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The Multi-Fin Technology

Transistor Scaling
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O Itis time to study the
performance of non-
traditional devices for
future scaling
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Device Performance
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o0 Channel resistance

o Contact resistance
0 S/D Series resistance
o Gate resistance

o Gate capacitance

o Junction capacitance
o fringing capacitance

O overlap capacitance
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Nature of Parasitics
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0 Require a lot of structural related parameters
such as Hg.,, Ws,,, Py Loyt €TC.

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

Fin? Fin' =ext
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Modeling Approach

i "

oThe parasitic components .. R s
are added to an S o,
iIndependently from the Intrinsicpart-.{ .4 .
. . . | [ -box
intrinsic model G o : Igjﬂl—-—g

oThe model is supposed to ¢ jlw 1
work with different intrinsic PN >
models (surface potential, Cpe —WNTOS

5 5

Charge based! carrer Non-planar multi-gate SOl Model
based etC.) ((G, D, S, B) four-terminal model: separate

gate devices are not considered)

oBased on distributed network and s-parameters

Re(Z,,)=R, +R,

{vl} y {zﬂ Z, P} Re(Z,,)=Re(Z,,)= R. DC: R, and R,

RF: R, R,;,and R
Re(Z,,)=R, +R. il 3
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o Gate Resistance Model

o Fringing Capacitance Model
o Overlap Capacitance Model
o Verification of the Models

o0 Extensions and Summary
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Gate Resistance Modeling (1)
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Gate Resistance Modeling (2)
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Gate Resistance Modeling (3)
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Gate Resistance Modeling (4)
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Parasitic Capacitance

o Consists of overlap (C,,) and ¥
fringing (C;) capacitance W
. : . LI S,
oFringing capacitance can be
further decomposed into TocTh, <_LZ'
outer fringing (C,) and inner = W, = X
fringing (Cif) capacitance Three dimensional diagram of a

two-fin double-gate MOSFET

o C; capacitance is relative

Gate
small in accumulation and

strong inversion 5 sI
oAs a MOSFET always operate i
: . . n= g
at strong inversion at high C
f C - d The top view of the 2-fin
requency, C; IS ignore double-gate MOSFET
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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
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Formulation

o Deal with orthogonal field lines (potential and flux)
0 A configuration in the complex z-plane

o Map itinto a simpler and more readily analyzable
configuration in the complex w-plane by a
function f (2)

o0 “Conformal”: all properties are preserved at

» X microscopic level during transformation
Au  Av Av _ Au
Ax, Ay, AXx, Ay, LT VT
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Fringing Capacitance Model (1)
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Fringing Capacitance Model (2)
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Fringing Capacitance Model (3)
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n,1s geometry-dependent parameter;

I and 7 are geometry_mdependent A. Bansal et al', IEEE TED, pp. 256, Feb. 2005
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Fringing Capacitance Model (4)
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Fringing Capacitance Model (5)
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Fringing Capacitance Model (6)

o Comparison between model and 3-D numerical

simulator
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Preliminary Simulation Result

oThe selection of Fin Spacing
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Extending to Multi-gate FETs

o Same methodology for Tri-gate and Gate-

all-around (GAA) MOSFETs
o Isolation - C, coupling

L Wsi, Wein

Capacitive/ = Gate-all-around MOSFET

Isolation msmp Coupling
Ak
44 P
Hsin —|.e H, 9.|—
i : Gate

—4q___ b

Double-gate MOSFET (FInFET) Tri-gate MOSFET Source/Drain
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Model Implementation

R 0 "
Cu AA— D oThe parasitic model has
S————— been implemented in
miinsicpart .| _ | Verilog-A platform
| [ -box
Y : |;_4jﬂ|—-—§ oCore model based on
R, | c, BSIM4 with parameters
—H— 7= Cpe extracted to fit numerical
y—\ data
Cop NN—2-O S A _
gbe Rs oParasitic components will
Non-planar multi-gate SOl Model be implemented as
((G, D, S, B) four-terminal model: separate .
gate devices are not considered) eXternaI elementS at thIS

stage
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Circuit Examples [1]
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Circuit Examples [2]

o Output of the 7-stage inverter circuit
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o Parasitic components become more significant in
the process of CMOS devices scaling

0 3-D nature makes the modeling of parasitic
components more difficult

0A geometry dependent gate resistance has been
developed

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

o Still a lot of work to need be done
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