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Motivation

The AlGaAs/GaAs heterostructure is one of the most used 
heterostructures  for the fabrication of low dimensional systems.

Mobilities up to 20 � 106 cm2 / Vs at 4.2 K have been obtained.   
I. P. Radu et al, Science 320, 899 (2008).

Very high mobility values are needed to investigate several 
novel phenomena in mesoscopic systems.

In this work we look for criteria for the optimization of the 
heterostructure composition in order to achieve the largest 
possible mobility.
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Partial reordering of ionized impurities

At very low temperatures only a fraction F of all dopants is 
effectively ionized.

If F< 1/3 redistribution of the ionized sites through hopping 
can lead to ordering of the donor layer charge.

M. Stopa, Phys. Rev. B 53, 9595 (1996)

ENHANCED MOBILTY in the 2DEG due to the reduced 
scattering.
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Simulated annealing technique (I)

The total electrostatic energy of ionized 
donors is:

The system will evolve into the new state 
with probability pij given by:

Random hopping event 
between site i and site j.

The system reaches a lower energy state if it cools down at a sufficiently slow 
rate after each cycle.  In our model:

with                        and         the number of successful hoppings at the k-th cycle. 
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Simulated annealing technique (II)

• Number of impurities: 6000

• Number of ionized sites: 600

• Initial temperature: 100 K

• Final temperature: 30.1 K

• Number of thermal cycles: 2

• Number of iterations: 44606

Thermal cycling procedure in order to enhance the probability to
find the ground state:

Example of simulated annealing over a 1 � 1 μm2 area:

In this case ionized sites are accumulated near the boundary of the 
system because of the repulsive potential of charges within a finite area. 
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Simulated annealing with a negative 
background charge 

Fixed negative background charge 
over the whole area in order to keep 

the system neutral and to prevent 
the repulsive potential of charges 

within a finite area.

In this case ionized sites 
are not pushed to the 

boundary of the system. 
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Evaluation of the ionized donor fraction in 
different heterostructures

For partially ionized donors we have:

We need to solve the Schrödinger and Poisson equations self-
consistently in order to determine the ionization fraction in a 

particular heterostructure. 

We used the 1D solver NANOTCAD-1D for the analysis of partial 
ionization in different realistic heterostructures. In all of our 

simulations T = 0.3 K.
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Partial ionization in a heterostructure with a 
uniformly doped region (I) 

Ionized donor fraction in a 
heterostructure with a 
50 nm deep 2DEG. The doped 
region is 12 nm thick with 
ND = 3 х 1025 m-3.

In this case reordering would 
occur only in the lower portion 
of the doped region.
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Partial ionization in a heterostructure with a 
uniformly doped region (II) 

Ionized donor fraction in a 
heterostructure with a 2DEG 
depth of 70 nm. The doped 
region is 40 nm thick, and 
ND = 1.33 х 1024 m−3.

In this case the ionization is 
almost complete for a large 
portion of the doped layer, 
therefore reordering does 
not occur.
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Ionization fraction in a δ-doped 
heterostructure with typical doping 

Ionized donor fraction in a δ-
doped heterostructure with 
ND = 1025 m-3. Si δ-doping is 
represented with a 3 nm wide 
n-AlGaAs doped region, 
located 22 nm away from the 
2DEG.

Ionization is complete.  
Reordering is not present.
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Ionization fraction in a δ-doped 
heterostructure with high doping 

Ionized donor fraction in a 
δ-doped heterostructure 
with ND= 3 х 1026 m-3. 

In this case  F = 0.13.

Reordering may occur.
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Conclusions

Partial reordering of ionized impurities leads to 
enhanced 2DEG mobility in AlGaAs/GaAs 
heterostructures.

An effective simulated annealing technique  for the 
investigation of the partial reordering effect has been 
implemented.

The ionization fraction in typical heterostructures  via 
1D self-consistent calculation has been evaluated.

Among the heterostructures we have considered, partial 
ionization causes a reordering of ionized donors only in 
the case of a δ-doped heterostructure with high doping.
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Thank you


