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 In this paper, we demonstrate the analytical model developed to characterize 

the gate-to-drain capacitance Cgd and the gate-to-source capacitance Cgs, and 

the impact of the gate length on those capacitances, for the high electronic 

mobility transistor based on GaN. This model is developed from our 

previous work on the current voltage characteristic (I, V), and small signal 

parameters for AlGaN/GaN HEMT. The research study examined the impact 

of parasitic resistances (drain, source), low field mobility, the aluminum 

amount in the AlGaN barrier, and high-speed saturation. The developed 

model has matched the experimental data well, confirming the validity, 

accuracy, and robustness of the model we have developed. 
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1. INTRODUCTION 

High electronic mobility transistors (HEMT) based on GaN have known a good interest for high-

power, high-frequency, and high-temperature applications [1], [2], and pose specific challenges such as the 

management of non-linear capacitive effects, the control of trapped charges, and thermal dissipation, which 

are crucial to guaranteeing reliability and high-frequency performance [3]. 

They have gotten a lot of attention lately, for their high-performance power electronics take 

advantage of electron transfer properties and the high critical field of the wide band gap material [4], [5]. 

Also, the AlGaN/GaN transistors can maintain significantly higher current densities compared to other III-V 

HEMTs [6]. GaN has attractive electronic and thermal properties, such as high breakdown voltages, high 

carrier saturation, and good thermal conductivity [7]-[9].  

To explain the frequency behavior of the AlGaN/GaN device, a precise analysis of the capacitances 

related to the device should be conducted. For that, we developed our previous model analysis of the small 

signal parameter and current voltage [10] to obtain the characteristics of the capacitances: gate to source 

capacitance and gate to drain capacitance.  

The principal objective of this work is to have developed an analytical capacitance model for the 

AlGaN/GaN transistor, firstly we calculate the total charge Q, after we calculate the transconductance and the 

conductance, finally we deduce the evolution of the gate to source capacitance versus the gate voltage and the 

variation of the gate to drain capacitance as a function of the drain voltage for several different values of the 

https://creativecommons.org/licenses/by-sa/4.0/
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gate voltage and we compare them with the experimental results to validate the development proposed 

model, finally we study the impact of the gate lenght L on the capacitances analysis. 

 

 

2. METHOD 

2.1.  Total channel charge 
The channel charge Q is given by [11]: 

 

𝑄 = 𝑞𝑛𝑠(𝑇, 𝑚)                                                                                             (1) 

 

where, 𝑛𝑠(𝑇, 𝑚) is present the sheet carrier concentration of the two-dimensional electron gas (2-DEG) 

formed at the AlGaN/GaN heterojunction, it’s can be written by [12]: 

 

𝑛𝑠(𝑇, 𝑚) =
𝜀(𝑚)

𝑞𝑑
(𝑉𝑔𝑠 − 𝑉𝑡ℎ(𝑇, 𝑚) − 𝐸𝐹(𝑇, 𝑚))                                                       (2) 

 

where m, q, T are the aluminum mole fraction in AlGaN/GaN, the electron charge and the temperature 

respectively. 𝜀(𝑚) illustrates the dielectric constant of AlGaN, 𝑑 is the addition of the undoped AlGaN spacer 

layer thickness 𝑑𝑖, and the doped AlGaN layer thickness 𝑑𝑑, as montionned in Figure 1 that presents the 

fundamental structure of transistors HEMTs AlGaN-GaN, 𝐸𝐹(𝑇, 𝑚) is the position of the Fermi level which 

is denoted as a function of 𝑛𝑠(𝑇, 𝑚) and its expression given by [13]. 

 

𝐸𝐹(𝑇, 𝑚) = 𝐾1(𝑇) + 𝐾2(𝑇)√𝑛𝑠(𝑇, 𝑚) + 𝐾3(𝑇)𝑛𝑠(𝑇, 𝑚)                                          (3) 

 
with  𝐾1,𝐾2  and 𝐾3are three parameters which depend on the temperature. 

 

 

 
 

Figure 1. Diagram in cross-section of AlGaN/GaN HEMT transistor 

 

 

The threshold voltage𝑉𝑡ℎ(𝑇, 𝑚) can expressed by [14]: 
 

𝑉𝑡ℎ(𝑇, 𝑚) = 𝜙(𝑚) − 𝛥𝐸𝐶(𝑇, 𝑚) −
𝑞𝑁𝑑𝑑𝑑

2

2𝜀(𝑚)
−

𝜎𝑃𝑍(𝑚)

𝜀(𝑚)
𝑑                                          (4) 

 

where 𝑁𝑑,𝛥𝐸𝐶(𝑚),𝜙(𝑚) are the doping density of the AlGaN layer conduction band discontinuity between 

GaN and AlGaN, and the Schottky barrier height, respectively, 𝜎𝑃𝑍(𝑚) is the charge density induced by the 

total polarization, can be given by [15]: 

 

𝜎𝑃𝑍(𝑚) = |𝑃𝑃𝑃(𝑚) + 𝑃𝐴𝑙𝑚𝐺𝑎1−𝑚𝑁
𝑠𝑝 (𝑚) − 𝑃𝐴𝑙𝑚𝐺𝑎1−𝑚𝑁

𝑠𝑝 (0)|                                                 (5) 

 

where, 𝑃𝑃𝑃(𝑚)is the piezo-electric polarization with its expression varies as a function of the value of m, and 

𝑃𝐴𝑙𝑚𝐺𝑎1−𝑚𝑁
𝑠𝑝 (𝑚) and 𝑃𝐴𝑙𝑚𝐺𝑎1−𝑚𝑁

𝑠𝑝 (0)are the spontaneous polarizations of AlmGa1-mN and GaN respectively [15]. 
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𝑃𝑃𝑃(𝑚) = {

𝑃𝐴𝑙𝑚𝐺𝑎1−𝑚𝑁
𝑝𝑧 (𝑚)                  For          0 ≤ 𝑚 < 0.38

𝑃𝐴𝑙𝑚𝐺𝑎1−𝑚𝑁
𝑝𝑧 (2.33 − 3.5𝑚)  For          0.38 ≤ 𝑚 ≤ 0.67

0                                             For         0.67 < 𝑚 ≤ 1

                                        (6)                               

 

Total channel charge Q is also obtained by integrating the charge density along the channel [16]: 
 

𝑄 = ∫
𝐼𝑑𝑠

𝜐𝑑(𝑥)

𝐿

0
𝑑𝑥                                                                                  (7) 

 

where L, 𝐼𝑑𝑠  are present the gate length and the drain current, 𝜐𝑑(𝑥). The electron drift velocity, and is  

a function of the field 𝐸(𝑥) as follow [17], 
 

 𝜐𝑑(𝑥) =
𝜇0𝐸(𝑥)

1+
𝐸(𝑥)

𝐸𝐶

                                                                                  (8) 

 

with, 𝐸𝐶is the saturation electric field and the field 𝐸(𝑥) can be written as [18].    
 

𝐸(𝑥) =
𝑑𝑉𝐶(𝑥)

𝑑𝑥
                                                                                           (9) 

 

With 𝑉𝐶(𝑥) is the channel potential at position x, for obtaining the charge total Q as function of 

drain current, we substitute the (9) into (8), and by replacing the (8) in (7) we obtain. 

 

𝑄 = ∫
𝐼𝑑𝑠

𝜇0
(

𝑑𝑥

𝑑𝑉𝐶(𝑥)
)

𝐿

0
𝑑𝑥 + ∫

𝐼𝑑𝑠

𝜇0𝐸𝐶

𝐿

0
𝑑𝑥                                                           (10) 

 

According to [19], we can substitute the inverse of the derivative of potential at position x by the 

follow expression. 

 
𝑑𝑥

𝑑𝑉𝐶(𝑥)
=

𝜇0𝑍𝑞𝑛𝑠

𝐼𝑑𝑠
                                                                                   (11)       

                 
We replacing the (11) into (10) we get.         

 

𝑄 = ∫ 𝑍 ⋅ 𝑞 ⋅ 𝑛𝑠 ⋅
𝐿

0
𝑑𝑥 + ∫

𝐼𝑑𝑠

𝜇0𝐸𝐶

𝐿

0
𝑑𝑥                                                   (12)     

         

𝑄 = ∫ Z ⋅ q ⋅ (
−K2(T)+√K2

2(T)+4K4(T)(Vgs−Vth(m)−K1(T))

2K4(T)
)

2

⋅
L

0
dx + ∫

Ids

μ0EC

L

0
dx                 (13) 

 

By resolving the integral (13) along the channel L, we conclude the total charge Q channel as  

a function of the drain current can be expressed as follow: 

 

𝑄 = 𝐿 (𝑍𝑞 (
−𝐾2(𝑇)+√𝐾2

2(𝑇)+4𝐾4(𝑇)(𝑉𝑔𝑠−𝑉𝑡ℎ(𝑚)−𝐾1(𝑇))

2𝐾4(𝑇)
)

2

+
𝐼𝑑𝑠

𝜇0𝐸𝐶
)                          (14) 

 

2.2.  Current–Voltage characteristics (Ids - Vds)  

The model of the current voltage characteristic that we will develop in this work, in both linear  

and saturated regions, to get the capacitance analysis in the transistor HEMT, was proposed in our previous 

work [10]. 

 

2.2.1. The linear region  ds dsatV V  

The (15) shows the expression of the drain current as a function of drain voltage in the linear region.  

 

𝐼𝑑𝑠 =
−𝛼2+√𝛼2

2−4.𝛼1.𝛼3

2𝛼1
                                                                    (15) 
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With, 

 

𝛼1 = − (
(𝜇0𝐸𝐶−𝑣𝑠𝑎𝑡)

𝐸𝐶𝑣𝑠𝑎𝑡
(𝑅𝑠 + 𝑅𝑑))                                                     (16) 

 

𝛼2 = 𝐿 + 𝑍𝑞𝜇0(𝑅𝑠 + 𝑅𝑑) (
−𝐾2(𝑇)+√𝐾2

2(𝑇)+4𝐾4(𝑇)(𝑉𝑔𝑠−𝑉𝑡ℎ(𝑚)−𝐾1(𝑇))

2𝐾4(𝑇)
)

2

+
(𝜇0𝐸𝐶−𝑣𝑠𝑎𝑡)

𝐸𝐶𝑣𝑠𝑎𝑡
𝑉𝑑𝑠             (17) 

 

𝛼3 = −𝑍𝑞𝜇0 (
−𝐾2(𝑇)+√𝐾2

2(𝑇)+4𝐾4(𝑇)(𝑉𝑔𝑠−𝑉𝑡ℎ(𝑚)−𝐾1(𝑇))

2𝐾4(𝑇)
)

2

𝑉𝑑𝑠                          (18) 

 

Where, 𝑣𝑠𝑎𝑡  is the saturation drift velocity, 𝜇0 is the low-field mobility, and 𝑅𝑠 and 𝑅𝑑 are the 

parasitic resistances of the source and drain, respectively. 

 

2.2.2. The saturation region  ds dsatV V  

The free charge carriers (electrons and holes) acquire a saturation velocity of displacement 𝜐 in this 

region, that we can conclude the drain current become in its maximum value, the expression of the drain 

current as a function of drain voltage in the saturation regime can be written in the bellow form:  
 

𝐼𝑑𝑠𝑎𝑡 =
−𝛽2+√𝛽2

2−4𝛼1𝛽3

2𝛼1
                                                                (19) 

 

With:   
 

 0

2 2


 

C sat

dsat

C sat

E v
V

E v


                    (20)        and             𝛽3 = 𝛿3𝑉𝑑𝑠𝑎𝑡                             (21) 

Where, 
 

𝛿2 = 𝐿 + 𝑍𝑞𝜇0(𝑅𝑠 + 𝑅𝑑) (
−𝐾2(𝑇)+√𝐾2

2(𝑇)+4𝐾4(𝑇)(𝑉𝑔𝑠−𝑉𝑡ℎ(𝑚)−𝐾1(𝑇))

2𝐾4(𝑇)
)

2

                           (22) 

 

𝛿3 = −𝑍𝑞𝜇0 (
−𝐾2(𝑇)+√𝐾2

2(𝑇)+4𝐾4(𝑇)(𝑉𝑔𝑠−𝑉𝑡ℎ(𝑚)−𝐾1(𝑇))

2𝐾4(𝑇)
)

2

                                 (23) 

 

Where, 𝑉𝑑𝑠𝑎𝑡  presents the saturation voltage. 

 

𝑉𝑑𝑠𝑎𝑡 =
−𝛿1(2𝛿2+𝛿1)

(2𝛿1
(𝜇0𝐸𝐶−𝑣𝑠𝑎𝑡)

𝐸𝐶𝑣𝑠𝑎𝑡
+4𝛼1𝛿3)

                                                             (24) 

 

2.3.  Small signal parameters 

2.3.1. Transconductance 𝒈𝒎 

The transconductance 𝑔𝑚is considered as a provider of the intrinsic gain mechanism of the HEMT, 

as well as is a measurement of the variation in output current 𝐼𝑑𝑠for a given change in input voltage 𝑉𝑔𝑠. It can 

be defined mathematically as [20]. 
 

𝑔𝑚 =
𝜕𝐼𝑑𝑠

𝜕𝑉𝑔𝑠
|

𝑉𝑑𝑠=𝑐𝑡𝑒

                                                                       (25) 

 

𝑔𝑚 =
1

2𝛼1
(−

𝜕𝛼2

𝜕𝑉𝑔𝑠
+

2𝛼2
𝜕𝛼2

𝜕𝑉𝑔𝑠
−4𝛼1

𝜕𝛼3
𝜕𝑉𝑔𝑠

2√𝛼2
2−4𝛼1𝛼3

)                                                      (26) 
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2.3.2. Drain conductance 𝑔𝑑 

The variation of the current 𝐼𝑑𝑠with the missing of control of the gate on the electrons in the channel 

at the interface AlGaN/GaN (𝑉𝑔𝑠 fixe) and the variation of the drain voltage 𝑉𝑑𝑠, this defines the conductance 

𝑔𝑑of the transistor HEMT. Mathematically, it is given by [21]: 
 

𝑔𝑑 =
𝜕𝐼𝑑𝑠

𝜕𝑉𝑑𝑠
|

𝑉𝑔𝑠=𝑐𝑡𝑒
                                                                     (27) 

 

32
2 1

2

2
1 2 1 3

2 4
1

2 2 4

ds ds
d

ds

V V
g

V


 



   

 
  

   
 

 
 

                                               (28) 

 

2.4.  Capacitance analysis 

To study the dynamic behavior of the HEMT transistor, it is necessary to examine the charge and 

discharge of the internal capacitors of the device. 

 

2.4.1. Gate to source capacitance 𝐶𝑔𝑠 

The gate to source capacitance 𝐶𝑔𝑠 determines the commutation speed by controlling the gate 

charge, thus influencing the dynamic response of the transistor, and it represents the variation of the total 

charge Q as a function of the gate voltage 𝑉𝑔𝑠. It's can obtained as follows [22]. 

 

𝐶𝑔𝑠 =
𝜕𝑄

𝜕𝑉𝑔𝑠
                                                                                   (29) 

 

𝐶𝑔𝑠 = 𝐿 (𝑍𝑞 (
−𝐾2(𝑇)+√𝐾2

2(𝑇)+4𝐾4(𝑇)(𝑉𝑔𝑠−𝑉𝑡ℎ(𝑚)−𝐾1(𝑇))

𝐾4(𝑇)√𝐾2
2(𝑇)+4𝐾4(𝑇)(𝑉𝑔𝑠−𝑉𝑡ℎ(𝑚)−𝐾1(𝑇))

) +
𝑔𝑚

𝜇0𝐸𝐶
)                          (30) 

 
2.4.2. Gate to drain capacitance 𝐶𝑔𝑑  

The gate to drain capacitance 𝐶𝑔𝑑 contributes to the Miller effect, which can slow down switching 

and impact high-frequency performance and represents too the variation of total charge Q as a function of the 

drain voltage  𝑉𝑑𝑠 and it given by [22].  

 

𝐶𝑔𝑑 =
𝜕𝑄

𝜕𝑉𝑑𝑠
                                                                                         (31) 

 

𝐶𝑔𝑑 =
𝐿

𝜇0𝐸𝐶
𝑔𝑑                                                                                     (32) 

 

 

3. RESULTS AND DISCUSSION 

To highlight the model of the capacitance analysis parameters (𝐶𝑔𝑠and𝐶𝑔𝑑) of the HEMT transistor, 

we followed a comparative study with experimental results [23]. In the current calculation, the different 

parameters used to simulate our developed proposed model are listed in Table 1, also the  

values of the parameters 𝐾1, 𝐾2, 𝐾3 at different gate voltages𝑉𝑔𝑠 which are calculated using the identical 

method [24], employing the effective mass  𝑚∗ = 0.22𝑚0 [25], also used in the present calculation are 

presented in Table 2. 
 

 

Table 1. Various parameters included in the suggested model. 
Parameter Description Value 

𝑉𝑡ℎ, V Threshold voltage –2.98 

𝑑𝑑, nm Thickness of the doped layer 25 

𝑑𝑖, nm Thickness of the undoped layer 5 

Z , μm Gate width 250 

L, μm Gate length 0.35 

𝑉𝑠𝑎𝑡, m/s Saturation velocity 1.19×105 

𝑅𝑠, Ω Parasitic source resistance 0.9 

𝑅𝑑, Ω Parasitic drain resistance 2 
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Figure 2, presents the gate to source capacitance 𝐶𝑔𝑠versus the gate voltage with a fixed value of 

drain voltage equals 7V. The capacitance is too small when the gate voltage 𝑉𝑔𝑠is inferior of threshold 

voltage, this due to the small density of the channel 2-DEG, when the gate voltage is little superior of 

threshold voltage𝑉𝑡ℎ ,the gate to source capacitance rise very quickly, in the high values of gate voltage the 

gate to source capacitance become almost constant. The adequate of the proposed developed model with the 

experimental data [23] demonstrates the validity of the proposed model. 

Figure 3 shows a plot of the gate to drain capacitance 𝐶𝑔𝑑 against drain voltage 𝑉𝑑𝑠 for different 

value of the gate voltage, from this figure the gate to drain capacitance decreases when the drain voltage 

rises, this decreases of the gate to drain capacitance will degrade of the drain control over the channel charge. 

The gate voltage too have the influence on the gate to drain capacitance that’s when the value of gate voltage 

decrease the gate to drain capacitance decreases too. In the other words, the experimental data [23] in 

concordance with the result of our proposed developed model. 
 

 

Table 2. Values of the parameters𝐾1,𝐾2and𝐾3.  
Gate voltage 𝑉𝑔𝑠, V 𝐾1, V 𝐾2×10–8, V·m 𝐾3×10–18, V·m2 

-1 –0.57282 3.06693 –1.03474 
-1,5 –0.57281 2.45502 –7.61086 

–2 –0.57280 1.84921 –4.90162 

 

 

 
 

Figure 2.  Gate to source capacitance𝐶𝑔𝑠versus the gate voltage 𝑉𝑔𝑠by fixing the drain voltage𝑉𝑑𝑠at 5V 

 

 

 
 

Figure 3. Gate to drain capacitance 𝐶𝑔𝑑 as function of the drain voltage 𝑉𝑑𝑠 for different values of the gate 

voltage 𝑉𝑔𝑠 
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Figure 4 illustrates the variation of the gate to source capacitance versus gate voltage for different 

values of gate length L with a fixed value of drain voltage fixed at 5V, we notice that when the gate length L 

increases the gate to source capacitance elevates. Figure 5 displays the variation of the gate to drain 

capacitance as a function of drain voltage for different value of the gate length L with the gate voltage 𝑉𝑔𝑠 

equals -1V, from this figure, we observe that when the gate length L rises the gate to drain capacitance 

increases. 

 

 

 

 

Figure 4. Variation the gate to source capacitance𝐶𝑔𝑠versus gate voltage𝑉𝑔𝑠 for different gate length L 

 
 

 
 

Figure 5. Variation the gate to drain capacitance 𝐶𝑔𝑑as function of the drain voltage 𝑉𝑑𝑠for different gate 

length L 

 

 

4. CONCLUSION 

In this work, we presented a newly developed of the capacitance analysis (gate to source capacitance 

and gate to drain capacitance) for AlGaN/GaN transistors. The approach begins by determining the total 

channel charge Q from the current-voltage characteristic, followed by deriving the relevant capacitances from 

this total charge. The model captures key physical effects such as low-field mobility, parasitic resistances, the 

aluminum composition of the AlGaN barrier, and high-speed saturation. Additionally, it highlights the 

influence of gate length on both capacitances. Our simulated results show strong agreement with 

experimental data, confirming the model’s relevance for designing and optimizing high-frequency GaN-

based devices. This model improves our understanding of dynamic capacitive behavior in HEMTs, which is 

essential for improving power applications and device performance in RF. Future research can focus on 

integrating these factors to refine and extend the scope of the suggestion model. 



                ISSN: 2502-4752 

Indonesian J Elec Eng & Comp Sci, Vol. 40, No. 3, December 2025: 1261-1269 

1268 

ACKNOWLEDGEMENTS 

This work is supported by the authors: Touhami Abdelkader and Farti Azzeddine at the Faculty of 

Sciences Ain Choc Hassan II University Casablanca Morocco. 

 

 

FUNDING INFORMATION 

Authors state no funding involved. 

 

 

AUTHOR CONTRIBUTIONS STATEMENT  

This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author 

contributions, reduce authorship disputes, and facilitate collaboration.  

 

Name of Author C M So Va Fo I R D O E Vi Su P Fu 
Azzeddine Farti                
Abdelkader Touhami                

 

C :  Conceptualization 

M :  Methodology 

So :  Software 

Va :  Validation 

Fo :  Formal analysis 

I :  Investigation 

R :  Resources 

D : Data Curation 

O : Writing - Original Draft 

E : Writing - Review & Editing 

Vi :  Visualization 

Su :  Supervision 

P :  Project administration 

Fu :  Funding acquisition 

 

 

 

CONFLICT OF INTEREST STATEMENT 

The authors state no conflict of interest. 

 

 

DATA AVAILABILITY  

Data availability is not applicable to this paper as no new data were created or analyzed in this 

study. 

 

 

REFERENCES 
[1] J. Ouchrif, A. Baghdad, A. Sshel, A. Badri, and A. Ballouk, “Investigation of the static current gain for InP/InGaAs single 

heterojunction bipolar transistor,” Indonesian Journal of Electrical Engineering and Computer Science, vol. 13, no. 3, p. 1345, 

Mar. 2019, doi: 10.11591/ijeecs.v13.i3.pp1345-1354. 

[2] Arulkumaran, T. Egawa, H. Ishikawa, T. Jimbo, and Y. Sano, “Surface passivation effects on AlGaN/GaN high-electronmobility 
transistors with SiO2, Si3N4, and silicon oxynitride,” Applied Physics Letters, vol. 84, no. 4, pp. 613–615, Jan. 2004, doi: 

10.1063/1.1642276. 

[3] A. Nardo, C. De Santi, C. Koller, C. Ostermaier, I. Daumiller, G. Meneghesso, E. Zanoni, and M. Meneghini, "Positive and 
negative charge trapping GaN HEMTs: interplay between thermal emission and transport-limited processes," Microelectronics 

Reliability, vol. 126, p. 114255, 2021, doi: 10.1016/j.microrel.2021.114255. 
[4] A. Es-saqy, M. Abata, M. Fattah, S. Mazer, M. Mehdi, M. El Bekkali, C Algani, “High rejection self-oscillating up-conversion 

mixer for fifth-generation communications,” Indonesian Journal of Electrical Engineering and Computer Science, vol.13, no.11, 

pp.4979-4986, 2023, http://doi.org/10.11591/ijece.v13i5.pp4979-4986. 

[5] Farti A., Touhami A. Thermal model developed of high electron mobility transistor AlGaN-GaN, Indonesian Journal of Electrical 

Engineering and Computer Science, 2022, Vol. 26, No. 2, pp. 689~698. 

[6] S. Viswanathan, C. Pravin, R. B. Arasamudi, P. Pavithran, “Influence of Interface trap distributions over the device characteristics 
of AlGaN/GaN/AlInN MOS-HEMT using Cubic Spline Interpolation technique,” Int. J. Numer. Model. Electron. Networks, 

Devices Fields, vol. 35, no. 1, pp. 1–15, 2022, doi:10.1002/jnm.2936. 

[7] W. Fu, Y. Xu, B. Yan, B. Zhang, and R. Xu, “Numerical simulation of local doped barrier layer AlGaN / GaN HEMTs,” 
Superlattices Microstruct., vol. 60, pp. 443–452, Aug. 2013, doi:10.1016/j.spmi.2013.05.017. 

[8] D. Biswas, T. Tsuboi, and T. Egawa, “GaN/InGaN double quantum well (DQW) gate structure for GaN-on-Si based normally-off 

AlGaN/GaN high electron mobility transistors (HEMTs),” Materials Science in Semiconductor Processing., vol. 135, p. 106109, 
2021, https://doi.org/10.1016/j.mssp.2021.106109. 

[9] E. Barmala, “Design and simulate a doherty power amplifier using GaAs technology for telecommunication applications,” 

Indonesian Journal of Electrical Engineering and Computer Science, vol. 15, no. 2, p. 845, Aug. 2019, doi: 
10.11591/ijeecs.v15.i2.pp845-854. 

[10] Farti A., Touhami A. “A new analytical model of drain current and small signal parameters for AlGaN-GaN high-electron-mobility 

transistors,” Scientific and Technical Journal of Information Technologies, Mechanics and Optics, vol. 22, no. 1, pp. 147-154, 
2022, doi: 10.17586/2226-1494-2022-22-1-147-154. 

[11] S. Sen, M. K. Pandey, and R. S. Gupta, “Two-dimensional C-V model of AlGaAs/GaAs modulation doped field effect transistor 

(MODFET) for high frequency applications,” IEEE Trans. Electron Devices, vol. 46, no. 9, pp. 1818–1823, 1999, 

doi: 10.1109/16.784179. 

http://dx.doi.org/10.1002/jnm.2936
https://doi.org/10.1109/16.784179


Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

Development of an analysis capacity model for high electron mobility transistor … (Azzeddine Farti) 

1269 

[12] P. Mukhopadhyay, U. Banerjee, A. Bag, S. Ghosh, and D. Biswas, “Influence of growth morphology on electrical and thermal 
modeling of AlGaN/GaN HEMT on sapphire and silicon,” Solid-State Electronics, vol. 104, pp. 101–108, Feb. 2015, doi: 

10.1016/j.sse.2014.11.017. 

[13] J. Pu, J. Sun, and D. Zhang, “An accurate polynomial-based analytical charge control model for AlGaN/GaN HEMT,” 
Semiconductors, vol. 45, no. 9, pp. 1205–1210, 2011, https://doi.org/10.1134/S1063782611090107. 

[14] Gangwani P., Kaur R., Pandey S., Haldar S., Gupta M., Gupta R.S. “Modeling and analysis of fully strained and partially relaxed 

lattice mismatched AlGaN/GaN HEMT for high temperature applications.” Superlattices and Microstructures, vol. 44, pp. 781-
793, 2008, doi: 10.1016/J.SPMI.2008.07.004. 

[15] Fiorentini V., Bernardini F., O Ambacher, “Evidence for nonlinear macroscopic polarization in III–V nitride alloy 

heterostructures,” Applied Physics Letters, vol. 80, no. 7, pp. 1204–1206, Feb. 2002, doi: 10.1063/1.1448668. 
[16] D. Godwinraj, H. Pardeshi, S. K. Pati, N. Mohankumar, and C. K. Sarkar, “Polarization based charge density drain current and 

small-signal model for nano-scale AlInGaN/AlN/GaN HEMT devices,” Superlattices and Microstructures., vol. 54, no. 1, pp. 

188–203, 2013, https://doi.org/10.1016/j.spmi.2012.11.020. 
[17] Y. Chang, Y. Zhang, Y. Zhang, and K. Y. Tong, “A thermal model for static current characteristics of AlGaNGaN high electron 

mobility transistors including self-heating effect,” Journal of Applied Physics., vol. 99, no. 4, 2006, doi:10.1063/1.2171776. 

[18] M. K. Chattopadhyay, S. Tokekar., “Analytical model for the transconductance of microwave AlmGa1−mN/GaN HEMTs including 
nonlinear macroscopic polarization and parasitic MESFET conduction” Microwave and Optical Technology Letters., vol. 49, no. 2, 

2007, doi:10.1002/MOP.22126. 

[19] S. Khandelwal, F. M. Yigletu, B. Iñiguez, and T. A. Fjeldly, “A charge-based capacitance model for AlGaAs/GaAs HEMTs,” 
Solid-State Electronics, vol. 82, pp. 38–40, 2013, https://doi.org/10.1016/j.sse.2013.01.017. 

[20] B. K. Jebalin, A. Shobha Rekh, P. Prajoon, D. Godwinraj, N. Mohan Kumar, and D. Nirmal, “Unique model of polarization 

engineered AlGaN/GaN based HEMTs for high power applications,” Superlattices and Microstructures, vol. 78, pp. 210–223, 
2015, https://doi.org/10.1016/j.spmi.2014.10.038. 

[21] Mohanbabu, N. Anbuselvan, N. Mohankumar, D. Godwinraj, and C. K. Sarkar, “Modeling of sheet carrier density and microwave 

frequency characteristics in Spacer based AlGaN/AlN/GaN HEMT devices,” Solid-State Electronics, vol. 91, pp. 44–52, Jan. 2014, 
doi: 10.1016/j.sse.2013.09.009. 

[22] P. Gangwani, S. Pandey, S. Haldar, M. Gupta, and R. S. Gupta, “Polarization dependent analysis of AlGaN/GaN HEMT for high 

power applications,” Solid-State Electronics, vol. 51, no. 1, pp. 130–135, 2007, https://doi.org/10.1016/j.sse.2006.11.002 
[23] J.-W. Lee and K. J. Webb, “A temperature dependent non-linear analytic model for AlGaN-GaN HEMT on SiC,” IEEE 

Transactions on Microwave Theory and Techniques, vol. 52, no. 1, pp. 2–9, Jan. 2004, doi: 10.1109/TMTT.2003.821227. 

[24] N. DasGupta and A. DasGupta, “An analytical expression for sheet carrier concentration vs gate voltage for HEMT modelling,” 
Solid-State Electronics, vol. 36, no. 2, pp. 201–203, Feb. 1993, doi: 10.1016/0038-1101(93)90140-L. 

[25] O. Ambacher et al., “Two-dimensional electron gases induced by spontaneous and piezoelectric polarization charges in N- and Ga-

face AlGaN/GaN heterostructures,” Journal of Applied Physics, vol. 85, no. 6, pp. 3222–3233, Mar. 1999, doi: 10.1063/1.369664. 

 

 
BIOGRAPHIES OF AUTHORS 

 

 

Azzeddine Farti     was born in Sefrou, Morocco, in October 1991. Received his 

Master degree in Electronics, Signals and Automated Systems from Faculty of Sciences and 

Technology Fez Morocco, in 2016. He is now Ph.D. student in Microelectronics, under the 

subject influence of temperature on the electrical characteristics of hemt transistor based on the 

gan in faculty of science ain chock, University of Hassan II Casablanca Morocco. He can be 

contacted at email: azzeddine.farti-etu@etu.univh2c.ma. 

  

 
 

 

Abdelkader Touhami     obtained his Ph.D. degree in Electronics from the 

University Hassan II of Casablanca, Morocco. He joined th Faculty of sciences Ain Chock in 

1996 where he is currently professor and research scientist in Microelectronics. He is senior 

principal Microelectronics with Laboratory of Materials Physics, Microelectronics, Automatic 

and Thermic. He can be contacted at email: abdelkadertouhami2016@gmail.com. 
 

 

 

https://orcid.org/0000-0002-8694-1471
https://www.scopus.com/authid/detail.uri?authorId=57477875300
https://orcid.org/0000-0001-8582-1884
https://scholar.google.com/citations?user=pdcoCq8AAAAJ&hl=fr
https://www.scopus.com/authid/detail.uri?authorId=8158211000

