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Abstract: Optical Wireless  Communication (OWC) system for particles detector can be a viable solution for reducing the complexity of the optical fibre network 

used to extract the data from the detector. In this work we present the initial study of the tolerance to misalignment for the OWC system under investigation. We 
observed that using collimators of beam waist from 0.35mm to 3.5mm we can obtain tolerance in range from +/-0.25mm to +/-0.8mm. We also observed using 
ray trace simulation that both transmitting power and tolerance can be improved by using optimized lens at the receiver having VCSEL as transmitting source.

Å The particle detectors in high energyphysicsutilize complexnetworks of high speed(1- 10 Gb/s) optical fibers for data
transmission. Higherbandwidthwill be requiredfor future upgradesbut anypossiblerequirementto route new cablesmay
bedifficult dueto spacelimitations.

ÅOptical wirelesscommunication(OWC)can help to face this problem by providing cable-free high speeddata links. This
approachcanhelp in reducingthe amountof cableconnectionsandalsohelpsin reductionof materialbudget.

ÅOWCsystemwill alsoprovideradialconnectivitybetweeninner layerto outer layerof detectorswhichwill result in reduced
latencyandfastereventselection.

ÅWearedevelopingsuchOWCsystemandwe consideredthe inner trackerof the CMSasreferencearchitecture.
ÅHereas first step we studied toleranceto misalignmentof OWCsystem. Thisis mandatorybecauseonly passivealignment

will be possiblein structure like particle detectors. Therefore,the systemmust be designedto work within the mechanical
toleranceof the structure.

Å Simulationwere performedto calibrateray tracingsoftwareby comparingresultswith
data acquiredin the experimentalactivity. We found that simulatedtolerancevalues
approximatewell with the experimentaldata.

ÅUsingcalibrated software, simulationsof transmissionsystemconsideringVCSELas
transmitting sourceat workingdistanceof 10 cm were performed for data rate of 2.5
Gb/s

ÅWeconsideredtransmitter (VCSEL)with no lensandreceiverwith focusingball lens.

ÅWe observedthat usingbiggerball lensat receiver,we canachieveBERof 1×10−9at
lower transmittingpower.

ÅWealsoobservedthat toleranceto misalignmentvaluesof greaterthan +/-1mm canbe
achievedthroughreceiveroptimization.

Introduction

System Tolerance Study

Simulations: VCSEL and Photodiode with focusing ball lens.
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Å A FreeSpaceOptics(FSO)setupwasrealizedto studythe systemtoleranceto misalignment.
We tested 4 collimatorswith different beamwaist (0.38mm, 0.87mm, 2.1mm, 3.5mm) and
photodiodeswith flat window andball lens, for datarate of 2.5 Gb/sand10Gb/s.

ÅWe usedlaserlight of 1550nm wavelengthbecauseit wasobservedthat it will not interfere
with siliconstrip sensorand doesnot introduceany fake signalon data collectedby particle
detector.

Å It wasobservedthat lower beamwaist collimators(0.38, 0.87mm) canprovidetoleranceup
to +/-25mm with transmitted power of lessthan 0 dBm(1 mW) neededto obtain a Bit Error
Ratio (BER)of 1×10−9, while better tolerancevalueswere observedfor collimatorswith
biggerwaist (2.1mm, 3.5mm) but at an expenseof higher transmitting power required for
the sameBER.

Å Similartoleranceto misalignmentvalueswere observedfor both flat window and ball lens
photodiode.
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0.38 -8.9 0.25 -6.9 0.25 -0.9 0.25 2.1 0.25
0.87 -7.7 0.25 -6.7 0.25 -0.4 0.25 2.9 0.25
2.1 -0.9 0.5 0.6 0.55 7.9 0.5 8.6 0.5
3.5 2.8 0.8 2.8 0.9 9.3 0.7

Conclusion.

ÅWe performed initial study for the design of board to board OWC  system for particle detector in HEP considering CMS as reference architecture. Because 
only passive alignment is possible in a typical particle detector, we studied the tolerance to misalignment using different beamwaist collimators. We 
observed that we can obtain tolerance limits of +/- 0.25mm to +/-0.8mm. Using ray trace simulation analysis it is also observed that both tolerance and 
transmission power can be improved using optimized focusing lens at the receiver. In future we will also perform the irradiation test on optical components 
(lasers, photodiodes, TIA, laser drivers) and desired optics.
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Improvement due to larger ball lens (10cm Transmission 
distance) 
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Distance from Center of ball lens to sensitive area

5mm Diameter Lens

Summary 

5mm 4mm 3mm

Transmitted Power
(dBm) -9.6 -8 -6.7

Tolerance (mm) +\-0.8 +\-1 +\-1.3
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