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Outline Backgrounao

Full simulation pipeline from electron gun to detector anode Energy-Dispersive X-ray Spectroscopy (EDS) is an invaluable and ubiquitous elemental
guantification and analysis method supplementing Scanning Electron Microscopy (SEM,
e Geant4 Monte Carlo simulation of electron and photon processes in sample similar for Transmission EM). Characteristic X-rays from ionization/de-excitaiton events

provide detailed information about the elemental composition of the material in focus.

e Detector electric field modeling with COMSOL

The characteristic peaks in the detected X-ray spectrum are broadened by intrinsic physical
e AlIPix? simulation of electron-hole tra nsport in detector processes as well as n_oise from variou_s parts of the setup. The pe_ak positior? (X-ray energy)
can also shift due to imperfect detection. These spectrum alterations complicate the
. . - . identification and moreover quantification of the elemental composition.
Validation against SEM/EDS experiments ; i
Here we demonstrate a complete simulation from first principles of the entire SEM/EDS
generation and detection process. This can help in the design X-ray measurement systems
and ultimately help in updating the semi-empirical ¢(pZ) quantification methods with a
model-based method for modern detectors and system geometries.

e solve 3D Poisson equation with ring e SDD faithfully implemented in AllPix?
electrodes e several bugfixes pushed to AllPix?

e Shockley-Ramo weighting field calculation ROOT writer - .

* bias voltage parameter sweeps charge collection deficit
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In order to validate the simulations, a custom

SiliCOn drlft detectors setup was built. Here the bias voltages can be
controlled, so that incomplete charging effects — MiniX2 source
_ can be simulated. SDD
X- ray geﬂera'“on aﬂd ring electrodes anode The Amptek Mini-X2 X-ray source allows control &’. p Sample
o of both the beam voltage and current, so non- ‘-
Energy depOSItIOﬂ linearities in the electronics due to count rate 'l Aldminam cover
...................................................................................................................................................................................................................................... can be inveStigated. Sample holder

Furthermore, with the known geometry, the

front contact ) f f simulation of system peaks can be validated.
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Geometry of the experimental setup.

Silicon Drift Detectors are X-ray radiation

detectors commonly used in XRF and The simulation of the experimental setup also . wiko  Messured
electron microscopy applications. shows good agreement with the measurements. Al-Ka ke ks
It is a reversely biased semiconductor where The system peaks of the stainless steel : 10° l L cra | reke J
SDD | X-rays are converted to electron-hole pairs enclosure are close to their expected values, % wee J J
which are transported to the electrical relative to the main peak of the nickel sample. 3. J A
contacts due to an imposed electric field. Overall, the shape and intensity of the s /Aa ol \‘ | \‘
. bremsstrahlung matches well between L W Yk
Characteristic | E— - ——— experiment and simulation, although there is a ™[/ I i m V"‘W
X-rays = I : discrepancy around 5 keV. 10 C—
. X-ray spectrum of a nickel sample, simulation vs.
electric potential within the SDD exp_eriment. Both _main peaks and contaminatiops of the
stainless steel casing are captured well by the simulation.
Despite their apparent simplicity, the details
............................................................................................................ electric field and the charge transport have R [Er—— Limitations of the simulation start to show up when the bias
a large impact on their performance. A g w0f  Simulated voltage is off from the optimal value. At the optimal bias
e application in less-studied 100eV — 20keV energy range slight change in any of the bias voltages can N . voltage (top) almost all the charge generation and transport is
e established optimal Geant4 parameters for X-ray generation degrade both the energy- and time- g ) correctly tracked, and incomplete charge collection is
and energy deposition resolution of the measurement system. ‘Zg“" | | captured correctly by the simulation.
e validated low-energy cut-off for relevant electron processes _ ° |
An important aspect of the charge-transport ot
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process is the current induction on the Energy [eV]
anode. This is governed by the Shockley- s
Ramo theorem. We use COMSOL or Scikit- smized | At deviations from the optimal bias voltage of more than a

FEM to calculate the Shockley-Ramo
weighting field directly from the SDD
geometry, as an input for AllIPix?.

few percent (bottom) other physics processes preventing
charges to reach the anode come into play, which are not
taken into account in the simulation.
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Main findings Future developments

e \With a combination of open source tools, a SEM/EDS system can be simulated in good detail. _ _ L _ _
o After a bug-report and -fix, the collected charge in AllPix? simulations is correct. * Entirely replace COMSOL with Scikit FEM to have fully open-source pipeline
> Incomplete Charge Collection (ICC) is well captured at optimal bias voltage.

: . e Expand simulation scope to include Scanning Transmission Electron Microscopes
o System peaks are close to their experimental measurements.

> The bremsstrahlung is a reasonable match in both shape and intensity. e [mprove event bunching and selection to reduce simulation time
e Since Geant4 version 11.1.0, the production thresholds can be set correctly for low-energy simulations. e Refine the geometry of the SDD used in the simulation, including the electric
e Geant4 gets main K-peak ratios correct, but underestimates LA-peaks. field near the PN junction

= likely due to limitations of the Atomic De-excitation tables of the Penelope physics model in Geant4.
* The AlIPix* simulation agrees with semi-empirical model for SDD dead layer [1]. e Validate the simulation scheme is suitable for other electron and/or photon

e SciKit-FEM can simulate the electric field of an SDD in a quality comparable to COMSOL.

e The performance of an SDD is very sensitive to geometry, doping level and bias voltage. spectroscopy methods

References

[1] F. Scholze and M. Procop, X-Ray Spectrometry 38 (2009), 312

§ TUfe &t

TECHNOLOGIES




