
Environmental Testing at CERN

! Magnetic Field

! Temperature
! Full modules

! Radiation
! Total Dose
! Total Fluence predictions
! Total Fluence irradiation plans
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B-field test setup

! Measured LIV/RIN/Spectra of TOSAs for different magnetic 
field strengths and orientations of DUT relative to the field.
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B-field LIV results

! Only the slope efficiency of the DFB device (which contains an isolator) is affected by 
the magnetic field, and only when the device is not placed in-line with the external 
magnetic field - 65% decrease at 2T.
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B-field RIN results

! RIN only measurable on 
VCSEL device due to setup 
limitations

! Fitted curves show very 
slight changes
! Not at a level to cause concern
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Temperature Testing of VTRx

! Establish the need (or 
not) for tuning of 
operating parameters of 
the Transmitter when 
ambient temperature 
varies
! Spec. operating temperature 

range: -30 to +60 ¡C
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Temperature characterization Finisar, JDSU and Mitsubishi

Figure 1: Experimental setup used for temperature tests.

Figure 2: Experimental setup used for BER measurements.

3 Measurements

All measurements were started by measuring the main parameters at room temperature to
ensure correct operat ion of the measurement setup and the DUT. Then temperature was
decreased slowly to − 30  C. The slow decrease of temperature is necessary for silica gel to
absorb humidity, and thus avoiding any condensat ion inside the chamber. Preceding tests
had shown that ambient temperature value displayed on the front panel of the temperature
chamber is su  cient ly accurate to indicate also variat ions in the temperature of the DUT.
The small amount of electronics inside the chamber and the open structure of the VTRx
enabled e  cient cooling (and heat ing) of the DUT, and therefore no addit ional stabilizat ion
t ime for the DUT was required. When the ambient temperature wasstabilized measurements
could be started.

At each temperature step (! T = 10  C for EEL and ! T = 15  C for VCSELs) light-
current characterist ic (LI) was measured by increasing bias current and measuring light
output. An LI-curve shows the range that can be used to vary the bias current. Opt ical
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Figure 1: E xperiment al set up used for temperat ure tests.

Figure 2: E xperiment al set up used for B E R measurements.

3 Measurements

All measurements were started by measuring the main parameters at room temperature to
ensure correct operat ion of the measurement setup and the DUT. Then temperature was
decreased slowly to ! 30  C. The slow decrease of temperature is necessary for silica gel to
absorb humidity, and thus avoiding any condensat ion inside the chamber. Preceding tests
had shown that ambient temperature value displayed on the front panel of the temperature
chamber is su  cient ly accurate to indicate also variat ions in the temperature of the DUT.
The small amount of electronics inside the chamber and the open structure of the VTRx
enabled e  cient cooling (and heat ing) of the DUT, and therefore no addit ional stabilizat ion
t ime for the DUT was required. When the ambient temperature wasstabilized measurements
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At each temperature step (! T = 10  C for EEL and ! T = 15  C for VCSELs) light-
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output . An LI-curve shows the range that can be used to vary the bias current . Opt ical
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Versatile Link
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Temperture Testing of VTRx

! Basic performance without changing parameters in spec
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Temperature Testing of VTRx (2)

! Test of compensation to match 15 ¡C performance
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-30¡C compensated-30¡C 60¡C compensated15¡C 60¡C

Compensation
brings

0.2-0.4 dB
improvement

Tempera t ure characteriza t ion F inisar, J DSU and M i tsubishi

(a) (b)

Figure 19: R equired change in t he bias and modula t ion currents to keep O M A and
E R fixed when tempera t ure is increased, (a) O M A ≈ 400 µ W and E R ≈ 2.9,
(b) O M A ≈ 570 µ W and E R ≈ 2.7.

(a) (b)

Figure 20: T he effect of tempera t ure compensa t ion on t he dynamic parameters.
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Gamma irradiation

! Simple passive irradiation test carried out at beginning 
of 2012 of candidate lasers and photodiodes
! Two Dose levels: 100 kGy & 1 MGy

! Measurement before and after irradiation
! Necessarily large errors associated with this method
! Ok for a pass/fail test
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Versatile Link
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Gamma test results - Pins

! No significant degradation observed 
up to 1 MGy total dose.
! Within uncertainties

! Result as expected
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(a) Measured change in photodiode responsivity η.
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(b) Measured change in photodiodeÕs capactiance.

Figure 13: Change in η and capacitance for all DUTs and all doses at 2V reverse bias.

Figure 14: Residue on surface of photodiode after irradiation.
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Figure 15: Change in ID for all DUTs and all doses at 2V reverse bias.
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(a) M e a sure d ch a ng e in photodiod e re sponsivity  .
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(b) M e a sure d ch a ng e in photodiod e’s c a p a ctia nc e.

F igure 13: C h a ng e in  a nd c a p a cita nc e for all D U T s a nd all dos e s at 2 V revers e bia s.

F igure 14: R e sidu e on surfa c e of photodiod e after irra diation.
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Versatile Link

jan.troska@cern.ch

Gamma test results - Lasers

! No significant degradation observed up to 1 MGy total dose.
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Large
Uncertainties!
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Figure 7: Effect of 1 MGy dose on LI curve of one of the Finisar FP lasers tested.
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Figure 8: Effect of 1 MGy dose on optical spectrum of one of the Mitsubishi FP lasers tested.

Fig.8 shows an example optical spectrum obtained for one of the devices tested (Finisar Fabry-Perot) ,as
well as the extracted values of ! c and ! RMS before irradiation and after receiving a dose of 1 MGy which clearly
show that no change was observed in either parameter. All other devices behaved in a manner similar to this (! c

and ! RMS for all devices and doses are shown in the Appendix in Fig.20 and Fig.21), and in Fig.12 which shows
a summary of the relative change in the central and RMS wavelengths for all the devices tested.

4.2 Effect of gamma irradiation on performance of photodiodes tested

Fig.9 shows example LI and CV curves obtained for one of the devices tested (Enablence InGaAs without a
window in the ROSA package) before and after receiving a dose of 1 MGy of ionizing radiation. Fig.9 shows that
the ionizing radiation had no observable effect on the LI or CV characteristics of the device. All other photodiodes
which were irradiated behaved in a manner similar to the one shown here (as is shown in Fig.13).

The ionizing radiation did impact the leakage current of the InGaAs devices tested; an increase of approx-
imately an order of magnitude was observed in the leakage current of the InGaAs devices tested (Fig.10a). The
leakage current of the GaAs devices was so small that our set-up was not sensitive to any changes that might
have been induced by the ionizing radiation (Fig.10c). This has been observed in previous total dose tests and
was therefore not surprising.
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Figure 11: Change in LI characteristics of all the lasers irradiated.
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(b) ! RMS .

Figure 12: Change in λc for all DUTs and all doses.

The extremely large uncertainty in the BeamExpress device (Fig.11b) is due to the difÞculty in ensuring
a strong optical coupling between the test Þber and the BeamExpress TOSAs which has been discussed in
previous reports.

4.3.2 Photodiodes

The same conclusion can be made for the CV and LI characteristics of all the photodiodes tested: the ionizing
radiation had no observable effect on either characteristic (Fig.13a and Fig.13b). Fig.13a also shows that one of
the Finisar InGaAs displayed a signiÞcant drop in efÞciency after being irradiated. This was not due to the ionizing
radiation, but to some residue from the electro-static foam was used to hold the devices during the irradiation and
transport which became brittle after irradiation (a picture of the surface of the photodiode after irradiation is shown
in Fig.14).

The ionizing radiation did have an observable effect on the leakage current of the InGaAs photodiodes
(Fig.15): an increase of approximately an order of magnitude was observed in these devices after receiving a
dose of 1 MGy. The leakage current of the GaAs devices was too small to measure accurately with our set-
up and therefore any measured change in their leakage current was within the measurement uncertainty of the
DUTs (Fig.15).
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Future testing

! One major test planned for Autumn 2012
! Neutron irradiation of components and full VTRx 

modules operating at 4.8 Gb/s
! VTRx irradiation will yield online SEU measurements 

and allow us to check link compensation methods by 
changing of GBLD settings

! Will also include some new Si Photonics components
! Started testing this new technologies, results will be reported when 

results are mature
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