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Abstract: Distortion analysis of SOI MOS transistor is presented. By the power series method, the distortion behaviors of

FD (fully depleted) and RC ( recessed channel) SOI M OS transistor configurations are investigated. It is shown that the

distortion figures deteriorate with the scaling down of channel length, and the RC SOI device shows better distortion per

formance than the FD SOI device. At the same time, the experimental data show that the ineffective body contact can lead

to an increase of the harmonic amplitude due to the bulk resistance. T he presented results give an intuitive knowledge for

the design of low distortion mixed-signal integrated system.
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1 Introduction

SOI MOS transistor is used in modern mixed
signal system because it can work beyond the limit in
current silicon technology in terms of power consump-
tion, circuit density, operation speed, and scaling lim-
it However, due to the nonlinearity of SOI MOS-
FET, the harmonic distortion becomes a key issue.
The nonlinear effect, together with the noise, increas
es the unwanted signal in high precision analog circuit
such as RF integrated transceivers!” | integrated g .-
C filter?, CMOS mixers', and degrade the perfor-
mance of circuit. For the accurate design of SOI
M OSFET-based analog circuit, an intuitive know ledge
of the distortion behavior of SOI single transistor is

indispensable. Although several authors have studied
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the nonlinear behavior of bulk MOSFET!~ 7 little
attention has been paid to the nonlinear behavior of
SOI single transistor, especially, the systematical com-
parison between different SOI MOSFET configura
tions. Based on these backgrounds, Zhang et al. (8]
presented a SOI-based physical distortion model, and
this model can give a better description of the distor
tion behavior of SOl MOSFET.

In this paper, the distortion analysis of FD ( fully
depleted) and RC (recessed channel) SOI MOSFET
are experimentally investigated. To meet the demand
of distortion analysis, SOI MOS transistor is assumed
working in strong inversion and weakly nonlinear
regime w hich is the typical working situation for the
analogous applications. With this assumption the non-
linear element of SOI M OS transistor can be described

by power series. The coefficients in these power se
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ries, which are computed by obtaining higher order
derivatives from the measured DC current-voltage
characteristic, are used to describe the harmonic dis-
tortion behavior of the device. From the analysis of
the experimental results, we can see that RC SOI
structure due to its low source drain resistance has a
lower distortion figure than the FD SOI, and serves as

a primo- candidate for the low distortion application.

2 Experiment and measurement

The measurements presented here were done on
mtype FD and RC SOI MOSFETs with and without
body contact. The body was linked through the metal
contact at one end of channel width which will bring
bulk distributed resistance. The channel width was
10Em and the length was changed. The gate oxide
thickness was about 11nm. The DC 14 V., and [y
V 4 data were obtained from HP4145B semiconductor
parameter analyzer. According to the power series
method, the nonlinear element in single transistor can
be studied by a small excursion around a quiescent
point, and the excursion is often described as a power
series of the algebraic function, in which the deriva

tives are computed in the quiescent point:

iee= kot kivi+ kovi+ ksoi+ o= kol
n= 0
ol g 1
where kU = !(L.;, k| = a I:, | I"L[I(:r l-'g"]e kz = 2; x
le,k L &E 1
oV? | Vigor Veo? k3= 3! X oV ! Vao©r Vio? Viis the

terminal voltage, v; is input signal, /4 is the DC cur-
rent and k, is higher order derivative or nonlinear co-
efficient. If the amplitude of the input signal is not too
large, the amplitude of the higherorder harmonics
corresponds to the higher order nonlinear coefficients
of the power series!”’. So, by doing numerical differ-
entiation towards the measured DC I-V characteris-
tics, the amplitude of harmonic distortion can be oh-
tained. However, more attention should be paid to the
numerical noise induced by the differentiation. In this
analysis, multrpoint local polynomial smoothing pro-

cess was adopted to reduce the numerical noise, and

good results were obtained.

3 Results and discussion

SOI MOS transistors in nomrsaturation strong in-
version conditions were used as tunable linear resistors
in filter applications. T he major limitation of the tech-
nique lies in the generation of third-order harmonic
distortion. Figure | shows the amplitude of the gate
voltage-induced third order harmonic distortion for
FD devices with L= 10Em and 0. 6lm respectively at
Vae= 0.1V. For a long channel device with L =
10Bm, the series resistance effect is negligible and the

distortion behavior is mainly affected by mobility
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Fig. 1

Comparison of third order gate voltage induced
distortion behavior for L = 10dm and 0. 6Mm at V=

0.1V

degradation. According to Ref. [ 10], the sharper tran-
sition from the phonon scattering limited carrier mo-
bility to the surface roughness scattering limited carr-
er mobility induces the zero-crossing. When the chan-
nel length reduces to 0. 6Hm, the series resistance ef-
fect makes the amplitude of the third order harmonic
distortion larger and the nonlinear behavior becomes
worse. Figure 2 shows the third order distortion be
havior with the same structural and technological pa-
Vs,
namely Vgo= 2V. When keeping the drain voltage

rameters as those of Fig. I, but at different

constant, device will experience a transition from the
saturation region to linear region with the increase of
V4. The dashed line in Fig. 2 indicates the transition

point. As illustrated in Fig. 2, the largest amplitude of



8 1M Zhang Guoyan et al. :

Distortion Behavior for SOI MOSFET 811

harmonic distortion moves towards the smaller gate
voltage with the scaling down of channel length. This
makes the low-distortion characteristic under lower

voltage worse for shorter channel transistors.

ViV

Fig. 2
distortion behavior for L= 10lm and 0. 6Bm at V=

2V

Comparison of third order gate voltage induced

The third order drainvoltage induced distortion
of FD SOI devices (L = 0.6Mm and V.- Vy =
1.5V) is given in Fig. 3. In FD SOI transistors, the

full depletion gives the silicon below the gate an al-
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Fig. 3 Comparison of third order drair voltage induced
distortion behavior for FD floating body and body con-

tact with L= 0.6Hm at V- Vy= 1.5V

most infinite resistivity. From the comparison of the
third order harmonic distortion between FD devices
with and without body contact, we can find that body
contact does not change the distortion behavior too
much except for the increase of distortion in linear re-
gion. T he possible reason is the resistance induced by

the body contact of FD device.

Figure 4 shows the comparative result of the
gate voltage induced third order harmonic distortion
of FD and RC SOI MOSFETs ( L= 0.68m and Vg
= 0.1V). It can be seen that the amplitude of the
third order harmonic distortion of RC structure is
lower than that of the FD due to the reduced series
resistance in the raised source drain region, and it can
also be explained by the SOI distortion model in Ref.
[ 8]. Figure 5 illustrates the distortion behavior of the
drain-voltage induced third order distortion of FD and
RC SOI MOSFETs with L = 0.6Mm and V.- V,
= 1.5V, and it can be seen that RC structure shows
better distortion behavior owing to the optimized

source and drain elevation.
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Fig. 4 Comparison of third order gate voltage induced
distortion behavior for FD and RC structures with L =

0. 6Mm at V= 0.1V
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Fig. 5 Comparison of third order draim voltage induced

Va= 1.5V

distortion behavior for L= 0. 6Hm at V.~
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