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Preface Eg;

A Observed: Subsequent pulse detection showed a significant decrease of ampfiférde

U Dependence on voltage, laser intensity, temperature, pulse repetition time and
fluence

A Decreasavas observed in several different measurement
U EdgeTCTmeasurementginfraredlaser strip sensor$
U Tago TCImeasurementgred laser diodes+ strip sensor$

A Focusnow on the ceasiestikind of measurement
U Top TCT measurements (one carrier type injection)

U Fluencedbetween3eldand2el5— S A L A A AL
Irradiated Sensor, 2el5;
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A Updatenow on the investigationof the cause

improvedsimulationsandfit model *
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Top-TCT measurements 2
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Polarization vs Relaxation
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Possibleexplanations

1. Polarization:
A Electric field change due to trappinggéneratedcharge

2. Relaxation:
A Slow dielectric relaxation of the non depleted bulk after the drift of generated cha

We would like to warmly thanks Pré&flannerfor the comments about the relaxation
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Polarization: Description

Albert-Ludwigs-Universitit Freiburg

FREIBURG

Processes Sketches
A (1) Createdholesdrift, somegettrapped by
defectlevelsin depletedarea
(2) Remainingholesreachundepletedbulk,
diffuseandgetfully trappd or recombine

p-lirr

n+

r.V.V.V.Y.*.

A Trappedholes change the spaaharge

A Theelectric fieldchanges potentialdropsin
both regions

A The trapped charge is releasadd diffuses
U Recombinatiorwith few free electrons
polarizationrelaxes

A The restoration of stability is an average of ‘
the full detrappingevels

A NOTE: undepleted bulk is almost instrinsic
[1].
1] Mc Pherson Phys B, 2003




Polarization: Model
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A Goal: very approximated model in orderghow polarizatioris what is really happ%ﬁng fror
the dependencies on the measurement variables (intensity, voltage, pulse repetition tirr

Assumptions:
A Constant Neff => trianguldield

A Capture of holes only, decreasing the negative

space charge in the depletion regigemaining holes thefully trapped at the edge
A Trap fully occupied aquilibrium
A Uniform capture pedepth

(the strongest approximation)

A Neglecting the holes trapped after the edge; fixed depletiepth
(work in progress)

A Current peak proportional to el. fiejoeak

(In the following we use standard notation, in case Baekup)



Polarization: Model 9
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Polarization: Model
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Polarization: Fits
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Different Delays Different Voltages
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Polarization: Simulations
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A Buckets with created charge are followed bin by bin towards junctions, recalculating the
amount of trapped charge according to the trapping probabilities

A El field0 , and trapped charges are recalculated after each pulse, and after the delay
time between pulses has passed

A Variable: Voltage) (1) (~fluence), laser intensity, number of defects, time delay,
capture cross section 13 After 1tbulse
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Polarization: Simulations
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Example: low capture cross section
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A Doping and trap concentratiopQ p @fos = g S »
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Polarization: Simulations
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Example: large capture cross section
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A Doping and trap concentratiopQ p @fos =
A 50V, S=443 cm2 !
. e
A 300 # buckets, 10 carriers/ bucket a
U Amplitude almost zero in the end a
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Relaxation: Description
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Introduction:
A Electricarelaxationtime T largerthan lifetime T definesrelaxationsemiconductors

A Highlyirradiatedsiliconbehavedike arelaxationsemiconductor

U When there is an excess of frekarge,
fast recombination, minority and
majority carriers are reduced

U localpotential is relaxedollowing
the zerarecombination line thanks
to diffusion of the charge excess

Tn > t'u lifetime cose

r.------TD:Tn

< .
T':l Tu relaxation cose

elactron concentration n

P.N=N;*= zero recombination
gquilibrium curva

hole concentrotion D

A Ourcase Excessoles reducesthe el. field in the depletedregionand reachthe undepleted
region, where there is a neaero recombination andeneration
A Theexcesss spreadhroughdiffusionand decay with the dielectric relaxation tind.

2] Quissier Solid State Device$973 3] Henisch, Phys Mag B, 1985




Relaxation: Description <
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Description Sketches o gE o+
A Dielectric relaxation can be nicely described by time '

varying weighting potentigbackug[6]

A Externallyimpressed charge to a medium with
conductivitys is balanced by a potentiaéadjusting
itself with an effective permittivity eeff=et+s/s

hn

A Initially inducedpotential decayswith t=e/s dueto
redistribution offree charges

A Inducedholesdrift to undepletedbulk
U actsas arelaxationsemiconductor

A Additional positivespacecharge neutralization

occours with a (small) partial immediate ‘
recombination (1) and a slow diffusion (2) of —
majority carrierrelaxingto the equilibrium 2 =
’—— \’I’
WORK IN PROGRE@&'SCUSS'O"Wlth PI’Of Klanner ,’ Accumulation layer:

Few recombine

[6] SchwandtKlannerNIM A, 2019. Others diffuse




New Measurements
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Fluence: - TiE . p-type strip sensor
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A High intensity, ~1s between pulses
A Decrease visible up to 1100V
A Sensor depleting around 900V
U Amplitude slightly decreasing in a
fully depleted sensor



