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> 'LECTURES.ON
© COMPUTATION

“The principies of physics,
as far as | can see, tlo not
speak against the possibility
of maneuvering things atom by atom.

Itis not an attempt to violate

any laws; it is something,

In principle, that can be tone;

but, in practice it has not heen tdone
because we are too big.”




THERE ARE TWO REASONS WHY WAFER
SCALE INTEGRATION IS VERY DIFFICULT

» A TYPICAL DIGITAL CHIP WILL
FAIL IF EVEN A SINGLE TRANSISTOR
OR WIRE IS DEFECTIVE

, THE POWER DISSIPATED
BY SEVERAL HUNDRED CHIPS OF
CIRCUITRY IS OVER 100W

AND GETTING RID OF ALL THAT HEAT
IS A MAJOR PACKAGING PROBLEM

TOGETHER THESE TWO PROBLEMS

HAVE PREVENTED EVEN THE LARGEST
COMPUTER COMPANIES FROM DEPLOYING
WAFER SCALE SYSTEMS SUCCESSFULLY




Nanotechnology

Science
Fiction

Science
Project
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Boolean
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Attract model (of a swctets)

Low = Lower barrier

Potential implies lower
Applled ‘ barrier energy

potential = Switching errors
I are possible
since electrons
can bein the

Thermal motion wrong position
of electrons O due to thermal
{* {* {{ { agitation

Temperature

Applied potential needed to move
electron across barrier

Energy gains related to unreliable switching
< Errors in switching
< Energy savings from a lower harrier at the expense of switching error




oo and a SO viear

Putclub.com

.
\ ~" }
® o

/

o
o

o
o
/

o©
>

PN

o 2025
2020

)
]
o
i<
3]
£
Q
o
©
>
—
o
@
o
O
S
o

o
(V)
/

» O
Vi

-
o

2030

2015
2010

2005

Number of electrons Year

m V. Beiu, 2007




o
>
=)
=
2

>

e

o
=
<

L0}

2

=

£
c
c
©
£
3
[
P4
c
(=}
>
©
=
[}

8

-

<

=

o
o
s
(9]

(=)
o
W
(3]

0
0.002

MAJ-5 MAJ-7
 MAJ-5=MAJ-9 -
MAJ-5 MAJ-11

,/(—MAJ 7 = MAJ-9

"MAJ-7 = MAJ-11

<—MAJ-11 = MAJ-9 :

015 02 025 03 035
Gate probability of failure (pgate)

0.004 0. 006 0.008 0.01 0.012 0.014
Device probability of failure (pdevice)

0.016

V. Beiu et al., IWANN’07, 2007
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COMPUTERS REQUIRE

COLLECTIVE ACTIONS







Conmecting tua switethes (wia wines)

<z, XThe prohlem s to ‘place’ (at least] an electron on the
dovmstream gate (.. unfortunately, more than one
elecw 2 is needed to ‘charge’ awire ..}

Example L =4a
N = number of e
N=1 — P<0.25

R.K. Cavin and V. Zhirnov, SRC, 2005-7




“In an actual cell, the pyrophosphate
concentration is kept low by hydrolysis,

me cnsuring that only the copying process
B occurs, not its inverse. The whole RNA

R
i p

polymerase system is not particularly
efficient as far as energy use goes:

it dissipates about 100kT per bit.
Less could be wasted if the enzyme
moved a little more slowly (and of
course, the reaction rate does vary with
concentration gradient), but there has
to be a certain speed for the sake of
life!

Still, 100kT per bit is considerably

more efficient than the 108kT thrown

away by atypical transistor!”

(~37,600kT in 90nm, ~15,300kT in 65nm)




IT IS CLEAR TO ME

THAT WE WILL DEVELOP
SILICON NEURAL SYSTEMS
AND THAT LEARNING
HOW TO DESIGN THEM

IS

ONE OF THE GREATEST
INTELLECTUAL QUESTS
OF ALL TIMES




Power Factor
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| | Delay Factor
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V. Beiu et al., “Sub-pico Joule switching: High speed reliable CMOS circuits are feasible,” /IT’05
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@ To mention PARAREST + a few of our fresh results ...
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