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FOHTH Complexity — Moore's Law
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Transistor number: CPU Transistor Counts 1971-2008 & Moore’s Law
» Radical increase
» Complex functions
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Date of introduction
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FOH H Building blocks
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FOR'H Silicon MOSFET
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MOSFET:

» Easy construction (planar)
» Small size

» Complementary MOS (CMOS)
» The basis of contemporary electronics

channel _ _ i W N —
Si07 ~ 50 nm thick 2 i D % b
SDUI'CC Gate / Drain 5 0
Contact 4 N
Contact Contac
l—f/ A / // 3 )
/ 1 Vv ) Vi V ) V ) V/ v )
n+ Source ‘\ n+ Drain / DS th YGS DS th VGS
4>
L=0.1-10um
p-type S1 body

PMOS

Out

NMOS

n substrate }

G.Deligeorgis deligeo@physics.uoc.gr 4




FORTH
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Size reduction:

» Small footprint thus dense circuits

» Small transit time thus faster

» Small gate thus reduced paracitic capacitance

» Reduced operating voltage thus reduced consumption

G.Deligeorgis deligeo@physics.uoc.gr 5




“FORTH
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Side view Top view
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To keep the threshold voltage
» Thinner gate oxide
» Increase in doping density

Downscaling by a factor of &:
> Size reduction &2

» Gate capacitance 1/&2
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“FORTH
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Transistors 101

Speed parameters:
— Carrier velocity
2x10” cm /s
— Channel length

Current control:
— Bandgap
— Access resistance

— Gate — Oxide — Channel
capacitor
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FOHTH Replacing oxides
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Instead of reducing the thickness we increase & C= p
. Gate =
Instead of Si02 & = 3.9
We now use: .
1.2nm S0, 3.0 nm high- dielectrick
HfO &=25
Zr0; &=22 Silicon Substrate e
Existing 90nm Process A potential high- processk
Capacitance = 1x Capacitance = 1.6%
Leakage Current = 1x Leakage Current = 0.01x

G.Deligeorgis deligeo@physics.uoc.gr 8




FOHTH Current leakage
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P+ poly-Si P-MOSFET N+ poly-Si N-MOSFET
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Even for a perfect oxide there is a lower thickness limit

To keep gate operation
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FOHTH Short channel problems
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> Current Iopr

» Threshold voltage effect

> Incomplete saturation

Fully depleted SOI MOS transistor cross-section
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