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TCAD Tuning for FInFETs
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1.0

FinFETs current flow
plane  different  from

conventional planar
MOSFETs

TCAD tool use default
100 plane mobility

So tuning the mobilty to
account for plane of

conduction 1s essential for
FinFETs.

u & p are tuned mainly to
achieve matching



3D process structure & 2D cut plane

Spacer Gate Metal

——_ o
)

-
HDD

Il
—kd

G

/

3D and 2D view of the process simulated FiInFET structure
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Circuit Simulations

LUT was generated for
the matched devices.

Sequel simulations done
for RO

Parasitic capacitance was
extracted from the layout,
ploy resistance was
estimated from the length
of the poly and its doping
level.

Simulations matched

close to expt result
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High-K FInFET simulation Results
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High-K FInFET simulation Results
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* Fin doping, Fin width
& work  function
adjusted to keep 1so-

Ioff

* Fin width scaling
gives the optimum K
for high —-K circuit
applications

 Work function range

required may be large.



Impact of High- K on FInFET Circuit Performance
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Bulk FInFETs

* They are very leaky
without anti punch
through (body doping)

* So body doping has
been proposed as
make 1t viable from
leakage perspective

IEDM 2006

April 21, 2008



3

Doping #/cm

Body doping profiles
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Optimized doping profile can give better Ioff in Bulk
FinFETs
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Body doping profiles

* Reported profiles
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Optimum body doping
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Higher anti punch through (APT) doping always not beneficial.
There exists an optimum APT doping owing to BTBT
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FinFET’s Transient Performance
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IEEE Trans. on Electron Devices '
2008 FEB
Bulk FinFETs have same performance as SOI FinFET
unlike planar counter parts. Verified by layout rule based
calculations. ‘
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FinFET’s Transeint Performance
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Performance advantage significant for taller fins,
owing to lesser junction capacitance.
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Parasitics Modeling
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Fin Pitch Parasitics
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Gate Capacitance: Cgg (F)

Impact of Pitch
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Frequency: f (GHZz)
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Bulk FinFET Process Flow ..
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FinFETs fringe parasitics (Cfr) almost 100% more than
equivalent planar devices!. But junction capacitance 1s

lesser than planar device.
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Additional Parasitics in 3D

e Extra increase in Cfr 1is
clear from the 3D picture.

e (Cofl & Cof3 are extra in
FinFETs.

e In planar these additional
components  will  get
normalized by  Weff.
(effective width). But 1in
FinFET  they  simply
gets added to the total Cfr.
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Inverter Delay (ps)
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Different FinFET layouts COmpeteIlt.

1fin with 110nm pitch gives poor performance than

planar. 2fin with 70 nm pitch makes it superior.
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Impact of Cir- Comparison
FinFET/Planar (22nm node

* Enhanced Cfr will
cause the performance
of FInFETSs to be
inferior to eqvt planar
device (22nm node).

 More serious 1ssue for
large fanout circuits
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Normalised Capacitances
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Tg per fin is lower than 1fin case

Solutions -Spacer Fins
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Tg per fin is lower

Packing two or more fins 1n a single pitch will
reduce the total parasitics
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Electrical Method for Bottom Fin Doping Extraction

Bottom fins are difficult to be doped as
uniform as the top fin.

Insufficient doping increases ON resistance
SIMS may fail 1n thin fins

We need a easier method to profile the
doping value at the fin bottom
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Electrical Method for Bottom Fin Doping Extraction
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Conceptual Model: NMOS

l Vpack = 0

N+ e>£tension
high dose at the
top
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l Viack TVE

e A positive (negative) bias on the back gate
causes accumulation (depletion) of electrons
at the extension - BOX interface

e The channel is fully under gate control
when the fins are narrow enough

30



Veritication by 3D simulations
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Depletion 1n bottom fin changes resistance and thus Ion
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Extension Doping Implants
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First Order Model

silicide silicide

hFIN !
: + hp
v v
Extension with a positive bias Extension with a negative
on the back gate bias on the back gate
. pextLSp R . pexthp
ext — h W ext — h A W
fin"" fin _ ( fin D) fin
- Extension resistance
Rext

Lsp - Spacer length

Pext - Average resistivity of the extension.

- It is assumed that the current flows through the entire extension in the
absence of depletion

- Also that the average resistivity does not change with hy
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First Order Model

silicide silicide
hFIN :
: + hp
v v
Extension with a positive bias Extension with a negative
on the back gate bias on the back gate
.= Pec R, = Pec
con con
hﬁn Wﬁn (hﬁn - hD)Wﬁn
- contact resistance
Rcont
Pc - Average resistivity of the contacts.

- It is assumed that the fin is fully silicided (for simplicity)
- Also that the contact resistivity does not change along the fin height
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First Order Model

Ripr =2(Ryy + R

COI”lt)

R L 2('OeXtLSp +'OC) _ z(pextl’sp +Pc)
tot—min =" Riot Voun ) = - ———
fin"" fin ( fin D Vsup)) fin

Rtot—min —1— hD (Vsub )
Rtot (Vsub ) hﬁn

The highest value of resistance is reached when h, is the
maximum => maximum “equivalent” depletion width at
the bottom interface

hy.max €an then be used to calculate an “equivalent
average” doping at the bottom part of the fin
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Doping extraction
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Conclusions

Proper TCAD tuning essential for meaningful FiInFET
simulations

Optimum High-K dielctric for FInFET's propsed, from the
performance perspective.

Bulk FinFETs are optimized for better DC performance.

Reported that Bulk FinFETs are equally attractive from the
performance perspective unlike the conventional
perception..

Compared the FInFET fringe parasitics with equivalent
planar and propose solutions to optimise the enhanced
FinFET fringe parasitics.

Proposed a novel approach for extracting the bottom fin
doping 1n ultra thin fins.

3rd-APS-Manoj, march 17, 2008
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