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What is “Spin™?

How to manipulate spin?

How can we use “spin” to fabricate useful devices?

Outline

1. Introduction to 11-VI diluted magnetic
semiconductor (DMS) quantum dots
(QDs).

(EEE -V magnetic semiconductors)

2. Growth, structure and band alignment
of ZnMnTe QDs.

3. Circular polarization measurement and
spin dynamics.

4. Devices for spintronics

5. Conclusion.

spin
including
magnetism

spin-electronics
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electronics optics
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Conduction band (CB) 4s

m,=+3/2, +1/2, -1/2, -3/2
Heavy and light hole band

Valence band (VB) 4p

Spin orbital interaction band
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3d5 Hund’s rule ¢

Spin alignment

m,=+3/2, +1/2, -1/2, -3/2
(VB) IE 4p HH and LH band

m,=+1/2, -1/2 S-O band
Zn Se Mn Se n Se

3d104s24p0 3d°54s24p° 3d1%4s24p*
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sp-d exchange interaction
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Spin-Dependent Perpendiéular Magnetotransport through a Tunable

ZnSe/Zn, ,Mn,Se Heterostructure: A Possible Spin Filter?

Spin-ependent electron transmission
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Injection and detection
of a spin-polarized current
in a light-emitting diode

R. Flederfing, M. Keim, G. Reuscher, W, Ossau, G. Schmidt, A, Waag —'H,_ _‘I’_‘I’_
& L. W. Molenkamp
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Electrical spin injection .

- - I
in a ferromagnetic

H GahMnAs m—b ’ ’
semiconductor heterostructure P e s |
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A magnetic-field-effect transistor and spin transport
R. N. Gurzhi, A. N. Kalinenko, A. |. Kopeliovich, and A. V. Yanovsky

B. Terkin Institute for Low Temperature Physics & Engineering of the National Academy of Sciences
of the Ulkraine, 47 Lenin Ave, Kharkov, 61103, Ukraine

E. N. Bogachek and Uzi Landman®
School of Physics, Georgia Institute of Technology, Atlanta, Georgia 30332-0430

{Recerved 19 May 2003; accepted 7 October 2003)

A magnetic-field-effect transistor 1s proposed that generates a spin-polarized current and exhibits a
giant negative magnetoresistance. The device consists of a nonmagnetic conducting channel (wire
or strip) wrapped. or sandwiched, by a grounded magnetic shell The process underlying the
operation of the device 1s the withdrawal of one of the spin components from the channel. and its
dissipation through the grounded boundanes of the magnetic shell, resulting in a spin-polarized
current in the nonmagnetic channel. The device may generate an almost fully spin-polanzed current,
and a giant negative magnetoresistance effect 1s predicted. © 2003 American Institute of Physics.
[DOI: 10.1063/1.1630839]
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FIG. 2. The degree of SP (@) of the current plotted vs the longitudinal (x)
coordinate along the spin guide; the curves were calculated from Eq. (7)
with o foyy =03, oy lox=1, wid=028, L=4d, wy/hy=0125,
and w/hy=0.1 (solid), w/d =05 (dotted). w/h ,=0.7 (dashed).




Epitaxially grown magnetic semiconductor
nanostructures

CdSe/ZnSe QDs CdSe/ZnSe QDs
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Magnetic CdSe-based quantum dots grown on
Mn-passivated ZnSe

Prof. JK Furdyna’s group APL 80, 1237 (2002)
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Dynamical Spin Response in Semimagnetic Quantum Dots

Prof. JK Furdyana’s group
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Their results from the magnetic semiconductor nanostructures are very fruitful.
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How to realize the growth of ZnMnTe QDs on ZnSe?

What kind of type-II quantum dots (QDs)? How to grow them?

I

0.4M

Veeco EPI 620
molecular beam epitaxy
(MBE) system

Self-assembled
Quantum dots (QDs)

Cl" n-type doping
N+ p-type doping 26




apsipanertant to'have a smooth buffer layer.
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Znse ZnMnTe QD
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Wetting layer

2.6 monolayers
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Stranski-Krastanow (SK), 2-D to 3D (0D) growth mode

Vertical correlation.
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Magnetic semiconductor
QD (type-11 QD)
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Q Magnetic semiconductor f Mn2+ spin
QD ]

electron ‘ hole

initially t=0

Right after pulse laser
excitation

t>0

G5 |
—

Exchange interaction between hole spin and
manganese ion spin

Exciton emission energy decreases with time.

Formation of magnetic polaron (MP).
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3 A 1A R - | Robust magnetic polarons in ZnMnTe/ZnSe quantum dots
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% 1A 5 Robust magnetic polarons in ZnMnTe/ZnSe quantum dots
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(@) Time dependence of peak PL energy for T=14 to 150K.
(b) Temperature dependence of the magnetic-polaron formation energy.
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S Tary Robust magnetic polarons in ZnMnTe/ZnSe quantum dots
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Stretched exponential relaxation (SER)

-the problem that is 150 years old-

In 1847, R. Kohlrausch found that the decay of the residual charge on a glass
Leyden jar was described by a stretched exponential function exp[—(t/1)? ],
and he showed that this function could be derived by assuming that the decay
rate was not constant, but decreased with time as t#1.

Reference:

1847 Ann. Phys., Lpz. 12 393




What is the physics behind the Kohlrausch’s stretched
exponential law ?

Although the Kohlrausch law closely fits donor-acceptor
pair luminescence decay, Kuskovsky et a/. concluded
that it has no fundamental significance. (PRL 80, 2412)

However, Phillips, who reviewed the decay dynamics of
numerous material systems, summarized a few
microscopic models based on the Kohlrausch law and
concluded that this law is nature’s best kept secret. (Rep.
Prog. Phys. 59, 1133)
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Carrier dynamics in isoelectronic ZnSe,_, O, semiconductors
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Fluorescence Decay Time of Single Semiconductor
Nanocrystals, G. Schlegel et al., PRL 88, 137401 (2002)
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CdSe/ZnS core shell quantum dots

the fluorescence decay time is
fluctuating during the
Investigation leading to a
multiexponential decay even for a
single nanocrystal
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fluctuating nonradiative decay
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dynamlc quenching

L processes of the excited state
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Decay Dynamics in Disordered Systems: Application to Heavily
Doped Semiconductors (ZnSe:N), PRL 80, 2413, (1998)
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‘ electron . ZnMnTe quantum dot (hole)

- ZnSe buffer layer

Two dimensional transport.

Does the Kohlrausch’s stretched exponential law apply?

1(t)=1,-e V"
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Multi-layered QDs:Two-three dimensional transport?

Does the Kohlrausch’s stretched exponential law apply?

I(t)=1,-e "
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‘ electron

. ZnMnTe quantum dot (hole)

Two dimensional transport.
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