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ABSTRACT
This paper explores the capacitance and resistance modeling of 3-D (dimensional) SOI FinFET
structure and circuit implementation approach is done for the utility of SOI FinFET structure. The
scaling of the FinFET structure is continuously ongoing and increased parasitic and resistance affects
the circuit level performance of SOI FinFET in ICs (Integrated Circuits) below 20 nm technology
node. A geometrical-based analysis is done to get the optimized parasitic capacitance and resistance
model and validity of the model is verified by three-dimensional (3-D) field solver Synopsys Raphael
software. For utility of the developed model, some circuit implementation is done in h-spice
simulation environment.
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1. INTRODUCTION
Nowadays, a conventional bulk MOSFET structure has been reached its scaling limits
and it seems further impossible to shrink the dimension of MOS transistor below 20 nm. So,
there have been revolutionary changes occurs in the semiconductor device structures to get
fast, reliable, and low power performance [1, 2]. FinFET emerges as a desirable candidate to
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full fill this requirement due to its 3-D geometry [3-5]. FinFET has both DG (double gate) and
TG (triple gate) architecture and fabricated on SOI (silicon on insulator) substrates. FinFET is
a more suitable structure for CMOS (complementary metal oxide semiconductor) technology
because of its easy fabrication steps, quasi-planar structure [6, 7], excellent scalability,
improved SCEs and very close to MOSFET in respect to layout. Below 20 nm node, FinFET
structures suffer from undesirable parasitic and resistance effects which degrades the
performance of device at the circuit level. So, it is essential for the good optimization of these
effects with optimization in physical architecture of SOI FinFET. In this paper, we explored
analytical capacitance and resistance model of 3-D SOI FinFET structure and geometry based
analysis is done for optimizing the source/drain resistance, underlap spreading resistance,
contact resistance, the gate to fin capacitance and gate to source/drain parasitic capacitance.
Further, both capacitance and resistance model is optimized with the help of fin height and
RSD (raised source/drain) epitaxial height variation. The analog/nanoelectronic circuit
performance is enhanced by optimizing the source/drain resistance at optimum) frequency
value. Development of SOI FinFET model gives an opportunity to researchers to work in
areas of low power and high-performance analog/RF circuits.

2. GEOMETRICAL STRUCTURE AND MODEL VALIDATION
The two- dimensional realistic schematic views of RSD SOI FinFET structure along Fin
length, Fin width and fin width at the source/drain end are shown in Fig. 1 (a), (b) and (c)
respectively. HFin and WFin are the fin height and fin width respectively. Here the total
effective width of the transistor W   2 H Fin  WFin  is considered because the total current of the
FinFET structure is the effect of all current components flowing along sidewalls and the top
surface of Fin [8]. The Tmask is the thick nitride hard material on the top of silicon fin. Tox is
the effective gate oxide thickness. The structural parameters of RSD SOI FinFET device used
for 3D simulation in this paper are given in Table 1.

(a)
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(b)
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Figure 1. Two-dimensional (2-D) realistic schematic view of SOI FinFET (a) Cross section
along channel length (b) Cross section along Fin width at gate end (c) Cross section along Fin
width at source/drain end.
Table 1. Dimensional values used in our model for evaluating the parasitic capacitance and
Resistance.
Parameters
WFin
HFin

Descriptions (nm)
Fin width
Fin height
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Dimensional Values(nm)
10
26
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Lg
T0x = Tmask
BOX
Weff
L
Lsp
Wrsd
Hepi
Tgate
Wgate
Hcon or Hsilicide

Gate channel length
Oxide thickness
Buried thickness
Effective Width
Length of device
High-k (k = 22) spacer length
Source/drain width
RSD Epitaxial Height
Gate Height
Gate Wing
Source/drain Silicide or Contact Height

20
0.9
40
62
119.44
9.72
40
28
40
14.1
30

The schematic capacitance representation of RSD SOI FinFET is shown in Fig. 2.

Figure 2. Capacitance side and top view of RSD SOI FinFET
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The total gate capacitance (Cgg) of 3-D SOI FinFET is the sum of intrinsic (Cin) and
parasitic capacitance (Cp) between source/drain and gate, define as

Cgg  Cin  Cp  Cgc  Cgfin  Cgrsd

(1)

The intrinsic capacitance Cin for this design is expressed as

Cin 

0x
T0 x

 2H Fin  WFin  Lg

(2)

The parasitic capacitance (Cp or Cfr) between source/drain and gate includes the gate to
metal contact (Cgc), gate to RSD (Cgrsd) and gate to fin capacitance (Cgfin) and these are
modeled according to our developed model [9] and validation of model is done with
simulated results are shown in Fig. 3.

Figure 3. Capacitance model validation with 3D simulation.

The developed model shows that on increasing the Lsp the parasitic capacitance
decreases and circuit performance improves in terms of delay. The further the capacitance
performance can be optimized by variation of fin height and RSD epitaxial height which are
shown in Fig. 4.
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Figure 4. Capacitances versus high-k spacer length and RSD height analysis of RSD SOI
FinFET.

The schematic view for resistive component model is shown in Fig. 5.
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Figure 5. Resistive components model for SOI FinFET.

The FinFET source/drain resistance (Rsd) includes the contact resistance (Rcon),
spreading resistance (Rspr) and extension resistance (Rext) and these components are modeled
according to [9] and validation is done with simulated results which are shown in Fig. 6. and
Fig. 7 respectively.

(a)
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(b)
Figure 6(a,b). RSD and Spreading Resistance validation of SOI FinFET Structure.

(a)
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(b)
Figure 7(a,b). Contact Resistance validation and effect of fin height variation on RSD
resistance of SOI FinFET Structure.

It is observed from the Fig.6 and Fig.7 analysis that on increasing the RSD epitaxial
height (Hepi) and fin height, Rsd, Rspr and Rcon resistances decreases which significantly
improves the current driving capability of RSD SOI FinFET in analog circuit applications.

3. PERFORMANCE EVALUATION
ID (drain current) versus VGS (gate-source voltage) characteristics in linear and log scale
at different values of drain-source voltage for proposed SOI FinFET is shown in Fig. 8. Due
to high-k spacer region and increased epitaxial RSD height, it gives the much-improved value
of driving current which significantly improves the trans-conductance (gm) value of SOI
FinFET device.
The improvement in gm plays an important role in analog circuit design which
significantly improves the gain of the device in circuit applications. The TGF (Transconductance Generation Factor) and gm versus VGS characteristics are shown in Fig. 9. The
high value of TGF means the effective realization of circuits at a low value of supply voltage.
The ideal value of semiconductor transistor is 40 V-1 and proposed SOI FinFET generates near
the ideal value of TGF at low gate bias point.
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Figure 8. ID-VGS characteristics of RSD SOI FinFET in the log and linear scales at different
values of VDS.

Figure 9. Trans-conductance (gm) and trans-conductance generation factor (TGF) versus VGS
characteristics at VDS = 0.35V and 0.7V respectively.

The output conductance(gd) versus VDS characteristics at VGS = 0.35 V and VGS =
0.7 V are shown in Fig. 10 and it is observed that at low drain bias point, VGS = 0.35 V
gives the low value of gd while at high drain bias point it gives the low and stable gd and
low value of output conductance required for improving the gain of the semiconductor
device.
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Figure 10. Output conductance (gd) and drain Current (ID) versus VDS characteristics
at VGS = 0.35V and VGS = 0.7V respectively.

The analog performance of proposed SOI FinFET are evaluated using simulation
process and are shown in Table 2. The high value of gain 40.16 dB generated at a low value
of supply voltage 0.7V which is the good achievement for circuit applications.
Table 2. Analog performance evaluation of RSD SOI FinFET Structures at VDS = 0.7V.
Analog Performance Parameters

Enhanced RSD SOI FinFET

SS (mV/dec)
Ion (µA)
Ioff (nA)
Ion/Ioff
gm (µS)
gd (µS)
AV( dB)
VEA (V)

64.58
119.84
38.80
3088.65
246.55
2.42
40.16
14.80

4. CIRCUIT IMPLEMENTATION OF SOI FinFET STRUCTURE
For utility of proposed SOI FinFET, some circuit implementation has been done which
are shown in Fig.11, Fig.12, Fig.13 and Fig.14 respectively.
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Figure 11. CMOS inverter implementation using proposed SOI FinFET structure and their
input/output Characteristics.

Figure 12. Basic current mirror circuit implementation using proposed SOI FinFET structure
and their input/output current verification Characteristics.
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(a)

(b)

-206-

World Scientific News 113 (2018) 194-209

(c)
Figure 13(a,b,c). Miller compensated two-stage operational amplifier and its input-output
waveform.

Figure 14. Resistive inverter implementation using proposed SOI FinFET structure and their
input/output Characteristics.
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From the Fig. 11 and Fig. 14, it has been shown that CMOS and Resistive load inverters
give accurate voltage transfer characteristics. Fig. 12 shows the basic implementation of the
current mirror and its output current transfer characteristics.
It is observed from the characteristics that at a low value of Vout, the Mn2 transistor
works in the linear region and on increasing the Vout voltage it moves into the saturation
region which gives an exact replica of reference current as a result of perfectly giving output
transfer current ratio equal to 1.
Fig. 13 shows the Miller compensated two-stage operational amplifier which is the
essential building unit of analog circuit design. Here input signal Vin1 taken sinusoidal with
10 mV of amplitude and Vin2 taken as zero volt. From its output waveform it can be
concluded that it is amplifying the input signal perfectly and can works like amplifying unit in
analog circuit applications.

5. CONCLUSION
In this paper, the performance of SOI FinFET is enhanced by physical variation in the
architecture of SOI FinFET structure. For proposed RSD SOI FinFET structure, the
capacitance and resistance modeling approach is explored and to check the utility of proposed
structure, some circuit implementation like inverters and the current mirror and operational
amplifier has been done. The proposed structure provides the further research opportunities in
the semiconductor device field.
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