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1. Introduction

Recent experiments and theoretical calculations show that
the electron and hole mobilities in strained Si layers
pseudomorphically grown on relaxed Si,,Ge, are
significantly ~enhanced [1,2,3,4]. Thus, strained-Si
MOSFETs, schematically shown in Fig.1, are regarded as
one of the promising device structures in sub-100nm CMOS
technology. However, benefits of the strained-Si MOSFETs
with increased mobilities for sub-100nm CMOS circuits are
not obvious, because the drive current of short channel
MOSFETs is limited by the velocity saturation effect. On
the other hand, the velocity overshoot effect is expected to
relax the limitation due to the saturation velocity under
sub-100nm  gate-length  MOSFETs.  Consequently,
quantitative circuit analysis, including clarification of
detailed carrier transport properties of strained-Si, is
strongly required in order to evaluate the impact of
strained-Si MOSFETs on sub-100 nm CMOS technologies.

In this work, we investigate the effect of the enhanced
mobility of strained-Si channel on the performance of
sub-100nm CMOS circuits by the combined device and
circuit simulation, considering both velocity saturation and
velocity overshoot effects. It is found that higher mobilities
of strained Si become more advantageous with reducing the
channel length. It is also pointed out, for the first time, that
the increase in energy relaxation time in strained Si, in
addition to higher mobility, is effective for the enhancement
of circuit performance.

2. Calculation Methods

Table 1 shows the structural parameters of strained-Si
MOSFETs used as the input data of the device simulation.
Fig.2 shows the mobility enhancement as a function of
strain [3,4], which we have assumed in this study. Energy
transport model (ETM), where the velocity saturation and
velocity overshoot effects are modeled as the temperature-
dependent mobility and local carrier heating, is used in the
device simulation. The strain-dependent energy relaxation
times, T,, for electrons and holes, as a function of carrier
temperature, are used in order to accurately describe the
overshoot effect in strained-Si layers. Fig.3 shows the
values of T, as a function of carrier temperature for bulk-Si
and strained-Si [5]. In order to evaluate the effect of velocity
overshoot on the drive current, I-V characteristics by Drift
Diffusion Model (DDM) have also been simulated.

Parameters of a built-in MOSFET model in SPICE are
extracted from the simulated results of I-V characteristics
for strained-Si MOSFETs. The performance factor of
CMOS circuits, which is inversely proportional to the
propagation delay, is calculated from the oscillation
frequency of 12-stage ring oscillators in SPICE simulation.
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3. Results and Discussion

I,n enhancement as a function of mobility, W, and T, is
shown in Fig. 4 and 5, respectively. It is found that, even in
the ultra-short channel regime, I,y increases with an
increase in T, as well as with an increase in |, because of
the enhancement of the velocity overshoot effect. The strong
T,, dependence indicates the importance of considering the
strain dependence of 1,,. Fig.6 shows the I,y enhancement in
strained-Si n- and p-MOSFETs. It is found that the
significant increase in drive current due to strain is obtained
for both n- and p-MOSFETs. It is also found from the
comparison of the calculated results between ETM and
DDM that half of the I,y enhancement in p-MOSFETs and
3/4 of that in n-MOSFETs is attributable to the velocity
overshoot effect.

Fig.7 shows the relative performance factor of strained-Si
CMOS against bulk-Si CMOS. The performance
enhancement of strained-Si CMOS on a Si,,Ge,; substrate
is found to reach 65%, which corresponds to that
accomplished by device scaling of bulk-Si CMOS
technology over about 2 generations. Fig.7 also shows that
half of the performance enhancement originates in the
increase in T, due to strain. It is found, as a result, that the
increase in T, due to strain makes strained-Si CMOS more
advantageous in the ultra-short channel regime.,

Fig.8 shows the performance factor enhancement of the
strained-Si CMOS on a Si,,Ge, ; substrate as a function of
gate length, L. It is found that the circuit performance
enhancement of strained-Si CMOS to bulk-Si CMOS
increases with reducing L, because of the enhancement of
the velocity overshoot effect. Fig.9 shows the comparison of
the performance enhancement between bulk- and strained-Si
CMOS normalized by the performance of bulk Si at L; of
100nm. It is confirmed that the performance enhancement
by device scaling under the sub-100nm regime is much
larger in strained Si than in bulk Si.

4. Conclusion

The performance enhancement of strained-Si CMOS
circuits under the sub-100nm regime was quantitatively
evaluated. It was found that the enhancement of velocity
overshoot due to strain increases the circuit performance by
around 2 generations of device scaling.
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Fig.3 Energy relaxation times for electrons (a) and holes (b) as

a function of temperature in strained-Si and bulk-Si
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Fig. 8 Performance factor
enhancement of strained-Si

CMOS on a SinzGeos substrate as a

function of gate length, where
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Fig. 9 Performance factors of the
strained-Si CMOS on a SinsGeos substrate
and bulk-Si CMOS as a function of gate
length, where performance factors are
normalized by that of bulk-Si CMOS
with Le=100nm



