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Abstract 

Gallium arsenide (GaAs) growth by metal-organic vapor phase epitaxy (MOVPE) is typically 

achieved by using arsine (AsH₃) and trimethylgallium (TMGa) as precursors. However, this 

study explores the growth of high-quality, undoped homoepitaxial GaAs thin films using 

triethylgallium (TEGa) and tertiarybutylarsine (TBAs) as alternative precursors. The thin films 

were characterised using Nomarski optical microscopy, high-resolution X-ray diffraction 

(HRXRD), photoluminescence (PL) and temperature-dependent Hall measurements. 

The growth temperature significantly influenced the properties of the epitaxial films. A smooth 

surface morphology was observed in undoped GaAs epilayers grown at temperatures above 

600°C, whereas films grown at or below 575°C exhibited a rougher surface morphology. All 

layers displayed n-type conductivity, except those grown at 550°C, which showed p-type 

conductivity, with a carrier concentration of 6 × 10¹⁶ ܿ݉⁻³ and a mobility of approximately 298 ܿ݉²/ܸ ·  .at room temperature ݏ

The lowest carrier concentration (~1.5 × 1015 ܿ݉⁻³) and highest mobility (5147 ܿ݉²/ܸ ·  (ݏ

at room temperature were achieved at growth temperatures of 600°C and 650°C, respectively. 

Additionally, low-temperature (5.4 K) PL measurements showed a reduction in defect-related 

emissions with increasing growth temperature, further supporting improved material quality at 

higher temperatures. 

Keywords: Gallium Arsenide, tertiarybutylarsine, triethylgallium, MOVPE 
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1. Introduction  

Gallium arsenide (GaAs) remains a semiconductor of significant interest due to its unique 

electrical and optical properties. It is structurally compatible with other semiconducting 

materials, enabling the fabrication of a wide range of technologically relevant heterostructures, 

including high-electron-mobility transistors and near-infrared detectors and emitters [1,2]. 

Metal-organic vapour phase epitaxy (MOVPE) is widely used to grow high-quality GaAs 

epitaxial layers. Typically, GaAs is grown using trimethylgallium (TMGa) and arsine (AsH₃) as 

precursors. However, arsine (AsH₃) [3] , while effective as a Group V arsenic source, is toxic 

and highly flammable, raising significant safety concerns. 

These concerns may be addressed by exploring alternative arsenic precursors such as 

trimethylarsine (TMAs) [4]  triethylarsine (TEAs) [5] , and tertiarybutylarsine (TBAs) [6–11] . 

TBAs (tBuAsH₂) is of particular interest due to its higher thermal decomposition efficiency and 

significantly lower toxicity compared to AsH₃. TBAs is more than 50% decomposed at a 

susceptor temperature above 650°C and a gas temperature (Tdecomp
TBAs above 360 ± 10) °C based 

on unimolecular decomposition [12] , making it more suitable for low-temperature MOVPE 

growth compared to AsH₃. Furthermore, TBAs has been shown to result in lower carbon 

contamination than other arsenic precursors, such as TMAs and TEAs, which is crucial for 

producing high-quality GaAs films [13] . Consequently, TBAs is considered a highly promising 

alternative to AsH₃ as an arsenic source in MOVPE [14]  

Concerning Ga, triethylgallium (TEGa) offers better control over layer thickness when growing 

ultrathin structures, such as superlattices and quantum dots, due to its lower vapour pressure than 

TMGa. This improved thickness control is particularly advantageous for precision applications 

in advanced semiconductor structures. Moreover, TEGa has been reported to reduce carbon 

contamination [9]  and is more than 50% decomposed at susceptor temperatures above 500 °C 
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and at gas temperatures (TdecompTEGa) above 250 ± 10 °C (further enhancing its suitability for 

high-quality GaAs growth). The optimal substrate temperature for producing high-quality GaAs 

using TEGa and TBAs has been reported to range from 645°C to 690°C [11,12,15]  and 580°C 

to 640°C [16] , respectively.  However, a systematic study examining MOVPE growth 

parameters for these precursors used together has not been published previously. 

In this paper, TBAs and TEGa are utilised as precursors for the MOVPE growth of homoepitaxial 

GaAs layers. While this precursor combination has been successfully used in fabricating GaAs-

based structures, there is limited research on the specific MOVPE growth parameters required to 

optimise film quality. Typically, deposition parameters such as the V/III ratio and growth 

temperature play a critical role in the quality of epitaxial layers. Here, the focus is on the effect 

of growth temperature on the morphological, structural, electrical, and optical properties of GaAs 

thin films, aiming to provide insight into optimising these parameters to achieve high-quality 

films. 

2. Experimental Procedure 

The undoped epitaxial GaAs layers were grown on a semi-insulating (SI) (001) GaAs substrate 

with orientation (100) 2° off < 110 > (±0.3), supplied by Sumitomo. Growth was conducted 

at atmospheric pressure in a Thomas Swan Epitor 4 MOVPE system with a horizontal quartz 

tube at predefined temperatures in 25°C increments from 550°C to 675°C. TEGa and TBAs were 

used as the gallium and arsenic precursors, respectively. Hydrogen at 2175 sccm served as the 

carrier gas. The V/III ratio was maintained at 7.5 throughout the growth study to provide 

sufficient arsenic overpressure, thereby minimising arsenic desorption and promoting stable 

stoichiometric growth conditions, while allowing the effect of growth temperature to be 

investigated independently. Prior to growth, 1 cm2 substrates were cleaved from a 2-inch wafer 

and cleaned by blowing with dry nitrogen. No further substrate cleaning was performed after the 
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dry nitrogen treatment. The substrates were then loaded onto a molybdenum susceptor in the 

horizontal quartz reactor, and the system was purged with hydrogen for 10 minutes. 

Subsequently, the substrates were annealed in a TBAs overpressure at 700°C for 10 minutes to 

remove surface oxides. 

Following this, the susceptor temperature was adjusted to the required growth temperature. 

Depending on the growth rate, determined in a separate experiment, the growth period lasted 

approximately 4 hours. The layers grown on SI-GaAs were used to assess basic electrical 

properties via Hall-effect measurements in the Van der Pauw configuration. The surface 

morphology of the layers was examined via Nomarski optical microscopy. Photoluminescence 

measurements were conducted using a 532 nm laser line (Nd: YAG) as the excitation source. The 

luminescence was dispersed by a 1 m-focal length monochromator and detected by a liquid 

nitrogen-cooled Ge diode. The structural integrity of the layers was evaluated using high-

resolution X-ray diffraction (HRXRD). 

3. Results and Discussion 

3.1 Morphology and crystallinity 

Figure 1 presents Nomarski interference-contrast micrographs of undoped epitaxial GaAs layers 

grown at temperatures ranging from 550 to 675 °C. The surface morphology exhibits a strong 

dependence on growth temperature. At 550 and 575 °C, Fig. 1(a, b), the layers display relatively 

rough surfaces characterised by a high density of inverted-pyramid-like depressions, hillocks, 

and elongated boat-shaped defects. With increasing growth temperature, the surface morphology 

progressively improves, and smooth, mirror-like surfaces are obtained between 600 °C and 650 

°C, Fig. 1(c–e). This temperature dependence is consistent with previous MOVPE studies of 

GaAs, indicating that the optimum morphology occurs within an intermediate temperature 



 

5 

 

regime where precursor decomposition and surface kinetics are sufficiently favourable for stable 

step-flow growth [6,17]. 

The rough morphology observed at 550–575 °C is associated with kinetically limited growth. At 

these temperatures, incomplete decomposition of TEGa can result in the accumulation of carbon-

containing surface species, which reduce adatom mobility and hinder uniform incorporation at 

surface steps [1,2,4,14] . Consequently, three-dimensional nucleation is enhanced, leading to the 

formation of hillocks, pits, and boat-shaped defects. In contrast, between 600 and 650 °C, 

precursor decomposition is more efficient, and surface diffusion is enhanced, promoting stable 

step-flow growth and resulting in significantly smoother surfaces [2,5] . 

At temperatures of 675°C, the surface morphology deteriorates again Fig. 1(f). This degradation 

is likely associated with increased thermal desorption of arsenic from the GaAs surface, which 

promotes Ga-rich growth conditions [8–12,18]. Under such conditions, local Ga accumulation 

and enhanced surface decomposition can lead to non-uniform growth, resulting in the 

reappearance of hillocks and pit-like defects. Thus, the observed morphology indicates an 

optimum growth window of approximately 600–650 °C, where precursor decomposition, surface 

diffusion, and arsenic stability are favourably balanced. 

Although some defects, particularly elongated boat-shaped features and hillocks, may originate 

from substrate-related imperfections such as dislocations or residual surface damage [13,14,16]  

Their pronounced temperature dependence indicates that the dominant factor governing the 

surface morphology is the growth temperature. The observed anisotropic defect shapes are also 

consistent with the known anisotropic surface evolution of GaAs (001) during epitaxial growth 

[19] . As is evident from Fig. 1, epitaxial layers with the best morphology were obtained at a 

growth temperature of 650°C.  
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Figure. 1. Nomarski microscopy images of undoped GaAs layers grown at the specified growth 
temperatures. 
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High-resolution X-ray diffraction analysis was performed to assess the crystallographic 

orientation and structural quality of the layers.  Fig. 2 (a) presents the normalised HRXRD 

patterns and (b) the FWHM of the (004) diffraction peak for undoped epitaxial layers grown at 

the predefined temperatures. The narrow scans, centered on the (004) reflection at approximately 

66.05°, confirm that the epitaxial layers are single-crystalline, while the absence of any other 

reflections, apart from the GaAs (002) peak (not shown), in accordance with similar studies [2,4–

6,14], highlights the crystalline quality of the material. Additionally, the small full-width-at-half-

maximum (FWHM) values of 0.04 °- 0.06 ° indicate minimal crystalline defects.  In this study, 

the measured FWHM of 0.04–0.06° (≈144–216″) using TEGa+TBAs lies at the low end of 

reported values for MOVPE, indicating high crystal quality. In general, narrower FWHM implies 

fewer mosaic tilts/dislocations [4,20]. This material is therefore expected to exhibit good 

electronic and optical properties.  In summary, the low FWHM values achieved in this study are 

strong evidence of excellent crystal quality and minimal defects, consistent with consensus in 

the literature. Notably, the structural integrity of the layers improves with increasing growth 

temperature, as evidenced by the narrowing of the (004) Bragg peak.[21]  
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Fig. 2 (a). Normalised HRXRD patterns of the GaAs (004) peak for the SI 

substrate and the subsequently grown thin films.   
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Figure 2 (b). HRXRD FWHM values of the GaAs (004) peak as a function of the 

growth temperature. The line serves as a guide to the eye.     

 

Hall measurements  

Fig. 3 shows the room temperature mobility of undoped GaAs layers as a function of growth 

temperature. Samples grown at 550°C exhibited p-type conductivity, likely due to unintentional 

carbon incorporation. It should be noted that the metal-organic molecules used in the MOVPE 

process contain carbon, and incomplete decomposition can lead to carbon doping, resulting in p-

type behaviour (carbon acts as an acceptor in GaAs, located 26-28 meV above the valence band). 

However, all layers grown at temperatures above 575°C exhibited n-type conductivity. 

The lowest electron mobility for n-type material was observed in samples grown at 575°C. As 

expected, electron mobility increases with growth temperature (and improved crystallinity), 

reaching ~5147 cm2/V·s at 650°C. This layer also yielded one of the smallest HRXRD FWHM 

values (Fig. 2) and a smoother surface morphology (Fig. 1). 
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Figure 3. Room temperature Hall mobility of the undoped GaAs epitaxial layers as a function of 

growth temperature. All layers are ݊-type, except the one grown at 550°C (data points encircled in 

red). 

 

Table 1. 77 K and 300 K electrical properties of undoped GaAs ݊-type epilayers grown with 

TEGa and TBAs. 

 

Tg n77 μ300 n300 μ77 ND NA θ 

(°C) (cm⁻³) (cm²/V·s) (cm⁻³) (cm²/V·s) (cm⁻³) (cm⁻³) (NA / ND) 

575 6,36E+15 2 161 8,33E+15 10053 1,91E+16 1,27E+16 0,66 

600 2,52E+15 4 469 4,50E+15 16089 3,65E+15 1,13E+15 0,31 

625 2,44E+15 6 365 3,78E+15 18321 3,89E+15 1,45E+15 0,37 

650 1,51E+15 8 127 2,62E+15 18364 2,25E+15 7,40E+14 0,33 

675 3,06E+15 6 338 5,79E+15 12974 5,66E+15 2,60E+15 0,46 

 

Table 1 summarises the electrical properties (as determined from Hall measurements) of the 

layers grown at the indicated temperatures.  Hall measurements at 300 K and 77 K were used to 

evaluate the background donor ( ஽ܰ) and acceptor ( ஺ܰ) concentrations, and the compensation 

ratios for ݊-type material. The electrical characteristics show a significant dependence on the 

growth temperature (Tg). The transition from low-temperature growth at 550 °C to higher 

temperatures reveals a distinct "purification window" where background impurities and 

p-type 
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compensation levels are minimised. The Hall effect measurements demonstrate that as Tg 

increases from 575 °C to 650 °C, the material purity improves significantly, and the 77 K electron 

mobility (µ77) increases from a low of 2161 cm2/V. s at 575 K to 18 364 cm2/V. s at 650 °C. The 

net carrier concentration (݊77) reaches a minimum of 2.62 x 1015 cm-3 at 650 °C, indicating the 

lowest background doping level for this growth temperature. The sample grown at 550 °C 

exhibits exceptionally low mobility (even for ݌-type material) and a high carrier concentration, 

characteristic of high acceptor concentrations, possibly due to incomplete precursor 

decomposition at low growth temperatures. In ݊ -type GaAs, the relationship between donor (ND) 

and acceptor (NA) concentrations is essential for quantifying material compensation. These are 

derived using the charge-neutrality condition, combined with ionised-impurity scattering 

analysis [21]:  

݊ =  ஽ܰ − ஺ܰ                                                              (1) 

At 300 K, shallow donors (Si are fully ionised in GaAs due to their low activation energy (~5–6 

meV) [ 21] 

݊300  ≈  ஽ܰ − ஺ܰ                                                           (2) 

At 77 K, donors remain largely ionised in moderately doped GaAs (10¹⁵–10¹⁶ cm⁻³ range) [21], 

hence: 

݊77 ≈ ஽ܰ − ஺ܰ                                                              (3) 

To extract the total ionised impurity concentration, Matthiessen’s rule was applied: 

  
1ఓ77 =  1ఓಽ +  1ఓ೔೔                                                                   (4) 

where, ߤ௅ is lattice mobility and ߤ௜௜ is ionised impurity mobility. For ionised impurity scattering, 

the Brooks–Herring model [22,23] yields: 
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3/2ே೔೔் ߙ ௜௜ߤ                                                                            (5) 

Solving simultaneously: 

஽ܰ =  ே೔೔+ ௡300 2                                                                 (6) 

஺ܰ =  ே೔೔+ ௡300 2                                                                 (7)   

where ௜ܰ௜= total concentration of ionised scattering centres. The compensation ratio is defined 

as: 

ߠ = ேಲேವ                                                                        (8) 

for undoped GaAs layers that show ݌-type conductivity, ஺ܰ and ஽ܰ from single room 

temperature hall measurement in the simple way, as for an uncompensated semiconductor, for a 

compensated p-type, charge neutrality is: 

݌ + ஽ܰ =  ݊ − ஺ܰ                                                                  (9) 

For the ݌-type, where ݌ ≫ ݊, This becomes approximately: 

 ஽ܰ − ஺ܰ  ≈  (10)                                                                      ݌

If acceptor and donor are fully ionised: 

݌ ≈  ஺ܰ − ஽ܰ                                                                      (11)                                                                 

Therefore, Hall data gives the hole concentration ݌ determines the net acceptor concentration, 

not  ஺ܰ − ஽ܰ and ஺ܰ − ஽ܰ individually. 

The electrical properties of the undoped GaAs layers show a pronounced dependence on growth 

temperature. The sample grown at 550 °C exhibits an unusually high carrier concentration of (~1017) cm⁻³ and a transition to p-type conductivity, indicating substantial impurity 
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incorporation at the lowest growth temperature. This behaviour can be attributed to the 

incomplete decomposition of TEGa under kinetically limited growth conditions. At 550 °C, 

incomplete pyrolysis of the metalorganic precursor may result in the incorporation of carbon-

containing species, which can introduce compensating acceptor-related defects and complexes 

[24,25]. Such impurity incorporation can modify the balance between native donors and 

acceptors, thereby accounting for the observed conversion conductivity-type. 

In contrast, the samples grown between 575 and 650 °C exhibit n-type conductivity, with carrier 

concentrations of (2 − 4)  × 1015 cm⁻³ and compensation ratios of approximately 30–35%. 

These values are within the range reported for unintentionally doped MOVPE-grown GaAs using 

metalorganic precursors [24–27]. The higher compensation compared with ultra-high-purity 

commercial GaAs (<5%) [28] is consistent with the residual impurity incorporation typically 

associated with carbon-containing group-III precursors. In this temperature range, more 

complete TEGa decomposition and improved surface reaction kinetics promote efficient 

incorporation of Ga and As while reducing the incorporation of carbon-related impurities [25–

27]. The relatively low compensation observed in this temperature window, therefore, suggests 

that 600–650 °C provides favourable conditions for obtaining high-quality unintentionally doped 

GaAs. 

At 675 °C, the compensation ratio increases to approximately 0.46, accompanied by deterioration 

in electrical properties compared with the 600–650 °C samples. This behaviour may associate 

with increased defect formation and/or impurity incorporation at higher growth temperature. 

Enhanced thermal desorption of arsenic and parasitic gas-phase reactions can modify the surface 

stoichiometry, thereby promoting the formation of electrically active defects [8,12]. These, result 

suggest that, the higher temperature can enhance precursors decomposition may adversely affect 

the electrical properties of epitaxial GaAs.  
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Overall, the electrical measurements indicate an optimal growth temperature window 

approximately 600–650 °C, within which n-type conductivity, relatively low compensation, and 

favourable surface morphology are simultaneously achieved. The results are consistent with 

previous reports on unintentionally doped MOVPE GaAs and further highlight the important of 

controlling the growth temperature to regulate impurity incorporation and electrical 

compensation [24–27]. 
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Figure 4. Growth rate based on the growth temperature of undoped GaAs  

 

Figure 4 shows the growth rate as a function of growth temperature for undoped GaAs. The 

growth rate of undoped GaAs layers grown by MOVPE using TEGa and TBAs increases as the 

temperature rises from 550 °C to 675 °C. At lower temperatures (~550 °C), incomplete precursor 

decomposition limits growth and incomplete pyrolysis, but the sticking probability of Ga and As 

species is high, leading to greater incorporation. As the temperature rises, precursor 

decomposition improves, yet enhanced surface desorption and increased adatom mobility reduce 
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the residence time of reactive species. Parasitic gas-phase reactions and boundary-layer depletion 

further lower the effective flux to the surface. 

This trend reflects a shift from a surface-reaction-limited regime at lower temperatures to a 

desorption and transport-influenced regime at higher temperatures. The observation aligns with 

prior MOVPE studies of undoped GaAs, where growth rates peak at intermediate temperatures 

and decline at higher temperatures due to reduced incorporation efficiency [22–24] . These 

results underscore the importance of precise temperature control when using TEGa and TBAs to 

achieve a uniform, high quality epilayer. 

Photoluminescence 

Figure 5 shows the normalised near-band-edge photoluminescence (PL) spectra measured at 5.4 

K for the series of layers. The spectra were recorded in the wavelength range 825–840 nm, and 

photon energies were calculated using ܧ(ܸ݁) = 1239.47ఒ (௡௠) . All samples exhibit sharp emission 

peaks characteristic of high-quality GaAs, however, systematic variations in acceptor-related 

transitions are observed as a function of growth temperature and directly correlate with the 

electrical properties extracted from Hall measurements. 

In the excitonic region (1.512–1.515 eV), the dominant peaks at 1.515 eV, 1.514 eV, and 1.513–

1.512 eV correspond, respectively, to the free exciton (ܺܨ), donor-bound exciton (⁰ܺܦ), and 

acceptor-bound exciton (⁰ܺܣ). These assignments are consistent with established low-

temperature GaAs spectra reported in the literature [17,19] . The resolution and relative intensity 

of these excitonic features improve significantly between 550 °C and 650 °C, indicating 

enhanced crystalline uniformity and changes in the relative incorporation rates of donor and 

acceptor species.  
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In the lower-energy region (1.486–1.493 eV), three distinct acceptor-related transitions are 

observed. The 1.493 eV emission is attributed to the free-to-bound (݁ −  transition associated (⁰ܣ

with carbon acceptors ܥ஺௦, as reported by D. J. Ashen et al. [25] and confirmed in MOVPE-

grown GaAs by Leitch et al. [26]. The emission observed near 1.490 eV is attributed to shallow 

acceptor-related emission. Based on the low temperature GaAs band gap and reported binding 

energies of common shallow acceptors, this spectral region is consistent with either free to bound 

recombination, (݁ −  ,involving shallow acceptor or, depending on the compensation level , (⁰ܣ

donor-acceptor pair recombination (0ܦ,  Previous PL studies of epitaxial GaAs have .(0ܣ

established characteristic free-to-bound and donor-acceptor pair transitions for several residual 

acceptors, including C, Si, and Zn. In particular, Si is amphoteric in GaAs, with SiAs acting as an 

acceptor with a reported binding energy of approximately 34,5 meV, consequently, its free-to-

bound transition is expected in the vicinity of 1.485 eV at low temperature. Therefore, the 

emission observed at 1.486 eV is more appropriately considered consistent with (݁, ௌ௜0ܣ ) 

transition rather than being assigned uniquely to Si. The possible contribution of Si cannot be 

excluded, however, because Si was not intentionally introduced, such an assignment would 

require independent compositional evidence. The coexistence of several acceptor-related 

emissions, nevertheless, the presence of more than one electrically active acceptor or acceptor-

related defect, which may contribute to carrier compensation in the AP-MOVPE grown GaAs 

layers. The sample grown at 550 °C exhibits the strongest emission in the 1.486–1.493 eV region, 

accompanied by broadened excitonic features. Hall measurements show p-type conductivity with ܭ₃₀₀ߤ ≈  150 ܿ݉²/ܸ ·  indicating substantial coexistence of donors and acceptors. The ,ݏ

pronounced carbon-related (1.493 eV) and two-hole (1.490 eV) transitions confirm significant 

incorporation of background carbon under low-temperature growth conditions. Incomplete 

decomposition of TBAs and TEGa at this temperature likely enhances carbon incorporation, 

leading to strong ionised-impurity scattering and reduced mobility. The strong correlation 
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between intense acceptor-related PL and low mobility demonstrates that impurity scattering 

dominates transport in this regime. 

At 575 °C, the relative intensity of the impurity related PL features changes compared with the 

575 °C layer. The Si related transition at 1.486 decreases, while the carbon-related 1.493 eV and 

two-hole 1.490 eV emissions remain evident. At the same time, the near band edge excitonic 

features become sharper and more pronounced, indicating an improvement in optical quality and 

reduction in relative contribution of non-radiative recombination.  

The electrical measurement shows corresponding change in the transport properties with the 

layer exhibiting ݊-type conductivity and substantial increase in carrier mobility. The 

simultaneous reduction donor-acceptor related contribution. The improvement maybe associated 

with more efficient precursor decomposition at higher growth temperature, which can modify 

the incorporation of electrical active impurities and native defects. Although carbon related 

emission remains detectable, the electrical result indicate that net acceptor contribution reduced 

relative to donor contribution, resulting ݊-type conductivity and improve carrier mobility.  

= ܭ₃₀₀ߤ)  2161 ܿ݉²/ܸ ·  The Pl and hall measurement indicate that increasing growth .(ݏ

temperature from 550 °C to 575 °C modifies both the impurity related recombination spectrum 

and electrical compensation of the epitaxial layers. The sharper exitonic emission and the 

increased mobility suggest improvement of material quality, while the persistence of carbon 

related features indicate that impurity incorporation remains relevant at this growth temperature. 

For the 600 °C sample, the excitonic peaks at 1.515 eV and 1.514 eV become dominant and well 

resolved, while the acceptor-related emissions at 1.493 eV, 1.490 eV, and particularly 1.486 eV 

are markedly suppressed. Hall analysis shows a reduced acceptor concentration and a minimum 

compensation ratio (θ = 0.31), accompanied by a significant increase in mobility (4469  = ܭ₃₀₀ߤ)ܿ݉²/ܸ ·  This behaviour indicates that carbon incorporation is significantly reduced at .(ݏ
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this temperature due to improved surface kinetics and more efficient precursor decomposition. 

The suppression of DAP-related transitions directly correlates with reduced ionised-impurity 

scattering. 

At 625 °C, as the growth temperature increase from the low regime, the relative contribution of 

excitonic features becomes significantly more pronounced, whereas the broad impurity related 

emission is progressively suppressed. This evaluation indicates that elevated temperatures 

promote more complete precursors decomposition and improve the incorporation of gallium and 

arsenic into crystal lattice. Across the temperature range (600-650 °C) near band edge excitonic 

peaks including the bound exciton (⁰ܺܦ), transition at 1.514 eV and free exciton (FE) structural 

and optical quality of the GaAs epilayer is successfully maintained at this growth temperature. 

Acceptor related region for the band – donor to acceptor region highlight systematic evolution 

of impurity transitions, specifically the 1.493 eV (carbon-related), 1.490 eV (two-hole), and 

1.485 eV (silicon related) features at lower temperature related incomplete precursors cracking 

promotes carbon incorporation, within the optimal window (600-650 °C): Acceptor related 

transition is effectively suppressed and carrier mobility reaches a maximum. At higher 

temperatures (>650 °C) a renewed emergence of carbon related emissions and surface 

degradation is observed, indicating that excessive thermal energy disturbs the impurity balance. 

However, growth above 650 °C results in renewed carbon-related emission and surface 

degradation, indicating that excessive temperatures disturb the impurity balance. These findings 

demonstrate that precise temperature control is essential for minimising impurity incorporation 

during MOVPE growth.  

Electrical transport measurement correlates strongly with this optical observation. While 

mobility remains high at moderate temperature. Hall data reveal a rising compensation ratio 

reaching 0.46 at 675 °C and corresponding drop in mobility drop to 3338 ܿ݉²/ܸ ·  This non .ݏ

monotonic mobility trend demonstrates the onset of thermally activated defect scattering and 
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arsenic desorption at elevated temperatures, even though HRXRD indicates good structural 

quality Fig. 2. 

1,45 1,46 1,47 1,48 1,49 1,50 1,51 1,52 1,53
10

-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

1.485 eV

(D
o
,A

o
)

Exciton  region  

C(D
o
,A

o
)

1.490 eV

C(e,A
o
)

1.493 eV

L
o

g
 I

n
te

n
s
it
ie

s
 (

a
rb

. 
u

n
it
s
)

Energy (eV)

P
o
= ND 160 or 3 mW

 550
o
C

 575
o
C

 600
o
C

 625
o
C

 650
o
C

 675
o
C

(FE)

1.515 eV

(D
o

,X)

1.514 eV

Band-donor to acceptor region 

 

 

     
 

Figure. 5 5.4 K normalised photoluminescence spectra for the exciton and acceptor-related regions 

of ݌-type (550 °C) and ݊-type layers. 
 

 

Conclusion 

In this study, homoepitaxial GaAs layers were successfully grown using triethylgallium (TEGa) 

and tertiarybutylarsine (TBAs) by atmospheric-pressure metal-organic vapour-phase epitaxy 

(AP-MOVPE) at temperatures between 550 and 675 °C. The structural, morphological, optical, 

and electrical properties were investigated using Nomarski microscopy, high-resolution X-ray 

diffraction (HRXRD), low-temperature photoluminescence (PL), and Hall-effect measurements. 

The combined results indicate that the most favourable overall properties were obtained at 

growth temperatures of 600–650 °C, with a constant V/III ratio, where the layers exhibited 
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smooth morphology, good crystalline quality, strong near-band-edge emission, and relatively 

high carrier mobility at low carrier concentration. 

These results are consistent with previous studies showing that TBAs is a suitable arsenic 

precursor for high-quality GaAs growth by MOVPE. Notably, TBAs based MOVPE has been 

associated with reduced impurity incorporation compared with conventional arsenic precursors, 

while the growth temperature and V/III ratio remain important parameters controlling the 

electrical and optical properties of GaAs [27–30]. Studies of intrinsic carbon incorporation in 

GaAs grown by MOVPE have shown significant dependence on growth temperature and V/III 

ratio, the lowest carbon incorporation reported near 640 °C under optimised conditions [29]. 

The p-type conductivity observed in the sample grown at 550 °C is likely attributable to the 

increased to enhanced incorporation of acceptor impurities at the lower growth temperature. 

Carbon is a well-established acceptor impurity in GaAs, and previous MOVPE studies have 

identified carbon-related acceptor transitions near 1.49 eV [30,31]. However, carbon was not 

directly measured in the present study. 

The low temperature PL spectra further confirm excellent optical quality of the layers. The 

emission around 1.515 eV is consistent with the free-exciton transition of GaAs, while emission 

at approximately 1.490 eV is indicative of recombination associated with impurities or acceptors 

[31,32] . The combination of strong near the band edge, high mobility, and low carrier 

concentration indicates that the layers grown between 600 and 650 °C provide a suitable GaAs 

reference material. 

Although TEGa and TBAs have previously been used for GaAs growth, the present study 

provides a systematic assessment of their performance under the specific AP-MOVPE conditions 

employed here. The resulting optimisation establishes a suitable growth window for GaAs and 
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provides a well-characterised reference platform for the subsequent growth and investigation of 

GaAs₁₋ₓNₓ/GaAs structures. 
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