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Motivation for data sparsificationMotivation for data sparsification
High data rate from the stateHigh data rate from the state--ofof--thethe--art silicon sensorsart silicon sensors
High granularityHigh granularity -- large number of sensor channels to be readoutlarge number of sensor channels to be readoutHigh granularity High granularity large number of sensor channels to be readoutlarge number of sensor channels to be readout
Low sensor occupancy often non exceeding a few %Low sensor occupancy often non exceeding a few %

AsAs anan exampleexample letlet usus considerconsider thethe pixelpixel sensorsensor beingbeing readoutreadout @@ 4040MHzMHz
frequencyfrequency.. InIn manymany casescases thethe sensorsensor areaarea isis divideddivided byby 44 quadrantsquadrants
(columns)(columns) readoutreadout inin parallelparallel toto increaseincrease thethe readoutreadout speedspeed andand reducereduce( )( ) pp pp
thethe integrationintegration timetime.. InIn suchsuch aa casecase thethe bandwidthbandwidth necessarynecessary toto transfertransfer
ofof thethe datadata isis ~~320320MB/sMB/s forfor oneone detectordetector only!only!

TheThe mostmost popularpopular interfacesinterfaces characteristicscharacteristics::TheThe mostmost popularpopular interfacesinterfaces characteristicscharacteristics::
EthernetEthernet:: 11Gbit/sGbit/s ((125125MB/s),MB/s), 1010Gbit/sGbit/s ((11..2525GB/s)GB/s)
VMEVME 6464xx:: upup toto 160160MB/sMB/spp //
USBUSB 22..00:: 6060MB/sMB/s
FireWireFireWire 800800:: 100100MB/sMB/s
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Motivation for data sparsificationMotivation for data sparsificationpp
Sparsification offers the Sparsification offers the 

possibility to avoid thepossibility to avoid thepossibility to avoid the possibility to avoid the 
overhead and run at the overhead and run at the 
full speed without deadfull speed without dead--full speed without deadfull speed without dead
time.time.

D t t lD t t lData storage volume Data storage volume 
becomes much less becomes much less 
important issueimportant issueimportant issue.important issue.

Instead of using equipment Instead of using equipment g q pg q p
computer farm, the data computer farm, the data 
is being reducedis being reduced at the at the 
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Sparsification Sparsification –– possible solutionspossible solutionspp pp
Basically there are 3 feasibile solution for Basically there are 3 feasibile solution for 

ff l d d fl d d f

sparsification algorithm implementationsparsification algorithm implementation

Computer farm onComputer farm on--line sparse data identificationline sparse data identification
DAQ based sparse data recognition DAQ based sparse data recognition –– hardware hardware 
(Atlas DAQ, EUDRB (EUDET project))(Atlas DAQ, EUDRB (EUDET project))
OnOn--chip implementation (SUZEchip implementation (SUZE--0101OnOn chip implementation (SUZEchip implementation (SUZE 01 01 
(IPHC/Strasbourg), Deep N(IPHC/Strasbourg), Deep N--well 130nm well 130nm 
(Pavia,Bergamo,Pisa,Bologna) (Pavia,Bergamo,Pisa,Bologna) –– token token ( a a, e ga o, sa, o og a)( a a, e ga o, sa, o og a) to eto e
architecture by R. Yarema (FNAL).architecture by R. Yarema (FNAL).
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MAPS MAPS –– Monolithic Active Pixel SensorsMonolithic Active Pixel Sensors
SparsificationSparsification isis notnot simplesimple.. EspeciallyEspecially becausebecause algorithmalgorithm

ltlt d dd d d td t ll dd hi hhi h dd hh tt ttresults,results, reducedreduced datadata volumevolume andand highhigh speedspeed havehave notnot toto
affectaffect thethe qualityquality ofof thethe recordedrecorded informationinformation..

TheThe sensorsensor usedused inin thethe
measurementsmeasurements isis aa MimosaMimosa 55
CMOSCMOS byby LEPSILEPSI (IPHC(IPHC Strasbourg)Strasbourg)..
TheThe chargecharge carriercarrier generatedgenerated ininTheThe chargecharge carriercarrier generatedgenerated inin
thethe epitaxialepitaxial layerlayer 1515 μμmm thickthick --
signalsignal (~(~8080 ee--hh pairs/pairs/μμm)m)..

MAPS in CMOS technology has been pioneered in LEPSI in the late 90’s
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MAPS MAPS –– Monolithic Active Pixel SensorsMonolithic Active Pixel Sensors

The charge collection mechanism The charge collection mechanism in in 
CMOS MAPS sensorsCMOS MAPS sensors is based onis based onCMOS MAPS sensors CMOS MAPS sensors is based on is based on 
thethediffusion  diffusion  mechanism. Tmechanism. The he 
sensitive volume is not depleted and sensitive volume is not depleted and 
h l dh l dcharge cluster spreads over ~ 50 charge cluster spreads over ~ 50 μμm.m.

Detector pixel sizeDetector pixel size for Mimosa 5 for Mimosa 5 pp
sensorsensor = 17 = 17 μμm.m. Collected charge vs. No of pixels in cluster
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DAQ applicationsDAQ applications
TheThe DAQDAQ systemsystem basedbased onon thethe

AlteraAltera FPGAFPGA chipchip (EUDRB)(EUDRB) isis
beingbeing usedused inin thethe EUDETEUDETbeingbeing usedused inin thethe EUDETEUDET
ILCILC projectproject (see(see thethe detailsdetails
onon thethe subsequentsubsequent slidesslides

dd thth EUDETEUDET

Eudet telescope

andand thethe EUDETEUDET
presentation)presentation)..

EUDRBEUDRB isis aa basebase DAQDAQ systemsystemEUDRBEUDRB isis aa basebase DAQDAQ systemsystem
forfor thethe EUDETEUDET telescopetelescope
composedcomposed ofof 66 planesplanes forfor
highhigh precisionprecision particleparticle
trackingtracking..

The zero suppresionThe zero suppresionThe zero suppresion The zero suppresion 
mechanism has been mechanism has been 
implemented for MimoStar2, implemented for MimoStar2, The result obtained at DESY in August 2007
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DAQ applicationsDAQ applicationsQ ppQ pp
Tritium samples imaging Tritium samples imaging 

i h i hi h i hwith Mimosa 5 sensor has with Mimosa 5 sensor has 
been done using Sucima been done using Sucima 
Imager DAQ system,Imager DAQ system,Imager DAQ system, Imager DAQ system, 
developed during Sucima developed during Sucima 
EU project. EU project. 

Seed pixel signal distribution

Tritium imaging relies on Tritium imaging relies on 
single particle interactionsingle particle interaction

Seed pixel signal distribution 

single particle interaction single particle interaction 
measurement and 10measurement and 1055--101066

frames are to be collected frames are to be collected 
to obtain good quality to obtain good quality 
image. image. 

Ring 3 (3x3 crown) signal distribution 
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DAQ applicationsDAQ applications

Ring 5 (5x5 crown) signal distribution 

Image of the RPA506 standard acquired 
with the MIMOSA5 sensor over a 2 hours 
exposure time
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DAQ (EUDRB) ArchitectureDAQ (EUDRB) Architecture
The EUDET Data Reduction board was developed at INFNThe EUDET Data Reduction board was developed at INFN--Ferrara inFerrara in
collaboration with University of Insubriacollaboration with University of Insubria--Como and INFNComo and INFN--Roma 3 to Roma 3 to 
read outread out Monolithic Active Pixel Sensors (MAPS).Monolithic Active Pixel Sensors (MAPS). EUDRB is based onEUDRB is based onread outread out Monolithic Active Pixel Sensors (MAPS).Monolithic Active Pixel Sensors (MAPS). EUDRB is based on EUDRB is based on 
ALTERA CycloneIIALTERA CycloneII FPGA FPGA chip chip (clock rate: 80MHz)(clock rate: 80MHz)..

Two readout modes:Two readout modes:
Zero SuppressedZero Suppressed readout readout 
to minimize the readout to minimize the readout 
deaddead--time while in normal time while in normal 
data taking.data taking.
Non Zero SuppressedNon Zero Suppressed
readout of multiple framesreadout of multiple framesreadout of multiple frames readout of multiple frames 
for debugging or offfor debugging or off--line line 
pedestal and noise pedestal and noise 
calculationscalculationscalculationscalculations
TheThe EUDRBEUDRB hashas beenbeen soso farfar
employedemployed withwith thethe IPHCIPHC
MIMOSAMIMOSA--55,, MIMOSTARMIMOSTAR 22 andand
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DAQ (EUDRB) ArchitectureDAQ (EUDRB) Architecture
The FPGA handles the operations related to data collection, trigger The FPGA handles the operations related to data collection, trigger 
servicing and I/Oservicing and I/O port interfacing with sequencers and logic blocks port interfacing with sequencers and logic blocks 
described in VHDL code or schematicdescribed in VHDL code or schematic diagramsdiagramsdescribed in VHDL code or schematicdescribed in VHDL code or schematic diagrams.diagrams.

Ovierview of Data Flow for 
ZS operation of EUDRB
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DAQ (EUDRB) ArchitectureDAQ (EUDRB) ArchitectureQ ( )Q ( )
EUDRB performs in ZS mode fetching of “hit” data without stopping EUDRB performs in ZS mode fetching of “hit” data without stopping 
detector scan and frame buffer update Four firmware submodules performdetector scan and frame buffer update Four firmware submodules performdetector scan and frame buffer update. Four firmware submodules perform detector scan and frame buffer update. Four firmware submodules perform 
the “hit”extraction in parallel (CDS and comparison with threshold after the “hit”extraction in parallel (CDS and comparison with threshold after 
perdestal subtraction), one for each submatrix).perdestal subtraction), one for each submatrix).
Thi t l l l FIFO t t hit i f ti til th t tThi t l l l FIFO t t hit i f ti til th t tThis processor controls local FIFOs to store hit information until the output This processor controls local FIFOs to store hit information until the output 
FIFO is available for receiving a new event data packet. The event data FIFO is available for receiving a new event data packet. The event data 
packet contains “hit” signal amplitude and pixel address encompassed packet contains “hit” signal amplitude and pixel address encompassed 
within a Header and a Trailer.within a Header and a Trailer.

EUDRB contains EUDRB contains NIOS II, 32 bit “soft” microcontroller NIOS II, 32 bit “soft” microcontroller 
(clock rate: 40Mz) implemented in the FPGA for(clock rate: 40Mz) implemented in the FPGA for „„on on 
board diagnosticsboard diagnostics” and” and remote configuration of theremote configuration of theboard diagnosticsboard diagnostics  and  and remote configuration of the remote configuration of the 
FPGA via RSFPGA via RS--232, VME, USB2.0232, VME, USB2.0
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EUDRB Cluster Search ZS ArchitectureEUDRB Cluster Search ZS Architecture
The Cluster Search algorithm has been implemented into the EUDRB DAQ The Cluster Search algorithm has been implemented into the EUDRB DAQ 
using VHDL codeusing VHDL codeusing VHDL code. using VHDL code. 
The EUDRB equipment as a external FIFO memory together with the NIOS The EUDRB equipment as a external FIFO memory together with the NIOS 
II processor external memory are the necesessary for the seed driven II processor external memory are the necesessary for the seed driven 
l t h l ithl t h l ithcluster search algorithm.cluster search algorithm.

The architecture of the ZS firmware is build in such a way that the cluster The architecture of the ZS firmware is build in such a way that the cluster 
search is being done during the current detector readout and the data search is being done during the current detector readout and the data 
memory is being updated for four quarters independently. In the same memory is being updated for four quarters independently. In the same 
time, the pixels hit (clusters) during the previous readout is being time, the pixels hit (clusters) during the previous readout is being , p ( ) g p g, p ( ) g p g
transfered to the output FIFO buffer to be sent out to the storage.transfered to the output FIFO buffer to be sent out to the storage.

The visualization of the implemented mechanism is shown on the nextThe visualization of the implemented mechanism is shown on the nextThe visualization of the implemented mechanism is shown on the next The visualization of the implemented mechanism is shown on the next 
slide.slide.
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EUDRB Cluster Search ZS mechanismEUDRB Cluster Search ZS mechanism
Current framePrevious frame Noise Pedestal
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Cluster Search ZS preliminary resultsCluster Search ZS preliminary resultsp yp y
The Cluster Search algorithm is being commissioned The Cluster Search algorithm is being commissioned and the very and the very 
preliminary results has been obtained. The mesaurements with IR laser, preliminary results has been obtained. The mesaurements with IR laser, 33H H 

l d h b i fl d h b i fsamples and the test beam is foreseen.samples and the test beam is foreseen.

Test setup with PLS 500 Picoquant, 
f h d h bfast LED head system has been 
performed.
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PLS 500 – signal frequency 
1MHz, emmiting power 7,8μW



Future plansFuture plansFuture plansFuture plans

Algorithm qualification with IR laser andAlgorithm qualification with IR laser andAlgorithm qualification with IR laser and Algorithm qualification with IR laser and 
33H Amersham standardsH Amersham standards
Pedestal and noise update implementationPedestal and noise update implementation
Hot pixels onHot pixels on--line masking implementationline masking implementationHot pixels onHot pixels on line masking implementationline masking implementation
Test beam Test beam –– Mimosa 5 as a DUTMimosa 5 as a DUT
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