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Introduction

* Two-Photon Absorption (TPA) ”

involves simultaneous

absorption of two photons. 2
* Relies on photon density
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TPA: Conventionally, no excitation if E . <E_,~1 eV. But, if TWO
photons arrive in ~100 attoseconds:

Virtual state
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achieved by laser focus called

“voxel” .

* No photons are absorbed out

of the focus.

* Single beam 1s focused by a

lens.
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https://indico.cern.ch/event/716539/contributions/3246023/attachments/1799948/2935558/VCI2019_TPA_MarcosFernandez.pdf

epe * Pharos wavelength range is from 330 nm to
Laser Capability 16000 nm.

* Tuned by the Optical Linear Parametric
Amplifier (OPA).
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e PHAROS Femtosecond laser:

Microscope

+sample + » Laser system: PHAROS Yb:Yag laser.
XYZ stage

* Pulse duration (160 fs).

*  Wavelength range from 330 nm to 16000 nm (3.757 eV to 0.077 eV).
* For Si as the DUT;

 Silicon sensor as reference monitor for TPA.

* And Ge sensor —SPA.

* Using an CIVIDEC C2 amplifier of 2 GHz.
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* Determination of expected amount of charge carrier
density.

* Based on the properties of the lens (NA 0.5, 20X) we

Exp e Cte d C h a rge Ca rri er expect the following voxel shape.

e Parameters: 1=1550nm, 7=160 x 1015 s,

denSity B> =15 cm/GW, f = 10 kHz, E,=350 pl.
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Silicon Diode
Measurements

 Signal shape throughout the device
depth.

* Charge distribution vs Depth well
described by model.
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* Spatial resolution defined by the
voxel.

* Knife edge scan.

» Voxel was found to be 10.4 um by
1.5 um.
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* TPA confirmed in silicon (left) and diamond (right) as seen
from the quadratic dependence and depth scan.

Measurements
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squared.

Charge [C]

* lonization density is proportional to the photon intensity

Diamond, Wavelength =405 nm
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Time Resolution
Measurement

Obtaining multiple waveforms
(1000) with no averaging.

Constant Fraction Discriminator
(CFD).

Two methods used:

Method 1: Laser Trigger.

* The arrival time difference
with respect to the trigger are
determined at a fixed CFD.

e The standard deviation of the
difference gives the time
resolution.
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Timing...

Signal Pulse CFD

* Time resolution for each
combination of the trigger and
signal thresholds were calculated.

 For LGADs, constant fraction
discriminator + linear interpolation
algorithm: 47.3 ps.

* Pharos trigger time resolution 1s 20
ps with room for improvement. 0.2
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DOUble Pulse Method By splitting the laser beam

using the set-up shown.
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Timing...

e The arrival time difference between

the 1st and 2"d pulse are determined.

* The standard deviation of the
difference gives the time resolution.
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Time Resolution
Mapping for
different CFDs

* Biasvoltage=130V

 LGAD: 3331_13#5

 CFD method.

* 0.1is10%, 0.2 =20% etc of signal.

* Horizonal- 1%t pulse CFD and
Vertical- 2" pulse CFD.

* Besttime resolution of 12.2 ps ata
CFD of (40%, 30%) & (50%, 30%)
for 15t pulse and 2" pulse
respectively.

8.6 ps intrinsic time resolution.
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* The expected induced charge in a silicon device
and the corresponding curve levels in logarithmic

KDetSim Simulation scale.

» Simulation parameters: wavelength =1550nm, Ep
=0.1nJ, NA=0.37 and 7 = 160fs.

Silicon 1550nm NA=0.4 n=3.4757 1e6
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Comparison between experimental (left) and

KDetSIm simulation (right) Depth-time scan of TPA

signal using a diode.
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KDetSim

* Voxel is projected in 1D and
used as input on KDetSim.

« KDetSim predictions as a
function of depth at different
depths at the device at the
middle of the device (z =
30um).
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Gain against Frequency Phase against Frequency

Simulation & Amplifier — o |

Modeling :

* Amplifier response (below) is N —
determined using a Network — | Gr¥oss
Analyzer (KEYSIGHT E5061 B ENA 0.0 05 1.0 ] 15 " 2.0 25 3f109 0.0 05 1.0 ] 15 " 2.0 25 3flo9
Series, 5Hz - 3 GHz).

 Results used for simulation
studies. —
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Reflection [ [ .. |
Model s por?

e To understand the voxel
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https://cds.cern.ch/record/2889325?ln=en

Depth Scan Fitting (Si)
Q/[Arb.]

I Reflection Model

» Comparison between fitted
model and depth scan data for
CNM Silicon sample (275 um
thickness).
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Summary

> Performed TPA characterisation for Silicon
diodes, LGADs and Diamond.

»Measured time resolution using two different
techniques.
»On going:
* 3D diamond characterisation.
* Trench LGADs.
* Optimization of simulation.

» Potential Improvements:
* A cooling system for irradiated samples.

* Additional sensor to measure photons that
g0 through the sample.

{/

E. Ejopu 1st DRD3 Workshop, CERN, 17-21 June 2 i



Back Up

* Amp modelling set-up.
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Time Resolution
Mapping for
different CFDs

First Pulse CFD

* Biasvoltage=100V
* LGAD: 3331_13#5
* CFD method.

e Horizonal- 18t pulse CFD and
Vertical- 2" pulse CFD.

* Besttime resolution of 13.8 ps at a
CFD of (40%, 50%) for 15t pulse and
2"d pulse respectively.
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Reflection Model
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Figure 14: Schematic plot of two-voxel model. Any direct voxel centered at z = H must have a
corresponding mirror voxel at z = —H. Plane z = 0 is defined as the bottom plane of the sample.
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