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Acknowledgement: Presentation contains many slides from  the 

lecture given by Moritz Wiehe (CERN) on the 1st TCT school

[Links: 1st TCT school, M.Wiehe presentation & recording]

https://indico.cern.ch/event/1466985/
https://indico.cern.ch/event/1466985/contributions/6379429/attachments/3024853/5338340/TPA-TCT_DRD3-TCTschool_mw.pdf
https://indico.cern.ch/event/1466985/contributions/6379429/attachments/3024853/5346110/2025_03_04__Two_Photon_Absorption__Moritz_Wiehe.mp4
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ÅTCT: Pulsed laser induced signal by generation of charge carriers inside DUT

ÅStudy of E-field in sensor, charge collection efficiency, homogeneity, .. 

ÅBenchmark simulation tools, e.g. signal formation,

ÅMeasure physics parameters e.g. mobility, impact ionization, ..

Å TCT (red laser)
Åshort penetration length (650nm = 1.9 eV)

Å carriers deposited in a few mm from surface 

Å front & back TCT: study electron & hole drift separately

Å 2D spatial resolution (5-10mm)

Å TCT (infrared laser)
Å long penetration (1064nm = 1.17 eV)

Å similar to MIPs (though different dE/dx)

Å top and edge-TCT

Å 2D spatial resolution (5-10mm)

Å TPA-TCT (far infrared)
ÅNo single photon absorption in silicon (1550nm = 0.8 eV)

Å 2 photons produce one electron-hole pair

ÅPoint-like energy deposition in focal point

Å 3D spatial resolution (1.5 x 1.5 x 15 mm3)
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Signal formation 

and SPA-TCT: 

see lectures of 

Bojan and Marcos
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DRD3TCT: Excess charge generation

ÅVarious options to produce excess charge in silicon 

sensors for Transient Current Technique analyses
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ÅTypical excess carrier volumes 

(in a 300 mm thick sensor)

Å 90Sr VSr å 940 mm3

ÅSPA (red) Vred å 1100 mm3

ÅSPA (infrared) VIR å 100 ĬVSr

ÅTPA VTPA å 85 mm3
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Ep pulse energy

t FWHM of pulse 
in time

b2 two photon 
absorption 
coefficient

n refractive index

l wave length

TPA-TCT: model of excess carrier generation

ÅGaussian beam in space and time

Åwith pulse length of 430 fs charge generation is ñinstantaneousò

Å charge distribution in space characterized by:

Å beam waist w0

ÅRayleigh length zR

ÅCharge generation goes with (irradiance)2

Å 2 photons needed for one electron hole pair (ςᴐ(‫

ÅCharge carrier density:



DRD3TPA-TCT excess charge generation
ÅTPA charge generation example:
ÅSensor: CNM 7859 PIN (290 um)

ÅBeam: NA=0.5; w0=1.3um, zR=10.5um; Qå5fC

ÅFocal plane: 250 um depth
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linear-scale on charge density
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https://indico.cern.ch/event/1334364/contributions/5672074/
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DRD3TPA-TCT: A bit of history [2014]

ÅFirst experiments on sensors performed in 2014 
Å inspired by the use of TPA for SEE testing of electronics

ÅExperiments performed at the sgiker laser facility in Bilbao 

Å25th RD50 Workshop ïNovember 2014
ÅProposal to employ TPA for performing ñTPA-TCTò [talk]

ÅProof-of-concept: TPA-TCT measurements on a diode [talk]
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z-scan: scanning in beam direction possible quadratic dependence of signal on laser powerfemtosecond laser facility

TPA-TCT team

https://indico.cern.ch/event/334251/contributions/780784/
https://indico.cern.ch/event/334251/contributions/780782/


DRD3TPA-TCT: ..more history [2015-20]
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ÅTPA-TCT development was not the main activity for all of us

Åtook us several laser beam times at the laser facility to advance

Å triggered wish for a table-top TPA-TCT system for the lab (see following slides)

Åwe gave many presentations on the new TPA-TCT technology,

but published a first paper only in 2020 on our HV-CMOS studies

NIMA 958, 2020 (162865) https://doi.org/10.1016/j.nima.2019.162865

https://repository.cern/records/0babt-1xj88
https://doi.org/10.1016/j.nima.2019.162865
https://repository.cern/records/43rzf-01g88
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Åsince 2014: Bilbao, Spain
sgiker: SINGULAR LASER FACILITY LAB OF UPV/EHU

ÅEquipment: Very flexible and tunable laser systems
(intensity, wavelength, pulse length, é.)

ÅExpertise: Laser experts helping to setup experiment

Typical settings: l~1300 nm; P ~50-100 pJ; Dt ~240 fs

ÅExample of application: 
ÅHVCMOS sensors (AMS 180nm), 10 ohmcm

Å100mm x 100 mm passive pixel, measured at 80V, 20 C̄

Sketch of HVCMOS sensor
Map of charge 

collected within 10ns

Map of collection time 

needed to get 98% of charge

Same sample in 

SPA-TCT

TPA,1300nm 

1mm, 200fs

SPA,1060nm

10mm, 200ps

LASER

expert
a room full of a LASER
OSC + AMP + OPA + Autocorrelators + é

see Raulôs talk 

for details

(and ask him 

about the laser, 

not me)

LASER FACILITY

+=



DRD3Last on history: A benchtop TPA-TCT system

Å 03/2018 Call for Tender 

Å 06/2018 Order to Fyla company for laser

Å 04/2019 1st prototype arrived at CERN,

installation problem & transport damage

Å 07/2019 2nd delivery; installation successful 

start of commissioning, system debugging..

Å 10/2019 D-scan tool issue & general power cut 

damages laser, repair ..

Å 12/2019 damaged/blocked prism detected, 

replacement of components, repair

Å 07/2020 power stability issues, laser returned to 

FYLA for repair

Å 12/2020 new generation prototype laser

back to CERN with installation 01/2021

ésince spring 2021 data taking..

Å Parallel: CERN SSD laser lab (bldg.186) 

conditioning with laser safety installations and 

going through COVID-crises with no access
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Table-top 
TPA-TCT system

Fiber based table-top 
TPA-TCT laser - 2025

TPA-TCT IP
Joint Ownership Agreement

KN6172/IPT/KT/EP/263A

2017: CERN KT grant

Next: A commercial TPA-TCT system (202x)

ÅTPA-TCT benchtop system
Å successful experiments triggered wish for a benchtop TPA-TCT in our lab

ÅNo commercial system available
Å Start our own development with specifications based on experience at laser facility

Å How to fund ?

ÅCERN Knowledge Transfer Fund
Å 2017: successful application for the

development of a TPA-TCT system

Table-Top TPA-TCT development 
étook much longer than anticipated

TCT development & commercialization

Å2021 system ready for data taking
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The TPA-TCT at CERN
in the SSD lab

...first measurements at 

CERN in 2019

ÅIntroduction
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ÅThe CERN TPA-TCT setup

ÅTPA-TCT measurement essentials

ÅTPA-TCT measurement methods
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TPA-TCT
measurement essentials
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Note the scale
50-60 um

200 um sensor



DRD3Monitoring the laser beam intensity
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SPA

TPA
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zR or z0 : Rayleigh length

w0 : beam waist = beam radius at waist

beam width (1/e2)
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DRD3x-y scan of drift velocity in PIN sensor

ÅWhat is wrong here?
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scanning parameters in x-y plane 

of a homogeneous detector
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TPA-TCT
measurement methods
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DRD3TPA-TCT on materials with SPA absorption

ÅExample: Irradiated silicon detectors

ÅProblem: Radiation induced defects lead to SPA (and charge generation) at 1550nm
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preferred method
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DRD3Reflection: PIN-Diode ïTPA-TCT z-scan
ÅExperimental and simulation settings

ÅSensor: CNM 7859 WL-A63-PIN4 (p-type, 290mm) operated at 200V, 20°C

ÅTPA-TCT optics: NA=0.5 (x100) resulting in a beam with zR=10.5mm, w0=1.3mm
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Experiment

z

y

Simulation
reflection at 

sensor backside
(not considered

in simulation)

[S.Pape, PhD thesis, 2024]
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https://indico.cern.ch/event/1334364/contributions/5672074/
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TPA-TCT
..selected applications

ÅIntroduction

ÅHistory of TPA-TCT (in our community)

ÅThe CERN TPA-TCT setup

ÅTPA-TCT measurement essentials

ÅTPA-TCT measurement methods

ÅExamples of TPA-TCT applications



DRD3

23.9.2025 - 2nd DRD3 TCT School Michael Moll, CERN 36


