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Outline

« Context: why SOI, what for, how good...?
« SOl technology and advanced boosters

A few memories: SOl 1T-DRAMs

« Conclusions BOX
- SOl is HOT: performance & scalability
- SOl is GREEN: power & voltage saving
- SOl is versatile: new devices




CMOS and SOI Evolution

N &N
ST g <
S ¢ ~ =
) ~N
T o & <4
] 5 : 5 o
3 S N g I 5
= ~R- B
A

24l

CANCELOTROVER T Lo RO

15 litres 12 litres 9 litres 7 6 litres 4.5 litres 3 litres 1,5 litre 75 cl 60cl 375d 20c 94 cl//

N

. s soi sorsol s01 501 SOI SOI SOl SOI SOI




SOl for Portable Devices

Notebook PC + Smartphone Shipments Dwarf Desktop

Consumers Increasingly Prefer Portability

Unit Shipments of Desktop PCs vs. Notebook PCs + Smartphones, 2005 — 2013E

2006: Inflection Point
Notebook PC + Smartphone
Shipments Broke
Away from Desktop PC
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1 Notebook PCs » Smartphones g Desktop PCs

Morgan Stanley Note: Notebook PG inclute Netbooks. Source: 10C, Gariner, Morgan Stanley Ressarch esfimafes. 101

Market evolution

Predictions from
Morgan Stanley,
December 2009
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Power Inflation

Power consumption tends

to increase with scaling: | 150_/
- The circuit density increases: = 195 u Leakage Power
more devices per mm? = = Dynamic Power
- The clock frequency increases: L 100-
more activity per mm? 5 15
- The leakage current increases qc, 50
in shorter transistors °
20
/
More power means: g 0
- The chip T increases and 250nm 80nm 30nm 90nm 65nm
heat has to be evacuated
- Battery lifetime becomes insufficient SOl can help I

- Dramatic increase of energy
consumption worldwide
Is Google going to build a nuclear plant?

,)L




SOl key value

© Power SOl MOSFETs
* Lower V. . Excellent subthreshold swing
* Reduced variability (< 80 mV/decade)

 SRAM stability & FOM = +35%
(Bulk SRAM falls apart due to RDF) Superior short-channel control

* Lower leakage (DIBL < 100 mV/V)
© Scaling Low I_; and GIDL
. Difficult for Bulk to meet specs at LP 20 nm
* Difficult for Bulk at 20 nm without increasing junction leakage and GIDL

* OK via FD CMOS

© Speed Ultrathin FD SOI

has demonstrated excellent SCE
and performance at L <25 nm




HOT SOI: Scaling

Industry Trend S G
100 . S 250F(s — 7\ » Undoped body
90 L Gate Iength scallng E BOX | & ] (Na ~ 1015cm3)
seemed to get flat — 200 |- [ Depletion A7

= 80r [IBM] T = . e

£ 70l = 150 |-

£ g No doping effect

§ 7 < 1001

T S0r 0 Heavy doping

5 40f = 0 / (Na = 101%cm™)

S Need Lg scallng to __....r . s
U 'meet pitch requirements o ] 0 10 ' 20 : 30 '
g0 130 0 65 45 32 22 Film thickness tsj (nm)

Technology Generation (nm)

Bulk: Doping based SOI: Thickness based

- Huge doping level - No doping effect

- Issues: - Thin Si film: T, = L/4

variability, mobility, BTBT - Thin BOX & Ground-plane
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HOT SOIl: Performance

Top 10 super-computers: 9 are SOl-based!

SOl Products:

Mprocessors
(AMD, IBM, Sony, ARM, ...)

—

+ ultralow power (watches)

+ medium/high voltage & HT
(lightening & car electronics)
+ RF devices

~ Oxide Insulator —_
' T + imagers

iicon warer —

+ MEMS & sensors

AL



HOT SOIl: Performance

D =IEEH  News on 5/05/2009:

CPU I I:an:hel I'.'Iainhnardl I'.'Iemnrg,rl SPD l About |

- Processor
Name | AMD Phenom II X4 955 Black I AMD : A M D smas h €S _
CodeName | Deneb e |13 | the 7.1 GHz barrier
Package | Socket AM2+ (940) ’ _
with SOl Phenom 2|

Technology | 45 nm Core Voltage |

Specification | AMD Phenom(tm) II ¥4 955 Processor
Family | F Model | 4  Stepping | 2
Ext Famiy | 10  Ext Model | 4  Revision | RB-CZ

Instructions | MMX (+) 3DNow! (+) SSE SSE2 SSE3 S5E4A x86-64

— Clocks (Corest) —-Cache
Core Speed | 7127.85 MHz L1Data | 4 x 64 KBytes
Multipiier | % 28.5 L1inst. | 4 x64KBytes
Bus Speed |  250.01 MHz Level2 | 4x512KBytes
Rated FSB |  2500.1 MHz Level3 |  B144 KBytes

Selection IPrncsssnr':.-‘1 _v_i Cure.s-i 4 Threads| 4

1D : G5&E49 Version 1.50

CPU-Z &) oK

http://brightsideofnews.com/news/2009/5/5/amd-smashes-the-71-ghz-barrier-with-phenom-ii-955-cpu!.aspx k




GREEN SOI: Power Saving
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[Colinge’05]

Repeatedly demonstrated performance gain
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Sake-winning bet for beyond 'Beyond-CMOS’

In 2035, our computers will still contain lots of MOSFETs with

* Traditional Chinese medication = silicon
= Generic pills = Si surrogates (Ge, GaN, ...)

What can we do to embellish MOSFETs ?

- Enhance electrostatic control ;;OX

For ultimate scaling: FD SOI
= Ultrathin film

= No doping

= Thin BOX

* Ground Plane

= Multiple gates

- Improve transport properties:
= Ad-hoc boosters: Rq, strain, high-K, metal gate




Booster 1: Low Series Resistance

* Junction engineering via Selective Epitaxial Regrowth
- several options for raised terminals

Eoi L : Double Epi
T W B W
Epi Epi Epi Epi EP*’ Epi

Silicon Silicon Silicon
BOX BOX BOX
Substrate Substrate Substrate

= Source-drain Ni silicidation

Silicon
BOX

Greatly
improved Rq,




Booster 2: High K Dielectrics

= Similar mobility behavior for HfO, and HfSiON
* Long channels: acoustic phonon scattering prevails (4 ~ T-07)
= Short channels: degraded mobility & attenuated T dependence

Additional scattering mechanisms?

=
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Additional Scattering Mechanisms

« Short L : saturated pu(T) variation
-> presence of defects

 Neutral defects are induced,
at the channel extremities,

by S/D implantation and gate
formation

 More important contribution of
neutral defects in short-channel

-
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.| NMOS /
HfOzOXI/\
/ HfSiON oxide
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Neutral defect mobility, Hn-d (cmZNs)

1 1 1 1 .
— + | ;/
Mmeasured “phonon pCoqum 107 . -
Electrical Length (um) .




In-Situ Comparison of High-K vs Si0,

Two channels can be activated
at the front and back interfaces

In-situ comparison:
Si-Si0, vs. Si-high K

Back interface transport:
high mobility
phonon scattering
low impact of neutral defects

Mobility degradation in top
channel :

1Pk = 1Mgioz + 1Happ

Remote Coulomb scattering

[Vandooren et al’02, Pham-Nguyen’08]
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Booster 3: Metal Gate

- TiN vs TaN

- ALD vs PVD
0 Silicon Film
deposition BOX (Si0,)

- Gate thickness
from 3to 10 nm

Benefits
OZ

HENY

- No poly depletion

- V; tunning




Threshold voltage modulation

Threshold voltage (V)
o o
|—\ N

. Vp=0.1V

NMOS HfZrO, 2.5nm Tsi 8nm
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g

—S—TiN PVD 10nm

—&— TiN ALD 3nm
—l—TiN ALD 5nm
—@— TiN ALD 10nm

—~A—  TaN PVD 10nm

O T T T T
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PMOS HfZrO, 2.5nm Tg; 8nm
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V; tuning : 100 mV shift by decreasing TiN thickness from 10 nm to 3 nm

Similar shift for NMOS and PMOS

No significant impact of deposition techniques (ALD or PVD) or metal
materials (TiN or TaN)
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Booster 4: Strain in SOI

1 — Biaxial strain at wafer level
2 - Process-induced uniaxial strain:

- Isolation techniques (STI, SiGe, ...) — compressive or tensile

- Source-Drain engineering — SiGe for PMOS and SiC for NMOS

- Stress Memorization Transfer (SMT) from gate and/or capping layer

- Contact Etch Stop Layer (CESL) — compressive (for holes) or tensile (electrons)

0.24 pm W = 0.6 pm

* Regions with compressive

or tensile strain can coexist

in the body of one SOl MOSFET.
This effect disappears for small L.

* Different effects according to
CESL location:

- on top of the gate

- on gate edges

- on spacers

- on extensions [Gallon’07]




Hole moblllty compressive CESL

200 ————rr .
- " p-MOSFET
e
(\IZ ", \ $ Front-channel
g 150 | ,* VD =50 mV 7
z bl \ ~ 80%
]
E 1000 ) *\** .
A Y —
g AkA/A—AA A I
50 |- .
% —a— tensile CESL
- —x— compresswe CESL
0.1 1.0 ~10.0

Channel length (um)

No hole mobility enhancement in t-CESL

Strong gain in c-CESL with selected lengths
— L=100 nm : p,_,, =180 cm?/Vs (+80% !!)

— Stress pocket effect

— Very short channels: Mobility gain is
competed by other mechanisms

Longitudinal strain component ,, (MPa)

Payet et al.
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Competing mechanisms

 Neutral defects, strain and
source/drain scattering are
inhomogeneous along the channel

« Competing effects

Saturated p variation = presence of defects

1000 ———————

PMOS; Compressive CESL

Temperature (K)

0 Front-channel
. Vp =50 mV
b ?.\ \. ]
= ~ 3 \.
o ~3 —_ 4
~
E —u—Lelec =1 Hm p~T -1.4 - '\'
g 100 - _e— 145 nm ]
[ —a—105 nm 1
“ 100 150 200 250 300

Neutral defects and strain
are located at the channel
extremities

More effective contributions
of neutral defects and strain
in short-channel




Booster 5: Advanced Materials (Film)

Germanium for higher mobility GaN for power, RF, photonics
GeOl by Smart Cut or Condensation
_ sio, si0, [Nakaharai et al. APL 2003]
G e h!!_ | Ge
SOl substrate Epitaxial growth Oxidation of SiGe Ge is completely GeOl
of SiGe condensed substrate

= Excellent hole mobility
400 cm?/Vs
750 in strained GeOl
et = Poor electron mobility
i = Solution: co-integration
0 ‘ 0 p-MOS on GeOl and n-MOS on SOI

[Ervienes
|

[Nguyen, 2007]
[Le Royer, 2009]
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Booster 5: Advanced Materials (BOX)

80

Functionalize the BOX o Gate voltage = 1.2V
= generate strain: Si;N, o0 =02 um
= store charges (EEPROM): ONO % 0 ' 1.0V
= optical applications: glass, quartz £ ;‘z |
* RF devices: Al,O, £ 0.8V
g 20 +
. . - 0.6V
Eliminate heat: S f———w
» reduce self-heating: diamond, alumina, AIN 00 02 04 06 08 10 12
Drain voltage [V]
SOD MOSFET
- Good characteristics
| gy - No mobility degradation
Bonding interface ' - No self-heating
Si substrate - Much lower thermal R

[Mazellier et al, 2009] =«
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From DRAM to 1T-DRAM

DRAM (1C + 1T) - —

Scalable transistor ——

Unscalable capacitor




SOl 1T-DRAM Basics

PD SOl MOSFET structure

Gate
Body
Source P Drain
N+ N+
oO o °O° °°°
BOX

‘0’ state

Lack of holes : V., / :lp N\,

o

o

Gate
Source| o° © ;%0 ° , | Drain
N+ 0o O o N+
o o

BOX

‘1’ state

Excess of holes : Vi, N, : Ip /

Z-RAM: Zero-capacitor RAM

Takes advantage of floating body effect

Okhonin S. et al., EDL 02

D 4

l1 ] IOl

Advantages:
- no capacitor

- smaller surface: easy scaling
- low power
- high speed

N



Example of FD SOl 1T-DRAM

Intel

30nm

Drain current (A)

"1" state
"0" state
Gate voltage (V)
Gate
Prog. Methods: L.I. and FB1 Body
rog. Miethods: 1.1 an Source P Drain
* 45nm, stand alone cell N+ 55555 050 N+
« LDD and high k dielectric, low doped channel BOX

* AV, =400 mV and Tg= 25 ms at 85°C

Va2 < Veg2 <0

To attract holes

A_



‘New’ FBE: Meta-Stable Dip (MSD)

Dynamic coupling and drain current hysteresis

G
II VG1 ]
e
e clectron Voo ~ Viuy
® hole
&
g Hysteresis = Memory effect
[~
- Meta Stable Dip (MSD)= DRAM
V_ =20V

-5 4 -3 -2 . -1 0
Tension de grille V__ (V)
e

N+ N+ VG1

Ve ~ Vinz

State ‘0’ unstable

" M. Bawedin et al. SSE 2006, EDL 2008 "




‘New’ FBE: Meta-Stable Dip (MSD)

Dynamic coupling and drain current hysteresis

State ‘1’ stable —— %%’

N+ N+
G1 0g0¢g 0y
D R
. Vo2 ~ Ve Vv
107 g 1 V61
i ID (A)Fenétre mémoire ®e®0 e
N+
e electron Voo ~ Viuy
® hole
—
Ve Hysteresis = Memory effect
I o «—0 .
N+ Meta Stable Dip (MSD)= DRAM

Va2 ~ Viu

-5 -4 -3 -2 ‘ -1 0 1

Tension de grille V_ (V)

, , (Technology transfert in progress)
P
State ‘0’ unstable [N+ WA
Va2 ~ Vine

" M. Bawedin et al. SSE 2006, EDL 2008 "



MSDRAM: Double-Gate MOSFET

Non Optimized:
1,/1,10 =) T, =100ms

10°F
F 1] '1' State

—
o
4

Drain Current | log (A)
o

'0' State

10°

TP =10ns

Time (s)

0.00 005 010 015 020

0.25

Optimized S/D:
1,1,=10 =) Ty =20s

Drain Current | log (A)

'1' State

TP = 10ns

[Bawedin et al, patent 2009]

Time (s)

4 6 8 10 12 14 16 18 20




MSDRAM: Nonvolatile

Function

Double-gate mode

Front Gate
[ | .
10"
Source| DRAM Drain =
N+ N+ ~ 107
. . k=
o
EEPROM = 10
. — O
c .,
I 10
Back Gate 5
10—13

L .=0.6 um
W=0.6 um

ONO as BOX:

1 - To store holes
Replacement of back gate

2 - To store electrons
Unified memory:
combined MSDRAM + EEPROM

[Park, Bawedin et al, 2010]

6 5§ 4 3 -2 4 0 1

Gate Voltage V, (V)

Source Drain
N+ N+
0®e 0y

@ electron
Vez 2 VTH2

Drain Current | (A)

-
(-]
&
T

-
(=]
4
T

-
o

-
(=]
o

Single-gate mode

&

L.=0.6 um
W=0.6 um
Tsi =70 nm

Gate voltage V_, (V)

N+




Super-Coupling in Ultra-Thin MOSFETs

i.0 - 'I-mvl || ¥ 1 ¥ -I- ] : ] _I !

08 F 1™16nm - .}-l-lzl:l_l-lll-ll ] Ve>Voy V,<Vg Ver>Voy

0.8  T_=100nm .): . 3p1 o] e
E: 0.7 | —m—V_ with T =50nm - $ e
2 08f ./ o —O—V_, with T,=50nm 3 : \.
g osf Thid ~® Vet T100m 3 N
o 04f /./ i —o—v_with T_=10nm ] 3
§ osp . i
£ o2f SOOCOOOCO00 ] | @
3 o1f o Vihualo9 3

00| o/c‘/ Vthrpe : e

o4 F . ; e

o2 ,_,,0/ Thick 3 i

03 F ?Q=9:8-EI—EI-EI-E-EI-D -O-0-0-00-0-0-0000 ] - Bl

0.0 0.5 1.0 15 20
v, V]

In MOSFETSs with sub-critical thickness :

- it is not possible to accumulate one channel while inverting the

opposite channel
- the back surface potential follows the front gate voltage: volume inversion
- the film behaves as quasi-rigid rectangular well, with flat potential

[Eminente et al’06]
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A-RAM: Multi-body DRAM

V>0V

V, =0

Storage

SRR Y Te s Rt State ‘0’

i L Program
Ve>0V

State ‘1’

Program
Two bodies: Advantages:
1 - for hole storage * Scaling
2 — for I, sense  Ultrathin: no super-coupling

 Single-gate operation

[Rodriguez et al, patent 2009] « Simple Word/Bit line signals




A-RAM ...

Programming/ Reading cycles

Drain/Gate Bias (V)

PR—

P

P —

> )

GO! 1

100

. —

—_— r r Tt r T r T r 1T T*r T 7 80
1.0} - )
1’ ‘0’ .
=
o5+ V = 60t
| D , <
00—\ o\ /W W =
S 40t
I (O]
0.5 5
05k 3
-V £ 20f
10+ © ©
- _ =)
R Y O U TP S TS HP U SR S S— 0
0O 20 40 60 80 100 120 140 160 0
Time (ns)

20

40

Time (ns)

60 80 100 120 140 160

« Tg;and MOX engineering can enhance the bit margin over a factor of 100

» Simple writing/reading signals

* Retention is controlled by the transistor gate

[Rodriguez et al, patent 2009]
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Novel Architectures & Concepts

FinFETs, Triple-Gates & 3D Nanowires URAM: Unified Memory

SiO, buried oxide

Retention
Flash
Universal
Memory
\" Density
Speed /C{ DRAM
SRAM

0 Front Gate

EEPROM

Za;eg

Grille 1
"EEPROM__ |\
EEPROM__ |\

N+ | 4 pits N+

Back Gate

Multi-bit memory: 2n states

Challenges:

= Get 4 - 8 distinct levels of current

= Lower time and bias for programming

= Select appropriate materials and architectures




Puzzle 1: Noise in Y-MOSFET

- Very powerful technique to probe the quality of SOl wafers

- The density of interface traps is determined from the sub-V; swing
- Noise is sensitive to traps

- Can we have a more sensitive tool for detecting D;, ?

-
(=]
A

Source probe Drain probe

°Vb

S= 2.3g(1+CSiJ
q Cox

-
o
&

108

Drain Current I, (A)

10-10
Subthreshold swing: S

10 8 6 4 2 0 2 4 6 8 10
Gate Voltage Vs (V) .

A




Puzzle 1: Noise in Y-MOSFET

1.E-20

1.E-21 &

1.E-22

1.E-23

Power spectral density [A72/Hz]

1.E-24

1.E+400 1.E+01 1.E+02 1E+03 1.E+04
Frequency [Hz]

107

First time noise measurements
Noise is 1/f

Normalized noise follows the
McWhorter’s model

Su(f) 0. AKTQ°N, g,

10° 10° 107 10°
Drain Current |_ (A)

2 T2 2 £y 12 SVG
¥ 1ZWLCZ 7 I

The noise is due to carrier number
fluctuations via trapping

The noise does not depend on
series resistances

It decreases in longer W-MOSFETSs

—)K



Puzzle 1: Noise in Y-MOSFET

« Calculated trap density is huge : 5x1013 cm-2
« 2 orders of magnitude larger D, than from the swing

Puzzle: Why is D,, overestimated ??

Trapping darea. Source probe _Drain probe
- The aspect ratio of the P-MOSFET is W/L = 0.75

- The channel surface is WxL = 0.75 L2

- Inversion and trapping occur on the whole
sample surface (much larger)

- Why the effective surface for noise and current
is not the same?

Parasitic trapping at the unpassivated top surface?




Puzzle 2: Golden W-MOSFET

Silicon film
Buried oxide (BOX)

Bulk Silicon

Gold nanoparticles deposited on the surface

Hysteresis in I(Vg) curves: AV, =3V

Drain Current | (A)

20
Gate Voltage V_ (V)




Puzzle 2: Golden W-MOSFET

= Hysteresis: due to gradual charging of nanoparticles
= Do the nanoparticles behave as D, or Q_, ?
= AV increases

- in thinner films

- for higher density of nanoparticles

Drain Current | (A)

= AV; =3V corresponds to 6x10"" charges/cm? e

Gate Voltage V_ (V)
» Coupling coefficient=1 + C,/C_;

= Au nanoparticles: diameter = 5-50 nm and density =4 x 108 cm-2

= Each 50 nm ball can trap 103 electrons

= |s this analysis correct?

= What is the maximum charge the balls can accommodate?

» For ultimate sensitivity: larger or more numerous golden balls?




Puzzle 3: Hysteresis in FinFET

xl

State ‘0’ to refresh

State ‘1’ is stable

VG1 — VG1
|
.............
Source Body Drain Source Drain
N+ P N+ N+ N+
0900 g%¢ 04
BOX e electron  pgox
e hole
Va2 ~ Vinz Va2 ~ Vinz

MSD Effect:

- Planar FD MOSFET with Vg,

* Hysteresis = memory effect

« Combined effects:

Interface coupling +
Floating body +
Transient

» Capacitor-less DRAM



Drain Current |_ (A)

Puzzle 3: Hysteresis in FinFET

-
o
&n
T

L

10°

Gate

—O—reverse q—-——

—0— direct ———»

=1 pum, WFin =100 nm, HFin =60 nm, NFin =20

-100

HfO, gate oxide
Interfacial Si "7

1 1 1 1
-80 -60 -40 -20

0
Back Gate Voltage V __ (V)
JR—

Poly-Si

SiO, buried oxide

20

Reversed MSD Effect:

* FINFET with Vg5 scan; Vg 2 V4,

* Direct scan:
- Back interface accumulated, high V,
- Equilibrium
- Front current increases by coupling:
V;, decreases with Vg

* Reverse scan:
- No holes available
- Depleted back interf: lower V;,, higher |,
- Where is the deep-depletion effect gone?

« Experimental clues:

Hysteresis suppressed for illumination or
narrow fins

N



Why is MSD effect upside-down in FinFETs?

Puzzle 3: Take-away Questions

Why is the front current unaffected by deep depletion?

Drain Current | (A)

-
<
(4]

—O—reverse ——

—o—direct ——»

Lo, =1wrm W, =100 nm H_ =60nm,N_ =20

10°

-100

-éo'-éo'-‘tlo'-z;ol t')'zo
Back Gate Voltage V__ (V)

Competition between lateral and vertical coupling?

0.12 5

0.1
0.08 -f
NG.08 —f
0.04 -E

0.02 -

Q

el engiy
p 1OE1R

AOE+17

GOE+17
| |

40E+17

. 20EH7
QWOE+OD

0,05
Y

400

300

200

100

Threshold voltage (mV)

-15

]
-10 -5 0 5
Back-gate voltage (V)



Puzzle 4: Mobility in Nanowire FETs

P

o

/W_ (mA/um)
N

o
oo
T

o
»
T

3 levels vertically stacked
50 nanowires in parallel
Various geometries

Well behaved characteristics
Excellent subthreshold swing
Reasonable mobilities




Puzzle 4: Mobility in Nanowire FETs

250

Puzzle:

N
(=]
o

Why is the mobility degraded

150 || in 5 nm nanowires?

100}
Hints:

- Subband splitting

Electron Mobility (cm*/V.s)

(4]
o

5 nm - Phonon & carrier confinement

- Technology

0 2x10"”  4x10” 6x10” 8x10” 1x10"
Inversion Charge Density (cm'z)




Puzzle 4: Mobility in Nanowire FETs
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Electron Mobility (cm*/V.s)
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200t
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FDSOI

2x10"  4x10™  6x10"
Inversion Charge Density (cm'z)

8x10"

1x10"°

Puzzles:

Why is the low-field mobility
degraded in circular nanowires?

Why is the high-field mobility
improved?

Hints:
- Charge pumping shows higher D,
- Varying surface orientation
- Surface roughness improved
by H anneal .
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Final Puzzle: Tunneling FETs

" TFET = Gated PIN diode
" Reversed biased
= B2B tunneling: small switch (SS < 60 mV/decade)

PLDD P+ Source

~ 10°

<

_D

c10™

=

=)

O 10-12
L,y = 0: symmetric TFET .%
Tunneling at both S & D 5 i "‘"{H'i‘.}{l'

-14 1 | . ‘h U'.L|' 1 L 1 1

L,y =50 nm: suppressed e 4 2 o 2 4 6
ambipolar conduction Gate Voltage V __ (V) )




Final Puzzle: Tunneling FETs

Puzzles:

Why is the swing larger than 60 mV/decade?

Why is the current smaller than predicted by simulations? Even in Ge...
No negative resistance in I(V,) curves? Why?

* |s the current due to B2B tunneling exclusively? 7 o
@
Hints: ” W v, {
- V; and swing do not depend on channel length o

- Noise is RTS with 1/f2 spectrum
(discrete number of traps)

10 100 71000
Frequency (HZ)



Conclusions

= SOl is HOT: performance & scalability
= SOl is GREEN: power & voltage saving
= SOl is versatile: new devices

* Puzzles selected to develop curiosity & thinking
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