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‘ Importance of THz: T-rays

THz radiation can penetrate poor weather, dust and smoke far
better than infrared or visible systems.

Aeronautics:
guidance and landing

Satellite Telemetry

Image of sea surface temperature (European Space Agency)
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‘ Importance of THz: T-rays

THz radiation can penetrate organic materials without ionizing.

Readily absorbed by water: distinguish between materials with varying water content

Medical imaging

¥isibie image Teraheriz image of
of human tooth cavity in human teoth

Courtesy of Teraview
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Importance of THz: T-rays

THz radiation can penetrate dielectrics such as windows, paper, clothing
and in certain instances even walls
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‘ Importance of THz: T-rays

THz radiation can penetrate dielectrics such as windows, paper, clothing
and in certain instances even walls

Weapon or Explosive Detection (metallic or non metallic)

Courtesy of Qinetiq Courtesy of Qinetiq Courtesy of Thruvision
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‘ Importance of THz: T-rays

THz radiation can penetrate dielectrics such as windows, paper, clothing
and in certain instances even walls

Weapon or Explosive Detection (metallic or non metallic)
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‘ Importance of THz: T-rays

THz radiation can penetrate dielectrics such as windows, paper, clothing
and in certain instances even walls

Non-destructive testing:
Integrated Circuit Package Inspection

B top siaface Extarmal ping

Courtesy of Teraview
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‘ Importance of THz: T-rays

THz radiation can be used to identify spectral fingerprints of explosives,
narcotics, or active pharmaceutical ingredients
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‘ The THz Gap
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All-optical sources

— ) : Semiconductor Nanodevices for
 Mixing lasers with close frequencies
« Excitation of semiconductors or Room Temperatu re -I__HZ
superconductors with femtosecond laser pulses Emission and Detection
» Quantum cascade lasers (ROOTH?z Project)

Bulky and expensive equipment
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‘ The THz Gap

Solid-State THz Sources (CW)
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SEVENTH FRAMEWORK
PROGRAMME

Semiconductor Nanodevices for Room
Temperature THz Emission and Detection
(ROOTHz Project)

* Funded under: 7th FWP (Seventh Framework Programme)
» Area: FET Open (ICT-2007.8.0)

» Project Reference: 243845

e Total cost: 2.1 M€

« EU contribution: 1.57 M€

« Execution: from 1st January 2010 to 31st December 2012
» Duration: 36 months

* Web: www.roothz.eu
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‘ Semiconductor Nanodevices

Self Switching Diodes (SSDs)

Insulating Trenches|

e - 5 _1: Top View
Narrow Bandgap _ 5
Semiconductors (NBG): Wide Bandgap

InGaAs/AlInAs Semiconductors (WBG):
INAS/AISb GaN/AlGaN
InSb/AlInSb

Submission Slide 15 J. Mateos, University of Salamanca, Spain



March 2011

doc.: IEEE 802.15-15-11-0214-00-0thz

Partners

MANLI—IES ER

y

Chalmers University of Technology

Gothenburg, Sweden

3
'3

G
ot

er

The University of Manchester
Manchester, UK

The Universit
of Manchest

VN IVERSIDAD
P SALAMANCA

\ -.\u.:a D |

s RALASMAMNCA /

Coordinator:

University of Salamanca

Salamanca, Spain

LL

3 el A
| L
AV CHALMERS pr’
- _\\\SJ ’rr-
'“';-"r -, .‘.’
N #
] H
| ot
Hrﬂr.&:'rrhrr—__ e
"\, wMReWRs 830 Formalion Iaghe %
7 \ \ .i"r.rna.-.ﬁ:'rr Y g
) R W ot

Institut d’Electronique Microélectronique
et de Nanotechnologie
Lille, France

Submission

Slide 16 J. Mateos, University of Salamanca, Spain



March 2011 doc.: IEEE 802.15-15-11-0214-00-0thz

—

» Introduction: Importance of THz

»ROOTHz Project

» Self Switching Diodes (SSDs)

> Slot Diodes

> Conclusions

Submission Slide 17 J. Mateos, University of Salamanca, Spain



March 2011 doc.: IEEE 802.15-15-11-0214-00-0thz

‘ Self Switching Diodes (SSDs)
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‘ Self Switching Diodes (SSDs)

Simple technological Tuneable threshold voltage
process: etching of from almost zero to more
insulating trenches on a than ten volts by adjusting
semiconductor surfacg the channel width
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parallelization: THz Optimum geometry
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obtained oscillations
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Self Switching Diodes (SSDs)

» THz Detection: non-linear I-V characteristics
» Use of NBG materials (Room Temperature ballistic transport) for increased
sensitivity and broadband

* THz Emission: Gunn Effect in InGaAs, and GaN!
» Use of WBG materials for increased power

* Planar geometry (and antennas) allow for a better coupling
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. +¢» SSDs as THz detectors
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+» SSDs as THz emitters

> Conclusions
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SSDs as THz detectors: Experiments
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‘ SSDs as THz detectors: Monte Carlo Simulations

* THz Detection: non-linear I-V characteristics
» Use of NBG materials (Room Temperature ballistic transport)
for increased sensitivity and broadband
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‘ First Experimental Results

Interdigital INnGaAs mesa with 2000 etched SSDs
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SSDs as THz emitters: Gunn Oscillations
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SSDs as THz emitters: Gunn Oscillations

Monte Carlo Simulations
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First Experimental Results

16 parallel GaN SSDs
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‘ First Experimental Results
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‘Slot Diodes: Ultra fast Gunn effect for THz generation

The recess focuses
the High Electric
field region

InGaAs  Np=6x10%cm™

InAlAs

INAIAS  5=6x10'2cm™
InAlAs

Fast drift of a high field
domain along the drain region

Oscillations in the THz range

InP

 Planar geometry
and Parallelization

Submission Slide 31 J. Mateos, University of Salamanca, Spain



March 2011 doc.: IEEE 802.15-15-11-0214-00-0thz

‘Slot Diodes: Ultra fast Gunn effect for THz generation

Monte Carlo Simulations
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‘Slot Diodes: Ultra fast Gunn effect for THz generation
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‘Slot Diodes: Ultra fast Gunn effect for THz generation
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First Experimental Results
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‘ Conclusions: ROOTHz objectives

Exploiting the special geometry and versatility of SSDs and Slot Diodes based on NBG
and WBG semiconductors we aim to confirm the results of MC simulations for fabricating
and demonstrating:

» THz Detectors: sensitivity above 500 mV/mW in the 0.5-2.0 THz band

» THz Emitters: power exceeding 1mW
» Narrowband emitters at discrete frequencies of: 1.0, 1.5and 2.0 THz
» Broadband emitter in the 0.5-2.0 THz

* Integrated THz detector/emitter prototype: broadband emitter-detector in the
range of 0.5-2.0 THz able to obtain the transmission or reflection spectrum of
certain benchmark substances

* Room Temperature operation

e Demonstration of Gunn oscillations in GaN SSDs
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