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Fig. 1. AFM images and resistivity of 6-unit-cell SRO thin films grown using different laser fluence: (a)—(e) AFM images of SRO
thin film grown under 1.25, 1.5, 1.75, 2 and 2.25 J/cm?, the size is 2 pmXx 2 pm, the film thickness is 6 unit cells. (f) Resistivity of
each thin film as a function of temperature. (g) XRD patterns for SRO films deposited under various laser fluence, the dashed line

indicates the SRO (002) peak position when the out-of-plane lattice constant ¢ reaches the minimum.
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Fig. 2. AFM images and resistivity of 6-unit-cell SRO thin films grown using different deposition temperature: (a)-(d) AFM images
of SRO thin film grown at 630, 670, 700 and 730 °C, the size is 2 pm X 2 pm, the film thickness is 6 unit cells. (e) Resistivity of
each thin film as a function of temperature. (f) XRD patterns for SRO films deposited under various deposition temperature, the

dashed line indicates the SRO (002) peak position when the out-of-plane lattice constant ¢ reaches the minimum.
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Fig. 3. AFM images and resistivity of SRO thin films grown after the target surface is ablated by different laser pulse numbers and
SEM images of the target surface before and after laser ablation: (a)—(d) Resistivity and AFM images of the 6-unit-cell SRO thin
films grown using fresh target and after the target is ablated by 3 x 10* P and 2 x 10° P, respectively. (e)-(h) Resistivity, AFM im-
ages and XRD patterns of the 30-unit-cell SRO thin films grown using fresh target and after the target is ablated by 2 x 10° P, re-
spectively. * denotes the (002) peak of STO while ¢ denotes the (002) peak of SRO in (h). (i), (j) SEM and EDS image of SRO tar-
get surface before and after 2 x 10° P laser ablation; (k) XRD patterns for the fresh target, the ablated target with 2 x 10° P, and
the standard cards of SRO (blue) and Ru (green), respectively.
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SPECIAL TOPIC—Novel physical properties of functional oxide thin films

Correlation of preparation conditions of SrRuQ;
ultrathin films with topological Hall effect”

Zhang Jing-XianY?  Bao Ming-Rui?  Ye Fei?
Liu Jia?  Cheng Long?! Zhai Xiao-Fang??
1) (Department of Materials Science and Engineering, Hefei National Laboratory for Physical Sciences at the
Microscale, University of Science and Technology of China, Hefei 230026, China)
2) (School of Physical Science and Technology, ShanghaiTech University, Shanghai 201210, China)

( Received 22 September 2022; revised manuscript received 12 October 2022 )

Abstract

As one of the magnetic transition metal oxides, StTRuO5 (SRO) has received much attention in recent years,
which is mainly due to its unique itinerate ferromagnetism and the unusual electrical transport properties—
behaving as Fermi liquid at low temperature and bad metal at high temperature. In the growth of SRO thin
films, there are many factors that can affect the quality of thin films. In this work, we study various factors
affecting the growth and quality of SRO thin films by using laser molecular beam epitaxy (laser MBE),
including laser energy density, substrate temperature and target surface conditions, and explore their influences
on the topological Hall effect (THE) in SRO. For thin films grown at high laser energy density and high
temperature, we found that there are large trenches at the edge of steps, which deteriorate the transport
properties of the thin films. When using low laser energy density, extra SrO may exist in the films, which also
suppresses the conductivity. Films grown at low temperature tend to have poor crystallinity while films grown
at high temperature exhibit island structures. The ablation degree of the target surface increases the
decomposition of SRO to SrO, Ru and volatile RuQOy, resulting in Ru defects in the grown thin film. The SRO
thin film grown under the optimal conditions (1.75 J-cm2, 670 °C, fresh target surface) exhibits the optimal
conductivity and the strongest THE. For non-optimal growth conditions that favors thickness inhomogeneity or
Ru defects in the film, THE becomes weaker or even disappears. Therefore, we believe that the THE is due to
the Dzyaloshinskii-Moriya interaction (DMI) resulting from the interfacial inversion asymmetry and the

associated chiral spin structures.

Keywords: StRuQ3;, laser molecular beam epitaxy, growth control, topological hall effect
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