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SILICON IS NOT SO BAD….AND THERE IS STILL 

ROOM FOR IMPROVEMENT
Pentium: ~100mm2 x 5µm active layer = 0.5mm3 

Mosquito’s head ~ 0.5mm3 ?

COMPUTERS ARE CAPABLE OF:
•Winning chess with Gary Kasparov (FLOPS :Deeper Blue > 1000xPentium)
•Calculating trajectory to Mars
•Making my slides
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SILICON IS IS NOT SO BAD, BUT PACKAGING AND 

SYSTEM INTEGRATION HAVE TO BE IMPROVED

=

MOSQUITO FIGHTER ~1940
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CMOS090

CMOS065

CMOS045
CMOS032

CMOS120

CMOS Scaling IS NOT ONLY FOR 
PERFORMANCE…
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MANUFACTURABILITY :

SMALL IS DIFFICULT
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12nm 

403 Si-atoms
& 2.63 B-dopants
(1e19cm-3) under gate

8 nm

273 Si-atoms
& 1.73 B-dopants
(1e19cm-3) under gate

8nm 16nm 16nm

533 Si-atoms
&  3.53 B-dopants
(1e19cm-3) under gate

Active volume under gate is supposed for simplicity to be equal Lg3

TWO SOURCES OF FLUCTUATIONS:

1) DISCRETENESS OF MATTER (CROLLES EXPERIMENTAL MOS FET SAMPLES):
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Ref.: Microelectronics Journal 36 
(2005) 789–800
« Standby supply voltage minimization for deep
sub-micron SRAM »,
Huifang Qin*, Yu Cao, Dejan Markovic, Andrei 
Vladimirescu, Jan Rabaey

SNM w/o process spread

SNM with process spread

FLUCTUATIONS – IMPACT ON SRAM
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POWER
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VDD=0.9V
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FLUCTUATIONS ARE BEHIND THE VDD CLUMSY SCALING 

AND THUS BEHIND THE« POWER CRISIS »

Evolution of VDD (LSTP)
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~1V plateau ???
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Ref. INTEL 

Desired trajectory
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Materials, Materials, Materials:
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STRAINED SILICON
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PRESENT USE OF MOBILITY BOOSTERS

NMOS DataNMOS Data

Vdd=1VUn-STR.

Vdd=1VSTRAIN

+20%+20%+20%+20%
@10nA@10nA@10nA@10nA
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PMOS DataPMOS Data

Vdd=1VUn-STR.

Vdd=1VSTRAIN

+40%+40%+40%+40%
@10nA@10nA@10nA@10nA

PRESENT USE OF MOBILITY BOOSTERS
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High µ ~ Small Eg ~ High εεεε

480135012 1.12 IndirectSi

1800360016 0.66 IndirectGe

501000ε⊥⊥⊥⊥ = 9.53.39 DirectGaN

300800011.5 1.43 DirectGaAs

100450012.1 1.27 DirectInP

1000500014.8 0.68 DirectGaSb

4503000012.0.36 DirectInAs

8507700015.9 0.17 DirectInSb

Hole 
bulk 
mobility 
(cm2/Vs)

Electron 
bulk 
mobility 
(cm2/Vs)

Dielectric
constant

Bandgap
(eV) at 
300K

TypeSemiconductor



20/10/08 19J2N, MINATEC, Grenoble T. Skotnicki

FUTURE ? - MOBILITY BOOST TRADED AGAINST VDD 

AT CONSTANT CV/I (if fluctuations suppressed)

0.7

0.8

0.9

1

1.1

1.2

1.3

0% 200% 400% 600% 800%

Mobility gain ∆µ/µ (%)

V
dd

 (
V

)

1

10

100

1000

Io
ff 

(n
A

/µ
m

) 
&

 Io
n 

(µ
A

/µ
m

)

Ioff

Vdd

Ion



20/10/08 20J2N, MINATEC, Grenoble T. Skotnicki

SiO2 : TOO LEAKY GATE

Ig[A/cm2] =1.44e5*(Exp(-4.02*Ug[V]^2+13.05*Ug[V])*Exp(-1.17*Tox[Å])
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TODAY Hf BASED OXIDES GO TO PRODUCTION
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From Hermes Microvision

INTEL HK-MG : the first IN-PRODUCTION solution
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INTEL’s PMOSFET with HK/MG and SiGe S/D

From INTEL’s IEDM 2007 presentation 10.2
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DEVICE STRUCTURES
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Lel,min(DIBL=100mV/V) 

         =2.82Tdep 
=34nm 

 
if max ch. doping is 
1019cm-3 =>Tep~12nm 
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         =2.82Tdep 
=34nm 

 
if max ch. doping is 
1019cm-3 =>Tep~12nm 

  
Lel,min(DIBL=100mV/V) 

         >>1.82Tsi 
>>5.5nm 

 
if minimum feasible Tsi is 
supposed 3nm (exact 
numbers depend on λTbox) 

 
Lel,min(DIBL=100mV/V) 

         =1.82Tsi 
≈≈≈≈5.5nm 

 
if minimum feasible Tsi is 
supposed 3nm 

 
Lel,min(DIBL=100mV/V) 

=0.91Tsi 
≈≈≈≈2.7nm 

 
if minimum feasible 
Tsi is supposed 3nm 
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THIN BOX – How thin for SCALABILITY
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SLOPE is key to decrease Vdd, 
AND THUS  POWER

Vdd-vs-SS @ CV/I=const (HP22nm)
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BEYOND 32nm
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SIMILAR TO CMOS LIMITATIONS (ITRS 2005):

From ITRS 2005
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REF.: R. Cavin, V. Zhirnov, J. Hutchby & G. Burianoff, SRC
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REF.: R. Cavin & V. Zhirnov, SRC, Essderc 2005 invited talk

From these equations, the minimum size xmin, of a switch is : 

2ln22
min

TkmEmp
x

Bebite

hhh ==
∆

= = 1.5 nm (T=300 K)

This minimum size corresponds to a maximum integration density of switches:

==
2
min

max

1

x
n 4.7 x 1013 devices/cm2 (ITRS 22nm node 2.2 x 109 /cm² )

The minimum switching time is estimated as:

==
∆

=
2lnmin TkE

t
B

hh 0.04 ps

The power dissipationper unit area of this limit technology is given by:

==
min

max

t

En
P bit 3.7 x 106 W/cm² ULTIMATE 

(ITRS 22nm node 0.15ps )

(ITRS 22nm node 100W/cm² Pratical )
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IN the PAST - Moore’s Law powered by power consumption
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IMPROVED MANUFACTURABILITY :

DEVICES FOR VLSI NEED TO BE 
REPRODUCIBLE, ALL IDENTICAL IN 

BILLION PARTS !

OTHERWISE THEY ARE USELESS 

EVEN IF SUPER PERFORMANT
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VARIABILITY –vs- DEVICE STRUCTURE
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BEYOND 32nm – HOW FAR CAN WE GO ?

Fundamental limits ∆x∆p≥h/2π (R. Cavin/V. Zhirnov) -> 1.5nm

Lateral S-D tunneling (H. Kawaura et al., VLSI’00) -> 2-3nm

MOSFET (Skotnicki) -> 2.7nm 
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DOWN TO 2-4nm - NO NEED FOR ANYTHING ELSE BUT MOSFET , 

BEYOND ? – « DEMOCRACY » - EVERYONE IS EQUAL & NOBODY 
CAN GO BEYOND

8nm STM
6nm IBM 4  nm NEC
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ConclusionsConclusionsConclusionsConclusions
� Circuit and system rather than devices present 

issues for CMOS scaling

� Power is the key issue for CMOS scaling

� We need NEW CONCEPTS and DEVICES to enable 
Vdd lowering

� Devices DON’T NEED so much to be FASTER but 
rather less vulnarable to fluctuations & less leaky !

� Not enough research is dedicated to intrinsically LP 
devices, abrupt SS, low DIBL, low leakage, etc.

� SPEED HUNGRY pardigm have to be replaced by 
POWER THRIFTY (using //µP, etc.)
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