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FinFETs to GAAFETs

Á FinFETs: used from 22nm to 5nm nodes [2]

Á Continued scaling: gate on all four sides : 

gate-all-around (GAAFETs)

ÁGAAFETs a.k.a: Nanosheet FETs (IBM), 

MBCFETs(Samsung)

Á Samsung has announced use of GAAFETs 

for 3nm node (3GAE) [1]

Á TSMC has announced the same for 2nm 

node [2]
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Better electrostatic control

FinFET

GAAFETώмϐtΦ YǳǎƘǿŀƘŀ ŜǘΦŀƭΦΣ ά5ŜǎƛƎƴ hǇǘƛƳƛȊŀǘƛƻƴ ¢ŜŎƘƴƛǉǳŜǎ ƛƴ bŀƴƻǎƘŜŜǘ ¢ǊŀƴǎƛǎǘƻǊ ŦƻǊ wC !ǇǇƭƛŎŀǘƛƻƴǎέΣ IEEE Transactions on Electron 
Devices, Vol. 67, Issue 10, Oct. 2020.
[2] https://samsungatfirst.com/mbcfet/

[3] M.Lapedus, ñNew Transistor Structures At 3nm/2nmò, [Online]: https://semiengineering.com/new-transistor-structures-at-

3nm-2nm/

https://samsungatfirst.com/mbcfet/
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Compact Model

Á BSIM-CMG111.1.0: Industry standard model: include 

Nanosheet specific compact model (Jan. 2021)

Á History:

ïBSIM-CMG: Common-multi-gate FETs

ïModules for double-gate, tri-gate/FinFETs, quadruple gate

ïCMG 105:  GEOMOD 2 and 3 for quadruple gate and cylindrical 

gate. 

ïCMG 109 and 110:  GEOMOD 4: Unified Model for all channel 

shapes including round corners
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GAAFET Variability 
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GEOMOD=5: specific GAAFET module

Åcomputes GAAFET electrostatics based on 

TGAA, WGAA and NGAA.
ÅDWs1|2|3 , DAch1|2|3 for fixed (among sheet layers, 
ŎƻǊƴŜǊ ǊƻǳƴŘƛƴƎΧύ ŀƴŘ ǊŀƴŘƻƳ ƎŜƻƳŜǘǊȅ ǾŀǊƛŀǘƛƻƴǎΦ

GEOMOD=4 can be used to 
input ὃ , ὡ and ὅ directly

ώмϐ /Φ ²Φ ¸ŜǳƴƎΣ ά/ƘŀƴƴŜƭ ƎŜƻƳŜǘǊȅ ƛƳǇŀŎǘ ŀƴŘ ƴŀǊǊƻǿ ǎƘŜŜǘ ŜŦŦŜŎǘ ƻŦ ǎǘŀŎƪŜŘ ƴŀƴƻǎƘŜŜǘΣέ ƛƴ L95a ¢ŜŎƘΦ 5ƛƎΦΣ 5ŜŎΦ нлмуΣ ǇǇΦ н8.6.1ς28.6.4
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Quantum confinement: geometry dependence
ÁGeometry dependence:

ïSubband energies (subband separation)

ïEffective mass and band-gap

ïElectrostatic dimension

ïDensity of states
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Negligible effect for 

larger cross-sections

[1] A. Dasgupta et.al., "BSIM Compact Model 
for Quantum Confinement in Advanced 
Nanosheet FETs", IEEE Transactions on 
Electron Devices, Vol. 67, Issue 2, Feb. 2020.
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Novel Continuous ñDimensionò Model

Á Dimension: 

ïreal GAA-FETs are not categorizable 

as 1D, 2D or 3D (textbook)

ïWS and TS are continuously variable
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Compact modeling 

example:

Ὀ Ὀ
Ὀ Ὀ

ρ Ὡὼὴ
ὡ ὡ
Ὑ

ÁὈ , Ὀ , ὡ , Ὑ: different for 

each subband

ÁὈ , Ὀ , ὡ , Ὑscale with 

cross-section

Complex expression

[1] A. Dasgupta et.al., "BSIM Compact Model for Quantum Confinement in Advanced Nanosheet FETs", IEEE Transactions on 
Electron Devices, Vol. 67, Issue 2, Feb. 2020.
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Subbands, threshold voltage

Á Subbands, threshold voltage

ïSubbands scale with changing cross-

section

ïSubband and band-gap scaling 

directly influence threshold voltage

ïRequirement: continuous, 

differentiable, analytical model

ïComplexity: multiple independent 

variables
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Quantum subband model

ÁCharge contribution of 3 subbands added

p. 7

Geometry-dep. 
confinement effect

Accurate upto 7th

deriv. of charge

3 subbands included 

(First subband is sufficient for thickness > 3nm)

[1] A. Dasgupta et.al., "BSIM 
Compact Model for Quantum 
Confinement in Advanced 
Nanosheet FETs", IEEE Transactions 
on Electron Devices, Vol. 67, Issue 
2, Feb. 2020.
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Derivatives
Á Accuracy of derivatives are important

Á Computationally efficient compact model accurate up to 7th

derivative of charge against quantum simulation 

Á For accurate simulation of linearity and higher order harmonics
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