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Abstract

The main concern for this work will focus on
the simulation of noise within MOS devices. We
report a new noise simulation method by the use
of 2D device smulator (TMA Medici) which
accurately predicts the RF noise performance of
MOS transistors. Our study revedls that the drain
current noise is dominated by the thermal noise in
short channel devices To explan the
phenomenon of raised g for short channel devises,
probably only hot carrier effect can account for it.
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Due to grate flourish of wireless
communications, radio-frequency  integrated
circuits are becoming more in demand. The
majority of RF IC's are typically implemented in
GaAs or silicon bipolar technologies because of
their  relatively high  cutoff  frequency.
Comparably, with the progress in process
technology the continuing scaling down of the
minimum channel length has given rise to the
increasing cutoff frequency. As a conseguence,
the CMOS devices start to emerge in the
components of RF IC’'s [1]. In this study, we
focus on the deviation of noise for RF CMOS.
Rather than constructing an analytical noise
model, the simulation task is performed directly
through numerical  calculation which is
implemented into the framework of 2D device
smulator (TMA Medici). The simulation
approach makes use of a two-step technique of
classica methods for noise analysis[2][3]. First, a
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set of microscopic noise sources is identified in
terms of carrier velocity and number fluctuations,
caled diffuson and generation recombination
noise sources, respectively. Second, the effect of
microscopic fluctuations on voltage at the device
terminals is evaluated. This latter task is
performed through linear perturbation of the
transport model and solution through a Green's
function technique.
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A. Uniformed-Doped Resistor

As a first example of application of noise
analysis implemented into TMA Medici, 2D
simulation of uniformly doped semiconductor
samples is presented. The simulation sample is
1mm thick and 100mm long, the doping level is
10"cm® for n-type. FIGURE 1. shows the
frequency dependence of the noise voltage
spectrum S, for an electric field of 10 V/cm. As
expected, the noise voltage spectrum shows the
characteristic of white noise at low frequency,
while it shows a low-pass behavior a high
frequency. The low-pass behavior is related to the
parasitic capacitance of the resistor.

According to the Nyquist theorem, the exact
form of the noise voltage spectrum is
S~4KTRe[Z(f)]. In order to peform the
simulation in TMA Medici, there must be two
ohmic contacts attaching between both sides of
the resistor. Consequently, as for the two ohmic
contacts, there are one resistor and one capacitor
in paralel. Hence the small signal impedance is
given as
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FiGURe 1. Frequency dependence of voltage noise power
spectrum density for a 100mm long uniformly doped
semiconductor simulation sample. The open circle is
simulation data, whereas the solid line is calculated
according to the Nyquist relation.

Consequently, the noise voltage spectrum tor the
resistor is

S, =4KTx (6)
1+ (2pfRC)

Return to the simulation case,R=4.62" 10'Wsrm
and C=1.05" 10"F/mm.

B. Schottky-Barrier Diode

The schottky-barrier diode is formed by a metal
making contact with a uniformly-doped n-type
semiconductor and the device is 0.1mm wide and
2mm deep. The noise behavior of a Schottky-
barrier diode shows the shot noise, and the
theoretical expression of power spectrum for shot
noise is 2qgl, where / is the DC diode current.
FIGURE 2. shows the /-V characteristic of the
simulation sample. Beyond the cut-in voltage,
diode current increasing linearly with the applied
voltage has been observed. This is due to the
depletion region in the semiconductor shrinks and
the neutral region contributes a finite resistance
r<1t will be indicated that the noise simulation is
influenced by the r, quite well.

The noise simulation result is illustrated in
FIGURE 3. Apparently, the simulation result nearly
matches with the predicted data 2gl within the
diode turn-on range. Yet the simulation result is
two or three times smaller than the predicted data
and the deviation towards larger as the applied
voltage increased.

As for our simulation case, the noise model
should be revised, i.e. incorporating the thermal
noise due to r, in addition to the intrinsic
component of shot noise. The modified noise
model is involving two noise sources connected in
series. The equivaent total noise current spectrum

should be two noise current spectrum in parallel.
It depicts that there is one shot noise source
connected with a thermal noise source in series.
Accordingly, the equivalent total current noise
power of the two components should be

1 2q1 (7)
5}01&/ = (Ssho[ ” Smerrna/) = 1 r = 2q/ X
T+ S 1+ S
2ql 4KT 4KT

Since the simulation outcome is S, ahd once the
applied voltage is beyond the built-in voltage, the
deviation between S, and 2q/ will become larger.
Thisinfluence isin quite agreement with the trend
of our simulation result.
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FIGURE 2. |-V characteristic curve for the simulation
sample of Schottkv-barrier diode.
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FIGURE 3. Comparison of noise current spectrum for a
Schottky-barrier diode between the analytical result and
simiilation data

C. n-channel MOSFET

The approach to simulate drain current noise
for MOS transistors is following from the
procedure mentioned above. Both long channel
device and short channel device will be covered.
The feature for noise analysis is depicted in
FIGURE 4.

The drain current noise is typically represented

by



i? =4KTgy,,Df (8)
Here, gis a bias-dependent parameter, g,, IS zero
drain voltage conductance of the channel and Df is
the noise bandwidth.

FIGURE 5. shows the drain current noise and the
extract g parameter for a 1.5mm NMOS. The
simulation result of g,,isequal to 1.23" 10 Sihm
Also, one can see as shown in FIGURE 5. that gis
about equal to 1 for linear region and 2/3 for
saturation region which are in well agreement
with the expected vaue for the long channel
device.
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FIGURE 4. The features of noise source within the
device and output current noise at terminals are
depicted. Domain where the noise anayss is
performed is outlined by W.
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FIGURE 5. Drain bias dependence of drain current
noise power spectrum and extracted parameter g
for 1.5mm NMOS. Gate bias is fixed at 5V, and
substrate is grounded.

Next, a short channel device of 0.24nmNMOS
transistor is simulated. We will perform the
simulation by the use of both Drift-Diffusion
model and Hydrodynamic model. The major
difference between the two is without or with
coupling temperature effect. FIGURE 6. shows the
extracted g parameter for various V  at V=2V, It
should be noted that the extracted g parameter

increases as V,, increases for
model.
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FIGURE 6. Gate bias evolution of extracted noise
parameter g comparing Hydrodynamic and Drift-
Diffusion model results. V 4 isfixed at 2V.

Since it i1s found that excess drain current noise
occurs in short channel devices The magjority
tends to explain this due to hot carrier effects [4],
while some others claim that shot noise accounts
for the excess drain current noise [5]. As a
consequence, the Hydrodynamic modd is
incorporated in the simulation to couple the
temperature effect. Our simulation results reveal
that the standard Drift-Diffusion model cannot
account for the excess drain current noise,
whereas the Hydrodynamic model can. So we
believe that hot carrier effects account for the
excess drain current noise.
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FIGURE 7. The feature of two noise source, i.e.
shot noise and thermal noise, connected in series.

It cannot be denied that both shot noise and
thermal noise do coexist in the channel for MOS
transistors. To distinguish which one truly
dominates for short channel devices, we use the
model in FIGURE 7. to prove that thermal noise do
dominate the drain current noise. From FIGURE 7.,
the two noise are in series, so the drain current
noise power spectrum is

So =249/ |14KTQ0 ©)
Whatever it is for long channel or short channel
device, the term 2q/ is aways much larger than



4KTag,, it yields that the drain current noise is
dominated by the thermal noise. To explain the
phenomenon of the raised g for short channel
devices, probably only hot carrier effects can
account for it.

So far the drain current noise within the MOS
transistors have been successfully derived from
our simulation. However, only the insight of the
microscopic noise behaviors is investigated, a
perspective viewpoint of noise performance for a
device is not revealed yet. As for the noise
performance of a device, the figure of merit leads
to the four noise parameters. Consequently, a
noise equivaent circuit mode will be
demonstrated in order to derive the for noise
parameters. A small-signal lumped circuit model
of a MOSFET including the noise source with
each noise component is illustrated in FIGURE 8
[5]. From the noisy two port equivalent circuit,
one can derive the four noise parameters as
follows
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The four noise parameters can be derived from
applying equation (10-13) with the simulation
results described before. 7, can be extracted from
the simulation results of y-parameters, while R,
cannot be derived from simulation. Base on our
measurement experience, we take R=20W The
simulation results of the four noise parameters for
a5mm/0.24mmnMOS with V=2V, V,=0.9V are
as FIGURE 9.
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FIGURE 8. (a) Noise equivalent circuit model of a
MOSFET. (b) Noiseless network with equivalent
inobut Noise sources.
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FIGURE 9. Frequency dependence of minimum noise

figure (Fmin), noise conductance (Gn),
noise resistance (Ropt),

and

optimum
optimum noise

reactance (Xopt) comparing Drift-Diffusion and
Hydrodynamic model results. The bias condition is
0.9V for gate and 2.0V for drain.
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