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ABSTRACT
Candidate optoelectronic components for use in future data-transmission links at the High-Luminosity Large Hadron Collider (HL-LHC) were irradiated with 20 MeV neutrons at the University Cyclotron in 
Louvain-La-Neuve, Belgium and 24 GeV protons at the CERN PS irradiation facility.  The results from this test for multi-channel transmitters , photodiodes, and optical modulators are presented here.

Radiation Tests : On-line Total Fluence with 20 MeV  Neutrons and Before/After with 24 GeV protons

n

INVESTIGATING THE RADIATION TOLERANCE OF NEW DEVICES 
The radiation tolerance of two new “families” of devices : multi-channel transmitters and Si-based optoelectronic devices was evaluated in a series of radiation tests carried out over the past year. 

The effect of radiation on a phase-shifting Mach-Zehnder-Interferometer (MZI) modulator and a Germanium on Silicon (Ge-on-Si) photodiode was 
investigated here. Because neither of these devices were attached to an optical fibre the change in leakage current of the devices was used as a 
measure of the effect of radiation on these devices.

Silicon Photonics is a new technology approach to using light to transfer data at high speeds and with low power over an optical fibre rather than 
using electrical signals over copper cable. A silicon photonics optical link that could generate, modulate, process and detect light signals would be 
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therefore as a first test of their suitability for HEP applications we looked at the effect of radiation on some Si-based optoelectronic components.

Si-based Optoelectronic Devices
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MOTIVATION AND CONTEXT 

The importance of radiation testing

The upgrade from LHC to HL-LHC will increase the luminosity of the LHC by a factor of 5-10. This imposes even more stringent requirements on the optoelectronic components used in the front-ends of the data 
transmission links (harsher radiation, higher data rates). Components with lower power consumption, higher speeds, and smaller sizes are being considered for the next generation of optical links. 

In this test we investigated the radiation tolerance of a few such devices in two tests: one where devices were exposed to 20 MeV neutrons and another where 24 GeV protons were used.  

Example p-p collision at the LHC

Radiation Damage in Lasers/Photodiodes
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current (defined as the bias current at 
which lasing begins) and a decrease 
in the output efficiency (amount of 
light/ unit increase in bias current in 
linear region) for lasers. 
     
a decrease in the responsivity and
an increase in the leakage current of 
for photodiodes.
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RESULTS FROM RADIATION TESTS

Conclusions and Future Work
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Test boards with DUTs in beamline at 
Louvain-la-Neuve.

Chip containng MZI 
samples on holder.

The 12 channel InGaAs VCSEL array, CWDM VCSEL based transmitter and the Ge-on-Si 
photodiodes were irradiated with 20 MeV neutrons at the Cyclotron research center at 
Louvain-La-Neuve for 24 hours at room temperature, with a flux of 1.2e11 n/cm2 at 5 cm 
from the target. The static performance of the devices was monitored during and after irra -
diation.

MZI silicon modulator samples provided by the Universite Parid Sud were irradiated with 
24 GeV protons at the CERN PS irradiation facility. The devices were irradiated over a 
period of 4 days at an average flux of 3.4e19 protons/cm2/s to a total fluence of 1e15 
p/cm2. The I-V charachteristics of the devices were measured before and 11 days after the 
end of the irradiation period.

The InGaAs laser is a 12-channel array transmitting at 1060 nm. The optical pack -
age consists of a ceramic substrate, a VCSEL array, a micro-lens array and a hard -

cover with a thin MT_MT fibre fixed to the module by a clip. 

This is the first test we have done on an InGaAs laser in high radiation enviorn -
ments. Lasers made of InGaAs are of interest to HL-LHC applications becuase of 

their low power consumption, high reliability and efficiency.

The other multi-channel transmitter tested was an optical sub-assembly that is capa -
ble of transmitting 4 data channels over one multimode fibre using Coarse Wave -
length Division Multiplexing (CWDM).

Such devices are of interest to HL-LHC applications because they could allow an in -
crease in the fibre-bandwidth of the installed link system with no modifications to the 
currently installed fibre plants.

Proton-proton collisions inside the LHC experiments produce a 
large number of secondary particles that deposit energy as they 
traverse the semiconducting material of an optoelectronic 
device. This can damage the semiconducting material leading to 
degradation in the performance of the device.

The upgrade from LHC to HL-LHC will increase the amount of 
radiation that the front-end optoelectronic components are ex -
posed to by 5-6 times. Therefore any components considered 
for use at the HL-LHC must be qualified to these new levels.

Both the InGaAs VCSEL array and CWDM VCSELs behaved in the expected manner when exposed to neutrons 
: the leakage current of the devices increased, the slope efficiency decreased, and a percentage of the damage 
annealed during the recovery period. Below we compare the threshold current and the relative slope efficiency of 
the multi-channel transmitters with two reference devices (a 1310 nm Edge Emitting Laser (EEL) and an 850 nm 

VCSEL) that were irradiated at the same time.

In absolute terms, the increase in threshold current of both the CWDM modules and the InGaAs arrays is simi-
lar to that observed in the 850 nm VCSELS ( although the inital value of the threshold current for the InGaAs 

arrays is much smaller).

The slope efficiency of the CWDM and InGaAs VCSEL arrays decreased faster than the reference devices. 
Either darkening of the passive components in the optical packages of the devices or the increase in tempera-
ture of the device due to the increased  current-densities required to operate the devices after the radiation in-
duced increase in threshold current are responsible . We believe that the latter is responsible for what we ob-
serve in the CWDM devices. For the  InGaAs VCSELs further testing is required to determine which of the two 

is responsible.

Silicon-based Devices
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The leakage current of both the Ge-on-Si photodiodes and the MZI modulators increased post-irradiation.  Below 
we compare the neutron radiation-induced increase in leakage current of a Ge-on-Si photodiode to an InGaAs 
photodiode that was irradiated at the same time. Also shown are before and after reverse I-V curves of two differ-

ent modulators from the same test chip which was irradiated with 24 GeV protons.

Although the Ge-on-Si photodiodes have an inital leakage current which is higher than the InGaAs devices 
our tests show that the increase in leakage current induced in the Ge devices is smaller than that in the InGaAs 

devices. 

The leakage current and the break-down voltage ( within the measurement range for modulator B ) 
increase after irradiation.

InGaAs VCSEL arrays and CWDM VCSELs were irradiated with 20 MeV neutrons to total fluence levels of  7.1e15 n/cm2 and 4.6e15 n/cm2 respectively (tracker qualification level for front-end components 
for  HL-LHC applications is 6e15 20 MeV n/cm2). The results of the test show that both devices behave in a manner similar to other candidates for HL-LHC optical links and are therefore potentialy suitable for 
use  in future applications.  The effect of radiation on the reverse I-V characteristics of Si-based optoelectronic components was also tested using the 20 MeV neutron source and a 24 GeV proton source and 
showed  that the leakage current of Ge-on-Si  photodiodes and Silicon-On-Insulator (SOI) MZI modulators increases after exposure to radiation. 

This has been a first test of the effect of radiation on these silicon-based devices, in the next year we plan on irradiating pigtailed SOI MZI modulators  in order to measure the effect of radiation on the 
modulation  efficiency of these devices. We are also working on simulating these modulating structures using TCAD tools to model the effect of radiation on such structures.

Presentor : Sarah Seif El Nasr-Storey, CERN doctoral student
Second-year PhD student in the particle physics group at the Uni-
versity of Bristol working in the Optoelectronics group at CERN.


