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The Impact of Mechanical Stress in Highly Scaled MOSFETSs (1/3)
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The project explores the mechanical stress
issue on the highly scaled MOSFETs. Following are
the eight main items to be conducted along with
state-of-the-art CMOS scaled technologies:

1. Fabricate n- and p-type highly scaled MOSFETs
by advanced process technologies, followed by
[-V/C-V characterization as well as our developed
1-D quantum mechanical I-V/C-V simulation to
extract key process parameters.

2. Perform a two-dimensional process/mechanical
stress simulator to extract the magnitude and

distribution of strain and determine its
property.

3. Experimentally define mechanical stress
conditions in terms of strain expressed as

function of process parameters, FET scaling
factor, and distance between gate to STI (shallow
trench isolation) edge

4. Perform our developed 1-D quantum mechanical

simulators to assess 2-dimensional electron (hole)
gas and sub-band distributions, leading to
extraction of relevant parameters like mobility.

Establish theoretical framework of mechanical

stress and develop analytic model of strain.

5. Perform low-temperature experiment to extract

channel backscattering coefficients and relate

them to mechanical stress.

6. Establish 2-D quantum mechanical ballistic
simulators.
7. Perform low frequency noise and random

telegraph signal experiment to detect some change

in mechanical stress

8. Incorporate mechanical stress into SPICE

MOSFET model and perform simulation on functional

circuit blocks

The goal of the project is to clarify the

impact of mechanical stress on next generation
MOSFETs and the underlying mesoscopic physical
mechanisms. Meanwhile, incorporation of mechanical
stress into SPICE MOSFET model enables correct IC
design and as a result, we can reach a complex
highly dense SOC design effectively free of the
harmful mechanical stress.
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1.  Mechanical stress effects
scaled MOSFETs have been
experimentally °

2.  Process-device coupled simulations have
been used as probe of mechanical stress for a
wide range of process and device parameters °
3. Striking linkage between experiment and
simulation has been successfully established °
4.  Self-consistent Schroedinger-Poisson
solver has been developed to study the
mechanical stress and strain related issues °

in highly
carried out

5. Now the mechanical stress issue has been
extended to the re-distribution of underlying
doping profile -
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MOSFET layout parameter

definitions in this work.
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Fig. 2. Drive current shift with respect to W=10pm, X;.-=10um versus active area dimension X,a.. for different W values
measured from (a) n-FET and (b) p-FET. N-FET drive current is degraded while p-FET drive current is enhanced for
decreasing active area size from around 5 um, Drive current becomes insensitive to X,4.. when active area size is greater
than 5um. This is consistent with strain simulation results shown below in Fig. 6 to 9.
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Fig. 3. Drive current shift with respect to W=10um, X...=0 versus gate placement distance X... for different W values measured
from (a) n-FET and (b) p-FET. n-FET drive current is degraded while p-FET drive current is enhanced as gate is placed closer

to STl edge.
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Fig. 4. Drive current shift with respect to W=10um, X.u..=10um versus W for (a) n-FET and (b) p-FET with X, as

parameter. Both n- and p-FETs degrade as W decreases.
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Fig. 8. Experimental drive current sensitivity and simulated strain both versus active area size for (a) n-FET and
(b) p-FET. A one-to-one mapping remains effective for both n-FETs and p-FETs.
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Fig. 9. Experimental drive current shift with respect to
W=10um, X...=0 versus X, for different X,q..
Simulated strain £, is also shown together for
comparisons. The trends of drive current and strain
match well.
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