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Particle detectors in High Energy Physics experiments provide huge amounts of data
which needs to be transported to the data center. Fiber-optic links provide a high-
capacity low-mass solution. However, the performance of semiconductor lasers used in
such links is shown to degrade by the amount of radiation that is generated when
particles with high energy collide. We investigate a wavelength-division multiplexing
(WDM) scheme in which only the semiconductor modulators are in the high radiation
environment, and test the modulators for radiation hardness. The InP-based WDM
modulator circuits are designed for fabrication on generic integration platforms. The
samples will be irradiated with a 23 MeV proton beam at Karlsruhe Institute of
Technology (KIT) up to various doses. Here we discuss the system concept and
preliminary measurements of non-irradiated samples that will later be compared with
the irradiated samples.

I ntroduction

The largehadron collider (HC) at CERN in Genevaollides two higlly energetic
particle beamsagainst each othet0 million times per secongroducing billions of
interactions The subatomic phcles that are created such interactions are detected by
so called particle detectorsParticle detectors are mad# sensos elements and
electronic bips are attached to the sensors to read out the. daaticle detectors
produce enormous amogrdf dataandareread out orhigh speed links to a computer
farm, locatedhundred meters aways experiments progress to higher luminosities,
future detectors will be designed to read all data to the computer farm, unlike the
present selective readolachread out bip need serial data rate®f multiple Gbps
making itseveal Tbps for the whole detectdPresently, the data ratelow enough to
be transmitted electrically for the first couple of meters and thenfiorm electreoptic
conversionby direct modulation of a laseElectrical read out of data using copper
cablesat data rates of 1@Gbps for a couple of meters of cakke already very
challenging With higher data rates, the electptic conversion is preferred as close to
the detector as possible.

Particle beams colliding against each other produce high amounts of radiatemoclos
the interaction pointThe detector circuithave towithstandhigh radiationlevels[1].
High energy subatomic prticles created in the collisions flghrough the circits,
causng damage tothe crystal structureand giving rise totrapping of charges at
interfaces etc. These phenonma affect the performance of tharcuits. Direct
modulation of lasers in sudchharsh environment ishallenging as literature suggest
that thelasers degrade significantly already at less severati@uienvironments [2]
Modulation of a continuous wave laser using external modulators is another interesting
option. Howeveryelatively little is known about the performance of such mddrda
under radiation and more research is needed on the subgatider the following
configuration:The laser is placed in a low radiation environment andCibetinuous
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Wave (CW) laser beam lzroughtinside the particle detector area anoptical fiber.

This CW isthen modulatetby the read ot chipusing anoptical modulator circuit The
modulatedight is sentbackto the data acquisition and processing part at the computer
farmon a return optical fibgiFig. 1).

Deatector - High Radiation
envirenment

Digital read-out
Chip @ 10Gb/s

/ Low radiation ‘\l

ar
~ continuous wave
m l injection laser

7]
~— Modulation
[ Data acquisition & processing

O Optical ‘\ Photo diode W
- J

maodulator
Fig. L Block diagram depictingxternal modulation and placement of optical devices in radiation.zones

The steps taken in the direction of indirect modulation technique include:
e To investigate and understand how existing modulators behate madiation
environment.

e To designWavelegth Division Multiplexed (WDM)modulatordor irradiation
tests.

Design of ASPIC and sub-mount

The Application Specific Photonic Integrated CircuASPIC) shown in Fig. 2was
designed in the COBRAyenerc integration platform [3] It includestwo WDM
modulator circuits with a possibility of preamplification or postamplification In
addition, there are a number t@fst structureso test the individual components. The
circuitsare built usingstandarduilding blocks like modulators,egicondetor Optical
Amplifiers (SOAs)andArrayed Waveguide Gratings (AW hase modulator sections

of ~2 mm length are designed in Maekehnder(MZ) interferometer configuration.
Alternatively, small SOAsectiors can be used as modulatorkarger SOA sections
provideoptical gain. The AWGs have 2 inputs and 5 outputs, with a channel spacing of
400 GHz andrree Spectral Rangé$R of 2400 GHz. A SOA is included in one of the
inputs of the AWG giving the circuithe capability of pre or post amplification of
signals.The 3 wavelengths are modulated using MZ interferometers and the remaining
2 are modulated usirthe smalleiISOAs.The building blocksare alscseparately placed

as test structures.
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Fig. 2: (L) ASPIC designed in the TU/e COBRA generic integraptatform (R) Circuit schematic.

Little is known about radiation hardness of InP based passive devices compared to
LiNbO3 devices [4]. Literatureq]-[8] suggests thaMultiple Quantum Well MQW)
based devices perform better than bulk devices under irradiatigrassive circuits in
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the COBRA platform are buldevicesand the active circuits are devices witlultiple
guantum wells.The modulators supplied b@claroin bar form consisbf 22 MZ
modulatorsper barand arebased onmultiple quantum wells Four samples from
COBRA and four modulatopbarsfrom Oclarowill be exposed to 13, 10" 10" and
10" protongen? fluence (1 MeVneutronequivalent) respectively. These devices are
compared in performanceor different exposure levels and between technologies
During irradiation, thecircuits need to belectricallybiased to imitatectualoperating
conditions. herefore a PCB submount was designed for electri@ald optical access

the sampleas shown in Fig.3.

Fig. 3: (L to R) ASPIC glued and bondesh the submount measuring 5x5 ubmountmounted on

the motherboard for measurements

M easurement results for non-irradiated samples

All measurementesults reported here are on the 4madiatel test structuresn the
COBRA circuit A simpleschematic sketch @ MZ modulator is shown in Fig. &ight
from a1550nm laselis coupled through a fibdyasedpolarization controller to Eensed
fiber on the left facet of the chip. After transmission through the chip,light is
collected with asecondlensedfiber on the right facet of the chip and coupled to an
external power meter. Typical measuremanishe modulatomcluded phase ersus
voltage characteristicand determiningthe extinction ratio The nonirradiated sample
had a \, of 6.5V andan extinction ratioof 14 dB as shown in Fig4. The SOA was
tesed using a current source argtording the light output powday an optical power
meter. The light output power and the Amplified Spontaneous EmissSE)(
spectrum measurements are in agreement with expected values. Higithdrom a
tunable laser source with an output power of 0.7 dBm at 1550 nnnjeated into an
SOA and theoutputspectrumwasrecorded. The peak output power is +4 dBirom
thiswe estmate a SOA gain around ¥3B, as theSOA has compensatdte coupling
loss (2% 4.5 dB) and waveguide propagation logsl dB). The AWG responsewvas
measured using darbium-Doped Fiber Amplifier EDFA) source with a broadptical
spectrum The output spectrum was recorded using an Optical Specknatyser
(OSA). Measurementsf the AWGshow a channel spacing of 400 GHz, FSR of 2400
GHz and a crosstalk of 16 dB.

Conclusions and Future

The individual building blocks of the WDM modulator circuit have been characterized
and show proper functionalitpetailed optical measurements on the ASPIC are being
carried out now. Irradiation testé the WDM circuits and the Oclammodulatord9] in

the 23 MeV proton beamat KIT are plannedThe irradiated samplesill be measured

257



WDM Modulator circuit for High Energy Physics Applications

and the performancewill be compared with noiradiated samples. Thorough
investigation is needed to analyse the results of characterisation and untbiénsta
radiation hardness performance of the modulator.

Laser input (~y~)) :|< > Optical power
meter

Fig.

Output Power (dBm)

Test Modulators AWG channels
o CS = 400 GHz FSR = 2400 GHz

]

Crosstalk = 16 dB

——TMm arm

Output Power (dBm)

ol
AR R O7 B
1 2 ) 1520

1530 1540 1530 1560

Scan Voltage (V) Wavelength (nm)

TMm arm

Light output

InP
—— Metal TMp arm

4. (Clockwis@ Measurememston the nonirradiated tesMZ modulator;Measurements on the AWG;

Schematic otheMZ measurements

Acknowledgements

This work is part of the research program of the "Stichting voor Fundamenteel
Onderzoek der Materie (FOM)", which is financially supported by the éNaddse
organisatie voor Wetenschappelijke Onderzoek (NWO)".

References

(1]
(2]
(3]

(4]
(5]
(6]
[7]
(8]
9]

F. Faccig “COTS for the LHC radiation environment: the rules of the dammeProceedings of
LHC Electronics Worksho®00Q

P. LeMetayer et al.;Proton damage effects on Ga@aAlAs vertical cavity surfacemitting

lasers, Journal of Applied Physics, vol. 94, pp. 775763, 2003.

M. Smit, X. Leijtens, E. Bente, J. Van der Tol, H. Ambrosius, D. Robbins, M. Wal&§rbdte, M.
Schell, “Generic foundry model for IdAPased pbtonics”, IET Optoelectronigsvol. 5, Iss. 5, pp.
187-194,2011.

C. D’hose et al.;Electrical and Optical Response of a M&tghnder Electrooptical Modular to
Pulsed Irradiatiofy IEEE Trans. on Nuc. Sci., Vol. 45, pp 152530, 1998

R. Leonet al.,“Effects of Proton Irradiation on Luminescence Emission and Carriearbigs of
Self- Assembled IHV Quantum Dots IEEE Trans. on Nuc. Sci., Vol. 4pp 2&14-2851, 2002

F. Guffarth et al., Radiation hardness of InGa&&aAs quantum dotsApplied Physics Letters, vol.
82, pp. 19411943, 2003.

M. Boutillier et al.,“First Evaluation of Proton Irradiation Effects on InAs/I@Rantum Dash Laser
Diodes Emitting at 1.55m”, IEEE Trans. on Nuc. Sci., Vol. 55, pp 222247, 2008

S. F. Tang et al.,Ifivestigations for INAs/GaAs multilayered quantdat structure treated by high
energy proton irradiatidnJournal of Thin Solid Fins, vol. 518pp. 74257428, 2010.

D. Gajanana, M.G. van Beuzekom, M.K. Smit, X. J. M. Leijtens, “Irradiagtadies on InPbased
Mach Zehnder modulator”, Proceedings of the 2012 Annual Symposium of thePlidE&nics
Benelux Chapter, pp91—294, 2012.

258



