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DARPA’s Role in Defense 
Science & Technology
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DARPA Accomplishments
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DARPA’s Strategic Thrusts

• Detection, Precision ID, Tracking, and Destruction of 
Elusive Surface Targets

• Location & Characterization of Underground Structures

• Force Mult ipliers for Urban Area Operations

• Netw orked Manned & Unmanned Systems

• Robust, Secure Self-Forming Tactical Netw orks

• Cognit ive Systems

• Assured Use of Space

• Bio Revolution

Investments Today for Future Capabilities
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Seeing Further w ith Greater Clarity
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Netw orked Operations
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neXt Generation (XG) Communication

TODAY: Spectrum stat ically  al located
FUTURE:  Dynamically al locating 

spectrum in frequency, space, and t ime 
may improve ut il ization by a factor of  10
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Technology Challenges –
Corporate View

• Plastic-based photovoltaic cells

– Organic electronics

• Printable mechatronics

– Adaptation of ink-jet 
technology to “ print”
mechanical parts and 
electronic dev ices

• Memory-enhancing medicines

– Improve memory or reverse 
Alzheimer’s disease

• Perpendicular magnetic storage

– Terabyte capacity  and 
reduced power consumption

• Microfluidic testing on a chip

– Rapid detection of v iral 
diseases or pathogens

• Integrated optical chips

– Combined functionality  of 
discrete optical components 
on a single chip

• Software Radios

– Programmable software to 
communicate over a range of 
frequencies, bandwidths, and 
transmission standards

Business 2.0 (September 2004)
Seven New Technologies That Change Everything

“ the future ain’t what it used 
to be” -Yogi Berra
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MTO’s Role

The principal role of the Microsystems 
Technology Office is to:

Create new components/materials that will 
enable new, critically important systems. 
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MTO Components Drive 
System Innovation
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Integrated Microsystem 
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Microsystem Components Driv ing 
System Innovation

TFAST HBT cross-section

MEMS/NEMS

Photonics
Electronics

� �� � �� � �� � 	
 
� � �� 	
 
�

� � �� � �� � � 	 
 � � 	� � � 
 
 �
 � � � �� �

� �� � �� � �� � 	
 
� � �� 	
 
�� �� � �� � �� � 	
 
� � �� 	
 
�

� � �� � �� � � 	 
 � � 	� � � 
 
 �
 � � � �� �

� �� � �� � �� � 	
 
� � �� 	
 
�

� � �� � �� � � 	 
 � � 	� � � 
 
 �
 � � � �� �

� �� � �� � �� � 	
 
� � �� 	
 
�� �� � �� � �� � 	
 
� � �� 	
 
�

� � �� � �� � � 	 
 � � 	� � � 
 
 �
 � � � �� �

MEMS RF sw itch

Laser

Optics

Cel l

Photodiode

1 mm

Chip Scale 
Atomic Clock

� 	� � �� � �mmmm�

� 	� �
 �
� �� 
� � � 
 �

MEMS 
Safe-and-Arming 
Dev ice

Vertically 
Integrated
Sensor Arrays

>70% Effic iency Laser Diode

Chip-Scale OCDMA Tr ansceiver

Su bs trate

1 52 0 n m La se r

TE Coo l er

Si li c on  

M ic ro-b en ch

Outp u t F i be r 

Inp ut F i be r

Ele ctri c al  
Co nta cts

Ri ng  La se r

As ymm etri c MZI

Pho to  Di o de

O-CD MA
TRANSMITTER

O -CDMA
REC EIVER

Data  M od ul a tor

Encoder

MUX
D EMU X

MUX

Ph as e S h if t e r

Decoder

DE MUX

14 mm (100 GHz 16 ch)

22 mm (50 GHz 32 c h)

8 m
m

Chip Scale 
OCDMA

Calculate
Covarianc e

Compute Adaptive 
Weights

Beam forming

Signal Processing mapped
to GPU architecture

Vector Processor STAP

GaN High Frequency Transistor

UV Laser
and LED

3D Electronics



Page 16
Lehigh Briefing / May 2005Approved for Public Release.  Distribution Unlimited.

Chip-Scale Atomic Clock

Ultra-miniaturized, low-power, atomic time and frequency reference units

Atomic Absorption Cell
Clock accuracy of 1 × 10-11 16-hour resynch
interval or radio silence

�
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Photonics for Sensing, 
Processing and Actuation
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Photonic Interconnects
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Exploiting the 3rd Dimension

3D Micro-Electromagnetic
RF Systems  (3D-MERFS)
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Bio-Sensing

Water and Air Purification

NLOS Communications

Bio-Sensing

Water and Air Purification

NLOS Communications

Inventing a New  Class of Compact,
Reliable, High-Performance Bio-Sensors

Inventing a New  Class of Compact,
Reliable, High-Performance Bio-Sensors
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Heilmeier’s Catechism

� What are you trying to accomplish?

� How is it done now, and with what limitations?

� What is truly new in your approach which will remove current 
limitations and improve performance?  How much will 
performance improve?

� If successful, what difference will it make?

� What are the mid-term, final exams or full scale applications 
required to prove your hypothesis?  When will they be done?

� How could this transition to the end user? (usually DoD)

� How much will it cost?
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New  Init iat ive Process
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Super High Efficiency Diode Sources
(SHEDS)

• Goal
– Develop and demonstrate 480 Watt, 80% efficient 

diode stacks and VCSEL arrays having a spectral 
width of 2 � 1 nm for pumping solid state lasers

• Technical Challenges
– Develop new/improved diode bar and array 

designs & fab processes to increase electrical to 
optical (wallplug) efficiency.

• Reduce optical losses
• Reduce series resistance
• Improve carrier confinement
• Reduce heterojunction voltages
• Incorporate photonic bandgaps
• Reduce catastrophic mirror damage

– Develop spectral definition and control techniques

• Key Accomplishments
– 64 � 1% efficiency in 80 W edge-emitter bars at   

49 � 5°C junction temperature and 0.8 nm width
– 60 W / 0.25 cm2 power density for VCSEL arrays

• Impact: Enables compact, efficient diode pumped 
solid state lasers for military and commercial 
applications

PE: TT

CW Power  and Eff iciency at 983 nm  nLight bar , 
0.8 nm  spectral width
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Architecture for Diode High Energy 
Laser System (ADHELS)

Goal:
• To demonstrate an architecture for a 

diode laser HEL system that is scalable 
leading to ultra-low size, weight and 
electrical power HELs (10-100 kW)

Challenges:
• Developing an efficient technique 

(80%) for beam combining of multiple 
high power beams

• Producing an output beam with 
acceptable beam divergence for 
tactical applications (� ~1.5x DL)

Technology status:
• SHEDS diode bars are >70% efficient
• Coherent combining of diodes has 

been achieved at the 10-40 watt level
• Beam combining with volume Bragg 

gratings has been demonstrated at the 
200 Watt level
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Diamond Characterization and 
Development (DCaD)

Goal:
• Evaluate real world performance characteristics 

of chemical vapor deposited single crystal 
diamond wafers for high power lasers

• Evaluate the following properties:  optical 
absorption, optical scatter, wavefront uniformity, 
intracavity laser losses, loss of polarization, and 
geometric surface profile and roughness

Potential applications:

• In-cavity optics for high power solid state lasers

• High power exit windows for high power lasers

Status: 

• Physical properties of the diamonds are not well 
known

1 cm
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ULTRABEAM

• Goal
– Development of an x-ray laser and 

study propagation of it in various 
media.

• Technical Challenges
– Developing high power from the 

laser
– Developing a very short pulse width

• Key Accomplishments
– Determined that the conversion gain 

of UV to x-rays is so high that the 
2mm long gain medium readily 
saturates

– Determined that when the channel is 
formed in xenon clusters, it extracts 
energy over a 60 eV bandwidth; if 
the energy from this wide a spectrum 
could be phase-locked, a pulse width 
of 30 attoseconds might be achieved

Xe(L) Spectral Hole Burning

ULTRABEAM Experimental Setup
Optical Setup

Preamplifier

PE: 62712E
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Microantenna Arrays:  
Technology and Applications  (MIATA)

• Goal
– Develop microantenna array technology 

having sensitivity and uniformity equal to 
that of conventional passive mmW
imagers without the need for RF 
amplifiers

• Technical Challenges
– Developing approaches to antenna 

current sensing that will result in a 
performance equal to that of costly and 
large GaAs MMIC arrays/low noise 
amplifiers.

• Impact:   
– Possible applications include

• Helicopter obstacle avoidance in 
fog/clouds; helicopter landing aid in 
fog; foul weather navigation; fire hot-
spot location through smoke; 
concealed weapons detection; 
missile guidance in dust and smoke; 
military personnel extraction.

An example of the image clarity that may be 
obtained w ith mill imeter-wave imaging through fog.

Radio frequency 
coupling circuitry

Detector (bolometer, 
diode, etc.)

Radio frequency 
coupling circuitry

Detector (bolometer, 
diode, etc.)

Integrated readout 
electronics

Antennae (dipole, 
horn, etc.)

PE: MT
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Possible Future Areas of Broad Interest to 
DARPA/MTO Program Managers —

“ Photonics Grand Challenges”

• Control of optical phase
– We do this well at rf and microwave frequencies

– Can we do this at optical wavelengths?

• Development of a uniform materials platform for 
photonics

– We do this with sil icon for electronics

– Can we find an equally successful materials system 
for photonics?

• Optical buffers, including slow light
– Random access?

– Fast access?

– Large?
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Opportunity

• DARPA Always Interested in Good Ideas

– Talk to DARPA Program Managers

(www.darpa.mil)

• Join DARPA as a Program Manager

DARPA Tech - August 9-11, 2005
Anaheim, California


