Determination of Landau level lifetimes in AlGaAs/GaAs heterostructures
with a ps free electron laser
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Previous determinations of Landau level lifetimes in GaAs/AlGaAs heterostructures from saturation
cyclotron resonance measurements have been confused by heating effects. We have utilized a ps free
electron laser to show that for samples with sheet concentration less thaf'3 cm 2, true
saturation of cyclotron resonance is observable at high magnetic fields, in the presence of polaron
nonparabolicity. However, at higher concentrations, the polaron is screened and saturation is no
longer possible. At low magnetic fieldse., long wavelengthswvhere the polaron nonparabolicity

is negligible, saturation is not possible for any sheet density. It is confirmed that the lifetime of the
first excited Landau level has an inverse dependence on carrier densit99®American Institute

of Physics.

Saturation spectroscopy is a well established tool for thenass, when an LL is close to a virtual state, which is formed
determination of electronic lifetimes in excited states. How-by the n=0 state plus the excitation of the optical phonons
ever, for AlGaAs/GaAs heterostructures, there are contradidti wq,= 36 meW).>® So, for then=1 LL, the resonant
tory reports about the possibility of achieving saturation ofpolaron effect is observed at a magnetic field around 22 T,
the cyclotron resonance absorption. Hednal® reported a  while for the n=2 LL, the increase of the effective mass
partial saturation of the cyclotron resonance absorption. Byccurs around 11 T. Thus, at 11 T, the2 LL is signifi-
contrast, Rodrigueet al? concluded that electron heating cantly shifted, and the intensity dependence of(the0 to 1)
occurs when the cyclotron resonance is probed at high laseryclotron resonance absorption can be modeled within a two
intensities. Mararet al® reported saturation in heterostruc- level system.
tures with a sheet densityg lower than 7 10'° cm2. The rate equations for the two level system describes the
Saturation of the cyclotron resonance transition was also oltemporal evolution of the carrier density,(t,B) in the
served in coupled quantum well samples with carrier concenground statén=0) and in the first excited stai@=1):
trations lower than X10'! cm 2.4

In order to distinguish where heating effects dominate, M: _@ Ao(t,B)Jer(t’B), (1)
we have utilized a ps free electron lag@&ELIX) for the dt ho T
present saturation cyclotron resonance measurements in Ny (t,B)=N¢—No(t,B). )

AlGaAs/GaAs heterostructures with various carrier concen- _ _ _ .
trations. We focus on the question of whether the illumina-The absorption of the two dimensional electron gas in a mag-

tion with high intensity radiation is causing heating of the netic field is written as

two dimensional electron gas or is saturating the cyclotron 4 R o9(1,B)]

oy . . . XX 1
resonance transition. In all previous wdrk the intensity Aq(t,B)= \/— 5 . 3
dependence of the cyclotron resonance was investigated in (1+Ve) €oC

the steady state, in the sense that the duration of the las@here the real part of the dynamic conductivity is written as:
pulses was longer than the expected lifetime in the excited 0)
Re 0y (1,B) ]=[No(t,B) —Ny(t,B) ]

Landau level.
In a ladder of equidistant Landau levels no saturation e? 1/7
can be achieved. In such a system, the increase of the laser X (4)

% 2 — *\2°
intensity leads to the population of an increasing number of m* /7t (@, —eB/m?)

excited Landau levels. In AlGaAs/GaAs heterostructures, aVithin the analysis, the intensitl(t) of the laser pulse is
nonequidistant spacing between the Landau lefels) is  assumed to be Gaussian. The rate equations contain two pa-
produced principally by the polaron effect. The resonant porameters that have to be fitted to the experiment. These are
laron effect leads to a significant increase of the effectivehe scattering timer and the lifetime of the carriers in the
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MAGNETIC FIELD (T) FIG. 2. (a) Experimentally determined cyclotron resonance transmission for
a sheet density of 2:210'! cm 2 at two intensities. A homogeneous

. o aturation behavior is observe) Cyclotron resonance transmission for
FIG. 1. (a) Theoretical cyclotron resonance transmission spectra calculate . o : 11 P
wo intensities and a sheet density ofx40** cm “. The cyclotron

within the two level system for various laser intensities and a constan o . L - .
S S ) resonance transition broadens inhomogeneously with increasing laser inten-
scattering timer. A homogeneous broadening is showin). Theoretical cy- :

o . Sity.
clotron resonance transmission spectra for various assumed values of sca{-y

tering time, 7, with constant laser intensity. An inhomogeneous broadening

IS shown increased drastically. In contrast to Fida)l. in this plot the

) ) _area under the absorption lines is not decreasing when the
excited §state T. In heterostructures with low carrier gmplitude of the absorption becomes smaller, and the wings
densities, the lifetime in the excited LL was found t0 be o the proadened lines lie progressively further outside the
inversely proportional tdN, . Extrapolating this result to the homogeneously broadened line.
maximum carner conc<entrat|olq of our samplebi €4 The transmission experiments were performed with the
X10%" em %, and N;<2X10°" cm°), we expect @ jinac pumped free electron laser FELIX at Rijnhuizéne
minimum lifetime of 20 ps. Th',s \./allue IS .Ior?ger .than the Netherlands FELIX delivers “macropulses” with a duration
duration of our laser pulse. In this limit the lifetim&,in Eq. ¢4 4 at a repetition rate of 5 Hz. Each macropulse consists

(1) is determined solely by the length of the laser pulse, an%f a train of “micropulses,” 20 ps long with 1 ns spacing.

the cyclotron resonance absorption does no'_[ depend on Fhe samples were mounted in the center of a superconduct-
Therefore, for the solution of the rate equations we Bet

X i ing magnet and immersed in liquid helium. The intensity of
equal to the pulse duratidg. Most 'mpo”""”t'Y' th? use ofa the laser beam was controlled using well calibrated wire
ps laser enables us to make a Cle_ar o mesh attenuators. A black polythene filter was used to shield
Pen:jently ofT. This has not previously been the case forthe sample from background radiation. The laser beam was
oW measurementg. directed onto the sample by an oversized waveguide. The

. The rate equations were solveq upder the poundary COadiation was measured by the broadband free electron pho-
d'F'On NO(_tP):NS'. The transmssmn‘li(t,B%) '_S deter- toconductivity in bulk InSb. Two photoconductive detectors
mined from the solution of the rate equation by: were mounted, one in the waveguide in front of the sample

(0)\ 1-2 as a reference and the other just behind the sample to mea-
Oyx . . . .
T(t,B)=4| 1+ ngaast Re( (5) sure the transmitted signal. We have investigated two modu-
€oC lation doped n-type AlGaAs/GaAs single heterostructure

For a comparison with the experimertt,B) is integrated Samples, M070 and CBE 162, of sheet densitids
over time and normalized in respect of the laser intensity. =2.2X10" cm™? and 4x10'" cm?, respectively.

In Fig. 1(a), theoretical curves obtained from E§) for ~ Both specimens were 2° wedged and polished on the back
the two level system are shown for various laser intensitieside to avoid Fabry—Perot interference within the sample.
and a constant scattering time The spectrum shows a In Fig. 2(@) the cyclotron resonance absorption is shown
single homogeneously broadened Lorentzian line shapdor sample MO70 measured at a wavelength ofuf0. The
With increasing intensity the amplitude of the absorption issolid lines are best fits to the experimental data, which are
decreasing while the linewidth is increasing. The area undeiepresented by small square symbols. At an intensity of 270
the absorption line is decreasing due to the saturation of th@&/cm™2, a single Lorentzian shaped absorption line is ob-
cyclotron resonance transition. At an intensity of 10 000served with a transmission minimum at 10.8 T. The FWHM
W/cn?, the saturation is nearly complete. of the transition is about 0.3 T. When the intensity is in-

By contrast, inhomogeneous broadening of the cyclotrorereased to 2700 W/cthnthe transmission minimum is shifted
resonance transmission would be expected if the scattering a higher magnetic field value. This is a result of the band
time 7 is changed instead of the intensity. In Figbjl the  nonparabolicity. In addition, the amplitude of the absorption
theoretical scenario is shown for a constant intensity of 0.0line is reduced and the FWHM is enlarged. However, the
W/cn?. At a scattering time of 100 ps, the absorption islinewidth is increased in such a way that the absorption
100% in the resonance while the linewidth is 0.05 T. Withcurve at high intensity lies within the absorption at low in-
decreasingr the absorption is reduced and the linewidth istensity. The same behavior is observed with carrier concen-
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trations lower than 0.%10** cm 2.2 By comparison of most complete suppression of the polaron nonparabolicity at
these experimental data with the results of our two levethis carrier density. This is in good agreement with our ex-
system, it is seen that a clear saturation is observed in theg@riments, where we have shown that saturation of the cy-
samples with a sheet density lower than 2.2clotron resonance absorption is only achieved when the elec-
%10 cm~2. Our results show that measurements for cariron density is definitely smaller than>x410'* cm™2. For
rier concentrations in this regime are not obscured by heatinghat reason, we conclude that the screening of the polaron
effects and confirm an inverse dependencd oh N, . effect at high sheet densities is responsible for the fact that
The intensity dependent cyclotron resonance transmighe cyclotron resonance transition cannot be saturated in a
sion for the sample CBE 162 measured at a wavelength divo dimensional electron gas. For the pure sample MO70 we
77.3 um is shown in Fig. B). At low intensities, a narrow determine an intensity-independent valuerefl5 ps.
cyclotron absorption line is observed. When the intensity is  In summary, previous determinations of Landau level
increased, the transmission minimum is again shifted tdifetimes have been confused by heating effects. We have
higher magnetic fields. In this sample, by contrast, increasinghown that for samples with sheet concentrations less than
the intensity by a factor of 100 produces a reduction of the3X 10" cm™2, true saturation of cyclotron resonance is
absorption of only 50%. Furthermore, with increasing inten-observable at magnetic fields where the polaron nonparabo-
sity, a dramatic increase of the linewidth is observed, charlicity is significant. At higher concentrations, the polaron
acteristic of inhomogeneous broaden(@ag in Fig. 1b)]. At nonparabolicity is suppressed and saturation is no longer
an intensity of 6000 W/c#&) the FWHM amounts to 0.8 T in possible; i.e., thermal heating effects begin to dominate the
comparison to a linewidth of 0.2 T at 60 W/€niThe wings ~ Saturation spectra. We have made a direct determination of
of the cyclotron resonance curve at the higher intensity overthe scattering timer=15 ps, for a sheet concentration
lap the absorption line at lower intensity. We repeated thi2.2x10'* cm 2, and confirmed the N;) * dependence
experiment at wavelengths of 69 and g and observed Of Ty.
the same behavior of the cyclotron resonance absorption. This work is partially supported by the “Fonds zur
Similar behavior was also reported in Ref. 2, where heteroForderung der Wissenschaftlichen Forschung, FWF,” Austria
structures with rather high electron densities were investi{P9301 TEG. It was also performed as a part of the research
gated. Within the two level model this observed behaviorProgram at the “Stichting voor Fundamenteel Onderzoek der
cannot be described without a variation of the scattering timéaterie” (FOM) with finanical support from the “Neder-
7. A change of the scattering time always means a change dtndse Organisatie voor Wetenschapplik Onderzoek”
the electron temperature. Thus, we conclude that in heterdNWO). One of us(C.J.G.M.L) is grateful for a research
structures with carrier concentrations higher than 4assistantship from SERC, UK.
X 10 cm2, electron heating is produced by increasing
the laser intensity.
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