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Drastioc enhancement of the Raman scattering intensity
of the folded longitudinal acoustic phonon in a GaAs/AlGais
superlattice is observed in the presence of a perpendicular

magnetioc field.

A qualitative quasi-classical interpretation of this
phenomenon is presented and a dependence of Raman scattering
intensity on the magnetic field is obtained.

Raman scattering on folded
acoustic phonons in superlattices (SL)
has been widely studied ( see,for
instance,(1,2] and references cited
therein ).In this paper a very strong
magnetioc field enhancement of Raman
soattering of a folded longitudinal
acoustioc (LA) phonon in a
semioconductor SL has been observed.

1. The study was performed on a
MBE-grown GaAs/Alea1 A8 SL whioh was

not intentionally doped and oonsisted
of 70 periods of 454 welle and 424
barriers with x=0.3. The
characterization of the SL was made by
X-ray diffraction and Raman
scattering.

Raman speotra were taken on a
speotrometer with double-monochromator
in a back-scattering contiguration.
The sample was held inside a
superconducting magnet in a He-
oryostat. Magnetioc flelds, B, of up to
7T directed perpendicularly to the SL
plane were used.

Fig.1 shows Raman spectra of a
folded LA phonon at room temperature
without a magnetiec field. The sample
wag excited with the 488nm line of an
Ar’ laser with a pumping power of
200mW. In Fi%.1 one can see the first
folded acoustio (FA) doublet with the

components at 15.2 and 20.7cm1 and
peak intensities of « 80o/s (the
measured ratio of PFA and 10 peak
intensities was about 0.12)

At pumped He-temperatures the
sample was exoited at 1.647eV (75254 )
by a Kr laser. This ener is
slightly above the energy o the
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Fig.1. Raman spectrum of the folded LA
phonon at T=297K without a
magnetic ftield,

confi tion z(x,y)z
sexo=g.54ev, ’

power density 104W/cm2.
spectral slit width S=2om .
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FPig.2. Raman spectra of the folded 1A
phonon at B=0 and B=5.3T
2(0_0_)z oonfiguration.

To2K, £gy,=1.647eV, S=1.50m ",
2
power density 5W/om”.

1e-1hh transition of the SL.
Indeed,the exciton luminescence peak
wag observed at 1.615eV. Thus, the
initial energy of the photooreated
eleotron was about 15meV,i.e. lower
than the LO-phonon energy ( 36.6meV ).

Pig.2 shows the Raman spectrum at
To2K (the sample was in the He-vapour)
at B=0 and B=5.3T. The pumping power
was 1.5mW. Such small pumping power
was used to suppress the
high-frequency tail of the exciton
luminescence. While at B=0 PA-phonon
oould not be observed it was quite
strong at B=5.3T in spite of 1low
temperatures and very small pumping
power. This 1s an evidence that a

enhanoement of Raman soattering
eftiocienocy of a PA phonon ocours in a
perpendiocular magnetic field. We
estimate ‘r.he4 enhancement factor as,
at least, 10" in a magnetioc field of
« 57 from the ocomparison with the room
temperature data ( note that Bose
faotor n+1 at room temperature is
higher by an order of magnitude as
compared with He-temperature ).

The PA-phonon 1in Pig.2 is
superimposed on a high structureless
background caused by minate
radiative recombination which is also
enhanced by a magnetic <field ([31].
Pig.3b shows the measured intensity of
the low-frequency oomponent of the
PA-doublet as a funotion of the
magnetio field. A strong maximum is
seen at B=5.3T and weaker oscillations
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Pig.3 (a) |l[]2as a funotion of the
etio field <caloculated
with the aid of Eq.(1) for

£=17meV ,M0=2 . 15meV, T=5x10" ' 8
me=0.072m°, mhh=0. 3mo.

Numbers at the maxima are
Landau level indices, solid.
arrowg point to the inocoming
resonances, dashed arrows
point to the outgo ones.
(b) Raman intensity o the
low-trequency component of
the FA-doublet in
configuration (0. C_) as a

function of the magnetic
field.

(c) Total Raman intensity
(LA phonon + background )at
the same freguency.

at lower fields. The positions of the
osoillations coincide with those of
the total intensity ( LA phonon +
background ) measured at the same
frequency,Fig.3c.

The intensity of the peaks was
maximal in the (00 ) and (0,0,)

configurations, where 0_ (0,) refers
to the ciroular polarization of the
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incident and scattered light. In the
conf tion with ocrossed
polarizations (for instance, (d_0,) ]

the FA phonon was not observed and the
bao. und intensity was about 4 times
smaller.The resonances for (0_O_) and

(0,0,) oconfigurations ooourred at’

slightly different values of the
magnetio field.The experimental
resulte will be disocussed in seotion

2. Let us first discuss qualitatively
the ocause of scattering enhancement in

a etio field using a
quasioclassical desoription o the
carriers motion. |

The inelastioc light scatter is
a result of three virtual transitlons:
1. Creation of an elesctron and a hole
by the exciting light.

2. Emission or absorption of phonons.
3. Recombination of the eleotron . and
the hole with the emission of a
soattered photon.

An eleotron and a hole are oreated
at one and the same point of space and
at the instant of oreation they have
momenta  equal in itude and
opposite in direotion. order to
undergo radiative reocombination they
must meet again at some point of spaoe
hav there equal and oppositely
directed momenta. The intensity of
inelastic light socatter depends on
the spacing in time of the stages 1
and 3. In the absence of a magnetic
field there 1s a straight-line motion
of the photocreated electron and hole
in opposite direotions. Therefore, the
time interval duri% which the
carriers can interact th the phonons
is very short ( of the order of M/e,
where e 1s the kinetio energy of the
oarriers at the 1instant of their
photooreation ).

In a magnetic field both oarriers
are mov on the same ocirocular orbit
in opposite direotions and therefore
they meet 1repeatedly after each
oyoclotron period. The barriers in the
SI. are assumed to be sufficiently
broad, , so that one ocould ignore that
the carriers can fly apart along the
axis of the SL. The oarriers may
reoombine at each of the meet and
thus have a considerably onger
interaction time with the phonons (
the time ©between the successive
meetings which 1s of the order of
21!:/0)0 swhere w_ is the sum of

electron’'s and hole's oyolotron
frequencies ). Just this fact is the
cause of the magnetic field
enhancement of the inelastic 1light
soattering.

The above considerations oan be
substantiated by a formal caloulation
of the matrix element of the
transition related to the inelastic
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light soatte . It is assumed that
the magnetio field, the exoit and
the socattered 1 t beams as well as
the phonon momentum are perpendioular
to the quantum well planes. Por the
sake of simpliocity the oomplex nature
of the GaAs valence band will be
ignored. Under such approximation only
the transitions between electron and
hole Landau levels of equal indices
are allowed.

The expression for the transition
matrix element | of Raman
scattering oan be written in the form

M o F(Q
27A

® 1
x Y & _FIT72T(E ke —PaT FII72)
' (3 °+ ° o +

n=o0' o

(1)
where A is the magnetioc 1length,
r=h/x is  the width ngi' the
eleotron-hole pair Landau level due to
the tinite value of their
outsocattering time from this 1level,

1
eo‘sTmo’ e—hmexe—Eg, where hwexo is
the exoitation energy and E is

1e -thh §ap of the SL. The produot of
matrix elements corresponding to the
afore-mentioned stages of the prooess
of inelastic light socattering enters
the funotion F(Q), which depends on
the energy Ml of the emitted phonon.

At the first glanoce this
expression does not have any
oonnection with the oonsiderations
outlined above. But |using the
Poisson's formula

0

[+ 4] ©
Y tn) = [_t(x)exp(+2niNx)dx

=0 =00 O

we arrive at the following equation
for ¥ which allows us to get a more
clear physical 1ins t into the
phenomenon of magnetlc enhancement.
Indeed,

Pgrz; ped
N o« M
oM §=o N
at E,* hwo,hﬂ :
uo=(h/2mzo),

28in(«xNQ/w )
e ) o
x exp(+—m—2”iN (eo—hﬂ/2))
(o]

The term of number N describes the
result of the corresponding
eleotron-hole meeting.
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The quantity |IN|2 is proportional to

the probability of the phonon emission
during the time 2:N/w,.

e sin? (AM0/w,)
My T

27Nl
x exp(-—m—) (2)
(o]

The main dependenoce of this quantity
on a magnetisc field 1is
exponential faotor exp(-a'nl[‘/m ).

whioh gives the probability for the
electron-hole pair to remain at the
glven energy level after N
revolutions. Interference of the
resulte of different meeti.uirsl is
leading to the osolllations the
soatter intensity due to Landau
quantization.

The oaloulation of the sum gives

142 « |F(Q)|2
Sinz('m/wo)

x exp(-2%/w_ T) (3)
° Q Sg(e,)g(e,-M0)

where
¢(g)=(1-exp (-%/W,T) )2

+ 4exp(-%/w,T)Sind (%E/Mo,)

In this expression the exponent
desoribes the enhancement of the
scattering magnetio field and the
funotions (p(e ) ¢(e,-MQ) at strong

magnetio rields ( w,©>1 ) desoribe the

in- and ou'c—resonanoes. Close to the
resonance

12 2
plg,) = :I'?[%*’ (eo—wo)a]

The spectrum of the soattered
light 1s mainly defined by the

funotion !I.F Q)1 2. For
quantum  wel scattering

acoustic phonons the width t
spectrum is of the order of s- 21[/1.w

where I‘w is the well width and s is

the sound velocity. In a case of a
superlattice superposition of the
contributione of different wells leads
to the peaks in the Raman spectrum
which correspond to the scattering on
the so called folded aooustic phonons,

ups(z’f'?’z 2®), whers L is the SL
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period, 2 is the wave vector of light
and m is an integer.

3. Let us compare the experimental
results with, the caloulation. Fig.3a
presents |M|® as a function of the
magnetic field calculated with the aid
of Bq.(1), which does not require the
fulfillment of the oondition e»hwo.

The oalculation was performed for the
transitions between the Landau levels
of eleotrons and heavy holes and with
the following parameters:

€=17meV,Ml=2.15meV and T=5x10" 128 .The
full and dashed arrows point to the
incoming and outgoing
resonances,respectively, and the
numbers are the Landau level indices.

Comparison of the experimental
(Pig.'s 3b and 3¢ ) and theoretiocal
resultis shows a qualitative agreement.
One must keep in mind that the
developed theory does not take into
account the real band structure
{(nonparabolicity and warping )
as well as spin splitting and light
absorption. The latter must
essential in the region of strong
peaks in the density of =states
corresponding to Landau levels with
small indioces.

Incoming and outgoing resonances
were not resolved in the experimental
spectra ( except maybe for n=1 in the
total intensity spectrum for
configuration (0,0,) where the

out-resonance was much stronger than
the incoming one ).

As was mentioned above the
resonances for (0 0_) and (0,0,)

contigurations ocour at slightly

different values ot magnetic
fields.Apparently this is due to the
spin splitt of eleotron and hole
levels.We est te the spin splitting
for n=1at B=5T as «1.4meV.

An additional peak ( marked by an
asterisk ) eshows up in Fig.3d and 3o
at B=4.5T. it is due to the resonance
with some unidentified ILandau 1level
transition.

The described mechanism of
magnetio enhancement oan be used in
the interpretation etioc
enhancement of Lo-phonon acat er
which was observed in
feminate recombination observed in

The magnetic enhancement of Raman
soatter on LO-phonons was also
observed bulk samplees [5,6]. The
appropriate oalculation whioh  took
into acocount the real band structure
is presented in[7]. The qualitative
interpretation given above oan Dbe
applied to the magnetic enhancement in
bulk samples too. But in this case one
must take into oonsideration the
possibility for the carriers to fly
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apart along the magnetic <field.

In conolusion, we have observed
strong magnetic enhancement of Raman
scattering on folded longitudinal
acoustic phonons in a SIL. This
enhancement has been interpreted
wigyin the frame of a quasiclassical
model.
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