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Room-temperature electron spin relaxation in bulk InAs
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Polarization-resolved, subpicosecond pump—probe measurements at a wavelengthuoh &3

used to determine the electron spin relaxation timein bulk InAs at room temperature. The
measuredr; of 194 ps is in excellent agreement with the theoretical value of 21 ps, which is
obtained from a nonperturbative calculation based on the D’yakonov—Perel’ mechanism of
precessional spin relaxatigiM. I. D'yakonov and V. |. Perel’, Sov. Phys. JET38, 177 (1974].
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Modern electronics relies upon the principle of control- spintronics. This may be in part due to the narrow band gap
ling electronic charge in semiconductors for information pro-of InAs, which dictates the need for mid-infrared ultrafast
cessing. Recently, however, there has been intense interestspectroscopy of the spin dynamics.
using another fundamental electronic property, specifically At this stage it is not at all apparent what device designs
spin, to design novel electronic devices and circuitswill emerge for the various applications of semiconductor
(“spintronics”).1=® The successful controlled electrical in- spin control or what specific material systems will form the
jection of spin packets into semiconductors could lead to dasis of these devices. However, the InAs material system
variety of important new devices, including semiconductor-has several positive properties that may prove important for
based magnetic memories and spin-sensitive transistors afature spintronic devices. The presence of a surface state on
diodes. Spin dynamics have also drawn much attention renAs allows for contact with metallic materials without a
cently due to the broad proposal that physical realizations o$ignificant Schottky barrier. This makes InAs a strong poten-
guantum computer bitgor qubity might be achieved in tial candidate for applications utilizing spin injection from
semiconductors using coherent superpositions of carrier spifierromagnetic metaf3! InAs is also well suited for high-
Such potential applications have generated considerable repeed electronics, due to its large electron mobihtit is
search activity focused on the injection of spin-polarized cur+oughly lattice matched to GaSb and AlSb, which have very
rents from ferromagnetic metals or spin filters intolarge band offsets with InAs, allowing a variety of interest-
semiconductor&®—° ing device structures to be designed from these three mate-

Spin dynamics in semiconductors have been studied exials and their alloys. For example, the InAs/AlSb hetero-
tensively, with the majority of work focusing on either bulk junction offers an extremely large electron barrier, which can
or, more recently, heterostructures of GaAs. Early researche used to produce large peak-to-valley current ratios in
relied on the continuous-wave, polarization-resolved mearesonant tunneling and resonant interband tunneling
surement of photoluminescence from these strucfifré§. diodes®®3* The controlled injection and transport of spin
More recent time-resolved studies have shown, however, th@ackets in these structures could lead to high-speed, spin-
the continuous-wave measurements are unreliable due &ensitive electronic devices.
multicomponent decay processes that may be present and Whereas the electronic injection of spin-polarized popu-
sample-to-sample dependence of the initial degree of spil@tions in semiconductors remains a challenging and impor-
polarization'’ Time-resolvedphotoluminescence, based on tant research problem, the optical injection of such popula-
either the application of streak caméfag®or upconversion tions in quantum confined and/or strained HI-V
techniques/ 2! has been used to determine the degree ofemiconductors can be achieved with sources in the appro-
initial spin polarization and the time dependence of the popriate spectral region. In such semiconductors, the light- and
larized component of emission from an optically generatedieavy-hole bands are split, and selection rules dictate that
and spin-polarized carrier distribution. Alternatively, time- optical excitation with circularly polarized light tuned near
resolved differential transmissitf 2’ or reflectiof®>?°have  the band edge will produce highly spin-polarized populations
been used to probe the spin-polarized electronic distribuof electrons and holes. On the other hand, the optical injec-
tions. In both cases, these techniques have been widely afon of fully spin-polarized carriers ifulk IV semicon-
plied in the near infrared, with the focus in most instancegluctors is not possible due to the degeneracy of the light and
being on GaAs-based heterostructures. In contrast, little afeavy-hole states ak=0. Nevertheless, partially spin-

tention has been directed toward spin dynamics in InAspolarized distributions can still be created and probed as a
even though it may well play a critical role in the future of consequence of the different transition strengths associated

with heavy-hole and light-hole to conduction band transi-
dAlso with the Department of Electrical and Computer Engineering. tions. We nOte_that the Spin relaxation Observed_ n undOped
bAuthor to whom correspondence should be addressed: electronic maiPulk 1=V S_em'con_dUCtorS at room temperature is expected
thomas-boggess@uiowa.edu to be associated with electrons, as the fourfold degeneracy of
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the valence band a=0 and the large spin splitting that

of the matrix elements for heavy-hole and light-hole inter-
band transitions in IlI-V semiconductors. Thus, the resulting
generated conduction spin polarization i®#=(nt
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generated electron density. The change in transmission of fiG. 1. Time-resolved differential transmission as a function of delay be-
the probe is dictated by both the densitieg (n]) and the tween pump and probe pulses for bulk InAs at 300 K. The three curves are,
matrix elements. For small signals, the measured differentidf order of increasing amplitude at early delay times, the OCP, OLP, and
. . . . SCP signals. The inset shows an expanded view near zero delay.
probe transmission is proportional to the change in absorp-
tion coefficientA«, which for low densities is proportional to
the optically generated carrier density. &_ probe will  optically injected carriers, hole spin relaxation, and to coher-
therefore experienc& ™ «3n7+n/, while a right circu- ent artifacts associated with gratings written by the pump and
larly polarized @) probe will experienceAat>=3n| probe for delays near zero. This feature is shown clearly in
+n7. Hence, one would anticipate a maximum spin-the inset. A second feature is a quasisteady-state increase in
polarized signal of fa™ —Aa*)/(Ae”+Aa™)=0.25. For transmission for delays greater than 40 ps that is identical for
a background carrier density, the maximum signal is reducedll three configurations. This we attribute to band filling as-
to 0.25/(1+ng/ng). sociated with a randomly spin-polarized carrier distribution.
We describe measurements of the spin relaxation tim@he final feature is a clear distinction among the SCP, OCP,
T, associated with optically injected, spin-polarized elec-and OLP data that occurs during the first 40 ps after excita-
trons in bulk InAs at 300 K and the comparison of these tion. In this delay region, the OCP data initially fall below
results with calculations off; based on the D’yakonov— and then slowly rises to the steady-state value. Both the SCP
Perel’ mechanisrt> Polarization-resolved, subpicosecond-and OLP data decay to the steady-state value, with the OLP
resolution, differential transmission measurements were pedata decaying more rapidly.
formed using pulses from a mid-infrared, ultrafast, optical The SCP and OCP data are characteristic of the evolu-
parametric oscillatofOPQ).>® The system produces pulses tion of a partially spin-polarized carrier distribution into a
of less than 200 fs duration tunable in the range of 2.7—4.5andomly polarized distributioff:2’ while the OLP data are
um (idler) and 1.0-1.18m (signa). For these measure- consistent with expectations for an initially unpolarized
ments, the OPO idler was tuned to 3 48, near the 300 K population. The distinction between the SCP and OCP data
bulk InAs band edge. The sample was excited using either B not nearly as dramatic as measured typically for quantum
linearly or circularly polarized pump pulse to produce eitherwell structure$*=2” This is a consequence of both the light-
an unpolarized or partially spin-polarized carrier distribution.hole/heavy-hole degeneracy and of the background electron
The optical excitation is estimated to produce a carrier dendensity. The measured initial spin-polarized signal,
sity of 2x10'cm 3. The photogenerated population was (SCP-OCP/(SCP+OCP), is approximately 15%. This is
interrogated by measuring, as a function of time delay, theonsistent with the value of 12.5% expected for equal densi-
transmission of a degenerate and much weaker probe pulsigs of background and optically generated electrons.
which was either of the same circular polarizatiBCB, The difference in the SCP and OCP signals
opposite circular polarizatiofOCP), or opposite linear po- (SCP-OCP) is shown in Fig. 2 for delays in excess of 1 ps,
larization (OLP) relative to the pump. The InAs sample is a range for which the measurements are unaffected by coher-
not intentionally doped but type with a measured electron ent artifacts. The (SCPOCP) data, which are not sensitive
mobility of 2.6x10*cn?/V's and an estimated background to the unpolarized component of the carrier population, are
electron density of X 10'%cm™3. The sample was bonded to characterized by a single exponential decay with a time con-
a c-cut sapphire crystal and mechanically lapped and polstant of 19 ps, as illustrated by the solid curve in Fig. 2. An
ished to a thickness of approximately.3n. This, and the uncertainty in this result of-4 ps is obtained by considering
use of a probe that was more tightly focused than the pumghe error associated with fits to multiple similar data sets.
ensured interrogation of a nearly uniform distribution of pho-  As a result of fast hole spin relaxation, the observed
togenerated carriers. signal (SCP-OCP) is proportional to the spin polarization
The results of these measurements are shown in Fig. &f the electrons and decays with a time consfant If a
for SCP, OCP, and OLP configurations. The data are chaisimple incoherent two-level model is used, the tigis
acterized by three distinct features. In all cases there is half the spin flip time. At room temperature, howevéy, is
transient increase in transmission that is initiated and decayexpected to be dominated by the D’yakonov—Perel

in less than 1 ps. We attribute this to thermalization of themechanisn?> which is a collective precessional mechanism.
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