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Abstract- Strain in silicon is a powerful technology of increasing MOSFET performance. It has improved carrier transport 
properties (mobility). This relatively new technology offers opportunities in mixed signal circuits and analog circuits IC 
design and manufacture. Strained silicon is a layer of silicon in which Si atoms are stretched beyond their normal interatomic 
distance. This is done by putting layer of Si over substrate of Silicon germanium (SiGe). Moving silicon atoms further apart 
reduces the atomic force which interferes with movement of electrons. We have explored the SiGe MOSFET to replace the 
currently planar MOSFET’s. Gate length of this device is 0.1µm and channel width is 0.022µm. We have used General 
Purpose Semiconductor Simulator and obtained 3D plots. Also we have used TCAD tool Athena and Atlas Simulator and 
determined I-V characteristics, C-V characteristics and Id-Vg characteristics. 
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I. INTRODUCTION 
 
Silicon is the cheapest microelectronic technology for 
integrated circuits. It is the most common material for 
all electronic devices. As device dimensions are 
decreased to enhance performance Si seems to be less 
efficient and there was need to introduce some other 
materials which are more efficient than Si.  
 
A. Reasons for Development of Other Material 
While silicon seems to be most effective and 
convenient material for all integrated circuits, there 
are areas where the low mobility, low velocity 
saturation and indirect band gap have allowed other 
semiconductor materials to be used. 
 
1. Traditional scaling methods are no longer 

effective in improving device performance. 
2. Undesirable effects like gate leakage current, 

drain-induced barrier lowering and other short 
channel effects are affecting the MOSFET 
Characteristics as device dimensions are 
approaching their scaling limit. 

3. In recent years, the small size of the MOSFET, 
below a few tens of nanometers, has created 
operational problems such as, 

 
a. Increased gate-oxide leakage 
b. Increased junction leakage 
c. Lower output resistance 
d. Lower transconductance 
e. Interconnect capacitance 
f. Heat production 
g. Higher sub threshold conduction 

 
High speed devices require large charging current 
that is obtained either by reducing channel length or 
increasing their carrier mobility. As scaling is not 
possible in conventional silicon devices below a 

certain limit, SiGe material is introduced which gives 
high current density.  
B. Effect of Strain 
The lattice constant of SiGe is 4.2%. When a layer of 
Si is applied over SiGe layer, due to the strain atoms 
of Silicon layer will get aligned as per the below SiGe 
layer.  Biaxial strain experienced by the silicon film, 
due to the lattice mismatch with SiGe, causes a 
change in its energy band structure. 
 
The effect of strain on the silicon and SiGe band 
structure is shown in Fig. 1.1. The presence of strain 
causes the electron affinity of silicon to increase and 
its band gap to decrease.  
 
In below Fig. the Si layer will compressively strained 
and get aligned according to the lower SiGe layer. 
 

 
Fig. 1.1 Strain in Silicon 

 
In this paper, we explore the idea of applying a layer 
of Si over SiGe layer to enhance carrier mobility. 
 
II. PROPOSED MODEL 
 
Fig. 2.1 is proposed model, in which Technology 
CAD simulation, based on virtual wafer fabrication 
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has been used to explore the design and fabrication of 
SiGe MOSFET. A significant performance 
improvement in SiGe channel devices over control-
silicon MOSFETs can be achieved. Fabrication of 
structure can do by process simulation. From process 
simulation device structure is generate. Device 
simulation is used to find I-V and C-V characteristics. 
It could be viable material for high speed application.  
 

 
Fig. 2.1 SiGe MOS Structure 

 
III. RESULTS AND DISCUSSION 
 
A. Device Model 
Athena process simulator is used for plotting device      
structure as shown in Fig. 3.2. Phosphorous is used as 
n type substrate in the device. Firstly Si deposition is 
done over which SiGe layer deposition and over that 
Si is deposited. Gate length is 0.1 micron and channel 
width is 0.022 micron. Substrate doping 
concentration is 1e16 cm-3.  
 
Below shown the dimensions for the device structure.  

 
 

 
Fig. 3.1 Device model 

B. C-V Plot of SiGe 
Fig. 3.2 is C-V plot for SiGe MOSFET structure at 
high frequency of 1MHz. and for gate voltage -2 to 
5V. As PMOS operates at negative voltage, C-V 
curve for 0-5V gate voltage is for accumulation 
region and C-V curve for 0 to -2V gate voltage is for 
depletion and inversion region. 

 

 
Fig. 3.2 C-V plot 

 
C. Id-Vd Plot of SiGe MOSFET 
Fig. 3.3 shows drain current Id versus drain voltage 
Vds curve for SiGe pMOSFET of channel length 0.1 
micron. Gate voltage is -1.1V,-2.2V,-3.3V. Id-Vd 
Curve shows Current is -0.14 mA for -3.3 V Gate 
voltages at -3.5 V drain voltage. 
 

 
Fig. 3.3 Id-Vd graph 
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D. Id-Vg graph of SiGe MOSFET 
 

 
Fig. 3.4 Id-Vg graph 

 
CONCLUSIONS 
 
Here, SiGe p-channel MOSFET using Athena as 
process simulator and atlas device simulator TCAD 
tool is simulated and got plot for device structure, Id-
Vd curve, and C-V curve. With the help of IV data 
obtain after simulation we plotted I-V and C-V 
characteristic. From the above results, we conclude 
that, the maximum negative drain current of SiGe 
MOSFET is -0.14mA at -3.3V gate bias. Complete 
device structure of SiGe MOSFET obtained from 

ATLAS device simulator. This shows SiGe has 
higher carrier mobility that is larger current as 
compared to conventional silicon MOSFET. SiGe 
MOSFETs allow use of much lower power supply 
voltages due to higher electron mobility, while 
operating at the same switching speeds of their silicon 
counterpart, reducing the dynamic power dissipation.  
Thus with all this advantages SiGe MOSFET can 
overcome many drawbacks of traditional Si 
MOSFETs when working in short channel region. 
Silicon device suffer from several scaling limits when 
channel length reduced and become equal or less than 
channel width such as dynamic power dissipation, 
gate oxide leakage, junction leakage and many more. 
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