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Si NanoFET and Oxide Nanowire: Theory, Experiment, and
Potential Applications (2/3)
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This is a three-years project to explore
new areas of nanoFET and oxide nanowire. In the
nanoFET side ° state-of-the-art process
technologies are used for manufacturing
nanoFETs with mask gate length ranging from 250
nm down to 20 nm and gate oxide thicknesses from
5nm to less than 1 nm » then followed by 1-V/C-V
measurement as well as low temperature
experiment. Our developed quantum mechanical
[-V/C-V simulators are used to compare
experimental data from which relevant physical
parameters are extracted. Improved channel
backscattering theory including
two-dimensional electron or hole gas is
expressed as a function of temperature ’ channel
length’oxide thickness’gate voltage’and drain
voltage. Also carried out are promising
potentials : (1) extract carrier velocity
profile in order to highlight velocity
overshoot ; ( 2) predict ballistic limit as
channel length is reduced down to extremity
along with literature comparison ; (3) predict
device drive current change due to mobility
change (compare data from strained-Silicon or
Si-Ge channel process); (4) implementation of
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nanoFETs having less temperature
dependencies ; (5 ) update SPICE models to
account for improved channel backscattering in
nanoFETs ; ( 6 ) realization of integrated
circuits including low temperature circuits ;
and (7) exploration of other applications.
In the oxide nanowire side * we will develop
an automatic electrical control program for
nanowire generation in gate oxide films. Once
a nanowire is created therein ° low-voltage
[-V’s are measured. Also performed are random
telegraph signal in time domain * low frequency
noise in frequency domain ° and low temperature
experiment. Quantum point contact model is
used to compare data in order to extract
physical parameters. We will develop out
random telegraph signal version * low frequency
noise version ° and low temperature version of
channel back scattering theory ° as well as
experimental  comparison and parameter
extraction. We also examine potential
applications : (1) develop fast equipment or
circuits for nanowire generation ; (2) owing to
100% compatibility with current silicon
processes > combine other conventional silicon
devices to constitute functional circuits with
novel features like negative resistance and
step-like current ; (3) apply low temperature
data and parameters to design and realize low
temperature circuits ; (4) under small area or
low temperature conditions ° expect nanoFETs to

show behaviors of single electron
transistors ; and ( 5 ) explore other
applications.

Key Words : Silicon » nano » FET » oxide » MOS -

nanowire » scatter » low temperature ° randoim
telegraph signal - low frequency noise » quantuim
point contact ’ single electron transistors
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1. We  have successfully
separate the channel

experimentally
backscattering



coefficients into two distinct components:
Mean-free-path and KT layer width.
2. We have also extracted
backscattering coefficients
strained-silicon FETs.

3. We have established a self-consistent
Schroedinger-Poisson solver accounting for
strain properties.

channel
from the

4. We have for the first time observed
anomalous behaviors of RTSs in ultrathin gate
oxide FETs and have successfully related to the
quantum confinement effects via  the
self-consistent Schroedinger-Poisson solver.

T~ BBt

A
1. Separation of channel backscattering
coefficient into mean-free-path and KT layer
width.

2. Extraction of channel backscattering
coefficients in strained-silicon FETs

3. Observation of anomalous behaviors of
RTSs and successful links to the quantum
confinement effects via the self-consistent
Schroedinger-Poisson solver.

More importantly, we have established a
self-consistent Schroedinger-Poisson solver
accounting for strain properties in
single-gate and double-gate FETs.

%3 §Je:

1. M. J. Chen, H. T. Huang, Y. C. Chou, R. T. Chen, Y. T. Tseng, P.
N. Chen, and C. H. Diaz, “Separation of channel backscattering
coefficients in nanoscale MOSFETs,” IEEE Trans. Electron Devices,
to be accepted, 2004.

2. M. P. Lu and M. J. Chen, “Anomalous behaviors of random

telegraph signals in ultra-thin gate oxide MOSFETs,” submitted to
SSDM, 2004.

Figures:

POONNNAN
¥ y

Capacitanoe(fF/;unz)
©
1

24 4 Experiment
——— C-V Simulation [10], [11]
o T T T
2 1 0 1
V)

Fig.1 Fitting of experimental C-V
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Fig.2 Extracted channel backscattering
coefficients versus gate voltage.
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Fig. 3 Extracted mean-free-path versus
gate voltage.
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Fig. 4 Extracted KgT layer width
versus gate voltage
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Fig. 5 Extracted conduction-band energy profile near the source

0.60 ———— Ty ———— 0.60 — Ty

0.55 =& - Strained - - Strained

- Unstrained Pl @ Unstrained

0.50 0.50

AL 045 A 045

0.40 0.40

Y

S

0.35 0.35

0.30 V. =05V 0.30

0.25 A n A n S 0.25 R |
100 1000 10 100 1000

Lo pny (NM)  (a) Lo pny (NM) (1)

V,=1.0V

Q h )
0

bl
o e
EEEENENENEEEE SR NI NN PR NN AR N

s
(=]

Fig. 6 Extracted channel backscattering coefficients for unstrained and strained silicon
FETs
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Fig. 7 Time records of RTS. Fig. 8 Measured and simulated RTS magnitude.




