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The paper deals with the changes of band structure parameters under deformation.
The values of these changes are calculated for the GaAs/AlGaAs structure of multi-
ple quantum wells (MQW). The role of magnetophonon resonance (MPR) as a
method to control the thermal stress in MOQWs at the parallel charge cartiers trans-

port is emphasised.
1. Introduction

Taking into account the temperature at
which the epitaxial growth of the semicon-
ductor layers occurs, as well as the operating
temperature of the devices based on these
semiconductors, it is natural fo expect consid-
erable thermostresses in them. The stresses are
caused by the different temperature dynamics
of lattice constant change for different semi-
conductors of which the structures under con-
sideration is composed. The great mismatch is
a problem of considerable importance, since
the structures based on binary compounds are
widely used for the high-speed semiconductor
devices, such as InGaAs HEMT produced by
MBE technology, as well as by MOCVD [1].

Stresses in semiconductor crystals in
case of multiple quantum wells (MQW), as it
will be shown, can cause the changes of the

structure parameters, including the radical
changes in electron transport. The latter,
however, plays some positive role, since in
this way one can get an additional degree of
freedom in the control of the material pa-
rameters,

2. Description of the thermostresses in
MOQWs and the change of band structure
parameters under deformations

The GaAs substrate, on which the barrier
layers, as well as QW were grown by means
of MOCVD technology, was held at 800 K
approximately. At this temperature the lattice
constants of GaAs and AlAs binary com-
pounds match each other., After finishing the
technological process, the samples are cooled
and the mismatch increases (See Table 1).

Tahle 1. Temperature dependence of the lattice constants of GaAs and Aly;Gag ¢ As [5].

{ Temperature, K Lattice constant, Latfice constant, . & -
| (GaAs), 10" m, (Alg3Gag; As), 10" m 10" m

300 5,683 32,6840 0,001

B 350 5,655 5,6575 __0,0025
R0l 2 5,653 5,6560 0,003
150 5630 5,6335 0,0035

77 5,647 5,6510 0,004
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Fig. 1 A sketch of the deformation distributions in
the MOQW atomic layers.

Considering the temperature influence on
the whole structure, one should pay attention
to the fact, that thick substrate was used here.
This substrate determines the stresses also in
the upper layers of QW. For example, the first
layer of AlGaAs (of 4 nm thick) is com-
pressed to the most extend due to the dis-
placement of its atoms together with thick
substrate, while the next layer of GaAs ( 10
nm thick) is stretched minimally. The maxi-
mum tension occurs for upper GaAs layer be-
cause the last layer of AlGaAs is compressed
minimally. The diagram of the stress distri-
bution is shown in Fig. 1. The next conclu-
sions follows from that:

1. GaAs-layers are tensed in the direc-
tion parallel to the layers (xy-plane) and
compressed in the direction perpendicular to
the lavers.

2. AlGaAs layers are compressed in the
direction parallel to the layers and tensed in
the direction perpendicular to the layers .

The stresses in different GaAs layers of
the structures under consideration are differ-
ent. The stresses in GaAs-layers starting
from the substrate increase, while the
stresses in AlGaAs-layers decrease.

At the temperature of 77 K the mismatch
between GaAs and Aly3Gag +As lattices has the
value Aa=4x10"" m. 5], which makes the bi-
axial deformation in the plane of the layer
equal to £y=7.1x10"*. One can suppose that it
1s maximum tension to be in upper QW.

In general, the energy gap E, increases
under deformation at overall hydrostatic ten-
sion and decreases under overall compres-
sion. The energy gap in a crystal under de-
formation is of the form:

+ AEE

EX%(8,)=EX + AE} S

£ e —
where ,+"- sign corresponds to the com-
pressed layers while ,-” sign corresponds to

the stretched layers. AE, ,.AES are the

."l_y..:.ur*
shift of the valence band under hydrostatic
and anisotropic stress and the shift of the
conduction band under hydrostatic stress,

respectively; E.” is the energy gap of the

QW without deformation.

Under tension or compression in xy-
plane, two valence bands (for the light and
heavy holes) are shifted in accordance with
[2,3]

AEy . (8,)=2ag, 11*_2: + be, i i:

. (2)

where sign ,,+" is for the light holes (Ih) and
»- 1is for the heavy ones (A4h), 2 stands for
the potential of hydrostatic deformation, &
stands for the potential of uniaxial deforma-
tion, 7= Ex™ &y are biaxial deformation,
and ¢, = S v is the Poisson deforma-
(1=-v)

tion in z-direction, whereas v is the Poisson
coefficient.

It follows from (2) that under tension in
the xy-plane caused by hydrostatic compo-
nent of the deformation, two bhands are
shifted up decreasing the energy gap.

The uniaxial component of the deforma-
tion acts on the /h- and hh-bands in the op-
posite direction. Both components of the de-
formation cause that h-band is shifted up,
while for the hh-band the uniaxial compo-
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nent is damping the shift caused by the hy- deformation and the first light hole subband
drostatic component, {11 occurs to be under the {1kh) subband.
In case of QWs, two valence bands are For thal reason, we can write the valence
separated by some value £ even without any band shift in the form:
1-2v L+v [-2v 1+v
AR =max| 208, ——-bgy——, 2as,——+bs, ——~ 3
fov i ( \] 1—1" ﬂI—V v] J—IJ' [:-]_V é] (}
I's- band shifts enly under hydrostatic 3. Influence of thermostresses in MPR
component of the deformation into direction : .
opposite to the valence band shift. The value 3.1, MPR as testing technique

of ['s- band shift is twice as much as the va- : : :
lence band one [4]. So, based on these con- MPR. is due to the oscillatory behaviour

sideration, one can write the next formula for of the electron density of states arisilg as a
e result of the Landau quantisation. This line

of reasoning presupposes that the Landau
levels are well defined, and that their colli-

ﬁE_,'S, =4a£ﬂl <\ (4) stonal and temperature broadening is rela-
t-v tively small. These two conditions of a

strong mapgnetic Tield can be represented as

The formulae (3), (4), enable us to de- follows: ot >> 1 and ha, >>k,T, respec-

termine the total change of the energy gap
caused by thermostress g described above.
The constants, used in these formulae are: a
=-8.7eV, b =-18 &V [3], £ = 2,7 meV.
Therefore those components have the fol-

tively. The magnetophonon resonance ap-
pears every time when the phonon frequency
0o 15 equal to the eycloiron frequency o, of
the electron 1n a magnetic field, multiplied
by the small integer M: @ o=Muw, [6], where:

lowing values: AE, (£,)=6T0TmeV, M=1, 2, 3,.., @ = ¢ B /m, e — electron
AEY(£,)=2.392meV, AES (g,)=13.415meV m;} = CURGHVE sriey, [ IMEgetac el
and the overall change of the energy gap is The simplified expression for the oscil-
AE, (g,)=22.5meV  (5) latory part of transverse magneto-
s conductivity including each of the A har-
That means the tfotal change of energy monics (at a constant number of phonons
gap is 1.5%. and electrons) is [6,7]:
-t o 5
i B -zm{i@ ﬁ*] cns[zmwf‘-’i—t’-], (6)
p{I M =1 M @y b mc

where [} is the damping factor, which is re- is a direct attestation of the high quality of
lated to the damping rate T = h/7 =ha, . semiconductor samples.

Therefore, the appearance of the MPR, espe- For example, MPR was already success-
cially of the several harmonics of the MPR, fully used for the selection of high quality p-
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InSb samples [8], and hence MPE can be
considered as the method of diagnosis of
semiconductor crystals and structures.

The study of parallel electron transport
in MQWs produced by means of MOCVD
technology and described above, has shown
the sufficiently high quality of the QW lay-
ers [9]. It is confirmed by the obtained MPR
oscillations. The theromostresses can make
the magnetoconductance peaks in parallel
transport to split into a number of peaks due
to the stress distribution in QWs layers.
These stresses, changing the parameters of
band structure in subsequent QW layers,
make them lo be non-identical. The MPR
spectroscopy make it possible to identify the
peaks caused by the changes of band struc-
ture in different layers.

In this way MPR gives the possibility to
control the charge carriers in the layers, due
to its unusual sensitivity to the changes of
the band-structure parameters. In case of
splitting of magnetoconductance in parallel
transport into the conductance of separatle
layers, each peak corresponding to the elec-
tron transition to the higher Landau level
would be splitted identically. The last one
means, that for each layer we would have
series of MPR oscillations of its own. The
series could be approximated by the formula
(6); in that way one can determine for each
layer not only the changes of effective mass,
but the damping parameter p, and the elec-
tron mobility as well,

3.2. Shift of MPR peaks by thermostress

As it was shown above, the maximum
change of energy gap caused by thermo-
stresses in GaAs/AlGaAs MQWs is 1.5%.
The accompanied change of effective mass
at the bottom of the conduction band of QW,
evaluated by means of simple three-bands
model is about 1.4%. Therefore, the same
shift of MPR peaks is expected.

In addition, anisotropic stresses cause
phonon frequencies to shift and the LO pho-
non branches even to split [10]. So, the
maximum decrease of LO phonons fre-
quency in the GaAs layer induced by biaxial

stress can be evaluated upon the formula

(11]:
Awpg =-4.8x10%g, [em™]  (7)

In our case, a decrease of the LO phonon
frequency is equal 0.33 cm™, which is 0.1%
of its value without stress.

For these reasons, changes of E, and LO
frequencies should be shifted in the same
direction (i.e. of lower magnetic fields) the
MPE. peaks and this shift should not be more
than 1.5%. It means that e.g. in the case of a
peak at 11.2 T (0-2 transition) the maximum
split caused by disintegration of magneto-
conductivity in the parallel transport result-
ing from thermostresses disposition in the
layersis 0.17 T,

3.3. Experimental results

The MPR research were performed in
pulsed magnetic fields up to 30 T. The trans-
verse magnetoresistance was measured be-
tween 77K and 340K and the MPR oscilla-
tions extracted by subtracting a voltage lin-
ear in magnetic field. The oscillating part of
magnetoresistance Ap, was recorded. Three
types of MQW-systems (with different
thickness of GaAs layers and barriers) were
studied; they consisted of ten QW of GaAs
and ten AlGaAs barriers, and were obtained
by MOCVD on semi-insulating GaAs. In
Fig. 2 the examples of registered curves
Ap_ (B) obtained for MQWs with thick QW
10 nm and the barriers of 4nm, are shown.

Figure 2 shows experimental curves ob-
tained at three temperatures. The structure of
peaks observed was not smoothed off and
represented here as it is in view of its aston-
ishing repetition for different MPR harmon-
ics at different temperatures. The thinned and
dashed arrows show the resonance fields
which would correspond to the resonances
caused by absorption of phonons in
Alp3Gap2As barrier (LO GaAs-like and LO
AlAs-like respectively, the frequencies of
LO-phonons of Aly3GagsAs being taken
from [4]) together with electron transitions
between the corresponding Landau levels.
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These levels are the same as in the main se-
ries caused by interaction with phonons of
the GaAs Quantum Well (bold arrows), The
observed peak structure partially can be ex-
plained by the introduction to MPR of two
kinds of barrier phonons.

T ] P T e e e
fmcﬂam}-qw W\
?J.::-mm-uke)-a

“LO(AIAs-like)-B

Ap, arb. units

Fig. 2 Experimental recordings of Ap_ (B) obtained

for MOW consisted of ten W of GaAs and ten Al-
CaAs barriers, The thickness of the well was 10 nm,
the thickness of the barrier was 4 nm.

8o, the occurrence of peak at about 9 T
can be attributed to 0-3 transition of an elec-
tron with the absorption of the AlAs-like LO
phonon. The MPRs caused by the interaction
between an electron and GaAs-like LO pho-
non of barrier manifest themselves as the
satellites of each main series peak from the
side of lower magnetic fields.

If one take into account two additional
MPR. series mentioned above, then in the
range of magnetic field 9-11 T one should
expect two additional peaks, each splitted by
thermostresses. Such a structure should re-
appear for other MPR. harmonics. In this way
one can explain mainly the observed MPR
peaks structure,
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4. Conclusion

It is shown that even in case of MQWS on
the GaAs/AlGaAs, the influence of thermo-
stresses on the MPR peaks structure is ob-
servable. The calculations made for this
system show that the peak shifts are about
1.5%, which causes the subtle structure of
MPR peaks. For the structures with greater
mismatch this effect is so considerable, that
can cause the series of resolved MPR peaks
for each layer. For that reason, MPR can be
used for the control of the charge carrier pa-
rameters in each layer of the structure,
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KOHTPO.JIb TEILIOBUX HAIIPYKEHD

Y BATATOKPATHUX KBAHTOBHUX SIMAX

3A JJOIIOMOT' OO0 MATHITO®OHOHHOI
CIHHEKTPOCKOIIII
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MucratyT disury nexaroriunoro ynisepentety, MKemys, [onsma
e-mail: sheregii@atena.univ.rzeszow.pl
? [HCTHTYT TeXHOJOTIT ENEXTPOHHIY MaTepianis, Bapmasa, [lonsima

Y pofor] ofropopiOTECA 3MIHK DapaMeTpis 30HHCT CTPYRTYPY npn godopmarii.
Pospaxoeano sefUnHHE LMK 3MIH ANA CTPYETYPH OaraTOEPaTHHX KEAHTORHX AM
GaAs/AlGaAs. [linxpeclocTeea poas MArniToMOHOHHOND PEIOHANCY AK METOMLY
KOHTPOMO TEIUTOBHX HanpyMeHb Y DaraToOKpaTHHX KBAHTOBMX AMaxX npH
napaneisHOMY NepeHeceHHi Hoclfs sapany.
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