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Abstract: in this study, a laser induced etching technique was used to create layers of porous GaAs 

on a donor GaAs wafer with orientation (111) and resistivity equal to2.45 x 10-3 ohm. Cm. The 

process involved focusing a beam of (1050nm) Diode laser with power densities of (0.5, 3, 6, 9 ) 

W/cm2 incident onto the samples. The samples were immersed in hydrofluoric acid with 40% 

concentration for constant etching time of 50 min. an Atomic Force Microscope (AFM) was used to 

investigate porous GaAs layers, which showed the formation of nano-sized particles on the surfaces 

of all samples, with sizes varying from 15.7310 nm to 3.47124 nm, increasing in porous layer 

thickness from 2nm to 81.03 nm with increasing laser power from 0.5 to 9 W/cm2. The results of the 

electrical properties of Al/porose-GaAs/n- GaAs/Al  devices in the forward bias showed an 

improvement in the rectification properties with increasing laser power, In reverse bias, the current-

voltage curve does not show any saturation state due to the effect of both electric and thermal fields 

on the height of the effective barrier. Calculated values of ideality factor for all diodes showed close 

to unity. 

Keywords: Porous GaAs, GaAs nanostructures , electrical measurements, Atomic force microscopy, 

laser induced etching, 

1. Introduction 

  GaAs nanostructures are increasingly being used in various applications such as 

optoelectronic devices [1], light emitting diodes [2], solar cells [3], Tunnel field effect 

transistors [4], hydrogen-sensing [5, antireflective coating for solar cells[6], thermoelectric 

devices [7]. GaAs nanostructures can be produced by several techniques, including: 

chemical. [8], physical [9], electrochemical etching techniques [10].and can be produced in 

different shapes and forms such as nanowires. [11], quantum wells [12] , nanodisks [13], 

coupled ring/ disks [14], nano-conical [15], quantum dots [16], quantum dashes [17], 

quantum rings [18] , nanopores [19], and nanoholes [20] . It was observed that the porosity, 

porous layer structure , dimensions of the pores depend on the doping density and the 

crystal orientation, and independent on the applied current. [21,22]. Many studies have 

been presented on the preparation of  Porous GaAs, laser induced etching technique using 
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Nd:YAG (1060 nm) is one of them [23][24][25][26] .in this study we used the same 

technique with a diode laser of  (1050nm) wavelength to produce porous GaAs samples.  

 

Laser-induced etching mechanism; Electron-hole pairs are generated as a result of 

illumination of the GaAs surface. The holes are drifted under the influence of the electric 

field at GaAs/electrolyte interface Thus, etching begins through the redox process ,the 

above chemical reactions can be given [27,28] by  

GaAs + 6h+ → Ga3+ + As3+                  (1) 

GaAs + 3e−  → Ga0 + As3−                   (2) 

The holes move towards the surface due to band bending in the space charge region 

where the etching process begins ,then the formation of pits in GaAs. The basic condition 

for pore formation is the initiation of the etching process. The pit is formed on the surface 

of GaAs at the point where the dislocation rate is highest. The dislocation density of GaAs 

ranges from medium to high even at its highest purity.[29] Surface intersection lead to 

more free bonds forming, Then there is an increase in chemical activity at surface defects 

and localized etching induces a pit, The spread and expansion of the pore size results from 

the increase in the electric field strength at the tip of the pits [30]. The flow of carriers across 

the electrolyte / GaAs surface controls the dissolution process. 

 

2. Materials and Methods 

2.1.  Laser–Induced  Etching  process:   The Starting material of the prepared samples 

was a commercially available  (111) oriented n-type  GaAs:Te wafers (500μm) thickness 

with resistivity of 2.45 x 10-3 ohm. cm which corresponds  to  doping  concentration  of  

about  8.21x 1017 cm-3  , cutted  into pieces of (0.7cm x0.7cm)  , After cleaning the samples 

with acetone and ethanol, they were placed for 5 seconds in HF acid at a concentration of 

%5 to remove the native oxide layer. The samples were placed on U-shaped Teflon 

supports inside a container of the same material filled with 40% HF acid for  etching time 

(50) min. a diode laser of a wavelength (1050nm) (DLN-1050-MADE IN BELARUS) in CW 

mode with an output power of 5 W and rectangular beam (2cm x3cm)  Figure (1 a,b) was 

used to perform laser – induced etching process, It is worth noting that the laser has a 

wavelength of 1050 nm, which is within the infrared (invisible) region, but when using a 

mobile phone camera, it is possible to photograph the light spot of the laser). ( Two-channel 

DUO laser power meter (gentec) was used to measure the laser power density. Diode laser 

beam was focused to a circular spot with different diameters by using different focal length 

Lenses to get required power density of ( 0.5 ,3 , 6. 9)  W/cm2  on the mirror–like surface of 

the samples. Figure (1. c). Figure (1. d) shows the schematic diagram of the experimental  

set-up for the   laser-induced  etching  system which used for studying the effect of laser 

power density on the properties of produced GaAs nanocrystallites layers. After the 

etching process was completed, the samples were removed from the Teflon container and 

placed in plastic containers filled with methanol In order to be ready to study the 

morphological characteristics of the porous GaAs layer, as well as prepare it for the 

deposition of aluminium thin films and conduct a study of the electrical properties of the 

manufactured Al/ Pourse- GaAs / n-GaAs /Al  devices. 
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Figure (1) :(a) a photograph of the experimental  set-up.  (b) rectangular  laser beam (c) 

GaAs sample inside Teflon vessel with laser spot on it (d) a schematic diagram of the 

experimental  set-up. 

 

2.2  Metallization: After etching process, a thin layer of high-purity aluminium 

(99.999%) with a thickness of 200 mm was deposited on both sides (the porous side and 

the bulk side) of the prepared samples to make the electrical contacts, by means of thermal  

evaporation methods, using  Edward,s type E306A unit, Silver paste was used to connect 

the copper wires on the surface of the samples. A Kiethley-616 electrometer was used to 

record the I(V) curve in Al/ Porous- GaAs / n-GaAs /Al  devices.   

  

3. Results and discussion  

3.1. Microstructural characterization: An atomic force microscope was used to study 

the morphology of the porous GaAs layers, using a scanning area of (0.78μm x 0.78μm). 

The porous GaAs layers that formed on the surfaces of samples were prepared on  (1 1 1) 

n-type GaAs by using a (1050nm) diode laser for etching proses  in HF  acid of 40% 

concentration for a fixed irradiation time of 50 min , with different power densities of (0.5, 

3, 6, 12) W/cm2. Figures (2,3,4,5) shows Changes in the morphology of the etched surfaces 

(particle sizes, porous layer thickness, statistical distribution of these particles, RMS 

roughness and Maximum height ). Figure (2a) shows AFM image of the three-dimensional 

configuration of the porous GaAs sample prepared at power density of o.5 W/ cm2 . The 

porous GaAs layer shows formation of nanostructured particles have an average size of 

about 15.731 nm, The main root square of the roughness (RMS roughness) was 2.10983nm, 

Figure 2b shows the morphology of the porous layer in two dimensions. The statistical 

distribution of the sizes of these nanoparticles is shown in Figure 2c. We notice that the 

particle sizes range from zero to about 52nm,and the particles whose sizes are between7.5 

nm and 10 nm are the most numerous, the Extracted Profile shows in figure  2(d), rise and 

fall of particles from zero level, where particles from zero to 0.7 appear to be at a low level, 

and they begin to be counted as rising up especially after 0.9 to 1 micrometer, the height 
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of particles above zero increases significantly, In general, the layer thickness of this sample 

can be considered close to 2nm figure  2(e). The failure to form a porous layer with a clear 

thickness can be explained by the weak laser power density, as the chemical dissolution 

process was limited to a thin layer on the surface of the sample only. 

As the laser power density increased to 3 W/cm2, the particles became smaller in 

size, 4.6096 nm, as well as in surface roughness, 1.20819 nm. Figure 3 (a , b). the statistical 

distribution of nanoparticles on the surface is shown in the figure (3c), where the particle 

sizes range from 0 to 33nm, forming two groups. The first starts from a size of zero up to 

approximately 14nm, the center of this group is 8.34nm, the second group is from 14 to 

33nm, and the center of this group is at 26nm. Figure (3d) shows the height profile of the 

particles, where the height of the formed nanoparticles is above the level of 10 nm, and 

gradually decreases until 0.6 μm, after which it decreases to a minimum value of -10 nm 

at the distance of 0.9μm. It is observed in Figure 3(e) that the thickness of the porous layer 

is about 0.33.34nm. 

The nanoparticles formed on the surface of the sample that was etched using a power 

density of 6 W/ cm2, showed a particle size of 4.6013 nm, RMS roughness surface  of 

1.19678 nm, Figure 4(a,b) . The statistical distribution of particle sizes on the surface 

showed three groups based on size. The first category is for particles whose sizes range 

from zero to 10 nm, the second group is between 10 nm and 25 nm. In the middle of this 

category, the highest percentage of particles is found, while the third category is between 

25 nm and 59 nm. figure 4(c). It is noted that Producing more aggregates of particles with 

increasing laser power, The surface level for this sample showed a clear decrease at zero 

micrometers, with a depth of more than 20 nm . It begins to approach the zero level at 0.6 

micrometers, then begins to gradually rise to more than 30 nm at one micrometer, with a 

porous layer thickness of 66.86nm, figure 4(d and e).  

The nanoparticles formed on the surface of the sample were the smallest in size. 

(3.47124nm ) in which the laser induced  etching process was performed using a power 

density  of 9 W/ cm2 . The main root square of the roughness (RMS roughness) was 711.232 

pm , Figure 5 (a,b) . The statistical distribution of surface particles showed five categories 

of aggregates based on their sizes and the centers of the categories  were (3 ,14, 23, 30, 47) 

nm and their percentages as shown in the figure 5 (c) . The rise and fall of particles below 

the zero level ( Extracted Profile) is shown in the figure 5(d) , as the particles below the 

zero level at about 20 nm at 0 micrometers begin to rise gradually to reach the zero level at 

0.6 micrometers, then they rise to reach about 60 nm at the 1 micrometer, forming a porous 

layer with a thickness of 81.03 figure 5 (d and e ) 

 

 

 

 

a 



 5 
 

  
Vital Annex: International Journal of Novel Research in Advanced Sciences 2025, 4(3), 89-105.   https://innosci.org/IJNRAS 

 

 

 

 

 

 

 

Figure (2) (a)AFM images of the three-dimensional configuration of the porous GaAs 

samples prepared by laser induced etching method using a diode laser ( 1050 nm) with 

laser power  density of o.5 W/cm2 (b) two-dimensional AFM images (c) The statistical 

distribution of the nanoparticles formed on the surface of the sample , (d)  2-D Extracted 

Profile.(e) porous layer thickness . 

 

 

 

 

H
ei

g
h

t 
(n

m
) 

b c 

d e 

Position(Mm) 

(a) 



 6 
 

  
Vital Annex: International Journal of Novel Research in Advanced Sciences 2025, 4(3), 89-105.   https://innosci.org/IJNRAS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3) (a)AFM images of the three-dimensional configuration of the porous GaAs 

samples prepared by( 1050 nm) diode laser induced etching method with laser power  

density of 3 W/cm2 (b) two-dimensional AFM images (c) The statistical distribution of the 

nanoparticles formed on the surface of the sample in figure (3a), (d) Extracted Profile (e) 

porous layer thickness . 
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Figure (4) (a)AFM images of the three-dimensional configuration of the porous GaAs 

samples prepared by( 1050 nm) diode laser induced etching method with laser power  

density of 6 W/cm2 (b)AFM images in two-dimensional (c) The statistical distribution of 

the nanoparticles formed on the surface, (d) Extracted Profile  ( e) porous layer thickness. 

 

 

 
 

 

 

 

 

 

(b) (c) 

(e) (d) 

(a) 



 8 
 

  
Vital Annex: International Journal of Novel Research in Advanced Sciences 2025, 4(3), 89-105.   https://innosci.org/IJNRAS 

 

                 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (5): (a)AFM images of the three-dimensional configuration of the porous 

GaAs samples prepared by laser induced etching method using ( 1050 nm) diode laser 

power  density of  9 W/cm2 (b)AFM images in two-dimensional (c) The statistical 

distribution of the nanoparticles formed on the surface, (d) Extracted Profile ( e) porous 

layer thickness  . 

 

The above results are arranged and explained in the table (1) and figures (6 & 7). 

Table (1) shows the most important morphology results 

Laser 

power 

density 

W/cm2 

porous 

layer 

thickness 

(nm) 

Average 

value (nm) 

RMS 

roughness (Sq) 

(nm) 

Maximum 

height 

(Sz)(nm) 

0.5 2 15.7310 2.10983 39.1660 

3 33 4.6096 1.20819 11.4607 

6 66 4.6013 1.19678 14.9311 

9 81 3.47124 0.711232  7.78178 

 

(c) 
(b) 

(e) (d) 
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Figure (6). The thickness (red line) and average  nano particles values at each laser 

power density. 

 

 

Figure (7). The Maximum height (red line) and RMS roughness (Sq) (nm) at each 

laser power density. 

 

3.2 Current–Voltage Characteristics 

The Studies presented in explaining the electrical properties and The electronic 

transport mechanism in metal/porous GaAs/n-GaAs/metal [31][32][33],have relied that, 

The current-voltage characteristics in forward bias depend on trap-assisted space charge 

limited conduction ,While in reverse voltage , the carriers transport across the interface 

between the bulk layer and the porous layer by thermionic emission. In the high voltage 

region, most of the traps will be occupied with injected carriers.[34]  

The results of the current-voltage (I-V) measurements at room temperature in  

forward and reverse I–V curves of the fabricated devices of Al/Porous GaAs /n-GaAs/Al 

structures are shown in Figure (8). We notice that the rectification behaviour improves 

with increasing of  laser power densities, This behaviour is expected when we observe the 

changes in the surface morphologies for samples in Figure (2,3,4and 5). Changes in particle 

size where the average particle size decreased from 15.733 nm to 3.41724 nm and the 

thickness of the porous layer increased from 2 nm to 81.03 nm with increasing the laser 

power from 0.5 to 9 w/cm2 respectively. Increasing the laser power during preparation led 

to the generation of more holes that enhanced the chemical dissolution process, thus 

increasing the porosity in the upper layer exposed to the laser beam. As a result of this 

process, during electrical connection, the injected carriers in the porous layer are depleted 

due to the formation of traps that capture these carriers, This leads to the formation of a 
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heterojunction between the porous layer, which is less negative, and the highly negative 

bulk layer (substrate). From Figure 8,We notice also  that there is no saturation current in 

the reverse bias , but shows voltage dependence. Indicates the transport of carrier through 

a heterostructure. This nonlinear relationship between the current and voltage at 

temperature T can be written as; 

 

𝐼 = 𝐼𝑠   𝑒
𝑞(𝑉−𝑅𝑠𝐼) 

𝑛𝐾𝐵 𝑇     [1 − 𝑒
𝑞(𝑉−𝑅𝑠𝐼) 

𝑛𝐾𝐵 𝑇 ]             (5) 

where q is the electron charge, V is the applied bias, n the ideality factor, kB the 

Boltzmann constant, T the temperature. Is is the saturation current given by 

𝐼𝑠 = 𝐴∗𝐴 𝑇2 𝑒 
− 

𝐸𝑏
  𝐾𝐵𝑇                                      (6) 

𝐴∗ = 𝐴 
𝑚∗

𝑚𝑒
                                                         (7) 

where A the effective diode area, A* is the n doped GaAs effective Richardson 

constant given by A* = 8.16 Acm-2K-2 and Eb is the zero bias effective barrier height. [31]. 

The formula for Equation 5 includes the influence of the transport mechanisms in the 

depletion region due to the thermionic field emission and the electron-hole pairs 

recombination. Equation ( 5) is reduced to the law governing diffusion current due to 

thermionic emission for n = 1 and Rs=0. Then, The most efficiency of the factor 

 [(1 - exp(- qV/kT)]  is in the reverse bias region and also when the regime is up to 3 

kT/q  in forward bias . The relationship is important from a physical point of view because 

the factors responsible for the non-ideal behavior under forward bias are active under 

reverse bias.[32] The suggested  mechanism under forward bias behavior is based on 

limited conduction current of the space-charge. To determine how the charges 

transporting through the Al/porous-GaAs/n-GaAs/Al structures, we show in Fig. 9  semi - 

logarithmic forward current–voltage plots for each sample. It is noted that the 

characteristics show a behavior similar with that reported by [31,33] for similar devices.  

 

 

Figure (8); Dependence on laser power densities  of the current–voltage characteristics of 

Porous GaAs  samples  prepared  by (LIE) technique, etched  with  (0.5,3,6,9) W/cm2 

 

 

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

0.08

0.1

-6 -4 -2 0 2 4 6

C
u

rr
en

t 
m

A

bise  Voltage (V) 

 0.5 W/cm2

3 W/cm2

 6 W/cm2

 9 W/cm2



 11 
 

  
Vital Annex: International Journal of Novel Research in Advanced Sciences 2025, 4(3), 89-105.   https://innosci.org/IJNRAS 

 

Figure (9): semi- logarithmic forward bias I–V plots for the Al / Porous GaAs / n-GaAs/ Al 

structures fabricated by porous- GaAs samples etched at deferent laser power densities  

(0.5,3,6,9) W/cm2 . 

 

Equation (5) can be written as follows: 

( )
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nkT
sq V IR
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                               (8) 

Taking ln for each side of eq. (8), we get eq. (9), comparison it with linear eq.(10), we 

can obtain the value of slope (m) in eq.(11), and the value of ideality factor n from eq.(12)  
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ln ln
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I q
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q
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mkT


                                                                                    (12) 

Table ( 2) shows the calculation of the ideality factor by substituting the current and 

voltage values into Equations  ( 9). The slope values calculated from Figure 10 and 

substituted into Equation 12 to calculate the ideality factor values for each Al/pours –GaAs 

/ n-GaAs/Al diodes , , their  porous layers were prepared using laser densities of  (a) 0.5 
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w/cm2 (b) 3 w/cm2 (c) 6 w/cm2 (d) 9 w/cm2, Schottky diodes from the reverse bias I–V 

data shown in Fig8.  
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The  figures below  shows a plot of ln[-I/ (1 - exp(-qV/kT))] against reverse bias 

voltage for the fabricated devices, We can obtain the values of ideality factors n from the 

slopes (m) of  linear portion of the graphs by substituting slopes values in eq.12    
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Figure (10 ):  ln{-I/[1  exp (-qV /KB T)]} versus V plots for Al/pours –GaAs / n-GaAs/Al 

diodes  , their  porous layers were prepared using laser power densities of  (a) 0.5 w/cm2 

(b) 3 w/cm2 (c) 6 w/cm2 (d) 9 w/cm2, Schottky diodes from the reverse bias I–V data shown 

in Fig8. 

  

4. Conclusion 

In this paper , the effect of increasing laser power on the morphology of the porous 

layer in samples of (111) n-type GaAs was studied. The nanoparticles formed on the 

surfaces of the samples became smaller in size while the thickness of the porous layer 

increased with increasing laser power density , Porous GaAs/n–GaAs heterostructure with 

AL contact was investigated by means of the current–voltage characteristic in Al / Porous 

GaAs / n-GaAs/ Al structures which shows an improvement in the rectification  property 

with increasing laser power densities  during the preparation of the porous layer, This 

behavior is expected if we know that the photogenerated holes increased with increasing 

laser power density, which enhances the chemical dissolution process ,in other words, led 

to more difference in carriers density in the porous layer that were depleted due to caught 

by traps  and a greater amount of carriers in the bulk layer. This difference in the density 

of carriers creates heterojunction, which is responsible for the rectification  behavior. 
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