Next Generation of Terahertz
Sources and Detectors

Dr. Edgar J. Martinez

Program Manager
Microsystems Technology Office

3701 N. Fairfax Drive
Arlington, VA 22203
Tel. (703) 696-7436

emartinez@darpa.mil

999999




E/M Attenuation vs Frequency
Limitations of Current Technology
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Program Objectives
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Exploreinnovative
semiconductor device and
circuit conceptsfor the
demonstration of high power
sour ces and high sensitivity
detectorsfor theregion of
the electromagnetic
spectrum between 0.3-10
THz (1- 0.03 mm)

990624



Technical Challenges

THz Sources

» Achievement of high output power (at |least mWs)
» Efficiency

» Compactness

» Tunnability for certain applications

THZz Detectors
»High Sensitivity and Detectivity
» Quantum Efficiency
» Compactness
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Technical Approaches

THz Sour ces THz Detectors

* InP-and Sb-based  Optical :
HEMTs Photomixing * Photon assisted
tunnelingin QWs

e GaN-based Gunn e SGeVCSELs

diodes
» Sb-based Stark
Ladders anq Quasi- -
optic Combiners ma : UCSB
» Passives and Wave- ' UASAR NP
guides
[ r] ]OﬁIC') Department of Physics R : F‘,.F
JAlE Microwave Laboratory WAV ychA

m Raytheon

LABORATORIES Raytheon Systems Company

Sandia
National
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Quantum Dewvice Technologies for
THz Communications and | maging

OBJECTIVE: L
Develop monolithic integrated circuits lbﬁi.:;il‘l-i! “._I T
capable to generate power at 0.33 THz, = i
0.66 THz, 1 THz and 3 THz. T ﬁah_;!ﬂ:j

APPLICATIONS:

*Remote sensing

*High resolution imaging

*High data-rate space communication

APPROACH:

» Develop high performance HEMT
MMIC sources with integrated antennas
for 0.3 THz to 1 THz frequency range

» Develop novel superlattice oscillators Quasi-optical superlattlce array for
and multipliersfor 1 THz to 10 THz har monic generation
frequency range
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GaN NDR Diodes Micromachined _
Solid-State

Terahertz Source

for THz signd Resonator;
Generation Filter/Multiplier
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OBJECTIVE:

Take advantage of the electron
transport and material properties of 111-
N semiconductors for the
demonstration of Gunn diode THz
sources

CHALLENGES:

*Achieve good quality GaN materials
*Demonstrate NDR performance in
WBG semiconductors

*Demonstrate generation of THz
radiations
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Passive Silicon Micromachined Structures §
for THz Applications
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 THz waveguides for high-performance |

low-losscircuits |
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“Split-Block” formation
of micromachined
waveguide array
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All-Solid-State Photomixing Transmitter
OBJECTIVES:

Develop a solid-state source for the THz region R2

having up to 1 mW output power and: 0 \\\
Pump :MW

 Stable continuous-wave performance
 Room-temperature operation Beams  “nv, / / /
» Tunability up to ~1 octave RI2
* Instantaneous frequency stability > 1:106 2\ -
 Phase lockability (required for comms) Pa = R Ao, 2890 12
» Good beam characteristics 52 izt he §+(wgr)2§§+(w3RC)zé
(TEM oy Gaussian desirable)
TECHNICAL APPROACH: Photomixer element
e — 1Y
* Optical mixing in an ultrafast Fer amps &
photoconductor (LT-GaAs) Vi+V, - V2|
. - ] —
* Couple internal THz photocurrents to ﬁ‘ .|
a THz load (antenna) i == _
: . Sodpler _
o| mpl_ementatlon of power combining . /f/|-¥
a hnlqueS Substrate

/
Binary-optical lenslets ]“'Fj
uciA
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THz Sources Based on | ntersubband
Transtions in S\Ge Quantum Wells

OBJECTIVE: —
Iy E4
To demonstrate a SiGe, micro- — E,
disk cavity, intersubband laser .
suitable for communication Ephonon _ e
Syg:ems Quantum well transitions between E; and
E,. Proposed device will use SiGe quantum
wells and hole inter subband transitions.
APPROACH.
Whispering
. _ o Active Layer Siloerrl;tor
*Silicon micromachining for ~adiation Y > adiation
novel resonator design ~ ==
0 . . 4_
*SiGe unipolar architecture
S Substrate

*E/M simulation for device
optimization
*1-10 THz operation

Micro-disk lasers
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ﬂSHRHDFF

Carporat id

990624



Vertical Cavity Silicon-Germanium Quantum
Cascade Lasersfor Terahertz Emission

. Surface OBJECTIVE:
emission Develop and demonstrate a vertical cavity
SiGe guantum cascade laser capable to

> 4 SiGe VCSEL| operatein the THz region of the

- = el ectromagnetic spectrum
S, Ge, buffer: APPROACH:
x=0-0.25 Schematic and band o o _
diagram for SiGe QC *Characterization of ISB lifetimesin p-
P L aser SiGe QWs
substrate
N~ ;:r;fgg *Demonstrate FIR emission in p-SiGe
— tunnel barrier structures
q Y - sDemonstrate surface emission in p-SiGe
~ ~ guantum cascade structures
e «Demonstrate vertical cavity SiGe quantum
G— .
A/~ Injector ~ U cascade device
.1]*( < > -~
iz Active Region

A
Z Microsystems Technology Office
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OBJECTIVE:

» Develop high-sensitivity, solid-state RF detector

MMICsfor the 0.3 - 3 THz frequency band.
APPROACH:

*Design and develop low-parasitic InP & GaSh
resonant tunneling diodes (RTDs)

*Use epitaxial transfer to integrate RTDs with
low-loss THz antenna structures.

*Demonstrate passive and super-regenerative RTD
detector-antennaMMICs

*Demonstrate simplex THz communication link.
(with HRL & UCSB)

~
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HIGH-SENSITIVITY

ACTIVE THz DETECTORS

- “Flip-Chip”
' Gold Substrate RTD

S,
i

QUENCH
&GNAL%
AND
OUTPUT

 TRAVELING WAVE ANTENNA

DOD FUTURE USES:
» Man-portable, ultra-secure
THz communication links

* Space-based imaging of
upper atmosphere
* Phased array missile seekers/munitions

e A I@tION
e

THz

Raytheon
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Gate
RT structure

D —

Source Drain

Enhanced detectivity in sub-micron HEMT
structures

0.025 pm
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Plasma Wave Terahertz Electronics

OBJECTIVES:

*Demonstrate resonant terahertz detector
with high sensitivity

*Observe terahertz radiation from a field
effect transistor

*Explore applications of plasmawave
electronicsto silicon

APPROACH:

Implement detectors using GaN based
HEMTSs

Increase the growth of plasma waves using
resonant tunneling structure

*Use “light” electrons in deep submicron
silicon
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OBJECTIVE:

Build test bed for compact THz
sources and detectors.

Experimentally determine
rotational energy level spectrum
of various gas phase molecules

TECHNICAL CHALLENGES:

*Specific identification of chemical
species

*Quick response (< 1 second)

*Small (<< 1 ft3)

L_ow Power

«Simple-Based on FASSST Concept
sPotentially Inexpensive in Quantity

THz Molecular | nteractions

FASSST Point-Sensor Test Bed

10cm

Gunn Diode/Multiplier Diode Detector

Source

Power Supply

Sweep Control
Signal Acquisition
and Processing

10 GHz of the Spectrum of CIONO, recorded with
OSU FASSST Spectrometer

T J I I
136 138 s i ICR “
Gl Department of Physics MICRO

sl Microwave Laboratory [WAYE
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THz Detection Based on Photon-assisted
Tunneling on Double Quantum Wells

OBJECTIVE: =
Demonstrate tunable, w * PR
narrovyband photon-assisted e N
tunneling in double quantum —ty O =
well (DQW) heterostructures.

TECHNICAL APPROACH: Double guantum

well THz detector
concept

e Use bandgap engineering to
optimize photodetector
performance.

o Develop antenna structure
compatible with THz detectors

 Bench-demonstration of THz
yT&_ detector system

i ) ﬁandiaI
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Summary

DARPA Is Creating Future Opportunities
for THz Technology In:

2 % e Environmental sensing
. l:%" « Upper-atmosphere

Imagery

e Covert satdlite
communications

 Chem/Bio Detection
(Near Distance)
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