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Intersubband relaxation time for In  ,Ga; _ ,As/AlAs quantum wells
with large transition energy
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Intersubband relaxation time for J&a _,As/AIAs multiple quantum wells presenting a large
transition energy680 me\j is measured by means of pump and probe experiments. Differential
transmission decays in about 10 ps. The possible influence of intrasubband relaxatibrand
coupling on intersubband decay is discussed. 1999 American Institute of Physics.
[S0003-695(199)01749-0

Mechanisms responsible for intersubbaffiB) relax-  electron transfer to th¥-like barrier state. Experimental evi-
ation in quantum well§QWs) are very important both from dence for thd’—X transfer in heterostructures having AlAs
a fundamental physics perspective and for device applicabarriers has been reported alred@ly’> When transfer to in-
tions. ISB transitions are involved in several optoelectroniadirect states occurs, carrier dynamics is controlled by the
devices such as quantum cascade laserared detectord, slow relaxation to thel’ state. This effect can negatively
and optical modulatorsRecent measurements performed inaffect the overall relaxation time.
QWs determined an ISB relaxation time in the range of 1-10  In this work, we present time-resolved pump-probe ex-
ps when the well is narrow enough to make ISB energyperiment in Ig Ga ;/AS/AIAs MQWSs to determine ISB re-
larger than the longitudinal optical phon®.In large QWs  laxation time. Relaxation time for InGaAs/AlAs QWs having
(24 nm), relaxation times of the order of 100 ps were attrib- ISB spacing of 0.5 eV has been measured by Asatrel *
uted to interaction with acoustic phonohdypical wave- However, in this structurel —X transfer is not effective,
lengths for all the above-mentioned ISB transitions arehence its influence on the overall ISB relaxation cannot be
longer than 4um. investigated. Structure investigated in the present work,

In order to take advantage of the fast relaxation time forworks at about 0.68 eV, i.e., very close to the regime where
applications in the optical fiber transmission window aroundl"—X transfer strongly affects carrier relaxation dynamics.
1.55 um, ISB transition energy has to be increased. TheAlthough relaxation time for ISB transitions in the range of
system InGaAs/AlAs thanks to the large conduction-band.6—0.7 eV has been estimated of the order of 2—9 s,
offset, allows a large tunability of the ISB energy up to thedirect experimental evidence has been given so far.
near-infrared spectral region. Smettal® presented results Samples were grown by molecular-beam epyitaxy on
on InGaAS/AlAs QW showing ISB absorption at 0.8 eV GaAq001) substrates and consisted of a QB GaAs buffer
(corresponding to 1.5am wavelengthwhich represents the |ayer grown at 540°C followed by 308 ML thick)
highest ISB energy reached so far. Asatal®' realized  |n,.Ga, ,As QWs grown at 540 °C with 30 s growth inter-
In,Ga _,As/AlAs (0.2<x<0.4) MQWs have a band offset ruption at each interface separated by an 108-A-ti{Rk
of 1.1-1.3 eV. They proposed to use ISB absorption to opML) AlAs barrier. A 10-nm-thick GaAs cap layer grown at
tically modulate a light beam resonant with the interbandthe same temperature concluded the growth,.Ga, -As
transition. To implement this ultrafast modulator configura-QwWs were Si doped to 1x410"°cm™3. High-resolution
tion, it is necessary to have similar wavelengths for bothelectron-microscopy images were used to confirm well and
interband and intersubband transitions, and therefore InGaAsarrier widths.
QWs are just a few monolay¢KL ) thick with high In con- Transmission and degenerate pump and probe experi-
tent. However, in such a case, quantum confinement effecigents were performed using the multipass waveguide struc-
may raise thd’ conduction-band state of the InGaAs well ture shown in the insert of Fig. 1. Samples were 208
above the conduction-band st&kestate of the AIAs barrier,  thick and 6 mm long. With this configuration light beam
leading to an indirect band-gap configuration. Jaatal!*  propagates across the MQW structure about 30 times. Inci-
calculated that one can achieve similar interband and intergdent light was transverse magnetM) polarized in order
subband transition energies before the crossover from typetb satisfy selection rules for ISB absorption. Pump and probe
to type Il quantum well occurs. However, for,[Ba, ,As (6  beams were obtained from a Ti:sapphire-pumped parametric
ML)/AIAs QWs, ISB absorption is already inhibited, due to amplifier delivering 120 fs pulses in the 1.442n spectral
region. Both pump and probe beams were at 1830 nm and
apresent address: Photonic Components, Pirelli Optical Systems, viale SarddV polarized with respect to the incidence plane. Pump
222, 20126 Milano; electronic mail: giorgio.ghislotti@pirelli.com beam was focused on a spot size of about 400 Trans-
b)Err:rslgr;t address: ESRF, Avenue des Martyrs BP 220 F-38047 Grenoblgyitted probe beam was detected using a PbS detector and
9present address: Dipartimento di Ingegneria Nucleare, Politecnico di mirStandard lock-in detection. Care was taken to reduce residual
ano, via Ponzio 34, 20133 Milano. pump transmission. Pump and probe beams were chopped at
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FIG. 2. Transmission for TM polarized light as a function of beam intensity.
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whereE,sg=E,—E;, n, is the refractive index.
e . T . _ Transm_is_sion as a_function of the intensit_y is _report_ed in
Fig. 2. By fitting experimental data, a saturation intensity of
Erergy (meV) 1.7 MW/cn? was obtained. Assuming,sg=0.68 meV and

FIG. 1. (a) Conduction-band energy levels calculated as in Ref. 15(and ~ USing the calculatedl;,, we can estimate from E¢3) an
absorption curve. The full line ifb) was calculated according to formula |SB relaxation timer,gg of about 9+ 3 ps.

(2). Insert in(b) shows the multipass waveguide configuration adopted for Differential transmission as a function of the delay time
the transmission measurements. . . . :
between pump and probe is reported in Fig. 3. Pump-induced

. o . . . probe transmission at a given time delaghanges according
gil;fsrent frequencies in order to extract differential transm|s-to the relationt®

Spectral dependence of the room temperature ISB trans-
mission shows a peak at about 680 meV, which is in good AT(T)“J'_
agreement with the calculated energy spacing between the
two conduction-band statgtabeled C1 and C2 in Fig.)1 ~ Wherel(t) is the probe intensityAn(t) =ny(t) —ny(t), n,
Energy levels C1 and C2 in Fig.(@ and corresponding andn, being electron density in the C1 and C2 conduction
wave functions were calculated using the method discussdeRnd, respectively. Since the typical pulse duration is less
in Ref. 15, while material parameters were taken from Refsthan 120 fs, the differential transmission simply relates to
15 and 16. From the calculated wave functions for the conn1(7) —ny(7). Differential transmission and hence popula-
duction band stateld) and|2), we obtained a dipole matrix
elementM,,=(1|z|2)=6.8A. These results are in good 1.2 . . . .

+ o

I(t—7)An(t)dt, (4)

agreement with tight-binding calculations reported for the 1
same structur&' Using the density matrix method, ISB ab- 1'0'_
sorption can be derived Hs — 084
7 0.
m,KsgT 1+exd (Eg—E;)/kgT c ]
a(w):w\/ng kT H(Er—E1)/kgT] £ o6
€ 2L7he 1+exd (Egp—E)/kgT] 4
k= 041
x "y 1 =
(B Eh)’+ ()" W ke
where vy is the dephasing ratg, and e are the well perme- 0.0
ability and dielectric functionl. is the well width, andm,, is 0 10 20

the electron mass defined as in Ref. 17. Calculated ISB ab-
sorption is reported as full line in Fig. 1.

mtegrated_ absorptiofi.e., i_ntegrql of 1 With respect 10 g, 3. Time-resolved differential transmission for a probe beam at 680
w) changes with pump beam intensity accordintf to meV. Full line is the single-exponential fit.
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tion in the excited state C2 decay is less than 20 ps. Assundecay is of the order of 10 ps, which suggests thal’

ing a single-exponential decay, a time constant of the orderelaxation is the predominant mechanisms for ISB relax-

of 10.5 ps is obtained. This value is within the limits esti- ation. These results are promising to exploit the advantages

mated from saturation intensity measurements. of a fast ISB relaxation in the near-infrared region around
From the measured transmission transient, some insight550 nm. With the material system investigated in the

about relaxation processes can be attempted. In the case miesent work, this could be obtained by coupled asymmetric

ISB transitions at wavelength in the 5-3m range, re- quantum wells.

ported relaxation times are of the order of 1-2'pésano , )
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