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Abstract—This paper studies the Floating- Gate MOSFET
(FGMOSFET) for its importance in biomedical engineering and
many modern low-power applications. A practical model for
FGMOSFET is highly needed to be used in circuits simulators. In
this work, a spice model for FGMOSFET is introduced and can
be inserted in any circuit simulator such as Spector and various
SPICE programs (i.e. HSPICE, WInSPICE, etc.). Firstly, the
parasitic capacitances needed for FGMOSFET are stated for
0.13um CMOS technology. Secondly, a model for both mutual
and output transconductance is represented. The model is based
on n-channel FGMOSFET and valid from linear to saturation
regions. The model considers velocity saturation as short channel
effect and bulk charge due to drain-to-source voltage as second
order effect. The results were verified by the spice simulation
BSIM3v3 model in Cadence.

Index Terms— FGMOSFET Model; CAD tools; Devices
Modeling; Nano Electronics; Spice Circuit Simulation

I. INTRODUCTION

ompPUTER Aided Design (CAD) tools is considered the

basic reference to circuit simulation nowadays. It helps

researchers and industry people to figure out the
characteristic for their devices in an accurate way.

Floating-Gate MOS devices have been believed as one of the
dominant structures to extend the scaling limit due to the
increasing of threshold voltage control. The FGMOS devices
attract the researchers working on analog design due to its
electrical characteristics for data computation and low power
dissipation. Moreover, the FGMOS devices are good devices
for controlling threshold voltage and enhancing the charging
and discharging time through the coupling capacitance value
control. The FGMOS devices follow the same CMOS
technology and does not need a specific fabrication process
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Fig. 1 Structure of FGMOSFET device.

Fig. 1. Shows the structure of FGMOSFET device where
Tox is the thickness of oxide between floating gate and
channel and C is the capacitance between the control gate and
floating gate.

Floating Gate MOSFET (FGMOSFET) is found in many
circuits like Flash and EEPROM Memories, low-power
circuits [2], many biomedical Sensors like DeFET [3] and
photonics circuits [4].

This paper represents a practical model for the equivalent
circuit elements of FGMOSFET, see Fig. 2, to be used in
future for circuit and device simulation. The parasitic
capacitances are briefly stated then a mathematical model for
mutual and output transconductance is introduced. Finally, a
comparison between the proposed model and BSIM3v3 model
[6] in Cadence is discussed. The simulation method is the
same as used in [7]. The proposed model is not a charge
conservative, unlike BSIM3v3, but is more flexible to use as it
doesn't depend on parameter extraction as in the other models
in literature.
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Fig. 2 Equivalent circuit of FGMOSFET.
1/gd represents the output impedance of the device, while
gmVds represents the current flowing in the channel.

Il. PARASITIC CAPACITANCES

The drain current for conventional MOSFET including the
velocity saturation as short channel effect [11] and bulk charge
effect due to drain to source voltage as second order effect
[12], can be written as follows.

(ﬁ)XI
Ip =~ (1)

Usar
Oc is the capacitance coupling coefficient between the
floating gate and control gate,

(1)

Where f is the conductivity of the conventional MOSFET
and given by:

B = (Fhueter) @

And Ugqcrepresents the effect of the velocity saturation,

Vsat, and given by,
Usar = (vsaiﬂ) (3)
sat
Where Vg4 IS the velocity saturation of the device.
The parasitic capacitances, Cs and Cgy, in linear and
saturation regions [13,14 and 15] can be written in the form:
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Where Cy, and Cyq are the parasitic capacitances between
floating gate and Source and Drain, respectively, see Fig. 2.
The parameters in the two equations are as following:
1) K, called the conductivity of FGMOSFET.
K = () (5)
C
Where W is the transistor width, C,, is the oxide capacitance
between the floating gate and channel and o, IS the
capacitance coupling coefficient between the floating gate,
and control gate.
2) E. the critical electric field.
3) L is the transistor length.
4) Vgg is the flat band voltage due to nonideality of the MOS
capacitor.
5) AV, term represents the Drain Induced Barrier Lowering
(DIBL) effect from BSIM4 [8].
6) Other terms represent the voltage nodes of the equivalent
circuit in Fig. 2 and other voltage expressions as following:

7 Vfd2 st2
X =|——=-—= aVps(Vro +Vpp) +

% AV iV ps| ©
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)4 2 2 2
a5 Vps (2Via+Vis) + Veg(Vys® = Vg™ +

acAVth(stz - Vfdz)] + acz [{(2¢p)2 + I/FB2 +
2(2¢p)VFB} Vps + g]’{(zd’p +Vrp +
AV (20, +Vos)"* - (26,) "} +

2(2¢0, + Vea)AVerVs + 5 {(20p + Vos)” -

2
(26,)°} + (V) 2V s 9)
Where
Vs is the floating gate to source voltage,
Vis = aVgs + agVps (7
The floating gate to drain voltage can be calculated from,
Via =Vss —Vps )

Vo is the threshold voltage at zero drain bias (i.e., ignoring
the DIBL effect) can obtained from [16] as

VTO = 2®p + Yw/ ZQ)p (9)
Where
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op and vy are the distance between fermi level of majority
carriers of substrate and the intrinsic level of silicon and body
factor, respectively.

The parasitic capacitance can be used to derive the DC model
of FGMOSFET and the AC model. In this work, only AC
model is discussed in next section as DC is very easy to find
based on parasitic capacitances.

I1l. TRANSCONDUCTANCE MODEL

The main elements which are needed in AC modeling of a
transistor are the parasitic capacitances and transconductances.
The mutual conductance g,,, and output (drain) conductance
Ja can be easily derived by:

alp

Im = 352 Vs (10)
al
gda = Fzs Vee (11)

Where Iy is the drain current in Eq. 1 and Vce and Vpg are
control gate and Drain to Source voltages, respectively.
The results of this partial differentiation are:

_ BVbs
Usat

Im (12)

A Xc 2
(ac)[ acVeetXcVpstacVro+tVrp)t3, —Vps ]
2
Usat

9a = (13)

Where W,,s and Vo are the effective surface mobility of
electrons [9] and threshold voltage at zero drain bias [10]
The term X¢ is expressed as:

Win 41— 2ay,
Vps
(17)

Where ayq IS the capacitance coupling coefficient between the

floating gate and drain. AVV—”‘ represent a constant term for

DS

DIBL effect depends on channel length, doping of substrate,
oxide thickness and electric permittivity of oxide and silicon.

As shown in the transconductance equations, they need
the values of the parasitic capacitances.

X.=a,

IV. RESULTS VERIFICATION

Fig. 5 represents the comparison between the proposed
model and the BSIM3v3 simulation in DC simulation in
Cadence for output conductance.

The parasitic capacitance values from solving Eq. 1 and 2
were used to draw the model of the transconductances. Then
simulation for FGMOSFET in Cadence were done. Finally,
both model and simulation were put in one figure for
comparison. There is a slight difference between the proposed
model and BSIM3v3 and this produces a good match between
the proposed model and BSIM3v3, which strength the
proposed model accuracy.

Fig. 8 shows the comparison between the proposed
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model and the BSIM3v3 simulation in DC simulation in
Cadence for mutual conductance and same observations as in
Fig. 5 where seen.
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Fig. 3 DC analysis for output transconductance of
FGMOSFET in siemens vs. drain to source voltage for the
proposed model. The control gate voltage equals 2.5V.
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Fig. 4 DC analysis for output transconductance of
FGMOSFET in siemens vs. drain to source voltage for the
BSIM3v3 model in simulator. The control gate voltage

equals 2.5V.

g, (uS)

oW
T T

V] U...S ‘II 1.I5 2 275 3
Vs (V)

Fig. 5 DC analysis for output transconductance of
FGMOSFET in siemens vs. drain to source voltage, solid line is
the model and dash-line is the BSIM3v3 model in simulator. The

control gate voltage equals 2.5V.
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Fig. 6 DC analysis for mutual transconductance of

FGMOSFET in siemens vs. drain to source voltage for the model.

The control gate voltage equals 2.5V.
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Fig. 7 DC analysis for mutual transconductance of
FGMOSFET in siemens vs. drain to source voltage for the
BSIM3v3 model in simulator. The control gate voltage equals
2.5V.
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Fig. 8 DC analysis for mutual transconductance of
FGMOSFET in siemens vs. drain to source voltage, solid line is
the model and dash-line is the BSIM3v3 model in simulator. The
control gate voltage equals 2.5V.

All parameters used are stated in Table. 1.

Parameter Symbol Value
Transistor

width w Lum
Transistor

length L 340 nm

Floating

gate Crs 2.4 fF

capacitance

The same simulation method [7] for FGMOSFET is used here, see
Fig. 9.

SNES

Fig. 9 Cadence schematic for simulating FGMOSFET with
BSIM3v3 model.

CONCLUSION

In this work, mathematical modeling of transconductances of
FGMOSFET is stated. The model is practical and can be used
in many circuit simulators.

Future intention is to adapt this model for short-channel
devices at sub 100nm and make a charge conservative model
for the parasitic capacitances of FGMOSFET and
correspondingly for the transconductances. The enhanced

models in future will be added to any circuit simulator that
support Verilog-A or Spice syntax.
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