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The THz has Come a Long Way
(Incrementally)

VDI Broadband Varistor Multipliers [~ Full waveguide band
—— = Efficiency

2 - + ~10% Doublers
= . ~5% Triplers
E 20
@ * Planar
;E- 10 * Ruaaed
:
a 0
5 .
B 10 L
-}
© -

- A4

-30

0 1000
Frequency (GHz)

774
VicgitaDiodo, nc. 1 9/25/2009



.-t Department of Physics T e
SalE) M Lab e
UNIVERSTTY lCroane a OI'atOI'y LABCRATORY

Already Considerable External Impact

Electronic implementations
make possible sensitivities
that approach fundamental
limits, arbitrary and adjustable
bandwidths, long term stability
and absolute frequency
calibration.

In narrow bandwidths
small amounts of
power correspond to

Not quite SMM/THz: very high brightness

128 element phased array

Absolute frequency
reference makes
possible phased array
implementation

Higher frequencies for
greater resolution or
standoff capability
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Clear Paths to Legacy Applications

Chemical Sensors

Imaging

These are enabled by combination of technology advances and mass
market (wireless) cost savings
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Point Sensors
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A Packaged Sensor

Absolute’ specificity on mixture of 32 gases
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The U. S. Army Center for Health
Promotion and Preventive Medicine
Toxic Industrial Chemical (TIC) List

Allyl alcohol
Acrolein
Acrylonitrile
Ammonia

Arsine

Chlorine (HCI)
Diborane
Ethylene oxide
Formldehyde
Hydrogen bromide
Hydrogen chloride
Hydrogen cyanide
Hydrogen fluoride

Green indicates a highly favorable gas

Hydrogen selenide
Hydrogen sulfide
Methyl hydrazine
Methyl isocyanate
Methyl mercaptan
Nitrogen dioxide
Nitric acid

Parathion (not a gas)
Phosgene
Phosphine

Sulfuric acid (not a gas)
Sulfur dioxide
Toluene

Orange indicates not a highly favorable gas

Red indicates not observable



20 L=
=

200:

Department of Physics - 1

Microwave Laboratory [WAVE

Imaging



.-t Department of Physics T e
SalE) M Lab e
UNIVERSTTY ICTOWHVE a Oratory LABCRATORY

640 GHz Active Imager from
DARPA TIFT Program

T
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Incoherent ‘Passive’ Images: Angular Diversity
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MTT-S" WSC: Imaging at mm-wave and beyond.
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Will THz photons generated
by electronic techniques Aot
‘see through walls’? Elﬁl]ﬂtfh

dispatch.com

DARPA Measured THz Transmission
Through Building Materials
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Courtesy of M. ROSKEr | eator public eiease, Distribution Uniimited: "

No, unless you live in a foam (or straw?) house!
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What if Target is not at the ‘Special Angle?’ Log
and Linear Scales (Problems and Solutions)

Linear Scale Log Scale
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Small target rotation against non-specular background
significantly reduces linear target contrast, but log processing in
heterodyne system recovers image.
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What about Transmission?

DARDA Measured THz Transmission

Through Clothing

Metallic Cap Gun on Optical Table Thick Robe Gun Under Thick Robe

0.640 THz Image

0.640 THz Image

Courtesy of M. Rosker Approved for Public Release, Distribution Unlimited 17

With Gun and background are strategically angled, targets
stand out under obstruction.

What if not statically angled and target down ~30 db?



.-t Department of Physics T e

SalE) M Lab e

UNIVERSTTY lCroane a OI'atOI'y LABCRATORY
% L . __ B BN |

Can we use active illumination to make very hot
‘passive’ pictures and remove the need for ‘special
orientation: Multimode lllumination - Preliminary Results

1 mW in 100 Hz in a single mode corresponds to a temperature of 108 K.
For a ‘room/canyon’ of scale / = 100 m, with ‘wall’ reflectivity R, = 0.1 and target

reflectivity R, = 0.1 643.0 GHz
Transmitter

}L 2
T; = 1UIEK(?) R“,Ra ~ 2.5 b 4 ]_USK Mode Mixer

More power: larger volumes, less cooperative
reflections, more Doppler bandwidth, shorter ik
integration times Recolvar

maging at mm-wave and beyond.
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Phase Incoherent Multimode Imaging for
[hotCImages with speckle minimization
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Brown robe, Log images

1 image at 0 degrees 41 images averaged from

-20 to +20 degrees
The power of vacuum electronic sources has the potential to make very hot

‘passive’ (multimode) images using natural reflections
Goal: The SMM equivalent of turning the lights on in this room!
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Advances In Electronic
Technology
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Broad Line of Chip Level IC Through 100 GHz
Commercially Available in Large Quantity

HMCBO7LPGCE
FRACTIONAL-N SYNTHESIZER WITH
INTEGRATED VCO, 12.4 - 13.4 GHz
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As shown
74,4 -80.4 GHz
Experimental demonstration at
600 GHz of spectral purity of
chip level synthesizer
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A SiGe BiCMOS 16-Element Phased-Array
Transmitter for 60GHz Communications™

16 Element Phased Array TX Architecture
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Evaluation Board

The IC integrates 2240 NPNs, 323,000 FETs and is fabricated
in IBM 8HP 0.12um SiGe BICMOS (£=200GHz)

*Courtesy of Alberto Valdes-Garcia and Arun Natarajan, Watson Laboratory, IBM
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CMOS Integration for 240 GHz*
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Incremental advances over 40 years have brought us to the threshold of a
THz revolution

Technology
Science and phenomenology

Recent advances in technology will both

Provide a step function in capability
Enable the mass market

We should be grateful to the optical THz community for bringing the THz
spectral region to broader attention
(but we have to be careful not to be tarred by some of their claims)

Microwave electronics approaches are very competitive

Applications (from ‘one-off’ to ‘public’)
Submillimeter Astronomy (>$10°) instruments
Atmospheric remote sensing
Laboratory science (both basic and to support applications)
Radar (providing mass market to drive technology)
Communications (providing mass market to drive technology)
Imaging (through obstruction)
Gas sensors (point and remote)
Analytical chemistry
Process diagnostics and control





