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Introduction 

 
The principal operation of semiconductor devices is 

based on the motion of carriers in the conduction and 
valence bands. The presence of defects and impurities 
causes damages and large fluctuations in the electric 
conductivity via fluctuations in the carrier density [1] or in 
their mobility [3], or in the both [3–5]. For this reason, the 
control and the evaluation of the reliability of materials and 
devices are necessary in microelectronic and 
optoelectronic fields. Better knowledge of the most 
important failure mechanisms affecting electron devices 
and systems was required in order to improve their 
reliability. Experiments on many systems have shown that 
the noise level rises as a device degrades during its life, 
and also that a device which, immediately after 
manufacture, shows high levels of noise has a short life. 
Among device characterization methods, the low 
frequency noise is usually used because it is a sensitive and 
non destructive reliability indicator [6].   

This paper is concerned with low frequency 
measurement of 1/f noise (i. e. with a frequency spectrum 
proportional to 1/fγ with 0.8 < γ < 1.8) made on an 
AlGaAs/GaAs structure which is similar to a HEMT (high 
electron mobility transistor) but without a control gate.  

We report on the measurements of noise power 
spectral density (PSD) of the studied sample. Fitting curve 
decomposition of the total PSD gives different noise 
contributions: 1/f noise (S1/f), generation - recombination 
noise (SG-R) and thermal noise (STh). 

We are essentially interested in the study of 1/f noise 
at various temperatures and for different applied voltages. 
That is why; we only study the variation of Hooge’s 
parameters (H, ) with temperature. Furthermore, we 
calculate the contact resistances from the thermal noise 
wherein allows us to get the values of the channel 
resistance and its variation with temperature.  
 
Experiment Details 

 
The sample  used in  this study  was grown on a semi- 

insulating <100> GaAs substrate by molecular-beam 
epitaxy (MBE). The AlGaAs/GaAs heterostructure 
consists of a 10 nm GaAs cap layer, a 15 nm AlxGa1−xAs 
layer (x = 19.6%) followed by a delta doping layer Si -
doping with a density of 81012 cm−2. An AlxGa1−xAs 
layer of 35 nm thick (x=19.6%) with a Si -doping density 
of 1012 cm−2, an AlxGa1−xAs spacer layer of 40 nm, 
followed by a GaAs well of 20 nm, and an AlxGa1-xAs (x 
= 19.6 %) layer. A detailed description of the sample 
elaboration can be found elsewhere [7] and are presented 
in th le 1. 
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able 1. Stru  layer of tion 
Cap laye GaAs 10 nm 
Barrier AlxGa1- As (x = 19.6%) x 15 nm 
-doping -2 SiAs 81012 cm
Barrier AlxGa1-xAs (x = 19.6%) 35 nm 
-doping Si 1012 cm-2 
Spacer layer 1- As (x = 19.6%) AlxGa x 40 nm 

GaAs 20 nm channel 
l Ga1-xAs (x = 19.6%)  A x 10 nm 

 250 nm 
GaAs 500 nm 
Ga1-yIn

Superlattice 

yAs (y~10%) 12 nm 
AlAs 10 nm 
GaAs 60 nm 

Substrate GaAs 45 nm 
 

ed at 

 dimensions are: L = 16 m, and the width W = 500 
m. 

The plot electrodes were made by evaporation of Ni 
on the GaAs layer followed by evaporation of Au/Ge 
eutectic. Two metallic layers made of Ni and Al were then 
successively deposited. Lastly, the sample was warm
about 400 °C to allow Ge to diffuse through GaAs.  
This diffusion reduces the created depletion layer under 
metallic contacts. The studied sample is similar to a sheet 
resistance represented by a GaAs channel with a two-
dimensional electron gas (2DEG). In other word, the 
sample is similar to a HEMT without a control gate. The 
sample

  
The low frequency  noise of  device under  test (DUT) 
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 is measured with the simplified experimental setup shown 
 in Fi . 1.  
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Fig. 1. A Simplified experimental setup for the low frequency 
noise measurements 

reached. All measurements are made in the dark condition. 

Experimental Results 

ed at 51 and 
264 K for 0 and 100 mV as shown in Fig. 2.  

 
This system is polarized by a dc bias fixed at a given 

value: 0 and 100 mV. The voltage noise is amplified by an 
EG&G 5004 low-frequency noise voltage amplifier, of 
which amplification is fixed to G = 103, equivalent noise 
voltage of the order of 0.8 nV/√Hz, and equivalent noise 
current of 92 fA/√Hz at 1 kHz. Noise measurements are 
performed using a HP 35665A spectrum analyzer in the 
frequency range of 1 Hz–100 kHz. The sample is mounted 
on a sample holder located at the end of a cryogenic cane 
that can be directly put in a helium reservoir. The 
temperature is measured by a 330 lake shore controller. 
The sample is maintained at a long enough time (≈ 10 min) 
at a given temperature before making each measurement in 
order to be sure that the thermodynamic equilibrium is 

The noise spectral density was measur
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Fig. 2. Total noise spectra at 0 and 100 mV for 51 and 264 K 

ing to variations of temperature was unexplained 
[10]. 

 
A sample spectrum, showing 1/f noise and other 

contributions, Noise in semiconductor is affected by 
various parameters such as conductivity, defect density, 
temperature, doping concentration, and bias voltage. 
However, when bias or temperature are varied, the 
semiconductor properties are no longer constant, why the 
value of the total noise increases with the applied voltage 
related through ohm’s law as well known and as reported 
in the literature [8], but when the temperature is lowered, a 
shift of the cutoff frequencies towards lower values occurs, 
new levels appear [9]. However the sample spectrum 
accord

A typical decomposition of the power noise spectral 
density to different components is shown in Fig. 3 wherein 
we can observed: Thermal noise (STh), 1/f noise (S1/f) and 
one or several G-R noise components (SG-R). 
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Fig. 3. Decomposition of the PSD into S1/f, STh and SG-R noise’s 
at V = 100 mV for T = 51 K 

 
The results of Fig. 3 are obtained by fitting the 

experimental noise PSD data using the following equation: 
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where Sv – the voltage noise power spectral density; Aj – 
proportional to the variance of the fluctuating number of 
charge carriers; αH – an empirical constant (Hooge 
parameter); V – the applied voltage; N – the number of 
carriers in the sample; γ – the frequency exponent. The 
second term in the right of equation (1) represents SG-R 
resulting from a sum of n distinct trap levels. At a given 
temperature, each trap level is characterized by a specific 
time constant (τ j) [11].  

As we mentioned above, we are interested essentially 
on the 1/f noise. And because the resistance varies with the 
inverse of mobility and charge, fluctuations in one of these 
two quantities generates 1/f noise. This has lead to the two 
major principles on which most 1/f theories are based: 
carrier density fluctuation and mobility fluctuation 
modeling [1–5]. In that case the noise fluctuations in a 
given resistance are given by the Hooge empirical 
expression [1, 9–11]: 
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f
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The Hooge parameter has been investigated as a 
measure of the 1/f noise amplitude, because it is possible to 
use it as a reliability characterization of a device.  

Fig. 4. gives the variation of H and of  as a function 
of the temperature at V = 100 mV.  

Evolution of the both Hooge’s parameters is 
fluctuating as a function of temperature which they show a 
relative decrease with temperature as shown in Fig. 4. Our 
results are consistent with those of [8, 12] for H and for   
where it was shown that despite fluctuations, H and  
varies with temperature.  

As we noted in the introduction that the low 
frequency electrical noise is well accepted as a very 
sensitive measure of the quality and reliability of electronic 
devices [8]. Thus the thermal noise could be used to 
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characterize the electric contacts, by extracting contact 
resistance values. 
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Fig. 4. Variation of H and of  as a function of the temperature 

 
The thermal noise is caused by random of current 

carriers. The spontaneous fluctuations in voltage across a 
resistor due to the Brownian motion of carriers have a 
white spectrum given by [13]: 

TTh kTRS 4 ,                                (3) 

where kB – the Boltzmann constant; T – the temperature; R 
– the total resistance of the ohmic sample. Which the 
resistance RT consists of two parts: contacts resistances 
(Ra) independent of sample length (L), and a channel 
resistance (Rc) related to the material and having an L 
dependency 

caT RRR  2 .                          (4) 

In equation (1), the thermal noise is negligible in the 
experimental spectra as previously quoted in [7] (~ 1.310-

18 V2/Hz at ~300 K and ~ 4.1710-20 V2/Hz at 4 K) and 
showen in Fig. 3. This noise is usually dominated by the 
1/f and G-R noises [9] and it includes the contribution of 
the contacts resistance and the channel resistance (whose 
noise can be calculated from the channel conductivity; RC 
  -1= (qns)-1; where q is the electronic charge, ns the 
surface density of the 2DEG in the channel and  is its 
mobility).  

The deduced total resistance at 300 K is ~ 97  and 
at 4 K is ~ 330 . The variation of STh in equation (3) is 
approximately linear as a function of RT measured in the 
absence of any electric bias. In another way Sth varies 
linearly with the length of the channel (R=ρL/W, ρ is the 
resistivity), and this allows us to access to the thermal 
noise resulting from the contacts. The thermal noise due to 
the contacts is ~10-20 V2/Hz and if there is no correlation, 
this gives Ra   0.36 , where Ra is the contact resistance 
at the source or the drain (we assume that the both contacts 
are similar), which allows us to neglect the effect of the 
contacts on the noise. In addition, this proves that the 
electrical contacts are very good at room temperature. To 
verify the conduction behavior of the metallic electrodes, 
we present in Fig. 5 the total resistance RT from the 
thermal noise Sth as a function of temperature and deduced 
the contact resistance (2Ra) by subtracting the calculated 
channel resistance from RT. RT increases while the Rc 
decreases when decreasing the temperature.  
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Fig. 5. The sample resistance (channel and total resistance) 
variation as a function of the temperature 

 
This indicates that the contact resistance increases 

resulting from degradation of ohmic contacts in the 
Au/Ni/Ge structure constituting the electrodes.  

Conclusion 

In the present paper, we have studied the low 
frequency noise in the AlGaAs/GaAs heterostructure as a 
function of frequency in wide temperature range and for 
different applied voltages, the measured PSD shows that: 
1. Different noise contributions exist in the total noise: 

1/f noise (S1/f), generation - recombination noise (SG-R) 
and thermal noise (STh). 

2. 1/f frequency and bias voltage dependence of PSD in 
the temperature range 4 – 300 K. 

3. Dependence of the both Hooge’s parameters (H, ) 
on temperature. 

4. Possibility to deduct the value of contacts resistances 
by studying the variation of thermal noise as a 
function of channel length. 

5. A weak contribution of the contacts resistances in the 
total noise. 
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