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RBS spectra of non-crystalline solids

energy spectra of backscattered 1ons: Y., random yield

(1ons incident in amorphous targets or in random direction of crystalline targets)
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RBS/C spectra of pristine crystal

energy spectra of backscattered 1ons: Y,, aligned yield
(1ons incident in crystalline targets along low-index axes) perfect crystal
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e giudance of the ions by the periodic potentials of

the lattice atoms (channelling)

— low probability for direct backscattering of
ions

— much lower yield of backscattered ions in
channelling direction (aligned-spectrum)
compared to random incidence (random-
spectrum)



RBS/C spectra of defective crystal

energy spectra of backscattered 1ons: Y,, aligned yield

(ions incident in crystalline targets along low-index axes)
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RBS/C spectra of defective crystal

energy spectra of backscattered 1ons: Y,, aligned yield

(ions incident in crystalline targets along low-index axes)
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Analysis of RBS/C spectra
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Schematic illustration of data analysis using iterative procedure: (left)
subtracting dechanneling background from RBS spectra, and (right) relative
disorder profiles. .



Introduction remarks
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newly converted y-phase?

y-Ga;03
(newly created phase) Two anneallng strategies:

Ga,0; joins the class of " B-Ga,0;
o polymorphic materials with i ?203 (stable phase)
multiple crystalline phases.

In-situ annealmg

(during irradiation)
Simultaneous irradiation and annealing.
At temperatures above ~300 °C,
dynamic annealing is active and
suppresses the y — B phase reversion.

The irradiation-induced y-phase
is metastable but highly robust.
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What about:
Athermal ionization-induced annealing (AllA)?



lonization-induced healing and atom reordering in Ga,0; @ RT
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Evolution of Ga disorder upon 12 MeV O
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Relative Ga disorder profiles and selected XRD 6-

20 scans of y/f -Ga,0, bilayer prior to and
following 12 MeV O ions irradiations.

The orange dashed line marks the (440) »~Ga,O,
for an as-grown film.

The narrowing of the disordered layer (by ~ 40 nm)
and the shift of the (440) diffraction peak toward
the reference position indicate improved
crystallinity and interface sharpening of the y layer
under ionizing irradiation. S
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lonization-induced healing and atom reordering in Ga,0; @ RT
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Evolution of Ga disorder upon 12 MeV O
irradiation at 300 K.

Normalized disorder recovery vyielding a
recovery cross-section (g,)of ~0.17 nm?2.

Relative Ga disorder profiles and selected XRD 6-

20 scans of y/f -Ga,0, bilayer prior to and
following 12 MeV O ions irradiations.

The orange dashed line marks the (440) »~Ga,O,
for an as-grown film.

The narrowing of the disordered layer (by ~ 40 nm)
and the shift of the (440) diffraction peak toward
the reference position indicate improved
crystallinity and interface sharpening of the y layer
under ionizing irradiation. S
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First tests at GS1 using much more Extreme Electronic Excitation
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FAIR-RO Grand Application & PAC Proposal
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lon-Beam Modification of Defective 3-Ga,0; and Pre-converted y-Ga,0;

Competing Effects — Healing vs. lon-Track Formation — Across Different lon Velocities

Material & Irradiation

Two Competing Effects F )

Key Findings

B-Ga,0; ¥-Ga,0;
(defective) (pre-converted)

lonizing irradiation

+ MeV ions (low, intermediate,
> € high velocities)

» 3 MV accelerator (our facility)

GSI (test, high-velocity regime)

Madrid (intermediate energies)

Damage healing :
|

Recombination of defects
and restoration of crystalline order

Restored structure

lon velocity / energy

Energy threshol

Electronic energy deposition
- thermal spike = amorphous track
and/or defect clusters

i track ' . defect clusters
ion trad O 7™ g

-

o

o
-
oo

Amorphous track / defect clusters

regime

Two competing effects
(damage healing and ion-track
formation) can coexist in the
same material, separated by
an energy threshold.

Both effects are accessible
in the low-velocity regime
using the 3 MV accelerator.

A test at GSI indicates that
the same processes may also
occur in the high-velocity regime.

We applied for beam time

= GANIL (high-velocity regime) - - ?:ttﬂaderg! ttu access the !
Low velocity Intermediate velocity High velocity EMECIAtE Cnergy egnon.
‘ ¥ (our 3 MV accelerator) (Madrid) (GANIL + G5 test)

e’e
°52

Damage healing
(> threshold: limited track formation)

| -

Both effects accessible
(near threshold)

Zte We are also interested in
extending the study to the

high-velocity regime at GANIL.

©® 000

Track formation
(damage healing may still occur) J

Project Opportunity

3 MV A . Madrid GANIL GSI
accelerator  + JHHH (intermediate energy) <4 (high velocity) =+ (nigh velocity) o Improved radiation tolerance
(low velocity) — applied for beam time ~ future extension — test results and device performance

@ Guidance for next-generation

Expected Impact 4
0 Tailored defect engineering

in Ga,0; (B and y phases)

power and optoelectronic devices

Understanding defect dynamics — Controlling damage and healing — Enabling advanced Ga,0;-based technologies .



S,/ S, (keV nm™)

S ,-dependent defect healing and ion-track formation
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ITonization-induced annealing Kinetics dependence on E
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12 MeV O ions: ONE recovery stage

For the low fluences (and the 12 MeV O data), the model used
is: N/Ny=1-N_/N, x[1- exp(- o, x D)]. In the case of 12 MeV O,
N,/N, is 1.0.

For the high fluences, the model used is N/Ny,= N*/N, x exp(- o
x {® - O}), where N*/N, is the normalized recovery at the
incubation dose, ®-.

r

6, 8 and 10 MeV O ions: TWO different recovery stages
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G .vs. E
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G .vs. E

1'2 ! ! ] ! ! I ! ! ! l J J 0_25 Ll 1 Ll 1 ' 1 1 1 I I 1 I I Ll 1 | I I I l 1 1 L] Ll
L . : L ¥V 6 MeVO®™ (LO) <& 10 MevO* (LO) i
104 v eMeve’ | [ ¥ 6MeVO™ (HI) € 10 MeVO™ (HI)
> g | 0.20 F O 8Mevo™ (LO) O 10 MeVO* (LO) -
@ O 10 MeV O [ W 8 MeVO* (HI) ® 10 MeVO** (HI) § i
g 08 A 12MeVO" i § A 12 MevOo* /
@ o .| p # —
gl e € [ # i 4
S 0.6 I € - ) 7
L . X : > 4 [ 7 ®
= - ¥ o 010 | ol $ ;  Han 3
= A e - elocCl eloCl
g o : XN y i § ' // g
= el X AN . 0.05 r— .
 (a) : : | - (b) s
0-0 1 ] ] J L | ] L L | L 0.00 B T T PO | LS S S O | | B N O TN O U T O || |
0 10 20 30 40 0.3 0.4 0.5 0.6 0.7 0.8
lon fluence (ions/nm?) E (MeV/u)

We did find this via Al: Resonant Transfer Excitation (RTE):

This process involves the simultaneous capture of a target electron by the projectile ion and the excitation of the ion into a
resonant state. These resonant states can then decay, potentially affecting the energy deposition profile and the shape of the
Bragg peak. Based on this, if the 10 MeV oxygen ions capture an electron, this might temporarily reduce their charge state
andS..
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