
Lecture 3
• Thin-Body MOSFET Electrostatics

– Improved short-channel effect
– Subthreshold Swing
– Effective Drive Current (IEFF)

Reading: 
- multiple research articles (reference list at the end of this 

lecture)
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Live demo of NovaThorTM L8580 – FDSOI Technology

Courtesy of 
L. Le Pailleur
(STMicroelectronics)



Thin-Body MOSFET Electrostatics: 
Qualitatively

Source
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Planar Bulk FET

• Potential Profiles along x:

x

y



Planar Bulk MOSFET’s Scale Length: 
A More Rigorous Solving

3

Steps:
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1. Solve 2-D Poisson’s equation:

2. One can get parabolic potential profile along x:

3. Evaluate     at surface:

R.-H. Yan, T-ED (1992)
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where is called the Scale Length



Double Gate FinFET
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K. Suzuki, T-ED (1993)

1. Solve 2-D Poisson’s equation:

tSi

0
Potential φ(x)

Depth x

a b

a b

with boundary conditions as:

2. Assume parabolic potential profile along x:

3. Evaluate     at center of the fin by substituting             :φ ݔ ൌ
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Planar Ultra-Thin-Body SOI MOSFET
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K. K. Young, T-ED (1989)

CBOX

COX
CSi

UTB (Fully-Depleted) SOI MOSFET

tSi

0
Potential φ(x)

Depth xa

a

b

b

1. Solve 2-D Poisson’s equation:

with boundary conditions as:

2... 3...
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3-D Bulk Tri-Gate MOSFET

9/16/2013 6Nuo Xu           EE 290D, Fall 2013

Need to solve 3-D Poisson’s equation:

Scale length (λ) as 
a function of z:

The “weak spot” 
locates at:

X. Sun, T-ED (2009)Retrograde doping



Tri-Gate MOSFET Aspect Ratio Design
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UTB FET
Ultra-thin SOI
HSi ~ Lg/5

FinFET
Narrow fin
WSi ~ Lg/2

Tri-Gate FET
Relaxed fin dimensions
WSi > Lg/2; HSi > Lg/5

WSi / Leff

J.-W. Yang, T-ED (2005)
H

Si
/ L

ef
f

required for
DIBL=100 mV/V

Tox = 1.1nm



State-of-the-Art Thin-Body MOSFET’s
DIBL and VTH Roll-offs
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Intel’s 22nm Tri-Gate FETs

C. Auth, VLSI-T (2012)

Intel’s 32nm Planar FETs

P. Packan, IEDM (2009)



Long-Lg SS: FinFET
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Long-Lg SS: UTB SOI MOSFET
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Impact of tSi on Short-Lg SS: 
FinFET
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Simulation Results from DG FinFET

K. Suzuki, TED (1993)

• SS degradation due to the 
increased junction capacitance 
as well as the reduced gate 
coupling as tSi increases.



Impact of tSi on Short-Lg SS: 
UTB SOI MOSFET
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V. P. Trivedi, T-ED (2003)

Simulation Results from UTB SOI MOSFET

Tox=1nm

• SS degradation due to the 
increased junction capacitance 
as well as the DIBL-induced 
back channel conduction. 

• Short-Lg SS for UTB SOI MOSFET 
(assumes top channel conduction):
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Impact of tBOX on Short-Lg
UTB SOI MOSFET Electrostatics
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T. Skotnicki, IEDM Short Course (2010)

Modification to the existing SS and scale length model:
where ( )



UTB”B”: An Ultra Thin-Body & BOX 
SOI MOSFET

• Volume-production-ready UTBB SOI MOSFETs have been successfully 
demonstrated, thanks to the advanced SOI substrate technology.

• tBOX serves as an extra knob to further improve the electrostatics by 
reducing the scale length, alleviating BOX fringe field coupling and strong 
quantum confinement effect. 
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T. Skotnicki, IEDM Short Course (2010)

Si

TEM Source: CEA-Leti TCAD Results after O. Faynot (CEA-Leti)
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Effective Drive Current (IEFF)
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NMOS DRAIN VOLTAGE = VOUT

VIN = VDD

VIN = 0.83VDD

VIN = 0.75VDD

VIN = 0.5VDD
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M. H. Na, IEDM (2002)
*Courtesy of T.-J. King Liu



IEFF Dependence on DIBL
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T. Skotnicki, IEDM Short Course (2010)

IEFF =
IH + IL

2
• It is necessary to include DIBL into IOFF vs. ION plots, to 

better benchmark digital technologies  IOFF vs. IEFF



State-of-the-Art Thin-Body MOSFET’s
IOFF vs. ION & IEFF Plots
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C. Auth, VLSI-T (2012)

Intel’s 22nm Tri-Gate N-FETs



State-of-the-Art Thin-Body MOSFET’s
IOFF vs. ION & IEFF Plots
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C. Auth, VLSI-T (2012)

Intel’s 22nm Tri-Gate P-FETs



Reduced Band-to-Band-Tunneling 
(BTBT) in FinFET
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TSMC’s Lg=25nm MOSFETs

C. C. Wu, IEDM (2010)

BTBT Generation Rates

• Due to reduced doping concentration in the fin (channel) region, 
BTBT-induced current (reverse PN leakage and GIDL) is 
suppressed.



Summary

20
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• How good a thin-body MOSFET is, regarding electrostatics?

To 
Improve:

DIBL SS DIBL SS

Planar SOI MOSFET: tSi, tBOX

UTB

UTBB

FinFET: WFin, HFin

Double 
Gate
(Tall)
Tri-Gate
(Flat)

Long Channel Very Short Channel
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