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Introduction

Collective excitations of electrons in quantum wells (QWs) can strongly influence
intersubband transitions by many-body interactions. One kind of such an exci-
tation is the intersubband plasmon (ISP), which is a collective charge density
excitation. In contrast to single-particle transitions, an ISP is caused by mu-
tually coupled electrons frem multiple subbands. An interesting effect arises,
when two ISPs are coupled together under certain conditions. The coupling of
an emission and an abserption ISP mode activates a resonant electron-electron
scattering process that can be directly observed in the current-voltage charac-
teristics,

Plasma Instabilities in Quantum Well Structures

The attractive crossing of two ISP modes has been proposed as a new source
for THz radiation. The simplest case is a 3-band system, where the highest
level and the ground state are populated, while the second state is empty. If the
subband spacings are equal (fiddy; = fifty)), growing plasma waves (plasma insta-
bilities} can build up. This hybrid excitation involves single electron scattering
between the subbands and a collective exeitation of all electrons in the QW.

Tuning via Depolarization shifts

¢ For a normal population ¥ > Na,
where N| is the number of elec-
trons in the lower state and M
in the upper state, the depolariza-
tion shift is positive and the tran-
sition energy is greater (blue-shift)
than the single-particle transition
energy (ki) > AEq).

Ny = M,

Ny < Iy

In the opposite case of population
inversion ¥ > Ny, this shift is neg-
ative (Ald;) < AEz;) and the inter-
subband plasmen mode is shifted to
lower frequencies (red-shift). This
depolarization shifts bring two ISP . : »

modes into rescnance. 1 wfin

Intersubband plasmon mode

Design of the Heterostructure

The active region consists of a
Ino_usGa{msAS Q“", which is sand-
wiched between a resonant tunnel-
ing diode and a GaAs drift region. In
this configuration three subbands are
coupled via intersubband plasmons,
each corresponding to a pair of sub-
bands (3 & 2 and 2 = 1), To fulfill
the resonance condition AE1; = AE;,
the ground state has to be populated
with electrons and between the upper
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Energy [meV]

two subbands a population inversion
is necessary. Tuning the external bias
leads to current injection or scatter-
ing from higher levels into subband

3. Electrons from subband 2 are ex- |

tracted via tunneling through the tri-
angular shaped InGaAs/GaAs transi-
tion region. The energy difference be-
tween subband 3 and 2 is designed to
be slightly larger than between 2 and 1
to account for the depolarization shifts.
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Magnehc Fleld Dependence

A magnetic field, applied parallel to the growth direction, quantizes the
parabolic in-plane energy states in the InggsGagssAs QW into a ladder of dis-

| crete Landau levels Epg = Eq(ky = 0) + hwe{! + 1/2), where &, is the in-plane

momentum, # denotes the subband, w, = eB/m"* is the cyclotron frequency and

| {=0,1,2,... is the Landau level index. This allows to directly control intersub-
| band scattering mechanisms by quenching the free in-plane motion of charge
| carriers.

n * Current-voltage measurements are

performed with a 100 x 100pm?

mesa device at 4.2 K

H

s A strong current increase for low
magnetic fields (8 < 2T} in the
range between 20 ~ 40mV can be ob-
served.

Curront [pA)
H
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o The collective effect activates a res-
onant electron-electron scattering
between subbands 3-2 and 2-1.

s The dip at 40mV in the differential
conductivity marks the end of the
common resonance of the two inter.
subband plasmons
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Electrons in the ground state are usually trapped, since the only way to escape
is through the second level. However, if the 1SPs are resonantly coupled, these
electrons receive excess energy from electrons going from E; to E;. This lifts
them up into the second subband, where they can contribute to the current.
In contrast to single-particle scattering, this effect invelves two electrons, which
are part of the collective interaction between two [SPs. The effect is absent above
B2z 2T, which indicates that the electron-electron interaction is completely sup-
pressed,

e g

Intersubbcnd Plasmon Current Contnbuhon
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E .E.-‘ ¢ At zero magnetic field a resonant |
§r B electron-electron scattering contri- |
'E .t S bution of about 33 % is observed in
c§> the total current.
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g s However, this part drastically
E o shrinks with increasing magnetic
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field and completely vanishes for
fields above 2T,

Qutlook

The strong increase of 33 % in the current by resonant electron-electron scatter-
ing suggests a major influence of collective excitations on intersubband transi-
tiong. Controlling the e-e scattering rate allows to favor or block specific tran-
sitions, which is important for devices with separations below the LO-phonon

energy. NEXT GME
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