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Introduction Characterization of deep centers in GaAs/AlGaAs heterostructures based high 
mobility devices is extremely important since the presence of defects significantly affects 
device performance. The use of acoustoelectric interaction has recently proved valuable in the 
study of the deep centers in GaAs/AlGaAs heterostructures [1-3]. The acoustoelectric 
response signal (ARS) is observed at the heterojunction when a longitudinal acoustic wave 
propagates through the heterostructure. The ARS is extremely sensitive to any changes in the 
space charge distribution in the interface region due to the trapped charge after an injection 
pulse (optical or electrical) has been applied. So that their time development represents 
acoustoelectric transients which reflect relaxation processes associated with the thermal 
recombination of excited carriers moving towards their equilibrium state. By investigating the 
temperature dependence of the acoustoelectric transients characterizing the return to 
thermodynamic equilibrium, the deep center parameters can be determined by the acoustic 
deep-level transient spectroscopy (A-DLTS) technique [4,5]. Planar GaAs/AlGaAs 
heterostructures with both two dimensional electron system (2 DES) and two dimensional 
hole system (2 DHS) were investigated by optically induced acoustic deep-level transient 
spectroscopy (OI A-DLTS) using a method of computer evaluation of isothermal 
acoustoelectric transients. Several deep centers were found and their parameters are 
determined. A theoretical of the obtained results of acoustoelectric transient measurement has 
been also made. 
 
Experiments and results The A-DLTS technique we used is based on the fact that the time 
development of the amplitude of the measured ARS after an injection optical pulse has been 
applied to the heterostructure is proportion to the nonequilibrium carrier density, so that the 
decay time constant associated with the relaxation of the acoustoelectric signal amplitude is a 
direct measure of the time constant associated with the relaxation processes of injected 
carriers.  
 The release of carriers from deep trap levels that leads to the thermal equilibrium on a 
new steady state has the dependence on time 
 

∆n(t) = nt0exp(-t/τ),                                                          (1) 
 
where ∆nt0 represents the variation in trap occupancy due to the acoustoelectric field and τ is 
the time constant associated with the release of the carriers from deep centers when 
illumination is turned off. 
 Using a method of computer evaluation of isothermal acoustoelectric transients by 
applying a data compression algorithm [5] in connection with the known relation expressing 
the temperature dependence of the relaxation time which characterizes the return to 
thermodynamic equilibrium, the activation energies and corresponding capture cross-sections 
can be determined form transient measurements of ARS. The experimental arrangement of A-
DLTS technique has already been described [2,6]. 
 We have investigated GaAs/AlGaAs heterostructure which has been grown by MBE in 
the form of planar structure with 2 DHS (NU 1323) and 2 DES (NU 1323) at heterojunction 



with two ohmic contacts reaching the heterojunction. For the optical excitation the IR-LED 
was used with the maximum in spectral characteristic of 900 nm and power density during 
used 200 ms wide pulse could reach 60 mW/Sr. 
 Representative A-DLTS spectrum of NU-1323 sample with 2 DHS recorded by applying 
an optical injection pulse contains one dominant peak (a) and four weaker ones (b-e). Using 
Arrhenius plots constructed from the positions of the maxima of the A-DLTS peaks, the 
following activation energies and corresponding capture cross-sections were determined: 1.29 
eV (a); 0.33 eV (b); 0.73 eV (c); 0.61 eV (d); 0.56 eV (e) and 1.8x10-19 cm2 (b); 9.2x10-12 cm2 

(c); 1.5x10-12 cm2 (d); 1.3x10-12 cm2 (e), respectively. The appearance of two broader peaks  
With some structure of smaller peaks is the characteristic feature of A-DLTS spectra obtained 
on NU 1787 sample containing 2 DES. The activation energies of 0.29 eV (1) and 0.10 eV (2) 
with corresponding cross-sections of 2.2x10-18 cm2 (1) and 5.5x10-21 cm2 (1), respectively 
were determined as parameters characterizing two broad peaks.  
 The obtained values are mostly in good agreement with the values found by both optically 
induced and other transient spectroscopy techniques [1,2,6-9] and attributed to DX centers or 
other defects. The experimental arrangement indicates that detected deep centers should be 
localized close to the two dimensional holes or electron system. However, some features 
found only by acoustic transient spectroscopy still remain unclear. 
 
Conclusion  In conclusion, the acoustoelectric investigation using the acoustic transient 
spectroscopy technique we present can be successfully used to study the deep centers in 
GaAs/AlGaAs heterostructures. Several deep centers attributed to the interface states in 
GaAs/AlGaAs heterostructures with both 2 DES and 2 DHS were discovered and their 
parameters were determined. 
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