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The Multi-Fin Technology
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The Scaling Trend

o It is time to study the 
performance of non-
traditional devices for 
future scaling

Source: Intel



Device Performance
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[S. E. Thompson et al., Materials Today’06]

Intrinsic Resistance
o Channel resistance

Extrinsic Resistance
o Contact resistance
o S/D Series resistance
o Gate resistance

Intrinsic 
Capacitance
o Gate capacitance

Extrinsic 
Capacitance
o Junction capacitance
o fringing capacitance
o overlap capacitance



Nature of Parasitics

[C. Pacha et al., ISSCC’06]Gate

S/D S/D

FinFET Channel Thickness Wfin (nm)

[J. Kedzierski et al., IEEE TED’03]

Strongly geometry dependent

o Require a lot of structural related parameters 
such as HFin, Wfin, PFin, Lext etc.

o Challenge: some of these parameters should be 
supplied by the layout extractor
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Modeling Approach

Non-planar multi-gate SOI Model
((G, D, S, B) four-terminal model: separate 

gate devices are not considered)

oThe parasitic components 
are added to an 
independently from the 
intrinsic model

oThe model is supposed to 
work with different intrinsic 
models (surface potential, 
charge based, carrier 
based etc.)

oBased on distributed network and s-parameters
( ) sg RRZ +=11Re
( ) ( ) sRZZ == 2112 ReRe
( ) sd RRZ +=22Re
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Outline
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o Gate Resistance Model

o Fringing Capacitance Model

o Overlap Capacitance Model

o Verification of the Models

o Extensions and Summary 



Gate Resistance Modeling (1)
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Gate Geometry of a 2-fin FinFET

3-D nature: Complicated Resistances & Capacitances

Gate Geometry of 
a bulk MOSFET

LDevi
ce 

Widt
h

Cross section of a four-fin DG MOSFETs

Gate

Mansun Chan, Dept. of ECE, HKUST

Equivalent Resistance Network



Gate Resistance Modeling (2)
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v(x = 0, s) = Vin(s) 

i(x= Hfin, s) = 0 Assumption: thick buried oxide; no gate 
inductive components

finS
xR ∆

=⊥

ρ2
x

S
R fin

∆
=

2//

ρ

xCx
H
C

C OX
fin

g ∆=∆=

( ) ( )sxI
Sx

sxV

fin

,2, ρ
=

∂
∂

−

( ) ( )sxV
sCS

sC
x

sxI
OXfin

OX ,

21

,
ρ

+
=

∂
∂

−( )

( )
( )

( ) Cg

inm

fin

fin
finOX

in
mD RsC

sVg

S
H

HsC

sVgI
+

=

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
+

≈
1

3
2

1
ρ

fin

fin
C S

H
R

3
2ρ

=



Gate Resistance Modeling (3)
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Gate Resistance Modeling (4)
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Comparison of capacitances and 
conductances between modelled 
data and 2-D AC small-signal 
simulation results.  

Wfin = 20 nm; Hfin = 80 nm 
TOX = 2 nm; L = 50 nm; 
Tmask = 10 nm  
The frequency (ω/2π) is 1000 Hz
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Parasitic Capacitance

Three dimensional diagram of a 
two-fin double-gate MOSFET
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n = 2
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Gate

The top view of the 2-fin 
double-gate MOSFET

oConsists of overlap (Cov) and 
fringing (Cfr) capacitance

oFringing capacitance can be 
further decomposed into 
outer fringing (Cof) and inner 
fringing (Cif) capacitance

o Cif capacitance is relative 
small in accumulation and 
strong inversion

oAs a MOSFET always operate 
at strong inversion at high 
frequency, Cif is ignored



Fringing Components
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Red: Anode              Blue: Cathode

oFrom 3-D simulation, (1),(2), (3) contribute more than 
99% of the capacitive components and (3) alone 
contribute around 80-98% depends on geometry

(1) (2) (3) (4)



Formulation
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The form of f (z) depends on the 
specific boundaries

o Deal with orthogonal field lines (potential and flux)
o A configuration in the complex z-plane 
o Map it into a simpler and more readily analyzable 

configuration in the complex w-plane by a 
function  f (z)

o “Conformal”: all properties are preserved at 
microscopic level during transformation

y

x
v = 0

v = π

v = 2π /3

u = 0

u = π /3

u = 2π /3

d

0

( ) π/cos1 veudx u++=

( ) π/sin vevdy u+=

Conformal mapping



Fringing Capacitance Model (1)
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Fringing Capacitance Model (2)
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Fringing Capacitance Model (3)
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Model verification by 
numerical simulator
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Fringing Capacitance Model (5)
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Fringing Capacitance Model (6)
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Preliminary Simulation Result
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oThe selection of Fin Spacing
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Extending to Multi-gate FETs
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o Same methodology for Tri-gate and Gate-
all-around  (GAA) MOSFETs
o Isolation COX coupling

Double-gate MOSFET (FinFET)

Isolation

Hfin

L Wfin

Hfin

Tri-gate MOSFET

Capacitive 
Coupling

Hfin

Wfin

L Gate-all-around MOSFET

Gate

Source/Drain



Model Implementation
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Non-planar multi-gate SOI Model
((G, D, S, B) four-terminal model: separate 

gate devices are not considered)

oThe parasitic model has 
been implemented in 
Verilog-A platform

oCore model based on 
BSIM4 with parameters 
extracted to fit numerical 
data

oParasitic components will 
be implemented as 
external elements at this 
stage



Circuit Examples [1]
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Output
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Input Output

o 7-stage 
inverter



Circuit Examples [2]
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o Output of the 7-stage inverter circuit

Geometrical 
Parameters
20-nm TSi (Wfin)
TOX = 1.3 nm, 
L = 45 nm
Hfin=120nm

Number of Fins:
NMOSFET: 2
PMOSFET: 4



Summary
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oParasitic components become more significant in 
the process of CMOS devices scaling

o3-D nature makes the modeling of parasitic 
components more difficult

oA geometry dependent gate resistance has been 
developed

oParasitic capacitance between the gate and 
source/drain has been developed and 
preliminary result has been obtained

oStill a lot of work to need be done


