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ABSTRACT 

 
This paper presents a comprehensive comparative study and analytical modelling of 
electrical performance of AlGaN/GaN high-electron-mobility transistor (HEMT) and metal-
oxide-semiconductor high-electron-mobility transistor (MOSHEMT) biosensors. Sensing 
parameters such as the I-V characteristics and sensitivity parameter for biomolecules 
detection in the cavity region are taken into consideration. In this paper, the permittivity is 
varied according to the biomolecule to be sensed by the biosensor. The maximal variation 
of the electrical performance of the biosensor obtained is higher in HEMT as compared 
with MOSHEMT. The simulation results of the analytical model obtained by using MATLAB 
verified by a comparison with experimental data and atlas-technology computer aided 
design (Atlas-TCAD), and shown good agreement with each other. Thereby, we could 
improve the validity of the proposed model. The AlGaN/GaN HEMT have shown good 
sensing of 141.73 at biomolecular permittivity of 2.5 which can be used for biosensing 
applications effectively. 
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1.  INTRODUCTION  
 
Biosensors are analytical devices use chemical reactions to detect the biological 
chemistry compounds such as biomolecules, antibodies, nucleic acids, enzymes etc . The wide 
bandgap semiconductors like gallium nitride (GaN) have excellent physical properties which 
gives them an important position for many applications. The GaN devices can operate at high 
power, high frequency and high temperature compared to Silicon [1]. One of the most important 
applications of GaN is in the field of biosensors as AlGaN/GaN high-electron-mobility transistors 
(HEMTs) exhibit good biocompatibility, stable material properties and high sensitivity to the 
sheet density charge since the two-dimensional electron gas (2DEG) in the channel is well close 
to the surface [2], which is order of 1013 cm-2 [3]. The charges in the channel of AlGaN/GaN 
HEMTs are induced by spontaneous and piezoelectric polarisation, which are balanced with 
positive charges on the surface [4]. An oxide layer such as Al2O3 [5], is inserted between gate 
metal and barrier layer which results in metal oxide semiconductor high-electron-mobility 
transistors (MOSHEMTs) [3, 6, 7]. The surface charges at the AlGaN/GaN heterointerface varies 
by the specific biomolecules which can get easily attached to AlGaN barrier layer and as a 
counter effect channel property are varied [1].  Extensive studies have been conducted on 
AlGaN/GaN HEMT to detect different biomolecules such as protein [8], Hg2+ [9], DNA [10], 
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ammonium ions and urea [11], c-erbB-2 [12], Ebola Antigen [13], SARS-CoV-2 [14] and as well 
as pH [15]. Various structures are also optimized like Circular gate HEMT, Double gate, Gate-less  
devices, Nano-cavity under the gate region towards the drain side, and Nano-cavity at the 
source and drain both sides to enhance the sensitivity of the proposed HEMTs device [16]. 
Aasif et al use Al2O3 passivation that ensures uniform oxide surface (sensing membrane), low 
defect density, chemically stable characteristics, high electrical insulation in GaN/AlN/AlGaN 
MOSHEMT based biosensor [17]. 
 
In this paper, AlGaN/GaN HEMT is designed to operate as biosensors and is compared with 
MOSHEMT by immobilizing the biomolecules in the cavity region this comparison presents the 
effect of oxide material on performance of biosensors. We have simulated the output and the 
transfer characteristics, the transconductance and sensitivity parameter of AlGaN/GaN HEMT 
and MOSHEMT for protein biomolecule detection and compare the electrical performance of 
both devices for biosensing applications. 
 
Besides, this paper is organised as follows: the AlGaN/GaN HEMT and MOSHEMT device 
structures and conduction band profile are presented in the section 2. The section 3 derives the 
expressions of the analytical model for the electrical properties have been also presented. In the 
results and discussion section, the numerical simulation results of the model analytical of 
electrical characteristics of GaN based AlGaN/GaN HEMT and MOSHEMT obtained by MATLAB 
are presented and compared with necessary simulation results extracted by Atlas-TCAD, which 
have proved the validity of the analytical model. Finally, the conclusion is drawn in section 5. 
 
 
2. AlGaN/GaN HEMT & MOSHEMT STRUCTURES AND CONDUCTION BAND PROFILE 
 
Figure 1 shows the cross section of AlGaN/GaN HEMT and MOSHEMT devices. From top to 
bottom the layers are grown as follows: metal/AlGaN/GaN case of HEMT and 
metal/Al2O3/AlGaN/GaN case of MOSHEMT with a 2-DEG formed at the AlGaN/GaN 
heterointerface. GaN buffer layer is grown on Al2O3 substrate. Besides, the Figure 2 present the 
conduction energy band diagram of HEMT and MOSHEMT based on AlGaN/GaN 
heterostructures.  

                     
Figure 1. Structures of the AlGaN/GaN biosensors. (a) HEMT and (b) MOSHEMT. 
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Figure 2. Conduction energy band profiles of AlGaN/GaN heterostructures. (a) HEMT (b) MOSHEMT. 

 
 
3. ANALYTICAL MODEL FOR THE ELECTRICAL PROPERTIES  
 
3.1 Model of the threshold voltage for AlGaN/GaN heterostructures based HEMT and 
MOSHEMT      
 
The threshold voltage of the AlGaN/GaN heterostructures based HEMT and MOSHEMT device 
can be derived when the device is completely off and the 2-DEG is pinched-off. Under this 
condition, the difference between level the minimum energy of an electron in 2-DEG and the 
energy of the Fermi reduces to zero, so ns and EF become zero. setting done these two conditions 
and substituting  ∅𝑠 by (∅𝑠(𝑎𝑖𝑟) − 𝑉𝑔𝑠) into Eq. (1) [18].  

Where ∅𝑠(𝑎𝑖𝑟) is the surface potential at zero gate potential and 𝑉𝑔𝑠  is the applied gate voltage. 

 
The sheet charge concentration can be written as 
 
𝑛𝑠 = 𝜎𝑝𝑜𝑙 𝑞⁄ − (𝜀𝐴𝑙𝐺𝑎𝑁 𝑞2(𝑑𝐴𝑙𝐺𝑎𝑁 + 𝑡𝑜𝑥⁄ )[𝑞∅𝑠 + 𝐸𝐹(𝑛𝑠) − ∆𝐸𝑐]                                                            (1) 

 
where ∅𝑠(𝑎𝑖𝑟) is given by Eq. (2) [18] 

 

∅𝑠(𝑎𝑖𝑟) = 𝛾𝑎𝑖𝑟(∅𝑀 − 𝜒𝐴𝑙𝐺𝑎𝑁) + (1 − 𝛾𝑎𝑖𝑟)∅0 −
𝛾𝑎𝑖𝑟𝑞𝑁𝐷𝑑𝐴𝑙𝐺𝑎𝑁

𝐶𝑒𝑓𝑓(𝑎𝑖𝑟)
                                                                  (2)                                  

 
The threshold voltage is expressed as 
 

𝑉𝑡ℎ1 = 𝛾𝑎𝑖𝑟(∅𝑀 − 𝜒𝐴𝑙𝐺𝑎𝑁+(1 − 𝛾𝑎𝑖𝑟)∅0 − 𝛾𝑎𝑖𝑟
𝑞𝑁𝐷𝑑𝐴𝑙𝐺𝑎𝑁

𝐶𝑒𝑓𝑓(𝑎𝑖𝑟)
− ΔΕ𝑐  −

𝜎𝑝𝑜𝑙𝑞𝑑𝐴𝑙𝐺𝑎𝑁

𝑘𝐴𝑙𝐺𝑎𝑁
                                  (3)                 

 
After introducing the biomolecules in the cavity region, the surface potential can be written 
as [18] 
 

∅𝑠(𝑏𝑖𝑜) = 𝛾𝑏𝑖𝑜(∅𝑀 − 𝜒𝐴𝑙𝐺𝑎𝑁) + (1 − 𝛾𝑏𝑖𝑜)∅0 −
𝛾𝑏𝑖𝑜𝑞𝑁𝑓𝑑𝐴𝑙𝐺𝑎𝑁

𝐶𝑒𝑓𝑓(𝑏𝑖𝑜)
                                                                  (4)                    
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where  𝛾𝑎𝑖𝑟 =
1

1+𝐷𝑖𝑡 𝑞
2/𝐶𝑒𝑓𝑓(𝑎𝑖𝑟)

    and ND is the doping concentration of AlGaN barrier layer and 

 𝛾𝑏𝑖𝑜 =
1

1+𝐷𝑖𝑡 𝑞
2/𝐶𝑒𝑓𝑓(𝑏𝑖𝑜)

    and Nf represents the biomolecules charge density. The threshold 

voltage for both devices HEMT and MOSHEMT without and with biomolecules can be written as 
 

𝑉𝑡ℎ2 = 𝛾𝑏𝑖𝑜(∅𝑀 − 𝜒𝐴𝑙𝐺𝑎𝑁+(1 − 𝛾𝑏𝑖𝑜)∅0 − 𝛾𝑏𝑖𝑜
𝑞𝑁𝐷𝑓𝑑𝐴𝑙𝐺𝑎𝑁

𝐶𝑒𝑓𝑓(𝑏𝑖𝑜)
− ΔΕ𝑐 −

𝜎𝑝𝑜𝑙𝑞𝑑𝐴𝑙𝐺𝑎𝑁

𝑘𝐴𝑙𝐺𝑎𝑁
                                 (5)                                                                                                                                           

 
where  𝐶𝑒𝑓𝑓(𝑎𝑖𝑟) = (2𝐶𝑎𝑖𝑟 + 𝐶𝑜𝑥) × 𝐶𝑏 (2𝐶𝑎𝑖𝑟 + 𝐶𝑜𝑥 + 𝐶𝑏⁄ )     and 

𝐶𝑒𝑓𝑓(𝑏𝑖𝑜) = (2𝐶𝑏𝑖𝑜 + 𝐶𝑜𝑥) × 𝐶𝑏 (2𝐶𝑏𝑖𝑜 + 𝐶𝑜𝑥 + 𝐶𝑏⁄ ) are the effective capacitances without and 

with biomolecules for MOSHEMT, respectively.  
𝐶𝑒𝑓𝑓(𝑎𝑖𝑟) = (2𝐶𝑎𝑖𝑟) × 𝐶𝑏 (2𝐶𝑎𝑖𝑟 + 𝐶𝑏⁄ )     and  𝐶𝑒𝑓𝑓(𝑏𝑖𝑜) = (2𝐶𝑏𝑖𝑜) × 𝐶𝑏 (2𝐶𝑏𝑖𝑜 + 𝐶𝑏⁄ )  are the 

effective capacitances without and with biomolecules for HEMT, respectively.  
 
𝐶𝑏𝑖𝑜 = 𝜀𝑏𝑖𝑜 𝑑𝑏𝑖𝑜⁄  is the capacitance of the cavity region, 𝜀𝑏𝑖𝑜 is the biomolecule permittivity and 
𝑑𝑏𝑖𝑜  is the biomolecule thickness.  𝐶𝑜𝑥 = 𝜀𝑜𝑥 𝑑𝑜𝑥⁄  and 𝑡𝑜𝑥  represent the capacitance and 
thickness of the oxide layer, respectively.  𝐶𝑏 = 𝜀𝐴𝑙𝐺𝑎𝑁 𝑑𝐴𝑙𝐺𝑎𝑁⁄   represents the capacitance AlGaN 
layer.  
 
Where 𝑞 and 𝜎𝑝𝑜𝑙  represent the electronic charge and the polarisation induced charge density at 

the AlGaN/GaN heterointerface, respectively. EF is Fermi level position and 𝜀𝐴𝑙𝐺𝑎𝑁 is the 
dielectric permittivity of barrier lager AlGaN as a function of the Al mole fraction, is given by 
[18]  
 
𝜀𝐴𝑙𝐺𝑎𝑁 = 9.5 − 0.5𝑥                                                                                                                                              (6)      
 
Electron affinity of AlGaN is written as 
 
𝜒𝐴𝑙𝐺𝑎𝑁 = 𝜒𝐺𝑎𝑁 − ∆𝐸𝐶                                                                                                                                           (7)                                                                                                             
 
The conduction band offset ∆𝐸𝑐   at the AlGaN/GaN heterointerface is written [20] 
 
∆𝐸𝐶 = 0.7[𝐸𝑔

𝐴𝑙𝐺𝑎𝑁 − 𝐸𝑔
𝐺𝑎𝑁]                                                                                                                                (8) 

 
The variation of band gap energy of the ternary AlGaN can be written as 
 
𝐸𝑔

𝐴𝑙𝐺𝑎𝑁 = 𝑥𝐸𝑔
𝐴𝑙𝑁 + (1 − 𝑥)𝐸𝑔

𝐺𝑎𝑁 − 0.6𝑥(1 − 𝑥)                                                                                           (9)     

                                                                                   
3.2 I–V model for AlGaN/GaN heterostructures based HEMT and MOSHEMT      
 
The analytical expression of the drain current is used for the sensitivity analysis and also 
calculated for AlGaN/GaN HEMT and MOSHEMT with and without biomolecules, can be 
formulated as [18] 
 

𝐼𝑑 =
𝑊𝑔𝜇0 𝐶𝑒𝑓𝑓

𝐿𝑔𝛿
 {∑ 𝑘𝑖 

6
𝑖=0 (𝜓𝑔𝑑

𝑖 − 𝜓𝑔𝑠
𝑖 ) + 𝑘0𝑙𝑛

𝜓𝑔𝑑

𝜓𝑔𝑠
}     (10) 

 
where 𝜇0  represent the low field mobility. 𝑊𝑔 and 𝐿𝑔 are the width and the length of gate, 

respectively. 
 

𝜓𝑔𝑠 = (𝑉𝑔𝑠 − 𝑉𝑡ℎ − 𝑉𝑠)
1 3⁄

+ 2𝜃, 𝜓𝑔𝑑 = (𝑉𝑔𝑠 − 𝑉𝑡ℎ−𝑉𝑑𝑠)
1 3⁄

+ 2𝜃, 
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where 𝛿 = 𝑉𝑑 − 𝑉𝑠 𝐸𝑇𝐿𝑔⁄ , 𝜃 = 𝜆 3⁄ (𝐶𝑒𝑓𝑓 𝑞⁄ )2/3 and 𝐸𝑇 is the critical field.  

 
The expressions for the constants 𝑘𝑖 (𝑖 = 1, … ,6) obtained during the integration of Eq. (10) are 
given in the Table I. 
 

Table 1 Expressions for constants terms obtained during the integration [21]. 

 
 
 
 
 
 
 
 
 
 
 
3.3 Transconductance model for AlGaN/GaN heterostructures based HEMT and MOSHEMT   
 
An important parameter for estimating any device to evaluate its sensitivity performance [3] of 
the biosensor is the transconductance (gm) which has a significant effect on drain current as it 
manifests as an amplification factor with 𝑉𝑑𝑠 = 𝑐𝑜𝑛𝑠𝑡, it can be defined as 
 

𝑔𝑚 = 
𝜕𝐼𝑑𝑠

𝜕𝑉𝑔𝑠
|
𝑉𝑑𝑠=𝑐𝑜𝑛𝑠𝑡

                                                                                                                                           (11) 

 
The transconductance can be extracted from Eq. (10) [21] 
 

𝑔𝑚 =
𝜇0𝑊𝑔𝐶𝑒𝑓𝑓

𝜌𝐿𝑔
[

1

3(𝜓𝑔𝑑−2𝜃)
2
−3(𝜓𝑔𝑠−2𝜃)2

]𝛺1                                                                                                    (12) 

  
where 

Ω1 =

[
 
 
 
 
 
 

288𝜃6

(𝜓𝑔𝑑−𝜓𝑔𝑠)
+ 272𝜃5 + 1920𝜃4(𝜓𝑔𝑑 − 𝜓𝑔𝑠) +

600𝜃3(𝜓𝑔𝑑 − 𝜓𝑔𝑠)
2

−280𝜃2(𝜓𝑔𝑑 − 𝜓𝑔𝑠)
3
+ 195𝜃(𝜓𝑔𝑑 − 𝜓𝑔𝑠)

4
−

18(𝜓𝑔𝑑 − 𝜓𝑔𝑠)
5

]
 
 
 
 
 
 

 .                                                                       (12a) 

 
3.4 C-V Characteristics model for AlGaN/GaN heterostructures based HEMT and MOSHEMT      
 
The gate capacitances 𝐶𝑔𝑠  and 𝐶𝑔𝑑  can be expressed as  𝐶𝑔𝑠 = 𝜕𝑄𝑔 𝜕𝑉𝑔𝑠⁄  and 𝐶𝑔𝑑 =

𝜕𝑄𝑔 𝜕𝑉𝑑𝑠⁄ [10].    

 
The source capacitance can be expressed as [21]   

𝐶𝑔𝑠 =
𝜇0(𝑞𝑊𝑔𝜌)

2

𝐼𝑑𝑠
(𝜓𝑔𝑑

1/3
− 𝜓𝑔𝑠

1/3
) (

𝑔𝑚

𝐼𝑑𝑠
− 1) −

𝑞𝑊𝜌

𝐸𝑇
𝑉𝑑𝑠 −

𝐿𝑔𝑔𝑚

𝜇0𝐸𝑇
                                                                   (13)                

 
The drain capacitance can be expressed as [18]   
 

𝐶𝑔𝑑 =
𝜇0(𝑞𝑊𝑔𝜌)

2

𝐼𝑑𝑠
(𝜓𝑔𝑑

1/3
− 𝜓𝑔𝑠

1/3
) (

𝑔𝑑

𝐼𝑑𝑠
− 1) −

𝑞𝑊𝜌

𝐸𝑇
𝜓𝑔𝑑 −

𝐿𝑔𝑔𝑑

𝜇0𝐸𝑇
                                                                  (14)    

Constants Expressions 

𝑘0 −288𝜃6 

𝑘1 272𝜃5 

𝑘2 −960𝜃4 

𝑘3 200𝜃3 

𝑘4 −70𝜃2 

𝑘5 39 𝜃 

𝑘6 -3 
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𝑔𝑑 =
𝜇0𝑊𝑔𝐶𝑒𝑓𝑓

𝜌𝐿𝑔
[

1

3(𝜓𝑔𝑑−2𝜃)
2]𝛺1                                                                                                                          (15)                                                                     

 
3.5 Sensitivity parameter expression 
 
The sensitivity parameter 𝑆𝐼𝑜𝑓𝑓

 of the device at 𝑉𝑔𝑠 = 0 𝑉 can be defined by drain current and 

threshold voltage. For drain current, sensitivity parameter is defined as follows [22]   
 

𝑆𝐼𝑜𝑓𝑓
=

𝐼𝑜𝑓𝑓 (𝑊𝑖𝑡ℎ 𝐵𝑖𝑜𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒 𝑆𝑝𝑒𝑐𝑖𝑒𝑠)

𝐼𝑜𝑓𝑓 (𝑊𝑖𝑡ℎ𝑜𝑢𝑡 𝐵𝑖𝑜𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒 𝑆𝑝𝑒𝑐𝑖𝑒𝑠)
      at 𝑉𝑔𝑠 = 0 𝑉                                                                             (16)     

 
 The physical model parameters data used in numerical simulations are enlisted in Table 2. 

 

Table 2 List of physical model parameters used in numerical simulations. 
 
 
 
 
 
 
 
 
 
 
 
4. RESULTS AND DISCUSSION 
 
In this section, we have discussed the validation of analytical model with numerical simulation 
results in terms of drain current, transconductance, and sensitivity parameter. We have 
compared also the performance between AlGaN/GaN HEMT and MOSHEMT device. The various 
of the biomolecule permittivity using in this work are listed in Table 3, the physical parameters 

values used for calculations are summarized in Table 4.    
 

Table 3 Permittivity of biomolecules [24,25] 

 
 
 
 
 
 
 
 
 

Table 4 Physical parameters and device details used for numerical simulation. 
Parameters Quantities Fig 3a [26] 

Sample 1 
Fig 3b [27] 
Sample 2 

Fig 4, 5 and 6 
Our Model 

𝒙 (%) Al mole fraction 15 20   30 

𝜺𝒐𝒙(𝑭 𝒎𝟐⁄ ) Oxide permittivity --- 9.1 𝜀0 9.1 𝜀0             

𝝈𝒑𝒐𝒍 (m-2) Spontaneous 
polarization charge 

1.15 × 1017 
[19] 

1.7 × 1017 
[19] 

1.55 × 1017     
[19] 

𝒅𝑨𝒍𝑮𝒂𝑵(𝒏𝒎) Barrier thickness 22 30 15         
𝑳𝒈(𝝁𝒎) Gate length 1 1 0.3        

𝑾𝒈(𝝁𝒎) Gate width 75 100 100        

𝑑𝒐𝒙 (nm) Oxide thickness --- 16 10          

Parameters Quantities Value Unit Ref. 

𝑬𝑻 Critical electric field 178 × 105 𝑉 𝑚⁄  [3] 

𝑵𝑫 Doping concentration 1.5 × 1016 𝑚−3 [3] 

𝝓𝑴 Metal work function 4.5 𝑒𝑉 [3] 

𝝓𝟎 Natural level Potential  1.2 𝑒𝑉 [3] 

𝝁𝟎 Low field mobility 0.06 𝑚2 𝑉𝑠⁄  [3] 

𝜸𝟎 Fitting parameter 4.12 × 10−12 𝑉𝑐𝑚4 3⁄  [23] 

Biomolecules Permittivity 

ChOx 3.3 

Protein 2.5 

Streptavidin 2.1 

Uricase 1.54 
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Figure 3(a) and Figure 3(b) show a comparison of the output characteristics predicted by the 
model with the experimental data for the AlGaN/GaN heterostructures based HEMT and 
MOSHEMT devices. It is clear that the numerical simulation results of the analytical model are in 
good agreement with experimental data extracted from [26] and [27], respectively. Besides, to 
validate the numerical simulation results of the analytical model exactly the same dimensions of 
AlGaN/GaN heterostructures based HEMT and MOSHEMT devices are considered from 
experimental data. Moreover, the device simulation MATLAB calculations for the sample 1 and 
sample 2 as depicted in Figure 3. 
 

     
   Figure 3. Comparison of the I-V output characteristics. (a) AlGaN/GaN HEMT and (b) AlGaN/GaN  
 
MOSHEMT structure with experimental data have been taken from [26] and [27], respectively. 

Figure 4(a) and 4(b) shows a comparison of the output characteristics of analytical models of 
AlGaN/GaN HEMT and MOSHEMT devices with and without biomolecule, these models are 
simulated with Atlas-TCAD that present the results which are in good agreement with each 
other.  
 
When the biomolecule of the protein permittivity (𝜀𝑏𝑖𝑜 = 2.5) is introduced in the cavity region 
of the biosensor, there is improvement in the carrier concentration in the channel region which 
causes change in the drain current, that present the AlGaN/GaN heterostructures based HEMT 
and MOSHEMT devices which are in good performance for biosensing applications. 
 
For the both device the gate biasing varies from (0 V to 14 V). As seen, that in the case of 
AlGaN/GaN HEMT the variation of drain current is substantially higher than AlGaN/GaN 
MOSHEMT at the gate voltage of 0V in which the variation of drain current is limited to 75.07 
mA/mm in case of AlGaN/GaN MOSHEMT. Thus, in contrast the variation of drain current of 
AlGaN/GaN HEMT is 244.42 mA/mm.  
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Figure 4.  Comparison of the current-votltage characteristics. (a) AlGaN/GaN heterostructures based 

HEMT and (b) AlGaN/GaN heterostructures based MOSHEMT. 

 
The transfer characteristics of AlGaN/GaN heterostructures based HEMT and MOSHEMT with 
and without biomolecule are plotted in Figure 5(a) and 5(b).   
 
When the biomolecule is introduced in to the cavity region, it can be seen there is a variation in 
the drain current. The variation in drain current for the transfer characteristics can also be 
considered as one of the sensing parameters for biomolecules detection. It is here observed in 
case of AlGaN/GaN heterostructures based HEMT the variation of drain current is substantially 
higher than AlGaN/GaN MOSHEMT at the Drain voltage of 5 V, in which the variation of drain 
current is limited to 86.88 mA/mm in case of AlGaN/GaN heterostructures based MOSHEMT, in 
contrast the variation of drain current of AlGaN/GaN HEMT is 542.27 mA/mm. 
 

 
Figure 5. Comparison of the modeled Ids–Vgs characteristics, (a) AlGaN/GaN heterostructures based 

HEMT and (b) AlGaN/GaN heterostructures based MOSHEMT. 

 
Moreover, the transconductance of AlGaN/GaN heterostructures based HEMT and MOSHEMT 
devices with and without biomolecule are depicted in Figure 6(a) and 6(b). Besides, the 
transconductance of a device depends on Vth, the value of this Vth changes when the biomolecule 
is introduced into the cavity which thereby causing a change in transconductance (gm). 
Furthermore, when the biomolecule protein of the permittivity at 2.5 is introduced into the 
cavity, the transconductance (gm) shows a remarkable difference value that can be used as a 
good sensing parameter.  In addition, AlGaN/GaN heterostructures based HEMT device show 
higher variation of transconductance as compared with AlGaN/GaN MOSHEMT device as shown 
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in Figure 6(a) and 6(b) bellow. Thus, the variation of transconductance is limited to 44.84 
mS/mm in case of AlGaN/GaN heterostructures based HEMT and in contrast that the variation 
of transconductance of AlGaN/GaN heterostructures based MOSHEMT is 20.89 mS/mm. 
  

 
Figure 6. Comparison of the modeled transconductance. (a) AlGaN/GaN heterostructures based HEMT 
and (b) AlGaN/GaN heterostructures based MOSHEMT. 
 

  
Figure 7. Comparison of the sensitivity (Ibio/Iair) for AlGaN/GaN heterostructures based HEMT and 

MOSHEMT. 

 
Figure 7 shows a comparison of the effect of sensitivity parameter on the electrical performance 
of AlGaN/GaN HEMT and MOSHEMT devices with and without biomolecule. It is clearly seen 
that the sensitivity parameter (𝑆𝐼𝑜𝑓𝑓

) is much higher in the AlGaN/GaN HEMT case compared to 

the AlGaN/GaN MOSHEMT case. ChOx biomolecule presents highest sensitivity compared with 
all the biomolecules for AlGaN/GaN HEMT. As can be observed from Figure 7, when the value of 
the biomolecule permittivity increases, the sensitivity of the biosensor increases. For 
AlGaN/GaN MOSHEMT Uricase biomolecule shows highest sensitivity among all biomolecules, 
when the value of the biomolecule permittivity increases, the sensitivity of the biosensor 
decreases. 
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 Table 5 Comparative between AlGaN/GaN HEMT and MOSHEMT biosensors 
 

Device ΔIon*(mA/mm)                   
(Vds = 5 V) 

Δgm (mS/mm) 
(Vds =5 V) 

(Ibio/Iair)  *100 
(𝛆𝐛𝐢𝐨 = 𝟐. 𝟓) 

AlGaN/GaN HEMT (Our Model) 542.27 44.84 141.73 
AlGaN/GaN MOSHEMT (Our Model) 86.88 20.89 89.92 

 
*Change in drain current = Drain current without Biomolecule – Drain current with Biomolecule. 

 
Table 6 Comparison between our models, MOSHEMT [1] and GAA-JLT [22] 

 

Device Change in current in drain current 
(ΔIon) (mA/mm) 

AlGaN/GaN HEMT (This work) 542.27 
AlGaN/GaN MOSHEMT (This work) 86.88 

AlGaN/GaN MOSHEMT [1] 136 
GAA-JLT (ΔIoff) [21] 0.0033 

 
 
5. CONCLUSION  
 
The simulation results of the analytical modeling for electrical properties of AlGaN/GaN 
heterostructures based HEMT and MOSHEMT with and without biomolecule were proposed and 
compared. A maximum drain current density variation and higher transconductance, were seen 
when the protein biomolecule is filled in the cavity region, it can be concluded that the HEMT 
and MOSHEMT devices proposed exhibit good performance for biosensing applications.  
 
Besides, the simulation results obtained show that the AlGaN/GaN HEMT present a higher 
variation in drain current (ΔIon) and sensitivity for various biomolecules which is change in 
current of 542.27 mA/mm and 86.88 mA/mm, drain off sensitivity of 141.73 % and 89.92% at 
𝜀𝑏𝑖𝑜 = 2.5 have been obtained for AlGaN/GaN heterostructures based HEMT and MOSHEMT 
with proposed model, respectively. Thus, the electrical performance of AlGaN/GaN 
heterostructures based HEMT is higher than AlGaN/GaN heterostructures based MOSHEMT for 
biosensing applications. 
 
The change in the maximum drain current observed by protein biomolecule is compared with 
the results of AlGaN/GaN heterostructures based MOSHEMT and GAA-JLT. Finally, the 
AlGaN/GaN heterostructures HEMT biosensors presented higher performance offered higher 
performance. 
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