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ABSTRACT
In this paper, the effect of the change of trap density at the buried oxide interface on flicker noise in a 0.25 m fully depleted
Silicon on insulator (FD SOI) MOSFET is reported for the first time. The analytical model developed is based on number
fluctuations which are caused by interactions between shallow donor type traps in the buried oxide and the holes at the buried
oxide interface. It will be shown that the hole concentration at the back interface changes with trap density at the BOX interface.
The change in hole concentration results in fluctuations in the drain current by modulating the flat band voltage. Further the
fluctuations in the drain current are the measure of the flicker noise. Simulations demonstrate, that the proposed model correctly
predicts the dependence of flicker noise on trap density at BOX interface and very little dependence on BOX thickness.
Index words: Donor Traps, Flat Band Voltage, Flicker Noise, Fully Depleted, SOI

I. INTRODUCTION
SOI technology has been widely demonstrated and
recognized to be a mature and alternative technology to
mainstream bulk silicon for the realization of high-speed,
low-power RF and analog CMOS circuits [1]. Enhancement
mode MOSFETs fabricated on thin SOI films have received
much attention in ULSI applications due to improved
isolation, reduced parasitic capacitance, and enhanced
radiation hardness as compared to devices fabricated using
bulk technology. There is increasing evidence that SOI
MOSFETs also provide additional design and circuit
flexibility when scaled down to DSM dimensions because
of reduced short-channel effects [2].
However SOI device design is challenging, due to various
undesired effects coming into play at low frequencies. One
of the undesired parameter at low frequency is the role of
Flicker Noise (also known as 1/f noise). Flicker noise is of
more concern in SOI CMOS due to unfavorable quality of
the silicon- buried oxide interface. The flicker noise (FN) is
becoming a major concern for continuously scaled down
devices, since it increases as the area of the device
decreases [3]. The FN is also of paramount importance in
RF circuit applications, where it gives rise to phase error or
jitter in oscillators and mixers [3]. Therefore the accurate
characterization of the noise behavior has to be established.
The 1/f noise in MOS transistors imposes additional circuit
design considerations and necessitates a good
understanding of the noise mechanisms.
The modeling of the flicker noise in SOI MOSFETs is
relevant in two respects:
(i) Evaluation of the device/circuit performance in terms of
output noise level.
(ii) Characterization of interface film which represent the
basic source of noise [4].

No flicker noise models till date has been specifically
developed for SOI MOSFETs. Models used for flicker
noise in bulk MOSFET are also used for SOI MOSFET.
The previous work done in analysis and modeling of flicker
noise in SOI MOSFET, most relevant to the present work is
the study of the flicker noise in thin film fully depleted SOI
MOSFETs. From this study, it was found that the flicker
noise exhibited a dependence on the corresponding increase
in the fraction of inversion charge at surface [5]. It was also
found out that the low frequency noise in near FDSOI
MOSFETs is dominated by a number fluctuation model [6].
Further in FD and PDSOI MOSFETs they found that 40 nm
silicon film is not completely depleted, therefore the
floating body effects induce a noise overshoot to the flicker
noise [7]. Also the concept of back channel 1/f noise was
introduced and showed that if the impurities in the BOX are
more, the 1/f noise is increased [8].
As BOX is the only distinguishing feature between bulk
MOSFET and SOI MOSFET. Therefore it becomes
important to study its influence on the flicker noise
characteristics. This helps in creating a marked difference
between the bulk MOSFET flicker noise models and the
SOI flicker noise models. In the next section origin of
flicker noise is described.

II. PHYSICAL MODELING
The theories and models suggesting the origin of flicker
noise in MOSFETs differ in details but all are based on
either [9]: The McWhorter Model (Number Fluctuations) or
The Hooge Model (Mobility Fluctuations). In addition to
this the Correlated carrier and mobility fluctuation [9]
models have also been developed. The McWhorter model is
simple and shows excellent agreement with experiments,
especially for NMOS transistors. However, the mobility
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fluctuation noise model tends to better explain the 1/f noise
in PMOS transistors. It was later observed that a trapped
carrier also affects the surface mobility through Coulomb
interaction. The so-called correlated mobility fluctuations
formed the basis for the correlated number and mobility
fluctuations model. However, most results are in favor of
the number fluctuation theory.
We know the quality of the buried oxide is unfavorable in
comparison to front gate oxide, and the aim of the present
work is to study the impact of BOX trap density on the
flicker noise characteristics in SOI MOSFETs. This work
will help in evaluating the influence of BOX quality on the
noise performance of SOI based circuits. Section A
discusses the physical model and section B presents the
analytic model, devised to account for the impact of BOX
trap density on flicker noise of FDSOI MOSFET.

Fig. 1: Capacitive coupling between front and BOX in fully depleted SOI
MOSFET

As observed in Fig. 1 the total capacitance, CTOTAL is given
as:
CTOTAL 
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... ... ... ... ... ... ... (1)
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1 
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with
CFOX for front gate oxide capacitance
CBOX for furied oxide capacitance
CDEP for depletion capacitance
CTB for buried oxide trap capacitance.
CFOX, CBOX, and CDEP have been calculated by using the
conventional formulas, whereas CTB is formed due to the
capture and emission of hole carriers into the traps located
in the buried oxide interface calculated as follows [16]:

II.1 Physical Model
Flicker noise occurs due to fluctuations in the drain current
of the SOI MOSFET, whether fully or partially depleted [9,
10]. These fluctuations are due to trapping and de-trapping
of free carriers into traps located in the oxide near to the
interface [11]. The noise is strongly influenced by the
surface electric field or equivalently, the fraction of the
charge carriers (holes/electrons) concentration lying close
to the interface [4]. Thus flicker noise can be expressed in
terms of the fluctuations in the charge carrier concentration
near to the interface.
The flicker noise has been more often studied in relation to
kink for PDSOI MOSFETs [12, 13, and 14]. FDSOI has
been considered to be free of visible kink effect, and
because of its advantages with regard to short-channel
effects it is potentially competitive with bulk MOSFET
[15]. The exclusive study of flicker noise for FDSOI has
not been reported yet. Therefore, this study focuses on the
influence of buried oxide trap density on the flicker noise in
FDSOI MOSFETs.
In FDSOI there is strong coupling between the front and
buried oxide interface and this can lead to fluctuations in
the electron concentration near to the front interface due to
trapping and de-trapping of holes in the traps in the buried
oxide. The coupling between the front and back interface
takes place through different capacitive components as
shown in Fig.1 which forms the physical model. The
trapping of holes at the buried oxide interface give rise to
buried oxide trap capacitance which in-turn changes the
depletion capacitance itself and this change is then reflected
as change in the flat band voltage of the front gate. In
section B this model is expressed analytically.

CTB 

q2
N TB fT (1  fT ) ... ... ... ... ... ... ... (2)
kT

where
q is the charge on the carrier
k is the Boltzmann constant
T is the temperature in Kelvin
NTB is the trap density at the buried oxide interface
fT is the trap occupancy function.
Buried oxide trap capacitance has been formed due to
trapping of holes in the traps present at the buried oxide
interface. The fluctuations in this trapped charge produces
fluctuations in the flat band voltage at the front gate as there
is coupling between the front and back in case of FD SOI
MOSFET. This fluctuation in the flat band voltage is
expressed as [17]:

  QTB  x0
... ... ... ... ... ... ... (3)

WLCTOTAL  tBOX

VFB   

where
QTB represents the fluctuations in the trapped charge at the
buried oxide interface
x0 represents the distance from the buried oxide interface at
which traps are present
tBOX is the buried oxide thickness.

II.2 Analytic Model (quantitative)
In case of Fully Depleted SOI MOSFET there is capacitive
coupling between the front and the back gate oxide and the
way these capacitive components are coupled is shown in
Fig. 1.

These fluctuations in the flat band voltage due to
fluctuations in the buried oxide trapped charge induce
fluctuations in the drain current which are expressed as:
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  QTB ... ... ... ... ... ... . . . (4) .
V

Q
 FB
TB 

trapping function and fT corresponds to the de-trapping
function for electron and vice versa for hole trapping and
de-trapping.
Simplifying equation (9), we have

Using equation (3) we have,

SNTB  f   N TB (E Fp )

x0
 VFB
1

... ... ... ... ... ... .. . . (5) .
 QTB
WLCTOTAL t BOX

kTWL
... ... ... ... ... ... .... (11)
f

where,  is the attenuation coefficient of the electron wave
in the oxide, and is given as:

Substituting equation (5) in equation (4) we have,

x0
 ID
I
 D
... ... ... ... ... ... .. . . (6) .
 QTB VFB WLCTOTALt BOX

1/ 2

   2mh* B /   ... ... ... ... ... ... .. .
with

mh* the effective mass of a hole, and NTB ( EFp ) is the

As the power of the signal is obtained by integrating its
power spectral density to the power spectral density of the
fluctuating drain current due to fluctuating trapped charge is
given as:

trap density at the buried oxide interface, W the width of
the SOI MOSFET, f the frequency of operation, and B the
oxide barrier tunneling height.
Using equation (8) and (11), the fluctuations in the buried
oxide trapped charge are expressed as:

2

SID

 I 
  D  SQTB ... ... ... ... ... . .. ..
  QTB 

(12)

. (7)

SQTB  q 2 kTWL  f  NTB (EFp ) ... ... ... ... ... (13) .
-1

SQTB is the power spectral density of the fluctuating trapped
charge at the buried oxide interface.
The fluctuations in the buried oxide trapped charge are
proportional to the fluctuations in the number of occupied
traps at the same interface. Mathematically it is expressed
as:

SQTB  q 2 S NTB ... ... ... ... ... ... ..

.

Using equation (7) and (13), the fluctuations in the drain
current due to fluctuations in the front gate flat band voltage
which are further due to fluctuations in the buried oxide
trapped charge are given as:
2

 I

x0
SID   D
 SQTB ... ... ... . .. ... ... . ... (14)
V
WLC
t
TOTAL BOX 
 FB

(8)

where S NTB  Fluctuations in the number of occupied traps

ID
I
 D  g m ... ... ... ... ... ...
VFB VGS

at the buried oxide interface, and q= Electronic charge

and transconductance

gm   2 I D WCFOX / L 

1/2

The fluctuations in the number of occupied traps depends
on the trapping and de-trapping time, probability that trap
will be occupied and trap density at the interface. These
fluctuations in the number of occupied traps over the total
area and energy are expressed as:
L EC W tBOX

SNTB ( y, f )  

   4 N

0 EV 0

TB

kT  qg m x0 
.

 N TB (E Fp ) ... ... ... ... ... ... (17)
WL f  CTOTALt BOX 
Equation (17) represents the drain current fluctuations due
to fluctuations in the trapped charge at the buried oxide
interface. Further this equation is valid only when there is
coupling between the front gate oxide and the buried gate
oxide that is for fully depleted SOI MOSFETs.
SID 

( E , x, y, z )yfT (1  fT )

fT  1  exp  ( EFp  ET ) / kT  

1

... ... ... ... ... ... (16)

2

0

  T ( E , x, y , z ) 

 dxdydzdE
2 2
1    T ( E , x, y, z ) 
where trap occupancy function

. .. (15)

... (9)

III. SIMUALTIONS
The model developed in Section III signifies the influence
of BOX trap density or the quality of buried oxide on the
flicker noise in Fully Depleted SOI MOSFETs. The model
was validated, by simulating a typical SOI structure. A
prototype device was chosen for model validation. The
device design parameters were Channel length is 250 nm,
oxide thickness is 3.9 nm, silicon film thickness is 35 nm,
and buried oxide thickness was 120 nm. The simulation was
carried out for buried oxide trap density of 1E+16 /cm3eV,

... ... ... . (10) .

For trap occupancy function the degeneracy is taken to be
equal to 1 as only single trap level is assumed.
Here EFp is the hole quasi Fermi level, L the channel length,
and fT(1-fT) is the delta function about the hole quasi Fermi
level and reflects that only traps near to this Fermi level
contribute to noise or fluctuations. Also 1-fT corresponds to
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1E+18/cm3eV, and 1E+21/cm3eV. The simulations were
carried out on a device simulator [19].
We have to assure and verify that the device is FD; it
should be free of visible kink. Fig.2 shows the output
characteristics of the device. The 35 nm does not show
sudden rise in current as there is no visible kink. This
proves the fully depleted nature of the device under
consideration.
Fig. 2 shows the fluctuations in the drain current with the
trap density at the BOX. This figure indicates that there is
decrease in the drain current with increase in the trap
density of the BOX and these drain current fluctuations are
related to flicker noise. This decrease in the drain current is
validated by decreases in the electron concentration at the
front interface as shown in Fig. 3.
The decrease in the electron concentration and in-turn drain
current is due to the change in the gate capacitance as the
trap density at the BOX changes as shown in Fig. 4. Fig. 4
indicates there is change in the flat band voltage of the front
gate due to change in the depletion capacitance which inturn is due to the trap capacitance formed in the BOX due
to trapping and de-trapping of holes at the BOX. Fig. 5
shows the dependence of the gate capacitance on the
thickness of the BOX. This figure indicates small
dependence of the flat band voltage of front gate on the
BOX thickness.
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Fig. 5: Dependence of gate capacitance on the buried oxide thickness for
buried oxide trap density of 1E16 /cm3eV and channel length of 250 nm.
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Fig. 6 shows the fluctuations in the hole concentration at
the BOX with the trap density at the BoX. This figure
indicates hole concentration at the BOX decreases with
increase in trap density at the BoX and is due to capture of
holes by the traps which in-turn is responsible for the
formation of trap capacitance. Fig. 7 shows the fluctuations
in the depletion charge with the trap density at the BOX.
This figure indicates that the depletion charge changes with
the trap density at the BOX interface and this in-turn
changes the depletion capacitance which in-turn is reflected
as fluctuations in the drain current and these fluctuations
corresponds to flicker noise.
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Fig. 3: Variations of electron concentration at the front interface due to the
trap density at the BoX for channel length of 250 nm.
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IV. CONCLUSION
0.75

Depletion Charge

The results signify that the modeling of flicker noise is not
restricted only to the front interface; the back interface must
also be taken into account. Flicker noise is now becoming a
major concern when using SOI at RF. Therefore modeling
the flicker noise with relation to each and every dimension
is essential. This work is just a modest attempt towards the
understanding of the influence of buried oxide thickness on
the flicker noise in fully depleted SOI MOSFETs. There is
a need to focus on the implementation of more accurate
noise models for SOI. This will help in evaluating the
performance of SOI based circuit in a much better way and
take advantage of the potential of SOI in the present
technology scenario.
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