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DARPA/MTOQO Mission

Develop, demonstrate and transition the key solid state technologies
that enable dominant system concepts and capabilities for the
Department of Defense

<) Pushing the limits of scaling and integration

%% Microsystems for spectral exploitation and sensor dominance
@ Systems that intelligently interact with the environment

@ Tools that enable scaleable and affordable access to leading
edge components

DoD Access to Winning Microsystem Technology
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FEFLCY A New Class of
T Autonomous Systems
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Systems

Remote human immersion and presence
— Human-like sensor depth
— Persistent engagement
Legacy Systems — Effects-based tasking and performance

Environmental Complexity
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200+ miles of The best $1 million cash
autonomous )
some of the prize

: robotic vehicles
toughest terrain America can
In the world build 13 March 2004

Winner takes all
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MMNCROSYSTEMS TECHTOLOCY OFFICE

16 Ton Entry
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Technology Transition in
the Last Century

B Mechanical ~) Vacuum tube O Integrated circuit
& Electro-mechanical vV Discrete transistor
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Year
What $1000 Buys after Kurzweil, 1999 & Moravec, 1098
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Transistors Per Die
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2D Chip Interconnect Scaling -BAPA-

The Layers Keep Building Up
Wiring Levels of Advanced ASICs

Number of Wiring Levels
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Year of Manufacturing Introduction

Note: Includes local interconnects
*Forecast
Source: IBM, IC Insights
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Process Technology Node {nm}

Sources: Int'l Technology Roadmap on Semiconductors, McLean Report
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Speed-Performance
The Technical Problem
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SIA Roadmap Impact

on Computer Architectures

1004
Memory access times + 400 mm2 Die
—¢= 180nm (cycles) are increasing

—_ —#= 130nm based on SIA clock

4] == 100nm f

@ requency roadmap .

S —a— 70nm A — Single Clock Area

S W

o == 50nm <

- o

[ C

E 10 L

=~ ] £

0N Nt

@ )

1]

8 & g 008 |

- Q

< .__*_/‘/ S 006

W & 004 b GHz
0.02 -
1 0 : : : : ; ;
1 100 1000 10000 1996 1998 2000 2002 2004 2010 2012 2014
Source: Keckler— Univ. of Texas CaChe CapaCity (KB) . . )
' ' ) New architectures are required to accommodate smaller clock regi ons
Annroved for Piihliec Raeleacea Dictribhiition LInlimited Page40“ Annroved for Pithlice Releace Dictribiition L Inlimited Dann 29



i,

0Tt T T . . .
; Critical Applications
- @AIN ¢ Diamond i
n 103 * IR detectors
GaN | CBW UV Sensing
- L sﬁc Solar Blind APD’s #Zn0 LEDs _
. InN | « Thermophotovoltaic
>l ¢ | devices
F 1 £ -
S 1, 5 - Solar blind UV detectors
T
c 1.0 , =
A Photonics || &« Lasers / LEDs
m - c
i l 2
I [ iRem, Tev % « Thermoelectric devices
- 13 = _ _
InAs 1 * Optical waveguides and
i photonics
L Red = Direct band gap -
. * THz Sources
10
0.1 L L 1 1 1 L 1 1 1 I 1 1 1 1 L 1 1 1 L I 1 1 1 L 1 1 1 1 1 I 1 1 L 1 1 1 L 1 1
3 4 5 6 7

Lattice Constant (Angstroms)

Approved for Public Release, Distribution Unlimited Page 13



R
HW

MuJJJ

Digital

Processor(s)

Conditioning

Power bus

Approved for Public Release, Distribution Unlimited



fr. fmaxs GHz

Ralative Delay

The Next Revolution

3-D Integrated Microsystems
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The Missing Links

How do we fundamentally represent information?
The engineering of Terrascale Systems

Sub KT/q signal pathways

System level episodic memory

Engineered purposeful perception

Dynamic planning

Hardware fabric for intelligent microsysystems
From data to information to knowledge
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Summary

* Integrated Microsystems will be the next revolution in
microelectronics

— Apply integration and scaling to interact with the environment
— Systems that adapt to changing environments

— Systems that learn from their experiences

* Integrated Microsystems will push the limits of
conventional scaling, integration, linearity, power
dissipation
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DoD Access to Winning
Microsystem Technology
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with the environment
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