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Transient-Technique Basics LV

F

— Study of transient current of laser-generated non-
equilibrium carriers provides information of many
internal diode’s characteristics: space-charge
geometry, trapping times, CCE, mobility, ...

— Capital tool for the understanding of the detector’s
radiation tolerance
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Transient-Current Technique Basics (2) LV
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— Ideally, a TCT technique with non-equilibrium
free carriers generation in a very localized
volume (micrometric-scale voxel) should allow
the best E field mapping and geometry
determination of the semiconductor junctions
with very small size features of the new
generation of position-sensitive-detectors

— Let’s see what non-linear optics can do for us...
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Two-Photo-Absorption Process in
Semiconductors 101
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Two-Photo-Absorption Process in LV

Semiconductors 101 (2) |

"A picture is worth a
thousand words”

TPA-TCT is a way to generate very
localized electron-hole pairs in
semiconductor devices (microscale
volume).

TPA-TCT simplifies the arrangement
to inject light into the device and the
unfolding of the device internal
Confocal Electric field and other relevant
(1-Photon) parameters of the theoretical model.

Photography: Ciceron Yanez, University of Central Florida
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TPA-eTCT on a HV-CMOS: Set-up

TPA laser facility S I'ker
— Measurements conducted at the Singular o T Oroomak
Laser Facility of the UPV (Bilbao, Spain). AL
http://www.ehu.es/SGlker/es/laser/ Inside the Optical bench
Faraday cage Y

— Very flexible and tunable laser system
(intensity, A, pulse duration...)

—Access granted via RD50 collaboration.

4 Objective x100 _lir

1’

Faraday

In this study:
A=1300 nm, 12 nm bandwidth, At=240 fs
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TPA-eTCT on a HV-CMOS: Set-up (2) LV
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Pl 41

— Analog readout of of the

L laser-induced signal
collected by deep N-Well

(no on-chip amplification)
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TPA-eTCT: Charge Collection Efficiency. LV
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TPA-TCT: Charge in 1 ns, -80 V, unirradiated HYCMOSv3
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SPA-TCT: Charge in 1 ns, -80 V, unirradiated HYCMOSv3

— Fast transient current (~ 1ns) to
estimate the E field.

— TPA provides a much better “E
field” mapping resolution than
Single-Photon Absorption.
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TPA-eTCT: Depletion depth vs Vbias LV

— Doping estimation (resistivity) Assuming abrupt n-
In-p junction.
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TPA-eTCT: Implant depth (along Z)
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Collection time of signals shows implant depth~100 um
This measurement is not possible with Single Photon Absorption SPA-TCT
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TPA-eTCT: Neutron Irradiated HV-CMOS é
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Other possible (exclusive) application LV
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— First sub-bandgap laser-induced signals in diamond detectors.

— 3D diamond detector provided by A. Oh (U. Manchester)
— Quick and simple test.

A=400 nm
Very first glimpse. This was a proof of principle to assert if any TPA signal was visible or not
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Approximately 50 ns wide pulses
Rise time ~ 7 ns
Long pulses, in Si, are associated to plasma effect

Ilvan.Vila@csic.es, PIXEL 2016, Sestri Levante, September 5th 2016



Summary LV
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— Development of a TPA based TCT technique validated
both on non-irradiated and irradiated sensors.

— Localized charge carrier generation: High-resolution 3D
mapping of the charge collecting junction and simpler
unfolding of sensor’s performance characteristics.

— First distinct determination of the deep n-well on HV-
CMOS devices and precise determination of its
sensitive volume and resistivity

— New opportunities: dedicated studies on diamond
sensors, active-edge pixels, signal amplification
junctions, ...
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