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ALICE Silicon Pixel DetectorALICE Silicon Pixel Detector
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FastOrFastOr & Detector module& Detector module
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120 x half staves each 10 bit fastOr



Silicon Pixel TriggerSilicon Pixel Trigger

Front end chip provides prompt Front end chip provides prompt FastORFastOR

Active if at least one pixel in the chip is hitActive if at least one pixel in the chip is hit

Transmitted every 100 nsTransmitted every 100 ns

10 10 FastORFastOR bits transmitted on each readout fiber bits transmitted on each readout fiber ‐‐> 120 fibers * 10 * 10 MHz = 12 > 120 fibers * 10 * 10 MHz = 12 Gb/sGb/s
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FrontendFrontend

Dedicated Dedicated FastORFastOR circuitry follows synchronizercircuitry follows synchronizer

Two data streamsTwo data streams

High resolution pixel detectorHigh resolution pixel detector

Low latency PAD detector Low latency PAD detector 

1200 pads of 13x14 mm21200 pads of 13x14 mm2
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L0 decision time

150 ns10 x 106 channels on 120 fibers
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Silicon Pixel Trigger block Silicon Pixel Trigger block 
diagramdiagram
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AlgorithmsAlgorithms

PrePre‐‐process low latency Fastprocess low latency Fast‐‐OR and generate primitives for the OR and generate primitives for the 
Level 0 trigger decisionLevel 0 trigger decision

ProtonProton‐‐protonproton
Minimum biasMinimum bias
High multiplicity triggerHigh multiplicity trigger
Topological trigger (jets)Topological trigger (jets)
Heavy ionsHeavy ions
Selection of impact parameterSelection of impact parameter

AlgorithmsAlgorithms
Boolean functions of 1200 bitsBoolean functions of 1200 bits

Look up tablesLook up tables

Occupancy (multiplicity)Occupancy (multiplicity)
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Pixel Trigger Cosmic AlgorithmPixel Trigger Cosmic Algorithm

Can be selected from Control Room out of the Can be selected from Control Room out of the followingfollowing

TOP_outerTOP_outer andand BOTTOM_outerBOTTOM_outer

OR_OUTER OR_OUTER andand OR_INNEROR_INNER

DLAYER (DLAYER (≥≥2 2 FOsFOs in the INNER in the INNER andand ≥≥2 2 FOsFOs in the OUTER)in the OUTER)

TOP_outerTOP_outer andand BOTTOM_outerBOTTOM_outer andand TOP_innerTOP_inner andand

BOTTOM_innerBOTTOM_inner

TOP_outerTOP_outer andand BOTTOM_outerBOTTOM_outer andand OR_INNEROR_INNER

GLOBAL_ORGLOBAL_OR
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Advanced trigger algorithmsAdvanced trigger algorithms

Combinational Combinational ((booleanboolean AND/OR) functions of 1200 FastAND/OR) functions of 1200 Fast--OR bitsOR bits
•• Occupancy (multiplicity)Occupancy (multiplicity)
•• Coincidence trigger (topology)Coincidence trigger (topology)

Not possible: iterative algorithms on data Not possible: iterative algorithms on data setset

Example: vertex trigger Example: vertex trigger 

PseudoPseudo--TrackletTracklet: one chip hit on inner and one on outer layer, in line with reg: one chip hit on inner and one on outer layer, in line with region +/ion +/--10 cm 10 cm 
around vertexaround vertex

Chip map for pixel trigger electronics calculated from simulatioChip map for pixel trigger electronics calculated from simulation: (L11,L21), (L12, L22), n: (L11,L21), (L12, L22), …… , , 
(L1n, L2n)(L1n, L2n)

FPGA FPGA looks for at least 1 out of 11000looks for at least 1 out of 11000 pseudopseudo--trackletstracklets
•• Processing time 12.4 ns (Xilinx ISE)Processing time 12.4 ns (Xilinx ISE)
•• 4% of FPGA resources (Xilinx ISE)4% of FPGA resources (Xilinx ISE)

FPGA FPGA countscounts how many out of 11000 how many out of 11000 trackletstracklets are presentare present
•• ~27 ns processing time (Xilinx ISE)~27 ns processing time (Xilinx ISE)
•• 5% of FPGA resources (Xilinx ISE)5% of FPGA resources (Xilinx ISE)



Pixel trigger systemPixel trigger system

Extract and synchronize 1200 Extract and synchronize 1200 
FastORFastOR bits every 100 nsbits every 100 ns
Process algorithmProcess algorithm
User defined and User defined and 
programmableprogrammable
Transmit resultTransmit result

Overall latency 850 nsOverall latency 850 ns
Bottleneck is Bottleneck is deserializationdeserialization
Independent from the data Independent from the data 
readout electronicsreadout electronics
Space constraint (one 9U Space constraint (one 9U 
crate)crate)
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OPTIN cardOPTIN card

12 Channels12 Channels
Custom Parallel Optical Receiver Custom Parallel Optical Receiver 
ModuleModule
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12 G12 G‐‐Link Link deserializerdeserializer ASICsASICs
closely packedclosely packed
FPGA (60k logic cells)FPGA (60k logic cells)
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OptinOptin board channelsboard channels

FastORFastOR extraction, masking, extraction, masking, 
time alignmenttime alignment

Data quality checks: counters Data quality checks: counters 
and histogramsand histograms
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processing board processing board ‐‐ BRAINBRAIN
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Pixel trigger cratePixel trigger crate
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Full system VHDL simulationFull system VHDL simulation
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Bit error rate testBit error rate test

Full Fast OR data path Bit Error Rate testFull Fast OR data path Bit Error Rate test
12 channels in parallel, pseudo random data12 channels in parallel, pseudo random data
Optical power: Optical power: ‐‐18.5 18.5 dBmdBm, 0.5 , 0.5 dBmdBm margin margin 
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Remote reconfiguration of the FPGARemote reconfiguration of the FPGA

Automatic configuration from databaseAutomatic configuration from database

Advanced algorithmsAdvanced algorithms

Diagnosis tools (snapshot memory)Diagnosis tools (snapshot memory)
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LatencyLatency

733 ns

Charge test pulseCharge test pulse

PIT outputPIT output

Measurement in the laboratoryMeasurement in the laboratory

In ALICE: In ALICE: 
•• 733 733 

+  16 (longer fibers) +  16 (longer fibers) 
+  25 (wire to CTP)+  25 (wire to CTP)
==774774 nsns

From Bunch CrossingFrom Bunch Crossing
•• MIN   724 nsMIN   724 ns
•• MAX  824 nsMAX  824 ns

•• Uncertainty of +Uncertainty of +-- 12.5 ns12.5 ns
Needs fine clock tuning with beamNeeds fine clock tuning with beam

FO



Overall latencyOverall latency
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LatencyLatency
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Non synchronous framesNon synchronous frames
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Frames alignedFrames aligned
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Inner Tracking SystemInner Tracking System
Silicon Silicon StripStrip detectordetector
Silicon Silicon DriftDrift detectordetector
Silicon Silicon PixelPixel DetectorDetector

Time Projection Time Projection 
ChamberChamber

Pixel Trigger crate

Optical splitters
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Installation in ALICEInstallation in ALICE
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Cosmic ray detectionCosmic ray detection

Pixel Trigger extensively Pixel Trigger extensively 
used during ALICE used during ALICE 
commissioning with cosmic commissioning with cosmic 
data data 
SPD onlySPD only
Inner Tracking Inner Tracking 
(SPD+SSD+SDD)(SPD+SSD+SDD)
ITS, TPC, TOF, ECALITS, TPC, TOF, ECAL

Alignment dataAlignment data
105 events > 3 SPD clusters105 events > 3 SPD clusters
ShowersShowers
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LHC beam injection testLHC beam injection test

August 2008: ALICE SPD was recording data selfAugust 2008: ALICE SPD was recording data self‐‐triggering via the triggering via the 
Pixel Trigger SystemPixel Trigger System
The first The first ““LHC related particlesLHC related particles”” were detectedwere detected
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Beam eventsBeam events
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Events from LHC circulating beam 
11th September 2009
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