Room-temperature electron spin dynamics in GaAs/AlGaAs quantum wells
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We have investigated the spin relaxation process of electron at room temperature in nominally
undoped GaAs/AlGaAs multiple-quantum wells. The spin relaxation times are measured for
different well thicknesses using time-resolved polarization absorption measurement. The spin
relaxation timerg, is found to depend on the electron confined enefgy, according torg
«E; 22, showing that the main spin relaxation mechanism at room temperature is the D’yakonov—
Perel’ interaction. ©1996 American Institute of PhysidS0003-695(196)01706-4

Spin relaxation is of interest from the viewpoints of fun- being the leading spin relaxation mechanism at room tem-
damental physics as well as possible applications of spiperature.
dependent optical nonlinearitySpin relaxation of carriers in The DP mechanism regards the spin—flip processes as a
IlI-V semiconductors has been studied by measuring theesult of the asymmetry of the constituent atoms in the Il1-V
steady state luminescerfide and the time-resolved compound with the zinc-blende structure. The anisotropic
luminescenc®® using polarization. However, in both mea- cubic ink term of the conduction band dispersion relation
surements, it is difficult to obtain the spin relaxation time atcouples conduction-electron states of opposite spins. As the
300 K, the most practical temperature, due to the low lumi-€lectron momentum is changed by any scattering event, the
nescence efficiency. Also, the resolution of the most timeMmagnetic field fluctuates, resulting in slowing the spin relax-
resolved luminescence has been on the order of 10 ps. O@éion. D'yakonov and Kachorovskii*® have shown that for
strong candidate for the spin relaxation mechanism neafiuantum wells, the spin relaxation time, of nondegenerate
room temperature is the D’yakonov—Per&P) interaction®  carriers in the conduction band is given by
Clark et al. reported, based on the steady state measurement,
that an electron spin relaxation time is dominated by the DP 1 2(aE,./h)? [~
mechanism from 50 to 200 K for GaAs crystaMiller et al. = ?JO e7,(e)exp— e/kgT)de, (1)
described that the DP process is relevant to spin relaxation in * 9me
a GaAs/A} ,dGa, 7, MQW between 70 and 150 R How-
ever, they did not report on the relaxation at room temperaWherea is a numerical coefficient governing the spin split-
ture probably due to the low luminescence intensity. Thding of the conduction band,. is the first electron confined

understanding of the spin relaxation kinetics at room temState in the QW, ané, is the band gapr, is the electron
perature has remained vague. momentum relaxation time and is proportional to the concen-

Our present concern is the mechanism for the spin relaxiration of scattering centers. Equatici) shows that the spin

ation of electrons at room temperature and the controllabili/!iP is more efficient for narrower wells as long & in-

of the spin relaxation time. Previously, we showed that the?"€ases with decreasing well thickness. ,
time resolved absorption measurement using spin-dependent N Nominally undoped materials, since the concentration
optical nonlinearity is a powerful tool to observe spin relax—Of scattering centers randomly fluctuates from sample to

ation process directly in multiple quantum wellIQW) sample_, a plot ofr; vs E,, in a series of samples might be
with a high time resolution® Also, we demonstrated that the deceptive. We used samples whose well thickness changed

spin relaxation process is applicable to GaAs quantum weffvenon the same wafer. The intensity of the molecular beam

etalon to realize all-optical picoseconds gate operdtithe during sample growt_h differs slightly for dlﬁerep t positions
.on the GaAs wafer in our molecular beam epitaxy system.

similar time resolved measurements have unveiled the SPlThe well thickness reduces as it goes from the wafer center

relaxation process égflsexmtons In a Gaas hetg rostru&ure, to the wafer edge. The concentration fluctuation of the scat-
type Il superlattice$?®*® and CdMnTe MQW* with a high . . .

; : . ; tering centers is expected to be much smaller in the same
time resolution of 1 ps or less. In this letter, we clarify the : )

. ' . .wafer, when compared to samples obtained from different
electron spin relaxation _mech_ams_m at room temperature i afers. The sample we investigated is designed consisting of
GaAs QW through our investigation of the dependence o 20 periods of alternating 4.52-nm-thick GaAs quantum
. L . : . fells and 4.0-nm-thick Al5:Ga 40AS barriers at the wafer
quality Of. samples is wn_portap_t since spin dy”a”_"cs can b%enter(sample A. Another sample consists of 80 periods of
strongly influenced by impurities or defects. Using MQW alternating 5.65-nm-thick GaAs quantum wells and 4.0-nm-

wafers with variation of the well thickness even on the samgpiok Al Gay 46AS barriers at the wafer centésample B
wafer, we extract the dependence of the spin relaxation tim(l"hese gtsrluctu?es were grown on a semi-insulatiag0)

on th_e electron confined energy, ir?de[_)endent of the impL_Jrit)GaAS substrate by molecular beam epitaxy. Figure 1 shows
density. Our result shows an indication of DP mechanismye ahsorption spectrum of sample A at various points on the
sample wafer. The well thickness strongly depends on its
dElectronic mail: atakeu@flab.fujitsu.co.jp position on the wafer. The electron-heavy hole absorption
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FIG. 1. The absorption spectrum of sample A at various points on the
sample wafer. The inset shows the measurement positions on the 2 in. wafer.
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peak sweeps from 792 nfeentej to 771 nm(edge which
corresponds to the difference of 30 meV in electron confined

energy. _ .
We observed the spin relaxation process using Spinl_:IG. 2. The observed time dependence of transmission at the heavy hole

. ) . A . . exciton peak at the center of the sample A wafef'("™®, ¢"°"9 indicates
dependent optical nonlinearity. Spin-aligned carriers are cre right circularly polarized excitation and a right circularly polarized probe.
ated when electrons are excited by circularly polarized lightLinear perpendicular shows the linear polarized excitation and linear polar-
After right Circularly polarized photoexcitatiom‘i“mp, the ized probe perpendicular to the excitation polarization.

populations of carrierdl_(N_), with down (up) spin along

the direction of light propagation, are probed by rigleft)  we can attribute the slower 16 ps decay to the electron spin
circularly polarized probe pulse*® ("9, The detail of  relaxation of 32 ps.

the pump-probe absorption measurement is described in our In the conduction band, the DP mechanism is believed to
previous publicatior? determine the electron spin relaxation at high

The observed time dependence of transmission at theemperatureé2 Although the DP mechanism usually works
heavy hole exciton peak is shown in Fig. 2. We observed dor free electrons in the conduction band, this mechanism of
clear exponential decay for the same circular polarizatiorfree electrons would work to relax the electron spin in exci-
(o™ PP "and a clear exponential rise for anticircular tons through the fast thermalizatip®.2—0.3 pgRef. 19] of
polarization '™, P9, electrons in free or excitonic states at room temperature.

To better understand the spin relaxation kinetics, we subEquation(1) can be simplified by neglecting the energy de-
tracted the results of the circular polarization from the resulpendence of,, ; so thatr, is proportional tcE; 2. Therefore,
of the linear polarization, as shown in Fig. 3. The curvethe E,, dependence ofs would be good evidence to deter-
consists of two time constants. One is a clear exponential
decay of 16 ps which seems to be the electron spin relax-
ation. Another one is observed as an initial sharp spike which
is comparable to the present time resolution of 1 ps. The
clear initial peak in Fig. @) can be mainly attributed to the
coherent artifact that is generated due to pump beam diffrac-
tion by the optical transient grating in the sample. However,
the observed sharp peak component in Figp) 3neans that
the fast decay component with a time constant faster than 1
ps exists, because the coherent artifact becomes small for
anticircular polarizatiort!

In the valence band, spin numbers are not good quantum
numbers due to the band mixing of the heavy hole band and
the light hole band® At room temperature, since the holes
distribute over higher energy regions due to the thermal ef-
fect, the hole spin relaxation is largely affected by the band- 10 0 10 20 30 40
mixing effect. Kawazoeet al. observed for type 1l MQWs Time (ps)
that hole spin relaxation time reduces to subpicosecond at
room tempgrlaglture from 2_0 to 100 ps at IquId_ _He FIG. 3. (a) The data obtained by subtraction of linear perpendicular from
temperaturé?*3The observation suggests that the our initial  gpump  ;probg (1) The data obtained by subtraction af ™, Pob9
fast decay is also due to the hole spin relaxation. Thereforgrom the linear perpendicular.

Time (ps)

Transmission (arb. units)
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FIG. 4. The dependence of the spin relaxation time on the electron energy
for sample(A) (open circley and sample Bsolid circles. The curves are
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fitted with the least-square method.

mine the spin relaxation mechanism. The electron energi
are evaluated from thel-hhl exciton absorption wave-
length, where the excitonic binding energy of 8.6 and 8.
meV for samples A and B, respectively, are calculated fro
variational approacf’

Figure 4 shows the dependence of the relaxation time on
the electron energy. The least-square method is used f%
curve fitting assuming

TSZIBEIeyv

where, 8 and y are fitting parameters. The obtained results

show

7s=1.4x 10" 5E; 22

for sample A and

7s=1.0Xx 10 °E 22

for sample B.

The difference in the parametg, means that ther,

160

4
m

than 50 K in GaAs QW:2! Therefore, the clear difference

in the exponents between the result of Rousigetadl. and
ours shows that the dependence of spin relaxation time on
the electron confined energy is a good criterion to determine
the spin relaxation mechanism.

From the point of application, controlling spin relaxation
time is very important for designing an optimum device such
as an etalo?? The present result shows that the reasonable
control of spin relaxation time can be obtained by changing
the well thickness according to D’yakonov—Perel interac-
tion. The further reduction of the spin relaxation time is pos-
sible by reducing the concentration of the scattering centers.

In summary, we have investigated the spin relaxation
process for electrons at room temperature in nominally un-
oped GaAs/AlGaAs multiple-quantum wells. The spin re-
laxation times are measured for the different well thickness
using time-resolved polarization absorption measurements
with high time resolution of 1 ps. The dependence of the spin

€laxation time on the electron confined energy is found to be

proportional to E;22?. The result indicates that the
D’yakonov—Perel’ interaction is the leading spin relaxation
mechanism at room temperature.
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