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This study examines the influence of gate length variation on the electrical properties of 
AlGaN/GaN High Electron Mobility Transistors (HEMTs), with a focus on Schottky gate 
characteristics. Devices with gate lengths of 1 µm, 20 µm, 30 µm, and 100 µm were 
analyzed using I-V measurements to extract key electrical parameters, including series 
resistance, ideality factor, Schottky barrier height, and leakage current. The results reveal 
that shorter gate lengths, particularly 1 µm, exhibit a high ideality factor (n = 7.51) and 
substantial series resistance (Rs ≈ 1.15×109 Ω), indicating dominant trap-assisted 
tunneling and recombination effects. In contrast, the 100 µm device demonstrates superior 
performance, with a lower ideality factor (n = 1.12) and reduced leakage current. The 
Schottky barrier height varies from 0.640 eV (30 µm) to 0.743 eV (100 µm), while 
leakage current increases significantly in shorter gate devices, reaching 5.50×10⁻¹⁰ A at 1 
µm. These findings highlight the crucial role of gate length optimization in improving the 
performance of GaN-based HEMTs for high-frequency and high-power applications, 
contributing to the development of next-generation GaN transistors with enhanced 
efficiency and reliability. 
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1. Introduction  
 
High-electron-mobility transistors (HEMTs) based on AlGaN/GaN heterostructures have 

attracted significant attention due to their exceptional electrical and thermal properties[1].  These 
transistors exhibit a wide bandgap, high thermal stability, high breakdown voltage, and superior 
saturation velocity, making them highly suitable for demanding applications such as radio 
frequency (RF) communications, high-temperature environments, high-voltage operations, and 
power electronics[2] [3]. Additionally, their excellent thermal conductivity enhances heat 
dissipation, further improving their reliability and efficiency.A key feature of GaN-based HEMTs 
is the presence of a two-dimensional electron gas (2DEG) at the AlGaN/GaN heterointerface. This 
high-mobility electron channel is formed due to spontaneous and piezoelectric polarization effects 
within the AlGaN layer, enabling a high carrier density without intentional doping [4]. The 
combination of high electron mobility and low specific on-resistance gives these devices a 
significant advantage over conventional field-effect transistors (FETs) in high-power and high-
frequency applications [5]. 
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Despite their remarkable advantages, GaN-based HEMTs still face considerable 
challenges. These devices are commonly grown on foreign substrates such as silicon (Si), silicon 
carbide (SiC), or sapphire (Al2O3), which introduce lattice mismatches that result in high defect 
densities and dislocations within the epitaxial layers [6] [7]. These defects and interface traps can 
lead to various performance degradation phenomena, including the kink effect, current collapse, 
hysteresis, and threshold voltage shifts [8]. 

A crucial factor in optimizing the electrical performance of AlGaN/GaN HEMTs is the 
quality of both ohmic and Schottky contacts [9] . The gate contact, which typically forms a 
Schottky junction with the AlGaN barrier, plays a vital role in determining the device's behavior 
[10].Achieving high-performance Schottky contacts requires optimizing key parameters such as 
the Schottky barrier height (SBH), leakage current suppression, and thermal stability [11] . A 
higher SBH effectively reduces leakage currents and enhances the breakdown voltage, leading to 
improved noise performance and power efficiency in HEMTs [12].The gate length (Lg) also 
significantly influences the electrical performance of these devices. Variations in Lg  impact key 
parameters such as series resistance (Rs), ideality factor (n), and Schottky barrier height (ϕb). A 
shorter gate length increases the electric field intensity, reducing channel resistance but enhancing 
parasitic effects, whereas a longer gate length can lead to higher series resistance and slower 
electron transport[13].  

Additionally, gate length variations affect the ideality factor by altering tunneling effects 
and trap-assisted conduction mechanisms, with shorter gates increasing leakage currents and 
degrading Schottky contact behavior [14]. The Schottky barrier height is also sensitive to Lg, as a 
shorter gate length can enhance quantum mechanical tunneling and lower ϕb, leading to higher 
gate leakage currents, while a longer gate provides a more stable barrier, reducing leakage and 
improving reliability [15]. 

This study investigates the impact of gate length variation on the electrical characteristics 
of AlGaN/GaN HEMTs. By analyzing Schottky gate performance across different gate 
dimensions, we aim to provide insights into how structural modifications influence key electrical 
parameters, such as series resistance, ideality factor, and barrier height. This study contributes to 
the ongoing efforts to optimize GaN-based HEMT technology for high-performance electronic 
applications. 

 
 
2. Device structure specification 
 
The investigated HEMT structures are based on the Al0.24Ga0.76N/GaN heterojunction, 

fabricated with varying gate lengths (Lg) of 1 μm, 20 μm, 30 μm, and 100 μm, as illustrated in 
Figure 1. These structures follow a standard design used in high-performance GaN-based 
transistors. 

The epitaxial layers were grown using Low-Pressure Metal-Organic Chemical Vapor 
Deposition (LP-MOCVD) on a SiC substrate. Growth initiation involved a nucleation layer, 
followed by an unintentionally doped GaN buffer layer with a thickness of 1.7 µm, which ensures 
optimal electron transport and structural integrity. The ohmic contacts were fabricated using a 
multilayer metal stack consisting of titanium (12 nm), aluminum (200 nm), nickel (40 nm), and 
gold (100 nm), deposited via electron-beam evaporation and annealed at 900°C for 30 seconds 
under a nitrogen atmosphere to optimize contact resistance. Component isolation was achieved 
through helium ion implantation, followed by annealing under a nitrogen environment to mitigate 
implant-induced damage. 
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Fig. 1. An optical micrograph showing a full view of AlGaN/GaN HEMT structures with varying gate 
lengths. The outer white region corresponds to the gate length. 

 
 
The Schottky gate contacts consist of a bilayer structure of molybdenum (40 nm) and gold 

(300 nm), deposited using electron-beam evaporation. To enhance the device’s electrical stability 
and reduce gate leakage, a passivation layer composed of a 100 nm SiO2 dielectric layer followed 
by a 50 nm Si3N4 layer was deposited. 

The buffer layer serves as a foundational substrate for the upper layers, ensuring structural 
robustness. An Al0.28Ga0.72N barrier layer with a well-defined thickness was deposited, remaining 
unintentionally doped to maintain high electron mobility. 

 
 

Table 1. Summarizes the key technological characteristics of the studied structures. 
 

 Al0.24Ga0.72N 
Aluminum Molar Fraction (x) xAl = 0.24 
Gate Length (Lg) (µm) 1 ,2 ,30 ,100 
Gate Width (Wg) (µm) 125 
Passivation SiO2/SiN 
AlGaN Thickness (nm) 22 
GaN Thickness (µm) 1.7 
Substrate SiC 

 
 
Figure 2 provides the architecture of the studied HEMT structures, displaying the 

variations in gate lengths. Additionally, a scanning electron microscope (SEM) image showcases 
the detailed architecture of the fabricated devices. 

Current-voltage (I-V) characterization of the fabricated transistors was conducted at room 
temperature using an HP4155B semiconductor parameter analyzer to evaluate the electrical 
performance under varying gate lengths. This characterization provides insight into the impact of 
gate length variation on key transistor parameters, aiding in the optimization of GaN-based HEMT 
structures for high-frequency and power applications. 

 
 
 
 
 
 
 

 

Lg = 100 Lg = 30 Lg = 20 Lg=1 
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Fig. 2. (a) Architecture of the studied HEMT structure;  
(b) Electron microscope image of a HEMT transistor. 

 
 
3. Results and discussion 
 
The analysis of the Schottky current in High Electron Mobility Transistors (HEMTs) is 

essential for understanding the physical mechanisms that govern device performance. Limitations 
in performance are typically attributed to intrinsic material defects or technological constraints 
during fabrication. Therefore, evaluating the gate current characteristics, specifically the Ig(Vgs) 
response, provides valuable insight into the quality and reliability of the Schottky gate contact. In a 
diode configuration, the gate-source voltage (Vgs) is applied under both forward (Vgs > 0 V) and 
reverse (Vgs < 0 V) bias conditions to investigate the behavior of the Schottky junction. In 
AlGaN/GaN HEMTs, the gate contact forms a Schottky barrier with the AlGaN layer, 
significantly influencing the gate current and overall transistor performance. 

 
3.1. Gate current analysis as a function of gate length 
A widely employed method for extracting key parameters of Schottky diodes is the semi-

logarithmic (LnI–V) representation, which provides insight into critical characteristics such as the 
ideality factor (n), barrier height (ϕb), series resistance (RS), and saturation current (IS). The 
conduction mechanism in Schottky diodes is primarily governed by the thermionic emission 
model, which describes current transport across the barrier. The diode current is expressed as: 

 
 Igs = Is �exp �q Vgs−Rs Igs

nkT
� − 1�                                                       (1) 

 
where RS is the series resistance of the diode in forward mode, n is the ideality factor, k is 
Boltzmann’s constant, T is the temperature, q is the elementary charge, and Is the saturation 
current. When the gate bias is such that thermionic emission dominates, the reverse current (IS) 
remains negligible compared to the exponential component of the forward current. In this region, 
the voltage drop due to series resistance (RS× Igs) is also negligible compared to Vgs, leading to the 
simplified equation: 
 

Igs = Isexp �qVgs
nkT

�                                                           (2) 
 
The Schottky barrier height (ϕb) can be extracted from the saturation current using the 

equation [15]: 
 

φb = kT
q

ln �SA
∗T2

Is
�                                                            (3) 
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where A* is the effective Richardson constant, which characterizes electron emission over a 
potential barrier and is defined as: 
 

𝐴𝐴∗ = 4πqm∗k2

h3
                                                                     (4) 

 
where h is Planck’s constant and m* is the effective electron mass in the semiconductor. 
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Fig. 3. Experimental forward and reverse bias I-V characteristics of (Mo/Au)-AlGaN/GaN HEMTs, plotted 
on a logarithmic scale with varying gate lengths (semi-log representation). 

 
 
Figure 3 presents the experimental gate current (Igs) as a function of gate voltage (Vgs) on a 

logarithmic scale for different gate lengths (Lg = 1 µm, 20 µm, 30 µm, and 100 µm). 
Measurements were performed under forward bias (0 V to 10 V) and reverse bias (down to -10 V) 
at room temperature in a dark environment. 

To investigate the conduction mechanisms in the studied Schottky Barrier Diode (SBD), 
key electrical parameters such as the ideality factor (n), saturation current (IS), barrier height (ϕb), 
and series resistance (RS) were extracted from the forward bias I-V characteristics. The results are 
summarized in Table 2. 

 
 

Table 2. Presents the extracted Electrical parameters obtained from ln(Igs)-Vgs. 
 

Gate Length (Lg) n Is [A] Rs [Ω] φb [eV] 
1 µm 7.51 2.3389×10-12 1.15×109 0.725 

20 µm 1.62 6.566×10-11 88.89 0.716 
30 µm 1.27 1.8618×10-9 94.46 0.640 
100 µm 1.12 1.17×10-10 112.62 0.743 

 
 
The I-V characteristics exhibit a linear variation in the range 0 V < Vgs < 1.5 V. Beyond 

1.6 V, the influence of series resistance (RS) becomes dominant. Notably, at Lg = 1 µm, Rs reaches 
an exceptionally high value of 1.15×109 Ω, whereas for Lg = 100 µm, RS decreases to 112.62 Ω, 
demonstrating a substantial reduction in resistance with increasing gate length. 
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The ideality factor (n) also exhibits a decreasing trend with increasing Lg, transitioning 
from 7.51 at Lg = 1 µm to 1.12 at Lg = 100 µm. A high ideality factor indicates the presence of 
additional conduction mechanisms such as trap-assisted tunneling or recombination currents, 
which are prevalent in short-gate structures. In contrast, for larger gate lengths, the dominant 
transport mechanism shifts to thermionic emission. 

The barrier height (ϕb) shows a moderate increase from 0.725 eV (Lg = 1 µm) to 0.743 eV 
(Lg = 100 µm), suggesting an improvement in gate contact quality with increasing gate length. 

Gate length (Lg) significantly impacts the saturation current (IS) in AlGaN/GaN HEMTs. 
At short gate lengths (1 µm), Is is minimal (2.3389×10−12A) due to strong gate control and a high 
Schottky barrier height (ϕb = 0.725eV), reducing leakage current. For intermediate lengths (20–30 
µm), IS  increases sharply (1.8618×10−9 µm) as the barrier height decreases, enhancing carrier 
injection. At long gate lengths (100 µm), IS decreases slightly (1.17×10−10A), likely due to charge 
trapping and increased series resistance.  

 
3.2. Junction resistance and rectifying behavior 
The series resistance (RS) and shunt resistance (RP) are critical parameters that 

significantly influence the performance and reliability of Schottky diodes. These values are 
extracted from the junction resistance (Rj) versus applied bias voltage (V) plot. The junction 
resistance (Rj) was computed using Ohm’s Law, and is depicted in Fig.4[16]: 

 

𝑅𝑅𝐽𝐽 =
𝑉𝑉𝑔𝑔𝑔𝑔
𝐼𝐼𝑔𝑔𝑔𝑔

 

 
To further assess the impact of gate length on device performance, the variations in RS and 

RP were analyzed across different gate dimensions. These parameters play a crucial role in 
determining the overall rectification efficiency and leakage characteristics of the device. 

A low RS  indicates a higher current flow across the junction, while an RP  value 
approaching infinity suggests minimal leakage current. In the junction resistance plot (Fig. 4), the 
lower region in the forward bias section provides the RS value, whereas the peak resistance 
observed in the reverse bias section corresponds to RP[16]. 
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Fig. 4. Junction resistance plots with varying gate lengths. 
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Table 4. Presents the extracted RS and RP values for different gate lengths (Lg). 
 

Gate Length (Lg) RS RP  
Lg = 1 µm 3.3×109 2.5×1010 

Lg = 20 µm 71.3 4×106 
Lg = 30 µm 71.3 2.5×106 

Lg = 100 µm 71.3 7.2×104 
 

 
The results indicate that for shorter gate lengths (Lg=1μm), RS is significantly higher, 

leading to increased resistance at the junction. However, for larger gate lengths (Lg ≥20μm), RS  
stabilizes at approximately 71.3 Ω. Meanwhile, RP decreases as the gate length increases, 
suggesting a higher leakage current for longer gate devices (Table 4). 

These findings highlight the impact of gate length on diode performance, with shorter gate 
lengths exhibiting higher resistance but lower leakage, while longer gate lengths provide better 
current flow but increased leakage. 

The results confirm that at shorter gate lengths, the junction exhibits significantly higher 
resistance, likely due to increased leakage currents. To validate this hypothesis, the rectifying ratio 
(RR) was calculated as the ratio between the forward and reverse currents[17]: 

 
𝑅𝑅𝑅𝑅 =

𝐼𝐼𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅

 

 
The rectification ratio (RR) of the (Mo/Au)-AlGaN/GaN structures varies with gate 

length, highlighting its impact on device performance. RR curves are presented in Fig.5. 
The rectification ratio (RR) of the studied photodiode structures was calculated in the dark 

at a temperature of 300 K. The RR is a crucial parameter for evaluating the electrical 
characteristics and performance of diodes[18], as it indicates their ability to efficiently rectify 
current.  A higher RR value typically signifies better diode performance with reduced leakage 
currents and stronger Schottky behavior. These measurements provide insight into the structural 
and material properties influencing the device's operation, particularly under varying 
environmental conditions. 
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Fig. 5. The rectifying ratio curves with varying gate lengths. 
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The RR values are 15 for Lg = 1μm, 1x104 for Lg = 20μm, 1x103 for Lg = 30 μm, and 
2x104 for Lg = 100μm. These results indicate that longer gate lengths exhibit higher rectification 
ratios, confirming their superior Schottky behavior. Conversely, shorter gate devices suffer from 
increased leakage currents, leading to poor rectification performance. This trend underscores the 
critical role of gate length in determining the diode’s electrical characteristics. 

 
3.3. Estimation of leakage current 
To quantitatively evaluate the leakage current, the experimental Ig(Vgs) curves were 

compared with simulated data obtained by solving the thermionic emission equation (Equation 1) 
using the extracted electrical parameters listed in Table 2. Figure 6 presents a comparison between 
the experimental and simulated I-V characteristics for different gate lengths (Lg = 1μm, Lg = 
20μm, Lg = 30 μm, and Lg = 100μm). 

 
 

 

 
 

Fig. 6. Experimental and simulated current–voltage characteristics  
of the (Mo/Au)–AlGaN/GaN HEMTs with different gate lengths. 

 
 
A noticeable deviation is observed between the simulated and experimental I-V 

characteristics for the sample with Lg = 1 µm, indicating that the thermionic emission mechanism 
is not the dominant transport process in this structure. Instead, additional conduction mechanisms, 
such as tunneling effects and recombination currents in forward bias, as well as leakage currents in 
reverse bias, significantly contribute to the gate current. 

For devices with larger gate lengths, the simulated and experimental curves exhibit 
excellent agreement under forward bias, suggesting that thermionic emission predominates in 
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these structures. However, under reverse bias, the experimental current exceeds the simulated 
values for all gate lengths, indicating the presence of leakage currents that are not accounted for by 
the thermionic model. 

To quantify the leakage contribution, the leakage current was estimated by computing the 
difference between the experimental and simulated reverse current. The extracted values are 
summarized in Table 3. 
 
 

Table 4. Presents the reverse current as a function of the gate length (Lg). 
 

Gate Length (Lg) Leakage Current (Ig) 

Lg = 1 µm 5.50×10−10 

Lg = 20 µm 4.13×10−6 

Lg = 30 µm 1.13×10−4 

Lg = 100 µm 3.46×10−6 

 
 
Table 3 illustrates the evolution of leakage current with gate length (Lg). Although the 

leakage current is relatively low for Lg = 1 µm (5.5 × 10-10 A), it remains significant due to the 
inherently low gate current in this structure (< 10-9 A). For devices with longer gate lengths, the 
leakage current is negligible compared to the total gate current, confirming that thermionic 
emission is the dominant conduction mechanism in these structures. 

 
 
4. Conclusion 
 
This study systematically analyzed the impact of gate length variation on the electrical 

performance of AlGaN/GaN HEMTs, focusing on Schottky gate characteristics and key device 
parameters. The results show that shorter gate lengths lead to higher series resistance and ideality 
factors, indicating dominant trap-assisted tunneling and recombination effects. In contrast, longer 
gate lengths improve gate contact quality, reduce parasitic effects, and enhance thermionic 
emission behavior. Leakage current analysis further reveals that short-gate devices suffer from 
significant leakage due to enhanced electric fields and defect-assisted conduction, whereas longer 
gate devices exhibit lower leakage and better rectification performance. These findings highlight 
the importance of gate length optimization in achieving a balance between minimizing leakage 
currents and maximizing efficiency. This work provides valuable insights for advancing GaN-
based HEMT fabrication, paving the way for more reliable and efficient high-frequency, high-
power, and RF applications. 
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