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Abstract

Results are presented of a systematic low-frequency
(LF) noise study of deep submicron transistors processed
in a 0.1 µm partially depleted (PD) Silicon-on-Insulator
(SOI) technology. The focus is on a particular kind of
noise, which is termed 1/f1.7 noise, due to the frequency
dependence of the noise amplitude. It dominates at the
low frequency part of the spectrum in linear operation,
for a wide range of gate biases. The observed bias and
device length dependences lead to the conclusion that the
underlying fluctuations are generated by traps in the gate
oxide. It is furthermore shown that the noise is not found
for the back-channel transistor and is most likely not
related to the gate current. As argued, a possible origin
of such a 1/f1.7 noise is carrier trapping and release from
oxide traps in the 2.5 nm NO oxide, which are related to
the polysilicon gate/oxide interface.

1. Introduction

Deep submicron Silicon-on-Insulator (SOI)
Complementary Metal-Oxide-Semiconductor (CMOS)
has proven its merits for RF/analog applications [1],[2].
However, one of the important aspects to deal with is the
low-frequency (LF) noise on a device and circuit level.
From the past, it is known that partially depleted (PD)
SOI transistors suffer from some specific excess noise
sources. By now well known is the excess noise
associated with the floating body kink effect [2]-[5],
which manifests itself as a Lorentzian-like additional
component in the noise spectrum, for sufficiently large
drain bias VDS. A similar type of spectral density is
associated with the thermal noise of the body resistance,
which shows up both in the ohmic and the saturation
regime [6]. In subthreshold operation, on the other hand,
the floating body latch phenomenon induces extra 1/f or
flicker noise [7]. Finally, it has been shown that the
defectiveness/quality of the silicon film can play an
important role in the noise performance of the transistors
made in it [8]-[10]. The presence of defects, resulting
from the SOI fabrication process, may lead to the
appearance of Generation-Recombination (GR) noise.

Here, a new kind of noise will be described, occurring
in 0.1 µm PD SOI p- and n-channel transistors with 2.5

nm nitrided oxide gates, which is characterised by a 1/fn

spectrum with n~1.7, therefore called “1/f1.7 noise”. It has
been seen in the ohmic regime for the front channel, but
is absent in the back-channel transistors. The length (L)
dependence of both the drain current (SI) and gate-
referred power spectral density (SVG) will be described,
from which the origin of the noise source is discussed in
terms of a number-fluctuations model.

2. Experimental

The devices studied have been processed in a 0.1 µm
PD SOI technology on 200 mm UNIBOND wafers. The
final film thickness is 100 nm and the buried oxide
thickness 400 nm. A Polysilicon Encapsulated Local
OXidation of Silicon (PELOX) isolation scheme was
applied to define the active areas. The gate stack consists
of a 2.5 nm NO oxide and a 150 nm polysilicon layer.
Two wafer splits have been studied either with or without
(abbreviated no) a HALO implantation, to control the
short-channel effects.

N- and p-channel transistors with a fixed width W=10
µm and a drawn gate length L ranging from 0.15 to 10
µm have been evaluated applying a drain bias VDS=25
mV in absolute value. They share a common gate and
source contact. The channel current I was changed from
0.04 to 40 µA, while the noise spectrum has been
evaluated in the frequency (f) range from 0.7 Hz to 100
kHz.

3. Results

Typical spectra for the n- and p–channel devices are
represented in Figs 1a and 1b, corresponding with a gate
voltage VGS varying from below to above threshold Vth.
The gate overdive voltage VG* is defined by VGS-Vth. In
the range 0.7 Hz�I����+]�RQH�FDQ�VHH�WKDW�WKH�VSHFWUXP
has a 1/f1.7 character, which is rather unusual. In fact, the
frequency index 1.7 remains constant in the gate voltage
range studied for the no-HALO n-MOSFETs, while it
changes from n=1.7 in weak inversion to n=1.1-1.2 in
strong inversion for the no-HALO p-MOSFETs. A
similar variation of n has been observed for the HALO n-
and p-MOSFETs.



It should be noted that besides the 1/f1.7 component,
also the standard 1/fn noise with n close to 1 has been
found for the intermediate frequency range for L���µm
(see Fig. 1a). The white noise part occurring at higher
frequencies corresponds with the Nyquist noise of the
parallel connected channel and load resistances. For the
remainder of the paper, the focus will be on the low-
frequency 1/f1.7 noise.

Fig. 1.a. Front-channel drain current noise spectra
measured for a 0.8 µm no-HALO PD SOI n-
MOSFET. Zero back-gate bias VGB was applied.

Fig.1.b. Front-channel drain current noise spectra
measured for a 0.6 µm no-HALO PD SOI p-
MOSFET. Zero back-gate bias VGB was applied.

In order to emphasise the typical character of the 1/f1.7

noise, Figs 2a and 2b compare the spectra for a L=10 µm

no-HALO n-MOSFET. While the front-channel clearly
exhibits the 1/f1.7 noise, spectra with a smaller n are found
in the back-channel results of Fig. 2b.

Fig. 2.a. Drain current noise spectra measured for a
10 µm no-HALO PD SOI n-MOSFET in the front
channel. VGB=0 V.

Fig. 2.b. Drain current noise spectra measured for a
10 µm no-HALO PD SOI n-MOSFET in the back
channel.

The dependence at f=1 Hz of the current noise spectral
density SI on the gate overdrive voltage VG* is illustrated
in Fig. 3a, for no HALO n-MOSFETs, while Fig. 3b
compares LxSVG versus VG* for n-MOSFETs with and
without HALO. The input-referred noise power spectral
density SVG has as usual been obtained from SI/gm

2, with
gm the device transconductance. The following
conclusions can be drawn. SI increases with increasing
gate overdrive voltage until saturation sets in. The
saturation value (SI)sat decreases with increasing L
according to an L-3 law. In weak inversion, SI increases
proportionally to I2. Second, the LxSVG product is
independent of the gate overdrive voltage or device



length and is a factor ~1.8 higher for the no HALO n-
MOSFETs, i.e., 4.5x10-14 V2cmHz-1 versus 2.5x10-14

V2cmHz-1.

Fig. 3a. Dependences of SI on gate overdrive
voltage for f=1 Hz and no HALO PD SOI n-
MOSFETs, corresponding with different length.

Fig. 3b. Dependences of LxSVG on gate overdrive
voltage at f=1 Hz for no-HALO (1) and HALO PD
SOI n-MOSFETs (2).

4. Discussion

Based on the trends of Figs 3a and 3b, some
conclusions can be drawn with respect to the nature of
the reported 1/f1.7 noise. The scaling of SI with ~I2 in
weak inversion, the saturation of the dependence of
SI(VG*) in strong inversion, the variation of (SI)sat with
1/L3 and the independence of SVGL of L and VG* are all
strong arguments in favor of a McWhorter or trapping
related noise. In other words, it is strongly believed that
carrier trapping-detrapping through oxide traps is
responsible for the observed LF noise. In addition, based
on Fig. 2b, it is concluded that the behaviour is typical
for the thin (2.5 nm) front gate NO oxide. The question
arises, however, why no standard 1/f noise is obtained
below 50 Hz?

Before tackling this question, it should be ruled out that
the observed noise is not generated by the gate current.
Due to the common gate contact, a significant gate
current IG flows. It is well-known that IG in deep
submicron transistors can be a source of 1/f or Random
Telegraph Signal (RTS) noise [11]-[12], especially for
larger gate areas. Therefore, the LF noise in the front-
gate current has been evaluated, whereby the source, and
drain contacts of all the p-MOSFETs of the common-gate
array were grounded. In this way, all the devices are
connected like MOS capacitors in parallel. The
corresponding spectra, for a gate bias VG varying between
–0.025 and –0.5 V are represented in Fig. 4. The spectra
have clearly a slope n which is significantly smaller than
1.7, with evidence of GR humps for most biases. From
this, one can derive that the gate current is most likely not
at the origin of the 1/f1.7 front channel noise.
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Fig. 4. Gate current noise spectra for a set of
common-gate, common-source p-MOSFETs, biased
as a parallel MOS capacitor.

Having established the trapping origin of the noise
under investigation, the remaining problem is to explain
the large frequency exponent n������ ,Q� IDFW�� LW� KDV� EHHQ
shown in the past that an n significantly different than 1
could be explained by a trap concentration profile [13].
Such a profile could be the result of the nitridation
treatment, which introduces a peak concentration of N
and N-related oxide traps close to the interface [13]. In
order to evaluate this hypothesis, the following formula
for the noise can be used:
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In equation (1), q is the electronic charge, Dot is the oxide
trap density (in cm-2eV-1), k is Boltzmann’s constant, T
the absolute temperature, Cox is the oxide capacitance per
cm2 and τ the characteristic trap time constant. From the
experimental lower frequency limit of ����� +]�� D
maximum τ of �����V�FDQ�EH�GHULYHG��7KH�FRUUHVSRQGLQJ
oxide trap density is in the range of ����[��12 cm-2eV-1.
For the high frequency limit of 50 Hz, a 70 times lower
trap density results, which supports the idea of a fairly
steep trap density profile, over a short oxide depth.

The depth information (z) can be obtained by
assuming that the trap time constant is due to tunneling,
which results in an equation of the form [13]:

)2exp(0 zαττ =  (2)

with α a tunneling parameter in the range of 108 cm-1 and
τ0 the minimal trapping time through tunneling for traps
close to the interface, in the range of 10-10 s. Based on the
maximum τ value corresponding with a frequency of 0.7
Hz yields a depth z in the range of 53 nm from the Si-
SiO2 interface. This is much deeper than for typical
border traps (1 to 2 nm), which dominate the 1/f noise in
MOSFETs. In addition, it is derived that over a small
distance, the underlying trap density reduces by about
two decades, for increasing depth from the gate/oxide
interface. The fact that the 1/f1.7 noise is absent in the
back channel spectra and also in the noise of 3.5 nm gate
oxide bulk MOSFETs, suggests that the traps are most
likely associated with the polysilicon gate/oxide
interface.

Another important conclusion is that – if this
interpretation is right – the study of such a noise allows
to gain information on the traps which are close to the
gate interface. This feature is unique for thin-gates and
should be observable in other devices (e.g. bulk
transistors) as well.  In this respect, it can be noted that in
a recent paper, a technique based on the study of the gate
current - gate voltage characteristics has been proposed
for assessing the traps at the polysilicon gate-oxide
interface in thin-oxide (e.g. 2.5-3.9 nm) MOS devices
[14]. Typical detrapping time constants are in the range
of a few seconds, which is in line with the range of time
constants reported here. Furthermore, the de-trapping
time reduces for thinner gate oxides. A possible origin
may be processing induced damage [14].

5. Conclusion

In summary, a new type of LF noise has been
observed in 2.5 nm NO gate PD SOI MOSFETs, which
occurs in the 0.7-50 Hz frequency range and is
characterised by a 1/f1.7 spectrum. It is proposed that the
origin of this noise is related to carrier exchange between
the channel and oxide traps, which are related to the
polysilicon gate interface. The high frequency exponent
can be explained by assuming that the traps show a rather
steep concentration profile, which decays when moving
away from the gate interface.

6. References

[1] S. Maeda, Y. Wada, K. Yamamoto, H. Komurasaki, T.
Matsumoto, Y. Hirano, T. Iwamatsu, Y. Yamaguchi, T. Ipposhi,
K. Ueda, K. Mashiko, S. Maegawa, and M. Inuishi, “Feasibility
of 0.18 µm SOI CMOS technology using hybrid trench
isolation with high resistivity substrate for embedded RF/analog
applications”, IEEE Trans. Electron Devices, Vol. 48, Sept.
2001, pp. 2065-2073.

[2] Y.-C. Tseng, W.M. Huang, M. Mendicino, D.J. Monk,
P.J. Welch, and J.C.S. Woo, “Comprehensive study on low-
frequency noise characteristics in surface channel SOI
CMOSFETs and device design optimization for RF ICs”, IEEE
Trans. Electron Devices, Vol. 48, July 2001, pp. 1428-1437.

[3] W. Jin, P.C.H. Chan, S.K.H. Fung, and P.K. Ko, “Shot-
noise-induced excess low-frequency noise in floating-body
partially depleted SOI MOSFET’s”, IEEE Trans. Electron
Devices, Vol. 46, June 1999, pp. 1180-1185.

[4] G.O. Workman and J.G. Fossum, “Physical noise
modeling of SOI MOSFET’s with analysis of the Lorentzian
component in the low-frequency noise spectrum”, IEEE Trans.
Electron Devices, Vol. 47, June 2000, pp. 1192-1201.

[5] S. Haendler, J. Jomaah, F. Balestra, J.L. Pelloie, and C.
Raynaud, “Kink-related excess noise in deep submicron
partially and moderately fully depleted unibond n-metal oxide
semiconductor field effect transistor (MOSFET)”, Jpn. J. Appl.
Phys., Vol. 39, April 2000, pp. 2261-2263.

[6] F. Faccio, F. Anghinolfi, E.H.M. Heijne, P. Jarron, and
S. Cristoloveanu, “Noise contribution of the body resistance in
partially-depleted SOI MOSFET’s”, IEEE Trans. Electron
Devices, Vol. 45, May 1998, pp. 1033-1038.

[7] J. Jomaah and F. Balestra, “Impact of latch phenomenon
on low-frequency noise in SOI MOSFETs,” Microelectron.
Reliab., Vol. 38, April 1998, pp. 567-570.

[8] N.B. Lukyanchikova, M.V. Petrichuk, N.P. Garbar, E.
Simoen, and C. Claeys, “Back and front interface related
generation-recombination noise in buried-channel SOI
pMOSFETs”, IEEE Trans. Electron Devices, Vol. 43, March
1996, pp. 417-423.

[9] D.S. Ang, Z. Lun, and C.H. Ling, “Generation-
recombination noise in the near fully depleted SIMOX n-
MOSFET operating in the linear regime”, IEEE Electron
Device Lett., Vol. 22, Nov. 2001, pp. 545-547.

[10] T. Ushiki, H. Ishino, and T. Ohmi, “Effect of starting
SOI material quality on low-frequency noise characteristics in
partially depleted floating-body SOI MOSFETs”, IEEE
Electron Device Lett., Vol. 21, Dec. 2000, pp. 610-612.

[11] H.S. Momose, H. Kimijima, S. Ishizuka, Y. Miyahara,
T. Ohguro, T. Yoshitomi, E. Morifuji, S. Nakamura, T.
Morimoto, Y. Katsumata, and H. Iwai, “A study of flicker noise
in n- and p-MOSFETs with ultra-thin gate oxide in the direct-
tunneling regime”, IEDM Tech. Dig., Dec. 1998, pp. 923-926.

[12] B.E. Weir, P.J. Silverman, D. Monroe, K.S. Krisch,
M.A. Alam, G.B. Alers, T.W. Sorsch, G.L. Timp, F. Baumann,
C.T. Liu, Y. Ma, and D. Hwang, “Ultra-thin gate dielectrics:
They break down, but do they fail?”, IEDM Tech. Dig., Dec.
1997, pp. 73-76.

[13] R. Jayaraman and C.G. Sodini, “A 1/f noise technique
to extract the oxide trap density near the conduction band edge
of silicon”, IEEE Trans. Electron Devices, Vol. 36, Sept. 1989,
pp. 1773-1782.

[14] K.M. Chang, Y.H. Chung, T. C. Lee, and Y.L. Sun, “A
method to characterize n+-polysilicon/oxide interface traps in
ultrathin oxides”, Electrochem. and Solid-St. Lett., Vol. 4, June
2001, pp. G47-G49.


