
 

Recently, w
film Heu
applications
properties a
improve spi
Additionall
investigatio
properties w
samples su
Finally new
will be pos
as bulk mat

New Mn2-b

We worked
Y=3d meta
the beginn
University, 
well establi
thickness d
importance 
establish th
plane magn
the tunnel m
low at room
the thin film
the interfac
and caref
investigatio
component 
many grou
tetragonal c
the film p
exhibiting 
forward sc
spectroscop
the structur
level spect

Thin film
Claudia F
Olga Meshc
 

Thin film a
new perma
function. F
searching 
magnetizat
magneto c
technologie
Heusler co
in MRAM 

we decided to
usler com
s in spintro
and quality a
intronics dev
y, single cry

on of intrin
which are n
ch as the m

w ways of tun
sible and co
terials might 

based Heusl

d first on M
als) films to v
ning in col

Bielefeld U
ished collabo
ependence o
for future 

he already wi
netized electr
magneto res

m temperatur
m quality (str
e with MgO

ful transmi
on has enabl

of the Mn-r
ups. The po
c-axis orient
plane but so
the c-axis 
cattering in
py (HAXPES
re of buried M
troscopy [4]

ms of He
Felser*, Ros
cheriakova, a

and devices 
anent magn

First thin film
for hard m
tion and lar
crystalline 
es (MRAM
mpounds ar
devices or a

SO

o explore the
mpounds. M

nics depend
and our know
vices via inte
ystal thin fi
nsic and e
ot available 

magneto crys
ning such as

ompounds wh
be possible.

ler Compou

Mn3Ga and M
verify and e
laboration w

University an
oration partn
of the tetrago
electronic d
ith a few nan
rode can be 
istance (TM
re it is impor
ructure and m
. Magnetizat
ission elec
led us to ide
ich Heusler 
olycrystalline
ted primarily
ome fractio
in the film

n hard X-r
S) we were 
Mn–Ga films
]. Difference

eusler com
shnee Saho
and Stuart S.

using Heusl
nets and qu
ms are sputt

magnetic ma
rge saturatio
anisotropy 
) and spin 
re tested wh
as a basic m

OLID STATE

e properties o
Many imp
d on the int
w-how can h
erface engine
ilms allow f
xtrinsic ma
in polycrys

stalline aniso
s strain, gatin
hich are not 
  

unds 

Mn2-xYxGa  
extended resu
with the T
nd IBM Alm
ners. Especia
onal electrod
devices. We 
nometers an 
realized [1].

MR) values ar
rtant to inve
magnetizatio
tion measure

ctron micro
entify the in
films, observ
e films hav
y perpendicu

on of the s
m plane [2]. 

ray photoel
able to inve
s [3] and wit
es in the a

mpounds
oo, Adel K
. P. Parkin1 

ler compoun
uantum com
tered and ch
aterials. Ma
on magnetiz

and low 
torque osc

hether they s
aterial for S

E CHEMIST

of thin 
portant 
terface 
help to 
eering. 
for the 
aterials 
stalline 
otropy. 
ng etc. 
stable 

(with 
ults, at 

Tohoku 
maden, 
lly the 

de is of 
could 
out of 
 Since 
re still 
stigate 
n) and 

ements 
oscopy 
n-plane 
ved by 
ve the 
ular to 
sample 

 Via 
lectron 
stigate 
th core 
angular 

di
ato
fro
fo
im
lay
str
lev
fo
ox
Ad
th
pr
de
M
in

Fi
M
re
an
an

Es
sp
[4
sig
be
Ke
fre

s  
Kalache, Be

nds are imp
mputing. Sin
haracterized
anganese-ric
zation have 
magnetic 

cillators for
show a large
SQUIDs. 

TRY / THIN F

stributions o
oms revealed
om the diso

or increasi
mprovement 
yer is acco
ructure of th
vel investig

ormation of G
xygen of M
dditionally w

he terminatin
redicted to 
eposition of f

Mn–Ga film s
ncrease the TM

ig. 1: Static 
Mn–Ga and (b
esults in a dro
n increase 
nisotropy fiel

specially the
pecial interest
4,5] by dopin
gnificant coe
e submitted]
err effect (T
equency dyn

enedikt Ern

portant for m
nce 2014 ou
d. For spintr
ch Heusler-
been design

moment fo
r wireless c
e spin Hall e

FILMS  

of electrons 
d that the str

ordered L10 
ing anneal
of the struct

ompanied by
he overlying
gation via 
Ga-O bonds 
MgO and th
we can concl
ng layer at 

show no 
few monoato
suppresses th
MR slightly.

magnetic p
b) Mn–Co–G
op of the ma
in both th

ld [5]. 

e thin films 
ted since we 
ng with othe
ercitivity with
]. With tim
TR-MOKE) 
namics of M

nst, Thoma

many applic
ur thin film
ronics and p
-compounds
ned for new

or future m
communicat
effect, large 

emitted fro
ructure of Mn

towards the
ling temp
tural order o
y an impro
g MgO laye

HAXPES 
at the interfa
he Gallium
lude that the

the interfa
resonant t

omic layers o
he oxidation 
.  

properties at
Ga films. The
gnetization a

he coercive 

of the dop
can realize h

er magnetic 
h a large mo

me-resolved 
we have p

Mn–Ga and M

as Krüger, 

cations such 
m laborator
permanent m
s with large
w magnets w
magnetic r
tion. Films 
enough for 

om Mn and 
n62Ga38 chan
e ordered D
eratures. T
of the Mn62G
ovement of 
r [3]. The c

indicated 
ace between 

m of Mn62G
e MnGa laye
ce, which w
tunneling. T
of Mg on top
of Gallium 

t 300 K for 
e addition of
accompanied

field and 

ped Mn2Ga 
huge coercitiv
elements an

oment [paten
magneto-opt

probed the h
Mn-Co-Ga. T

Daniel Eb

as spintron
ry has been
magnets we 
e out of pl
whereas a h
random acc

of topologi
spin switch

Ga 
nges 
022 
The 

Ga38 
the 

core 
the 
the 

Ga38. 
er is 
was 
The 
p of 
and 

(a) 
f Co 
d by 
the 

are 
vity 

nd a 
nt to 
tical 
high 
The 

bke,

nics, 
n in 
are 
ane 

high 
cess 
ical 

hing



 

ferr
zer
dam
4.5
ani
ani
Mn
in R
it w
to 
ani
Mn

Mn
and
Pt-
as n

Fig
Sho
ma
The
mag
0.1

Ep
Mg
the
cor
agr
me
ene
inte
the
a v
pro

In 
spu
sim
larg
the
lab

romagnetic 
ro-field is fou
mping, α, of
5 T was me
isotropy den
isotropy fie
n2.6Co0.3Ga1.1 
Rossendorf w
was possible 

saturate th
isotropy ene
n2.6Co0.3Ga1.1 

n2RhSn with
d the two sys
Sn were iden
new material

g. 2: Magne
own are the

agnetic hyster
e inset show
gnetization m
 T.  

itaxial thin 
gO (0 0 1) su
e elements. T
rresponds to
reement with
easurements 
ergy of 89 
eresting for 

eory [5]. The
very small m
omising for T

the ternary
utter films 
milar compo
ger out-of-p

e compensat
boratory [to b

resonance f
und to be 12

f 0.019 [6]. A
easured, corr
nsity of 0.81
eld was fo

film. Only 
with a pulsed
to determine

he film in 
ergy density
is determine

h the non-co
stems Mn-Pt-
ntified by the
ls for spintron

etic propertie
e in-plane (H
resis loops me
ws the temp
measured in 

films of Mn
ubstrate by m
The measure
 a magnetic
h the bulk s

revealed an
kJ m−3, whi
zero field S

e lattice param
mismatch w
TMR devices

 system Mn
of compens

osition as th
lane anisotro
ted film, me
be published]

SOLID

frequency e
25 GHz with
A huge anis
responding t
1 MJm−3. A
ound for th
in the high f

d magnetic fi
e the field str
the plane. 

y for nearly
ed to be 1.23 

ollinear mag
-Sn and Mn-
eory and bulk
nics devices.

es of Mn2Rh
H∥) and out
easured at 50

perature depe
an induction 

n2RhSn were
magnetron c
ed saturation 
c moment of
sample. The 
n out-of-pla
ich makes t
Skyrmions a
meter of the 
ith MgO, w
s [5]. 

n-Pt-Ga we 
sated ferrim
he bulk sam
opy energy 
easured in 
].  

D STATE CH

extrapolated 
h a low Gilb
sotropy field 
to an effecti

An even larg
he substitut
field laborato
elds up to 60
rength requir
The effecti

y compensat
MJ m−3 [6]. 

gnetic structu
-Pt-Ga and M
k investigatio
  

hSn thin film
t-of-plane (H
0 K.  
endence of 

field of μ0H

e grown on 
o-sputtering 
magnetizati

f 1 μB in go
magnetizati

ane anisotro
these materi
as predicted 

compound h
which makes

were able 
agnets with

mple. An ev
was found f
the high fie

HEMISTRY 

to 
bert 

of 
ive 
ger 
ted 
ory 
0 T 
red 
ive 
ted 

ure 
Mn-
ons 

ms. 
H٣) 

the 
H = 

an 
of 

ion 
ood 
ion 
opy 
als 
by 

has 
s it 

to 
h a 
ven 
for 
eld 

Hexag
DC m
The 
structu
of th
antife
due t
anisot
[paten

Thin f
The t
shows
collin
which
suscep
Loren
the re

Fig. 3
in zer

Refer

[1] Alb
a
1

[2] J. K
F
p

[3] Ca
S
M
L

[4] C. 
H
F

[5] Ta
G
M

[6] Ci
Y
S
A

[7] O. 
D

 
* felse
1 Max 

/ THIN FIL

gonal MnPtG
magnetron sp

hexagonal 
ure via a dist

he hexagona
erromagnetic
to the struc
tropy was 
nt submitted]

films of Mn-
temperature 
s signs of a 

near phases 
h can be a 
ptibility show

nz TEM we 
orientation p

3: Topologic
ro field. 

rences 

brecht Köhler,
and Stuart S.P
162406. 
Karel, F. Caso
F. Albertini, 
preprint arxiv:
arlos E ViolBa
Shigemi Mizu
Miyazaki, Eiji 
Lett. 106 (2015
E. ViolBarbos

H. Fecher, T. M
Felser, Journa

Takahide Kubo
Gerhard H. Fec
Miyazaki, J. of A
iaran Fowley, 
Yildirim, Kilia
Shigemi Mizuk
Alina Deac, J. 
Meshcheriako

D: Appl. Phys.

er@cpfs.mpg.d
Planck Ins

MS  

Ga thin film
puttering on a

structure a
tortion along
al mangane

some are f
ctural anisot

realized in 
].  

-Pt-Sn were 
dependence

spin reorient
in the Mn2

hint for a 
ws the typic
see Skyrmi

process [to be

cal Hall effec

 Ivan Knez, D
P. Parkin, Ap

oli, P. Lupo, L.
C. Felser, Sc
1504.03085 
arbosa, Siham
ukami, Gehar

Ikenaga, Cla
5) 052402 
sa, S. Ouardi, 
Miyazaki, X. K
l of Applied Ph

ota, Siham O
cher, Claudia F
Appl. Phys. 113

Siham Ouard
an Lenz, Volk
kami, Gerhar
Phys. D: Appl

ova, et al., J. P
 48 (2015) 164

de 
stitut für M

ms could be p
an MgO (00
arises from 
g the 111 dir
ese-rich-comp
ferrimagnetic
tropy a larg

the thin-f

grown by co
e of the m
tation betwe
2-xPtSn film 
skyrmionic 

cal Skyrmion
ions showing
e published]

ct of the Mn

Daniel Ebke, C
ppl. Phys. Let

. Nasi, S. Fabb
cripta Materia

m Ouardi, Taka
rd H Feche

audia Felser, A

T. Kubota, S. 
Kozina, E. Ike
hysics 116, (20

Ouardi, Shigem
Felser, Yasuo A
3 (2013) 17C72
di, Takahide K

ker Sluka, Jürg
rd Fecher, Cl
l. Phys. 48 (20

Phys. D: Appl. 
4008. 

Mikrostrukturp

prepared by
1) substrate.

the cubic
ection; most
pounds are
c. However,
ge magnetic
film sample

o-sputtering.
agnetization
en two non-

at 100 K,
phase. The

n-kink. With
g up during
. 

n2RhSn films

Claudia Felser,
t. 103 (2013)

brici, L. Righi,
alia accepted,

ahide Kubota,
er, Terunobu
Applied Phys.

Mizukami, G.
na-ga, and C.
014) 034508  
mi Mizukami,

Ando, Terunobu
23. 
Kubota, Oguz
gen Lind-ner,
laudia Felser,
15) 164006. 
Phys. J. Phys.

hysik, Halle

 
 
 

t 
 
 
 
 

 
 

 
 
 
 

 

 
 

 
 

 
 
 

 
 

 
 

z 
 
  

 



SOLID STATE CHEMISTRY / THIN FILMS  
 

 


