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EUDET Overview

« EUDET is an “Integrated Infrastructure Initiative (13)” within the
EU funded “6™ framework programme”

« Support improvement of infrastructure for detector R&D with
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The EUDET Map_
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EUDET Activities

NA1: Management
of I3

JRAS3: Infrastructure
for Calorimeters

NAZ2 : Detector
R&D Network &

JRAZ2: Infrastructure for z R | TA1 : Access to DESY
Tracking Detectors  PX Test Beam Facility ¥
22, UNIVERSITE

JRA1 : Test Beam & TAZ2 : Access to Detector
Infrastructure R&D Infrastructure 7
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FUDET Budget

Networking 9%
TA 2%

* most of the resources
for the development of
Maguet & the infrastructures

Pixel Telescope

18% » ramp-up first half 2006

« full swing activities for
2.5 years

 last year: phase-out
and exploitation of
I I H infrastructures

Calorimeter
33%

Tracking 33%

stretched till 2010 now

 Manpower:
57 FTE (17 from EU)
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Telescope Requirements & Schedule

» General purpose telescope for different users:

— small pixel sensors or larger volume tracking
devices (TPC)

 Movement of device under test (DUT) to scan
larger surface

» Adjustable cooling, positioning, (magnetic field)
« Easy to use: well defined/described interface
* Very high precision: <3 ym resolution even at

smaller energies Demonstrator - >
« Use in different environments (DESY, CERN, ...) under Metrology @CERN

Phase 1 (Demonstrator): Phase 2 (Flnal Telescope):
- Established pixel technology « Sensor with fully digital readout,
with analogue readout CDS and data sparsification
» Ready early 2009
2008 2009

A A f Final Telescope

Available

: ©  now

CERN test beam
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Telescope Ingredients

(Demonstrator)
Sensors
eﬁ*
~DUT
GBIT ETH
Mechanics to position
the sensors precisely
v’ Sensors B sy Hamburg
v" Readout
Boards
v' EUDAQ _
v’ Trigger Logic » e, (SN EUDAQ
Unit Trigger Logic Unit (TLU) 2 UNIVERSTE
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Choice of Pixel Sensor: MAPS /o= =™*

« At that time only ILC pixel technology
with large enough arrays

« |RES/Strasbourg working on this
since ~10 years

« Mimosa (Minimum lonizing Particle
MOS Active Pixel Sensor)

« Active area underneath the
electronics (epi-layer <20um thick)
providing 100% fill-factor

 Charge generated by ionization in Fea.tures of.the MIM(?SA— detectors:
the epitaxial layer thermally diffuse | © Single point resolution 1pm=—3pm

toward low potential n-well region ¢ Pixel—pitch 10-40 pum
« Standard, cost-effective CMOS ¢ Thinning achieved: 50 - 120um
process, no post-processing e S/N for MIPs 20 — 40
e Detection efficiency >99%

e Radiation hard: 1MRad ; 2 x 1013 neq/cm2

¢ Produced in various commercial CMOS-
processes
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Demonstrator: MimoTel
« AMS 0.35 OPTO process with 14 and

Reference Plane Sensors

20um epitaxial layer g

* 4 sub-arrays (64 x 256 pixel)

30 x 30 um2 pitch

active area: 7.7 x 7.7 mm?2 L
readout : 1.6 ms 400:_ Entries 6558
(4 analog output nodes at 10 350" Meon value gi: 3380 0.2
MHZ) [ Sigmacg1:8.3+0.2
pixel designed to stand >1 MRad 300F Mean value g2: 66.7+ 0.6
L Sigmacg2: 7.8+ 0.
Used since February 2007 250 | Noise 164+ 136
* Very good performances: 200F-
Noise: ENC ~ 15 electrons :
@room temperature 1508
S/N (MPV) > 22 100
Efficiency ~ 99.9% 50

077260 280 300 320 340 360 380 400
DEPARTEMEI
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DAQ: Integration Concept

 How to integrate the DUT Ut
hardware with the EUDET beam

telescope”?

— different groups with different
detector technologies and e
different, pre-existing DAQ Logic
systems : Unit

« Use completely different
hardware and DAQ for the DUT it
and the telescope

« Two levels of integration possible:
— “easy” solution: at trigger

intfc  pc

‘

DUT ctrl
level L
— full integration on DAQ file
software level
 UNIVERSITE
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DAQ Hardware: TLU

/ \ A D0 X DI X D2 Yoo ( Dn_ )\ Trigger

Trigger Logic Unit 7 __ Buy

k SN\ N\ N/ \ Trigger—Clock

e Two handshake modes
— Simple handshake (Trigger/Busy/Reset)
— Trigger data handshake incl. event number
e Timestamp and event-number via USB

e LVDS via RJ45, NIM and TTL via Lemo
(Software-Selectable)

Busy acknowledges
the Trigger

e Inputs for four trigger signals
(ANDed, ORed, VETOed)

e Internal trigger mode and scalers for testing
e Low voltage power supply for PMTs

e Special needs for special demands:
— Low Jitter mode (for TPCs etc.)

— ‘LHC’-users: increased timestamp resolution,
central clocking

DEPARTEMENT DE PF
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DAQ Hardware - EUDRB

EUDET Data Reduction Board:

e Mother board with ALTERA Cyclonell FPGA
(clock: 80MHz) hosts core resources and
Interfaces (VME64X slave, USB2.0,

EUDET trigger bus)

e 2 Daughter cards (analog + digital) S

e NIOS II, 32 bit “soft” microcontr. (40Mz) for oo
diagnostitics, pedestal+noise calculation and . : '
remote configuration

l] INFN Ferrara

;;;;;;

e Two readout modes: Zero Suppressed for
normal data taking, raw readout of multiple
frames for debugging or off-line pedestal and
noise calculations

U | i 1
T e LLLLLLLL

Analog Daughter card based on the successful LEPSI || Digital daughter card drives/receives control signals
and SUCIMA designs clock rate up to 20 MHz for the detectors and features a USB 2.0 link

UNIVERSITE
' DE GENEVE
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DAQ: Softvxra re

Platform independant (MacOSX, Data Collector y—

Linux, Windows)

" omd Datal:> |:> Dati fomd &0 <3 Data

hd ObJeCt Orlented, dlStI’IbUted and mUItl' 1Rece|ver i Merge Sender ERe?eiver GUE %EReS;eiver
threaded % % ..... Y Y
- Highly modular, but light-weight p : oo f ______ o
Producer

« DAQ Software is divided into many E@gtd
parallel tasks:

— RunControl to steer the task

Hardware Cmg_ Log
_ several Producer tasks read the | " <  Serer 1
1 i ger\

hardware s, \C‘ ............

— one DataCollector task bundles | Hardware Run Contro! @W Ei“ci.if Eiieff; GU;
events, writes to file and sends GL;E | 'gmer
subsets for monitoring vy v J \_ )

— Several Online - Monitoring tasks

— Logger task allows to see what is
going on

http://projects.hepforge.org/eudaq/

UNIVERSITE
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EUDAQ Run Control

5606 eudaq Run Control e 06 |X| EUDAQ Root Monitor

Control File name: _/data/run004581.raw Run#: 4581 Event#: 747 Reduce hy: I 1 il Update every: |10.U ii Colours: Board 0 Board 1 Board 2 Eoard 3 Board 5
o = )

Config: isis_and_tel_zs 1 (Config ) | oot | Board 0| Board 1 Board 2 | Board 3| Board 4 | Board 5 | CDSLego | Main |

Run: (" start )

H Entries are Entries are
Ty ( Log ) [ Cluster X Profile | e Cluster Y Profile CDS Profile

\ / Integral 1.948¢+05
( Reset N ( Stop ) F
Status 7 :_ 6
Run Number: 4581 Rate: 0 Hz E
Triggers: 747 Mean Rate:  0.242153 Hz 8:_ 5
Events Built: 747 File Bytes: 33028971 5:
Connections C 4
type ¥ name state connectio F
DataCollector oK 127.0.0. ar
LogCollector oK 127.0.0. - 3
Monitor Root OK 127.0.0. 3+
Producer TLU OK: Started 129.194 o
Producer EUDRB OK: Started ~ 129.194 oF 2
11— J“ 1
<« s :’H ru
2 0 [T N MR IR | PO 0 IR B R | |
| e e 4 0 50 100 150 200 250 0 50 100 150 200 250
E
Level: From: Search:
(4-INFO ) (Al re\ frives Cluster Charge Entries 879 Num Clusters
v v ntegral 1.848e+05 Integral 862
Time v Level Text 1 250 - ) . o | .\ ) ot 22F 1035
09:05:24.488 4-INFO  Run 4579, EORE =1 = : . ' E o
09:06:13.298 4-INFO  Starting Run 4580: - - ' - v ©L st 20 C
09:06:13.800 4-INFO  Preparing for run 4580, file=.. 200 __ ! . - 18 F
09:06:13.901 4-INFO  Starting run 4580, file=../datd = BT 30( E
09:15:22.216 4-INFO  End of run 4580 L - —_— 16 10?
09:15:22.216 4-INFO  Stopping Run 4580 L .., 5( E
09:15:24.084 4-INFO  Run 4580, EORE = 2 150 14
09:15:28.008 4-INFO  Starting Run 4581: L 12F
09:15:28.509 4-INFO  Preparing for run 4581, file=.. - ol E
09:15:28.610 4-INFO  Starting run 4581, file=../data - 10
09:41:39.061 4-INFO  Board 0 pedestals loading fro. 100 . 15( 8:— 10 5_
09:41:42.336 4-INFO  Board 1 pedestals loading fro! . .t o C
09:41:45.611 4-INFO  Board 2 pedestals loading fro. N : 101 6F C
09:41:48.887 4-INFO  Board 3 pedestals loading fro 50, r L
09:41:52.165 4-INFO  Board 4 pedestals loading fro - 4-
09:41:55.442 4-INFO  Board 5 pedestals loading fro r - . . 50t 2:_ 1
09:41:55.444 4-INFO  Configured (isis_and_tel_zs) L | - i | ) Sl " | E E | | | |
09:42:10.980 4-INFO  Board 0 pedestals loading fro Y T 77 Y.V S T Y S SN SR T
00:42:14.258 4-INFO  Board 1 pedestals loading fro 00 50 100 150 200 250 0“ 100 200 300 400 500 600 700 800 900 1000 C 2 4 6 8
09:42:17.536 4-INFO  Board 2 pedestals loading fro
09:42:20.812 4-INFO  Board 3 pedestals loading fro!
09:42:24.090 4-INFO  Board 4 pedestals loading fro JEU.." EUDRBProd... OnCo 0 udaq::Co ation& TS -
09:42:27.367 4-INFO  Board 5 pedestals loading from fil... Producer.EU... EUDRBProd... OnConfigure(const eudaq::Configuration&) Wed 8/27/2008 11:07 2KB v
09:42:27.369 4-INFO  Configured (isis_and_tel_zs) Producer.EU... EUDRBProd... OnConfigure(const eudaq::Configuration&) mmm.cern.ch @@ /M
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Analysis & Reconstruction Software

EUTeleSCOpe Input RAW > Format Y LCIO RAW Pedestal
Set of relevant high level objects Data Converter DATA DB

(like tracks or space points) ™

to characterize the DUT Selection - Cluster > Cluster <« Cluster
« Histograms of important figures of merit.\_Criteria Selection File Search

« Based on available/tested software tools:

— Single sensor analysis Hit Hit :
— sucimaPix (INFN) Candidate ~> File |1 Track Fitter
— Eta function correction File +
— MAF (IPHC)

— Track fitting = Analytical track fitting
and straight line fitting

Track
Ali t
ignmen File
— Alignment = Millepede Il

— Framework — ILC Core software = Marlin + LCIO + GEAR + (R)AIDA + CED
« Sticking to the ILC de-facto standard offers the possibility to easily use the GRID
Each module is implemented in a Marlin processor

UNIVERSITE
DE GENEVE
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User Example: DEPFET

« DEPFET running at CERN PS and SPS within EUDET telescope
« Measurements of efficiency, purity and intrinsic resolution

« DEPFET fully included on DAQ level
— own producer within EUDAQ
— one data stream

1 Million events as EUDET DUT!

i SRR O D e [ Y Correlation Board 0: DEPFET |

— ———
Con@nd_tel_zs b 3( Config )
SN Gely. . gy =
Run: ( Start ) 250 - :-"'$°'.P-:“:1., i
o cpay sy .
Log: | (Lo ) T
-~ — « -
( Reset ) ( Stop ) ST 08 sesp
M0 i <OF B n %
Status o 2 > 2 3 § S ( "xa--. g = maa =
- ‘% y-f_ -—— —
Run Number: (4944) Rate: - G Nl Ly il e
i . P - : S
Triggers: 0 Mean Rate: ~ 150 s ~ i
Events Built: File Bytes: == :$d";. -
Connections < et *- "‘ o -
IM name | state | connection 0 1400 L= -
DataCollector OK 127.0.0.1:53884
LogCollector OK 127.0.0.1:53881
Monitor Root OK 127.0.0.1:53891
| Producer EUDRB OK 129.194.55.111:32803
Producer TLU OK 129.194.55.245:33211

Producer DEPFET OK 127.0.0.1:53888
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Step-by-Step EUDAQ Integration

* eudaq::Producer class handles communication with RunControl
and Data Collector, and provides methods for the User.

« User writes a new class, inheriting from the Producer, and
overrides various methods:
— OnConfigure to configure their hardware.
— OnStartRun provides RunNo: User must send a BoR Event

— User reads his hardware, and calls SendEvent, which will take care
of serializing the event and sending it to the DAQ.

— OnStopRun gets called at the end of the run. The User should wait
until all the data have been read out, then send an EoR Event.

« User writes a Converter Plugin, to convert his raw data
« User should Send an event for every trigger, even if empty,

UNIVERSITE
' DE GENEVE
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Final Telescope Chip: TC/Mimosa 26

Submission in Nov 2008 S0 s1 s16
« Mimosa-22 (binary outputs) - f : K £ T
complemented with zero- 2 5113 3 2 -
O 8 (§) 8 8 8

suppression (SUZE-01)

» Active surface :
1152 columns of 576 pixels
(21.2 x 10.6 mm?)

_ ] Ad ... |AQ|AG =l AQ ... |AC
* Pixel pitch: 18.4 ym — 0.7 ‘|' '|' ‘I’
million pixels — Osp <3.5 um =t == ==
T Priority Look-Ahead | |Priority Look-Ahead Priority Look-Ahead
= pOlntan reSOIUtlon 2Um algorithm algorithm algorithm
on DUT Surface (N states) (N states) (N states)
* Integration time ~110 us — ‘I’ ‘I’ ‘l’

104 frames / second

Throughput:
1 output at 80 Mbits/s or
2 outputs at 40 Mbits/s

Needs adoption of readout
electronics (EUDRB)

Selection of M states among 17x N states for each row

r

Memory with M states storage and serial transmission

TC/Mi26 available/under test since March 2009 ¢ unversite

"’ DE GENEVE
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DAQ Changes - EUDRB & EUDAQ

EUDRB evolves with new sensors
e was successfully adapted to sensor Mimosa 18 (4x more pixels)
(still with on-board zero suppression)

e Changes to readout the final telescope chip:
e All done in firmware, no hardware modification needed
e embedded M26 simulator operating in mode 0 (two channels @ 90 MHz)
e the M26 interface operates at up to 90MHz
e overlapping INPUT (frame acg.) and OUTPUT (VME readout) operations
e interrupt-driven event read-out
e 2e-SST block transfer (> 100MB/s burst rate)
e |eading word count in the output event data block

EUDAQ needs only minor changes

e modified EUDRBProducer to handle Mi-26 and 2eSST commands
¢ modified Converter to handle Mi-26
e small modifications to the RootMonitor

UNIVERSITE
' DE GENEVE
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DAQ Changes - VME driver

2eSST transfer and Tsi148 driver ‘features’:

e CPU breaks 2eSST block transfer into many “atomic” transfers.
e atomic transfers allow 128 cycles (VME spec), but CPU never schedules
more than 8 cycles thus making the transfer inefficient due to the
overhead of the 3 address phases at the start of each “atomic” cycle.
e And worse: calling 2eSST block read within Tsi148 does not only
provide block read!
e Example: Read 88 bytes, you get a block read of 80 bytes and 2 single
cycle transfers of 4 bytes
g 2090318151937 #0 W i i o = i o
e e e e e e e D e e e e e e
) nTLU_Intfc_En |
O |BWEAnWrd T morm ) oootosoon ) oooonooon Y 00000 5h__{FOBO010Dk  80180th { 00050005 0B 30609 4 70707 7h {O1E190CSh ) 0698329 { O707O4FTh | 04T0747h IFFFFFFFFR ) 30400050n 0400054
| |BWED X vt . T 04001900 HE 9 CAn Y 024CE290 0706 07070737 Y OOTGOOR coforzrmny AaMMy P i
B |BwEA ) — T ~—_ 7 m N
B | I = —< g 3
B ® j{ N rﬁ N [
B |08 I ] —h
] nDst 3- | ) z (\ ’_1
@] oo m T 1 11 T 11 T 1 = T -
B e i — —— \L /.
B | i — 7 RSITE
o| e | NEVE
0| [Ewon | m
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DAQ Changes - VME driver speed

Performance (current Demonstrator, Mimotel)

« 6 EURDBs (~4kB each), no 2eSST, polling only, busy
cleared by CPU: 200-300 Hz  (2008: 50 Hz only)

Expected Performance (with Mi-26 simulator)

e Readout of one EUDRB, fixed event size of 2112
bytes,
90 MHz: 4.88 kHz (theoretical limit 5 kHz)

e Readout of 3 EUDRBs, 4144 bytes: 1.1 kHz

e fixed overhead for changing address space, and Tsi148
‘features’

e ‘real’ data will likely be smaller

UNIVERSITE
DE GENEVE
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Testbeams 2009

Run at CERN SPS from mid-July to mid-
September (commissioning mid-June)

« 3 (experienced) Main Users:
DEPFET, LCFI, SILC

« 'Parasitic users’ from LHC upgrade programs (Atlas)
etc.

« ‘own’ TC/Mi-26 will be tested as DUT,
then become the ‘default’ telescope sensor in 2010

* Implementation of TC/Mi-26 will also address VME
L driver issues

 UNIVERSITE
' DE GENEVE
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Outlook & Conclusions

* The telescope demonstrator is working according to specs

 The demonstrator is at DESY test beam currently
and will move to CERN afterwards (June - September)

* The final telescope chip TC/Mi-26 is under test
 DAQ performance has been increased for 2009 testbeams

« DAQ hardware and software is modified for TC/Mi-26
* final readout will achieve at least 1kHz

« Users can profit from a full analysis chain within the ILC
software framework

« Everybody can join the fun and use the developed
ierastructure to test their own devices

UNIVERSITE

EUDET will run till end of 2010 :
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What do we offer to users

« A two arm pixel telescope with variable geometries:
— Mechanics and cooling system for the reference sensors is provided.
— Operating support: mainly remote but also local in some circumstances.
« Possibility to add one extra high resolution (1 um) sensor plane.
« The DAQ system; both hardware and software.
— Trigger/Busy Handshake of full integration to our DAQ (help provided)
« The analysis and reconstruction software.
— Rely on our output track file, or integrate in the main analysis stream.
« Possibility of travel money for users via FP6 Transnational Access

see http://www.eudet.org

Contact: Ingrid.Gregor@desy.de

All-inclusive Package for the Users ¢ uwversire
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