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Efficient Parameter Extraction Techniques for a
new Surface-Potential-Based MOS Model for RF
| Applications

Wenzhi Liang, Ronald van Langevelde, K.G. McCarthy, A. Mathewson

Abstract— Efficient parameter extraction techniques for a
new surface-potential-based MOS model are outlined. The
new model is suitable for RF CMOS design because it has
improved modelling of surface potential, mobility and con-
ductance. The extraction techniques are based on analytical
manipulation of the model equations and allow parameters
to be extracted using as few as 12 measurements per device.

INTRODUCTION

This paper deals with the development of efficient pa-
rameter extraction techniques for a new surface-potential-
based MOS model, which has been shown to be appropri-
ate for RF CMOS!Y). This is the first time quick extrac-
tion techniques have been developed for a surface-potential-
based model, while they are well established for Vpr-based
models!?.

The techniques are based on analytical manipulation of
the model equations and allow parameters to be extracted
directly from a small number of data points. Techniques
such as these are vital for statistical characterisation for
design for manufacturability (DFM).

MODEL BACKGROUND

In the past the main emphasis for MOS model develop-
ment was an accurate description of the I-V and C-V be-
haviour and good prediction of quantities such as -I-‘II;"—S and
gas where g.,,, Ipgs and g4, are the transconductance, drain
current and output conductance respectively. With the use
of MOS devices for RF applications, it is necessary to have
models which can predict ond and 34 order distortion,
which depend on the 209 and 3'd derivatives of current
with respect to Vps and Vigs. The new model, which has
been named MOS Model 1118/, meets these requirements
by using (a) an improved surface potential modell¥, (b)
physically based mobility models® and (c) a more accu-
rate description of conductancel®!.

The ability of the model to simulate 15t (HD1), 2nd

(HD2) and ard (HD3) order harmonics is seen in Fig. 1 and
2, which show the harmonic content of the drain current as
a function of Vzg with a 1kHz sinusoidal input applied in
series with the DC gate bias.
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These abilities have also been tested at RF-frequencies
and shown good results(7).

The model also includes small-geometry effects such as
drain induced barrier lowering (DIBL), self-heating and
static feedback . These abilities make this model very suit-
able for mixed signal design and low-power low-voltage ap-
plications.
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Fig. 1. Harmonic distortion in drain current Ips with a sinusoidal

voltage applied to the gate terminal at low drain bias. NMOS,
10pm/1pm, Vgp=0V, Vps=0.1V.
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Fig. 2. Harmonic distortion in drain current Ipg with a sinusoidal
voltage applied to the gate terminal at low drain bias. NMOS,
10pm/1pm, Vsp=0V, Vps=3V.

PARAMETER EXTRACTION METHODOLOGY

Table I shows the list of parameters extracted while the
strategy is shown in Fig. 3. A long channel device is used
to extract the mobility coeflicients associated with phonon
and surface roughness scattering. A slightly different strat-
egy is used for short devices - these are used for the extrac-
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Parameter | Description

VEB Flat-band voltage

ko Body effect coefficient

¢ Gain factor

Oph Coeflicient of the mobility reduc-
tion due to phonon scattering

Osr Coefficient of the mobility re-
duction due to surface roughness
scattering )

Tdibl Drain induced barrier lowering
parameter

6n / 0p Velocity saturation parameter
due to optical/acoustic phonon
scattering

Nmob Depletion charge mobility effect

Or Series resistance parameter

Osf Static feedback parameter

0Ty Coeflicient of self-heating

@ Channel length modulation fac-
tor

a1, a2, a3 | Avalanche parameters

TABLE I
LIST OF MODEL PARAMETERS FOR A MOSFET WITH A GIVEN
GEOMETRY .

The method used is to closely examine the model equa-
tions in each of the operating regions (i.e. subthreshold,
linear and saturation) to determine if a simplified equation
set can be used. This is then analytically manipulated to
determine a direct relationship between the current mea-
sured at selected bias points and the model parameters.
The resulting algorithms are described in more detail in
the following sections.

The general model equation for drain current is:

B - Larige + laiss)
vsat ° GAL + GR+Th

Ins =5 (1)

where the terms represent the gain factor (8), the drift cur-
rent, (Igrift), the diffusion current (Igi¢y), mobility degra-
dation and velocity saturation (Gyse:), channel length
modulation (Gap) and series resistance and self-heating
(GRryTh)-

The two most fundamental model parameters are the flat
band voltage (Vrp) and body effect factor (k,), which de-
termine the threshold voltage V. In Vy-based models!],
the threshold voltage parameters are normally determined
from linear region Ips-Vgs characteristics at various body-
bias values. In this surface-potential-based model, how-
ever, Vpp and k, are determined from two measurements
in the subthreshold region as illustrated in Fig. 4. Note
that most of the data points in Fig. 4 (and in all the other
I-V curves) have been measured to illustrate the quality of
the fit and are not used for parameter extraction. The al-
gorithm is illustrated in Fig. 5. The subthreshold current
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Fig. 3. Parameter extraction procedure for long and short channel
lengths.

depends on Vgpg, k, and 3. An initial approximation for

B is required during the extraction of Vpp and k,. The
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Fig. 4. Extraction in subthreshold for long device (Vsp=0, 1.65,
3.3V): data points used for quick extraction of parameters Vrp
and k, and resulting fit.

performance and robustness of the technique are illustrated
in Fig. 6 and Fig. 7 respectively. Fig. 6 shows that the
number of iterations needed is below 10 regardless of the
intial value of k, while Fig. 7 shows that the final values
of the Vgp and k, are independent of the initial guess for
ko-
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Fig. 7. Extraction algorithm for Vpp and k,: variation of extracted
parameters with initial value of ko.

Since drain current Ipg is proportional to gain factor
0B, parameters Vpp and k, are re-extracted after the ex-
traction of gain factor B as shown in the flowchart (Fig.
3). '
Fig. 8 illustrates the data points used for the subthresh-
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old extraction of a short device and the resulting fit. For
this device, an extra data point is measured for a large
Vbs to extract the drain induced barrier lowering (DIBL)
parameter, o4;pi.
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Fig. 8. Extraction of subthreshold parameters for short device (2
data points at Vpgs=0.1V, Vgg=0V, 1 at Vpg=0.1V, Vgp=3.3V
and 1 at Vpg=2.15V, Vgp=0V.

In the linear region for a long device, eq. (1) can be sim-
plified by ignoring diffusion current, channel length modu-
lation and velocity saturation, thus creating a new equation
which can be analytically manipulated to determine the
gain and mobility reduction parameters from 3 measure-
ment points. The simplified version of the current equation
given in eq. (2) is thus obtained by setting the channel
length modulation term to 1 (Gar = 1), ignoring the in-
fluence of the Iy;sy and G ryry and by replacing Gysq: by
Gmob 80 that velocity saturation effects are neglected.

B Iiriss 2)

I =
bs Gmob

Here, G0 is the gate voltage induced mobility degrada-
tion factor(®l:

Gmos = 14+ /O - Eeg )3 + (Bor - Begp)t (3)

The parameters representing gain (3), phonon scattering

(fpn) and surface roughness scattering (6,,) are obtained

from 3 measurements at zero back bias in the linear region

as shown in Fig. 9. 8 is taken out of consideration first by

taking the ratio of these 3 data points so that eq. (4) and
5 are derived.

Ips, - (Iarifs, + Laiss,)
Ips, - (Tariste + Laig o)

4)

Gmbbl = Gmobo ¢

Ips, - Larifes + Laizs,) (5)

Gmobs = Gmoby -
om0 Ins, - (Tarito + Laifgo)

where the factor G0 represents the effect of mobility
degradation, which depends on the bias condition as well as
the value of f,, and 6p. In eq. (4) and (5) the subscripts
0, 1, 2 refer to the bias points used.
Inserting the definition of Gpop into eq. (4) and eq. (5)
and doing some manipulation, a linear relationship can be
reached:

0, =A-0,*+B (6)
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"Fig. 9. Extraction in linear region for long device (Vsp=0, 0.66,
1.32, 1.98, 2.64, 3.3V): data points used for quick extraction of
parameters 8, Oph, Osr, and Nmop and resulting fit.

where A and B are constants with a given bias condition.

Inserting this linear equation into eq. (4) or eq. (5), a
value of §,, can be extracted and then 6,, can be solved.
Finally 8 can be extracted using these values.

The parameter 7,0, which represents the influence of the
depletion charge on the mobility is then extracted from a
single measurement at non-zero Vgp in the linear region as
shown also.

Gmob can be determined from one data point:

(Tarige + Laiss)

Grmob = ﬁ Ips

— GRrtTH (7)

In turn, E.ss can be calculated with the value of Gmep (for
an N-type device) using eq. (3):

12 ) 2/3\ /4
Eeff:((Gmob 1)2 — (8ph - Eesy) ) (8)

4
osr

Finally, 7m05 can be extracted by eq. (9):

Eerr — Vasi ©)
Vs + 3 -Vps + éB

Timob =
ko -

The extraction of 7,0p requires one measurement at non-
zero back bias as illustrated in Fig. 9 which illustrates the
fit quality to the linear region.

For the short device, the values of Opn, 85y and Nmop
which were extracted from the long device can be used
because they have the same physical origin. However, series
resistance comes into play so, fg must be extracted from
the linear region. Fig. 10 shows that 2 measured data
points are used to determine 3 and fr at the same time
for a short device from the linear region characteristic. In
eq. (1), Gr+7a can now be defined as:

Gryth =0r - Vgs1 (10)

The ratio of 2 current values can again be taken to elim-
inate § and the resulting equation is then manipulated to
generate the value of 8z by eq. (11).

- Gmoln
Vest, — Vasio

1% - Gmobo

(11)
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Fig. 10. Extraction in the linear region for short device (Vs p=0, 0.66,
1.32, 1.98, 2.65, 3.3V): data points used for quick extraction of
B, 8sr and result fit.

where:
ii = Do Uarigty + aiss,) (12)
Ips, - (arifto + Laif 5o)
and then 3 can be derived by eq. (13):
8= IDSO i (Gmabo +0R - VGslo) (13)

Tirigte + Laigz,

In the saturation region, the current can be modelled by
eq. (14):
B Larift

vsat * GAL + GR-I—Th

Ips = (14)
The term Gay represents channel length modulation,
which is determined by the parameter a. Gpryrr repre-
sents series resistance, self-heating, which are determined
by 8r and 61y respectively.

Equation 14 can be manipulated in a similar fashion to
that which was performed for the linear and subthreshold
regions to determine analytical expressions for the satura-
tion parameters. Fig. 11 illustrates the extraction of the
saturation region parameter, 8, from one Ips-Vps mea-
surement from the saturation region of a long channel de-
vice and the resulting fit. Fig. 12 illustrates the extraction
of the saturation region parameters « and o,¢ from two gqs
measurements from the saturation region of a long channel
device and the resulting fit. ’

Fig. 13 illustrates the extraction of the saturation pa-
rameters «, o,¢ and fry from three data points from the
saturation region of a short channel device and the result-
ing fit.

Measurements at high Vpg are used to determine the
avalanche current parameters (a;, a2 and ag) with the re-
sulting fit shown in Fig. 14. The avalanche current can be
calculated by eq. (15).

(15)

as
ot = 01 05 P "5 = Vosar

where Ipg is the channel current and Vpsar is the satu-
ration voltage whose definition can be found elsewhere (1,
By measuring three values of avalanche current, I,; and
suitable manipulation of eq. (15), a simplified equation
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Fig. 11. Extraction in saturation region for long device (Vgs=1.5,
2.4, 3.3V): data points used for quick extraction of parameter 6,
and resulting fit.
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Fig. 12. Output conductance parameters extraction for long device
(Ves=1.5, 2.4, 3.3V): data points used for quick extraction of
a, 055 and resulting fit.
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Fig. 13. Extraction of output conductance parameters for short de-
vice (Vgs=1.5, 2.4, 3.3V): data points used for quick extraction
of a, o5¢, 07y and resulting fit.

set can be determined and solved to give the avalanche
parameters.

To insure good quality fit, some steps are repeated as
seen in the flowcharts (Fig. 3).

SUMMARY

This paper discussed quick extraction procedures for a
new surface-potential-based MOS model. The analytical
expressions and data requirements were discussed for each
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Fig. 14. Avalanche parameter extraction (Vps=2.3, 2.8, 3.3V): data
points used for quick extraction of parameters a1, a2 and a3 and
resulting fit.

region and the resulting fits illustrated for both long and
short channel devices.
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