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Abstract—The formulation of effective mobility for fully de-
pleted silicon-on-insulator (FDSOI) transistors is a very challeng-
ing task. As vertical electric field (Eeff ) changes it’s sign from
positive to negative according to the front and back channel
dominance which results in non-unique relationship between
Eeff and carrier distribution. This is the first time, when a
predictive mobility model for wide range of back gate biases,
solely dependent on technology parameters (front and back gate
oxide thickness Tox/box, threshold voltage Vth, front/back gate
bias Vfg/bg and flat-band voltage Vfb) is proposed. This predictive
mobility model allows the user to predict the deviation in device
characteristics due to the variations in the device structure.

Index Terms—FDSOI, Model, Split-CV, Mobility.

I. INTRODUCTION

Below 20 nm technology node, bulk transistors are facing

challenges like severe short channel effects, random dopant

fluctuation etc [1]. Different architectures like fully depleted

silicon on insulator (FDSOI) [2] and FinFETs [3] are intro-

duced to drive the CMOS market further for meeting high

performance and low power demands. Due to the presence

of ultra thin buried oxide layer (BOX), FDSOI transistor has

threshold voltage tuning facility by back gate biasing [4]–[7]

in comparison to FinFET transistors. This also results in strong

front and back gate coupling which makes the effective electric

field [8] and inversion layer mobility [9] calculations difficult

in FDSOI transistors as compared to bulk transistors.

In bulk transistor, the inversion layer mobility follows a

universal relation and is independent of substrate bias, the

substrate doping and oxide thickness when plotted against

effective transverse electric field Eeff(bulk) [10],

Eeff(bulk) =
Qdep + ηQinv

εSi
(1)

where Qdep, Qinv are the depletion and inversion charges

respectively, εSi is the relative permittivity of silicon and η
is 1/2 for nMOS and 1/3 for pMOS transistors. This universal

mobility curve (UMC) is considered as a reference curve to

compare any new technology and is very useful to understand

the MOS transistor physics [8].

Unfortunately, the same definition of Eeff(bulk) is not

applicable to the FDSOI transistors because electric field at

the back interface (Esb) is not always equal to zero as in bulk

MOS transistor [11]. This had led to lots of discussion on the

non-universality of mobility in literature [8], [12], highlighting

the importance of Esb. To account the impact of Esb on

mobility, the models proposed till date [13]–[15] have tried

to include back gate electric field Esb along with the front-

gate electric field Esf which results in effective electric field

Eeff = Qb+ηQinv

εSi
+ Esb. Unfortunately, the lumped parameter

Eeff is not a convenient quantity to use, when expressed in

terms of Qb and Qinv [11], [15] as their measurements are

difficult [16]. In this work, we have proposed a complete

technology parameter based compact model for Eeff and

effective mobility μeff . Due to some manufacturing variations,

technology parameters (Tox/box, Vth, Vfg/bg , Vfb) show slight

device to device variations. Also devices fabricated using

different processes have different technology parameters. All

these result in deviation of mobility and hence the device

characteristics. The proposed predictive model captures these

variations and predicts the effective mobility for wide range

of back bias.

This paper is organized as follows. The mobility and

threshold voltage extraction are explained in Section II. The

proposed effective mobility model is discussed in Section

III. Model validation is discussed in Section IV followed by

conclusion in Section V.

II. MOBILITY AND THRESHOLD VOLTAGE EXTRACTION

FDSOI devices from CEA-LETI were used for C-V and

I-V measurements. The device chosen for this work has

dimensions: channel length Lg = 10 μm, channel width Wg =

50 μm and front-gate oxide thickness Tox = 1.2 nm, back gate

oxide thickness Tbox = 25 nm and silicon channel thickness

TSi = 8 nm. I-V and C-V measurements are done using

Keysights B1500A semiconductor device parameter analyzer.

I-V measurements are done at drain voltage (Vds) = 10 mV

while C-V measurements are done at Vds = 0 V.

A. Mobility Extraction by Split-CV method

Fig. 1(a) shows the variation in gate to channel capacitance

(Cgc) as a function of Vfg for different Vbg . For high positive

Vbg (i.e., Region-I), there is a plateau in Cgc - Vfg character-

istic. This plateau indicates the formation of inversion layer at

back side channel while there is no channel formed yet at the

front interface [17], [18]. In region II, the front gate voltage
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Fig. 1. The impact of back gate bias on measured Cgc and Ids is
illustrated. (a) Cgc vs Vfg characteristic. (b) Ids vs Vfg characteristic.
Back gate bias Vbg sweeps from -8 to 8 V with the step size of 2 V.
Device dimensions are: Lg = 10 μm, Wg = 50 μm, Tox = 1.2 nm,
Tbox = 25 nm, TSi = 8 nm. All lines are showing measurement data.
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Fig. 2. Mobility μ vs Vfg curve, by using definition (2). Device
dimensions are: Lg = 10 μm, Wg = 50 μm, Tox = 1.2 nm, Tbox =
25 nm, TSi = 8 nm. All lines are showing measurement data.

is high, which results in coexistence of front as well as back

channel inversion [19]. Fig. 1(b) shows the variation in drain

current Ids with Vfg for different Vbg . As Vbg increases, Vth of

device decreases which results in high Ids while with negative

Vbg , inversion gets delayed and result in reduced Ids [20].

The split C-V method is widely used for determining the

mobility, because it estimates carrier density accurately [10].

Using this approach, the channel mobility is extracted using

the Cgc vs Vfg characteristic and drain current measurements

at different back gate biases [17] as follows

μ =
LeffIds

WeffQinvVds
(2)

where Weff , Leff are the channel width and length respec-
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Fig. 3.
dCgc

dVfg
vs Vfg for different Vbg is illustrated. Device dimensions

are: Lg = 10 μm, Wg = 50 μm, Tox = 1.2 nm, Tbox = 25 nm, TSi

= 8 nm. All lines are showing measurement data.

tively and Cox is front gate oxide capacitance. Qinv is the

charge per unit area which is obtained by integrating the

measured Cgc - Vfg characteristic.

To neglect the effect of horizontal electric field on channel

mobility, the measurements were carried out at Vds = 10 mV.

Also the mobility curves were corrected for access resistance

Raccess = 2*103 Ω.μm, calculated using Ron(L) method [21].

The corrected mobility curves show that the Raccess has

negligible effect due to the use of long channel length device.

The extracted μ vs Vfg characteristic for different back gate

bias are shown in Fig 2.

B. Threshold Voltage Extraction

Fig. 1(b) shows that back-gate bias has a significant influ-

ence on Vth, thus it is important to extract Vth accurately.

There are several methods available in literature to extract

threshold voltage of MOS transistors [22], [23]. The derivative

of the gate to channel capacitance method (see Fig 3) gives

much better resolution in channel separation, because it is

less sensitive to series resistance as compared to the current

measurements. Extracted threshold voltage from the peak of
dCgc

dVfg
curve is shown in Fig 4.

III. PROPOSED EFFECTIVE MOBILITY MODEL

In a FDSOI transistor, the two boundary conditions from

Gauss law at front and back gates are given as

εsiEsf = Qf =
εox
Tox

(Vfg − Vfb1 − ψ1) (3)

εsiEsb = Qb =
εox
Tbox

(Vbg − Vfb2 − ψ2) (4)

where Qf and Qb are the front/back gate charges and εsi and

εox are the silicon and oxide material permittivity, respectively.
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Fig. 4. Vth vs Vbg curve extracted from
dCgc

dVfg
vs Vfg characteristic.

Device dimensions are: Lg = 10 μm, Wg = 50 μm, Tox = 1.2 nm,
Tbox = 25 nm, TSi = 8 nm.

Vfb1 and Vfb2 are the flat band voltages, Tox and Tbox are the

oxide thicknesses at front and back gates, respectively. Esf

and Esb are the surface electric fields and ψ1 and ψ2 are the

surface potentials at front and back gates, respectively.

Esf =
Vfg − Vfb1 − ψ1

3Tox
(5)

Esb =
Vbg − Vfb2 − ψ2

3Tbox
(6)

We have assumed ψ1 = ψ2 = 2φf i.e., threshold condition,

where φf is the Fermi potential. Effective mobility (μeff ) can

be expressed as a function of Eeff (i.e., average of front and

back surface electric fields). Using (5) and (6), Eeff becomes

Eeff =
1

6Tox

[
(Vfg − Vfb − 2φf )− Tox

Tbox
(Vbg − Vfb − 2φf )

]

=
1

6Tox

[
Vfg − Tox

Tbox
Vbg −

(
1− Tox

Tbox

)
(Vfb + 2φf )

]

(7)

where Vfb1 = Vfb2 = Vfb for derivation simplicity. In thin

BOX FDSOI transistors, the technological variations at the

back interface like oxide thickness, interface quality and work-

function plays an important role. We have expressed Vbg in

terms of threshold voltage Vth which automatically captures all

these process variations in our model [24]. This relation also

helps in capturing the effect of back bias on carrier distribution

which makes effective mobility curves, nearly independent of

back gate bias. As shown in Fig. 4, Vth can be expressed as

Vth = −mVbg + Vth0 (8)

where m is representing the slope and Vth0 is the threshold

voltage at zero back gate bias. By incorporating (8) in (7), we

Model

Vbg = 0 V 

0 1 2
0

100

200

300

400

500
 Vbg = 8 V  
 Vbg = 6 V 
 Vbg = 4 V
 Vbg = 2 V
 Vbg = 0 V
 Vbg = -2 V 
 Vbg = -4 V 

 

Eeff (MV/cm)

μ ef
f (

cm
2 /V

s)

 nMOS

Fig. 5. μeff vs Eeff behavior of FDSOI transistor is illustrated.
Here, α = 0.72 and β = 1.1, U0 = 380 cm2/Vs, UA = 0.83 cm/MV
and EU = 1.85. Device dimensions are: Lg = 10 μm, Wg = 50 μm,
Tox = 1.2 nm, Tbox = 25 nm, TSi = 8 nm. Black solid line: Predictive
Model, Symbols: Measurement Data.

get final expression for Eeff as,

Eeff =
1

6Tox

[
Vfg +

Tox

mTbox
V

′
th −

(
1− Tox

Tbox

)
(Vfb + 2φf )

]

=
1

6Tox

[
Vfg + αV

′
th − β(Vfb + 2φf )

]
(9)

where V
′
th = |Vth| - Vth0 and α = Tox

mTbox
, β =

(
1− Tox

Tbox

)
.

Here, α and β are taken as model parameters. To account for

different Vfb1 and Vfb2 conditions, β can be tuned further.

IV. MODEL VALIDATION

The results for mobility discussed in Section II plotted by

our proposed model are shown in Fig 5. Eeff is negative for

Vbg > 0 V and as Vfg increases, the charge centroid shifts from

the back interface to the front interface and Eeff changes it’s

sign from negative to positive. In strong inversion region, the

effective mobility curves are converging into the single curve.

This single mobility curve is predicted using our effective

mobility model where μeff is a function of proposed Eeff

as (10). The solid black line shown in Fig 5 is predicting the

effective mobility behavior for different back bias.

μeff =
U0

1 + UA · |Eeff |EU (10)

where Eeff is electric field in MV/cm. U0 is low field

mobility parameter while UA and EU parameters are used

to capture surface roughness scattering [25]. When amount of

inversion charge is lower in the channel, mobility gets limited

by coulomb scattering [26]. Note that our model does not

consider the coulomb scattering.
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Experimental Data [27].

To check the model validity for FDSOI transistors with

different set of technology parameters (Tox, Tbox and Tsi),

we have plotted proposed μeff vs Eeff for the experimental

data obtained from [27]. The model shows good agreement

for this thick BOX FDSOI transistor for a wide range of back

bias as shown in Fig 6. The proposed model is able to predict

the mobility for differently processed FDSOI transistors as

shown in Fig 5 and Fig 6. These results also show that the

inclusion of threshold voltage in our model makes mobility

curves independent of back bias.

V. CONCLUSION

The predictive mobility model for FDSOI transistors is

presented for a wide range of back gate bias. Model has shown

good agreement with the measured data obtained from CEA-

LETI as well as with the data reported earlier in literature.

The novelty in the proposed model is its dependency, solely

on technology parameters which are monitored daily in the

practical engineering world by circuit designers.
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