IMPLICATIONS OF SCALING
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7.1Cost Improvement
—  Moore’s Law is still going strong as illustrated in Figure 7.
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7.2:Interconnect Woes

Scaled transistors are steadily improving in delay, but scaled wires are holding
constant or getting worse.
STA made a gloomy forecast in 1997
— Delay would reach minimum at 250 — 180 nm, then get
worse because of wires
But...
For short wires, such as those inside a logic gate, the wire RC delay is negligible.
However, the long wires present a considerable challenge.
Scaled transistors are steadily improving in delay, but scaled wires are holding
constant or getting worse.
STA made a gloomy forecast in 1997
— Delay would reach minimum at 250 — 180 nm, then get
worse because of wires
But...
For short wires, such as those inside a logic gate, the wire RC delay is negligible.
However, the long wires present a considerable challenge.
Figure 8 illustrates delay Vs. generation in nm for different materials.
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7.3 Reachable Radius
*  We can't send a signal across a large fast chip in one cycle anymore
*  But the microarchitect can plan around this as shown in Figure 9.

— Just as off-chip memory latencies were tolerated
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7.4 Dynamic Power
* Intel VP Patrick Gelsinger (ISSCC 2001)

— If scaling continues at present pace, by 2005, high speed processors would
have power density of nuclear reactor, by 2010, a rocket nozzle, and by
20135, surface of sun.

— “Business as usual will not work in the future.”

* Attention to power is increasing(Figure 10)
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7.5 Static Power
*  Vpp decreases

Year

Figure-10:Technology generation

— Save dynamic power

— Protect thin gate oxides and short channels

— No point in high value because of velocity saturation.

* V;must decrease to maintain device performance

* But this causes exponential increase in OFF leakage

A Major future challenge(Figure 11)
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7.6 Productivity
* Transistor count is increasing faster than designer productivity (gates / week)

Bigger design teams
¢ Up to 500 for a high-end microprocessor

— More expensive design coslt

Pressure to raise productivity
* Rely on synthesis, IP blocks
— Need for good engineering managers
7.7 Physical Limits
o Will Moore’s Law run out of steam?
= (Can’t build transistors smaller than an atom...
o Many reasons have been predicted for end of scaling
=  Dynamic power
= Sub-threshold leakage, tunneling
=  Short channel effects
= Fabrication costs
= Electro-migration
= [nterconnect delay
o Rumors of demise have been exaggerated

8. Limitations of Scaling

Effects, as a result of scaling down- which eventually become severe enough to prevent
further miniaturization.
o Substrate doping

o Depletion width

o Limits of miniaturization

Source : http://elearningatria.files.wordpress.com/2013/10/ece-v-fundamentals-of-cmos-visi-10ec56-notes. pdf
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