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Abstract 

 
The effects of temperature on the electrical properties of double gate DG-MOSFETs transistors in 4H-SiC and 6H-SiC 
technologies have been investigated and compared with single gate SG-MOSFET transistor using 130nm technology and 
BSIM3v3 model. In which the equivalent electronic circuits have been used for the two models (Series and Parallel) of 
the DG-MOSFET transistor. The current-voltage-temperature (I-V-T), transconductance-temperature (gm-T) and 
On/Off current ratio-temperature (ION/IOFF-T) characteristics have shown that the DG-MOSFETs are strongly affected 
by the temperature variation, especially the SG-MOSFET and DG-MOSFETs in 6H-SiC, as well as the DG-MOSFET 
transistor (Parallel model) in different semiconductor technologies is very sensitive to temperature variation compared to 
other transistors. The results obtained allowed the ability to predict the thermal behaviour of these transistors, and how 
effective are these devices in the very high temperature applications in a range from -200°C to 650°C. In addition, these 
transistors operate under low voltage and low power. 
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1. Introduction 
 
The different physical properties of semiconductors are 
related to temperature change in naturally. That’s why all 
designs and feasibility studies of semiconductor devices 
have to take into account normal working temperature range 
[1]. Silicon carbide (SiC) a wide bandgap material, 
considered as one of the basic semiconductors for making 
the electronic devices that are working with high power, 
high frequency and high temperature [2] due to its better 
physical properties such as a high saturation velocity of 
electrons, a high breakdown field and a high thermal 
conductivity [3]. 
 In submicron and nanoscale technologies, Double-Grille 
Metal-Oxide Semiconductor Field-Effect Transistors (DG-
MOSFETs) appear to be attractive alternatives compared 
with the Single-Gate Transistors (SG-MOSFETs) as they 
can reduce the Short Channel Effect (SCE) on the electrical 
behavior of SG-MOSFET [4]. In addition, they make it 
possible to dimension future SG-MOSFET transistors down 
to few tens of nanometers in size [5]. 
 In recent years, recent studies have shown that the SG-
MOSFETs Transistors in silicon carbide submicron 
technology work well in low voltage, low power, high 
frequency and high temperature [6-7]. The DG-MOSFETs 
transistors in 4H-SiC and 6H-SiC 130 nm technology also 
proved high electrical performance by investigating of the 
different static characteristics at room temperature of these 
transistors [4]. However, the effect of temperature on the 
performance of these transistors has not been studied in this 

latest work. 
 In this paper, the influence of temperature on the 
electrical behavior of DG-MOSFETs transistors will be 
studied in 4H-SiC and 6H-SiC technologies with 130nm 
technology in order to operate at low-voltage, low-power 
and high temperature, based on the SG-MOSFET transistor 
by BSIM3v3 Model and using two equivalent electronic 
circuits of DG-MOSFET transistor Series (Model 1) and 
Parallel (Model 2) models. To perform this study, the 
current-voltage (I-V) characteristics will be simulated at 27 
°C and 100 °C. As well as the study of the transconductance 
(gm) and ION/IOFF ratio in the temperature range -200°C to 
650°C. Then a comparison will be made between the 
different SG-MOSFE and DG-MOSFETs transistors of 4H-
SiC and 6H-SiC technologies in this temperature range. The 
PSpice software was used to simulate the effect of 
temperature on the different characteristics of these 
transistors. 
 
 
2. DG-MOSFETs transistors models 
 
Figure 1 shows the two equivalent electronic circuits models 
(series and parallel) of DG-MOSFET transistor based on the 
SG-MOSFET transistor [4]. As shown in Figures. 1(b) and 
1(c), the two models of DG-MOSFETs transistors are based 
on the same SG-MOSFET transistor. The series model 
(Model 1) of a DG-MOSFET transistor is essentially a series 
arrangement of two separate SG-MOSFETs as shown in the 
Fig. 1(b). For the parallel model (Model 2) of DG-MOSFET 
transistor, two SG-MOSFETs transistors are connected in 
parallel as shown in the Fig. 1(c). 
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Fig. 1. a) SG-MOSFET transistor, equivalent electronic circuits of DG-
MOSFET transistor: b) Series (Model 1), c) Parallel (Model 2). 
 
 
 The polarization symmetry (VGS1 = VGS2) has been used 
to study the different characteristics of the DG-MOSFETs 
transistors. The relationships between the drain currents of 
DG-MOSFETs models and SG-MOSFET can be expressed 
as [4]: 
 

𝐼"($%&'(	*) =
1
2 	𝐼"(/01$2/345)																																																			(1) 

 
𝐼"($%&'(	6) = 2	𝐼"(/01$2/345)																																																			(2) 
 
and 
 
𝐼"($%&'(	6) = 4	𝐼"($%&'(	*)																																																										(3) 
 
 From the drain current expression of a SG-MOSFET 
transistor in saturation region and following a simplification, 
expression of transconductance can be written [6-8]: 
 

𝑔:(/01$2/345)(𝑇) = 𝑊𝐶%>𝑣@AB(𝑇) =
1
2𝑊𝐶%>𝐸'DD𝜇'DD

(𝑇)	(4) 
 
 From the expressions (1)-(2) and (4), the 
transconductance relations with temperature variation for 
these models can be expressed as: 
 
𝑔:($%&'(	*)(𝑇) =

*
6
𝑊𝐶%>𝑣@AB(𝑇) =

*
F
𝑊𝐶%>𝐸'DD𝜇'DD(𝑇) =

*
6
	𝑔:(/01$2/345)(𝑇)         (5) 

 
𝑔:($%&'(	6)(𝑇) = 2	𝑊𝐶%>𝑣@AB(𝑇) = 𝑊𝐶%>𝐸'DD𝜇'DD(𝑇) =
2	𝑔:(/01$2/345)(𝑇)																													      (6) 
 
 

3. Results and discussion 
 
3.1. Influence of temperature on output 
characteristic 
Figures 2-a and 2-b show the evolution of drain current ID as 
a function of the drain-source voltage VDS of SG-MOSFET 
and DG-MOSFETs transistors in 4H-SiC and 6H-SiC 
technologies for two temperature values 27 °C and 100 °C 
with VGS=1.2V. Naturally, all semiconductors physical 
parameters are related to temperature change. For the 

BSIM3v3 model, the velocity saturation and the mobility 
decreases with temperature [9], for this purpose the drain 
current of these transistors reduced when the temperature 
increases as shown in the figures 2-a and 2-b. The results 
obtained show that the DG-MOSFET transistor (Model 2) is 
characterized by a large decrease in saturation current in the 
temperature increase from 27 °C to 100 °C compared to the 
SG-MOSFET transistor, as well as the decrease in saturation 
current of the latter (SG-MOSFET) large compared to the 
DG-MOSFET transistor (Model 1) for the two technologies 
4H-SiC and 6H-SiC.  

 
Fig. 2. ID-VDS-T characteristics of SG-MOSFET and DG-MOSFETs 
transistors in, (a) - 4H-SiC, (b) 6H-SiC technologies. 
 
 
 The output characteristics (Figure 2) are used to find the 
ratio between the difference in saturation current ΔIsat and 
the difference in temperature ΔT.  
 
 𝑆HIJK = L∆HIJK

∆5
L = LHIJK(5N)1HIJK(5O)

5N15O
L 																																													(7) 

 
 Table 1 shows the saturation current sensitivity for the 
SG-MOSFET and DG-MOSFETs transistors in 4H-SiC and 
6H-SiC technologies with VDS=1.2V.  

 
Table 1. Saturation current sensitivity for the SG-MOSFET and DG-MOSFETs transistors 
      Transistors 
 
Sensitivity 

4H-SiC technology 6H-SiC technology 

SG-MOSFET DG-MOSFET 
(Model1) 

DG-MOSFET 
(Model2) 

SG-MOSFET DG-MOSFET 
(Model1) 

DG-MOSFET 
(Model2) 

𝑆HIJK Q
1016𝜇𝐴
°𝐶 U 

0.753  0.507 1.521 3.42 2.11 6.71 
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 The DG-MOSFET transistor (Model 2) is very sensitive 
to temperature variation compared to other transistors DG-
MOSFET (Model 1) and SG-MOSFET for the different 
semiconductor technologies 4H-SiC and 6H-SiC as shown 
in the Table 1. This shows that the DG-MOSFET transistor 
(model 2) is highly influenced by the temperature variation. 
In addition, the various transistors in 6H-SiC technology are 
characterized by high saturation current sensitivity compared 
to the transistors in 4H-SiC technology. This could be 
attributed to the significant decrease in the drift mobility of 
6H-SiC material with temperature compared to 4H-SiC [10]. 
These results show that the parallel DG-MOSFET transistor 
(Model 2) is very suitable for temperature sensors. 
 
3.2. Influence of temperature on transfer 
characteristic 
Figures 3-a and 3-b show the evolution of the transfer 
characteristics ID = f (VGS) of SG-MOSFET and DG-
MOSFETs transistors in 4H-SiC and 6H-SiC technologies 
for two temperature values 27 °C and 100 °C with 
VDS=1.2V. 

 
Fig 3. ID-VGS-T characteristics of SG-MOSFET and DG-MOSFETs 
transistors in, (a) - 4H-SiC, (b) 6H-SiC technologies. 
 
 
 The threshold voltage contributes to the electrical 
behavior of the transistors by its effect on the drain currents, 
the different characteristics and the sub-threshold operation 
of these transistors [4-11]. The threshold voltage decreases 
with the temperature variation of the SG-MOSFET and DG-
MOSFETSs transistors in 4H-SiC and 6H-SiC technologies 
as shown in the ID-VGS-T characteristics. Thus, this decrease 
in the threshold voltage causes a change in the drain currents 
of these transistors. The results obtained show a very good 

agreement with the evolution of the threshold voltage as a 
function of temperature contained in the literature [11-12].  
 
3.3. Influence of temperature on transconductance 
gm  
The transfer characteristic ID = f (VDG) is exploited to 
investigate the temperature effect on the transconductance 
gm of a MOSFET transistor [6-8]. Figure 4 shows the 
transconductance evolution with temperature for SG-
MOSFET and DG-MOSFETs transistors in 4H-SiC and 6H-
SiC technologies. The temperature range -200 °C to 650 °C 
is chosen to make an objective study because the 4H-SiC 
and 6H-SiC materials are suitable for use in high-
temperature applications [2-6-8-13]. 
 

 
Fig. 4. gm-T characteristics of SG-MOSFET and DG-MOSFETs 
transistors in, (a) - 4H-SiC, (b) 6H-SiC technologies. 
 
 
 Expressions (4)-(5) and (6) show that transconductance 
gm is related to carrier mobility and saturation velocity, the 
latter being electrical properties of 4H-SiC and 6H-SiC 
semiconductors which decrease with temperature variation 
[6-8-13] and so it follows that leads to a reduction in the 
transconductance whenever the temperature increases for the 
SG-MOSFET [6] and DG-MOSFETs transistors as shown in 
Figure. 4. 
 In the proposed temperature range, the parallel DG-
MOSFET (Model 2) transistor is characterized by a 
transconductance 2 times and 4 times greater than that SG-
MOSFET and series DG-MOSFET (Model 1) transistors 
respectively for 4H-SiC and 6H-SiC technologies as 
expected from expressions (4), (5) and (6). 
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 From the figures 4(a) and 4(b), and when the 
temperature is less than room temperature, the gm-T 
characteristic shows that the parallel DG-MOSFET (Model 
2) transistor in 4H-SiC and 6H-SiC technologies is very 
sensitive to temperature compared with other models, and 
this is consistent with the results previously obtained (I-V-T 
characteristics). 
 
3.4. Influence of temperature on ION/IOFF ratio 
The ION/IOFF ratio is one of the most important parameters of 
the nanoscale transistors. The variations in transconductance 
by temperature indicate that the saturation current ION and 
leakage current IOFF changes by temperature for the SG-
MOSFET and DG-MOSFETs transistors. Therefore, it is 
necessary to investigate the influence of temperature 
variation on the ION/IOFF ratio of these transistors. Figure 5 
shows the ION/IOFF ratio evolution with temperature for SG-
MOSFET and DG-MOSFETs transistors in 4H-SiC and 6H-
SiC technologies. 

 
Fig- 5: ION/IOFF ratio as a function of temperature of SG-MOSFET and 
DG-MOSFETs transistors in, (a) - 4H-SiC, (b) 6H-SiC technologies. 

 
 The results show that the ION/IOFF ratios of the parallel 
DG-MOSFET (Model 2) and SG-MOSFET transistors are 
equal, and both are great compared to the series DG-
MOSFET (Model 1) transistor in different semiconductor 
technologies (4H-SiC and 6H-SiC), and this ratio is also 
great for the different transistor models in 6H-SiC 
technology  compared to the 4H-SiC technology at 
temperature range chosen as shown in the figures 5(a) and 
5(b). In addition, when the temperature is less than 200°C, 
the ION/IOFF ratio slope shows a rapid decrease with 
temperature variation for  SG-MOSFET and DG-MOSFETs 
transistors in 4H-SiC and 6H-SiC technologies. This is not 
the case for T<200°C. 
 These results and behaviors show that the parallel and 
series DG-MOSFETs transistors in 4H-SiC and 6H-SiC 
technologies are very suitable for high temperature 
applications, this is consistent with the thermal properties of 
these materials, because they are very interesting materials 
in applications under high temperature [13-14]. 
 
 
4. Conclusion 
 
In this paper, the impact of temperature variation on the 
electrical behavior of DG-MOSFETs transistors has been 
studied. In which the temperature dependent characteristics 
I-V-T, gm-T and ION/IOFF-T of these transistors have been 
investigated in detail in the temperature range from -200°C 
to 650°C. These transistors have been evaluated for 4H-SiC 
and 6H-SiC semiconductors and 130 nm technology using 
equivalent electronic circuits based on a BSIM3v3 model of 
the SG-MOSFET transistor. A quantitative comparison 
between series and parallel models of DG-MOSFET and 
SG-MOSFET has been presented. It has been found that the 
different electrical properties of these transistors are affected 
by temperature. The parallel model of the DG-MOSFET 
transistor in 4H-SiC and 6H-SiC technologies showed 
extreme temperature sensitivity; this advantage makes this 
transistor a suitable candidate for temperature sensors. A 
comparison with the 4H-SiC transistors has demonstrated 
superiority of the 6H-SiC transistors, this shows that 6H-SiC 
technology provides enhanced devices performance 
compared to 4HSiC technology for different transistors. 
 
 
This is an Open Access article distributed under the terms of the 
Creative Commons Attribution License. 

 

 
 

______________________________ 
References 

 
1. Mourad hebali, Djilali Berbara, Mohammed Benzohra, Djilali 

Chalabi, Abdelkader Saïdane, and Menaouer Bennaoum (2017) 
''CMOSi1-xGex 130 nm High Sensitivity Ultra-Low Power 
Temperature Sensor'' Sensor Letters , 15(4), 328–332.  

2. Hans-Erik Nilsson, Kent Bertilsson, Ervin Dubaric, and Mats 
Hjelm (2001) ''Numerical Simulation of Field Effect Transistors in 
4H and 6H-SiC'' IEEE. 3rd International Conference on Novel 
Applications of Wide Bandgap Layers (IEEE, Zakopane, Poland, 
Poland, 2001), 199 – 200. 

3. Laurence Latu-Romain, Maelig Ollivier (2015) ''Silicon Carbide 
One-dimensional Nanostructures'' ISTE Ltd -WILEY-Library of 
Congress. 

4. Mourad Hebali, Menaouer Bennaoum, Mohammed Berka, 
Abdelkader Baghdad Bey, Mohammed Benzohra, Djilali Chalabi 
and Abdelkader Saïdane (2019) ''A high electrical performance of 
DG-MOSFET transistors in 4H-SiC and 6H-SiC 130 nm 
technology by BSIM3v3 Model'' Journal of Electrical Engineering 
─ Elektrotechnický časopis, 70(2), 145–151.  

5. Mohammed Djerioui, Mourad Hebali, Djilali Chalabi, Abdelkader 
Saïdane (2018) ''A Graphical Method to Study Electrostatic 

-200 -100 0 100 200 300 400 500 600
0

2000000

4000000

6000000

8000000

10000000

12000000

a)

 
 

IO
N/I

O
FF

Temperature  (°C)

 SG-MOS(4H-SiC)
 DG-MOS(4H-SiC) Model 1
 DG-MOS(4H-SiC) Model 2

-200 -100 0 100 200 300 400 500 600

0

10000000

20000000

30000000

40000000

50000000

60000000

b)

 

 

IO
N/I

O
FF

Temperature  (°C)

 SG-MOS(6H-SiC)
 DG-MOS(6H-SiC) Model 1
 DG-MOS(6H-SiC) Mode 2



Mourad Hebal, Menaouer Bennaoum, Hocine Abdelhak Azzeddine, Mohammed Benzohra and Djilali Chalabi/ 
Journal of Engineering Science and Technology Review 14 (2) (2021) 18 - 22 

 
 

22 

Potentials of 25 nm Channel Length DG SOI MOSFETs'' Journal 
of Nano- and Electronic Physics, 10(4), 04027(4pp). 

6. Mourab hebali, Djilali Berbara, Mohammed Benzohra, Djalali 
Chahali, Abdelkader Saïdane and Abdlekader Baghdad Bey (2017) 
''MOSiC (3C, 4H and 6H) Transistors 130nm by BSIM3v3 Model 
in Low Voltage and Low Power'' Journal of Engineering Science 
and Technology Review, 10 (5), 195– 198. 

7. Jędrzej Stęszewski, Andrzej Jakubowski, and Michael L. (2007) 
''Copmarison of 4H-SiC and 6H-SiC MOSFET I-V characteristics 
simulated with Silvaco Atlas and Crosslight Apsys'' Journal of 
Telecommunications & Information Technology, (3), 93-95. 

8. Mourad Hebali, Djilali Berbara, Mohammed Benzohra, Djilali 
Chalabi and Abdelkader Saïdane (2018) ''A Comparative Study on 
Electrical Characteristics of MOS (Si0.5Ge0.5) and MOS (4H-SiC) 
Transistors in 130nm Technology with BSIM3v3 Model'' 
International Journal of Advances in Computer and Electronics 
Engineering, 3(9), 1–6. 

9. Mourad Hebali, Menaouer Bennaoum, Mohammed Benzohra, 
Djilali Chalabi, Abdelkader Saïdane (2019) ''BSIM3v3 
Characterization and Simulation of MOS Si1–xGex Transistors with 
130 nm Submicron Technology'' Journal of Nano- and Electronic 
Physics, 11(4), 04021(6pp). 

10. H. Arabshahi and M. Rezaee Rokn-Abadi (2011) ''Electron 
transport characteristics of 6H-SiC and 4H-SiC for high 
temperature device mobility'' International Journal of Electrical 
and Power Engineering, 5 (1), 1-7. 

11. Md Hasanuzzaman, Syed K. Islam, Leon M. Tolbert, Mohammad 
T. Alam (2004) ''Temperature dependency of MOSFET device 
characteristics in 4H- and 6H-silicon carbide (SiC)'' Solid-State 
Electronics, 48, 1877–1881. 

12. Ana Isabela Araújo Cunha, Marcelo Antonio Pavanello, Renan 
Doria Trevisoli, Carlos Galup-Montoro, Marcio Cherem Schneider 
(2011) ''Direct determination of threshold condition in DG-
MOSFETs from the gm/ID curve'' Solid-State Electronics, 56 (1), 
89–94. 

13. Djilali Chalabi, Abdelkader Saïdane, Malika Idrissi-Benzohra, and 
Mohammed Benzohra (2009) "Thermal behavior Spice study of 
6H-SiC NMOS transistors" Microelectronics Journal, 40 (6), 891-
896. 

14. Edmundo A. Gutiérrez-D., M. Jamal Deen and C. Claeys, (2001) 
"Low Temperature Electronics: Physics, Devices, Circuits, and 
Applications", 1st Edition, Academic press, New York (Academic 
press, New York, 2001). 

 
 
 


