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The Scarcest Material T

Melting point : > 3,000° C
— Very stable
Almost no applications previously

World supply : ~ 5.8t/ yr
— 87 % from South Africa
1~ 2 9% in Pt and Rh ore

The scarecest element
— 4 x 104 ppm
Comparisons Nd : 33 ppm

Li : 17 ppm
Dy : 6.2 ppm
Pt: 3.7 x 103 ppm
Au : 3.1 x 103 ppm
Ru:1 x 103 ppm

* http://lwww.atheistfrontier.com/people/dmitri-mendeleyev/periodic-table-of-the-elements-for-kids.jpg



X Sudden Rise In Iridium Price
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Ir price increased over 10 times in the last 8 years : *
~ USD 100 / oz (2003) @~ USD 1,100 / 0z (2012)
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X Usages of Iridium

Sudden increase in electrical applications : *
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* http://www.matthey.com



Solution 1 : Electrochemical Field
Recovery from crucibles : *

Fragmentation of metal scaps

> 90 % recovery rate

Aqua regia (HNO5 + 3 HCI)
!
PbO solvent + HNO;,
! !
& 7 i NaHSO,
.-l Cu=Copper sorting '.: 1 ; , ':: l

&

B 2 I NS Na,0,
: : ': \Si"F/ \?gﬁ/ W Purification aé (NH,)5[IrClg]
& S

Rl N

|
Reduction by H, gas
SSTENA

* Sumitomo Mining, Japanese Patent (2010-132144).



Vi . Organic EL

*

Organic electroluminescence (EL) using Ir-complex :

Ir lr

Ir(ppy)s | Ir(Fppy); | E
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Ir(piq);
Tridentate Ir-complex *
/Ir\_ *N Ir\
°\ /)~CHs 0\ /)—CH,
H
(btp),ir(acac) (bzq),lIr(acac)

Bidentate Ir-complex **

* M. A. Baldo et al., Appl. Phys. Lett. 75, 4 (1999);
** H, Konno, Tech. Chem. Times, 199, 13 (2006).



Solution 2 :

Carbazolyl dicyanobenzene (CDCB) : *

- ¢ Q —— 2CzPN
4CzIPN
—— 4CzPN
——— 4CzTPN
——— 4CzTPN-Me
——— 4CzTPN-Ph

Normalized photoluminescence intensity
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— 100 % EL efficiency

* H. Uoyama et al., Nature, 492, 234 (2012).



x Spintronic Devices and Iridium Alloy —
HDD read head : Magnetic random access memory (MRAM) :

Magnetic platter

“Bit” lines —

\

http//www.khairul-syahir.cr=.

Current

Antiferromagne —> IrMn

PiARing by exchange bias t « Large exchange bias
M Pinned (> 3.5 kOe)
pin > ferromagnet « Low set temperature
Non-magnet (~ 250° C)
< e Thin-film form
Free (~ 6 NmM)
Mfree or

ferromagnet _
Replacement with

Spin-valve structure a Heusler alloy



Heusler Alloys
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half-Heusler

XYZ
(NiMnSb etc.)

C1, structure

Important spintronic materials

Half-metallic ferromagnet

Spin polarisation = 100 %
— Large GMR / TMR

Consist of common elements.

full-Heusler
X,YZ
(Co,MnSi, Co,FeSi,

DOS(states/Ry- spin-atom)

etc.)

L2, structure
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Antiferromagnetic Heusler Alloys

—
HARFlR

Antiferromagnetic Lattice constants Néel temperatures References
Heusler alloys a [nm] Ty [K]

Fe, sV, Al 0.576 [1] (calc.)
Ni,MnAl 0.5812 353 (B2) [2] (calc.)
Ni,MnAl 313 (B2) [3] (bulk)
Cr,MnSb 0.62 342 [4] (calc.)
Ferromagnetic Lattice constants Curie temperature References
Hesuler alloys a [nm] T [K]
Co,MnSi 0.565 985 [5] (bulk)
Co,FeSi 0.564 1100 [5] (bulk)
Co,MnGe 0.574 905 [5] (bulk)

Antiferromagnetic Heusler alloys : almost perfect lattice matching with

3

ferromagnetic Heusler alloys.

[1] D. J. Singh and I. Mazin, Phys. Rev. B 57, 14352 (1998),
[2] I. Galanakis and E. Sasioglu, Appl. Phys. Lett. 98, 102514 (2011);

[3] M. Acet et al., J. Appl. Phys. 92, 3867 (2002);
[4] I. Galanakis et al., Phys. Rev. B 75, 172404 (2007);
[5] P. J. Webster et al., Landort-Bornstein, New Series, Group Il 75-185 (1988);



X Project Objectives
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Aim
IrMn alloy used in GMR / TMR junctions
— Antiferromagnetic Heusler alloys with common elements

Objectives

Exchange bias : H,, > 1 kOe (J, > 1 erg/cm?)
Blocking temperature : T; > 300 K

Distribution of the blocking temperature : oz < 0.3
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Vi Work Packages and Partners TR

WP6 : Device concept and evaluation

Bielefeld / York / Tohoku
TMR / GMR | GMR
WP2 : Alloy selection and growth

York / Bielefeld / Tohoku
polycrystalline /| epitaxial | epitaxial

antiferromagnet [/ ferrimagnet/ antiferromagnet

WP3 : WP4 : WP5 : Magnetic and
Alloy modelling Structural studies electrical studies

Konstanz / Budapest York / Bielefeld / KEK York / Bielefeld / Tohoku
exchange / atomistic TEM | XMLD | XMCD, PNR York model /| VSM / Resistivity

WP1 : Financial and administrative management
WP7 : Dissemination and exploitation




Foreground
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Applications
By replacing IrMn with antiferromagnetic Heusler alloys,
— Price decreases by 1/1,000
« Implementation into the existing technology
HDD read heads: > 600M units
MRAM cells: > 3.5M units

Basic science
« Evaluation of interfacial exchange coupling mechanism
« Estimation of antiferromagnetic domain size




X Modelling Example — Ru,MnSb TR
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Atomic Structure of FeZVAI
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Atomic Substitution

M_ (emu/cm?d)
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V4 Common Webpages .
Both the EU and Japanese teams will upload their progress reports etc. :
|e&NO Secure area
[ < Ib J [;]@http'//www.harﬁr.eu/secure-area/ RSS' C] _(Q' Google Q)

#=H  Quantu oelectronics  Finanance AGRESSO 7Fv7lv Za—2X (60)v #F~v W%~ BE~ WHv tempv ALVF— »

Heusler Alloy
Replacement
for Iridium

Home The Problem Partners Workplan News Publications Contact

Protected: Secure area

You are here: Home » Protected: Secure area

Please choose from the menu on the left.

Secure area }

Calendar
Directory
Documents
Reflectors

Work plan

A
v




Article on HARFIR

Iridium

A Mirohata, G Vallejo-Femandez and K O'Grady, University of York; G Reiss,
University of Bielefield: U Nowak, University of Konstanz; L Szunyogh,
Budapest University of Technology and Economics; K Takanashi, Tohoku
University; and K Ono, Japan Hgh Energy Accelerator Organcation

Heusler alloysin

magnetic recording

The HARFIR project is seeking viable alternatives for the use of indium in spin electronic devices
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HARFIR and CRM_InnoNet .

Emphasis on the scarcity of Ir as an Pt-family element
Provision of a new opportunity for electrical applications
Creation of a new community

Involvement and dissemination beyond the EU

Thank you !



