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IEEE Magnetics Society Home Page: www.ieeemagnetics.org
— 3000 full members, 300 student members

< IEEE

The Society

— Conference organization (INTERMAG, MMM, TMRC, etc.)
— Student support for conferences

— Large conference discounts for members

— Local chapter activities

— Distinguished lectures

— Society awards

IEEE Transactions on Magnetics

— ~2000 peer reviewed pages each year
— Electronic access to all IEEE Transactions on Magnetics papers

New for 2010 IEEE Magnetics Letters;

— arapid-publication, primarily electronic, peer-reviewed journal dedicated exclusively to
magnetics articles

Online applications for IEEE membership: www.ieee.org/join

— 360,000 members
— |EEE student membership ($30)
— |EEE full membership ($150)
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-ffi%ﬁ,-,oment Concept

Goal: Directed Design of new functional Materials

Preconditions for a Designer Material

* Reliable structure type - Heusler structure type
 Tunable class of Materials (800 existing compounds)
 Compounds with different properties

« Understanding structure-property relationships
 Development of a properties-oriented recipe

e Multifunctional Materials === Ternary ... Multinary Materials

Santa Clara Valley, March , 2010



------ﬁmment Properties

Property

Ferromagnetism
Half metallic ferromagnetism

Magneto optical application
Heavy Fermions

Superconductivity
Multiferroics — Shape memory

Ferrimagnets and
compensated ferrimagnets

Semiconductors for
optoelectronics

Topological Insulators

Cu,MnZ

NiMnSb
Co,YZ

MnPtSb

Fe,VA|,
YbPtBi

Ni,ZrSn

Ni,MnGa,
Mn,NiGa

Mn,YZ
Cr,YZ,

LiZnP,
LICuS

REPtBI

Heusler

De Groot, Kibler
Galanakis, Felser

Vanengen
Lui, Fisk

Felser
Webster,
Liu
Felser

Zunger, Felser

Felser

Santa Clara Valley, March , 2010

Slater Pauling

22 VE

24 VE
18 VE

27 VE
Jahn Teller

Jahn Teller

8 VE
Wide gap

18VE and
high Z



fﬁ,-,oment Concept

Goal: Directed Design of new functional Materials

Computational Design
(LDA and beyond
Monte Carlo)

1 !

Advanced measurements
Hard Xray
Photoemission spectroscopy

Synthesis
~@m====__ Single crystals, thin films

Santa Clara Valley, March , 2010



E oment PrOperties

MEi) *

e Spintronics

o Superconductivity

Santa Clara Valley, March , 2010



"T';E-homent Half Heusler: Ternary Semiconductors

Diamond

La

Ce

Pr

Nd

Sm

E

Ac

Th

Pa

Pu

A

um
Cm|Bk |Cf|Es |Fm|Md|No| Lr
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Eﬁoment Materials: ternary semiconductors ...

Zincblende structure Half Heusler Structure
"
YZ &= XYZ
@ &P o
® o
P - ¥
Semiconductors
Ga AS « with the magic electron number 8
3+5=8 Half Heusler or Juza-Nowotny
compounds
: * Filled tetrahedral structures: Li*
LI Mg s [MgAS] YZ
1+2+5=8§  NaCl Lattice between XZ

Kandpal et al. ,CF J. Phys. D 39 (2006) 776

Santa Clara Valley, March , 2010 Semiconductor 2/10



------- ﬁmment Ternary Semiconductors ... zero gap

Half Heusler compounds XYZ with variable gaps

H He T T | T T T T T
XY7 Heusler
Compounds BIC|N|O|F Ne LicaN +
Na Si| P| S |Cl|Ar
K Ga|Ge|As| Se|Br|Kr 7
Rb|Sr Mo|Te Sn(Sb|Te| 1 |Xe
Cs|Ba W |Re|Os Hg| Tl {Pb| Bi| Po|At|Rn
Fr[Ra LiMgP
La|Ce| Pr|Nd|Pm|Sm|Eu|Gd|Tb|Dy|Ho| Er [Tm|Yb|Lu -
Ac|Th|Pa| U [Np|Pu|AmiCm|Bk |CF|Es |Fm|Md|No| Lr LiZnp

=

)
h"“‘a_ nasic P00 .-
o 1TF Y NZPTuPdSh LuAuSn

LLl
TllP‘rSnD Vo T o
05 } Wv + v o
+
vV
D o — — l:E-T@_-JJ-_:"::nuxh;f'E 051 {HIF
LuPtSb

= YAuPb ThE 6.6 6.8 7

LuPdBi 1

Santa Clar? March , 2010 Semiconductor 3/10



"’“"ﬁhoment Ternary semiconductors ... low band gap

Low band gap semiconductor for
 Thermoelectric materials

* Topological Insulators
- the f-electrons are localized ... the compounds stay semiconducting

Hg Te
/ \12 +6= 18\ « ZnS lattice YZ
o NaCl Lattice between XZ
NI Zr Sn
10+4+4=18
Pt RE Bi

10+ 3 (+f")+5=18

Santa Clara Valley, March , 2010 Semiconductor 4/10



"«
-

E ooment  Z€r0 gap

Quantum Spin Hall Effect and Topological Phase
Transition in HgTe Quantum Wells

B. Andrei Bernevig, et al.

Science 314, 1757 (2006);

AVAAAS DOI: 10.1126/science. 1133734

A A
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\_/_// b |
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— e o |
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PR "R P e S
d < d. d>d.

SC Zhang et al.
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E Eﬁoment Zero gap: fingerprints, binaries—>ternaries
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Chadov, Qi, Kubler, Zhang, Felser arXiv:1003.0193
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@”ﬁﬁoment Zero gap: tunable ternary Heuslers

T | | | \
[ | [ |
5 ScPdSb ScAuSn
I (a) || = (b) |
SeNiBi ..
YPdSh YPdSb
11— YNiBi LuPdSb LuAuSn B YNiBi  LuPdSb LuAuSn T
_Am_n | u
ScPdBi!
— ThPtS
> ) Sgr‘sb LovBilM s s
A DL “ePdBi

& CdTe
e vrdi.YPisbll [

o 0 -t 1 __ _"_""_"___________chi@l?______"_"_""D__
o LuPtSbh ThPPh
— i LuPdBill |

LU YAuPb

® S CePtBi
CrIBlyptBi
-1 _ HgTe u ]
[ |
N N LuPtBi
Lo e e
6 6.2 7 7.2 100 120 140 160 180 200 220 240 260

¢ constant [A]

onstant — hybridization strength

Z(X) + Z(Y) + Z(Z)

Santa Clara Valley, March , 2010

pital coupling — X nuclear charge per unit cell

Fial semiconductor into a topological insulator by

Semiconductor 7/10


Vorführender
Präsentationsnotizen
Fig. 3: G6-G8 and gaps of the LnYZ Heusler family calculated with fully relativistic linear muffin orbitals method vs. the  lattice constant. The calculation were performed for Sc, Y, Lu, La and Th, all compounds without f-electrons or closed shell f electron-configurations to avoid the additional inclusion of correlations. Trivial semiconductors are found for small lattice constants and a zinkblende sublattice  build by lighter elements such as Ni, Pd and Sb, Sn. Inverted band structures were observed for larger lattice constants and heavier elements such as Pt, Au and Bi. The three compounds YPtSb, YPdBi and LuPtSb are just at the border between trivial and topological behavior and can be tuned by small changes in the lattice constant. Compound combination of a trivial and a topological Heusler on a vertical line such as ScPdBi and ScPtBi are good candidates for quantum well structures because of similar lattice constants. The open symbols are compounds, which don’t exist up to now.  



@-ﬁmment Zero gap: strain
Proof of the topological character
» Taking the borderline compound
* Applying strain
A gap will be opened and the Dirac cone stays in the gap (a)

=
]\/ |
=<
0.08+ 2 (a)
— 0.04 - 7 [001] r [110] |
=
L S
% Z
— 0 -
[ [@)]
a8 @
I it [
- = S
—
S8 —
-004 ‘E [001] r [110]
=
na-
0.08H = —
T [001] r [110]
| ! | | ! |

1 | 1 | 1 1
6.66 667 668 669 670 6.71
lattice constant [A]

Chadov, Qi, Kubler, Zhang, Felser arXiv:1003.0193
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Vorführender
Präsentationsnotizen
Fig. 3: G6-G8 and gaps of the LnYZ Heusler family calculated with fully relativistic linear muffin orbitals method vs. the  lattice constant. The calculation were performed for Sc, Y, Lu, La and Th, all compounds without f-electrons or closed shell f electron-configurations to avoid the additional inclusion of correlations. Trivial semiconductors are found for small lattice constants and a zinkblende sublattice  build by lighter elements such as Ni, Pd and Sb, Sn. Inverted band structures were observed for larger lattice constants and heavier elements such as Pt, Au and Bi. The three compounds YPtSb, YPdBi and LuPtSb are just at the border between trivial and topological behavior and can be tuned by small changes in the lattice constant. Compound combination of a trivial and a topological Heusler on a vertical line such as ScPdBi and ScPtBi are good candidates for quantum well structures because of similar lattice constants. The open symbols are compounds, which don’t exist up to now.  



E mene REPBI ... multifunctional topologic insulators

Tuning the propoerties with RE atom

« LaPtBiis also a topological
superconductor without inversion
symmetry and low charge carrier
concentration n = 6*1018cm-3

* Antiferromagnetism with GdPtBI
* Ferromagnetism in MnP1tBi
* YDbP1BI is a super heavy fermion

* Fermi energy tunable with magnetic
fields, e.g., CeP1Bi

All Tl are good thermoelectrics

Pt RE Bi

10+ 3 (+f")+5=18

30 [

LaBiPt

T T T T T T T T T
25 | ]
20 _ \_
4 I 30 : : .
E 15 . B(T) ]
E 2:| -_,, . PR Ir __ ::I -
C = Jf S
10 [ E ; - 1
i T 40} l'
5 [ ) A
C 0.0 0.5 1.0
i TiK)
D i | 1 | 1 | 1 | 1 | 1
0 50 100 150 200 250 300
T(K)

Goll et al. Physica B 403 1065 (2008)

Santa Clara Valley, March , 2010 Semiconductor 9/10



E'noment

One material ... from p ton

Seebeck Coef. /uV K*

IR
o
o

200
150
100

al
o

o1
S

R
(o))
o

T NI, 56 5n
+N|T| Sc Sn

—0— N|T| ScO 038n

:_+ N|T| V. Sn

0.99 " 0.01

NiTi. V. _Sn

0.98 ~ 0.02

- o NiTi, 97V003

200 b
0

50 100 150 200 250 300
Temperature / K

Important for manufacturing (same thermal expansion coefficient)
p- and n-doping in the same material NiTiSb

Santa Clara Valley, March , 2010
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Vorführender
Präsentationsnotizen
Messung Magnetisierung bis 775K im Squid
Hysteresen bei 5K, 300K, 775K kleine Remanenz und Koerzitivfeld
Messung 5K
Extrapolation auf 0K Messwert passt zu Slater-Pauling
Messwert ergibt ganze Zahl innerhalb des experimentellen Fehlers
Beweis für Halbmetallizität in Co2FeSi



B oment  Starting point

Heusler compounds: X,YZ

H
Li
Na
K

La|Ce| Pr|Nd|Pm|Sm|Eu
Ac|Th|Pa| U [Np(Pu|Am{Cm|Bk [Cf |Es |[Fm|Md| No| Lr

1903: First ,Heusler* compound Cu,MnAl by Friedrich Heusler

1983: De Groot and Kibler: Prediction of half metallicity

1999: Discovery of CCFA by us (patented with IBM)

2003: First TMR device with 19% room temperature effect by K. Inomata

Santa Clara Valley, March , 2010



Materials: Ternary Semiconductors ...

¢
¢«

q

r,
e &

& &
e @€

¢®

&

Fe,

X,YZ

V

Al

9+4+5=18

28+ 5+ 3 =24

additional t,-levels

Santa Clara Valley, March , 2010



E oment Half metallic ferromagnets

® «

si

® ¢ <
‘*’ minority
Pt RE Bi
= Vv Al
10+ 3 (+f") +5=18 22
2*8+5+3=24
NI Mn Sb
10 +3 (+04) + 4 = 18 +4 Co, Mn Si
dug 2*9+3 (+d4) +4 =29
29-24=5 g

Santa Clara Valley, March , 2010 Semiconductor 4/10



"*'?ffﬁhoment Heusler compounds: X,Y~/

H
Li
Na
K
Rb
Cs
Fr
\\|La|ce|Pr|Nd[Pmism
“|ac|Th|Pal U [Np[PU

Eu
AmEm}Bk‘ Cf|Es|FmMd No‘ Lr

X,YZ

Y=Mn3* (d4) (Kubler rule) or another transition element — provides a local

magnetic moment 4pg

Filled tetrahedral position X leads to a second magnetic sublattice — more
delocalized electrons (cobalt can carry up to 1.5 pg)

Santa Clara Valley, March , 2010



E ment  Materials: ... to half metallic ferromagnets

Full Heusler compounds

2.5 [ bee fec |
— [ localised itinerant ]
= - m Heusler *  FeCo 1
= 20F Y
L % FeCo ] FeN1
g A FeCr NiCo |
4?5 1 5 -_ \v4 FeV NICU_-
N
Q - CoCr 1
= ! NiCr
Q L J
E 10F Co MnAl ’
= : ]
2 I Co,CrGa -
minority 4 majority T e 05 i \1\\1 4
= [ \‘\
00 1 L N 1 L L L 1 L L L 1 L L L 1 L L L 1

6 7 8 9 10 11
Valence electrons per atom 7,

* magic valence electron number: 24
= valence electrons = 24 + magnetic moments

= Co,FeAl:2x9 +8+3 =29 Ms =5y, Kibler et al., PRB 28, 1745 (1983)

Galanakis et al., PRB 66, 012406 (2002)

Santa Clara Valley, March , 2010



F oment  Curie Temperatures

25 26 28 30
1.0 . VE ng/atom T [K]
' 24 0 0
J $ | 25 025 ~175
S ’ 1 26 0.5 ~350
= ® Co MnAl ]
£ : 27 0.75 ~520
5 ! | 28 1 ~700
- : i 29 1,25 ~970
I 1.5 ~1120
0 200 400 600 800 1000 1200

Temperature 7' [K]

Balke et al. CF Solid State Com. accepted (2010)
Kibler et al. CF, Phys. Rev. B 76 (2007) 024414

Santa Clara Valley, March , 2010
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E ane  High Curie Temperatures

T T T T [T T T T 1717 1400

wof e |
O 1200
= H H H H i .
1200 i e pooree n C O{fé -
g 5 5 ] 5 1T o 8/ R
w3 f E E I E ®oF . \J/f?':in 7\, 1000
M 1000 oot s S 2. € K \
[ [ 3 . \ —
B~ 5 v
800 - S N S S— . 800 =,
2 >
2 N ; i o
S so0b... @NL ° \ 600 8
2 pT o %, £
= . : Fe,YZ o oty ] 2
2 : ; N - S
o 400 F S L CoYZ ] T Q?/ 400 ©
g . ; NLYZ ] f.,;ﬁ /. e
S Lol fw v ooz 1t e
200 el ‘. """ . —— FitCoYZ | ) QLG 00
E- ®  Elements ' GGA
] 1 [ ®co,vsn S b
AP R SRR SR T A I R Y Y S T
00 05 1.0 1.5 20 250 200400 600 800100012001400
Magnetic moment per atom m [pB] Measured T, [K]

Expected Curie temperature for Co,FeSi : > 1000K

Fecher, J. Appl. Phys. 99 (2006) 08J106
Klbler et al., Phys. Rev. B 76 (2007) 024414
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'Y -
& ent CO,FES]

I v 1 v I v 1
[ = we Single crystal (Czochralski)
- =g Polycrystal

| == Single crystal (Zone melted)

T
o
Co Spin-Echo Intensity {arb .units
—,
E [&=]
a -
—1 a s—' 4
=
1

*Co Spin-Echo Intensity (arb .units)

r o T Mo 4 160 180
ok - N - Frequency (MHz)
5 5k ]
g 1 XRD —small super structure
i 6 o o o ~ reflections
Kl © o N N < ]
o T T ¥ o © 1  Co-NMR - local probe
K| i
o Jk J\,J o] Laue - confirms the single crystallinity
10° 20° ° A 50° 60° of the floating zone single crystal

Scattering Angle 20

Blum et al., APL 95 (2009) 161903
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Vorführender
Präsentationsnotizen
Messung Magnetisierung bis 775K im Squid
Hysteresen bei 5K, 300K, 775K kleine Remanenz und Koerzitivfeld
Messung 5K
Extrapolation auf 0K Messwert passt zu Slater-Pauling
Messwert ergibt ganze Zahl innerhalb des experimentellen Fehlers
Beweis für Halbmetallizität in Co2FeSi



ﬁ'noment 2
040 ' M"‘)EZE = , . - —<— Single crystal (Czochralski)
0.35 030 S - —=— Polycrystal
Sl 025 > ) —C— Single crystal (Floating zone)
= 0.30 oo 2 _
E ™ _,_AE:E 3 << I =
2025 b oo oos 1t 1010 g
"0 20000 40000 60000 BOOOO - & -
. : 5 s
@
1 . g
e o
7 o
‘\J)‘.
LT
_ {Jj‘;" N N N 'y I, o
IITDO00-0-0-0 (b)
0.00 ———1 . 1 . 1 . I . 1 . 1 . i . e - 1p.01
0 50 100 150 200 250 300 1 10 100
Temperature (K) Temperature (K)

Floating zone crystal shows the lowest resistance

Polycrystalline and single crystal (floating zone) show the best
residual resistance

Resistivity above 50K shows a T2 behavior: ferromagnetic
metal with one magnon scattering

Resistivity below 50K is temperature independent
Blum et al., APL 95 (2009) 161903
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Vorführender
Präsentationsnotizen
Messung Magnetisierung bis 775K im Squid
Hysteresen bei 5K, 300K, 775K kleine Remanenz und Koerzitivfeld
Messung 5K
Extrapolation auf 0K Messwert passt zu Slater-Pauling
Messwert ergibt ganze Zahl innerhalb des experimentellen Fehlers
Beweis für Halbmetallizität in Co2FeSi



Spin resolved density of states p(E) [eV']

E';loment

Tuning the Fermienergy

10x 10 .|_lml MU28225A470L300-5m223
Co,FeAl ,Si . .
xx A

T e 223% - 200 CoFe(1)
- Majority (a) 500 |-
: . ] - 300 K 1., [cras()
! = =
- Minority ; Z 4001 < | MgOo(2)
S S — Z 4100 =
= 5 7wl < |CFAS(30)

] - 50
. : i 200 |-

] | | | 0
e 1000 -500 0 500 1000
) | (©)- Field (Oe)

- TMR: 223%, 300K, A470°C, Rs: 1.74e+02Q, RA: 1.74e+04 Q-!.lml
10510 um’ MU28-2-25A470L007-2m423

. A 1000 — '
__ T T T ' ('d)_ 423% 400
i ] . 800}
___M 3 7K 300
. . 3
R R 5 600r / 200
e T3 ‘2
:' ‘ Ilhh (e)_: % 00 100
- . 200 0
= : > 1000 -500 0 500 1000

Energy E—¢_[eV]

Field (Oe)

TMR: 423 40%, TK, A470°C, Rs: 1.91e+02Q), RA: 1.91e+04 Q-.um2

Fecher, Felser J. Phys. D 40 1582 (2007) N. Tezuka et al.,Jpn. J. Appl. Phys. 46, L454 (2007)
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* oment  Tunnel junctions and more ...

Co,Cr, sFe, ,Al : First COZMnS.i/A|-O/C02|\/|nSi-|\/|TJ
Magneto resistance effect TMR ratio = 67%@RT, 580%@2K
Sakuraba et al. APL 88 (2006) 192508
Block, Felser, et al. J. Solid State Co,MnSi/Mg/Al-O/CoFe-MTJ
Chem. 176 (2003) 646 TMR ratio = 93%@RT, 203%@2K

Sakuraba et al. IMSJ (2006)

TMR ratio = 386%@RT, 832%@2K
Tezuka et al. APL 94 (2009) 162504

Co,FeAl, ;Siy s/Ag/Co,FeAl, :Sij -
Co,Fe, sMn, sSi, CoFeSi, 5Aly s: CPP-GMR = 12.4%@RT, 31%@12K
Tuning the Fermi energy Tezuka et al. APL 94 (2009) 162504

Co,MnSi/Ag/Co,MnSi
CPP-GMR ratio = 28.8% @RT

Mn,Ga: Spin torque Iwas(,)%gégg, Appl. Phys. Exp. 2 (2009)
application Mn, .Ga with

Balke et al. APL 90 (2007) 152504 Giant perpendicular anisotropy
Wu et al., APL 94, 122503 (2009)

Co,FeSi: Halfmetallic
ferromagnet with T 1120 K

Wurmehl, et al ., APL 88 (2006) 032502.

Fecher, Felser J. Phys. D 40 (2007) 1582

Santa Clara Valley, March , 2010 Spintronic



Read-Head Fabrication w/Heusler alloy Ut potin)

(sensor as seen from disk)

yil3 sl vu RWE N
SRS A 2
= e * 1
- - :"" d B | i ':' -

Underlayers

AlLOQ, insulator

Shielded sensor. —

Stabilized sensor through hard bias {

",
"

Stripe height defined through lapping. :

Air-bearing surface (ABS)

+/- 600 Oe

J.Childress et al. - Hitachi San Jose Research Center @ 2010 Hitachi Global Storage Technologies




----- ﬁmment Interface

= Structure - Property — Relation

CMS
MgO
CMS
= B BB R
5 DD BB MgO
g @ B B R
3 Mn Si Mn Si
£ .
® Co,MnSi
c
g
<
1 nm

0 05 _ 1.0 1.5 2.0
Distance (nm)

Miyajima et al., Appl. Phys. Expr. 2, 093001 (2009)
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Relative intensity 7/7

—

| ©

?ﬁhoment

Interface

= Structure - Property — Relation

1 T
(a) ]
| Co,MnSi+MgO(2nm) |

MgO(2)
CMS(30)

T

L (b) ]

| Co,MnSi + MgO(20nm) |
|

#} e—

v 02p

Energy E-¢ [eV]
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0 -

(c)

15

T

| Co,MnSi (bulk)

-10 -5
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— e
oo (=]
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<
~

| Co,MnSi Co_ MnSi
[+ MgO(2nm) [+ MgO(20nm) " Co,MnSi (bulk)
[ S SN E—— e e e PN A |
-4 -2 0 -4 -2 0 -4 L) 0

Energy E-¢_[eV]

Fecher et al., APL 92, 19351 (2008)
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ﬁmment Interface Design

Tuning interfaces by adjusting combination

CoMnVAI
= of a half metal Co,MnAl
T I T CMS
E |
<}
E _|
i, i _ 1.00
= :
8 . i > 0
0 5 - 2
L . l . . l . L 3,050
-10 -5 0 5 10 )
Energy (eV) 8 -
_ Q
= a semiconductor CoMnVAI 000
T I T T I T I T ] .
3<
E15_ CoMnVAI | X
o et
E - _
i, 10~ 1
o |
(@)
(] i
| 0 5 10 minority 4 majority T minority 4 majority T

Energy (eV)

Santa Clara Valley, March , 2010 Spintronics



Fnoment Spin transfer switching

Slonczewski 1996

10-2: p maNo J/
ml 1“‘ a-CogFe By 7 Ca/c
70;- Co
1 1 Fe
° 3'\'706';;
7*706;
500 1000 1500 200!
\] ~ 1 - 100 MAlcmz MS (emufcc)
e
N— e reduction of a & Mg
& ""‘"3\
% : . .
M\»;i’} Courtesy after Shigemi Mizukami
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"""ﬁ{,oment Gilbert damping

1+ 1 " 1 Calec. (L24)
(Kandpal,2007)

Co,FeSi i

- Co,CrAl

Co,MnSi _|

D(EF) (1/eV fu.)
o (%] o (8] o
|

| Co,MnAl Co,FeAl |
I L I L
150 - v -~ 1~ T T T ‘T [ T 1
[ Exp
E 100:_ OCozFeSi _:
=3 - Co,MnAl O ]
¢ 50 fCGEMnSi ]
i Q7 Co,FeAl -
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Kandpal, et al ., J. Phys. D 40 1507 (2007)
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4*'ﬁ1v',,oment Gilbert damping
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Shift

Number of valence electrons G = arM, o< £, 2 (D, + D)

Mizukami, et al., J. Appl. Phys., 105, 07D306 (2009). Kambersky, Can. J. Phys. (1974)
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ﬁ“ oment Halfmetallic Ferrimagnet

Kibler’s Rule
l t Slater Pauling Rule
¢P—v—gb M
&P & Two magnetic sublattice

%ﬁ ‘.’ ;ﬁ 24 Valence electrons — 0 g

&P @ -Mn3* at octahedral site — 4 g
G i ® | ® *Mn compensates
Mn,Mn
3*7+3=24

— Compensated ferrimagnet

Wurmehl, et al. J. Phys. Cond. Mat. 18 (2006) 6171
Klbler et al., Phys. Rev. B (1983) Balke et al. APL 90 (2007) 152504
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E ment  Spin Torque Application

For spin torque application

= Jow magnetic moment, High T

= |ow damping

= out of plane magnetization

tetragonal Heusler compounds: Mn;Ga, FeMn,Ga

theory —) bulk material —) thin film and devices
7f T TSP
ut-or-riane
L . eﬁ'E“ 200}
2 100}
&T g ot In-Plane |
-?)
~-100
- - E-zoo
300 400 500 600 700 800
Temperature T [K] 035 0 25 S0
Mn, - ' H (kOe)
Balke et al.CF, APL 92, 152504 (2007) F. Wu et al., APL 94, 122503 (2009)
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B oment MNg,Ga: Tunability
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Winterlik et al. CF, Phys. Rev. B 77 (2008) 054406
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E oment  SUMMAry
More than 200 semiconducting Heusler compounds | = 1
= Tunable — gaps and charge carriers : |
= Multifunctional topological insulators < |
= Thermoelectric devices with high ZT and nano structuring
Spintronics T coomamthl

= Materials with high spin polarization at high Curie temperature

= TMR devices
= Materials with low magnetic damping

= Materials with low magnetic moments

= Materials with high perpendicular anisotropy e

=» spin torque oscillators — STTRAM, MAMR
= Combination of adjusted Materials as Hybrid materials T

=>» spin injection into semiconductors,
= Multifunctional materials

= new effects M

Santa Clara Valley, March , 2010
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