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Preface:
Å Observed: Subsequent pulse detection showed a significant decrease of amplitude

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

Å Decreasewas observed in several different measurements: 
ü Edge-TCTmeasurements(infrared laser, strip sensors)
ü Top TCT measurements(red laser, diodes+ strip sensors)

Å Focus now on theαeasiestά kindof measurement
ü Top TCT measurements (one carrier type injection)

ü Fluencesbetween3e14 and2e15 

Å Update now on the investigationof the cause,
improvedsimulationsandfit model

Introduction

Irradiated Sensor, 2e15,

1100V



Top-TCT measurements

Delay-dependent decrease of charge, Top-TCT measurement

Reminder

Voltage:  100V
High Intensity

Fluence: 2e15 



Polarization vs Relaxation

Possible explanations:

1. Polarization:
Å Electric field change due to trapping of generatedcharge

2. Relaxation:
Å Slow dielectric relaxation of the non depleted bulk after the drift of generated charge

We would like to warmly thanks Prof. Klannerfor the comments about the relaxation 
ŜŦŦŜŎǘ ŀƴŘ ǘƘŜ ƻƴƎƻƛƴƎ ŘƛǎŎǳǎǎƛƻƴΧ
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Polarization: Description

Processes:
Å (1) Createdholesdrift, someget trappedby

defectlevelsin depletedarea
(2) Remainingholesreachundepletedbulk, 
diffuse andget fully trappdor recombine

Å Trappedholes change the space charge

Å The electric field changes, potential dropsin 
both regions

Å The trapped charge is released anddiffuses
ü Recombinationwith few free electrons, 

polarizationrelaxes

Å The restoration of stability is an average of 
the full detrapping levels.

Å NOTE: undepleted bulk is almost instrinsic 
[1].

[1] Mc Pherson, Phys B, 2003
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Polarization: Model

Å Goal: very approximated model in order to show polarization is what is really happening from 
the dependencies on the measurement variables (intensity, voltage, pulse repetition time) 

Assumptions: 

Å Constant Neff => triangular field

Å Capture of holes only, decreasing the negative
space charge in the depletion region (remaining holes then fully trapped at the edge)

Å Trap fully occupied at equilibrium
Å Uniform capture per depth

(the strongest approximation)

Å Neglecting the holes trapped after the edge; fixed depletion depth
(work in progress) 

Å Current peak proportional to el. field peak

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



Polarization: Model

Trapping:  (Approximation of uniform capture)

Å Capture distribution: (a bit naive ōǳǘΧ ǇƭŜŀǎŜ ŎƻǊǊŜŎǘΗύ

Å Example:
Å„ τρπ cm2
Å ὺ =1.4ρπcm/s
Åὲ=υρπ cm-3

Åὺ
ᶻȾ

Ⱦ
ȟὺ = 9.5ρπŎƳκǎΣὉ =1.95ρπ6κŎƳ

Å Approximation: uniform capture
Å Empirical Assumption: inversely proportional to hole velocity at x=0, and extra inverse 

proportionality to bias voltage (from observations)
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Polarization: Model

Detrapping:
Å Between pulses:

Å Pulses evolution:
Å Assuming uniform capture per pulse of:
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Polarization: Fits

Different Delays Different Voltages Different Intensities

Sensor:  ρɇρπὲ Ⱦὧά diode, neutron irradiated

70V
High Intensity

2.8‘s delay
High Intensity

70V 
2.8‘s delay



Polarization: Simulations

Å Buckets with created charge are followed bin by bin towards junctions, recalculating the 
amount of trapped charge according to the trapping probabilities 

Å El. field, ὔ , and trapped charges are recalculated after each pulse, and after the delay 

time between pulses has passed
Å Variable: Voltage, ὔ π (~fluence), laser intensity, number of defects, time delay, 

capture cross section

El. Field @200V, Neff: χὩρςρȾὧά , diode 

Beam spot

Position of 2D-el. field plots
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Example: low capture cross section
Å Doping and trap concentration ρὩρςρȾὧά
Å 50 V; S=0.4e-13 cm2
Å 300 # buckets,  10 carriers/ bucket
ü Faster decrease, max. amplitude only

about 1/2 in the end

ὔ after 

30 pulses

1.

Χ

30.

Polarization: Simulations



Example: large capture cross section
Å Doping and trap concentration ρὩρςρȾὧά
Å 50 V; S=4e-13 cm2
Å 300 # buckets,  10 carriers/ bucket
ü Amplitude almost zero in the end

Neff after 
30 pulses

ὔ after 

30 pulses

1. 

Χ

30.

In this case clearly non uniform trapping

Polarization: Simulations



Relaxation: Description

Introduction:
Å Electricalrelaxationtime † larger than lifetime†definesrelaxationsemiconductors

Å Highlyirradiatedsiliconbehaveslike a relaxationsemiconductor

üWhen there is an excess of free charge,
fast recombination, minority and
majority carriers are reduced

ü local potential is relaxed following
the zero-recombination line thanks 
to diffusion of the charge excess 

Å Ourcase: Excessholes reducesthe el. field in the depletedregionand reachthe undepleted 
region, where there is a near-zero recombination and generation

Å The excessis spread throughdiffusionand decay with the dielectric relaxation time td.

[2] Quissier, Solid State Devices, 1973 [3] Henisch, Phys Mag B, 1985



Relaxation: Description

Description:
Å Dielectric relaxation can be nicely described by time 

varying weighting potential [backup][6]

Å Externallyimpressed charge to a medium with 
conductivity sis balanced by a potential readjusting
itself with an effectivepermittivityeeff=e+s/s

Å Initially inducedpotential decayswith t=e/sdue to
redistribution of free charges

Å Inducedholesdrift to undepletedbulk
ü actsas a relaxationsemiconductor

Å Additional positive spacecharge,  neutralization 
occours with a (small) partial immediate 
recombination (1) and a slow diffusion (2) of 
majority carrierrelaxingto the equilibrium
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Sketches:
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Accumulation layer:
Few recombine
Others diffuse

WORK IN PROGRESS: in discussion with Prof. Klanner

hn

[6] Schwandt, Klanner, NIM A, 2019.



New Measurements

Fluence: 5ɇ ▪▄▲Ⱦ╬□ , p-type strip sensor

Å High intensity, ~1‘s between pulses
Å Decrease visible up to 1100V
Å Sensor depleting around 900V 
ü Amplitude slightly decreasing in a 

fully depleted sensor


