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Reminder: Two Photon Absorption TCT
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M. Wiehe, 
35th RD50 Workshop
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Ljubljana TPA-TCT setup
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• New TPA-TCT system built at JSI

• Based on FYLA LFC 1500X fs laser 
(λ=1550 nm)

• Readout electronics and DAQ 
based on standard Particulars TCT

• First TPA signals observed in May 
2021
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FYLA Laser Unit

Pulse management module
(trigger & pulse energy)

Pulse compressor

Slide-in autocorrelatorXYZ sample placement

Optional cooling

Sample housing

Objective NA=0.65,
Working distance 10 mm

Particulars 
readout system
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TPA laser pulse: Time domain

• Measurement of laser pulse duration with an autocorrelator
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Autocorrelator output

Pulse width (FWHM)
0.196 ms x 1600 fs/ms = 310 fs

Pulse duration ≈ 300 fs
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First TPA-TCT measurements

• Sample: 
• 6 x 6 mm p-in-n pad diode, metalization opening 2 mm

• Thickness 300 μm, 10 kΩ·cm, unirradiated

• Charge = time integral (50 ns) of TCT-pulse

• Amplifier output calibrated with Am241 alpha source (5.4 MeV) 
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Beam
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First TPA-TCT measurements
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Beam

Direction of 
projection

Sample surface

D
ep

th FWHM 90 μm

z-dimension not yet corrected for light refraction in silicon
 Analysis ongoing

FWHM x nSi = 90 μm x 3.4 = 306 μm 
 compatible with device thickness

Beam
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Dependence of signal size on pulse energy

• Varying laser power at fixed point in the sample
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y = A·x2

Signal size ∝ (Irradiance)2 – Proof of TPA
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• Charge carrier generation equation:
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Signal shape vs. pulse energy
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high 
charge

low
charge

• TCT signals at different pulse energies normalized to the same height

• Onset of plasma effect at > 2 Me- injected charge (E-field screening  elongated pulse)
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SEU studies potential

• LGAD mortality studies require charge of the order of 30M e-h pairs
• Can it be done with TPA?

• Maximized signals cannot be measured directly (amplifier saturation)

• Beam intensity measurement with power meter (before entering objective) – (PM100D + S401C), pulse rate 4 MHz

• Pulse energy is selected with adjustable neutral density filter  should not change pulse shape
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Beam power 3.5 mW
Charge ≈ 1M e-h

Maximize pulse energy Beam power 28 mW (8x Irradiance)
Charge (expected) ≈ 1M e-h x 82 / Losses(?) ~ 30M e-h

Maximal signals in the range of 30M e-h 
pairs seem to be achievable
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Summary

• New TPA-TCT system under commissioning at JSI

• First measurements demonstrated operation in TPA mode

• Beam characterization ongoing

• In future tests with irradiated sample

• Plan to investigate SEU test capabilities
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