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CEA — LETI organization
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- LETI: Mission and Focus
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* A single mission :

Create innovation
& transfer It to industry

* Aclear focus:
2 p-nanotechnologies, with critical mass in Si

a Advanced devices for new applications Mass Production
Products

Applied Research
Patents

sservés.

Basic Reseaarch
€29 Publicatios
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1 600 researchers
1 000 permanent LETI staff

300 M€ budget

> 73% from contract

~ 40 M€ CapEx

200 and 300mm Si capabities 350 new patents in 2010
8,000 m2 clean rooms Portfolio > 1,500 patents
Continuous operation 32 start-ups

O Microelectronics

B Microsystems

O Biology & Health
@ Photonics

B Wireless & Smart devices

O Energy & Environment
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Since 2005: A complete set of research platforms...
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mm) . [ntroduction : Trends and Hot Topics in Nanoelectrorics

* Nanoelectronics scaling and use of the 3rd
dimension to continue Moore’s law

e Interfacing the Multiphysics World (More Than Moore)
thanks to functional diversification

*Building new systems and their packaging
with a 3D tool box at a wafer level.

e Conclusions
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Semiconductor Market applications successive waves

Quality of life, Social, Environment, Health, Energy,
...associated to ICT

Analog Wave
TV, V

Internet Wave

Internet Boom, Cell Phan
Digital Content

Digital Wave
Personal CampLting

What's next*?

Portability & Connectivity
Wave

Multiple YWireless Devices
Fugl Cells, Rich Medi

1970

1990

2000 2010

Source : Semico Research Corp. May 2004 IPI Report
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Ecological Footprint of ICTs

reported by Intergovernmental Panel Climate Change(IPCC) Source: TU Dresden

ale B ae, i o £Z] . H ;
 Currently, 3 % of the world-wide energy is consumed by the ICT

infrastructure
— which causes about 2 % of the world-wide CO2 emissions

— comparable to the world-wide CO2 emissions by airplanes or ¥4
of the world-wide CO2 emissions by cars

* |ICT: 10% of electrical energy in industrialized nation s
— 900 BIill.. kWh / year = Central and South Americas

 The transmitted data volume increases approximately b ya
factor of 10 every 5 years

For ICTs, keep In mind:
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Scaling: a success story...thanks to innovation
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Nomadic consumer and professional products:
'éf@m. largest market share continuously increasing
MINATEC"

Three major product families
(ITRS aware of CMOS scaling limits)

e High Performance (HP) t=CVI/I
— Connection to power network

 Low Operating Power (LOP)
— Intermittent Nomadic Function

 Low Stand-by Power (LSTP) Pstat= Vddxloff

— Permanent Nomadic Function
—_ 2
I:)tot: I:)stat-l_ den
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EUV (A = 13.5nm)

AAINT ATIEA/AE

Mask

Four mirror aspheric imaging system

X-ray
beam

/

Excimer
laser
beam

Plasma X-ray
source

Molybdenu
Resisit coated
/__— Condenser wafer

Silicon

Figure 924  An x-ray projection lithography system using x-ray mirrors and a reflective mask (after Zorpette,
reprinted by permission, © 1992 IEEE).

from S.A. CampbellThe Science and Engineering of Microelectronic
Fabrication, Oxford University Press 2001

Engineering Test Stand (VNL/EUV-LLC)
* 60% reflectivity for several hundreds of Si/ Mo stac ks
w roughness precision < 3A 80-100 |\/|$
* Placement of mirror and mask
Photoresist

100Wph 1!
=0
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System made of 13,000 electron beams
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Electron source

Collimator lens

g Aperture array
' Condensor lens array

Beam Blanker array

Beam Stop array

Beam Deflector array
Projection lens array

Key numbers 22nm node:

#beams and data channels
Spotsize:
Beam current:

Datarate/channel

Acceleration voltage
Nominal dose

Throughput @ nominal dose
Pixel size @ nominal dose

Wafer movement
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working in parallel (MAPPER) (1)

HVM pre-alpha
13,000 110
25nm 35nm

13 nA 0.3 nA
3.5Gbs 20 MHz

5 kV 5 kV

30 uC/cm? 30 uC/cm?2
10 wph 0.002 wph
3.5nm 2.25nm

Scanning Static
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System made of 13,000 electron beams
'é@m. working in parallel (MAPPER) (2)

MAPPER siﬁgle column tool. Upgrade to - Cl uster 1OOWP H 7 ;
127]

13,000 beam for 10WPH
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Hot Topics: parasitic effects in MOSFET technology
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Introduction of HiK and metal gate allows continued scaling and relaxes
SiO2 gate leakage current related issues - Ig added to SCE, DIBL,
subthreshold leakage(LETI IEDM 2002, Intel IEDM 2005)

Statistical dopant variability
- number of dopants in the active area decreases with scaling
- random distribution of channel dopants

Poisson’s law. Standard deviation:

oo~ G
1g ————ry 10° dopnd | \Volume
— [ .
~z — > .. .
b w Statistical fluctuations of
4110008  threshold voltage: 150 mV decay
o1k < g  for VT=200mV( Lg=25nm) !!
" £ Major interest for Low
Doped channels
0.01 M M IR R | M 10
0.01 0.1

S.Deleonibus et al. ESSDERC 1999
eSd
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e Introduction : Trends and Hot Topics in Nanoelectrorncs

=) . Nanoelectronics scaling and use of the 3rd
dimension to continue Moore’s law

e Interfacing the Multiphysics World (More Than Moore)
thanks to functional diversification

*Building new systems and their packaging
with a 3D tool box at a wafer level.

e Conclusions
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- 32nm Low Power FDSO|Undoped channels
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300mm wafers

Range = +4 Al
XUT+/- 5 A - SOI thickness deviation

g il =
A E 2 f SOI Thickness
"' O E + Max
) 8 -% @ Mean
0.248unt SNM (1.2V)=140mV a m Min
-

0.179un? SNM (1.2V)=230mV
VDD=1V loff=6pA/um

C.Fenouillet Beranger et al., IEDM 2007, VLSI Symp 201
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Record -high V + matching performance
W g carnon FDSOI Undoped channels vs.FinFET

|
(" MINATEC 3 , , , ,

120 B FinFETs @, 710nm  square : V =50mV
B M Planar FDSOIl’ [13]\\\ circle : V =1
25 \ N 7]
100 | \ \
s ' o\
- S oL \\ W, -20nm |
% > i LT
° sa1st 2P "y _
< \ I \
AR [16] +

UTBSO| . [1‘4]. \‘

1r LETI[ \m W, -1‘5nm W15 7]
AN W 20|hm
N\

05 1 1 1 \~ |’

\9@ X DD D L OO DD P & 10 20 30 40 50 60
V, shift AV, (mV) Gate length L (nm)
_ A

O.Weber et al., IEDM 2008 Oy =

VWL

(0, =0,/ V2 to compare measurements on pairs
and on arrays of transistors in the literature)

Best trade-off between V- variations and gate length scaling
compared to bqu MOSFETS and FlnFETs
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Multi VT solutions for SOC design
(@Rﬁ UTBOX + Back bias ; Gate stack engineering
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oL& ¥ 0
-0.6 . : : . . 0O 01 02 03 04 05 06 0,7 08 09
VP (V)
BOX = 10nm and VBB/ Ground Plane VT tuning by gate stack engineering
N and PMOS: VT modulation agf200mV
F.Andrieu et al. , VLSI 2010 Honolulu
——  OFaynotetal., IEDM 2010 San Francisco, INVA K1 oo S0 s
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VT adjust by charge injection in BOXx
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P.Nguyen et al , VLSI Tech 2011
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Merits of FDSOI
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Comree Delay vs. Power x Delay Reachable Scaling rules
22% improvement/bulk (20nm) (TSI, TBOX)

9E-11 100 10
8E-11 ' | ==TSOl (thick BOX=145nm)
19
—_ =CO==TSOI (UTBOX case)
7E-11 = —(=TBOX scaling rules 1§ ==
= =
6E-11
: 17 <
+ 5E-11 = g
Py T 10 | ' . 416
S e o :NEHOWI!'e - PS - 2
S 15 ¢
3E-11 o =
Q |
DEA1 o4 = | 4 §
1E-A11 DIBL=100mV/V 1 3
0 ‘ ‘ 1 2
0 1E-17 2E-17 3E-17 6 8 11 16 20

Payn- T, (W.S) Node (nm)

O.Faynot et al, IEDM 2010, invited talk
L.Clavelier et al, IEDM 2010, invited talk
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Jahan et al.

Bulk or thick SOI VLSI2005

Cafhfh.
channalm
Tand 2

[+ H
chmnals

Si0g

Salicided elevated
sorceldrain

Barral et al.
IEDM2007

Andrieu et al
VLSI2006

Backgate 4

- Lg=10nm
Double-gate e

Planar or Finfe

Planar

250nm

Vinet et al.
EDL 2005

h

j Ts=Yalg

Thin Films Devices
Relaxing optimization \

scaling rule /

by architecture T= Y Lg

Bernard et ¢
VLSI 2008

Dupré et al.
IEDM 2008

Trigate/
nanowire

Ernst et al.
I[IEDM 2008

=1to2Lg
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y-...Device fabrication
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MINATEC Si/Si, sGe, , Anisotropic Isotropic Gate depositions Gate etching
superlattice etching etching HfO, (3nm)
: ) . TiN (10nm)
epitaxy on SOI of these layers of SiGe or Si Poly-Si (200nm)

BOX BOX BOX BOX BOX

Top view of our device
- = =()—————p | Standard 5

Back-End
S/D implantation of-Line
Spacer formation Processes
Activation anneal
Salicidation
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Tunable width

Design flexibility to tune
the conductance

3 multi
- channels <
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Layout width (a.u.)

See for details:
T. Ernst et al, IEDM’06,'08 SSDM'07, ICIDT’'08
E. Bernard et al. VLSI'08, ESSDER’07

C. Dupré et al, IEEE SOI Conference 07




Stacked Multichannels and MultiNanowires

BINSTIT

d=rzm « TOpP-Down » approach

(]
/ 7" MINATEC
Co-processed architectures with HfO, TiN Poly Si gate stack

(a) NWFET |[(b) ®FET || (c) FInFET |(d) IG-FinFET

&
[
o
T
N
1l
L
| L _HIO#TIN.
LETI top down approach for
Low Power and High performance
-CV/I outperforms Planar in loaded environment
-Improved voltage gain (8GHz) wrt Planar
-Gate separation possible
-Transport properties in small nanowires
LETI: Dupré et al. IEDM 2008, San Francisco(CA)
Ernst et al., Invited talk IEDM 2008, San Francisco( CA)
Bernard et al, VLSI Symposium 2008 Honolulu Toueeprocucion e au partele s uek
(=) K.Tachietal., IEDM 2010, San Francisco
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Pervasion of Nanowire technology

Mass detection

Wk Q‘5I8"70 resonator
Gauge width = 80 nm

15 nm oscillator

E e W
{ 2 Y .

Zeptogram mass resolution

IiMosic PUceES TRET

ILT=30

Buffer solution Buffer solution Buffer solution
at pH<7 at 7<pH<10 at pH>10

Si Si

| |
oo 0% ¢ o7 9% o
Si Si—Si—Si Si

Si—Si—Si

— 3D NAND
Flash Memories

Chemical sensing

Conductance (nS)

T.Ernst et al., IEDM 2008

60
Hubert et ald EDM-2000: i o
CEA-LETI June 2011
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3D sequential process
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"éw Co-Integrating Heterogeneous orientation or materials
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—

E 100 top p-FErS LG=2“m bottom n-FET
=
< 10
= : GeOl (HP)
S 1  \/28mV/dec /
E 0.1 66 mvidec
-
S
3 0.01
c
= 1E-3
o
AT SRAM (] 1E / [ nMos 50 |
- cold end process(bonding).
Opportunities for other SC(Ge,llI-V,...) 1.0 -0.5 0_-0 05 1.0
- improved layout (40% area SRAM cell) Gate bias V (V)

-dynamically controlled VT:

improved RNM and SNM P.Batude et al., Best student Paper Award, IEDM 2009

First heterogeneous orientation in 3D Si sequential integration
Enabled by use of wafer bonding by keeping low thermal budget
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Sequential 3D: Potential and Demonstrated Applicati  ons
High density logic applications CM%? .mgg%‘,‘;’ﬁig Is

L ~ 1 node gain with
same design rules for
i Front end levels

P. Coudrain et al, IEDM 08,

3D memories

Photonics 0 FLASH

applications with

Si-Ge Co-integration '- mEmEARn

o Nanoelectronics &

e | OSRAM on top SOI

~ | bottom logic, 1/Os, analog |
SOl NMOS

— on bottom bulk .

P. Batude etalVLSI0S g Y-H. Son et al, VLSI 07, Jung et al, IEDM 2006

P.Batude et al., IEDM 2009, Best Student Paper Award
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| Towards nanoscale devices

' BINSTITUT
CARNOT

|
MINATEC”

First demonstration of 3D sequential structure
down to L; 50 nm
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— Specific interest of low temperature process
CARNOT

|
X3
(( MINATEC” 0.03

|EOT=1.15nm —Top
— ' — Bottom FET |
=
2 0.02- -
e JEOT= 1.45nm
) , .
§ HfO,= 2.5nm
‘5 0.01- -
4]
a
4]
O
0.00 . . . .
-2 -1 0 1
Gate Voltage V (V)

The low temp. process (600°C) leads to a reduced EOT
Explained by a reduction of interfacial oxide growth
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Specific interest of low temperature process
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Improved insulating .
properties
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EOT reduction
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Improved insulating properties of low temperature stack
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3D-Xbar Memory stacked on Logic: towards NV Logic
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Write Driver /

|
MINATEC' 2D Memory
Sense Amphifier
Shared 2D Bus
Processor
|

3D Memory Cell

Write Driver /
Sense Amplifier

._-‘.
i
Diata 3D Crossbar switch / Decoder |
i 4
Processor
| [

Logic + Stacked NVM:
High bandwith,

Reconfigurability

¢S

OFF/ON Resistance Ratio

ex: 32 nm node : > 1TB/sperimm.

A ZnCdS
108 [14]
Ly
103 [13]
104
1P
102
10 .
Srlid),
| [12]
[GS 108 107 0% 10 104

Programming Time [sec]

Resistive switches

Toshiba, Stanford Univ.: K.Abe et al, ICICDT 2008
proven in 2D with
Magnetic Tunnel Junctions
FeRAM tohoku univ., Hitachi:

Reduced Power consumption, suatsunaga et al., Appl.Phy&xpress(2008)
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CEA 2006 T d its
e préalal H d
; rohibited witho h e pri orwrmencon ent fCEA

Tl June 2011 32



Advanced Devices and Systems
Pooee Future Vision

|
MINATEC”

—
More

than
Moore

(association tp Memory,

Diversified LOFiC
Passives, Senjsors,...)

3D stacked Mixed functions
NV Logic +sensors/polymer

X bar

/

-------- 3D stacked devices

Fe
)

[\ _si__| WO
lII-V/Ge f

3D Sensing/Actuation
Bio, Mechanical &
Chemical —

Beyond CMOS
(e-waves
confinement, Spin
electronics)

(functionalization,
NEMS, Single

electronics, RF, \'\
\ | opto,...) N

50 nm

Heat sink C

Memory storing : e
(SRAM, NVM) - 3D Nanowires :
ZDRAM | l
\Low stress, iaR
HID » =
1

J Carbon electronics(CNT,Graphene, Diamond) ‘

P,
FDSOI Std SOI N
Logic |
HP options sSOl
More 22nm 16nm B 1nm
2009 2010 2012 o 2013 et 2014 e 2015 0 2016 o
eSD

Transfer to Industry Development
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" Opportunities for other materials on Silicon

Electronic Device Architectures for the Nano-CMOS &

. lCNASRTrlxng} From Ultimate CMOS Scaling to Beyond CMOS Devices
L] ‘ Editor: S.Deleonibus, Pan Stanford Publishing, 2098
MINATEQ Material U, Hp S, (W/m/K) | Rel. K | Eg(eV) V,(10°cm/s) | ni(cm-3)
(cm2V-1s) (cm2Vv-is?) (m*m*, /m?)T32
exp(-Eg/2kT)
Si 1400 500 141 11.91.12 0,86 2x1010
Well established higlh quality matefrial
(>40yrs experience) Oxidizable !
Gesilicon compatib 3900 1900 59.9 16 0.66 0,60 x1013
Avalilable in all fgbs
GaAs fattice comstant mratching
GaAs 8500 [400 |55 12.91.42 |0.72 2.1\106
Opto/Power RF applications )
Ge cgmpatible 4 /l BTBT
HPNchannel -
INGa, ,/ASyes |12 000 | 300 |5 13.9(0.74 |0.6 6é(1q1|'LFE T/ AV
— I
— =N oofr-sport chapnel
. . 16
insb (_ |77000 [850 |8  |16.9 |9t rAiuniy 2x16:
Highest 1, put Wolrst p/p) @ ,
_Digmond—2200—1800-. [2000 |5.7 [5.47 |2,7 . |10
sp Passive layer combine _ H|gh Shlort channel
\ w BOXx H |gheSt OEh Ze_f_te : :
\ thermal-shunt) : El—lmmlﬂ Ity
Graphene 194105104105 | 1000 |5.7 |Semi- |4 1x10%2cm 2
: 15
(CNT) sp2~\Most compact logic, metal — N
INTerconnect T S e e S ot o
0
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e Introduction : Trends and Hot Topics in Nanoelectrorncs

* Nanoelectronics scaling and use of the 3rd
dimension to continue Moore’s law

mm) . |nterfacing the Multiphysics World (More Than Moore)
thanks to functional diversification

*Building new systems and their packaging
with a 3D tool box at a wafer level.

e Conclusions

— © CEA 2006. Tous droits réservés.
nterdite sans l'autorisation écrite préal
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~ « More, More than, Beyond Moore »
5%%? Tomorrow’s top added value markets

p
I‘ ':'
= 2 130nm ——
=] |- P
Nl [ 2 g0 T,
= 5 nm
51 | € ™
m ]
= Eh 65nm
=1 | 2 DicK
i © | 45nm “ﬂ%ﬁﬁﬁﬂ
2 | & .
-8 g 32nm| | T
=110 LSO £
R 48 o (SoC
E&r =fa £ 22nm S
‘I'I ' $ i
i 2 E /
\ v >
\V' v
% Beyond (and besides) Moore

High growth with ‘More than Moore’ technologies:
they require expertise in all technical domains and in-
— depth knowledge of the targeted markets..-|[TRS.2009.........
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Z@m_ - resolution increases
MNATEC" - sensitivity decreases (SBR,SNR) => arrays, actoatio
- figures of merit pressure and vacuum quality depende

NEMS scaling laws: Is it worth?

Parameter Scaling rule
5n= M (DR/20) I___Ili
stiffness k A Ll w E
DR O zsnmse 1
Pact SNR Kot [0
resonant frequency k1 fo [] =
ML Roukes et. al. APL (2005) . | 2
e

of f
Cessrespnay k> 0 =500 =y
eff eff

energy consumption k3 [rough estimate] EP = l il D(I%/Iax
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- Nanowire used for mass detection
'IINSTT

.2:Q7870 resonator
Gajige width = 80 nm

Capacitive actuation & detection Capacitive actuation & piezo-resistive [l og L
detection with nanowires

om= 05 zg/+Hz

Thermo-elastic actuation M |

& piezo-resistive detection.
NEMS array

Lleti ﬂ e
; - First 200 mm wafers with 3.5 millions NEMS
- Association Nanowire/Resonator ; Cantilever arrays

—  LETI T.Emstetal., IEDM 2008, Invited talk CI\/lOS compatlble

production totale ou par €alable du

@ L. Duraﬁourg et. al’ APL 92’ 174106 (2008) All rights reserved. Any reproduc mnwhl of the infor p hb d h h p rwrmencon ent fCEA
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NEMS switch

MINATEC”
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£ ; ; — . . .
105 —Normal" MOSFET ! ! ! !
T —— = s | H
E 1 1 1 1 1
] | | 1 ]
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§ 7k .
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w5 E Air-gap MOSFET
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= g !
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z E o eyl 2
105 . __Nt,:_w:_:_\_l_o_ “4m
- - . P T .
A el T3 N =ksx10em?

Gate hias, Vi (V)

from D. Tsamados et al. Solid-State Elec. 52 1300&2

high onfoff == OV power
logic

3 =
"1 input i calibration output
s ] .
1] i ]
g s g
% input pulse g
1] ” \ -
high” speed > 4applied # |
s 4t=0  f |
ﬂ i1 switch output
24 : i
' {At~28ns
rf -5.00E-09 1.50E-08 3.50E-08 550E-08 7.50E-08 9.50E-08 1.15E-07

time (s)

from AB. Kaul et al., Nano Letters 6(5) 942-947 (2006

10°
5 Metal off e SINWY
10° On-'"'"-"-"

bistable
107
l 10" 4

memory 7654324012
V,, [Volt]

I,[A]

from Q.Li et al.,IEEE Nano 6(2) 256-262 (2007)
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e Introduction : Trends and Hot Topics in Nanoelectrorncs

* Nanoelectronics scaling and use of the 3rd
dimension to continue Moore’s law

e Interfacing the Multiphysics World (More Than Moore)
thanks to functional diversification

=) .Building new systems and their packaging
with a 3D tool box at a wafer level.

e Conclusions
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System On Wafer.

-
I = r E

R - - - -y
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—, W = [ =
g - - - e

o e o e g — -
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Copper/Copper bonding

Wafer level packaged MEMS -

80 um diameter TSV
imagers packaging

1 pum diameter
High AR TSV stacked ICs

'‘'on On Silicon

L el P
(\ \(\\d‘ ! Ievel © CEA 2006. Tous droits ré
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2001

2008

VGA cameras (300kpixels)

/ Thinned wafer

Image-on-Board
ceo\ ™ ¥

\

3D Integration: from imagers to advanced 3D ICs

: IS7;
MINATEC® ST - LETI collaboration

Mixed Sigha ‘71-

7 DigitaI/AnaI__o}g ST - LETI collaboration
. : : 170pm / _

A
b

W . 120pm
W
. ‘, $

. s M e ) )

a2 - S i — m—

oy
e

(=100 pm)

V4

Thick 120 um
Via Last TSV

3D high
| (AspectRaio2-d) | o T density
Active Silicon interposer

1
1
1
1
1
:
Diam 60pm
1
1
1
1
1
1
1
1
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Digital on Analog: the first 3D demo o7

@ MINATEC'
Digital

45nm device

I | I I I I R _Ill— I
= ST ] SRR
BT ]

« TSV for top and bottom chips access

o] I:,!

ﬁ ﬁ » Daisy chains & delay chains with F2F, TSV
7 = and RDL paths

ki ;3 + Voltage regulator driving a 45nm IP

E! o % + Mechanical stress sensors

- ?E - Thermal sensors

EE |.1:.' ]

|O boundary-scan

ﬂl'

Teirwifes A T AT
Elllﬁ#‘a.u]’l‘.!];llgnz |1.T.|'J1':I|'I1Fr"l.'l'.

CMOS 45hm, 25 mm? o .
— Techno partitioning

1056 inter-chip connections - Active interposer,
588 TS\/'s — Best IP Iin best techno node 105 0.13um 320m
*482 bumps

*In BGA 864 lead free balls, 1.0 mm pitch — Performance & Time to market
Better scalability

By courtesy: D43D Workshop - 3D Integration program
— P. Ancey Lausanne — 2010, May 27th-28th

400pm
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Application Drivers
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(CMNATEC \1\036\’656

Form Factor | ...

Ultra small TV
Tuner , Sharp

128 GB SSD, Toshiba

Nokia N82, 5Mpixel
Video capture,

coding, transmission  One Chip SetTopBox
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Low density 3D via

Chip-level bonding

ross talks:
-delay, matching,
-power dissipatio

global temp. increase,
hot spots, reliability, ...
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\

Vertical deviceon 1} um 0.5mA

\

High density 3D via \
CMOS (NTC, NW, NEMS)

wafer-level bonding
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Multi-level 3D IC - 1E7
 ETTrr— +10) — 1E5 3

(CPU + cache + DRAM [ 1E6 S
+ Analog + RF + sensor o
Logic ( multicore processor
with cache memory)

m 3D Stacked memory
(NAND, DRAM, ...

Targets for
MEDEA+ project

10 0.1 ~

ITRS C65nm
min Global
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Conclusion :Nanoelectronics CMOS
" ALY

Z@ from Devices to Systems Perspectives

« Si CMOS: Nanoelectronics Base platform  beyond ITRS

e Durable Low Power solutions:
health, environment, quality of life, energy, IST,...

 Low Power consumption: major challenge (sub 1V VDD CMOS ).

=> Device/ system architecture optimization:
Thin Films Gate All Around nanowires, low slopes,layout , 3D

=> Opportunities for new materials on Silicon
(Ge, revised low BG llI-V, Carbon,...) to co-integrate f rom LSTP to HP.

 Heterogeneous 3D co-Integration on Si, Low Power:
Monolithic/Sequential 3rd dimension in device. New a  ctive materials
Reconfigurability with NVM ; NV Logic

System On Wafer: 2 to 3D heterogeneity functions & ch  ips

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
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Electronic Device Architectures

for the

Nano-CMOS Era

From Ultimate CMOS Scaling
to Beyond CMOS Devices

Simon Deleonibus

G
111

Available at Amazon.com or
any good bookstores.

¢S

Electronic Device Architectures for the Nano-CMOS Era

From Ultimate CMOS Scaling to Beyond CMOS Devices

edited by Simon Deleonibus (CEA-LETI, France)

Cloth July 2008 978-981-4241-28-1

* Discusses the scaling limits of CMOS, the leverage brought by new materials, processes and device
architectures (HiK and metal gate, SOI, GeOI, Multigate transistors, and others), the fundamental
physical limits of switching based on electronic devices and new applications based on few electrons
operation

* Weighs the limits of copper interconnects against the challenges of implementation of optical
interconnects

* Reviews different memory architecture opportunities through the strong low-power requirement of
mobile nomadic systems, due to the increasing role of these devices in future circuits

* Discusses new paths added to CMOS architectures based on single-electron transistors, molecular
devices, carbon nanotubes, and spin electronic FETs

PAN STANFORD PUBLISHING

www.panstanford.com
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