Terahertz-optical mixing in n-doped GaAs quantum wells
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Abstract: Non-linear mixing of a strong Terahertz and a weadrsinfrared beam is observed for
the first time in am-doped GaAs quantum well. Our results are compared to tbosmdoped
wells.
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The mixing of near-infrared (NIR) and terahertz (TH®drs has been studied experimentally and theoretisally
way of achieving optical wavelength conversion [1] ahdlserving strong THz field effects [2]. The mixing
results in sidebands atijgepan= Ghir + Nz, Wheren=+1,2,3,..., as shown in Fig. 1la. The sideband signal has
been shown to be strong primarily whegir andary, are close to interband and intersubband resonances,
respectively [3]. Previous studies dealt with undoped wel¢hich NIR and THz radiation coupled states which
were well-described as excitons. In this paper, sidebametagigon in doped quantum wells is reported for the first
time and compared to that in undoped wells. The presdrteuge in the wells screens the excitons and
dramatically changes both the resonant behavior dfitteband generation and the strength of the sidebands.

We studied a doped sample and an undoped sample. They codfistesfods of double GaAs quantum
wells (QWSs), nominally 100 and 120 A wide and separatedayA Al ,Ga gAs tunnel barrier (see inset of Fig.
2b). The doped sample has an electron concentratiorl..5<10"* cm? per QW. These active QWs are in between
two doped gate QWs, used for applying a DC electric feettie sample, thus tuning the intersubband transition
Behind these QWs is a distributed Bragg reflector (DBRijch reflects the NIR beam and prevents absorption by
the GaAs substrate. The experimental geometry is iltestia Fig. 1b.
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Fig. 1. (a) Sideband spectrum taken at 15 K witlrEh frequency of 1.5 THz (6.4 meV). The reflecteshm ator is
multiplied by 10°. The THz power was approximately 500 W and the No®ver was 0.67 mW. (b) The experimental
geometry.

The photoluminescence (PL) and reflectivity of the samples are shown in Fig. 2. There are a number of
absorption lines in both samples (Fig. 2a). A more ketaiescription of these transitions (in the undopedpsgm



can be found in ref. 3, but the lowest energy line comues the heavy hole 1 to electron 1 transition (ELIHH1E Th
reflectivity and PL lines are significantly broadettire doped sample, and the doped sample displays an energy
shift between the PL and reflectivity, indicating siggaht charge in the wells.
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Fig. 2. (a) Reflectivity spectra of the undopedit§aand doped (dashed) samples at ~20 K. The Iblives come from
transitions between thé'heavy hole subband (HH1) antidlectron subband (E1) but are excitonic (E1HH Ixghie
undoped sample. (b) Photoluminescence spectra tailtlexcitation power less than 1 mW at ~1.6 ekWle Bpectrum of
the undoped sample was taken at 21 K, while thet@tioped one was recorded at 15 K. The peak Bheadoped
sample is ~10 times weaker than that of the undspetple. Conduction band profile of the QWs istimsé¢he figure.

The maps in Fig. 3 show thécwry, sideband resonances of the two samples. For each theisideband
intensity is measured at the NIR laser energy (vamethe vertical axis) plugry,. The DC electric field is varied
to bring the THz field into resonance with the intdisand transitions. The two maps look very differene T
undoped sample (Fig. 3b) has a lower resonance involvilygaar¢lectron transition and two upper resonances
involving hole transitions (see ref. 3 for detailhile sideband resonances involving hole transitions drsiill be
possible im-doped wells, they should be weaker. In the doped sample3@jighowever, only the
E1HH1- E2HH1 resonance remains. The peak sideband signabrslanof magnitude weaker in the doped
sample compared to the undoped one and much broader. TBeseatibns can be explained by the interband
oscillator strength being more spread out in the dopdld.Wéis study provides interesting new phenomena to
explore and also opens the possibility of optically obsgrstrong THz field effects such as period-doubling
bifurcations [4].
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Fig. 3. Sideband maps taken with a NIR power lkas . MW and THz power of about 300W. Each pa@ptesents the
n=+1 sideband conversion efficiency when the NIR la&swrgy is tuned to the value on the vertical gaisMap of the
doped well sample at 15K wittar,=1.5 THz (6.4 meV). The resonance appears near whergl- E2 intersubband
transition is expected and near the ELHH1 enetpyM@ap of the undoped well sample at 21K with,=2.0 THz (8.2
meV). The resonances are excitonic and are lalaeledrding to ref. 3.
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