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Introduction

SPINTRONICS, a new paradigm —
SPIN based elecTRONICS

To realize working Spintronic-devices, key
materials requirements are:

»  Should exhibit room temperature ferromagnetic
(RTFM) behavior

» RTFM should be Stable and Intrinsic in nature
» Processing conditions leading to intrinsic and
extrinsic FM behavior should be distinctly identified

Zn0O:Co system - One of the promising candidates for
Spintronic Devices




1. Polycrystalline ZnO:Mn System:

Sample Preparation

» Sequential Solid State Reaction method

» (Zn0), (MnO,),., with 0.01 <x<0.97: Calcined at
400°C for 8 h (C4), and successively sintered at
500°C (S5), 700°C, 800°C (S8) and 900°C (S9),
each time for 12 h




High Resolution X-ray Diffractomtery
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» Impurity peaks marked as “*’ (for MnO,) and ‘# (for
Zn,Mn;Og) observed only during slow scan.

» Higher temperature sintered samples are phase pure.




M-H measurements of (ZnO), 4,(MnO,), 1,
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» RTFM observed in low temperature (400-800°C) sintered
samples, along with some paramagnetic (PM) fraction.
» Higher temperature sintered samples are PM.




M-H behaviour of the FM fraction of ZMXX-4
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» ZMXX-4 samples exhibit RTFM in the entire range 0.01 <XX<0.97

» M, of FM phase increases with MnO, concentration.

» M (emu/gm of MnQO,) vs. H plots of the FM fraction in different
samples scale on a single curve
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» Curie Temperature of the FM impurity phase >200°C




2. Nanocrystalline ZnO:Co System
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Zn0:Co (1-10 at%) samples prepared by
chemical route.

Precursors: Zinc acetate dihydrate, cobalt
acetate tetrahydratre and poly vinyl
pyrolidane (PVP)

Constituents were dissolved in DI water.
Solution was heated at 90°C.

Dried mass was calcined in air at 600°C for
1h and pelletize (labelled as C5C, C10C).
The pellets were sintered at 800 and 900°C
and labelled as 800/12h and 900/12h.




Phase evolution vis. a vis. Sintering conditions
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» Co05;0, Is present even In as calcined sample
» No evidence of cobalt clustering
» CoO s present at higher temperatures




Raw data of ZnO:Co (10%) Magnetization behavior of
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» Both FM and PM fractions are present; FM (PM)-fraction
decrease(increases) with sintering temp.(T,); PM fraction

continue to increase for T.> 900°C, However, Ms3(300K) of FM-
fraction remains unchanged for T, > 800-900°C

» Clear hysteresis is observed, = No superparamagnetic behavior
In these samples




High Temperature M-vs.-T plot
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Curie Temperature of ZnO:Co (10%) sample is ~490°C
Sample becomes paramagnetic at 496°C (inset)

Observed T, values < 1130°C (the T of cobalt) confirms that
RTFM is not due to Co clusters




Effect of Vacuum annealing
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» Giant increase in magnetization with vacuum annealing
» Vaccum annealed sample remain ferrmagnetic at 627°C
> It Is due to cobalt clustering




M (emu/gm)

0.04 4

o

o

@
[

o

o

N
1

0.01 ~

M-T behaviour on Subsequent Sinterings in

(a) Air and then (b) Vacuum
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» Magnetization unaffected on subsequent annealing in air or
vacuum




Optical Transmission spectrum of Zn, ,Co,O thin Films
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»Cobalt is present in tetrahedral crystal field in +2 state

»Band gap shifts to lower energies with increase in Co content




Magnetization behavior of FM phase in Zn,_,Co,O thin films
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» The m_,(300K) increases non-linearly with cobalt concentration

» Hysterestic M-H rules out the superparamagnetic contribution

»Observed FM not due to cobalt clusters as films are deposited in air




Conclusions

A. ZnO:Mn System

> lrrespective of the relative quantities of ZnO and MnQO.,,
all the samples prepared at low sintering temp. are
ferromagnetic at room temperature, with T, > 200°C.

» The samples of (ZnO),_,(Mn0O,), (0.01<x<0.97 ) calcined
at 400°C have nearly same saturation magnetization (in
units of emu/gm of MnO,),which implies,
(a) origin of FM is certainly not due ZnO phase,
(b)FM associated with the presence of impurity phases

» The phase pure Zn, . Mn, O samples formed at a higher
sintering temperature of 900°C (or above) are completely
paramagnetic.

Zn,, Mn,O IS PARAMAGNETIC SYSTEM




B. ZnO:Co System

» RTFM is observed in air sintered nanocrystalline Zn, ,Co,0O
powder and thin film samples

» PM contribution (partially due to cobalt oxides) always coexists
with FM

» The RTFM can originate from both extrinsic as well as intrinsic
effects

» Processing conditions resulting in stable Zn,_ ,Co,0 having
Intrinsic FM are distinctly identified

» The extrinsic RTFM in ZnO:Co is due to formation of cobalt
clusters. By appropriate heat treatment these can be completely
oxidised/removed

» RTFM Iin these semiconducting samples could be explained by
bound magnetic polarons

» Curie temperature of Zn, ,Co,O lies in the range of 450-495°C.

Zn, ,Co0,O IS AN INTRINSIC FERROMAGNET SYSTEM
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