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Administrative
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1. Course Focus
2. Course Webpage

3. Office Hours (TBD)
4. Course Prerequisites

5. References

6. Grading
HW (30%): 3 assignments
Midterm Exam (40%): Take-home, 48 hrs
Project/Presentation (30%)

Primarily based on lecture notes
No required texts

EE 130, EE 105

http://www-inst.eecs.berkeley.edu/~ee290d/fa13/



Lecture 1
• Course Overview

– Concepts of Thin-Body MOSFETs
– History of FinFET Development

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



A Journey Back through 
Time…
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Notice of Courtesy:
Lots of materials here are from Prof. Tsu-Jae King Liu’s 

various talks on advanced CMOS devices



1950s: Diffusive Transistors

Electron Energy Band Profile

in
cr

ea
si

ng
 E

distance

n(E)  exp (-E/kT)

Source
Drain

increasing
VGS

gate oxide

P N+

Gate

N+
Leff

Source DrainBody
P N

Base 
Contact

N+
Wbase

Emitter CollectorBase

1959:Metal-Oxide-Semiconductor
Field Effect Transistor1947: Bipolar Junction Transistor

5



1990s: Short Lg MOSFET Effects
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2000s: The IC Power Crisis
• As transistor density has increased, the transistor 

operating voltage has not decreased proportionately.
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 Power density now constrains chip design!

• Transistor innovations are needed to alleviate this crisis.  

Power Density Prediction circa 2000
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Impact of Body Thickness

Thin body – 1000x lower leakage current !!!

- TCAD Simulation results
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Courtesy of Prof. C. Hu



Planar MOSFET Scaling Technique: 
Retrograde Well Doping

R.-H. Yan, T-ED(1992)
A. Hokazono, VLSI-T(2008) & IEDM(2009)

• Use high doping to “turn off” the sub-channel leakage path.
• Channel is kept undoped, ideally.
• Steep retrograde doping gradient is a limiting factor.
 Exotic materials have to be used (Si:C, Si:N, etc.) as a screen layer
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Planar MOSFET Scaling Technique: 
Ultra-Thin-Body SOI
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IBM’s 20 nm UTB-SOI MOSFETs

Ids vs. Vgs Curves

C. Fenouillet
(STMicroelectronics), 
IEDM(2009)

• “Remove” the MOSFET 
substrate by fabricating it 
on the SOI wafer.

• No channel doping.
• Channel and BOX 

thicknesses are knobs to 
tune the device 
electrostatics.
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1990: Delta MOSFET

Wl = 0.4 m• Improved gate control observed 
for Wg < 0.3 um
– Leff= 0.57 um

(Hitachi Central Research Laboratory)
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D. Hisamoto, EDL(1990) 



FinFET Concepts
• Self-aligned gates straddle narrow silicon fin
• Current flows parallel to wafer surface
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1998: 1st N-Channel FinFET

Lg = 30 nm
Wfin = 20 nm
Hfin = 50 nm

Lg = 30 nm
Wfin = 20 nm
Hfin = 50 nm

(UC Berkeley)

Si Fin DrainSource

Gate

• Gate-last 
flow was 
used 
originally.
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D. Hisamoto, IEDM(1998) 



Transmission 
Electron 
Micrograph

1999: 1st P-Channel FinFET
(UC Berkeley)

Lg = 18 nm
Wfin = 15 nm
Hfin = 50 nm
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X. Huang, IEDM(1999) 



2002: 10 nm Lg FinFETs

SEM 
image:

TEM images

Output Characteristics

(AMD & UC Berkeley)
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B. Yu, IEDM(2002) 



2004: 5 nm Lg FinFETs

TEM images

(TSMC)

F.-L. Yang, VLSI-T(2004)

Id-Vgs Curves
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2006: 5 nm Lg, 3 nm WFin FinFETs
(KAIST)

H. Lee, VLSI-T(2006) 17



2004: 1st Bulk FinFET 
• FinFETs can be made 

on bulk-Si wafers
lower cost
improved thermal 

conduction
with super-steep 
retrograde well (SSRW) 
or “punch-through 
stopper” at the base of 
the fins

• 90 nm Lg FinFETs
demonstrated
 Wfin = 80 nm
 Hfin = 100 nm
DIBL = 25 mV

(Samsung)

C.-H. Lee, VLSI-T(2004)
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2004: High-κ FinFETs
(UC Berkeley)

• FinFET Threshold Voltage tuning 
is flexible by implementing N into 
Mo metal gate.

• Highly matched N/P-FinFETs
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D. Ha, IEDM(2004)
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On May 4, 2011, Intel Corporation announced what it called the 
most radical shift in semiconductor technology in 50 years. 
A new 3-dimensional transistor design will enable the 
production of integrated-circuit chips that operate faster with 
less power… 



2012: 1st Tri-Gate FETs in Production
(Intel)

C. Auth, VLSI-T (2012)
M. Bohr, Intel Design Forum (2012)

Gate S/D Contacts
34nm Fin Height
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Intel’s Tri-Gate FETs Performance
VT vs. LgateIds vs. Vgs

TEM of PMOS epi-
SiGe Source/Drain

22
C. Auth, VLSI-T (2012)
M. Bohr, Intel Design Forum (2012)



FinFET Layout
• Layout is similar to that of conventional planar MOSFET, except 

that the channel width is quantized:

Bulk-Si MOSFET

Source

Drain

Source

Gate Gate
Source

Drain

Source

FinFET

Weff = (2 * Hfin) * NFins * NGate-fingers

• Fin pitch (Pfin) is a new key parameter to be optimized for 
performance and layout efficiency.

Pfin 23
T.-J. King Liu, ISSCC Forum on Mixed-Signal/RF (2013)



Vertical Stacked MOSFETs –
Implication for High Density Memory

T. Endoh (Tohoku Univ.), (2007) 24



2013: 1st 3-Dimensional NAND
(Samsung)

J. Elliott & E.S. Jung, Flash Memory Summit (2013)

Floating Gate
(FG)

Charge Trapping 
(CT)

3D CT

Memory Architecture

Device Structure

Material Innovation (2004)

Structure Innovation
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FinFETs in Analog/RF World
FinFET-based VCO

T. Ohguro, VLSI-T(2012)

Cutoff Frequency (fT): 
Bulk vs. FinFET

G. Knoblinger, Int. SOI Conf. (2007)
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Summary
• The FinFET was originally developed for manufacture of 

self-aligned double-gate MOSFETs, to address the need 
for improved gate control to suppress IOFF, DIBL and 
process-induced variability for Lg < 25nm.
• Different variations of the FinFET have been developed to 

improve performance, manufacturability and cost. 
• It has taken ~10 years to bring “3-D” transistors into 

volume production.

• Multi-gate MOSFETs provide a pathway to achieving
lower power and/or improved performance.
• Further evolution of the MOSFET to a 3-D stacked-

channel structure may occur by the end of the roadmap.
• Issues needed to address for implementing FinFET into a 

System-on-Chip (SoC).
27
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Course Modules
1. Device Physics  (~5 lectures)
 History and course overview
 Short-channel MOSFET Issues, performance metrics, 
 Thin-body transistors design, scale length, 
 MOSFET Compact Modeling, Technology CAD

2.   Device-Process Interactions (~9 Lectures)
 Advanced MOSFET process flow overview, 
 FinFET substrate impacts,
 Advanced gate stack process, 
 Source/Drain doping, Threshold Voltage tuning for FinFETs
 Quantum Mechanical effects,
 Carrier mobilities, Strained-Si technology, high mobility 

channel materials (guest lecture) 
28



Course Modules (Cont’d) 
3.  Device-Circuit Interactions  (~9 lectures)
 Performance variability: systematic and random
 Industry’s state-of-the-art FinFET platforms
 FinFET-based SRAM design
 FinFET-based analog and RF device/circuit
 3-D integrations for advanced CMOS technologies
 FinFET reliability issues: Bias-Temperature Instability, 

noise, ESD and self-heating,…
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