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Outline

o RICE

/> Background :
[1I-V Magnetic Semiconductors
Light Induced Ferromagnetism

» Experimental methods:
Two-color time resolved MOKE

» Experimental results:
First demonstration of ultrafast
optical softening in InNMnAs

\> Discussion and summary
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Hole mediated ferromagnetism (Mn2* with 3d°, S=5/2)

Group V Malecule
m_ow-temperature MBE grown \ Magnatic Atom X S8 am...ﬁm.,m
structures 2

» InMnAs: 7. < 60 K

» InGaMnAs: 7. < 120 K
» GaMnAs: 7. < 172K
» GaMnN : 7. > RT (?)

QGaMnSb: 7. > RT (?) /
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1 Objectives

= Understand optical properties of \
III,Mn,_,V.

= Understand how ferromagnetism
Influences optical properties.

. =

=  Optical manipulation of ferromagnetic
order.

= Develop novel concepts for opto-

\ spintronic devices. /
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= InMnAs/GaSh Heterostructures

T.=30-60 K
9-25nm  Type-ll broken gap heterostructures
il Narrow gap

Hole mediated ferromagnetlsm
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Hole density ~ 1 x 101° cm?3
INMnAS e GaSbh
X < 9.5% Hole mobility ~ 300 cm?2/Vs
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“} Hole Mediated Ferromagnetism
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Ultrafast Study of Ferromagnets
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@hoto-induced

transient carriers

» Our technique: Two-

» Our system:
Ferromagnetic

kemiconductors

~

Interact with Mn ions:
control of magnetism

color, ultrafast MOKE
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2 micron

>

INMNAIS GaSh

MIR pump -> Avoid charge
separation and persistent
effect.
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0.522 - 20 pm ,
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CW MOKE

MOKE Signal (V)
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» Coercivity changes even
In negative time delay

* Net magnetization
doesn’t change

* Possible persistent effect
via two photon absorption
iIn GaSb

—~ 6
>
© 4
o
T2
@ o
Ro
N 2
L)
-6 ps
O ;5 ]
2 | | |
02 -01 00 01 02
Magnetic Field (T)
o RICE

e e



MOKE Signal (a.u.)
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MOKE Signal (a.u.)

MOKE Signal (V)
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Photo-induced MOKE Signal (V)
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Nonlinear optical effects: Intense Laser
State filling > No >
Band filling = No
Band gap renormalization = No
S af
Probe energy too high = 2

S o
Carrier spins? i
S
Are we measuring spin lifetime? = 6
-8x10° -
What is the carrier lifetime? ) Tirone dfelay?ps)
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Photoinduced |
MOKE
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Low temp growth =

ultrashort lifetimes
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What determines coercivity?
-- Anisotropy & Exchange
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with carrier density
* Exchange increases
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Decreased domain wall energy
- Smaller coercivity R YR —
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Ultrafast !

o

1
(o]

MOKE Signal (10 V)

2




71 Ultrafast Recording (?)

~100 fS %

ngggw

= Spin flipping - ultrafast information recording

SRICE e e



sSummary

C First ultrafast optical study of llI-V \
ferromagnetic semiconductors

»Optically created coherent spins in lll-V
ferromagnetic semiconductor

»Strong modification of ferromagnetism
K% ultrafast photoinduced softening /
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