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What defines high purity?

SI’ZRUO4/(110)NdGaO3 B. Goodge, ... D.G Schlom, APL Mater. 10, 041114 (2022)
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Wide band gap materials 3
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A brief history of ZnO
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OUtIine Of Zno MBE JF and M. Kawasaki.,

Rep. Prog. Phys. 81, 056501 (2018).
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Substrate crystallinity

6 (A) _ 6 _ (B) _ 6 _ (C) - 6 (D) —
10 _| FWHM 43 arcsec 10 FWHM 154 arcsec - 10 10 _| FWHM 54arcsec
51 i LN L L 5 : : : : ‘D 5 —_ 51 T —
33 4 1 % 4 E 4 e Al X —
E 10 oy = = 10 = 10 % 10
@ @ 3 3
§10° N\ — 5103 %10 ém — —
C [ =
RO o oo S S S 2 (RN TV o SR S e IR 10° A 107 gk N
101 | 1 | 1 | 1 | | | 101 I I I | | 101 I 1 I 1 I 1 I 1 I 101 ' I T
-400-200 0O 200 400 400-200 0 200 400 -400-200 0 200 400 -400-200 0 200 400
o [arcsec] o [arcsec] o [arcsec] o [arcsec]
(0002) Rocking Curve (10-11) Rocking Curve
FWHM 22 arcsec TOky o Denp a FWHM 19 arcsec
1“5 I I I I I 1DE I L] L] ] I T T T T T L] T T I T Ll ] T
). TOKYC DENPA CO.,LTD. 10° 10°
./ TOKYO DENPA CO.LTD. 2 iy
D.. f TOKYODE A CO.L i,m-t S10°
e e P R e 2 £
% 2 , s O
D. \ arTig £10 £10

-
(=}
[+
=
(=]
=k

TOKYO DENPA CO.,LTD.

k.

l | | | | 1uﬂ

400 -200 0 200 400 -1000 -500 0 500 1000
o [arcsec] o [arcsec]

| 1 L L 1 I. 1 L 'l L J 1

=i
o



ZnO substrate preparation

Si concentration (cm'3)
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Band and structure engineering

2 H. Schulz et al,
[0001] U= a 5 +l Solid State Commun.
3c2 " 4 32, 783 (1979).

0.390
0.385}
8r s 0.380¢
. [ :
i = _
-t e 2 0.375F
= '_." E
_ . S
L [ A o —
> 6: ﬁgﬁ : <
S L _:r ‘9
W i *j;r Rock salt ] I=
C Waurtzite oy ]
[ A ]
4+ ey -
- |
I . . . . . . . . . ’ 0.370 [ Lo Lo O '40
8.0 0.2 0.4 06 0.8 1.0 0.37 0.38 0.39 :

x in Mg, Zn, O (a/c)?



Epitaxial Mg alloying
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Falson, et al.,
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Residual carrier density

T=300K

ZnO film : substrated
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S. Akasaka, et al.,
Applied Physics Express 4 035701 (2011).
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S. Akasaka, et al.,
Appl. Phys. Express
3, 071101 (2010).
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Electrons in a two-dimensional world
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The king: Modulation doped GaAs



ZnO two-dimensional electron system

[0001]

JF and M. Kawasaki., Rep. Prog. Phys. 81, 056501 (2018).
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ZnO two-dimensional electron system

[0001]

JF and M. Kawasaki., Rep. Prog. Phys. 81, 056501 (2018).
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Electron scattering times

Transport scattering time (s)
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vs. GaAs 2DEG

Transport Scattering Time, T (s)
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One step in the GaAs road

Transport Scattering Time, T (s)
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The future is laser-based
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Widely userI for OXideS APL Materials 8, 071112 (2020) 22
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Contamination: Manipulator 23
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Preliminary tests on ZnO
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Contamination: S“bStrate hOIder Falson, et al., Scientific reports 6, 26598 (2016). 25
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Pushing the limits
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Fingerprints of correlation physics Nt 24 311 2022). 2"
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Glimpses of mesoscopic physic
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Summary & Outlook

Simple chemistry,
crystallography and device
structure of ZnO enables
pushing the limits of “clean”
oxide MBE

ZnQO enters a regime where
electrical transport is
the best means of quantifying
crystallinity

Future challenges of
MBE design refinement
(slow and detailed experiments).
Towards 2(?) million mobility.

Falson, et al., Nature Physics 11, 347 (2015),
Falson, et al., Science Advances 4,
eaat8742 (2018)),

Falson, et al., Nature Materials 21, 311 (2022).
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Strongly correlated electron
physics: high mobility meets
quantum criticality
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