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Room temperature spin diffusion in (110) GaAs/
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Abstract

Transient spin grating experiments are used to investigate the electron spin diffusion in intrinsic (110) GaAs/AlGaAs

multiple quantum well at room temperature. The measured spin diffusion length of optically excited electrons is

about 4 μm at low spin density. Increasing the carrier density yields both a decrease of the spin relaxation time

and the spin diffusion coefficient Ds.

Introduction

The interest in the spin properties of carriers in semi-

conductors has increased dramatically in the past 10

years due to potential application in the field of spintro-

nics [1,2]. The design of practical spintronic devices

usually requires efficient spin injection in the semicon-

ductor, long carrier spin lifetimes, and long spin trans-

port/diffusion lengths [3-7].

One of the key parameters describing the properties of

carrier spin transport in semiconductors is the spin diffu-

sion coefficient Ds, which is often assumed to be the

same as charge diffusion coefficient Dc [8]. A direct opti-

cal measurement of the electron spin diffusion coefficient

can be performed by creating electron spin grating in

time-resolved four-wave mixing experiments [9]. This

powerful transient spin grating (TSG) technique was

used recently to study the spin transport properties and

determine the spin diffusion coefficient Ds [9-11]. In par-

ticular it was demonstrated theoretically and experimen-

tally that the spin diffusion coefficient Ds in n-doped

(100)-grown GaAs quantum wells can be smaller than

the charge diffusion coefficient Dc due to Coulomb inter-

action among the electrons (the so-called Spin Coulomb

Drag effect) [10,12]. In these (100)-grown GaAs quantum

wells, the electron spin lifetime is of the order of 100 ps

at room temperature (RT) due to very efficient D’yako-

nov-Perel (DP) spin relaxation mechanism [13]. In the

classical two-component drift-diffusion model [14], the

spin diffusion length Ls is determined by the spin lifetime

 s
* and the spin diffusion coefficient Ds through

L Ds s s  * . As a consequence, the spin diffusion length

Ls at RT is smaller than 1 μm, limited by the short spin

lifetime [10]. In (110)-grown GaAs/AlGaAs QW, the DP

spin relaxation mechanism is not efficient for electron

spins parallel to the growth direction because the spin

orientation of electrons is parallel to the direction of

effective magnetic field induced by spin-orbit coupling

[15]. Spin relaxation times longer than 1 ns at RT in

(110) GaAs QW have indeed been measured [16]. Long

electron spin diffusion lengths can thus be expected at

high temperature in these structures. In this report, the

electron spin diffusion is measured by the TSG technique

with heterodyne detection in (110) GaAs/AlGaAs QWs

at RT. We find that the spin diffusion length Ls is about

4 μm at low carrier density. We also demonstrate that

the spin diffusion coefficient Ds decreases when the car-

rier density increases.

Experimental procedure

The investigated sample was grown on (110)-oriented

semi-insulating GaAs substrate by molecular beam epi-

taxy. It consists of 20 planes of 8 nm thick GaAs QW

with symmetric 27 nm Al0.28Ga0.72As barriers on both

sides. The sample is nominally undoped. All the mea-

surements are performed at RT. In the spin grating
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experiment, the laser pulses are generated by a mode-

locked Ti:sapphire laser with 120 fs pulse duration and

76 MHz repetition frequency and split into primary

pump and probe beams. The center wavelength is set to

830 nm to get the maximum signal of Kerr rotation

through the standard time-resolved Kerr rotation techni-

que [17]. Both pump and probe beams are focused on a

phase mask with a period d. The phase mask splits each

of the primary beams by diffraction into the m = ± 1

orders. The geometry of the spin grating experiment in

the so-called box geometry is schematically presented in

Figure 1a [18,19]. For orthogonal-linearly polarized

pumps, the net polarization alternates between right and

left circular polarization across the excitation spot while

the total intensity of the incident light is uniform [9].

The period Λ of the TSG is simply:   d f

f2
2

1

, where

f1 and f2 are the focal lengths of two spherical mirrors.

In our setup, the focal length of the first spherical mir-

ror is fixed at f1 = 30.4 cm. The focal length f2 of the

second spherical mirror can be changed to get a fine

tuning of the period Λ. The spot sizes of both pump

and probe beams are around 90 μm.

According to the optical interband selection rules, this

interference pattern will generate a periodical spin density

in the sample. The delayed probe beam, diffracted from

the grating, is monitored as a function of the delay time

between the pump and the probe. In order to enhance the

signal-to-noise ratio, a reference beam is incident on the

sample and its reflected beam is automatically collinear

with the refracted probe beam. In this configuration, the

spin grating signal (i.e., proportional to the electric field of

the diffracted probe beam) is simply given by:

I A tSG s exp( )  (1)

where A is a constant, Γs is the decay rate of the spin

grating, and ∆t is the delay time between pump and

probe beams.

Results and discussion

Figure 1b presents the signal of TSGs as a function of

the time delay for two typical pump powers, 2 and 18

mW, respectively. The wave vector q of the spin grating

is equal to q    2
 2 51 10 cm4 1. . It is clear that

both curves exhibit different mono-exponential decays.

Using equation (1), we find Γs = 0.063 and 0.044 ps-1

for the pump powers 2 and 18 mW, respectively.

In the diffusion regime, the SG decay rate writes [8,9]:

 s s
s

 D q2 1

 * (2)

where Ds is the spin diffusion coefficient, q is the spin

grating wave vector, and  s
* is the spin lifetime which

includes the effect of both the electron spin relaxation

time τs and the recombination time τr, as expressed by

1 1 1

  
s s r
*
  . To separate the effects of spin diffusion

and spin relaxation, the grating decay rate is measured

as a function of the grating wave vector q by changing

the phase mask with different periods (d = 5, 6, 7, and 8

μm) and/or the second spherical mirror with different

focus lengths (f2 = 15.2 and 30.4 cm). Figure 2a shows

the grating decay rate as a function of q2 for two excita-

tion powers. Each set of data points can be fitted line-

arly, yielding the spin diffusion coefficient Ds. At low

excitation power of 2 mW, which corresponds to an

optical intensity of 30W/cm2, we find Ds = ~102 cm2/s.

This value is in good agreement with the values

obtained by other groups in (110)-grown GaAs/AlGaAs

QWs at RT [8,20]. It is also very close to the spin diffu-

sion coefficient Ds measured in (100)-grown GaAs/

AlGaAs QWs at RT [9,10]. This result suggests that the

spin diffusion coefficient Ds does not depend critically

on the spin-orbit coupling, which depends on the crys-

talline direction of the sample. Nevertheless, as shown

in Figure 2a, it is very sensitive to the carrier density.

In order to obtain the spin diffusion length Ls, the

spin lifetime  s
* is measured independently by time-

resolved Kerr rotation [17]. The excitation powers are

the same as the ones used in the measurement of TSG.

Figure 2b presents the Kerr rotation dynamics for two

excitation powers. The spin lifetimes  s
* are extracted

by mono-exponential fits, which yield  s
*~1220 ps and

 s
*~880 ps with excitation powers of 2 and 18 mW,

respectively. As expected for (110)-grown QWs, the spin

lifetimes for both excitation powers are much longer

than the ones ( s
* ~ 50-100 ps) measured in (100)-

grown GaAs/AlGaAs QWs at RT [9]. By combining the

Ds measurement obtained with the spin grating techni-

que and the electron spin lifetime probed by the Kerr

rotation experiment, we find that the spin diffusion

length decreases from Ls ~ 3.5 μm down to 2.2 μm

when the excitation power increases from 2 to 18 mW.

To the best of our knowledge, these values are the long-

est electron spin diffusion lengths reported at room

temperature in inorganic semiconductors.

In order to get further insights on this power depen-

dence, we also measured the charge diffusion coefficient

Dc with a concentration grating technique for different

pump powers. We find that Dc remains constant with a
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typical value Dc ~ 12.5 cm2/s (data not shown here). This

value is in good agreement with previous studies per-

formed in non-intentionally doped (100)-grown GaAs

QWs which demonstrate that the concentration grating

experiments are governed by the hole diffusion [9].

Our spin diffusion coefficient results obtained at RT

on (110) QWs contrast with the previous measurements

of the carrier density dependence of the spin diffusion

obtained at low temperature in n-doped bulk GaAs or

(100) quantum wells [11,21]. In n-doped QWs, Carter

Figure 1 Schematic drawing of TSG setup and TSG signals. (a) kA and kB represent both the pump beams, kP is the probe beam, and kR is

the reference beam. (b) TSG signal as a function of delay time at room temperature for two excitation powers: 2 and 18 mW.
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et al. observed that Ds increases by increasing the den-

sity of the optically excited carriers. This increase of the

electron spin diffusion coefficient was interpreted in

terms of heating of the excess electrons due to relaxa-

tion of energetic optically excited carriers. Remarkably,

in non-intentionally doped GaAs (110)-grown QWs, we

observe at room temperature the opposite behavior. As

displayed in Figure 3a, the spin diffusion coefficient Ds

decreases abruptly for a pump power varying between 2

and 10 mW, and then remains almost coefficient up to

Figure 2 Spin diffusion coefficient and spin dynamics for two different powers. (a) Decay rate of spin grating as a function of q2 for two

excitation powers: 2 and 18mW. (b) Kerr rotation dynamics obtained from homogenous spin excitation.
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40 mW. In the same power range the spin lifetime

(Figure 3b) has a different power dependence: it

decreases monotonously as already observed by different

groups, due to electron spin relaxation enhancement by

the electron-hole exchange interaction [16]. Since the

sample was undoped, we can equate the electron spin

diffusion coefficient Ds to the electron charge diffusion

coefficient De. The spin diffusion coefficient Ds can thus

be written [22]:

D D
v

s e
p 

 2

2


(3)

where <v2> is the mean square velocity of electrons and

τp is the momentum relaxation time. In a very simple

approach, <v2> in a QW can be approximated

Figure 3 Power-dependence spin diffusion coefficient and spin lifetime. (a) Spin diffusion coefficient Ds versus pump power, i.e., spin

density; the blue line is a simple fit according to  p ex n 0 5. . (b) Pump power-dependent spin lifetime through Kerr rotation measurement with

a fixed probe power of 0.2 mW.
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by  v k T m2
B e2 / * . The momentum relaxation τp is

strongly dependent on the density of photogenerated elec-

trons ne, with a typical power law  p e n 0 5. [23]. In the

low density regime below 2.5 × 1010 cm-2, which corre-

sponds to a pump power of 10 mW, the experimental data

are well fitted by this power law as shown by the blue line

in Figure 3a. In the high density regime above 2.5 × 1010

cm-2, the spin diffusion coefficient is almost constant and

the density dependence can no more be interpreted by the

simple power law. In this density range, the above discus-

sion is clearly oversimplified and we hope that these

experimental results will stimulate theoretical investiga-

tions to elucidate the origin of the carrier density depen-

dence of the spin diffusion coefficient.

Conclusions

We have measured optically the spin diffusion coefficient

Ds in non-intentionally doped GaAs/AlGaAs (110) QWs

at room temperature for different excitation powers.

Under low excitation, the electron spin diffusion length

Ls is around 4 μm; to the best of our knowledge, this is

the largest reported value at T = 300 K in III-V semicon-

ductors. We also show that the spin diffusion coefficient

of optically excited electrons decreases when the excita-

tion density increases. These results could be useful to

understand the spin transport properties in semiconduc-

tor structures, and possibly control/manipulate the spin

transport by varying the excitation condition.
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