PAUL SCHERRER INSTITUT

=
=€

FONDAZIONE
BRUNO KESSLER

WIR SCHAFFEN WISSEN — HEUTE FUR MORGEN

Antonio Liguori — Universita di Bari “Aldo Moro” — Trainee at PSI PS Detector Group

Investigation of soft X-ray detection with iLGAD
Sensors

01.03.2023 - 18th Trento Workshop on Advanced Silicon Radiation Detectors

Email: antonio.liguori@psi.ch



PAUL SCHERRER INSTITUT
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Current limitations of hybrid detectors for soft X-ray detection:
= Low quantum efficiency (QE);
= Electronic noise = low signal to noise ratio (SNR).

Time delay

Time resolved
resonant inelastic
X-ray scattering

PSI and FBK collaborate for the developement of
iLGAD sensors with optimized entrance window
for soft X-Ray detection.
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~(T5}= Soft X-ray detection with iLGAD

ILGAD layout: o

= 100% fill factor; X-ray «—O0 2

* |nterpolation through charge sharing for \/]M\Nx,-y p bulk
high spatial resolution;

= Hole collection;

= Double sided process; M(z) Vs M,

y

= Needs to be compatible with optimized My, >
entrance window; Z

=  Multiplication factor depends on depth l

where X-rays absorbed. Multiplication factor M (z)
increases from M, to M,
with absorption depth z
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= 8 iLGAD process splits from FBK

= 275 um thick with different entrance window and gain layer (GL) designs.

B5 Test of iILGADs with optimized entrance window

= Measurements at Synchrothron (SLS), E,,,, € [200eV, 1keV].

In vacuum [*
+20°C
300V

In vacuum
-40°C
300V

!

!

p-n Diodes

| QE(Epn)

ILGAD diodes: Ly (Epn) | — | gain(E,y)

Pixelated iLGADs

(25um pitch) —_—

charge integrating
Monch readout

Spectra
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((I={}» p-ndiodes: QE vs E
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==

iILGAD diodes: Gain vs Ej,

Average gain vs Epj,
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Gain expression (assuming CCE =1) :
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R N Exponential M(z) - STANDARD GL (W17)
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M(z) is extracted from the gain fit.

Linear and exponential models used with

fit parameters M., My, t,
t, is fixed from process simulation
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Electron

N

nnic

z " mult. Peaks R

= 0045 h 4 L 5 F

g g & g 0.035: § -

g 0% o £ ool Electron [H450ev

8 003 ! %, 5 N\ S: % mult. Peaks [J560ev
0.03F % m &N‘ 0.025 B 700eV J
025 0.02 SEMEY Measure
v/ %%& I v at -40°C

il S A

\I l\\l\!\l\l

E
[]560ev 0.0 A
1 ] S
Hole mult. | A§ 7008 Q &E &1 2x2

Peaks T | ﬁggme\f Hole mult. [2a @ ________ N \ clustering
E .EZ«MK\ . Peaks m\%g@ %

0 200 400 600 800 1000 1200 T 200 400 600 800 1000 1200
Energy (eV) Energy (eV)

Double peaks feature due to electron and hole multiplication observed for mono-energetic soft X-rays:
= Both peaks visible down to 450eV.
= Ratio of the area under peaks changes with Eph.

—_ . . .
* The ratio M, /M, is larger for shallow GL } Depending on the gain layer design
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BS iLGAD spectrum simulation

Simulation inputs:
1) Doping profiles from process simulation — E-field
2)  M(z) - from gain fit + Okuto scaling of M}, and M,
3) Detector electronic noise o, - Measured

Monte Carlo Simulation:
1) Carriers generation by X-Ray absorption
2) Multiplication
3) Drift and diffusion of carriers clouds (A,B,C)

Clustering and noise:
1) 2x2 pixel clusters considered
2) Noise: gaussian fluctuations of the cluster

charge with 0,05 = 2+/002 + 0,2M (2)2F (2)

* M?F from G.F. Dalla Betta et al. NIM A (2015)
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Shallow GL - Linear M(z) sim. - E,,;, = 500eV
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(=== Comparison simulated/measured spectrum
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Observations:

1) Double peak feature reproduced in the simulation;

2) Okuto model provides correct scaling of ratio M, /M, for T change +20°C— -40°C.
3) The shape of the valley sensitive to transition of M(z) from M, to M, .

Linear M(z) gives better description of the measured spectrum.
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(F={J» Summary

Conclusions:

1) QE of tested wafers > 60% for photon energies > 250eV/

2) High CCE and low noise enable the detection of “hole-multiplication peak’ in the spectra down
to 450eV

3) Simulations reproduce the double peak feature of the spectrum

Next steps:

1) Simulation of the spectrum at other photon energies

2) Implementation of the simulation for different process splits

3) Studies of impact ionization in different E-field and temperature are needed for reliable
predictions of iLGAD spectra with device simulation
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1)

2)

3)

Further reduction of passivation
thicknesses would improve QE

2x gain increase in shallow design is
needed to observe 400eV photons with
SNR > 5 for both holes and electron
multiplication peaks;

Shallower gain layer would enhnance
probability of electron-initiated
multiplication.

Signal/Noise Ratio

== Outlook for future developements

| Signal to noise ratio - 2x2 clusters |
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=== Backup slides
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[[I-J=» Attenuation length for soft X-rays
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[-{J=» Diodes measurement setup

= Surface Interfaces Microscopy
(SIM) beamline at SLS

calibrated
= 3 DUT are connected to the

photodiode

readout board, and biased at 300V. T o g ) = £
2/ _» bt H Y Y

* The readout board is mounted on a
stage together with a calibrated
photodiode.

= At each energy the dark current
and the current under illumination
are measured for all devices.

= Temperature stabilized at +20°C
with a chiller (not shown)

readout

*Courtesy of M. Carulla
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(== Pixelated iLGAD setup

= |llumination with a Fresnel zone plate +OSA
= Peltier system to cool the sensor to -40°C

Fresnel
zone plate

OSA stage with 60
um aperture
Aligned with
Fresnel| zone plate

Pr—

5 Riht side picture

*Courtesy of M. Carulla

| Front side picture
| N .. .
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(=== QE vs E,, for all process splits
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= Higher harmonics contamination
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Higher harmonic contamination determines an underestimation of QE(E ) if the calibrated
photodiode has a quantum efficiency QEO(Eph) < QE(Epp)- This is the case at low Epp,.
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==

Gain vs Ej, for all process splits
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EE

—

Gain vs E}p, - iLGADs with standard GL (W17) and shallow GL (W9)

iILGAD diodes: gain vs E,;, & linear model for M(z)

Gain

From fit of
Linear M(z)
model:

w
Givoan(Epn)~ j W(Ep)e P EWZ . M (2)dz
0

Gain expression (assuming CCE =1) :
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9 i
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(5 iILGAD diodes: gain vs E,;, & exponential model for M(z)

Gain vs E}p, - iLGADs with standard GL (W17) and shallow GL (W9) Gain expression (assuming CCE =1) :
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5 Gain vs beam intensity at 350eV and 700eV
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[I-{=» Un-calibrated spectra
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B5 Scaling of the ratio Mh/Me for temperature change wrt
+20°C: different models comparison
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» The model is a combination of :

= Arora model (for the
description of the doping
dependence)

= Jacoboni and Selberherr models
(for the T dependence)

» Extended Canali model (for the E-
field dependence)

10% e b B Measurement of Junglrad E ]

103} -

S
02f 4

ol

10°

(-{J=» Validation of the mobility model for simulation

—— Simulation without noise peak
—— Simulation with noise peak :
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BS Chi2 minimization wrt shot noise scaling parameter o;
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