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Difference in crystal growth morphology between Co,FeSi and Co,MnSi films on oxide substrates
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Structural-order dependence of anomalous Hall effect in Co.MnGa
full-Heusler alloy thin films
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2National Institute for Materials Science, Tsukuba 305-0047, Japan
3Center for Spintronics Research Network, Tohoku University, Sendai 980-8577, Japan

Anomalous Hall effect (AHE) is attracting great attention as a new scheme for generating spin current for novel
spintronic devices. [21 Recently, a large AHE has been reported in Co2MnGa full Heusler alloy films with an anomalous
Hall angle of ~10%.34 The origin of the large AHE was attributed to the topological properties of their electronic
structures. It has also been reported that the electronic structures of Heusler alloys can be tuned by changing their
degree of structural order. Bl In this study, the dependence of the AHE on the degree of structural order was investigated
in CooMnGa full Heusler alloy thin films by varying the deposition temperatures.

The Co.MnGa films with the thickness of 30 nm were deposited by a sputter system at different deposition
temperatures of RT, 200 °C, 400 °C, 500 °C and 600 °C. The structures of the thin films were characterized by X-ray
diffraction (XRD) with out-of-plane and in-plane scans. The (002) and (004) peaks were observed for all the samples
regardless of the deposition temperature, which indicates the films were grown along the (001) orientation on
MgO(001) substrates. By tilting the samples to x = 54.7°, the (111) peaks were also detected. With increasing the
deposition temperature, the (111) peak appeared and was clearly observed at the temperatures of 500 °C and 600 °C.
The degree of structural order of the samples was evaluated as a function of deposition temperature. The CooMnGa
films possess two kinds of ordered structures: L2 and B2 structures. The degree of order for B2 structure increases with
increasing the deposition temperature from RT to 400 °C, then is nearly saturated with a degree of B2-ordering of ~80%
from 400 °C to 600 °C. The degree of order for L2: structure starts to increase at 400 °C. The maximum degree of
L21-order of 40% was achieved in the sample deposited at 600 °C.

In order to evaluate the AHE, the films were microfabricated to Hall bar structure. The dependence of anomalous
Hall resistivity on the deposition temperature and measurement temperature were investigated. Large anomalous Hall
angles were observed for the samples deposited at 400 °C, 500 °C, and 600 °C. Anomalous Hall angles of ~14% at 10 K
and ~12% at 300 K were achieved at maximum. Considering the structural order of CooMnGa films, it is found that the
samples containing L2 order show enhanced AHE. The mechanism on the structural order dependence of AHE could
be the variation of electronic band structures due to the different order in the CooMnGa films. By further investigating
the dependence of Hall conductivity on longitudinal conductivity, we have found that the dominant contribution to the
AHE in the system is intrinsic contribution. This research could contribute to the design of new materials exhibiting
large AHE by the control of structural order.
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Structural insight using anomalous XRD into Mn2CoAl inverse Heusler
alloy films fabricated by magnetron sputtering, IBAS and MBE techniques
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3Graduate School of Engineering, Nagoya University, Nagoya 464-8603, Japan
*Graduate School of Engineering Science, Osaka University, Toyonaka, 560-853, Japan

Recently, spin gapless semiconductor (SGS) [1] attracts much attention due to its unique half-metallic and

zero-gap semiconductor behaviors, which could be applicable to novel spintronics devices. In SGS, an almost zero band

gap in the up-spin state and a usual band gap in the down-spin state are expected at the Fermi level [2]. Several recent

papers on Heusler alloys reported the SGS properties that can be expected from such a band structure; however, their

magnetic and transport properties such as positive linear MR ratio and semiconducting temperature dependence of

resistivity are still in debate. It is known that atomic arrangements, i.e. X4-type and L2:-type structures, and its disorder

strongly influence their SGS properties. In this respect, laboratory XRD is not sufficient to distinguish structural

differences in Heusler alloys due to the nearly identical atomic scattering factors of constituent elements, e.g. those of

Co and Mn at Cu Kea. Therefore, careful structural evaluation of SGS materials are a key to solve the above

discrepancies of magnetic behavior.

In this report,
XRD, we
arrangements and their disorder in MmCoAl
(MCA) thin films
sputtering, ion-beam assisted sputtering (IBAS),

using synchrotron

anomalous evaluated  atomic

fabricated by magnetron

and MBE [3]. Here, we briefly explain only on the
results by MBE. The lab. XRD shown in Fig. 1(a)
apparently indicates well-defined epitaxial MCA
films. However, STEM-EDS (Figl.(b)) shows
there exist two phases of different elemental
compositions (Mn-rich and Co-rich phases). Based
on the above results, we constructed structural
candidates for these two phases. AXRD results of
111, 002, and 004 reflections at Mn and Co K
absorption edges are shown in Fig. 1(c) and (d),
where calculations for the final structural models
of the two phases, i.c. the L2:1B and disordered L2
structures respectively shown in Fig. 1(e) and (f),
well reproduced the experimental results. The
synchrotron XRD were performed on BL13XU at
SPring-8. This work is partly supported by JSPS
KAKENHI (17H06152, 18KKO0111).
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Fig.1 (a) Lab. XRD patterns of Mn,CoAl films fabricated by MBE. Inset: 111
reflection profile. (b) STEM-EDS mapping of Mn and Co in Mn,CoAl film.
Calculated and experimental anomalous XRD 1,/ and  Iygy/Iyg, profiles at
(¢) Mn K-edge and (d) Co K-edge. Crystal structures of (¢) Mn —rich phase
(L2,B structure) and (f) Co-rich phase (disordered L2, structure).
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Figure 1. In-plane magnetization curves of Figure 2. Out-of-plane magnetization curves of
Mn2.15C01.09Ga (30)/CoFe (3.3) bilayers measured Mn.18C01.00Ga / [Co (1.0)/Pt (1.6)]s bilayers
at 100K after thermal activation at Tact. measured at 100K after thermal activation at Tt
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Magnetic Properties of poly-crystalline Cu,Sb-type MnAlGe films with a (001)-texture
Takahide Kubota'?, Yohei Kota®, Keita Ito'?, Rie Y Umetsu'?, Mingling Sun',
Masaki Mizuguchi'**, and Koki Takanashi'?
(1 IMR, Tohoku Univ., 2 CSRN, Tohoku Univ., 3 NIT Fukushima college, 4 JST-CREST)

[TLC&HIZ

(EEAFB L 2 R T EBEBCERIL, A BT MLy EBAROBR T VX LT 72 A A U O LR
& & L CIRKERBRBELDIZDICEE TH D, 2 E TIZ, D0y, A MnsGa'? Mn;Ge?<° L1, D MnGa®
MnAIYE W o 72BN E R SR TE 7208, TR OO IES R OIS TH v | BRI 23(001)
LM CTH D 7212, (001)ELH D MgO FElEfE 2 AW DB b VS S A B DR D T-0IITm B4 &
Ty L E LT THE WA %D 7 ot 2 EOHIFKIN S - 7=, Cu,Sb o> MnAlGe (% 300 emu/cm® R & Lk
BRI 2R L, X &3 v LR T 5 x 10° erg/em’ R DO EEREG AR ST RLF— & 0.03 FLAEE
DAY/ S 72 XN — MESSERER 2 /8T 2 E DG STV AMETH 5 Y, MnAlGe O K, 13l o
Mn SR T ELREAL BT I 72— 05 T, Cu,Sb BUAS B R I MEAL [A] FEAR 12 (001)AL A CTERIC X 5 & v ) IR
b5, LnLAaens, Sk MnAlGe IR O E B BIREE 2 85 U2 BT E I3 2 & 0 B ARHFSE
TIXZ A it MnAlGe RO AE S IET CNICHMEFEZ EE&ICHL N T A Z LA HM E LT,

EERA A

AREHTEEEZE~ 73 bu o 28y ZAEE 2 AV, BRI & D2 U a3 R BICERL U 72, BEE i
1L, MR | Mn-Al-Ge 100 nm | MgO 2 nm | Ta3 nm & L72, Mn-Al-Ge J&!X Mn-Al % —%" > h & Ge #—7 v |
25 DORIFEHEIC L0 ERLL . EEHLRIE Mny osAlyo0Ger g TH 5, FRIERE T 2= S Lz, MgO|Ta D
RAESBREAZ I ANy ZEEENGED H L, EZ2EVLELE T 300 - 500 °C TRV 21T 7=, #UB O A%
& L WL A2 2N EIRIC T X BT (XRD) i & IREEUEHRE /1512 -V CHIlE L=,

EERER

XRD JIEOFE R, BULERE OFREHI 2 TOODEL M 2R3 Z & AR Lo, £/, BbBfROBEIZ LY,
BVLHEI OFT X COREINEEBIL & 7225 2 & 2R LT, BaFRBAL & AR T E 5 60 QNS & PN 5 1R 0O
WAL AR O RS 72 L 0 sRD 72 K id, BVLEEE 500 °C O TE N EhuE KMED 270 emu/em®, 4.4 x 10°
erg/em’ L7257, WTFHMOMES T E X ¥ ¥ LEREORE NE< . SHEMmEICE O T Y B BEE LR
NEOND Z ENHEONI -T2, #HE TIE Ge MUK D EZBRFE R L &by THET 5,

ABFFENL (AT 2R BUY [ D 54z 252 1 TIT b dviz, 7o, RALREAT O R — A Bk R O Hd =<
RIIEHH L LT ET,
B R

1) F. Wuetal., Appl. Phys. Lett. 94, 122503 (2009).  2) S. Mizukami et al., Phys. Rev. Lett. 106, 117201 (2011).

3) S.Mizukami et al., Appl. Phys. Expres 6, 123002 (2013). 4) M. Hosoda et al., J. Appl. Phys. 111, 07A324 (2012).

5) S. Mizukami, et al., Appl. Phys. Lett. 103, 142405 (2013), Y. Kato et al., US Patent 8,520,433 B1 (2013),
TN, RFEF 55 5499264 5 (2014).

6) S.Mizukami et al., J. Appl. Phys. 120, 142102 (2016).

7) R. Sherwood et al., J. Appl. Phys. 42, 1704 (1971), D. Bacon et al., US Patent: 3,676,867 (1972).

— 163 —



	26aD-1
	26aD-2
	26aD-3
	26aD-4
	26aD-5
	26aD-6
	26aD-7



