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 Abstract: Silicon-Germanium is of signicant importance with the introduction of strained layers and SiGe 

channels into complementary metal-oxide semiconductor (CMOS) technology, and the silicon carbide (SiC) is a 

very interesting semiconductor for applications in high temperature, high frequency and high power. In this 

article, we have studied and compared MOS transistors with 130nm Si0.5Ge0.5 and 4H-SiC technologies using 

BSIM3v3 model. To perform this work we have used PSpice to study the I-V characteristics (ID=f(VDS), 

ID=f(VGS) and ION/IOFF ratio) and  the transconductance gm as a function of temperature in the range -200°C to 

200 °C for MOSi0.5Ge0.5 transistor and range -200 °C to 600 °C for MO(4H-SiC) transistor with a supply 

voltage VDS = 1.2V. We have also calculated the RF characteristics (fT and fMAX) of the two types of transistors. 

This comparison demonstrates: the superiority of Si0.5Ge0.5 technology in RF characteristics, and superiority of 

4H-SiC technology in high ION/IOFF ratio and high operating temperature, and the MOSi0.5Ge0.5 and        

MO(4H-SiC) transistors operate under a low voltage less than 1.2V and low power in submicron technology. 

 

Keyword: Si0.5G0.5, 4H-SiC, MOSFET, BSIM3v3, I-V characteristics, RF characteristics. 

1. INTRODUCTION 
In 1948, Bardeen, Brattaint and Schockley in-

vented the bipolar transistor. Although the material 

used was Silicon and Germanium that took over just a 

few years later in electronics developments. The 

transition period, which followed around 1960, fa-

vored the first studies on the mixing of these two Si1-

xGex alloy compounds [1]. Silicon-Germanium is a 

lower band-gap semiconductor, higher intrinsic carrier 

concentration, and is one of the materials that have 

good thermoelectric properties. Used SiGe technology 

as the high mobility layers in the channel for 

MOSFET devices for increased device performance 

without the need for expensive conventional scaling 

strategies. Furthermore, combining the SiGe system 

and scaled MOSFET technologies has been shown to 

offer additional performance gains [2].  

In addition to this technology the silicon carbide 

(SiC) is a wide bandgap semiconductor. It has a high 

breakdown field, a high saturation velocity of elec-

trons and a high thermal conductivity [3]. This 
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semiconductor is generally used to manufacture elec-

tronic components which support high voltages and 

powers [4]. But, we have shown that the MOS transis-

tors in silicon carbide submicron technology work 

well in low voltage and low power [5]. It grows in 

many different polytypes, but the most studied are the 

3C, 4H, and 6H-SiC [6-7]. 

From the different parameters of these 

semiconductors at room temperature which are pre-

sented in Table I. In our work, we will use BSIM3v3 

as a model for our MOSi0.5Ge0.5 and MOS(4H-SiC) 

transistors, to study and compare the different 

characteristics of these transistors.  Based on the equa-

tions of this model [8-9], we will calculate our 

components, then simulate their characteristics 

ID=f(VDS), the transfer ID=f(VGS), ION/IOFF ratio and 

transconductance gm=f(T). Our work will be carried 

for 130nm channel length, 1.2V supply voltage and 

temperatures between -200°C and 600°C. We will use 

the small signal equivalent circuit for a MOSFET, to 

determine the RF (Radio-Frequency) characteristics fT 

(Cut-off frequency) and fMAX (maximum oscillation 

frequency) of different devices. 

 
TABLE I BASIC PARAMETERS OF Si0.5Ge0.5 AND 4H-SiC. 

                          Materials 

Parameters 
Si0.5Ge0.5 4H-SiC 

Eg (ev) Energy gap 0.8 3.36 

µe (cm2/Vs) Electron mobility 

µh (cm2/Vs) hole mobility 
167 

136 

1000-

1140 

115 

ni (cm-3) Intrinsic carrier 

concentration 
1,2.1013 8,2.10-9 

Dielectric permittivity (ε)  13,90 6.63 

vsat   
         1 2 

Thermal conductivity  

Ҡ (W m-1K-1) 
0,088 4.9 

 

2. SIMULATION DETAILS 
For our work, we will use the structure of MOS 

transistors in Si0.5Ge0.5 and 4H-SiC technologies of 

Figure .1 to perform the calculations in order to estab-

lish the model and do the simulation. 

 

Figure 1 Structure used of MOS(Si0.5Ge0.5 and 4H-SiC) 

transistors. 

The transistors are identical from the point of view 

of constitution. They differ only in the nature of the 

semiconductor material. The doping of the source, the 

drain and the gate is of the order of 10
20

cm
-3

 for the 

two transistors. That of the Nch channel, it is equal to 

2,3549.10
17

cm
-3

 [10]. The doping of substrates Nsub is 

equal to 6.10
16

cm
-3

. In our study, we opted for limit-

ing dimensions allowed by the BSIM3v3 model of the 

MOSFET transistor [11] (length of the channel 

L=130nm and its width W=160nm). To realize the 

130nm technology, it is necessary to use an oxide 

layer of thickness Tox=2.3nm, and a polarization of a 

value VDD = 1.2V [12]. For the PSpice simulation of 

the BSIM3v3 MOS transistor, we will use level 7 

[13]. 

 

3. SIMULATION RESULTS AND DISCUSSION 

3.1  I-V Characteristics 
Figure 2 shows the evolution of  ID drain current 

as a function of VDS drain voltage of the MOS transis-

tors in (SiGe and 4H-SiC) technology, with gate vol-

tage VGS=1.2V, and at room temperature. 
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Figure 2 Output characteristic ID=f(VDS) of MOS(SiGe and 

4H-SiC) transistors. 

 

The MOSi0.5Ge0.5 transistor is characterized by a 

saturation current 16 times greater than that of transis-

tor in 4H-SiC technology. This is what shows that the 

MO(4H-SiC) transistor is characterized by a very low 

power compared to the transistor in Si0.5Ge0.5 technol-

ogy as shown in Figure 1. For BSIM3v3 model the 

drain current in a point y to this characteristic can be 

expressed as [8-9]: 

 

    
            

         

(    
        

 
    )      

                                            

where μeff is the effective mobility, Cox is the oxide 

capacitor, Esat is the saturation field, Vth is the thresh-

old voltage and Abulk is the parameter of BSIM3v3 

model.  

https://www.shibauraelectronics.com/products/technical/physical_05.html
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The different dimensions of the structure and the 

type of oxide are the same for these transistors. The 

parameters a and b are approximately the same for 

different transistors. The large variation of the thresh-

old voltage between MOSi0.5Ge0.5 and   MO(4H-SiC) 

transistors (                          ) causes a huge 

change in the drain currents of these transistors. The 

threshold voltage is the responsible on the evolution 

of the output characteristics.  

 Figure 3 shows the transfer characteristics for 

MOSi0.5Ge0.5 and MO(4H-SiC) transistors with drain 

voltage VDS=1.2V. 
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Figure 3 Transfer characteristic ID = f (VGS) of the 

MOS(SiGe and 4H-SiC) transistors. 
 

This characteristic has been exploited to find the 

threshold voltages. The parameters which influence 

the evolution of threshold voltage of the different 

MOS transistors by considering BSIM3v3 model    

(Equation 1) are: the carrier mobility μ and the gap Eg 

of each semiconductor. So that the threshold voltage 

is directly proportional to these parameters. This is 

what makes the MOS(4H-SiC) transistor is character-

ized by a high value of threshold voltage compared to 

MOS(SiGe) transistor as shown in Figure 3. 
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Figure 4 ION and IOFF of MOSi0.5Ge0.5 and MO(4H-SiC) 

transistors 

 

Figure 4 shows the evolution of Log(ID) as a func-

tion of  Gate-Source voltage at VDD=1.2V in room 

temperature. This figure is exploited in order to find 

ION and IOFF currents. 

The leakage current IOFF of MOS(4H-SiC) transis-

tor is very low compared to the transistor in Si0.5Ge0.5 

technology as shown in the Figure 4. These results 

show that the transistor in 4H-SiC technology is 

characterized by a high ION/IOFF ratio compared to the 

MOSi0.5Ge0.5 transistor (Table II). The intrinsic carrier 

concentration ni of 4H-SiC is extremely low com-

pared to that of Si0.5Ge0.5 (Table I), because of the 

large gap of this semiconductor. It is an important 

parameter which conditions for a large part the inten-

sity of the leakage currents of MOS transistors [14]. 

The MOS transistors operate in sub-threshold re-

gime, to get the leakage current. The drain current 

expression is written in this regime [8-9]: 

   
 

 
              

    (
       

   

) ( 

    ( 
   

  

))      

In the model, the ION current and leakage current 

IOFF are defined by the following relationships: 

      |                                  

       |                                  

 

So 
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    ( 
   

  

))                              
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    ( 
   

  

))                               

The ION/IOFF ratio of the BSIM3v3 is defined by: 

   

    

    (
   

   

)                                        

The supply voltage VDD and thermal voltage VT 

used is the same for our transistors. Hence, the 

ION/IOFF ratio is proportional to the η sub-threshold 

parameter.  

 

3.2 Transconductance gm(T) characteristics 
Figure 4 shows the evolution of transconductance 

as a function of temperature in the range -200°C to 

200°C and range -200°C to 600°C for MOSi0.5Ge0.5 

and MO(4H-SiC) transistors respectively. From the 

drain relation of BSIM3v3 model in saturation region 
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and following a simplification, expression of 

transconductance can be written [5]: 
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Figure 5 Transconductance of MOSi0.5Ge0.5  

and MO(4H-SiC) transistors.  

                  
 

 
                         

The saturation velocity and carrier mobility are de-

creased as a function of temperature [8] and so it 

follows that leads to a reduction in the transconduct-

ance gm whenever the temperature increases as shown 

in Figure 5. The Thermal conductivity of 4H-SiC is 

extremely high compared to that of Si0.5Ge0.5 (Table 

I). This makes the transistor in 4H-SiC technology 

work well in a wide range of temperature compared 

with MOSi0.5Ge0.5 transistor. 

3.3   RF characteristics 
The small signal equivalent circuit (Figure 6) of 

the nMOS transistor is used in the RF characteristics 

analysis [15], which facilitates the calculation of 

frequencies fT and fMAX of these transistors.   

 
 

Figure 6 MOS transistor small-signal circuit model. 

The cut-off frequency (fT) expression of MOS transis-

tors is [16-17]: 

   
  

           
                                             

with  gm  Transconductance in saturation mode, Cgs 

and Cgd : Gate-Source and Gate- Drain capacity . 

They are given by equations (11) and (12). 

    
 

 
                                  

                                                     

With     
    

   
  where  Cgdo is PSpice parameter of 

BSIM3v3 model. 

The maximum frequency of oscillation (fMAX) can be 

expressed as [18]: 

     
  

 √  (     )           

                

where Rg is the gate resistance, Rs is the source re-

sistance. There is a geometric symmetry for our de-

vices. So Rg = Rs = R. 

     
  

 √(         )  

                           

The expression             depends only on 

transistor dimensions and oxide capacitor Cox. Its 

value is the same for our transistors. Thus, the cut-off 

frequency is directly proportional to transconductance 

of these transistors. That's what makes the 

MOSi0.5Ge0.5 transistor is characterized by high cut-

off frequency compared with MOS transistor in 4H-

SiC technology as shown in Table II. The fMAX is a 

good performance indicator of MOS transistors, so 

that it includes the effects of gate and source re-

sistances; therefore, its value is less than the fT value. 

The results showed that the MOSi0.5Ge0.5 transistor 

characterized by high performance in RF characteris-

tics compared to the transistor in 4H-SiC technology. 

 
TABLE II PROPERTIES OF MOSi0.5Ge0.5 AND MO(4H-SiC) 

TRANSISTORS. 
 

         Transistors  

Parameters 

MOSi0.5Ge0.5 MOS(4H-

SiC) 

IDsat(μA) (to VGS=1.2V) 78.814 4.7449 

Vth  (V) 0.3 ≈1 

ION/IOFF ratio 4,44 . 104 3,92 . 106 

Operating temperature 

(°C)  

200      

fT (GHz) 22.975 9.8049 

fMAX (MHz) 18.4 0.22151 

 

4. CONCLUSION  
The electrical properties of MOSi0.5Ge0.5 and 

MO(4H-SiC) transistors in 130nm technology, with 

BSIM3v3 model, are investigated and compared using 

I-V and RC characteristics. This simulation was per-

formed using PSpice software. We have shown that 

the parameters of Si0.5Ge0.5 and 4H-SiC semiconduc-

tors are responsible for the evolution of different elec-

tronic characteristics of our transistors. Our simula-

tion shows that our MOSiC transistors operate cor-

rectly in a temperature range of -200°C to 200°C for  

MOSi0.5Ge0.5 and range of - 200°C to 600°C for 

MOS(4H-SiC) with 1.2V supply voltage. The studied 

transistors in Si0.5Ge0.5 and 4H-SiC technologies with 
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BSIM3v3 model have yielded very satisfactory re-

sults. 
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