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1. Introduction

Due to the continuous scale-down of CMOS devices to
nano-scale region, the integration of analog circuits along
with digital circuits on a chip is becoming more and more
important for mixed signal and/or SOC (System On Chip)
applications. Therefore, concurrent improvement of analog
and digital performances of nano-scale CMOSFETSs is highly
necessary for high performance and high density ULSI
circuits [1]-[2]. And, there were report that the device
performance of small geometry MOSFET is affected by the
stress induced by shallow trench isolation and CVD films
[3]-[5], However, the stress effect on the digital performance
and analog performance were not considered concurrently.

In this paper, different dependence of NMOS and PMOS
performance on the film stress is characterized in depth. Then,
proposed herein is a method which can improve overall chip
performance by controlling the stress of thin films such as
silicide blocking layer and ILD layer.

2. Experiments

Figure 1 shows the process flow for experiments. After
formation of and the source and drain, various silicide
blocking layers (SBL) with different mechanical stress were
deposited as a 1% split. Then, as a 2™ split, several inter-layer
dielectric (ILD) layers with different mechanical stress were
deposited after applying Co-silicide process.

The output resistance, Rout defined as (1) [6], and on
current vs. off current are considered for representation of
analog and digital performance, respectively. Figure 2 shows
the measured voltage gain at different gate voltage. The
voltage gain defined as (2). It is found that maximum DC
gain is obtained at Vgs-Vth=0.2V point. Therefore, from
now on, Rout and Ao will be evaluated at VVgs-Vth=0.2V.

N,
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3. Resultsand Discussion

The dependence of digital performance, i.e., Idsat vs.
loff of CMOSFET on the silicide blocking layersis shown in
Fig. 3 and 4. The film stress of BLC layer is summarized in
Table 1. The O3-USG with tensile stress shows the best
NMOS digital performance than the others. Figure 5 also
shows improved Rout characteristics of O3-USG case. These
results show that the tensile stress improves not only digital
performance but aso analog performance of NMOSFETS.
Although HLD layer also has tensile stress as in Table I, both
the digital and analog performances were more degraded than

LT-Ox with compressive stress, which is believed to be
mainly due to the enhanced short channel effect by high
processing temperature of HLD. However, in case of PMOS
there is little difference of digital (Fig. 4) as well as analog
(not shown here) performance between the films. Therefore,
in case of silicide blocking layer, low therma process with
tensile film is desirable for improved NMOS performances.
However, as shown in Fig. 3 and 4, the dependence of
NMOS and PMOS on the film stress is not symmetry.
Therefore, film stress should be optimized for overal
improvement of NMOS and PMOS performances.

Table|. Stress status of thin films used for experiment. (dyne/cm?)

03-UsG LT-Ox HLD
Stress 6.1x10° -1.3x10° 9.8x10°
Status Tensile Compressive | Compressive

In case of ILD film, dependence of device performance
on film stress is amost the same to SBL case. For example,
the digital and analog performance of NMOSFET with
PE-Nit layer (tensile stress) shows better performance then
SION (compress stress) as in Fig. 6. For exact analysis of
performance dependence on the film stress, we used only
PE-Nit BLC layer with different stress status. Figures 7~10
show the results of these experiments on the digital and
analog performances of NMOS and PMOS. As we expected,
the tensile stress improved a lot the digita and analog
performance of NMOSFET. In case of PMOS, device
dependence on the stress is less than NMOS and especially
the analog performance shows little dependence on the stress
although digital performance improved a little. It is said that
tensile stress and compressive stress increase electron and
hole mobility, respectively [5]. Electron and hole mobility
dependence on ILD film stress show quite strong agreement
with previous result as shown in Fig. 11. Fig. 12 depicts the
stress effect of ILD film, i.e, ILD film with tensile stress
make channel region tensile. Therefore, the film stress should
be modified according to the bottleneck performances for
high performance mixed and/or SOC application. For
example, if NMOS and analog performance are of concern,
the silicide blocking layer with tensile stress and ILD layer
with no stress are desirable. If PMOS performance is
bottleneck, compressive stress with SION should be chosen
with alittle sacrifice with PMOS performance.

4. Conclusion

It is shown that the mechanical stress induced by the
CVD process affects the digital and analog performance of
CMOSFETSs. The digital and analog characteristics show the
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same trend for film stress while the performances of
NMOSFET and PMOSFET show the trade-off. It is
necessary to optimize the performance of NMOSFET and
PMOSFET or analog and digital by controlling the
mechanical film stress in nano-scale CMOS technology.
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