Epitaxial Lift-Off of Barium Hexaferrite Membranes
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* Barium hexaferrite (BaFe;;,0,5, BaM) is a —— - - " - B
ferrimagnetic material with high Curie AN \‘# x\"‘. %- ; . FE
temperature and chemical stability, A " " A - _A. o _A. :
commonly used in refrigerator magnets.

a._}: - * This research explores BaFe;,0;9 beyond . AFE
these traditional use by developing L
freestanding membranes via Molecular X o s 4 c s [ P— - P —
v € Beam Epitaxy (MBE). These innovations b b A - J'I.-\ re T__ : o DFT work by Zhiren He (a former PhD stud.eleni %:O;T'l Craig Fennie group at Cornell University)
could advance electronics. e e b - a
o © + Barium hexaferrite may exhibit ferroelectricity under strain. Density Functional Theory (DFT) calculations indicate that comp ressive strain distorts the
crystal lattice.
ve * This distortion disrupts the centrosymmetric point group, shifting BaM enabling electric polar order. Increased strain could lead to ferrielectric behavior.
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- Iron oxide (a-Fe,03) unexpectedly formed during BaFe;,015 growth. It acted as a sacrificial layer, enabling the BaFe;,0;9 membrane to 24% HCl
detach from the substrate through HCl etching, resulting in a freestanding membrane.
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l 5 ‘ool «  XRD analysis revealed that
< both the sacrificial layer and
e e the BaFe;,01 were removed,
r Free-Standing 1 ) g g indicating the etching was too
 _ Barium Hexaferrite? _ _I : - S 5 aggressive.
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The before and afterimages confirmed that the BaFe, ,0,, film did not remain intact post-etching
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XRD comparison of before and after etching BaM in 36% HCI o
Conclusio

Zn0O Sacrificia ayer * Inthis study, we identified ZnO as a promising sacrificial layer for lifting off BaM
membranes.
= Easily dissolvable in ' r R © —Afer || ; * The successful ZnQ etching shgws its po.tential.to help create freestandipg BaM .
gg/- very mild etchants 0 g *—YszBT:Fef 1.0 membranes, allowing exploration of ferrielectric properties through strain engineering.
& : | *° Future Experiments
1 T * Future experiments will involve growing Barium Hexaferrite (BaM) on Zinc Oxide (ZnO)
] -23 as the sacrificial layer.
Time:5sec| o Zinc Oxide (ZnO) has proven to be an effective * The focus will be on optimizing the epitaxial lift-off process to create freestanding
8mMFeCLl  sacrificial layer for the epitaxial lift-off of BaM due to its BaMmembranes.
1 compatibility. * We will test various etching conditions and FeCly concentrations to refine the lift-off
: S| 4% lattice mismatch with TR «) * Thislayer, easily dissolved in mild etchants like 8 mM tech.n.ique. . . .
setsn Lﬁ:{;_, BaM) | 20 261] 0 ®  FeCl, allowed for etchingin only 5 seconds. * Additionally, we will explore how these freestanding membranes can induce
g ——— * The successful lift-off demonstrates ZnO's potential. ferrielectric properties through strain engineering.
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