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The Shubnikov–de Haas oscillations method of the effective mass extraction was illustrated by the magneto-
transport properties investigation of two-dimensional hole gas in Si1–xGex (x = 0.13, 0.36, 0.95, 0.98) QWs. We 
have found that for certain samples our data cannot be fitted to standard theoretical curves in which the scatter-
ing of charge carriers is described by conventional Dingle factor. It is demonstrated that reasons of deviations of 
the experiment from the theory are as follows; (i) influence of the spin splitting on amplitude of SdH oscillations 
maxima; (ii) extra broadening of the Landau levels attributed to existence of inhomogeneous distribution of the 
carrier concentration; (iii) the influence of the concurrent existence of short and long-range scattering potentials; 
(iv) the population of second energy level in the quantum well. The ways to calculate the effective masses m* of 
holes in all cases are presented and values of m* are found for studied heterostructures. 

PACS: 72.20.My Galvanomagnetic and other magnetotransport effects; 
71.18.+y Fermi surface: calculations and measurements; effective mass, g factor; 
72.20.–i Conductivity phenomena in semiconductors and insulators. 

Keywords: quantum well, Shubnikov–de Haas oscillations, effective mass. 
 

1. Introduction 

One of the most attractive features resulting from band 
engineering in SiGe heterostructures is the enhancement 
that can be made to the mobility of the charge carriers. In 
particular, the enhancement of hole mobility is very attrac-
tive in Si/SiGe-based materials because the p-type device 
limits the performance of complementary MOS type cir-
cuits due to its intrinsically lower mobility. Among various 
types of SiGe heterostuctures designed to increase hole 
mobility ,Hμ  strained and high content Ge channel mod-
ulation-doped structures have provided the highest mobili-
ty at both low temperature, where 3120 10Hμ = ⋅ cm2/(V·s) 
at 2 K with a carrier density of 118.5 10⋅  cm−2 [1], and at 
room temperature, where 33.1 10Hμ = ⋅  cm2/(V·s) with a 
carrier density of 124.1 10⋅ cm−2 [2]. This mobility increase 
comes primarily from the fact that the effective hole mass 
decreases with increasing Ge content [3]. 

The effective mass *m  of charge carriers is an impor-
tant parameter in determining the kinetic and thermody-
namic properties of the conducting system. For example, if 
the *m  is known, then the isotropic two-dimensional (2D) 
density of states for a gas of noninteracting carriers is giv-
en by 2*2 /( ).Dn m= π  The *m  of 2D charge carriers can 
be measured either by quantum cyclotron resonance (CR) 
[4] or from Shubnikov–de Haas (SdH) oscillations [5]. 
Both of these methods use a magnetic field to create Lan-
dau levels within the material. Quantum cyclotron reson-
ance directly measures the transition energy between Lan-
dau levels, but this method is limited by severe 
requirements concerning both the experimental conditions 
and the material under examination. The effective mass 
can also be found from the temperature dependence of the 
amplitude of SdH oscillations. This method introduces 
some averaging, but typically works at lower fields than 
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those typical for CR experiment and it is a pure electrical 
transport measurement. The relative simplicity of SdH ex-
periments is the reason that a majority of effective masses 
had been measured in this way. In this paper the effective 
mass of Si1–xGex (x = 0.13, 0.36, 0.95, 0.98) p-type QWs 
have been studied using SdH-technique. From the results a 
number of deviations from the ideal theoretical model arise, 
which are associated with structural features of the quantum 
wells and the technology used to prepare them and will be 
discussed below. 

2. Structure of the samples 

All the heterostructures studied here have been de-
signed to have a two-dimensional hole gas (2DHG) in a 
biaxial compressive strained Si1–xGex alloy channel grown.  
Three of the heterostructures were grown by the molecular 
beam epitaxy (MBE) technique and are labelled samples 
“A”, “B”, and “C”, with quantum wells in Si0.87Ge0.13, 
Si0.64Ge0.36, and Si0.05Ge0.95 channels, respectively. The 
detailed MBE growth conditions are as follows. Hetero-
structure “A” has a 35 nm thick QW of Si0.87Ge0.13 grown 
pseudomorphically at 870 °C on a Si (001) substrate and is 
remotely doped from above the QW with 2·1018 cm–3 of 
boron in a 50 nm Si layer grown at 750 °C [6]. Heterostruc-
ture “B” is similar with a 10 nm thick pseudomorphic QW 
of Si0.64Ge0.36 grown at 450 °C and annealed in situ at 
800 °C before completing the structure with remote B-doped 
above the QW with 2·1018 cm–3 of boron in a 50 nm Si layer 
grown at 600 °C [7]. Such low-temperature QW growth and 
in situ annealing was used to avoid growth-induced roughen-
ing of the top Si0.64Ge0.36/Si interface, which was typically 
observed for growth temperatures above 550 °C and led to 
dramatically reduced 2DHG mobility in the QW at T < 10 K. 

Sample “C” was metamorphic, with an intermediate re-
laxed Si0.4Ge0.6 buffer grown on the Si (001) substrate fol-
lowed by a strained Si0.05Ge0.95 QW. In this sample boron 
doping was introduced both on top and underneath the QW, 
with similar MBE growth conditions to [8]; however, for 
sample “C” the doping was asymmetric with the boron-
doped Si0.4Ge0.6 layers having concentrations of 2·1018 and 
8·1018 cm–3 below and above the QW, respectively. 

Metamorphic sample “D” 0.4 0.6 0.02 0.98 0.4 0.6Si/Si Ge /Si Ge /Si Ge  
was grown using a hybrid-epitaxy technique that used 
UHV–CVD for the virtual substrate and SS–MBE for the 

active heterostructure, consisting of a 20 nm Si0.02Ge0.98 
QW grown at 350 °C with remote/inverted B-doping of 
3.6·1018 cm–3 [9]. Sample “D” was also annealed ex situ at 
650 °C as this had been previously found to yield the highest 
2DHG mobility for this type of sample, 22100 cm2/(V·s) at 
10 K. It had been intended that the strained QW for sample 
“D” was “technologically pure Ge” [9], but characterization 
after growth and annealing by high resolution XRD and 
SIMS revealed it to be ~98% Ge [10]. 

Conventional Hall bar geometries were measured for all 
the samples. For samples “A”, “C”, and “D” the diagonal 

( )xx Bρ  and off-diagonal ( )xy Bρ  components of the resis-
tance tensor were measured up to 11 T whilst for sample 
“B” it was only measured up to 6 T. The measurements 
were performed using a standard lock-in technique at a 
frequency of 33 Hz and a current of 10 nA for samples 
“A”, “B”, and “C”, with 100 nA used for sample “D”. No 
overheating effects were observed at these current levels. 
The lowest temperatures of the measurement for the sam-
ples were: 33 mK for sample “A”, 350 mK for samples 
“B” and “C”, and 1.45 K for sample “D”. The measured 

( )xx Bρ  and ( )xy Bρ  dependencies at these temperatures 
are shown in Fig. 1 (where ( )xx Bρ  stands for the resis-
tance per square area of a 2DHG). The curves exhibit pro-
nounced Shubnikov–de Haas oscillations at 1 TB ≥  and 
steps representative of the quantum Hall effect plateaux are 
observed for sample “A”. The 2DHG parameters found 
from the measurement of resistance, Hall effect and Shub-
nikov–de-Haas oscillations at these temperatures are given 
in the Table 1. 

3. Determination of *m  

The effective mass *m  and quantum scattering time of 
the charged particles, which leads to the broadening of the 
Landau levels, are usually estimated from the temperature 
and magnetic field dependent SdH oscillation amplitude
( ).RΔ  RΔ  is the deviation of adjacent maximum and min-
imum of the resistance from the averaged monotonic resis-
tance 0R  as a function of magnetic field B. The change in 
resistivity (i.e., conductivity) of the 2D gas is a quantum 
effect and is considered theoretically in Refs. 11, 12. As-
suming a homogeneous broadening of the Landau levels, 
the modulation of the electrical resistance is calculated in 
Ref. 12 to be: 

Table 1. Parameters of 2DHG in strained and remotely doped SiGe QWs 

Sample Quantum channel ρxx, kΩ pHall, cm–2 pSdH, cm–2 μHall, cm2/(V·s) m, m0 α 
A Si0.87Ge0.13 3.04 1.9·1011 2.1·1011 1.17·104 0.21 ± 0.03 1.02 
B Si0.64Ge0.36 4.78 6.42·1011 6.7·1011 0.22·104 0.24 ± 0.005 1.05 
C Si0.05Ge0.95 0.247 2.82·1012 2.98·1012 0.91·104 0.17 ± 0.01 4.4 
D Si0.02Ge0.98 0.16 1.62·1012 0.95·1012 

0.68·1012 
2.21·104 0.12 ± 0.005 8.6 

20 
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where 22 /( )B ck TΨ = π ω  determines the temperature and 
magnetic field dependencies of the oscillations amplitude 
and / *c eB mω =  is the cyclotron frequency. The Fermi 
energy for the 2D case is given by 2 / *,F n mε = π  where 
n  is the concentration of charge carriers. In the practice, 
the term of the summation s, in Eq. (1) can be taken to 
be 1, i.e., 1s =  which is correct if 1c qω τ <<  as in a case 
of investigated samples. The second factor in the summa-
tion (called the Dingle factor) describes homogeneous 
broadening in the Landau levels due to a finite quantum 
state lifetime .qτ  It should be noted that this lifetime is 
different [13] from the Drude transport lifetime τ  which 
defines the conductivity 2 / *.ne mσ = τ  As it follows from 
our study the value of τ  for our samples are almost tem-

perature and magnetic fields independent in investigated 
temperature and magnetic field range. We assume that val-
ue qτ  is also  independent of magnetic field and tempera-
ture in which case it is not involved in the following analy-
sis. Finally, the first term in the summation describes a 
damping of the SdH oscillations due to the temperature 
broadening of the Fermi function. 

The mass and concentration of carriers can be found from 
the period and amplitude of SdH oscillations (at different 
temperatures) as a function of inverse magnetic field by plot-
ting the dependence 0ln [( / )(sinh )/ ]R RΔ Ψ Ψ  vs 1/( )cω τ  or 
1/( )Bμ , where μ  is the carrier mobility (Dingle plot). The 
argument of the exponent term in Eq. (1) can now be rewrit-
ten as /( ),c−πα ω τ  / .qα = τ τ  According to Eq. (1), plotting 
the points corresponding to the extrema with different num-
bers ν  of Landau levels should result in a straight line with 
the slope proportional to .πα  In this case the effective mass 

*m  becomes a fitting parameter [14]. According to the 
Eq. (1), for an extremely strong magnetic field 
(1/ 0)cω τ→  (sinh )/ 1Ψ Ψ →  so this straight line should 
bisect the 0ln [( / )(sinh )/ ]R RΔ Ψ Ψ  axis at a value of 
ln 4 1.386.≅  Furthermore, the experimental data for a plot 

Fig. 1. Magnetoresistance xxρ and xyρ of samples “A” (a) at T = 33 mK, “B” (b) at 350 mK, “C” (c) at 350 mK, and “D” (d) at T = 1.45 K.
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of 0ln[ / ]R RΔ  vs ln ( / sinh ) /( ),cs sΨ Ψ −πα ω τ  which gives 
possibility to get value α  using it as a fitting parameter, 
should also result in a straight line with a gradient equal to 
unity [14]. 

However, it turns out that the experimental data in 
many cases could not be exactly fitted by a single straight 
line for all magnetic fields, but instead shows a curve, de-
viations at small values of the arguments and/or different 
intercept values. 

An example of the method described above for the deter-
mination of *m  is presented in Fig. 2 for sample “B”. From 
this analysis *m  was estimated to be 00.24 m  (where 0m  is 
free electron mass) and 1.05.α =  The solid line on Fig. 2 is 
the straight line predicted by Eq. (1) with an intercept at ln 4 
which fits well to the experimental data. Figures 3–5 show 
similar analysis for the other samples that illustrate a number 
of deviations from the dependence predicted by Eq. (1), both 
quantitatively and qualitatively, that are typical of the devia-
tions seen in many previous reports. In the discussion below, 
we will show how these deviations can be associated with 
structural features of the QWs and the technology used in 
their preparation. 

4. Deviations from the theory 

4.1. Influence of Zeeman spin splitting 

Looking at the Dingle plot in Fig. 2(a) for sample “B”, 
the data from weak magnetic fields in the limit 1/ 0cω τ→  
follows the straight line that intercepts at ln 4.  However, 
for strong magnetic fields (1/ 1.3)cω τ <  a small deviation 
downward is observed. This is because the amplitude of 
the SdH oscillations is less than expected in the theory, due 
to spin (Zeeman) splitting affecting the maxima and 
changes in the SdH oscillation shape as the resistivity ap-
proaches zero in the minima (see Fig. 1(a)). In the limit of 
strong magnetic fields the spin splitting obviously splits 
the SdH oscillations maxima and such extreme are clearly 
not included in the *m  calculation; however, for interme-

diate magnetic fields the spin splitting may not be fully 
resolved, but still result in a decrease of the observed the 
oscillation amplitude and leads to a deviation from the 
theory [12]. 

4.2. Extra “inhomogeneous broadening”  
of the Landau levels 

Attention has previously been drawn to the non-
linearity in the 0ln [( / )(sinh )/ ]R RΔ Ψ Ψ  vs 1/( )cω τ  de-
pendence in high-mobility systems, for instance in [15,16]. 
For low magnetic fields the reason for the deviation from 
the theory is as follows: it is assumed [16] that in some 
cases (mainly in high-mobility systems with a 2D gas of 
charge carriers) the nonlinearity appears because of a spa-
tial change (in the 2D gas plane) of the electron concentra-
tion and hence in the Fermi energy. As the result, the oscil-
lation extrema in different parts of the sample occur at 
slightly different magnetic fields and so the total oscilla-
tion amplitude decreases in comparison with its value from 
a homogeneous sample. This leads to an additional effec-
tive broadening of the Landau levels (so-called “inhomo-
geneous broadening”) [16]. 

The formation of the SdH oscillations in the case of 
long-range fluctuations (i.e., in the plane of 2D gas) in of 
the potential, electron concentration, and Fermi energy are 
described by a Gaussian in Ref. 16. It was shown that an 
additional term 2[ /( )]F c− πδε ω  does appears in the ar-
gument of the exponential describing the oscillation ampli-
tude in Eq. (1). The exponential factor in Eq. (1) therefore 
becomes 

 
22

exp
c q c

n
m∗

⎡ ⎤⎛ ⎞π π δ⎢ ⎥− − ⎜ ⎟⎜ ⎟⎢ ⎥ω τ ω⎝ ⎠⎢ ⎥⎣ ⎦

. (2) 

The first term in the exponent still describes the collision’s 
broadening of the Landau levels and is inversely propor-
tional to the magnetic field. The second term now accounts 

Fig. 2. Plots for self-consistent extraction of effective mass m∗  and parameter α  for sample “B” for different temperatures (а) and
magnetic fields (b). 
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for the “inhomogeneous broadening” of the Landau levels 
and is inversely proportional to the square of the field. 

Figure 3(a) illustrates the possibility of describing the ex-
perimental dependencies 0ln [( / )(sinh )/ ]Y R R= Δ Ψ Ψ  vs 

1/( )cX = ω τ  by the polynomial 2
1 2 constY a X a X= − − +  

where according to Eqs. (1) and (2), 1 / qa = πτ τ  and 
2 2*2 ( / ) .a p m= π τδ  From this approximation *m =

0(0.21 0.03)m= ±  and 1.02α =  are found using the linear 
term (dashed line in Fig. 3(a)), and 94 10pδ = ⋅  cm–2 from 
the quadratic term [17] which is only 2% of the 

112.1 10SdHp = ⋅ cm–2. 

4.3. The large positive quasiclassical magnetoresistance 

For sample “C” the above described procedure when 
the resistance in zero field ( 0 0~ 1/ρ σ ) was applied. The 
Dingle plot for all the experimental points results in a 
straight line (open symbol in Fig. 4(a)). However, extra-
polation of this line to 1/ 0cω τ→  (dashed line in 

Fig. 4(a)) does not give the value ln 4.  The reason for this 
discrepancy with Eq. (1) is the presence of a large posi-
tive change in the monotonic background of the magneto-
resistance (see Fig. 1(c)). This positive change is well 
described by the function ( ) 12 7( )/ 0xx xxB Bρ ρ ∝  as pre-
dicted by quasiclassical theory [18,19], which considered 
the combined influence of a short-range potential from 
the scattering centers in the quantum channel and the 
long-range potential from impurity atoms in the remote 
doping layers. This monotonic background results in the 
deviation of resistance values at the minima and maxima 
in the SdH oscillations does not result from a constant 

0 ,ρ  but from the values 0 ( )B Bρ = ρ + Δρ which are de-
termined by the change of the monotonic background of 
the magnetoresistance. To take into account this monotonic 
background, the calculations according to Eq. (1) were car-
ried out using Bρ  instead of 0.ρ  Therefore, the dependence

0 0ln [( / ) (sinh )/ ] ln[ ( )/ ]BR R BΔ Ψ Ψ + ρ ρ  vs 1/( )Bμ  (up to a 
constant term) should be used instead of dependence 

Fig. 3. Plots for self-consistent extraction of effective mass m∗  and parameter α  for sample “A” for different temperatures (а) (solid
line is theory [12]) and magnetic fields (b). The dashed line is guides to the eye. 
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0ln [( / )(sinh )/ ]R RΔ Ψ Ψ  vs 1/( )Bμ  to obtain the abscissa in 
Fig. 4(a). The dark symbols in Fig. 4(a) show the experi-
mental points obtained while the solid line demonstrates 
the theory given in [12] and yields value of ln 4  at 
1/( ) 0.cω τ →  Based on this appropriate adjustments were 
made for the calculations made on the curves of Fig. 4(b). 

The estimate for the effective mass of the sample “C” is 
00.17 ,m m∗ =  whereas 4.4.α =  

4.4. 2D systems with two populated subbands 

The results from the calculations for sample “D” which 
were done according to the theory [12] are shown in Fig. 5. It 

Fig. 5. Plots for self-consistent extraction of effective mass m∗  and parameter α  for sample “D” for different temperatures and magnetic
fields using theoretical model [12] for 00.12m m∗ =  (a) and 8α =  (b); with existence of two levels of magnetic quantization taken into
account for * * 01 2 0.12m m m= =  (c), 1 8.6,α =  2 20α = (d) and *

01 0.12 ,m m=  *2 00.147m m=  (e), 1 6.4,α =  2 24α = (f) calculated ac-
cording to theory [21]. Inset: FFT of SdH oscillation at T = 1.45 K showing two periods. 
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is seen (Fig. 5(a)) that the experimental curve is considerably 
nonlinear and has a kink at ~ 3.5B  T, while at the same 
point a single curve in Fig. 5(a) can be obtained with at a 
value of *m  equals * 00.12 .m m=  However, two values of 
α  are found. For strong magnetic fields, i.e., before the kink 
in Fig. 5(a) a value of 3.3α =  is found. At lower magnetic 
fields this value is approximately 6.α =  The experimental 
curve in Fig. 5(b) is also considerably nonlinear, but the ex-
perimental points for the various magnetic fields can be ar-
ranged on a single curve by using a value 8.α =  Fast Fourier 
transform analysis of the oscillatory part of ( )xx Bρ  (see 
inset in Fig. 5(b)) revealed the presence of two maxima. 
From the data combined with the effect of “beating” ob-
served in the SdH oscillations (see Fig. 1(d)) we conclude 
that two populated hole subbands exist, hence  the two sets of 
SdH oscillations. The frequencies 1 19.5f =  T and f2 = 14 T 
are found and correspond to the first and second subbands 
with a hole concentration 12

1 12 / 0,95 10p ef h= = ⋅  cm–2 and 
12 –2

2 22 / 0.68 10 cm ,p ef h== = ⋅  respectively. The same time, 
the sum of these values, i.e.,  1 2 ,p p+  yields a similar con-
centration to that obtained from Hall measurements to within 
1 %. Thus, we conclude that a simple theoretical model [12] 
is in applicable in this case. Early models that describe the 
magnetoresistance of 2D systems in the presence of two po-
pulated subbands [20,21] do not give a successful description 
of experimental results and theory [21] is in applicable here 
because the magnetic quantized subbands are not completely 
filled. The most successful description of our data is obtained 
by using the theoretical model [23,24], where the resistance 
of the 2D system is represented as [24] 

 ( ) ( ) ( )0 1 2 ,ρ = ρ + ρ + ρ  (3) 

where ( )0ρ  is the classical resistance, ( )1ρ  is the first-order 
quantum correction describing the SdH oscillations, ( )2ρ  
is the second-order quantum contribution. The classical 
resistance is 

 ( )
2 2*0 0

2 2 2 .c s r

s c r

m
e p

ω +
ρ =

ω +

v v v
v

 (4) 

Here 1 2sp p p= +  is total density of charge carriers, cω  is 
cyclotron frequency, The characteristic rates ,sv  ,rv  and

0v  are given by 

 tr tr tr1 2
11 22 12 ,s

s s

p p
p p

⎛ ⎞ ⎛ ⎞
= + +⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

v v v v   

 tr tr tr2 1
11 22 12 122 ,r

s s

p p
p p

⎛ ⎞ ⎛ ⎞
= + + −⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

v v v v v   

 
tr 2 2

tr tr 12 12
0 11 12 22 12

1 2

( )
, ( )( ) ,

4
s

r

pD D
p p
−

= = + + −
ν

v v
v v v v v   

where ijv  are the elastic quantum scattering rates in the ab-
sence of magnetic field, tr

ijv  are transport rates for intrasub-
band scattering. The first-order quantum contribution is [24] 

*(1) tr tr
122

1,2

2 2 ( )2 exp( )cos ,j F j
jj j

s cjs

pmI
pe p =

π ε −ε⎡ ⎤
ρ = − + −α⎢ ⎥ ω⎣ ⎦

∑ v v

  (5) 

where / ,j j cα = π ωv  12 ,j jj= +v v v  jε  is subband ener-
gies, / sinhI = Ψ Ψ  with 22 / .cTΨ = π ω  The second-
order quantum contribution which describes both the posi-
tive magnetoresistance and the magnetointersubband 
(MIS) oscillations [25], whose maxima correspond to in-
teger ratios of the subband splitting energy 12 2 1Δ = ε − ε  
to the cyclotron energy cω  [24] is given by 

( ) 1 2 1 2
*2 2 2 –tr tr tr1 2 12

11 22 122
22 e e e cos .

s s cs

p pm
p pe p

− α − α α −α⎡ ⎤πΔ
ρ = + +⎢ ⎥ω⎣ ⎦

v v v

 
  (6) 

The results obtained by using the models given in [23,24] 
are shown in Fig. 6(a). The following kinetic characteristics 
of the sample were obtained: the effective mass 

* 00.12 ;m m=  while the values of parameter α  at each 
subband are 1 8.6α =  and 2 20;α =  and 12 18.7Δ =  meV; 

11
12 4 10ν = ⋅ s–1. A simple account of existence of the two 

subbands in the constructions analogous to those for other 
samples (see Figs. 5(c) and 5(d)) showed that the experi-
mental points form a monotonic curve when found, accord-
ing to the theory [23,24], parameters are used (this constric-

Fig. 6. Dependence of magnetoresistance xxρ  of sample “D” on
inverse magnetic field (open symbols). The solid line is due to the
theory [23,24] for the cases when * *

01 2 0.12m m m= =  (a) and
*

01 0.12 ,m m=  *2 00.147m m=  (b). 
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tion do not include the second-order quantum contribution 
and is applicable in the case when the last is small). 

It was shown [10] that for a similar structure to that of 
the sample “D” the two different values of the effective 
mass * 01 0.12m m=  and * 02 0.147m m=  could be expected 
based on the 4×4 Luttinger Hamiltonian calculations (for 
simplified case of rectangular QW). At low magnetic fields 
B ~ 5 T only one broad CR line was observed with an ef-
fective cyclotron mass of * 01 0.12 ,m m=  which coincides 
with calculated CR effective mass in the first electric sub-
band. The width of CR line had been explained by CR 
transitions from these two subbands at different fields 
which results insignificant CR line significant broadening 
[10]. The two different values of *m  were also reported in 
Ref. 26 where it was shown that the lowest hole bound 
state in the surface potential well at the GaAs–(AlGa)As 
heterojunction interface consists of two subbands, and are 
degenerate at 0.k =  The lifting of the spin degeneracy at 

0,k ≠  due to the lack of inversion symmetry at the hetero-
junction interface, gives rise to two cyclotron masses: 

* 01 0.36m m=  and *
2 00.6 .m m=  

This possibility was further explored by using the above 
values of the effective mass. The results from experimental 
studies of the inverse magnetic field dependence of the 
resistance in the framework of the theory [23,24] are 
shown in Fig. 6(b). Comparison of the results presented in 
Fig. 6(a) and 6(b) and does not appear to show any signifi-
cant difference. At the same time a simple account of exis-
tence of the two different values of *m on different sub-
bands (see Fig. 5(e) and 5(f)) showed that the experimental 
points are not form a single monotonic curve. 

For more precise statement the additional study using 
the cyclotron resonance method is necessary. 

5. Conclusion 

In this work the 2DHG effective mass *m  for a number 
of different Ge concentration in SiGe QW structures has 
been determinates from Shubnikov–de Haas oscillations. It 
has been shown that the deviation of our experimental data 
from theory [12] as described by the SdH-related conduc-
tivity oscillations may be explained by the following: 

— Spin splitting of the SdH oscillations maxima, which 
results in a decrease in the oscillations amplitudes; 

— Extra broadening of the Landau levels which is attri-
buted to the existence of a 2% inhomogeneous distribution 
in the carrier concentration of the 2D charge layer and, 
hence, their energy. It is believed that the extra broadening 
is from the natural variation of well width that is of intera-
tomic distance scale [16]; 

— Observation of both SdH oscillations and the non-
saturating large positive quasiclassical magnetoresistance 
which is a consequence of the short and long-range scatter-
ing potentials as  predicted by the theory [18]. 

In the case when more than one quantized subband is 
filled the analysis of SdH oscillations according the simple 
model given in [12] becomes unusable. In this case, a more 
detailed analysis is necessary. 
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