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lon Beam Analysis (IBA) methods are well quantified
methods for material characterization and one
cornerstone of the IBA is known cross-sections.

Rutherford backscattering cross-sections need
electron screening corrections.

For example Andersen screening corrections
are still in use after over 40 years after initial
publishing.

In ToF-ERDA effects of screening multiply
since heavy incident ions are used,
Andersen is still the screening model
being used.
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* lon Beam Analysis (IBA) methods are well quantif; (Receivd 26 Noveaber 1979)

Total differential cross-section ratios for scattering of H*, He*, and Li* ions incident on bismuth-zinc and

methods for material characterization and one gold-carboo systems have bocn measured, The energy dependence of the crom secions was messured
cornerstone of the IBA is known cross-sections. iy - o +on 1. e, 1t s oACKSCATTERED V ot
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» Rutherford backscattering cross-sections need
electron screening corrections.
For example Andersen screening corrections
are still in use after over 40 years after initial
publishing.

* In ToF-ERDA effects of screening multiply
since heavy incident ions are used,
Andersen is still the screening model
being used.

FIG, 4. Differential-scattert™eg
relative to the Rutherford cross see
the incident (lab) energy at the deflectior®
=170°. Experimental results are compared WS
tions from exact clagsical calculations for the DHY
tential with universal screening, with the LNS similaries
results for the LJ potential, and with the simple analyti-
cal expression given by Eqgs. (11) and (14).




% What is ToF-ERDA

* Time-of-Flight Elastic Recoil Detection Analysis.

Energy

. o gy detector
* Heavy ion beam recoils (lighter) sample atoms.

- Also scattering incident beam can be detected > g;g:;g:ﬂigggjr‘;esr\f‘eﬁggty
. . . (U
and is advantageous for heaviest target material. &
Different masses can be identified using
classical mechanics
- =12mv°’> m=2E / v’
* Modern ToF-ERDA utilizes ~10MeV heavy beams o s
and full range of elements can be quantified. Time-of-Flight
Goniometer Sample holder (distance)

1st particle supressor (11 cm) Energy detector
2nd particle supressor (25 cm)
T1 f0|I (32 cm) T2 foil (94 cm)

—Flight path = 62 cm—
A—-w N

* ToF-ERDA is a quantitative method for elemental
depth profiling for all sample elements, including
hydrogen.
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% Why to use low energy heavy ions

Nuclear Instruments and Methods in Physics Research B 406 (2017) 61-65

Contents lists available at ScienceDirect %

Nuclear Instruments and Methods in Physics Research B~ 6%

i

* Using low energy heavy ions for ToF-ERDA has benefits:

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

- Increased cross-sections

Conceptual study of a heavy-ion-ERDA spectrometer for energies below @FWMM

— Less beam current is needed — Possibly less irradiation damage. oMey

Jaakko Julin *, Timo Sajavaara

University of Jyviiskyli. Departiment of Physics, P.0. Box 35, Fl-40014 University of [yviiskyld, Finland

- Increased depth resolution . .
g Li,CO; measured with 4 MeV 3K Beam

— Heavier ions have greater stopping in sample material. 3000

- Faster data collection
— More signal comes from the film instead of the substrate. 0 T 100
- Lower energies allow more compact spectrometer setups. ;f 2000 |
=
g 3
 Drawbacks of low energy heavy ions: < 1500 - 56
o
- Decreased mass resolution E
& 1000 |
— Can be taken account by better detectors.
— More pronounced multiple scattering 500 |- 4
— Can be taken account in Potku analysis software. . St 1 LR P
- Discrepancy of cross-sections 100 120 140 160 180 200 220 240

: . . Time-of-fligh
— Something has to be done for this issue... ne-orme. e}

Fig. 2. 57 nm thick Li,CO; film on Si measured with 4 MeV *’K beam. The mass
resolution is limited by the energy resolution of the GIC.




% Big issue with detected cross-sections/yields ?

* There is known discrepancy between measured amounts
of heavy materials and calculated event counts using
Rutherford cross-sections, both for RBS and ERDA.

- This is due to heavy screening that is more pronounced when
using low energy heavy incident ions.

- There are screening models, most notably Andersen screening
model, but they do not explain the whole discrepancy detected

* Additionally, stopping force measurements are scarce for
heavy ions at low energies (< 20 MeV)

- There are stopping power models, but they might differ from
actual values.

- Does stopping effect the cross-sections or the screening?

PHYSICAL REVIEW A VOLUME 21, NUMBER 6 JUNE 1980

Large-angle scattering of light ions in the weakly screened Rutherford region

H. H. Andersen, F. Besenbacher, P. Loftager, and W. Moller*
Institute of Physics, University of Aarhus, DK-8000 Aarhus C, Denmark
(Received 26 November 1979)

Total differential cross-section ratios for scattering of H*, He*, and Li* ions incident on bismuth-zinc and
gold-carbon systems have been measured. The energy dependence of the cross sections was measured for
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FIG. 4. Differential-scattering cross-section ratios
relative to the Rutherford cross section as a function of
the incident (lab) energy at the deflection angle ¢y,
=170°. Experimental results are compared with predic-
tions from exact classical calculations for the DHFS po-
tential with universal screening, with the LNS similarity
results for the LJ potential, and with the simple analyti-

R ! cxprossion given by Eds. (1) and (14).
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FIG. 6. Angular dependence of the differential-scatter-
ing cross-section ratios (relative to the Rutherford pre-
diction) for the Au-C system. The experimental results
are compared with those from an exact classical calcu-
lation based on DHFS radial densities, with the LNS
similarity results for the Lenz-Jensen potential, and
with the results from the analytical formula [Eq. (16)].




% Big issue with detected cross-sections/yields ?

* There is known discrepancy between measured amounts 22 U000 UL P ) (it ) S Sl L S8 60 27
of heavy materials and calculated event counts using ~ Scattered
. ~.Cu beam
Rutherford cross-sections, both for RBS and ERDA. 3

- This is due to heavy screening that is more pronounced when
using low energy heavy incident ions.

Sio, .
- There are screening models, most notably Andersen screening substrate ~ % $etco'|ef'
model, but they do not explain the whole discrepancy detected : Arse

* Additionally, stopping force measurements are scarce for
heavy ions at low energies (< 20 MeV)

. Andersen
Yield cross-section

- There are stopping power models but they might differ from Scattering 1347 4.5128e5

actual values. . Recoiling 497 1.766¢5
© Scattered/recoiled  2.710 €=> 2.555

- Does stopping effect cross-sections or screening? ot

Ratio of scattered (red) and recoiled ( ) yields do not
match to what is expected from cross-sections.




Scatter yields vs recoil yields

% Measurements \ \

* ToF-ERDA measurements are done using
JYFL ToF-ERDA setup.

—  Film thickness is determined beforehand by RBS
measurements from multiple positions of the sample wafer.

* Counting recoiling and scattering events from thin film
samples.

- Multiple scattering events are included to the yields.

- 2-5 nm films to ‘eliminate’ the effect of stopping force.

* Yields are converted to cross-sections using data about
the beam fluence and sample film thickness.

Typical ToF-ERDA 2D histogram of samples used in
this study.



% Measurements

“dual” scattering events
* “with higher energy
than ‘expected’

* ToF-ERDA measurements are done using
JYFL ToF-ERDA setup.

—  Film thickness is determined beforehand by RBS
measurements from multiple positions of the sample wafer.

* Counting recoiling and scattering events from thin film o
samples. .

~ Multiple scattering events are included to the yields. «{ Measured Simulated

&

- 2-5 nm films to ‘eliminate’ the effect of stopping force.

o

1d
Yield (counts)

& 20

* Yields are converted to cross-sections using data about -

10

the beam fluence and sample film thickness. ;
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Multiple scattering of Au recoils when bombarded with 8.5 MeV Cl beam.
High energy multiple scattered particles are circled in each figure.
Measured Au recoils have identical features with MCERD simulated

events.




% Measurements - Sample materials

* Films were deposited on top of 1 um amorphous SiO,
substrate on a silicon wafer for light and medium
recoils and thick enough to be used to normalize the
beam fluence.

* |lon beams used were 3>Cl, ¢3Cu, 7°Br and 127] beams in
the energy range of 6.8 - 17 MeV.

e Several thin film samples were measured with various
beams. Target stability was tested and monitored:

—  Sample films have thickness around 2-5 nm to minimize
multiple scattering and stopping in film.

- Sample films used here are Co, Au and Y,0;.

- Some single isotopic materials were not stable enough, see
for example beam damage in every La,O4 sample.




8 Results and two possible explanations for the
discrepancy

1st - Problem in the setup:
On the left there are some results of

detected scattered beam and — Scattering in the timing gate carbon foils

1.2

recoiled target cross-sections. — Preliminary simulations of the situation do
1.0 .
08
normalized to Rutherford cross- reason for reduced detected cross-
g 0.6 Cl-35 beam | . .
Cu-3 eam sections. sections
'.3 0.4 4 1-127 beam L
° —— Rutherford cross-section
o - - -CI-35 Andersen cross~secti9n
.- S 7o Andrsen aosssacton | . . ond - 4 locity” i .
-~ 1127 Andersen cross secion With this heavy target the scattered oy ey i s e ElE e
I TP TR I R T ) . .
Incident ion beam energy (MeV) beam agl‘ees Wlth Andersen - HeaVy fllm matenals IntFOdUCG heavy
B) Recoiling target screening, but recoils are far from the screening when using low energy incident
1.2 L L L . L L g
LS s values we expect. lon beam:
. 1 Issue between recoils and scattered
F : : . articles
N With recoils we detect greater relative >
s _ cross-sections when using heavy - Screening is not appropriately modelled in
£ oKl beams and with scattering beam the ANersen cross=sections for heavy masses
< Clu-63 Andersen cross-section|” o e
-1 ndersen cross-section P ?
S Amion s st ‘order’ of masses is inverted. at low velocities:

o
o

T T T
8 10 12 14 16 18

- How stopping effects cross-sections?

Incident ion beam energy (MeV)
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% Conclusions and future

Thin-film solar cells exceeding 22% solar cell efficiency: An overview
on CdTe-, Cu(Iln,Ga)Se,-, and perovskite-based materials
Michael Powalla, Stefan Paetel, Erik Ahlswede, Roland Wuerz, Cordula D. Wessendorf,

and Theresa Magorian Friedimeier
Zentrum fiir Sonnenenergie-und Wasserstoff-Forschung Baden-Wiirttemberg (ZSW), 70563 Stutigart, Germany

* We have demonstrated discrepancy of detected g e G
o . . 2 l_ J e I ’ :;Lmsme ) I_ —/;’/ cos FIG. 1. (@) Superstrate. configuration
cross-sections in low energy heavy ion ToF-ERDA. 1 T woo

cells in the n-i-p configuration and (c)
TCO FTo
- Glass S/ Glass
sun

substrate CIGS cell configuration.

Mo
/ Glass

» The origin of this discrepancy is not yet well [ T—

Enhancement Using Whispering Gallery Modes

un d e rStOOd . of Dielectric Nanospheres

Jonathan Grandidier, Member, IEEE, Dennis M. Callahan, Jeremy N. Munday, Member, IEEE, and Harry A. Atwater

One contribution to this ‘screening effect’ can also be the
scattering in the carbon foils in ToF-ERDA telescope, but
preliminary simulations do not support this.
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* We need better model for heavy ion, low energy
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screening in ToF-ERDA.
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0 0 . . (b) Dennis H. van Dorp™’, Sophia Arnauts®, Mikko Laitinen”, Timo Sajavaara®, Johan Meersschaut®,
* More accurate screening model will allow quantitative ey ond o . ey
Fig. 2. (a) Current density of a flat GaAs solar cell with back reflector and o imec, of 75, B3 }m;ﬂm 10 o 35 40014, Ftand

, Debye Instiute for NanoMaterials Science, Utrecht University, Princetonplein 1, 3584 CC Utrecht, the Nethertands

double antireflection coating as a function of the GaAs thickness. (b) Calculated

IBA also for the future heavy substrates. e o bk ot sy e
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Thank you for
your attention.
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)

JYVASKYLAN YLIOPISTO
UNIVERSITY OF JYVASKYLA




