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Si NanoFET and Oxide Nanowire: Theory, Experiment, and
Potential Applications (3/3)
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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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We have successfully experimentally separated the



channel backscattering coefficients into two distinct
components: Mean-free-path and KT layer width, as
shown in the published articles (2004 IEEE TED and
2005 Silicon Nanoelectronics Workshop, for example).

2. (7 AT R

Coulomb energy is essentlal to the charging of a
nanometer-scale trap in the oxide of a
metal-oxide-semiconductor (MOS) system.
Traditionally the Coulomb energy calculation was
performed on the basis of an interface-like trap. In this
paper, we present for the first time experimental
evidence from a 1.7-nm oxide: substantial
enhancements in Coulomb energy due to the existence
of a deeper trap in the oxide. Other corroborating
evidence is achieved using a multiphonon theory,
which can adequately elucidate the measured capture
and emission kinetics. The  corresponding
configuration coordinate diagrams are established.
Then we elaborate on the clarification of the Coulomb
energy and differentiate it from that in memories
containing nanocrystals or quantum dots in the oxide.
Eventually, some critical issues encountered are
addressed as well.
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We fabricate and measure a single-walled carbon
nanotube transistor having a liquid-gate electrode. The
ratio value of |/l is as high as 104, indicating the
presence of a semiconducting channel. A passivation
layer over the source/drain electrode greatly
suppresses the liquid-gate leakage by about three
orders of magnitude. The channel currents are
noticeably distinct between two liquid samples:
distilled water and aqueous solution (1x10™* M NaCl).
This biological sensing ability is attributed to the
different electrical double-layer capacitances with
respect to the bulk part of the channel. The
corresponding theoretical calculation is carried out in
detail.
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(cited by a 2004 IEDM paper)
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Taking the above into account, we obtain an expression
for the temperature dependence of the saturation current for
devices near the limit of scaling:

Al [ 1 (1 2 — 1 ) n J
=l o ==+ = AT, (8
Ido To 2+ /\oﬂo V_gs - v:‘.o )

2
which is a generalization of the expression in [14]. All

(12] M. Lundstrom, IEEE EDL, vol. 22, p. 293, 2001
f13] S. Takagi, Symp. VLSI, p. 115, 2003
{14] M.-J. Chen et al, Proc. IEDM, p. 39, 2002

(cited by a 2005 VLSI Tech. paper)

The Impact of Uniaxial Strain Engineering on Channel Backscattering

in Nanoscale MOSFETs

Hong-Nien Lin, Hung-Wei Chen*, Chih-Hsin Ko*, Chung-Hu Ge*, Horng-Chih Lin,
Tiao-Yuan Huang, Wen-Chin Lee*, Denny D.Tang*

cally obtained with preferable strain engineering, channel back-
scattering reduction should receive no less attention for ultimate
performance in nanoscale MOSFETs.
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Table I Summary of (a) factors of drive current equation,

and (b) temperature-dependent model for 4y / Iy extraction
used in this work.
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Fig. 1 Schematic cross section of the
device showing the capture-emission

Fig. 2 The measured fluctuations
simultaneously occurring in both

process. source and drain currents.
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Fig. 4 The measured (symbols) and calculated (lines) ratio of the mean
capture time (7;) divided by the mean emission time (7.) against gate

voltage for two devices. The inset
indicating the trap position.
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Fig. 5 The measured RTS amplitude
versus gate voltage for two devices.
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Fig. 8 The Coulomb energy versus gate
voltage for different trap depths.
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Fig. 6 A capacitive coupling model
taking the effect of the trap depth into
account.
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Fig.3 The measured RTS recorded as a
function of gate voltage.
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layer, and the depletion region versus gate voltage
for different trap depths.
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layer carrier %ensity for different oxide

thicknesses. zr = 0.
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Fig. 11 (a) Topside view of the CNT FET testkey and (b) its measurement setup.
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Fig. 12 Theoretical Calculation and Measurement Results corresponding to Fig. 11.



