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FinFET Overview

üVarious Structures

üTechnology

ïSubstrate: Bulk and 

SOI

ïChannel: Si, SiGe, Ge, 

InGaAs, é

üProduction Adoption 

for 16/14/10/7nm

Bulk vs. SOI



Technology Challenges on Variability

üVarious sources

ïRandom: 

ÅRDF, LER, MGG

ïSystematic: 

ÅFin dimension 

(width/height/pitch)

ÅGate dimension 

(width/length/pitch)

ÅEpi/Spacer/CTé

üSerious impacts on 

circuit performance

MGG LER

Logic RO delay SRAM SNM

RDF



Critical Role of Statistical Model

üSPICE model is the 

bridge b/w Process 

and Design

ïFinFET process variability 

Č More challenges for 

circuit design

ïAccurate statistical model 

is critical

üTCAD is widely used 

for variation analysis 

and model study

SPICE 

Model

Process Design



Outline

üIntroduction

üTCAD Simulation & Base SPICE Model

üFinFET Variabilities & Statistical Model

üSummary



BSIMCMG: Standard FinFET Model

üSelected as Industry standard since 2012

ïSurface-potential-based core I-V and C-V model

ïSupports double-gate, triple-gate, quadruple-gate, 

cylindrical-gate; Bulk and SOI substrates

ïSupports various Fin shapes

Various Gate Types Various Fin Shapes



14nm FinFET TCAD Platform

üStrain consideration̔4 regions 
ï source/drainȁ STIȁMetal Gate and contact metal

ü Key parameters:

Fin

Height

Fin

Pitch

Fin

Width

Gate

Length

Gate

Pitch

EOT

42nm 48nm 8nm 20nm 90nm 10.4A

TCAD Structure Reference



14nm FinFET Simulation Results

ü PMOS performance is well 

match with Ref (<10%).

ü NMOS is slightly boosted 

than Ref (~15%).

PMOS Ion vs. Ioff NMOS Ion vs. Ioff

Type Our Work (Ion) Ref. (Ion)

PMOS
1031uA @ Ioff=46nA 960uA @ Ioff=50nA

548uA @ Ioff=36pA 525uA @ Ioff=30pA

NMOS
1111uA @ Ioff50nA 925uA @ Ioff=50nA

595uA @ Ioff=30PA 520uA @ Ioff=30pA

Ref: S-Y. Wu, et.al, IEDM (2013)



TCAD-SPICE Flow

üBase model extraction based on TCAD data

ïIncluding C-V and I-V data

ïVarying Lg and Nfin

14nm FinFET device list
FinFET Process 

conditions

Process simulation

Device simulation

I-V, C-V curves

Model parameter 

extraction

SPICE Model
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