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@ Transient Current Technigque

DRD3

ATCT: Pulsed laser induced signal by generation of charge carriers inside DUT

A Study of E-field in sensor, charge collection efficiency, homogeneity, ..
A Benchmark simulation tools, e.g. signal formation,
A Measure physics parameters e.g. mobility, impact ionization, ..

A TCT (red laser)
A short penetration length (650nm = 1.9 eV)
Si A carriers deposited in a few nm from surface
A front & back TCT: study electron & hole drift separately
A 2D spatial resolution (5-10mm)

ﬂ‘

TCT (infrared laser)

A long penetration (1064nm = 1.17 eV)
A similar to MIPs (though different dE/dx)
- B A top and edge-TCT

A 2D spatial resolution (5-10mm)

A TPA-TCT (far infrared)

A No single photon absorption in silicon (1550nm = 0.8 eV)
' A 2 photons produce one electron-hole pair

A Point-like energy deposition in focal point

A 3D spatial resolution (1.5 x 1.5 x 15 nm?3)

<:I state of the art

$

new - -

high resolution 3D

23.9.2025 - 2nd DRD3 TCT School Michael Moll, CERN

Signal formation
and SPA-TCT:
see lectures of

Bojan and Marcos



@ Two Photon Absorption - TCT DRD3

Single Photon Absorption - S d— Two Photon Absorption
(SPA) Visualization of TPA - (TPA)

Continuous energy deposition
along beam direction

-

Fluorescent _ - Absorption only at focal point
solution <focus |/ -
A
E..2 \/\/\/*
e
Erm 2 | // fl \y/*
105 | T v T M T v T v T v T ‘
= 100 .. fed i
E 0 ‘ Infrared | Requirements for TPA-TCT:
= 10°} 1060 nm ) » Sub band-gap energy laser
- ‘ A > 1100nm (E < 1.12eV)
g \| far 3 * large enough intensity r 2
S 10'} infrared | dN(r, z) al(r, 2) 3 Bol*(r, 2)
%51 10°0 1550 ”m!‘ dt hw 2hw
2 10l | } Carrier Generation equation
<
-2
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@TCT: Excess charge generation

AVarious options to produce excess charge in silicon
sensors for Transient Current Technique analyses

----------------------

205r red-SPA IR-SPA TPA-TCT

—————— — —

A~0.7 UM A~1.1pm ! A~1.5 um

Si

[S.Pape, VCI2022]

A Typical excess carrier volumes
(in a 300 mm thick sensor)
A 90Sr Vg, 9 Mm3
A SPA (red) Vieg @ 1 1m0
A SPA (infrared) V; & 110\,
A TPA V1pa 8nh3

Qo

Qo

23.9.2025 - 2nd DRD3 TCT School

DRD3

Awith pul se

A beam waist w,
A Rayleigh length zy

e

*

| engt h

(" TPA-TCT: model of excess carrier generation )
A Gaussian beam in space and time

of

A charge distribution in space characterized by:

430 fs ch

Zr =

w3

A

- afie (2]

— -
- -

A Charge carrier density:

A Charge generation goes with (irradiance)?
A 2 photons needed for one electron hole pair (¢ 2

[Sketch: S.Pape, Thesis 2024]

E, pulse energy

t FWHM of pulse
in time

E3(3y41n2

!

1

mn r,z = ex —
TPA( ) ) Tﬁwﬁ5/2\/h174w4(z!) P (

b, two photon
absorption
coefficient

n refractive index

o

| wave length /

Michael Moll, CERN
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@ TPA-TCT excess charge generation

ATPA charge generation example:

A Sensor: CNM 7859 PIN (290 um)

n r.z') =
Tea(r; ') Thwmd/2y/In 4 w*(z

Eg,()’gélan 1 ( 4r? )
,)e P\ = 5h

A Beam: NA=0.5; wy=1.3um, zz=10.5um; Qa 5 f C
A Focal plane: 250 um depth

mmm——————————— I

frontside i log-scale | i backside
sensor i i | sensor
i on charge; !
................ 1
E © — :
2
X
_____ B e e
100 s i
|
0 50 100 150 200 250 300

Z (um)

le+15

le+14

—— TPA - ChargeDensity

le+13
2 1e+12

le+11}
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(@) TPA-TCT: A bit of history [2014]

/ PA-TCT team
CE/RW

2 U
s | F

@O

A 25" RD50 Workshop i November 2014

A First experiments on sensors performed in 2014
A inspired by the use of TPA for SEE testing of electronics
A Experiments performed at the sgiker laser facility in Bilbao

T RS R eeT

DRD3

e ST

Two Photon Absorption
& Carrier Generation in Semiconductors
FR. Pak ro?, M. Moll*

TPA-TCT

the Two Photon Absorption process

P. Castro’, M
M. Moll?, R

Fernandez’, J

Montero’, F. R. Palomo®, |. Vila

A novel Transient-Current-Technique based on

Gonzalez’, R. Jaramillo

Pl=)

N us ‘/27
o] AProposal to empl oyTPlK-]PGSI’o.faI@]r p o i+ (1 IHE
@’ g;;;;j;:;;cgoj A Proof-of-concept: TPA-TCT measurements on a diode [talk] Lk
UNIBERTSITATEA
F F F
— Z-Scan: vertical displacement of the DIODE — Pure quadratic dependence between the Signal
perpendicularly to the laser beam (z axis) Charge and the laser power.
Diode ) 30"”;_,@5&;,- ~ 280 um ‘ _
Disp/acement I 1 ;‘. 20 ;;fnaf ::g:v:aa;z
WOFS-TPA-V=500 £ p1 0+0.1855
0 E 16 p2 0.0003978 + 3.387¢-06

DUT CNM N-IN-P DIODE
LGAD PIN REFERENCE DIODE
Ref - WOF9

Ivan Vila, vila@ifca.unican.es, 25th RD50 Workshop, Nov 20th, CERN 7,

l‘_ll

=

5

>

Displacement, um

— TPA -> Charge vs z -> plateau (Observed behavior)
— SPA (Standard TCT) -> Charge vs z -> no z dependence.

Ivan Vila, vila@ifca.unican.es, 25th RD50 Workshop, Nov 20th, CERN

[ - N

T[T [TT [ T[T T[T [T I 77T

| I .|

8

I S S WS W S T
20 40 60 80 100 120 140 160 180

\
200 220 240
Laser Power (pJ)

Ivan Vila, vila@ifca.unican.es, 25th RD50 Workshop, Nov 20th, CERN

9

femtosecond laser facility

z-scan: scanning in beam direction possible

23.9.2025 - 2nd DRD3 TCT School

Michael Moll, CERN

9

guadratic dependence of signal on laser power



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

&N TPA-TCT: ..more history [2015-20]  DRD3

ATPA-TCT development was not the main activity for all of us
A took us several laser beam times at the laser facility to advance
A triggered wish for a table-top TPA-TCT system for the lab (see following slides)

A we gave many presentations on the new TPA-TCT technology,
but published a first paper only in 2020 on our HV-CMQOS studies

0 e,

\Z
D50 3p Laser E a:;r device®
C
'/‘ 2 of Sem\CO“du _— Garcia

fernant” abria
Marcos ° ~  ge CaNeli ssD
B eﬁc\:?:m\st ot CERN

\FCA

Contents lists available at ScienceDirect

Nuclear Inst. and Methods in Physics Research, A

journal homepage: www.elsevier.com/locate/nima

High resolution 3D characterization of silicon detectors using a Two Photon )
Absorption Transient Current Technique =y

Marcos Fernidndez Garcia®"", Richard Jaramillo Echeverria?, Michael Moll”,
Ratil Montero Santos ¢, Rogelio Palomo Pinto, Ivén Vila *, Moritz Wiehe "

0.04 002 0 002 0.04 006 008 001 012 0.14 0.16

0.15

S O H a e L Fig. 4. Bdge-TCT surface scan of the depletion region of an HY.CMOS l‘;ralinn:d at 7 x 10 n,,fen’. Charge collected (raw data) in 6 ns as a function of laser injection point _
2 thesebou From Mar 202 1 PhD Student S.ebaStlan P p in the bulk. Left: SPA characterization (room temperature, 70 V bias). Right: TPA characterization (80 V).
\earn @ the project [Thesis in 2024] .. NIMA 958, 2020 (162865) https://doi.org/10.1016/j.nima.2019.162865
TPA-TCT working on N
23.9.2025 - 2nd DRD3 TCT School Michael Moll, CERN 10


https://repository.cern/records/0babt-1xj88
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eman ta zabal z:

chrn : " Sg |ker
Q@’ Experiments at Laser Facility _Z== up:‘b':u DRD3

( LASER FACILITY |

A since 2014: Bilbao, Spain
sgiker: SINGULAR LASER FACILITY LAB OF UPV/EHU

see Raul 6

A Equipment: Very flexible and tunable laser systems for details
(I ntensity, wavelength, pu (and ask him
about the laser,

not me)

A Expertise: Laser experts helping to setup experiment
Typical settings: | ~ 1300 nm; P ~50-100 pJ; Dt ~ 240 fs

aroom full ofaLASER]
Allt ocorr

A Example of application:
expert OSC + AMP + OPA +

A HVCMOS sensors (AMS 180nm), 10 ohmcm & ﬂ“” ,
A 100mm x 100 mm passive pixel, measured at 80V, 20 C

TPA,1300nm
1mm, 200fs

A

o CllthTm[ns]

«<PA,1060nm

‘ 10/7m, 200ps
Map of charge Map of collection time Same sample in
Sketch of HVCMOS sensor collected within 10ns needed to get 98% of charge SPA-TCT
Michael Moll, CERN 11
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A Last on history: A benchtop TPA- TCT system

N4

ATPA-TCT benchtop system

A successful experiments triggered wish for a benchtop TPA-TCT in our lab
A No commercial system available

A Start our own development with specifications based on experience at laser facility
A How to fund ?

Table-Top TPA-TCT development

......

ACERN Knowledge Transfer Fund i étook much longeri tha n

A 2017: successful application for the

#" A 03/2018 Call for Tender
development of a TPA-TCT system :

06/2018 Order to Fyla company for laser

: 04/2019 1st prototype arrived at CERN,

KEY FaCTS installation problem & transport damage

i 07/2019 2nd delivery; installation successful
start of commissioning, system debugging.. :
10/2019 D-scan tool issue & general power cut
damages laser, repair .. :
12/2019 damaged/blocked prism detected,
replacement of components, repair

07/2020 power stability issues, laser returned to
FYLA for repair

12/2020 new generation prototype laser
back to CERN with installation 01/2021

A non-destry
ctive laser applic
atio
f?rguallty control & radlatll)on e
studies in Semiconductor devices

Parallel: CERN SSD laser lab (bldg.186)
conditioning with laser safety installations and
going through COVID-crises with no access

A 2021 system ready for data taking

8
. 0
.................................................................................

Particulars

£ii TRATCTJIP T\
Joint Ownership Agreement
KN6172/IPT/KT/EP/263A

‘eman ta zabal zazu

‘h’%

UPV EHU

ésince spring 2021 data

TPA-TCT: Proof of concept
presented in RD50 in 2014

2017 CERN KT grant

kq 'm‘ JL_'

‘ \ WE LASER
THE NEW INDUSTR

t aRkrmyg.

AIDA

Innova

_TCT laser
2020/21

Tabletop
TPATCT system

Table-top TPA
Commeruahze

Fiber based tabléop
TPATCT laser2025

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

% o
,,,,,
.......

o
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The TPA-TCT at CERN

Alntroduction in the SSD lab
AHistory of TPA-TCT (in our community)
AThe CERN TPA-TCT setup

ATPA-TCT measurement essentials
ATPA-TCT measurement methods
AExamples of TPA-TCT applications

...first measurements at
CERN in 2019
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TPA-TCT at CERN

2016: Presentation of TPA-TCT at CERN to CERN KT Fund Selection Committee
- Funding to build a compact TPA-TCT setup at CERN SSD lab

2" of July 2019: First TPA-TCT signal at CERN
Early 2021: Setup fully operational

- I

F Faraday cage
: ® - focusing optics
-DUT
FYLA laser module ;

Pulse management

Laser output pulse properties:
- approx. 400 fs width

- pulse frequency 8 MHz to single pulse
- pulse energy 100pJ to 10nJ

- central wavelength 1550nm

04/03/2025

M. Wiehe - TPA-TCT

Pulsed laser source

Oscilloscope

AN
|

DAQ

Measure:

- signal / noise

- charge collection time

- charge collection homogeneity
- electric field profile

- effective doping concentration




TPA-TCT at CERN

Hexapod HXP50HA
6 axis 50-100 nm step size
1-2 cm travel range

04/03/2025

FYLA laser TPA reference

module P E S GRS SEs e L W Gl Cemi MmO S
. |
| d — S
, Objective
I
= |
= ‘. : |
£ |
o0 200 mm ﬂ |
= | 7 _
= ol | 0 % : | Objective
v.2 [ @p|SPA 400mm <> : :| NA=0.5/0.7
= 0 — reference : ¢ |
A B I 4 l
. I
' : PU -+ Tem trolled
+Temp. controlle
| . - chuck
| IR camera IR lamp | Hexapod
————————— Alignment — —— oz
Faraday cage laser Y
IR microscope X
picture of a
metal strip: Laser spot
M. Wiehe - TPA-TCT | 10
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Alntroduction

AHistory of TPA-TCT (in our community) S
AThe CERN TPA-TCT setup _
ATPA-TCT measurement essentials TPA TCT

measurement essentials

0 +
...........................................................................................................................

ATPA-TCT measurement methods
AExamples of TPA-TCT applications
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Two characteristics of TPA-TCT

1500 4 === Fit: (2539.7 £ 11.7)fC/nJ?*- E} F
1-o interval ’,'
&
S'_’. 4 Data ,/"
I &
& 1000 A .
-
500 .
- o~
"
.
..r""
() f-=-amean®®
0.0 0.2 0.4 0.6
Pulse energy F, [nJ]
04/03/2025

Qrpa™ F

Measurement of the collected charge inside a
silicon sensor with a charge sensitive amplifier.

Pulse energy against generated charge (in a 300 pm PIN):

Resolution along the beam

SPA: Light is absorbed anywhere along the
laser beam.
— No resolution along z

{
TPA: No signal is expected, if the focal point is

not inside the detector.
— 3D resolution

1 5 T T T T T

I FZ200P_05 Diodel 9

L 0° filter angle, 100Hz —00v

Charge [arb.]

M. Wiehe - TPA-TCT

\/

[ |

Note the scale
50-60 um
200 um sensor

11



&Y Monitoring the laser beam intensity = DRD3

i DUT: FZ200P_05_DiodelL_9 TPA i

—
E
I

" Ref: Energy Monitor SPA .

Signal amplitude (relative)
o
I L]
|

0.8 — ]

04032025 M Wiehe - TPA-TCT 12



Power correction

A reference signal is used to correct the DUT-signal
for fluctuations in the laser power.

First tests with an SPA reference failed:

DUTsignal
LaserPower”

- Fluctuations in laser power (affect SPA + TPA)
- Fluctuations in pulse temporal profile (affect only TPA)

Reference the DUT against a TPA-signal
to correct for instabilities!

v

DUTsignal
TP Areference

FOM =

Standard

silicon sensor TP& r‘e_fETE_HCE_

e

Objective

04/03/2025 M. Wiehe - TPA-TCT

Signal amplitude (relative)

Signal amplitude (relative)

SPA reference

1.4 -

0.8

1 T | I
DUT: FZ200P_05_DiodeL_9

Ref: Energy Manitor (SPA)

1000 2000 3000
Event

1.4 -

1.2+

0.8

TPA reference

| T T T I
DUT: FZ200P_05_Diodel_9%9

Ref: DET36A2 (TPA)

I 1 1 1 .I. L

200 400 600

.. higher noise, but it
was improved since
this measurement

13



Gaussian Laser Beam

Z Or z,: Rayleigh length
W, : beam waist = beam radius at waist

- E} 2
Irradiance [I(r,z,t)]=dIm3s I(r,z 1) == 4_‘ Vin 2 exp [— 22’
T riw(2)| w=(z)

P2
exp {—4 In 21'_2

Gaussian spatial term

3
Az |
wi(z) = woy| | + 5
.TI'W[_J?']

20 = mwgn/A

Normalization of I(r,z,t) is

EP:ff f!(r,z,r]rdrdqﬁdr
—o0 WA 1]

Ep: Pulse Energy

Beam radius w

Rayleigh length z0

w is the 20 radius of the intensity profile
and  wi(zg) = \EWU

Gaussian temporal term

T = FWHM pulse temporal width

Awiz)

h“

- et
- -~

beam width (1/e?)

04/03/2025 M. Wiehe - TPA-TCT

Numerical aperture defined by beam divergence

NA = nsiné
beam radius w increases linearly at large z
o odw(z) w
tanf = lim (2 =
2o dz 20

14



TPA charge carrier density

Change of irradiance along beam direction due to absorption (SPA, TPA, free carrier absorption)

dI(r,z) R
= —al(r,z) — B2l (r,2) — O xNI(r, 2)
| _ free carrier absorption
quadratic term, TPA neglected
linear term, SPA
not contributing depletion of the beam: I
(for an unirradiated sensor) absorbed photons << total flux I(z) = T80
. beam depletion is neglected
creation of charge carriers: , Beam radius w,
dﬂ(r.z}_ﬁzﬂ(rar) g W0
dt  2hw 7 —~ E, - 350pJ cm3 N
i «10"®
inserting irradiance (Gaussian beam), s[ F=1o%mm %00 1T 5
) : . © = 430fs 4000 D
integration over time . NA=05 3500 c
— charge carrier density: Q
- 3000 -
2 2 or 2500 1 | D
Nipa(1,2) = E;::g241n2 CXp I_ 5 ]_l_ | 2000 Q2
Thwriw*(z) Vin4d w2(2) [ 41500 ] %
adn 1000 - nd
spatial integration : 1500 |+
- total number of charge carriers: i | | N 0
-10 L I T T I T T TR T
' E?nf3:v1n4 ~10 -5 0 5 10
tha :/ -n.fm(?‘,z)dV — pltP2Vv i -
v dher/m

Charge carrier density in silicon 2 = 1.5cm/GW
04/03/2025 M. Wiehe - TPA-TCT 15



Z scan

dé

integrate
Fit with:
Nipa(2) = ZJIII an;,;a(r, ) rdrdz
z—d J0
_ E,n* B> Vin4 d - 7)

dehnst 20

P

) ()

- account for refraction:|replace z - 27

\j 0 mn’
I i "\ — 12
- d [mm] is sensor thickness zo7mn — An” + A

- 20 is the Rayleigh length in silicon

For silicon at room temperature (n = 3.4757, T = 293 K),

Lo} 5 [ 1 I I | I | | ] | I ] 1 | | | 1 I ] ]
i i FZ200P-05DiodeL-9 200V 1
= d = 0.2068 mm 1
5 4 - 2z, = 0.0157 mm N
oY - 1
o
= i |
o 30 -
2| |
0 i | l 1 1 | | |
-0.05 0 0.05 0.1 0.15
Stage z [mm]
Result (NA =0.5)
. d =207um
Technicality:

Horizontal axis not scaled to
include z0 into fit

04/03/2025

z0=15.7um - wO = 1.5um

A =1.55 ym and an objective with NA = 0.5
the elongation factor is|z'/z = 3.97
(NA=0.7: 21z =4.77)

23.9.2025 - 2nd DRD3 TCT School

M. Wiehe - TPA-TCT

Michael Moll, CERN 22
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&N x-y scan of drift velocity in PIN sensor DRD3

N4

E 2 —
E £
= ©
> —
A % 1 2
Beam direction o 2
Fy
0 '
O
©
>
X -1 =
scanning parameters in x-y plane
of a homogeneous detector -2
-2 -1 0 1 2

Stage x [mm]

AWhat is wrong here?

23.9.2025 - 2nd DRD3 TCT School Michael Moll, CERN 24



Hexapod Tilt correction

Drift velocity dependence on X,y position measured - sensor is tilted
* Four z-scans at different positions — obtain sensor surface at rising edge of Q(z)

Hexapod HXP50HA
6 axis 50-100 nm step size
1-2 cm travel range

| Too
|W|:|rk "
: ' | Carriage

Stage y [mm

Drift velocity (norm.) [arb.]

ca

World

» Plot sensor surface, z against x,y E
» Fit to obtain angles wrt. coordinate axes
1
Fit plane to surface: 7= 204 axX +ayy
a = arctan(a,) and g = arctan(ay) 0
angles in xz- (yz)-plane of x- (y-) axis to sensor 1
lu=—-Bandv = qf

Move hexapod carriage by angles

Stage X [rnrn]

Drift velocity (norm.) [arb.]

- angle to x axis a= -0.1745°
4)( angle to y axis p= 1.1278° -
g VT T = < - -ﬂzr-"-*-l‘-";fi*l’*‘« E
g " o Foeiarallnn >
T g 1 o —0137 IIUIRE R 9
goepi W : 2 -0.14- SR 3
$ | : & 015 R
o L J | = i
5 10k ] -0.16 |
[ ] -0.17-
; -0.18-
= - >
S .
0 -_ | | 1 _- .?p w
-0.2 -0.1 0 ! A 0 1 2 3

Stage z [mm]

Stage x [mm]

Note: An angle of 0.1° over 3mm corresponds to 5um height difference.
04/03/2025 M. Wiehe - TPA-TCT



Knife edge scan F W[ T
S \
'E ||'||| R 10° 7 2 I h]lbhw“ I ]
Eo.38 ML £ z % ok \h ) h
N 8, | B
|‘r",",,. il i 5 [ \ 3
0.36 1f H' ALY, ¥ 3 WL E
'I "lII FIIIIIII III LI 102 B 7
uf |"|l' rf '||l|""|'||"| [ \ i
0-34 :I::::I|III|! |l|I IIllllllllll lﬁ'l'i IIIII 0k #{% _-‘
" Vil 1 Ll 2 = il .
"lr’,;;"; {:.l.u'f-"‘"- Fit Q(x) for every z with -
LRI UBLUR 1) I I
- I]‘I I'I|I.I"rl+”|lt";|l'” " 1;sl ‘ 11 l78 l l1lsl l 11 :32 l 11:34l ‘ 11;51 ' lusa
k flclu:l iilh'“lH |+I / / ”tpa s Y ) dl/ (11 ' ' ' ' ’ X [mm]
" VI oA
9 ,1L;”1| |.J|I E2 oA In?2 [1+ f( % )]
ih ! Il | il er = -
178 18 18 184 186 ! ~ aVmdchn? ruwi(z) w(z) E R S S
X [mm] ‘E‘°-°1ll]rvir[rrrl[rrlr1r1rv[Il
. L . . E; i 22 ndf 19.82/12
For every z, an error function is fitted to Q(x) to obtain the beam radius w(z). 3 I zoft 0.3309 1 0.0001869 ]
W(z) can be fitted to obtain the waist radius w, and the Rayleigh-length z,.. g o [ o omeesescems E o
é ] / z )2 : B
4 @ | ; w(z) =woy/1+ | — =
Z-values need to be corrected/scaled due to the effect of refraction: e e y .
. \I /f E
Shape of the focal point in silicon: iy 2o 7t 0.004 - '\L /I ]
T zomn — An® + A L 1 4
Rayleigh length z, = 14pm . 0002 |- \L\rry}/ ]
20 radius at the beam waist w = 1.5um Y i
PE TR | o) T Lo oo 1y
0.31 0.32 0.33 0.34 0.35

z [mm]
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Choice of focusing optics

Charge collection in a 50pm PIN measured with different NA:

~50um PIN, 100V, TC, 20°C, Top TPA-TCT

JE NA =105

Charge [normalised]

-0.10 -0.05 0.00 0.05
Zs, [mm]

For thin devices (~ 50um) a stronger focusing objective (NA = 0.7) improves the
resolution, due to a smaller volume of charge generation.

The Rayleigh length can be reduced by a factor of 2 !

For thicker devices (> 100um) NA = 0.5 is preferred to avoid spherical aberration
S. Pape, 39" RD50 workshop, https://indico.cern.ch/event/1074989/contributions/4601951/

04/03/2025 M. Wiehe - TPA-TCT

Beam parameter:

H. Eichles, J. Escher: Lo

NA=0.5: w,=13um, z,_=12um

NA=0.7: w,=09um,z,_=6pum

S. Pape - 38th RD50 Workshop

NA = 0.7, Knife edge scan:

w lpm]

14 NG

3.055 3060 3065 3.070 3.075
Stage z lmm)
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Aberration for strong focusing optics

Aberration due to the refractive index Si/Air mismatch leads to a distortion and elongation
of the focal point, reducing the charge generation and spatial resolution.

o NA = 0.7, Top TPA-TCT, TC, 20°C, Humidity 0% FZ320N_04_Diodel 5
objective u ; : ; = 00N 05 Diodel 3
aperture 1— DiodeL._1

Air Silicon

=

0.8}

—Quadratic fit:

Charge (30ns) [narmalized)

Min Gu: Advanced Optical Imaging Theory

P, + P, X2
n
S 1 n
objective ront -
= waveiren
aperture interface n,< N,
az P - 1"“.32‘:2:‘.55::
0.15 0.2 0.25 0.3 0.35
Zg, [mm]

The stronger the focus is (around NA = 0.7) and the longer the optical path in the
sensor (> 100pum) the stronger is the observed effect.

S. Pape, 39" RD50 workshop, https:#indico.cern.ch/event/1074989/contributions/4601951/

04/03/2025 M. Wiehe - TPA-TCT

Loss of charge due
to aberration.
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@ TPA-TCT on materials with SPA absorption DRD3

AExample:

Irradiated silicon detectors

AProblem: Radiation induced defects lead to SPA (and charge generation) at 1550nm

4.0

et
o

1.0 1

Collected charge (15ns) [a.u.]

—_
-
<

e i

— 1.17 x 10'°p/cm?
— 7.02 x 10 n/cm?

non-irrad.
— 186 Mrad

0.0 4

0.02 0.04 0.06 0.08

Stage 2 [mm)]

—0.02 0.00

Neutron & proton irradiation:

* Both lead to a SPA offset

* Charge loss depends on depth position
of charge deposition

» Change in E-field structure

23.9.2025 - 2nd DRD3 TCT School

non-irrad.  —— 1.17 x 10" p/cm?

) —— 186 Mrad — 7.02 x 10" n/cm?
LR SPA corrected
=128
%1.00 ]
S075

0.00

0.08

0.02 0.04 0.06

Stage z [mm)]

—0.02 0.00

Gamma irradiation:

* No SPA offset visible!

* Charge loss is constant throughout the
device depth

Michael Moll, CERN 30



Methods for the SPA correction

. Measure the SPA contribution with out of focus light injection

la. Constant offset Ib. SPA waveform subtraction [l. Intensity variation
Bias voltage: 300V preferred method Bias voltage: 300V
2.00 1 0.5 —— Total signal
1.75 1 . —— SPA corrected
1504 :3: 0.4 —— SPA contribution
g 1as § 0.3 =
% 1.00 { £ R
2 = 0.24 =
o 0.751 E 5
.50 1 ..E 0.1
0.25 SPA
0.0 1
0.00 4 v T " 1 ¥
T T T ! y : . 8 10 12 14 16 18
1.GIOK 1.625 1.650 1.675 ]T“” 1.725 1.750 Time :n;-a] l_“I”” ]{;3"‘ |(|r_-'l[| ].(.:T-'-I |.-|_1”|| 1712:. ]_f—r_-]“
Stage z [mm] Stage = [mm]

_ . 4 .
« Assumes a constant SPA signal throughout the whole scan (beware of beam I1) = Plspa(t) + P71t pali)

clipping / reflections etc.)

* Subtraction of a constant at an out-of-focus position is merely cosmetical

* Better: Subtract SPA waveform measured out-of-focus from every waveform in the
scan.

» The total signal is the sum of SPA and TPA
contributions.

« Two (or more) measurements with
different laser power P can be used to
form a system of linear equations.

* Solve for lipa

S. Pape, 42 RD50 workshop, https://indico.cern.ch/event/1270076/contributions/5450168/
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Weighted Prompt Current

Prompt current Weighted prompt current

T Lo
IPCNQEW(A“e'*.fuh)E QpC NEw(-l'le"'nl'l‘h)E
coll

Higher signals in the back, because laser beam is less clipped!

Prompt current Weighted prompt current

not to scale

® Laser 0 e e Y ,
& ) h () Ub
0.08 3 fik""
0.07 -20 0.5
0.06 =
—_— =t = 048
E & B —40 S
x 2 005 & ¥
5 = ~ =
é‘:p g 0L § L
Z 2 O 7
0.03 []2i
Extensive clipping close to 0.02 kR
the surface and reflection at 61 i
the Si-air interface e S Ee B 1004 . e S R
0 50 100 150 200 0 50 100 150 200
Stage y [jum] Stage y [pm)

Region of maximum weighted prompt current is at
the electrode edges, as expected.

Beam clipping affects the weighted prompt
current less!

S. Pape, 41 RD50 workshop, https://indico.cern.ch/event/1132520/contributions/5140040/
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@) Reflection: PIN-Diode i TPA-TCT z-scan

AExperimental and simulation settings
A Sensor: CNM 7859 WL-A63-PIN4 (p-type, 290mm) operated at 200V, 20°C

DRD3

A TPA-TCT optics: NA=0.5 (x100) resulting in a beam with z;=10.5nm, w,=1.3mm
( Simulation ) ( Experiment ) ! reflection at i
O 50 - ‘ J — |1 sensor backside i
— Current amp i (not considered i
a0 = CSA ! in simulation) !
< 40 E 0.8 ] B :
- 1 U @ 1
5 LI - I
3 30 + £06 P e - ;
O & T !
@ 5 | =
“ S 20 £ 041 : 1 :
@) = I - i
10 % 0.2 - i_ — et i
> i
i 0 0.0 - i i
-200 0 200 400 600 200 0 200 400 600 : !
N depth in silicon [um] zg [m] L e

23.9.2025 - 2nd DRD3 TCT School Michael Moll, CERN
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[S.Pape, PhD thesis, 2024]
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https://indico.cern.ch/event/1334364/contributions/5672074/

l Beam direction

The mirror technique

Reflection at a metallised back side can be exploited to probe
below the top side contacts with illumination from the top:

[1nm]

No charge ;
generation below

\ / the strip -0414

Si

~

(o) o R T S g
0.04 0.06

8 | N . | Stage y [mm)
g el “ e : “Flipped”

2 \ /
E &o: W : /

I
—
----------- NP il o . S p-stop

(L
A

Reflection at a metallised back side can be exploited to probe
below the top side metallisations with illumination from the top: vz = —— '{»,

-

»
[ (s [/ sloon)g

Mirror image allows % "
for charge generation: "*

036

-

D34

~-032

0 002 [N 0.06 0.08
Stage g [mm

S. Pape, 41 RD50 workshop, https://indico.cern.ch/event/1132520/contributions/5140040/
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