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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
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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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Electronic Device Architectures for the Nano-CMOS Ea
From Ultimate CMOS Scaling to Beyond CMOS Devices
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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
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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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Record -high V + matching performance
W g carnon FDSOI Undoped channels vs.FinFET
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(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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Merits of FDSOI
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22% improvement/bulk (20nm)
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Bulk or thick SOI

ThinSOl

Jahan et al.
VLSI2005
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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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| Stacked Multichannels and MultiNanowires
%E@m& « Top-Down » approach

Co-processed architectures with HfO, TiN Poly Si gate stack
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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
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Zeptogram mass resolution
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— 3D NAND
Flash Memories

Chemical sensing

Conductance (nS)
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3D sequential process
,'Cgﬁ.ﬁgﬁ Co-Integrating Heterogeneous orientation or materials
MINATEC
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- 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




3D-Xbar Memory stacked on Logic: towards NV Logic
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Logic + Stacked NVM:
High bandwith,

Reconfigurability

¢S

OFF/ON Resistance Ratio

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

A ZnCdS
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1P
102
10 .
Srlid),
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Programming Time [sec]

Resistive switches

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

Reduced Power consumption, suatsunaga et al., Appl.Phy&xpress(2008)
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Advanced Devices and Systems Future Vision
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3D stacked Mixed functions
NV Logic +sensors/polymer

—
More

than
Moore

(association tp Memory,

Diversified LOFiC
Passives, Senjsors,...)

X bar

/

D - 3D stacked devices

3D Sensing/Actuation
Bio, Mechanical &
Chemical —
(functionalization,
NEMS, Single
electronics, RF,
opto,...)

Si

lII-V/Ge -

50 nm

Beyond CMOS

(e-waves
confinement, Spin
electronics)

~2

Heat sink C

.!. 4| Memory storing
1 (SRAM, NVM) -

ZDRAM

3D Nanowires

Carbon electronics(Graphene, Diamond)

>/ =
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Logic |
HP options sSOl
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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
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~ « More, More than, Beyond Moore »
5%%? Tomorrow’s top added value markets
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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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- figures of merit pressure and vacuum quality depende

NEMS scaling laws: Is it worth?

Parameter Scaling rule
5n= M (DR/20) E_ti
stiffness k K o4 LT w 3
DR O zsnmse 1
Pact SNR K ot [0
resonant frequency k1 fo B []
ML Roukes et. al. APL (2005) . | 2
e

of f
Cessrespnay ki 0 =500 =0y
eff eff

energy consumption k3 [rough estimate] EP = l L D(ﬁnax
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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 % |

& piezo.-resistive detection. NEMS array
leti ﬂ
. - First 200 mm wafers with 3.5 millions NEMS
- Same process as MultiNanowires CMOS NWFET
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NEMS switch
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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.
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VGA cameras (300kpixels)

/ Thinned wafer

Image-on-Board
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3D Integration: from imagers to advanced 3D ICs
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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
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| Conclusion :Nanoelectronics CMQOS
" ALY

L 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,...)
 Heterogeneous 3D co-Integration on Si, Low Power:

Monolithic/Sequential 3rd dimension in device. New a  ctive materials
Reconfigurabilty with NVM ; NV Logic

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