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Tunability of electron spin coherence in IlI-V quantum wells

Wayne H. Lau and Michael E. Flatté?
Department of Physics and Astronomy and Optical Science and Technology Center, University of lowa,
lowa City, lowa 52242

We have calculated botfi; and T, for (110-oriented GaAs/AlGaAs quantum wells near room
temperature. The altered symmetry @f10-oriented quantum wells leads to an increase in
calculated spin coherence timeB;J compared to those of simildd00)-oriented quantum wells,
exceeding 1 ns at room temperature. We have also studied the electron spin coherence times as a
function of applied electric field i1100- and (110-oriented GaAs/AlGaAs quantum well§; is
considerably more responsive to the growth-direction electric fie{di0)-oriented quantum wells

than in (100)-oriented quantum wells, whereas the responsd .pfis similar for both growth
directions. ©2002 American Institute of Physic§DOI: 10.1063/1.1456385

In recent years there has been considerable interest iny can be tuned by the application of a growth-direction
exploiting not only charge but also spin in solid-state elec-applied electric field; hence, the application of an electric
tronics, which has led to new ultrafast optical studies of elecfield can be used to manipulate spin coherence times in
tron spin  dynamics in bulk and quantum-well quantum wells. The use of electric field to control spin co-
semiconductors ™ and their possible application to ultrafast herence in quantum wells has also important implications to
spin-dependent switching of electronic devié&g® One of  recent proposals for spin injection in semiconductors under
the important factors in utilizing coherent spin dynamics inbias?"#
electronic devices is that the spin coherence time must be To accurately describe the DP precessional spin relax-
sufficiently long so that information stored in the spin polar-ation mechanism in lll-V zincblende quantum wells, we em-
ized ensembles will not be lost during processing. AnothePloyed a nonperturbative nanostructure theory based on a
equally important factor in spin-dependent device applicageneralized superlattic&-p theory solved in a fourteen-
tion is the ability to manipulate electron spin coherence. ~ band restricted basis s€tUsing this theory, we have previ-

Accurate quantitative calculations of spin coherencedusly calculated the electron spin coherence times due to
times are thus essential to optimizing spin coherence iRUlk inversion asymmetry in zincblende semiconductor
quantum wells. In this work we calculate both the longitudi-duantum well$* Quantitative agreement between calculated
nal spin relaxation timesT,) and the transverse spin relax- SPIN coherence' times and meagkjrements is found for struc-
ation times [,) for (110-oriented GaAs/AlGaAs quantum tura_ll_y symmetric quantum welfs?* In the presence of com-
wells near room temperature, motivated by recent experipos't'ona_l gra_ldlents_ or an exte_rnal e!ectrlc field along the
mental investigations of long electron spin coherence timegrowth direction, this structural inversion asymmetry of the
in 75-A-GaAs/100A-Al, Ga As quantum wells near system can be naturally incorporated within the framework

room temperatur& We also report the dependence of eIec-Of envelope function theory. Further details will be available
tron spin coherence times on applied electric field1if0)- elsewhere.

and (110-oriented GaAs/AlGaAs quantum wells near room . When an electric field is applied a_long the grovvth_d|rec-
temperature. tion of the quantum wells, the reflection symmetry with re-

Electron spin coherence times in zincblende-type semiSPect to the center of the quantum wells is broken. Conse-
uently this structural inversion asymmetry causes an

conductors near room temperature are dominated by the pre-,~. . . . e
. 1820 s additional electron spin splitting at finite momentum, and the
cessional Dyakonov—PerédDP) mechanisnt®~?°which is a . o .
spin splitting gets larger as it moves away from zone center.

direct result of the spin splitting of the conduction band that_l_he spin splitting due to structural inversion asymmetry is
occurs at zero magnetic field in inversion asymmetric crys-

tals. In quantum wells, this inversion asymmetry can arisé)roportional to the electron momentuttiFigure 1 shows the

t. | qf bulk i _ ¢ yf th y it tcalculated electron coherence times as a function of applied
not only from buik INversion asymmetry of the constituent o, i fieiq along the growth direction of a
semiconductors, but also from structural inversion asymmesc x - ac/100A-Al GayAs (100-oriented quantum

; ; A “Alo.4o% -

ry of the qua_ntum yvells. The effect of buI[< INVEISION asym- ya|1s at room temperature. Solid and dashed lines corre-
metry is dominant in structurally symmetric quantu_m WeIIs.Spond {oT, andT,, respectively. Here the applied magnetic
On the other hand, in asymmetric quantum wedlg., in the field is along the growth directioff. For these calculations,

presence of compositional gradients or an external eIectn{;ve assume that the electron mobility is 8002 and the
field along the growth directionthe contribution to electron electron density is 2.68610"7 cm 3 at room temperature.

spin decc_)herence due to structural inve_rs_ion as_ymmetry MAY, the absence of an applied electric fielf, is approxi-
become important. In quantum wells this inversion asymmei,n(,itmy equal to half off, for (100-oriented quantum wells.
This can be seen from the fact that the momentum-dependent
¥Electronic mail: michael_flatte@maplaps.org effective magnetic field almost lies entirely in the in-plane
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300 111 EEBERNEREERERRRER versus applied electric field in the growth direction of a
75-A-GaAs/100A-Al, Ga As  (110-oriented quantum
T wells at room temperature are illustrated in FigT2.andT,
are indicated by solid and dashed lines, respectively. To fa-
cilitate the comparison betweed00)- and (110)-oriented
guantum wells, we use the same electron mobility and den-
sity given above for both structures. At zero applied electric
field, T, and T, in (110)-oriented quantum wells differ by a
factor of 50, andrl'; has a value of-20 ns at room tempera-
ture. In the absence of structural inversion asymmetry, the
momentum-dependent effective magnetic field (til0)-
grown quantum wells lies almost perfectly along the growth
direction. It can be seen from Fig. 2 that's in (110-
-] oriented quantum wells are very long compared s, and
QELLLil T T R they change'much. more rapidly with applied electric field
0 50 100 150 200 thanT,’s do, in particular within the range between 0 and 75

. . . kVicm. As shown in Fig. 2 for applied electric field greater
Appll@d Electric Field (kV/ Cm) than 150 kv/cm,T, exceedsT;. These results clearly indi-

ate thafT; in (110-oriented quantum wells is very sensitive
FIG. 1. Calculated electron spin coherence times as a function of applie§ 1 ( ) q y

electric field along the growth direction f¢£00-oriented QWs of Ref. 10, O St'fU_Ctural Inversion asymmetry whereBsg is much less
with a solid line forT; and a dashed line fdF,. The applied magnetic field ~ Sensitive to structural inversion asymmetry.

is parallel to the growth direction. We found that the calculater’s andT,’s in both (100)-

and (110-oriented quantum wells with applied magnetic
field in the in-plane directions are very different from those
with applied magnetic field along the growth direction. Fur-
thermore, we found that there is a strong in-plane anisotropy
of electron spin decoherence if100-oriented quantum
wells in the presence of applied electric field along the
growth direction(see also Ref. 26 In contrast, the in-plane
anisotropy of electron spin decoherence (ir10)-oriented
]guantum wells is very weak.

In conclusion, we have calculated boih and T, for
(110-grown quantum wells near room temperature. The
Tmodified symmetry of110)-grown quantum wells leads to
an increase in calculated spin coherence timeg (com-
pared to those of similat100-grown quantum wells and
exceed 1 ns at room temperature. The calculated spin coher-
ence times for(110-grown quantum wells are consistent

5 with the recent experimental measureménhtéle have also
10 SRR RERERERERERN R examined the influence of growth-direction electric field on
T electron spin coherence times. It is found tfAatis more
responsive to growth-direction electric field (210)-grown
guantum wells than i1100-grown quantum wells, whereas
the response of, is similar for both grown directions. These
results may be used to optimize devices for the manipulation
of spin coherence.
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direction for structurally symmetric quantum wellsee, for
example, Ref. 24 for detajlsAs shown in Fig. 1, bothr
andT, have a similar dependence on applied electric field
and the dependence on applied electric field Toris rela-
tively weak compared to that if110-grown quantum wells
(see the following discussion and Fig. 2

Recently, Ohncet al. have experimentally investigated
the electron spin coherence times in a series 0
75-A-GaAs/100A-Al, GayAs  (110-grown  quantum
wells near room temperatuté The measured spin coherence
times (T,) are one order in magnitude longer than those o
similar (100)-oriented quantum weft§ and exceeds 1 ns at
room temperaturé’ The calculated spin coherence times
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