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Trends and Implications

• Integrated circuits have been with us
for ~40 years and now permeate every
aspect of human existence.

– Few disciplines have done so much in such a short time.

– Few disciplines can sustain the pace of semiconductors.

• Yet now we are poised for “Post-Silicon”.

– The industry is in the midst of considerable consolidation.

– Many have stepped off the Moore treadmill.

– Difficult technical challenges abound…

• What is a Silicon researcher to do?
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The Semiconductor Economy...
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?

Make them smaller & cheaper, and sell more of them.
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Challenges to Silicon are not New!

• Many were certain we could not break the 1000nm barrier.
– The phrase “sub-micron challenges” was quite common.

• Challenges have driven deep change: e.g. Bipolar to CMOS.
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What Challenges Does the Future Hold?

• One can easily get confused when discussing Silicon, 
Post-Silicon, and the emerging world of Nano-Stuff.

– Or at the very least, the long-term research funding 
agencies certainly appear to be confused.

Two possible views, using the same two words:

• What post? (there is no technology post CMOS).

• Post What? (the new technology will be so good we will not even think about Silicon CMOS any longer).

• Neither extreme view is adequate or correct.

5

VladimirEstragon

Nassif - ISVLSI 2011



Vision for the Future (from Jeff Welser, director of the NRI)

“HOW” to Build to “WHAT” to Build!

• Barrier to future scaling changing from “how do we make them 
smaller?” to “how do we reduce power to make them usable?”
– Change happened between the 100nm and 10nm barriers!

• Many new materials with new physics, properties & functionality.
– Shift from single device focus to circuits/architecture integration
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The Key Question: When?

• For that, we must ask the Gods.
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Saraswathi
Goddess of Knowledge

CMOS will 

be around 

until 2030 or 

longer!

Ganesha
God of Success

We are 

almost 

there... 

2015?
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What do we do while Waiting?

• There are a number of problems to overcome:

• Lithography.
– This is a complex issue, with the uncertainty around UV 

making things harder. Computational Lithography, 
Double/Triple patterning, and layout regularity are all in 
the mix.

• Power.
– This will remain a hard problem. While some benefit can 

come from device and technology improvements, much 
remains at the software and system levels.

• Resilience.
– This gets less press time, but is just as hard a problem. We 

cannot count on 100% functionality any longer!
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9Polysilicon, Diffusion, and Via contours

A Latch in 45nm Technology

M1 contours9
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10Polysilicon, Diffusion, and Via contours M1 contours

A Latch in 45nm Technology shrunk to 32nm
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A Latch in 45nm Technology shrunk to 28nm

Polysilicon, Diffusion, and Via contours M1 contours
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How Real is This?
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1

Intel will make 
14nm features using 

193nm light.

Like using a

broomstick

to sign your

name…
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Responses to Lithography Difficulties

• Responses at different levels of granularity!
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RET, OPC, SMO, DP (Litho Alphabet Soup)

• The industry is going to extraordinary lengths to keep 
the scaling roadmap moving (due to EUV being late).

– Additional cost and complexity make scaling less attractive 
for many market segments.

• Challenge: doing more with mature technologies?
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The Rules/Models/Shapes Contract

• The classical view, going back to
Mead-Conway’s work, is fast
breaking down at advanced nodes.
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Shapes

Rules & Models

1
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Shapes vs. Design Intent

• 32nm library, local interconnect. Radical changes to 
improve lithography have zero impact on delay!
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Just 0.7% delay Δ

1

Design rules drive compliance, not quality or manufacturability!
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What Should We Do?

• The RMS (Rules Models Shapes)

contract needs to be updated.
– Cannot legislate better layout with 

more and more design rules.

– And need to maintain designer 
productivity.

• Need better implementation 
styles that solve this problem 
without impacting density!
– And with the same level of 

automation existing now.

• Why can’t this be solved in the 
context of a cell library?
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Gas Prices…
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Discontinuity caused 

by economic crisis
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R&D Impact on Car Efficiency…
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Source:  Environmental Protection Agency, Light Duty Automotive 

Technology and Fuel Economy Trends: 1975-2006, July 2006.
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Certainty… A valuable commodity
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±16%

2
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High Variability = Low Quality?
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• Would you buy this car?
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$400-$4000

±80%
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Would you buy this chip then?
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Why So Much Power Uncertainty?

• Passive power is an increasing proportion of overall 
power, and has higher sensitivity to manufacturing.

• Added complexity in
the manufacturing
process introducing
new sources of
systematic variability.

– Many impacting power
strongly.
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What Should We Do?

• Power should not be a guessing 
game.

– Better estimation can drive a 
variability-aware system-level power 
reduction methodology.

– Linkage between high level power and 
low level electrical (noise, thermal, 
voltage drop, electro-migration) 
largely missing!

• One unified stochastic framework 
to deal with workload and 
manufacturing variability?
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Resilience and Failure?

• As systems become more complex, failure becomes 
more and more probable.

– Failure can be because of external factors
(noise), aging (metal fatigue) or design (a bug).

• With continued scaling
we are at the threshold
of a new regime in
intrinsic failure rates
for semiconductors!
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Charles Babbage’s

“Difference Engine”
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Failures Types

• Failures in integrated circuits can be of two varieties:

• HARD failures are characterized by a permanent 
mismatch between expected and observed behavior.

– An output is stuck at 0 or 1!

– Cause: often a topological change.

• SOFT failures occur occasionally or under a specific
set of conditions.

– Excessive power at high T.

– Cause: often a mismatch 
between models and reality.
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• Or… running Windows
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The Merging of Soft and Hard

• For the smallest devices in extremely scaled designs, 
hard and soft failures are indistinguishable!

– Post child: SRAM!
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Memory Observations

• Since Memory is a uniform fabric, it can
“push” the design rules for density.

– The benefit of regularity and engineering.

• The price for higher density is higher variability.

– So high, that a memory cells can have “catastrophic” failure due 
to parametric variability, e.g. cell loses data when we read it.

• But there are solutions:

– Rely on the fact that memory is in an array!

– Add redundancy and error correction at the architecture level.

– Aggressively predict and manage the electrical design margins 
for SRAM at the circuit/device levels.
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IBM Embedded DRAM
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Current Work on Manufacturing Variability

• Much current work is focused on the short term impact.

– Examples: SSTA, SRAM analysis, Analog circuit yields, etc…

• Impact of increasing variability will change in character!

– And will need to be handled at higher levels of design!

• 1st order impact: delay and power variability (at 90nm).

– Widely published, numerous EDA tools available.

• 2nd order impact: reliability of devices and wires (at 
45nm).

– Less widely published, more open problems (e.g. EM).

• 3rd order impact: resilience (at and beyond 22nm).

– Emerging currently!
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Circuit Failure due to Variability
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Recent Results (part of ITRS’10)
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Distance from origin at which 
“failure” occurs. Measured in 

standard deviations… Latches in 22nm 
predicted to fail as 

often as SRAM 
today!

Even inverters
fail eventually!
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What Should We Do?

• There are be some technology fixes (like FD-SOI) that 
can help a little, but increasing variability will impact 
circuit operation/correctness.

• How can we do for the whole system
what we have already done for SRAM?

• It must be automated,
and it must be
verifiable!
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From Prof.  Asenov
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Review and Summary

• Three problem areas that need attention:

• Lithography.
– We must rationalize the design/manufacturing interface, 

and create design implementation methods which are 
inherently manufacturable and verifiable..

• Power.
– Design tools and methodologies need to evolve to treat 

power as the first class and possibly only constraint (as 
opposed to performance).

• Resilience.
– We must apply to logic and control circuits what we’ve 

done for memory in order to deal with widespread and 
frequent device failures.
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What is at the end of the Tunnel?

• We want to make sure that Silicon
Technology will continue to amaze
and deliver for at least the next 15 years).

• There are numerous research and 
development problems to tackle.

– Silicon careers still matter!

• Silicon will be the substrate on 
which any future post-Si 
technology will be built.

– We must sustain Si until an 
alternative emerges.

until I can retire
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