Form Approved
REPORT DOCUMENTATION PAGE Il iy O

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and pleting and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of
information, including suggestions for reducing the burden, to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188),
1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any
penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
12/10/07 Final Technical 01-06-2005 to 31-05-2007

4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Performance Optimization of Fe-bases Spin Light Emitting Diodes N/A

6b. GRANT NUMBER
N00014-05-1-0564

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 6d. PROJECT NUMBER
Athos Petrou 06PR07174-01
5e. TASK NUMBER
N/A
5f. WORK UNIT NUMBER
N/A
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Research Foundation of SUNY on behalf of SUNY at Buffalo S [AEED
Sponsored Projects Services, 402 Crofts Hall N/A
University at Buffalo
Buffalo, NY 14260
9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S)
ONR Regional Office ONR
495 Summer Street
Room 627 11. SPONSOR/MONITOR'S REPORT
Boston, MA 22102 NUMBERIS)
N/A

12. DISTRIBUTION/AVAILABILITY STATEMENT
Unlimited

20071213310

14. ABSTRACT

We have evaluated the performance of a new type of Fe spin-LED in which recombination takes place in InAs monolayers grown at
the intrinsic region of an n-i-p AlGaAs(n)/GaAs(i)/AlGaAs(p) diode. The intrinsic region is a wide GaAs quantum well. The InAs
layer is known as the "wetting layer" (WL). The new WL spin-LEDs were found to have the saine high circular polarization as the
more conventional Fe spin-LEDs , but differ in one very important aspect: They are one order of magnitude brighter than their
conventional counterparts. As a result, the WL spin-LEDs function reliably at room temperature (the conventional spin-LEDs
don't).

DISTRIBUTION STATEMENT
A 23 £ Dedlba Noloach
15. SUBJECT TERMS ApPpProveuionr UU"\.J T l.GICD\Q 7
spin light emitting diodes, electrical injection of spin polarized carriers, spintronics Distribution Unlimited
16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER [19a. NAME OF RESPONSIBLE PERSON
a. REPORT | b. ABSTRACT | c. THIS PAGE ABSTRACT g; ces | Athos Petrou

i : o uUu 19b. TELEPHONE NUMBER (Include area code)

Unclassified | Unclassified | Unclassifeid 4 (716)645-2017 extention 30

Standard Form 298 (Rev. 8/98)
Prescribed by ANSI Std. Z39.18



Final Progress Report for Contract N00014-05-1-0564

Performance Optimization of Fe-Based Light Emitting Diodes

A new type of spin light emitting diode (spin-LED) has been developed in

Fig.1: Band diagram of an Fe-spin LED in
which three WL are incorporated at the
center of a wide (400 nm) GaAs QW

collaboration with Dr. B.T. Jonker’s group
at NRL. In the past we have investigated
spin-LEDs in which the electron-hole
recombination takes place either in a GaAs
quantum well (QW)[1-3]or in an InAs
quantum dot (QD)[4]. The InAs QD
growth proceeds as follows: InAs is
deposited on GaAs and initially forms a
two-dimensional layer which is highly
strained due to the large lattice mismatch
between GaAs and InAs. This layer, known
as “wetting layer” (WL) , has a critical
thickness of 1.7 monolayers. The InAs QDs
are grown on the WL using an indium flash
procedure. Optical pumping experiments

showed that the WL has a strong polarization of 30%

which remains constant in the 5 K-100 K temperature

. v . i R - 3 InAs/GaAs 1
range. This polarization corresponds to a ratio — of wetting layers
T
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the radiative and the spin relaxation time of
approximately 1. This finding prompted us to
investigate spin-LEDs which incorporate only the
InAs WL and explore their characteristics. What we
refer below as “WL” is in reality a narrow InGaAs
quantum well ( well width 3-4 nm ) with an Indium [,
composition in the range of 25 — 35% [5]. The band

structure diagram of an Fe-spin LED which /

incorporates three WL at the center of a wide Lt \ﬁ ;
undoped (40 nm) GaAs quantum well is shown in
fig.1. The Al ;GagoAs barrier to the left of the WLs
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Fig.2: EL spectra from an Fe

was doped n-type, while the Alj3Gay7As barrier to spin-LED that incorporates 3 WL
the right was doped p-type. The leftmost 15 nm of at T =5, 100, 200 , and 300 K

the n-type Alg3Gag7As barrier was heavily doped

(n=1x10" cm™ ) to form a Schottky barrier with the 10 nm Fe contact [1]. An external
magnetic field B is applied perpendicular to the Fe contact to saturate its out of plane
magnetization. Under these conditions spin polarized electrons (predominantly in the
spin down mg =—1/2 state) from the Fe contact tunnel through the reversed biased Fe/

Alp3Gag7As Schottky barrier; unpolarized holes are injected from the p-type GaAs
buffer layer. Electrons and holes are captured by the narrow QWs formed at the WLs

and recombine emitting photons which are circularly polarized as o, . The circular



polarization P, of the emitted light is defined as: 7, =

i- Here I, (1) isthe
L+l

+ =

intensity of the o, (o_) component of the emitted light which is due to the
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Fig.3: Circular polarization of the EL
plotted as a function of magnetic field
applied perpendicular to the device
layers for a WL Fe spin-LED at 7= 5,
100, 150, 200, and 300 K

recombination of spin -1/2 (+1/2) electrons with
spin  -3/2 (+3/2) heavy holes [6]. The light
hole states are pushed down in energy by
confinement and do not participate in the
recombination process. The spin polarization P,

of the electrons in the WL can be determined

T
=P |1+-%

The electroluminescence intensity from WL spin-
LEDs is typically one order of magnitude larger
that the EL from conventional spin-LEDs in
which recombination takes place in a quantum
well. Even though only a small fraction of the
conventional QW spin LEDs emits at room
temperature, all WL spin-LEDs show room
temperature emission. This is illustrated in fig.2 in

using the equation: P,

which the EL spectra from a spin-LED that

incorporates three wetting layers is shown for T

=5, 100, 200, and 300 K.

The circular polarizarion

LED that incorporates a WL is plotted in fig.3
as function of applied magnetic field for T =5,
100, 150, 200, and 300 K. At T =35 K the
polarization is high (26%) and decreases slowly
with increasing temperature in the 5-100 K
temperature range. For T > 100 K the drop in P 0 :
is more steep, but even at room temperature we
observe clear spin injection from Fe. All curves
mirror the out of plane magnetization of Fe
which increases with B and saturates at 2.5
tesla. In fig.3 we also include the polarization
from an LED with a non-magnetic contact to

P
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exclude any spurious effects.

In fig.4 we summarize the temperature

from an Fe spin-

o
o

Electron spin ]

T o~
' - 3
| <

—~ -y | - polarization c

g . 50 8

c = ' a EL Optica 1 =
<) Polarization a
= | ] =
8 (lj e PL Optical a0 K.

T : Polarization &

S Wk E) ! {30 2

o le ‘01 ca

T 20t A {20 @
1 c

£ e g

o 10 N W 1038

w

050 100 150 200 250 300
Temperature (K)
Fig.4: Temperature dependence of EL
circular polarization P, (red triangles),
circular polarization of PL under optical
pumping (green circles), and electron
spin polarizarion P, (blue squares) for a
WL spin LED at 3 tesla.

dependence of the optical polarization P,, (left vertical axis) as well as the WL electron

spin polarization P, (right vertical axis) as function of temperature. The optical

polarization was measured from the EL of an actual spin-LED (red triangles) or under
optical pumping of a reference heterostructure (green circles). The intensity of the PL in

the latter experiment becomes too low for T > 100 K for reliable measurements of 7,

pt*

In the 5-100K temperature range for which we have data from both experiments (EL and



PL) the dependence of P, on T is comparable. The blue squares in fig.4 represent F,

con ; ; T -
which is calculated form P, , using the equation” P, =PF,, [l - —RJ . The ratio £ is
Ts Ts

determined from the optical pumping experiment. Rather large (over 50%) electron spin
polarizations have been measured in the 5-100K temperature range.

In conclusion, the properties of a new type of spin-LED, which incorporate InAs wetting
layers, have been explored. These LEDs are more efficient that conventional spin-LEDs
and operate reliably at room temperature.
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