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Abstract— In this paper, an embedded Si1-xGex in S/D 

PMOS architecture, with varying gate length and mole 

fraction, in range of 50nm to 90nm, for studying the impact 

of induced stress on its performance has been considered. 

The simulation has been carried out using physics based 

process and device simulation tool Synopsys Technology 

Computer Aided Design (TCAD). The analysis shows that 

the increased stress with Ge mole fraction in the S/D regions 

increases mobility and hence the drive current significantly. 
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I. INTRODUCTION 

With the aim of improving both the integration density and 

the speed of circuits, the trend in microelectronics is a 

reduction in the characteristic dimensions of components. 

According to the Moore’s law, the number of transistors in a 

dense integrated circuit doubles approximately every two 

years and transistor size decreases over a time. So, to 

continue Moore’s law, it needs device scaling. 

Because of several limitations in further scaling of 

MOSFETs, 90nm technology and beyond, the performance 

enhancement of CMOS through the device scaling has 

become more and more difficult. For example, thinning the 

gate oxide, needed to reduce the supply voltage, leads to the 

rapid increase in gate tunneling current. Also, increase in 

substrate doping, needed to suppress short channel effects, 

leads to the reduction in carrier mobility and resulting 

decrease in the ON current. [1] 

Thus, the device technologies using new channel 

structures and new channel materials are needed for 

performance enhancement of a MOSFET. These device 

technologies, called “Technology Boosters” in ITRS [2], 

includes strained Si channels, ultrathin SOI, metal gate 

electrodes, multigate structures, ballistic transport channel 

and so on. 

In this paper, the nature of process induced uniaxial 

stress from the embedded Si1-xGex in S/D regions to the Si 

channel of a PMOS has been observed. The effects of Ge 

mole fraction and gate length on various stress components, 

the transfer and o/p characteristics, threshold voltage (Vth) 

are investigated.  

II. STRAINED PMOS WITH EMBEDDED SI1-XGEX IN S/D 

REGIONS 

Fig. 1 shows key features of the process flow sequence used 

in fabricating strained PMOS transistor reported in this 

paper, which shows that SiGe pockets in S/D regions are 

formed after spacer formation. 

Fig. 2 presents the longitudinal (stress-xx) stress 

distribution in the strained silicon PMOS transistor and the 

location of the SiGe pockets. The pockets are formed after 

the spacer formation and have a depth of 50nm. 

Some of the important parameters of the device are: 

 Gate length tapered 50nm 

 Oxide thickness 1.7nm 

 Si1-xGex pockets (x=0.1) 

Due to the lattice mismatch between pure silicon 

and silicon germanium pockets in S/D regions, the 

compressive stress induces in different area of the structure, 

including the channel. 

 
Fig. 1: Process flow sequence for strained PMOS using 

Embedded Si1-xGex in S/D regions 

III. RESULTS AND DISCUSSION 

 
Fig. 2: Longitudinal Stress Distribution in Strained Silicon 

PMOS Transistor 

 
Fig. 3: Plot of variation of σxx stress component along the 

channel for different gate length MOSFETs in the embedded 

Si0.9Ge0.1 in S/D regions 
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Induced stress in the channel of strained PMOS enhances 

hole mobility as stress in the channel alters the band 

structure and hence reduces hole effective mass which gives 

enhancement of drive current. 

 
Fig. 4: Plot of variation of σyy stress component along the 

channel for different gate length MOSFETs in the embedded 

Si0.9Ge0.1 in S/D regions 

Simulated stress profiles (both stress-xx and stress-

yy) for the embedded Si0.9Ge0.1 in S/D regions with 

different gate lengths are shown in Fig. 3 and Fig. 4. The 

stress profiles are considered at a depth of 2.5nm underneath 

the HfO2/channel interface. The profiles shows that the 

compressive stress component in the channel of an 

embedded Si0.9Ge0.1 in S/D regions of a MOSFET 

increases from 0.232GPa for a gate length of 90nm to 

0.663GPa for the gate length of 50nm. However, the 

induced transverse stress component is observed to be 

tensile in nature and it also increases from 0.247GPa for a 

gate length of 90nm to 0.490GPa for 50nm gate length 

PMOS architecture. 

 
Fig. 5: The plot of transfer characteristics (id-vg) for 

different gate length p-MOSFETs with Si0.9Ge0.1 in the 

S/D regions compared with conventional PMOS 

 
Fig. 6: The plot of transfer characteristics of the 50nm gate 

length p-MOSFET for different Ge mole fraction in the S/D 

regions 

The impact of induced stress in the channel of 

strained PMOS, the transfer characteristics (id-vg) of 

strained PMOS with different gate lengths are plotted and 

measured in Fig. 5. It is observed that as channel length 

decreases threshold voltage decreases due to increase in 

induced stress in the channel as gate length reduces. 

Fig. 6 shows the transfer characteristic for 50nm 

gate length PMOS for different Ge mole fraction. The plot 

shows the increase in current with Ge mole fraction. The 

threshold voltage shift is also observed with increase in Ge 

mole fraction. 

The output characteristics for the p-MOSFET with 

embedded Si1-xGex (x=0, 0.1, 0.15 & 0.25) in S/D region is 

shown in Fig. 7 and its compared with 50nm conventional 

PMOS with pink graph. It is observed that as Ge mole 

fraction in the S/D regions increases, the saturation current 

also increases. This increment of drive current is attributed 

to the induced higher compressive stress generated by the 

higher Ge mole fraction in the channel region. Compressive 

stress in the channel alters the band structure and alteration 

of band structure reduces hole effective mass which 

increases hole mobility and hence drive current. 

 
Fig. 7: The plot of o/p characteristics (id-vd) of 50nm gate 

length p-MOSFET for different Ge mole fraction in S/D 

regions compared with 50nm simple PMOS 

 
Fig. 8: The plot of variation of threshold voltage for the 

embedded Si1-xGex (x=0, 0.1, 0.15 & 0.25) in S/D regions 

Fig. 8 shows the variation of threshold voltage with 

varying Ge mole fraction in the S/D regions. It is observed 

that with increase in Ge mole fraction threshold voltage 

decreases. 

IV. CONCLUSION 

Strained PMOS with embedded Si1-xGex in the S/D regions 

was demonstrated. It is observed that induced longitudinal 

stress in the channel is compressive in nature and transverse 

stress is tensile in nature and increases as gate length 

decreases. Induced uniaxial compressive stress component 

in longitudinal direction and tensile stress component in 
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transverse direction increases with reduction in gate length 

as well as increase in Ge mole fraction. For 50nm gate 

length MOSFET, a saturation current improvement of 58% 

has been achieved for a 10% Ge content in the S/D regions. 
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