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Subpicosecond spin relaxation in GaAsSb multiple quantum wells

K. C. Hall,¥ S. W. Leonard, and H. M. van Driel
Department of Physics, University of Toronto, Toronto, Ontario M5S 1A7, Canada

A. R. Kost, E. Selvig,” and D. H. Chow
HRL Laboratories, 3011 Malibu Canyon Road, Malibu, California 90265

(Received 17 August 1999; accepted for publication 14 October)1999

Spin relaxation times in GaASb, _, quantum wells are measured at 295 K using time-resolved
circular dichroism induced by 1.am, 100 fs pulses. Values of 1.03 and 0.84 ps are obtained for
samples withk=0 and 0.188, respectively. These times a®times shorter than those in InGaAs

and InGaAsP wells with similar band gaps. The shorter relaxation times are attributed to the larger
spin-orbit conduction-band splitting in the @&)Sb system, consistent with the D’yakonov—Perel
theory of spin relaxatiofiM. |. D’'yakonov and V. |. Perel, Sov. Phys. JEBB, 177 (1974]. Our

results indicate the feasibility of engineering an all-optical, polarization switch ajin5with
response time<250 fs. © 1999 American Institute of Physid$S0003-695(99)02549-§

Ultrafast spin relaxation is of interest for applications the quantum well layer thickness be lowered with increasing
such as all-optical polarization switches which utilize opti- As fraction for concentrations below=0.40. For samples
cally induced circular dichroisthSuch switches have been with x=0 and 0.188, the quantum well thicknesses are 8 and
demonstrated at a wavelength of 800 nm using GaAs quark.1 nm, respectively, with AISb barrier layer thicknesses of 8
tum wells and spin-relaxation times of7 ps?>~* Because of nm for both samples. From photoluminescence experiments,
the possible relevance to optical communications technolthe band-gap wavelengths were determined to be L35
ogy, InGaA$P) quantum wells with a band gap near 1.55(x=0) and 1.52um (x=0.188). The multiple quantum
wm have also been investigatedand typical spin-relaxation wells, which contain 6 periodsx&0) or 60 periods X
times are>5 ps. Recently, the GaAsSb system has gained=0.188), were grown on a Bragg mirror with a peak reflec-
attention because such structures can also be grown for davity of 80% at 1.55um. The mirror consists of 5 periods of
vice applications in the 1.5&m region® ! As we show Ga,gdAlg 3, Sb/AISb\/4 layers on a GaSb substrate.
below, from the D’yakonov—PeréDP) mechanism of spin Pump—probe experiments were carried out at 295 K us-
relaxation'? the GaAsSb system is expected to exhibi ing circularly polarized pulses, as shown in Fig. 1. The op-
times shorter relaxation times than the InGaAs system, pointical source is a 250 kHz repetition rate optical parametric
ing to a possible subpicosecond response. Since this ultrafaamplifier (Coherent OPA 9800 which provides 100 nJ, 100
relaxation is related to an intrinsic property of the systemfs pulses, tunable from 1.2 to 2:4m. For each sample, the
devices with a switching time<250 fs would be attainable, pulse center wavelengtlil.53 um; x=0, 1.49 um; x
without the need to use low-temperature growth or defect=0.188) was chosen to correspond to 15 meV above the
induced recovery time reduction, which have the undesirabl@,=1 heavy-hole-to-conduction-band transition. A pump
consequence of degraded optical nonlinearity at the banpulse creates spin-polarized carriers and the resulting dynam-
edge®® ics are probed using a delayed, weaker pulse. From the se-

We present optical measurements of the electron spifection rules in quantum wells, excitation of the=1 heavy-
relaxation time in GaAsh,_,/AlSb multiple quantum hole-to-conduction-band transition using circularly polarized
wells near then,=1 heavy-hole-to-conduction-band transi-
tion for x=0 and 0.188. Our measurements reveal a subpi-
cosecond decay of spin—pollarized ca_rriers, consistent with the Coherent OPA 9800 M
D’yakonov—Perel mechanism of spin relaxation. The mul-
tiple quantum wells were grown by molecular beam epitaxy | :
in a VG V80 machine equipped with a valved cracked As L VIY Q R «—»
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source and a cracked Sb source. The structures were de
signed to provide a band-gap transition wavelength of 1.55 S G

4
M W

pm, taking into account the effects of As fraction, quantum )
confinement, and strain. Due to the presence of bowing in
the valence bands of the ternary system(A33Sbl* and
because the quantum well layers experience tensile strain,
confinement tuning of the band gap to 1,66 requires that

Ge Differential Detector

FIG. 1. Apparatus used for pump—probe differential reflection measure-

ments. The pump beam is indicated by a thick line, the probe by a thin line.

¥Electronic mail: kchall@physics.utoronto.ca S, sample; W, quarter wave plate; Q, quartz window; M, mirror; R, retrore-

Ypresent address: Department of Physical Electronics, Norwegian Univeflector; G, glass slide for pickoff of a reference beam for subtraction; and L,
sity of Science and Technology, Trondheim, N-7034 Trondheim, Norway.lens, =25 cm.
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SCP 20 TABLE I. Values of the spin splitting coefficients and effective masses in
3.54 = (0.517 £ 0.005) ps selected semiconductor systefsse Refs. 5, 17, and 18
Ait= (0. -

3.0 / é Materials y (a.u) m* /mg (M*)352
A2'5' GaAs 6.3 0.067 0.012
X 204 Gash 46 0.041 0.148
E GaAs) 1550 512 385 0.046 0.145
z 1.5 INo 58G@ 47AS 16.5 0.044 0.023

1.0

051 ocP small peak which exists in the OCP data at zero delaypjn

0.0 : : : . , is likely due to imperfect polarization states in the two

0 1000 2000 3000 4000 beams. This will reduce the difference between the OCP and

(a) Probe Delay (fs) SCP curves for the&=0.188 sample, but will not affect the

extraction of spin-relaxation timegThe 1.49 um wave-

251 length for the measurements (h) is 60 nm removed from
204 the design wavelength of the zero ordar4 plates|] The
steady-state signal ife) is only 23% of the mean value at
< 15. zero delay, compared to a value of 46%(b). This differ-
< ence is attributed to the presence of intervalley scattering
%10_ (I'—L) processes which are energetically allowed for the
injected carriers in thx=0 sample, but not irk=0.188
material due to an increase in the-L separation in the
51 ternary system?® Spin-relaxation times were determined us-
0 ing the rate equation analysis of Ref. 1. The difference be-

0 1600 2000 3000 2000 twegn the. differentiall reflectioq signals for SQP and OCP

(b) Probe Delay (fs) conf|gu.rat|on§ was fit _to a smglle—exponenugl decay, as
shown in the insets of Fig. 2. The fits were restricted to delay

FIG. 2. Results of pump—probe measurements of Gays, /AlISb mul-  values>150 fs to avoid contributions from coherence ef-
tiple quantum wells with conditions of the saf®CP and opposite circular  fects. The spin-relaxation time is related to the fitting time

(OCP polarizations in pump and probe beams, f@rx=0, (b) x=0.188.  oqngtant pyr /2= 7, . For thex=0 and 0.188 samples, we
Inset: single-exponential fit to the difference between the decay curves for .
SCP and OCP. obtain 7,=(1.03+0.01) ps andrs=(0.84*=0.04) ps, respec-
tively.
It has been proposédthat the dominant mechanism for
relaxation of electrons in quantum wells at room tem-
perature is that of D'yakonov and Pel8ISpin relaxation of

ggg gsfet)tglgt:;tl:rﬁﬂic:arI\fvi?clr']ggt'S:r?ssi(;:/?%ntﬁ;ezcmnsgt]a?g'opoles is expected to be much faster than that of the electrons
9, P due to mixing in the valence-band states, and so electrons

the excited carriers, and Coulomb screening, which only de\'/viII provide the dominant contribution to our observed spin-

.pen.ds on the total. carrier density. The decay of spin po.larfelaxation times. The DP mechanism of spin decay is present
ization is determined by comparison of the absorption

bleaching measured by the probe pulse when it has the Sanhnezinc-blende semiconductors due to the lack of a center of
. 9 measu y P pulse o Inversion symmetry, which leads to a spin-orbit splitting of
circular polarizatiofSCP and opposite circular polarization

he conduction band. This splitting is given WE= vk,
(OCP state as the pump pulse. Because the quantum Wel\fﬁ/herek is the electron wave number andis the spin split-

are on top of Bragg mirrors, a reflection geometry was use%ng coefficient. The spin-orbit-induced conduction-band

Changes in the probe pulse absorption are linearly propor- ... : . - :
tional to reflectivity changes. The differential reflectivity, splitting provides an effective magnetic field causing the

electron spins to flip. If one neglects the energy dependence

which is the pump-induced change in the probe reﬂectivityof the momentum relaxation time, the DP mechanism gives a

gxpressed as a percentage of. the unsaturated probe reﬂeCté\f)'in-relaxation rate in quantum wells>of
ity, was measured as a function of probe delay. To reduce

noise from laser power fluctuations, lock-in detection was 1 16kgT(m*)3(yE 0)%m,

light produces carriers with pure spin states, with holes an%pin
electrons which are both spin {down) for excitation with

used in conjunction with a differential amplifier. In all cases, - 78 (1)
the pump fluence at the samples was 22 n3/@roducing a Ts
quantum well carrier density of 4510 cm™2. whereE . is the electron confinement energy for the=1

Figure 2 shows the differential reflectivity as a function subband;, is the momentum relaxation time, antf is the
of probe delay for(a) x=0 and (b) x=0.188 samples. A electron effective mass. The spin-decay rate is proportional
positive signal indicates a reduction in probe pulse absorpto the square of the confinement energy in the quantum well
tion. The bleaching signals for SCP and OCP beams clearlgnd the cube of the effective mass, predicting a faster spin
converge in<4 ps for both samples, indicating rapid spin- decay in narrow quantum wells and lower-band-gap materi-
polarization decay. In Fig.(8), the peak in the bleaching als. (The electron effective mass scales inversely with the
signal at zero delay for SCP is completely absent in the OCBand-gap energy in the 1l1-V semiconductdfsValues for
data, indicating that this peak is due to state filling alone. Thehe spin splitting coefficient and effective masses in GaSbh
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and GaAsSb are given in Tabl&1”*®along with the corre-  which may be addressed using an applied electric fieTthe
sponding results in GaAs and InGaAs for comparison. Lineamuch shorter spin-decay times in these GaSb-based hetero-
interpolation was used for both the mass and the spin splitstructures compared to InGa@®/InGaAsP and InGaAs/InP
ting parameter in GaAsgsShh g2 If we assume that the quantum wells, which exhibit similar-sized band gaps, are
electron confinement energies and the momentum relaxaticaitributed to the increased spin-orbit interaction in GaSbh,
times are the same in the different systems, the relaxatiooonsistent with the DP mechanism of spin relaxation.

rates are governed by the values mof3y?. As Table | _ _

shows, this quantity is 6.3 times larger in the (G8)Sb The authors gratefully acknoyvledge the financial suppprt
quantum wells than in the InGaAs system. Tackeuchi, wadz2f the Natural Sciences and Engineering Research Council of

and Nishikaw& observed a spin-relaxation time of 5.2 ps in canada.

Ing 58G& 47/AS quantum wells with well widths of 7 nm.

These well widths are similar to those in our GaSb quantum, . : .
lls. for which we observed a spin-decav time of 1.03 ps J. T. Hyland, G. T. Kennedy, A. Miller, and C. C. Button, Semicond. Sci.

wells, _ P y 1+-U5 PS. Technol.14, 215(1999.

Our results, which reveal an enhancement of the spin- relax2T. kawazoe, T. Mishina, and Y. Masumoto, Jpn. J. Appl. Phys., Pag 2

ation rate in GaSb/AISb quantum wells of 5 times relative to L1756 (1993.

; ; 3Y. Nishikawa, A. Tackeuchi, S. Nakamura, S. Muto, and N. Yokoyama,
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