?"'lu- O
= BAM: calculate beam arrival time §fH— e i FPGA
i Main firmware tasks

= C-BPM: calculate beam position

d Control field stations, network, and control room software:

= Machine triggered data acquisition via Micro Research Event System (10 and 50 Hz)

UDP/IP based data transfer from the uTCA back-end systems to the field stations
Field stations based on MVME7100 VME PowerPC boards

Linux with Xenomai real time extension

= Tango control system software
|
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et FERMI@Elettra specific cases 55—

Tunnel Saervice Area Control room
|[BACK-END
: : AlDIA

Signal conversion Analog to Digital

FROMT- EMND and conditioning Digital to Analog

(appdication speciic] 2 ADC | 2 DAC + FPGA
[application specific) {oarnrnen platierm) @
=
3]
FRONT- END . . A|DIO « 2
Signal conversion Analog to Digital o
and conditioning Cinly -
[application specific) f}
iappication spacific] 4 ADC + FPGA E
FRONT- END {cormman plstior] £

]
MITICH
{application specific) MicraTCA Timing Central Hub
Clock synthasis and distribution 3
[comman platfarm)

J Having defined, built, and tested the individual building blocks

(J We started commissioning our diagnostics’ systems

J Continuous feedback from the field triggered further in-depth

examination in the lab

e
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eletit The BAM case: hardware T S

] 1 BAM station

= 1A|D|A module

= 1 Signal Conditioning Board (SCB) for high
accuracy clock shift (157 MHz)

= 2 wideband (12 GHz) Photo Diodes (PD)

J System initial idea
= 11U uTCA crate (Schroff)
= Custom front panel

d Actual implementation

= Replaced the 1U box PSU
(the original far too EMI noisy)

= Disconnected a few fans

=  Separate custom chassis for
PDs and SCB (very sensitive to noise)
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dani  The BAM case: summary and results S

BAM measurement noise floor and beam jitter

D G Oa I .:T::LEII::JP;] [ 2333632 ﬂ::r:ﬂm“ [ a ﬁza;[mz M ,.-n'a\,” ih?ﬁd!*
. ::‘;:;”'“ ,::-, Lowhigh limits [fs] o | o0 ] SI:nn e — aac;F:::::’:;W’csr-ns
u Insta II 3 statlons G s e Y oeseciGel ad 3:,‘:.; ok EE BC?[ml;d] i CF:II
= Measure the arrival time with an accuracy ” ' S — . i
of less than 20 fs 7.66fsrms | s

d Achievements
= 2 systems on the field
= Prove the overall concept
= Demonstrate the capabilities of the digitizer
=  Demonstrate the communication interface

to the control system =T ]
= Provide a basic system to lase S| G o | et e —

Statis S | Gunch comprossars

HC1 [rread] BEEE cF: 2.05
B2 [mead] f R

Duration [sec] | 800

= Rudimental platform for physics case

300

studies (bunch compressor, linac) o e T
' # ey ' 127 fs rms i~
d Todo | ol .. T
=  Further refine all systems B
= Better integrate in the control system
=  Further study calibration and measurement
algorithms ;
;‘.l IIIIII — = e - - ]
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elet

The C-BPM case: hardware T S

D 1 C-BPM station Fermi C-BPM back-end in the service area

d System initial idea

d Actual implementation

A. Borga

1 A|D|A module
1 A|D|O module
1 MiTiCH module
1 OptiolO module

9U uTCA test crate (Schroff)
3 C-BPMs per crate

2 A|D|A modules

3 A|D|O modules

1 MiTiCH modules

3 OptiolO modules

1 patch panel

As foreseen

Replaced the 220VAC to 12DC PSU
(the original coupling EMI noise to devices
outside the crate)

|
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aiy FERMI _
dae  The C-BPM case: summary and results CVP'

C-BPM operator interface

o ebipm sl el 102
 Goal H
. InStaII 10 SyStemS M. Measure | Sety P AT AGC Pickup areas
" Measure the beam position in the undulator ]
[ 1713785 meg [ 285

area with an accuracy of 1 um (or better) .

J Achievements

Logs

= All'systems on the field " L ——— .

* Provided a basic system to lase with an T T . 22
accuracy of 1.7 um on average :

= Solid platform for physics case studies fif?él — | = .
(machine feedback, alignment matrix) R T e

= Robust and reliable system on the field e ]
(no hardware faults in 5 runs) T |N,; -

d Todo
=  Commission the systems for the FEL2 line
= Further improve the frontends performance

to meet resolution specs
= Upgrade for 50 Hz machine operation

=  Further study calibration and measurement
algorithms
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Other MicroTCA developments T S

d IPMI controller integration on A|D|Aand A|D|O
 PCl express end-point for data transfer from an AMC to a CPU

J Gigabit Ethernet communication via onboard SFPs (or backplane)

PS0#
]
PS1#
uTCA MCH ol EEPROM
Computing CPU > GAl——O TP FPGA
PCle 2 GA2——O TP i
bridge e S
> LE—O T
|1 S 5
VA g
N\ g
NN ] General
N - > - SFP PCle ] Lor2 1. 2 & T H bo:%err\aea%r;r
~ - uTCA AMC endpomnt || et— o2 > g | l l l A A
= SFP -t 1or2 > 2
AID|A or AID|O e < \ \
DI D] | p———— o2 > = o ADD DATA GPIO
]
e 1 = [ ==
[
| ) | s |
|
JTAG | »| GPIO
LEGEND: ] Slow control and monitoring IPMI [ fc »| SPI bridge _ -
D Fast communication channels SOV Eddy-CPU V2.0 mezzanine header
+12V/ fe—C) header
-—p Fastlanes (Gbps)
-«—  Slow control bus (Kbps)

-« —-» Accelerator’s control network
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dlettr Other MicroTCA developments F@%“j‘?

v" IPMI controller feasibility tests

=  wired eval kit Atmega 128L-8MU on A|D|O
=  Micro controller firmware for IPMI courtesy of DESY

v' PCl express end-point (4 x 2.5 Gbps) data transfer from/to CPU on A|D|O
= ADLink CPU AMC1000 (/L7400/M1G(EA) (intel x86 64bit) SANBLADE SATA HDU

= MCHN.AT.
= Linux drivers and firmware infrastructure courtesy of DESY
Infinite thank you to P. Gessler and DESY Work founded by IR-UV-X framework

]
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. . . FERMI _
dlettra Our experience with MicroTCA CVP'

(] Overall the choice of MicroTCA as a common platform for beam
diagnostics applications has been proved to be correct

= |tis arobust type of system, easy to service and maintain

(J We had to face the common difficulties of the pioneers
= Workarounds and hacks included in the fun!

1 Especially working on the technology advanced features
= We touched with hands its great potential
= |PMI and backplane bandwidth capabilities are really impressive

(J We believe that the experience with uTCA will bring great
benefits to its specific implementation for physics (xTCA)

= All the limitation and pitfalls are clear and somehow understood

(1 uTCA as is can still be a good option for smaller systems
= And uTCA AMCs can be integrated in ATCA blades

(J We hope that this work will be followed by many others

]
A. Borga The MicroTCA Acquisition and Processing Back-end System for Diagnostics ICALEPCS 2011 Grenoble 19
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FERMI

@‘m W h a t’ S n EXt ? @elettra

2 * T—— o KM3NeT

The next generation

multi-km

neutrino telescope

More HEP frontiers
to be explored!

e
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FERMI

Backup slides s

D ]
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FERMI@Elettra Light Source T S

FERMI Free Electron Laser
Linac energy : 0.9- 1.5 GeV

4 ~100 m long

4

The MicroTCA Acquisition and Processing Back-end System for Diagnostics ICALEPCS 2011 Grenoble 23



The BAM case: architecture

FERMI
@elettra

Measure the bunch arrival time along linac and undulators

FERMI
linac tunnel

FERMI
Klystron gallery

BAM Front End
BAM Back End
ETH Embedded ODL Power
computer [T oo "| controller supply
RS-232 ADA (uTCA)
Stabilized pulsed Optical Modulated I " ADCo
optical link ,| Faraday | delay line pulses Photo - B
(fr=157.79 MHz) LR ¥ A —_ - » diode » \_I «—» ETH
emp. ~
regulator > ADC, Delay FPGA
_________________ A j A
!
90!10 »  MZ modulator .
splitter \
(]
T Photo BPF Phase shifter
| diode [ » +controller [$7
Unmodulated Serial conun.
| RF limiter & att. pulses
7y <
DCDC Power supply
(+12 W
Beam H‘ig“:ﬂ{t;:,) Signal conditioning ‘ :
1)101{ up I M7 mod. ... Mach-Zehnder modulator — board (uTCA)
, PM ... Polarization-maintaining fiber
]103;11;1(5:1;?_12 — — — Broadl?and = ODL .. Optical delay line
¢ ) Cminblner ETH _ Ethernet lectrical BPF ... Band-pass filter
- electica ETH ... Ethernet
electrical o ADC ... Analog-to-Digital Converter
G.652D G.652D FPGA .. Field-Programmable Gate Array

Courtesy of L. Pavlovic

A. Borga
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ADA ... Analog-Digital- Analog board
uTCA .. Micro Telecommumications Computing Architecture

R ——
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et The C-BPM case: architecture T S

Measure the transversal beam position in the undulator area

FERMI C-BPM FERMI
undulator tunnel uTCA crate undulator service area
C-BPM
C-BPM analog MiTiCH
X FrontEndBox patch panel Timing board
L z z z -
pos Y A A A A|D|O
REF Z i i
~
‘ CAL | |CAL  CAL [ A|D|A
C-BPM i wi Opto OPTO I/O
Pick-up "|==8 cmds
— X 3
XY 0 1 | | ...
movers X3
Real Time
—) Coaxial 6.5GHz RF ¥ Ethernet
——)  Biaxial 100Q balanced
: FERMI
POF Fiber <P Control
=g Simple 50 coaxial network

Courtesy of R. De Monte
I
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