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Hyperconnected Age

* We are living in an unprecedented era of
hyperconnectivity that is redefining our societies,
cultures, and communications.

 And it has only just begun!
Sustainable world
mobile
connectivity

1875 1900 1925 1950 1975 2000 2025

THINGS 50 billion

Inflection
points PEOPLE 5 billion

PLACES 1 billion
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Hyperconnected Age
e Present Qj S‘Dﬁb@

— Facebook has more than 1.4
billion users worldwide,
creating a hyperconnected,
global social network

— Human to Device interaction

e [uture
— Device to Human interaction
— Device to Device interaction

CISCO — By 2020, there will be 50 billion networked devices.
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Electronics industry

 Playing important role in making this planet smarter!

« Key enabling technologies
— Internet of thiNgS v wive new deveropments across o broad range
— Cloud
— Healthcare
— Robotics
— Automobile
— Food

o Yogesh S. Chauhan, 11T K 5
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Internet of things

Microwave:
Automatically sets
cook cycle with
RFID recognition

Electric Toothbrush: Automobile: Computer: Media Player:
Automatically reorders Maps traffic in real Centralized control for Remotely orders
brush heads, shares time; others can remote interface to new songs & video
brushing habits track your location any other device ®
with your dentist ™
B
Alarm Clock: Refrigerator: VelP phone: Printer:
Remolte programs, RFID tags reorders Automatic updates, Automatically
custom tones, turns groceries as integration and recrders toner and
on coffee maker needed, and forwarding paper as needed
suggests recipes T

¥ -
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COMMUTE —
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HVAC: Controls

temperature &

lights for maximum

efficiency
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Building Security:
Security cameras
interact with facial
recognition database

. .
Coffee Maker: Oven: Oven
Custom setting for settings from
each coffee type, computer or phone
starts when alarm if running late
goes off ® ry
Smart Scale: Cell Phone:

Measures and
sends weight info for
progress tracking

Secure performs
identification &

verification for
payments

®
Vending:

Automatically
reorders supplies
before it's empty
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Television:
Immediate “one-click”
ordering of products
seen on commercials

Exercise Equipment:
Recognizes individual
user and tracks
workout schedule



loT & Cloud — Data and Computation

Cloud & Services 4'\
\actory
f \ Optimization

Municipal Command
& Control Center

“———_ Logistics

Optimization

Home Energy
Management

Smart Grid Hospital

\ Optimization

Comms

Network
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Sptore %u, ; Optimization
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A
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-‘ Traffic Flow INTELLIGENT
Connected \ INTELLIGENT  Optimization FACTORY
Ambulances HOSPITAL
INTELLIGENT Intelligent
CITY Medical Devices Traffic
INTELLIGENT Cameras
Yv__» HIGHWAY Automated
nteli Car Systems
ntelligent
Source: Adapted from CMSWire Digital Signage
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Automobile — Driverless car

200 meters

Radar £yes on AllSides
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Wearable Electronics

With chips shrinking and sensors becoming cheaper, personal computing is moving from that
h smartphone in your pocket to your arm, your wrist, right out to your fingertips. O O g e a S S

The glove
that calls home
Speaker on the
thumb, microphone
on the pinkie;
"Nuff said

Google
Glass
Coming soon: eyeglasses
that take photos and video
that you can immediately
share online, all with a few
taps of your finger or
the sound of
your voice

Medical bands
Strap one on your
arm and measure
your heart rate and
cholesterol

iWatch
Apple’s much-
rumored gadget
could turn your wrist
into an outpost for
your iPhone

Accessorize
for access
Jewelry, belts and
bracelets will monitor
your caloric intake,
connecting you
to the cloud

Wardrohe
change on the go
Clothes can light up,
advertise, change
colors or become

transparent

W @5

Phyaician

)

ST analog portfolio
for wearable

Wristhands
With the
Nike+ Fuel Band,
your gym workout
just got more
productive

- P PRane Internet ’ )

ll\:dkul l-nm.m-

Items such as knee
socks from Uniglo
convert evaporating
moisture on your
body to heat

Honase € omguter

Chauhan, |1t <
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Healthcare — Implantable Electronics

WIRELESS IMPLANTABLE MEDICAL DEVICES

. i N\
Deep Brain a \
Neurostimulators - '

Oﬂ. Cochlear Implants

- |l CardiacDefibrillators/
. Pacemakers

Gastric
Stimulators
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5G —Machine communication

e Communication
— Device to device

— Machine to
machine

— Vehicle to
vehicle

e UHD live video

I I I 1
200 MHz 3 GHz 30 GHz 300 GH=z
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The Deconstructed Cell Phone

RF Power Detector

Step-Up-Convertar ESD Protection

Multimedia-card Interface

NOR Flash - & MB

Bluetooth

LD Regulator

ESD Protection Motile SDRAM - 8MB Power Menagement,
Audio, Analog Baseband

Applications Procassor

£ Trenslating )
7=l Transceiver Baseband Processor ESD Protection EMI Reduction

Hint: It’s All About the Microelectronics!



Semiconductors — Heart of technological
progress and innovation

e The semiconductor is one of the most pervasive
and powerful inventions in human history.

Top Innovations since the wheel.

Printing Press Electricity Penicillin Semiconductor

Nobel Prize in Physics 2014
"invention of efficient blue LEDs"
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Economic impact of semiconductors

e Semiconductors touch every sphere of economic activity:.

* Direct: ~$300 bn mgr
 Indirect X
— Material/equipment =
 Induced o -
— consumer market m:I\ $2.7tm
e Downstream ik
— Other industry DD S142 on
Electronic & $2.2tm

Source: Global Semiconductor Alliance and Oxford Economics



What is semiconductor?

Energy band Density Occupancy Carrier
diagram of states probability - distributions
A A D.(E)
Electrons
E, prasr ey — - T e e e e e e e e ———————
ZHoles

® Electron N(E)
O Hole

n-type

- Metal Semimetal Semiconductor Insulator
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carrier concentration
[log scale]

Semiconductor Devices — Junction

space
charge
region

neutral region neutral region ° D0p| ng
| * Junction
‘ holes
electrons
p-doped n-doped
1,000 —a— - 25C l
900 | —e— 25C
—s— 75C
— 200 |
(QT Charge <§_ 700 |
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Semiconductor Devices - MOSFET

Insulator
SPACER N Conduction edge
e Q=QA
. 20—
Vv p— -
-5-- Valence edge Q
N
g Insulator
+ _________________
Vv I
Yo “
Vo< Vios- Vi
Source Gate Drain Source Gate Drain -QI"I
Linear cperating region (ohmic mode)
Woz = Waz- Vi
Source Gate Elrain
1 17

Saturation mode at point of pinch-off Saturation mode



Semiconductor devices to circuits

Flip-flop
NOT gate
Memory
A Vdd Q' [
S 92002 HowStuffWorks —_
: | p-channel T E AE2) o =
d : g §
Vin O— —O Vout = 3 —_p
d Full Adder A1) % F-RAM Array
| n‘ChannEI 22002 HowStuffWaorks E
I | T = L
S Y D =]
| EEice2 2
— WE Column Decoder
- ——— S DX 150}
7’—. WO Lanch & Bus Driver - -
QE
-
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Semiconductor circuits to Products

GPU — Graphics Processing Unit
CPU

Shared GeForce GTX TITAN

NVIDIA GPU SP
\

" L3 Cache. ™

s0]  10-100X faster than CPU

o
=
| / o . GeForce GTX 680
o
QUBUB, UI'IGOFB, /O %' 3000 - for para”el CaICUlatlonS
FROERTeTY 5. b FORRETRY TR A=p7 ]
-g 2500
Total number of transistors 1.868 Die size dimensions 15.0 mm x 17.1 mm [257 mm?] g 1
= 15MB of cache Is shared across all 6 cores g 2000_‘
E GeForce GTX 580
F 1500 GeForce GTX 480
e k20X AVIDIA GPU DP
1000 - GeForce GTX 280
GeForce 8800 GTX Tesla C2075 Haswgll
500 - GeForce 7800 GTX ) o __ Intel DP
GeForce 6800 Ulira .. Boamficla _Sandy / Bridge™ Ivy Bridge
0 m“amgﬁgorm FX 5800  Prescott crest ﬂarpem?ﬁﬁ'arcm’s"w — , ‘ .
2000 2002 2004 2006 2008 2010 2012 2014
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Today’s ICs

Multiple metal layers

3D ICs

A
A & & e

_ v A & & &8
;jzr A @)

System in Package (SIP)

SOC/Wafer Level Packaging

" Thermal Management

i ! 2 --_| MEMS Sensors
e e e Gashs - [ SEGE  Flip-Chip Assembly |

T . Integrated OE
Tarmination Resistor High Bandwidth
i ; Integral R “+ Optical ‘

v prp——— m=== |ntegral L -,:gh
D " " s |ntegral C RF and Analog | g-
ecoupling Capacitor R e o it —. il
i =3 . , 2

Low Loss Dielectric — . L ——
. BN FillediStacked | High Speed o =

RF — ke DigitaliGlobal i m— ol

Conductor Interconnect o

Enabling Technologies _m_ gl
® Flip Chips Photonicne
»  Multi-Chip Modules

10/30/2014 s 3.D P%?&%%@ags' Chauhan, IIT Kanpur




How do you make these?

. Chguhan, I"I'I Kanpu

Silicon “Wafers” $SBYOi§23 rication
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Building block — (tiny) MOSFET!

« MOSFET Is a transistor used for amplifying or
switching electronic signals.

G

Soulrce
Q
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Invention of Transistor

* First Transistor (1947-1948)at £ = i e "“ "
AT&T’s Bell Labs v e

— Point Contact Transistor

— First transistor was bipolar
contact transistor

— Material — Germanium

Revolutionary Amplifier
The CRYSTAL TRIODE

10/30/2014 ' Yogesh S. Chauhan, IIT Kanpur | 23



Invention of Transistor

* Worked on theory of Diode, Transistor,
Thyristor etc.
— Invented First transistor at Bell Labs
— Received Nobel Prize in 1956

* Formed Shockley semiconductor In
Mountain View, California in 1956

 Employees of Shockley semiconductor
(Robert Noyce, Gordon Moore, ....)

— These employees opened 65 companies in

William Shockley EZ?(:C%?Iélears Including Intel, AMD,

10/30/2014 Yogesh S. Chauhan, IIT Kanpur 24




Integrated Circuit (IC)

e |C — Electronic circuit manufactured on the surface of a
thin substrate of semiconductor material.

« Additional materials are deposited and patterned to
form interconnections between semiconductor devices.

o |Cs are used in virtually all electronic equipment today
and have revolutionized the world of electronics.

10/30/2014 Yogesh S. Chauhan, IIT Kanpur 25



Invention of Integrated Circuits

 Jack Kilby (at Texas Instruments) demonstrated first
working IC in 1958.

— Jack Kilby was awarded the Nobel Prize in Physics 2000.
— Kilby's work was named an IEEE Milestone in 2009.

1 "
B
Lo
e -
vl
A

First IC First handheld Calculator

* Robert Noyce (at Fairchild Semiconductor) also invented
|C separately six months later than Kilby.

— It was made of silicon, whereas Kilby's chip was made of
germanium.

— Fairchild Semiconductor was also home of the first silicon
gate IC technology with self-aligned gates, which stands as
the basis of all modern CMOS computer chips.

10/30/2014 Yogesh S. Chauhan, IIT Kanpur 26



Bulk MOSFET

Schematic Cross Section Barrier height is controlled by gate voltage
n(E) < exp (-E/kT) Q
‘ Gate ‘ o0 >
E“ OOO
2
E Source increasing
- Vs Drain
Source Drain Gistance
I,s controlled by V
log I,
— lon
Desired i
- ngh ION Inversé slope is
subthreshold swing, S
= LOW IOFF IOFF_’ [medG'-':C]
0 V —> GATE VOLTAGE
TH '
10/30/2014 Yogesh S. Chauhan, IIT Kanpur VDD 27
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Bulk MOSFET

e Drain current in MOSFET (ON operation)

w 2
loy = lif Cox(Vpp = Vry)

e Drain current in MOSFET (OFF operation)
. 1O(VGS;VTH)
OFF x C, =€,/ to=0xide cap.

® DeS| red S — Subthreshold slope
* High lgy (IL, 1Cox, TVpp-Viy)
* Low loer (TVrp, 1)
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Moore’s Law:
The defining features of the integrated circuit technology (size,
speed, cost) follow an exponential growth pattern over time

Moral: Computing power T while cost ¥ exponentially!

1 010 rrrrrrrria I rrrrrrrnri I rrrrrrrri l rrnrni |1_l']'| rrrrrrri
109 |- ® Microprocessor P E
o g | ¢ Memory ’,".f' =
0 10° - O Other ’,"' K — 100.0 :;
= 107 ¢< o e N
Q. 6 \ e i w
S 1081 o e 4100 o
o 10° | Moore’s Law k' =
D .~a | (1965) “® ©
% 107 - Oy <110 ©
s 103 - ~o £
= 102 2x per 18 months o 0.1 £
10 Increase =
L1l 111111l I Lil1111111 I L1l 111111 I Li1ii111111 I L1111 11111 01 E

1 ]
1960 1970 1980 1990 2000 2010
Year

RO 14 Yogesh S. Chauhan, IIT Kanpur 2
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Technology Scaling drives down the cost

» Scaling: At each new node, all geometrical features are
reduced in size to 70% of the previous node.

« Reward: Reduction of circuit size by hallf.
— Twice number of circuits on each wafer W )
— Cost per circuit Is reduced significantly. lon = 17 CoxVpp = Vrn)

Moore’s Law  It’s not technology! = It’s economy.

In 1978, a commercial -
flight between New York * WayS tO H U g e P rOfI tS
0 and Paris cost around $900 .
; and took seven hours. If the - H |gh pel’formance and
- principles of Moore’s Law LOW COSt
.‘ P & had been applied to the . .
- airline industry the way they — Ach I eved by mak| ng
have to the semiconductor -
industry since 1978, that eve I’yth | ng S MAL LER
flight would now cost
about a penny and take
less than one second.
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1m Elephant (2m)
e Bird (10 cm)
&;"- ./ hand (10 em)
i 0.lm=10cm

1 00lm=1lem /’/1(“ Chip (1 em)

I mm

Human hair
(100 tm)

Gram of salt (1 mm)

0.1 mm = 100 gm Biological cell (10 pm)

MEMS gear .01 mm =10 pm

(100 um)

“Microelectronics”

1 pm ﬁﬁ = ym-scale electronics

Dust particle (1-5 um) Smallest IC features (50 nm)

MEMS 0.1 um = 100 nm

m - e 335D “Nanotechnology”
¢= = nm-scale “stuff”

—+— 1nm
p— S
4 0lnm=1A \d—/

DNA (2 nm)

s.
L™
L 2 R X J
LR R N X J

atoms (.1-.4 nm




. - w
Strained Silicon ‘ov = # 7 Cox(Vop = Vra)*

Silicon is placed on substrate having large atomic spacing

’Relaxed Sig.7 Geg 3

| Relaxed Graded SijyGey layer

X y=01t00.3
Si substrate
High Stress
Film
; Methods of straining
-Burried SiGe —Biaxial

-Uniaxial Stress S/D
SiGe

(b) NMOSFET

32
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Technology Trend

45 Technology; 25
_— '
2003 2005 2007 2009 2011 40 charinel Strein
<) —&- Geconcentration 20
90 hm 65 hm 45 nm 32 hm 22nm ¥ 35 :
o 30
- // 15
iy :
; : | g
¥ 20
i 10
s 15
=
g 10 05
Invented 20 Gen. Invented 2" Gen. First to ° £
SiGe SiGe Gate-Last Gate-Last Implement © I
Strained Silicon Strained Silicon High-k High-k Tri-Gate 0 ' . . 0.0
Metal Gate Metal Gate 130nm  90nm  B5nm 45nm 320
Strained Silicon 5 1% —Performance ..
High-k Metal Gate — 1.0%, 100 nAl gre
Tri-Gate Il strain
Product B HAMc
Process Technolo Process Technolo Process Technolo -
L i il Drive M “Ciassic” scaling B5nrm
Penryn Nehalem Westmere Sandy Bridge lvy Bridge Current
Intel® Core” NEW Intel® Intelf NEW Intel® Intel® 90nm
Microarchitecture Microarchitecture Microarchitecture Microarchitecture Microarchitecture lmAjum, 0 5 L
(Nenalem) (5andy Bridge) - 130nm
TICK TOCK TICK TOCK TICK PMOS
Intel's First
22 nm Processor 0 0 L ! II
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Thin Depletion Layer - Problem
| Gate

* Qg=QQ,
e Charge sharing
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Current in MOSFET

Log scale

IDS

* losf 1S nOt zero /> Standby Rower

Ioff a |
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Short Channel — Big Problem

Smaller
size

p—
=
3.
<
172]
=
Hr\
o
o
-
-
O
=
O
o

00 03 06 09
Gate Voltage, V__ (V)

MOSFET becomes “resistor” at small L.

Chenming Hu, “Modern Semiconductor Devices for ICs” 2010, Pearson
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Making Oxide Thin is Not Enough

Source

Gate cannot control the leakage
current paths that are far from the gate
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Good Old MOSFET has reached its Limits

Limited Body Bias 3
Capability ‘ : l 3
} — 8 I
LDD/Halo Implant =
: g

Channel Doping = PPPI Sirlllar

Heavily Doped Well g I size

o
(@]

00 03 06 09
Gate Voltage, V__ (V)

« loffis bad
e Size and dopant variations

v
High VVdd, Power, Design Cost
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What can we do?

Source

10/30/2014 Yogesh S. Chauhan, IIT Kanpur 39



May 4, 2011
The New York Times Front Page

e Intel will use 3D ——
The New York Times .
Science
I In F E I at 22n m WORLD U.S. N.Y./REGION BUSINESS TECHNOLOGY SCIENCE HEALTH SPORTS OPINION
ENVIRONMENT SPACE & COSMOS

Intel Increases Transistor Speed by Building Upward

By JOHN MARKOFF

HILLSBORO, Ore. — Intel announced on Wednesday that it had
o IVI t d I h again found a way to make computer chips that could process
O S r a I C a C a. n g e I n information more quickly and with less power in less space.
d e C a d e S Enlarge This Image 1 he transistors on computer chips —

O:J whether for PC's or smartphones —
{\ have been designed in essentially the

Ve
0;;"
same way since 1959 when Robert
Noyee, Intel’s co-founder, and Jack
Kilby of Texas Instruments

independently invented the first

integrated circuits that became the
basic building block of electronic

« Thereisacompeting = e
SOI technology




One Way to Eliminate Si Far from Gate

body controlled
By multiple gates.

Source

Drain

N

FinFET body B
is a thin Fin.

N

®
GLI

/3012014

]

N. Lindert et al., DRC paper II.A.6, 2001
Yogesh S. Chauhan, IIT Kanpur
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40nm FINFET — 1999
30nm Fin allows 2.7nm SiO2 & undoped body

a o -, a a o -; a a

1E-02

Vvd=005V, 1.05V

i
=
P

1E-06
1E-08
1E-10
1E-12
1E-14

66mV/dec

Measured
& Simulated

Drain current ld [A/m]

-15 10 05 00 05 10 15
Gate voltage Vg [V]

X Hlf(?/Q&Z%EAaI" IEDM, p. 67, 1999 Yogesh S. Chauhan, IIT Kanpur 42



Introduced New Scaling Rule

Leakage is well suppressed if
Fin thickness < Lg

10nm Lg AMD 5nmLg TSMC 3nm Lg KAIST
2002 IEDM 2004 VLSI 2006 VLSI
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State-of-the-Art 14nm FINFET

Transistor Fin Improvement

22 nm 1 Generation
Tri-gate Transistor

intel) |-

0.01x

Lower Leakage Power

0.001x

105VSHirce: Anandtech

14 nm 2" Generation
Tri-gate Transistor

42 nm

60 nm pitch

pitch

34 nm
height

42 nm
height

22 nm Process 14 nm Process

65nm 45nm 32nm 22nm 14 nm

v

Taller and Thinner Fins for increased
drive current and performance

Higher Transistor Performance (switching speed)

Yogesh S. Chauhan, IIT Kanpur 44



2"d Way to Eliminate Si far from Gate
Ultra-thin-body SOI (UTB-SOI)

1.E-02

£ 1.E-04

T,;=6nm
~ T,;=4nm

0 02 04 06 08 1

Gate Voltage [V]
fe.augmented
101302014 Ll et Yogesh S. Chauhan, IIT Kanpur 45




FDSOI Roadmap

* From a global cooperation ST-IBM-LETT have
enabled an FD-SOI 3-node roadmap.

28nm FDS01
ﬁ 14nm FDSO].

0.8V

10nm FDS0I

10/30/2014

Design, Automation & TestinEurope Gonference & Exhibition (DATE), 2013
http://cmp.imag.fr/events/FDSOI_DATE_2013/FDSOI_DATE_2013.html
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Main Differences

FinFET

UTB-SOI

UTB-SOI FinFET

N+ back-gate

10/30/2014 h S. Chauhan, 117 47




Compact Modeling or SPICE Modeling

1 F 3 T F | - - - - - .
if T “ w - - % g
v d Rl » g .
' W c L R - - A e
% BERERES, | ST = g =
N st B " \ -5 r Z e
H e % 3 \ o -
Y E . . =
ok = L - > Y
g e B y i L
% B ¥ s = 0
Y ] ,‘ | . ! s =
| -
W ;| w Ea i -
Ak 2 & .
\
F

Medium of
Information
exchange

e Good model should be » Excellent Convergence
= Accurate: Trustworthy simulations. 4 Simulation Time — ~LISec

= Simple: Parameter extraction is

easy. « Accuracy requirements
" Balance  between accuracy and _ ~ 1% RMS error after fitting

simplicity depends on end application
e Example: BSIM6, BSIM-
CMG
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BSIM-CMG and BSIM-IMG

Berkeley Short-channel IGFET Model

First industry standard SPICE model for IC
simulation

Used by hundreds of companies for IC
design since 1997

BSIM FINFET model became industry
standard in March 2012

It’s Free
2 A



BSIM-IMG: Length scaling@low Vds

Plot nmos/dut_10x0p052fidvg_lin_25C/idvg Plot nmos/dut_10x0p056/idvg_lin_25C/idvg EI Plot nmos/dut_10x0p071/idvg_lin_25C/idvg
1-0III:IIIEIIIEIIIEIIIEIII -IIIEIIIEIIIEIIIEIIIEIIIE E 1-0_IIIEIIIEIIIEIIIEIIIEIIIEIII
el
- 71nm
& 06l
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ool 0.150um — - 0.344um —  wf 0.961um
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iy Y 00
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1601... B [~
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a
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Common-Multi-Gate Modeling

e Common Multi-gate (BSIM-CMG):
— All gates tied together

Gate Gate
u u :
BOX 2]0).¢

— Surface-potential-based core I-V and C-V model

— Supports double-gate, triple-gate, quadruple-gate,
cylindrical-gate; Bulk and SOI substrates

10/30/2014 Yogesh S. Chauhan, IIT Kanpur 51



BSIM-CMG
Global fitting with 30nm-10um FInFETs

14 S 25
12 110% ~ < N-Channel MOS
< \Crannelmos 24 L £ 20] wvastov
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What Next?

Transistor Pathway

n22, n14 n10, n7

Material
>

/EM
;
Fin

5

STI
Oride

Si FinFET Si/Ge FinFET

10/30/2014
Source: Applied Materials
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Si/Ge Gate All Around (GAA)
Vertical or Horizontal

Improved electrostatics

* Precision etch and CMP
» Scaled metals

* High Aspect Ratio ALD

-V FinFET

Improved mobility

* Epi structure

» |lI-V gate interface
* New material CMP

Vertical
TFET

Improved SS

* Epi structure

* Multi-pass CMP

* Precision etch & CMP
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Normalised capacitance (C

Modeling of 11I-V FINFET

Quantum Capacitance Modeling
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Avirup Dasgupta et. al., “Analysis and Modeling of Quantum Capacitance in IlI-V
Transistors”, submitted in ICEE Bangalore, 2014.
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Modeling of 11I-V FINFET

§_

2-DEG
Sldewall
channels

Q
; Sidewall channels

Insulating Layer Insulating Layer
(a) (b)
Fig. 1. Schematic showing sidewall channels and 2-DEG channel in

AlGaN/GaN based FinFET devices; (a) Wide fin-width device, (

fin-width device [12].

e Chandan Yadav et. al.,
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Fig. 3. Subthreshold behaviour of model with experimental data [12].
for W, =80nm, 120nm, 140nm, 180nm and 200nm and Lg = 1.0um.
Drain ‘current is normalized with total gate width (Wgin + 2H i), where
H iy = 120nm.

“Modeling of GaN-Based Normally-Off

FINFET”, IEEE ELECTRON DEVICE LETTERS, June 2014.



Forward Looking Modeling of 2D
Semiconductor FET
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Joint Development & Collaboration

« Working closely with universities/companies on
model development and support
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Upcoming Book on FINFET Model

FINFET Modeling for IC Simulation and Design:
Using the BSIM-CMG Standard

Chapters

. FINFET- from Device Concept to Standard Compact Model
. Analog/RF behavior of FinFET
. Core Model for FinFETs
. Channel Current and Real Device Effects
. Leakage Currents
. Charge, Capacitance and Non-Quasi-Static Effect
. Parasitic Resistances and Capacitances
. Noise
. Junction Diode Current and Capacitance
10. Benchmark tests for Compact Models
11. BSIM-CMG Model Parameter Extraction

@ 12. Temperature Effects
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.....
B
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Summary

Future Is beyond imagination.

Challenges

— Technology — Hardware and Software
— Need Innovation

Opportunities

— Entrepreneurship

— Research

— Jobs (private/public)

Knowledge economy



Are you ready?

Present Future
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