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1. Introduction
2D fransient device simulation was used to evaluate
temperature dependence of the microwave noise in MOS
ffansistors. The method had proven to predict realistically
noise parameters of MOS transistors. Results for a 0.5 pm
LDD NMOS ffansistor are presented. The results show
strong temperature effect on the noise that is not described
by existing models.

Improved characteristics of sub-micron MOS transistors (see
e.g. tll) made CMOS a viable RF technology for porrable
wireless systems. For RF circuits, low noise design is one of
the key issues. Unavailability of a good MOSFET high
frequency noise model in commonly used circuit simulators
makes RF circuit design very difficult. A limited amount of
information on this subject is published and it is primarily
experimental data 12,31.

A two-dimensional device simulation is usually used to
predict characteristics of short channel MOSFETs. Recently
it has been demonsfated that two-dimensional noise
simulation can be successfully used to predict noise in
practical semiconductor devices t4-61. It has also been
shown [5,6] that conventional expression for the channel
noise fails.for short channel MOSfiETs indicating that the
nature of carrier transport changes for short channel
MOSFETs.

To further investigate possible causes of this change and
possibly to characterize the main cause it seems appropriate
to vary other parameters affecting the noise, for example the
temperature. Besides, this study would also have a practical
application such as design issues for equipment operating in
extreme conditions, for example onboard an aircraft.

In this paper, we use transient 2-D device simulation to
characterize the microwave noise performance of a
MOSIIET at temperatures ranging from 200 to 400 degrees
Kelvin. The method allows not only to calculate the device
noise perforrirance but also to visualize an internal noise
sources inside the device. Therefore, the method can be used
to optimize the device structure/process for better noise
performance.
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2. Simulation Method

The 2-D noise simulation has been implemented into the
framework of the device simulator developed by Siborg
Systems Inc. The noise specfra are obtained using a method
similar to the Impedance Field Method (see e.g. [4]).

In ur*is procedure, a noise current is injected at each grid
point within a 2-D device structure and the terminal currents
are recorded as a function of the position in which they were
injected. For each injected source, the induced noise current
at the terminals can be obtained using,

where i" (t) is the induced noise current at the terminal or,

s(rrt) is the electron injection rate caused by the noise at the

location r, C) is the domain of the device, and Go(V,t,tr)
is the current transfer function. This function represents the
fraction of current emerging through terminal or due to the
injected current at position r. This interpretation of the

function Go(f,t,tr) becomes clear when we apply a

Fourier transformation to (1), obtaining,

i"(@) - Ic"(7,ar)s(F, @)ffi (2)

where we have assumed a stationary condition. From this
interpretation, it clear that Gois closely related to the
Green's function (Impedance Field) defined in [4].

After G"(f ,a) is constructed, the power spectrum density

and the noise correlation are determined using,

<;";i >=JV ico(f,a).Rg,ot1.vrci(f ,a)dt (3)

where k(t,a) = qq'be)n(n and bff1 is the diffrrsivity
tensor, n(F) is the electron density at the DC operating
point.

I

io(t1 - IIo,fr,t,tr)s(i,t)dfdtt (1)
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*also with Siborg Systems lnc, www.siborg.ca
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Using the technique described in equations (1-3), the current
noise sources airtt, <iob and the correlation term air*.iot
are calculated and can be easily translated into the
measurable noise parameters [5,6].

3. Results and Discussion

An industrial 0.5 pm CMOS LDD MOSFET was simulated.
The process parameters were first entered into the 2-D
device simulation program and the simulated I-V curves
were calibrated using measured I-V data. For further
comparison, the simulated/'s of the device were compared
to the measured results. A ma,rimum, of 2l GHz was
measured, which agreed with our simulated results. Five
different bias conditions were used in evaluating the noise
parameters of the device and they appeared in reasonable
agreement with the measured data [5,6]. The results also
indicated very high values (of the order of 6) of the noise
factor ydefined as follows

. i1 >- 4kTyg ooLf (s)

Where gaais the zero voltage drain-source conductance, ft is
Boltzmann's constant, ? is the temperature of the carriers
and {f is the noise bandwidth.

This shows that short channel MOSftETs behave very
differently compared to long channel MOSFETs for that y
should be equal to 213 in saturation and to I in linear regime.

To further investigate the difference in noise characteristics
of short and long channel MOSFETs we simulated noise
spectra of a 0.5 channel NMOSFET for temperatures from
200 to 400 degrees Kelvin.

0. (t3 06 (}9 1.2 1.5

DslaneX(nfcrors)

Fig. 2 Drain local noise density distribution for different
temperatures in relative units.

4. Conclusions
Transient semiconductor device simulator calibrated using
measurement data has been used for channel noise analysis
in a NMOSFET at different temperatures. The results show
that conventional formula based on thermal nature of the
channel noise is inadequate for short channel MOSFETs.
Hot electron effects that appear to be insignificant for the
device studied cannot explain this difference. trt is tikely that
shot noise dominates the conventionally assumed thermal
noise in short channel MOSFETs.

Acknowledgements
The authors would to like to thank MicroNet and CITO for
supporting this work.

Reference

tll Hisayo Sasaki Momose, Eiji. Morifuji, Takashi Yoshitomi,
Tatsuya Ohguro, Masanobu Saito, Toyota Morimoto,
Yasuhiro Katsumata, and Hiroshi Iwai, "High Frequency AC
Characteristics of 1.5nm Gate Oxide MOSFETS," IEDM
1996 Tech. Digesr, pp. 105-108 (1996)

tzl S. P. Voinigescu, S.W. Tarasewicz, T. MacElwee, and J.
Ilowski, "An Assessment of the State-of-the-Art 0.5pm Bulk
CMOS Technology for RF Applications," IEDM 1995 Tech.
Digest, pp. 7 2l -7 24 (1995)

Cheon Soo Kim, Hyun Kyu Yu, Hanjin Cho, Seonghearn [re,
and Kee Soo Nam, " CMOS l,ayout and Bias Optimization for
RF IC Design Applications," 1997 IEEE MTT-S Dgest, pp.
94s-948 (1997)

Fabrizio Bonani, Giovanni Ghione, Mark R. Pinto, and R.
Kent Smith, " An Efficient Approach to Noise Analysis
Through Multidimensional Physics-Based Models," IEEE
Trans. on Electron Devices, Vol. 45, No. 1, pp. 261-269
(19e8)

Yi Lin, Lan Wang, Michael Obrecht, and Tajinder Manku,
"Quasi-3D Device Simulation for Microwave Noise
Characterization of MOS Devices," IEDM 1998 Tech. Digest,
pp.77-80 (1998)

Tajinder Manku, Michael Obrecht and Yi Lin, {(RF

Simulations and Physics of the Channel Noise Parameters
within MOS Transistors," Proceedings of CICC'99 (1998)

E t't

fi1'E 
o.z

E o.o
tr'il
6 o.r

,tci22

1.1

? 0.e
E
3

E 0.7

g
rr 0.5
to

t31

14)

0.1
260. 290. 320. 350. 380.

Temperature oK

Fig. 1 Temperature dependence of the drain noise specfrum at three
different biases.

The results presented in Fig.2 show that temperature affects
channel noise much stronger than it would be expected. For
the NMOSFET under consideration gap decreases with the
temperature slightly slower than ?'3o. Tltat is, according to
(5), <io} should be roughly proportional to T'In but we see
almost exponential dependence in Fig.l instead.

Fig. 2 shows the effect of the temperature on the distribution
of the local drain noise in the channel. The noise is primarily
localized on the source side of the channel.
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