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Introduction

Institut d’Electronique de Microélectronique et de Nanotechnologies (IEMN)
The Terahertz Photonics Group:

* THz photomixers

* THz detectors

e THz communications
 THz non-reciprocal devices
e THz/MIR s-SNOM

 GHz/THz sampling

e Molecular THz lasers

* THz biophotonics
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THz CW: Photomixing

Laser 1, v,

* Photodétecteur Lentille Si
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Substrat
Laser 2, v, semiconducteur
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« Largement accordable
e Simple (2 étages)

friz = Vo~ 1
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THz photomixers

Photomélangeur = photodétecteur + antenne

10um EHT = 5.00kV
— =

Photoconducteur GaAs- Photoconducteur W
BT + antenne spirale GaAs-BT +
antenne cornet
[T TR P

Ce couple doit étre le plus performant possible !

Verrous : densité de courant et adaptation d’'impédance
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Antennas

Probleme des antennes THz monolithiques: rayonnement dans le substrat

\g (utilisable en impulsionnel ou en CW)
X  Pas de THz dans le substrat
\ * Intégrables avec tous composants THz
3

\‘— » Large bande et peu dispersive

» Monolithique, pas de gravure profonde

- ik J.-F. Lampin, E. Peytavit  Peytavit et al., EL 43, 73,
Cornet TEM ‘ Brevet FR2908931 (2006) (2007)
. Peytavit et al., APL 93,
IO,l W 111108 (2008)
Prissette et al., IEEE
MWCL 21, 49 (2011)

20 T, Beck et al., C.R.
= ‘“l I \ z . ’
5} I - ,' (oo Physique 11, 472 (2010)
i £ | .~ 540 GHz

Current (nA)

En régime
5 impulsionnel
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I-nstiTul d-'El-ectT-o;iq;e, de Microélectronique et de Nanotechnologie _ 1
UMR CNRS 8520 J.-F Lampln 5




Resonant vertical photomixer

Puissance record dans la bande 220-325 GHz (photomélange) :
1.8 mMW @ 0.25 THz, amélioration 100x pour LTG-GaAs !
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» Cavité Fabry-Peérot miroirs métalliques

« Photoconducteur LTG-GaAs sur Si Etat de 'art:

0.6 MW @300 GHz (UTC-PD, NTT)
E. Peytavit, J.-F. Lampin

Brevet FR2949905 (2009) Peytavit et al., Appl. Phys. Express 4, 104101 (2011)
Peytavit et al., Appl. Phys. Lett. 99, 223508 (2011)
\. Peytavit et al., IEEE Electron. Device Lett. 34, 1277 (2013)
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1.55 uym THz UTC-photodiodes

Structure UTC-PD: Zone
absorbante
e o graduelle

Contact [ /NGaAs

(P)
<~ %+
<>

100 nm
137 ﬁ‘

/" frequence de coupure :

« Zone absorbante graduelle
* Petite section

 Collecteur court

Beck et al., Electron. Lett. 44, 1320 (2008) UTC-PD a grille métallique
\1 MW @ 1 THz Record de rendement 400 pW @ 300 GHz
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Institut d'Electronique, de Microélectronique et de Nanotechnologie

UMR CNRS 8520 J.-F. Lampin 7




Sub-THz communications

e Emetteur 1 Gb/s@200 GHz télé-alimenté

» Test dans un systéme complet
Ducournau et al., Electron. Lett. 46, 1349 (2010)

G. Ducournau

A wireless gigabit hotspot that is powered by
existing fibre networks in buildings has been
demonstrated by researchers in France

M. Zaknounaand
L Lampin

putting THz on the spot’

ABOVE: L0625 Ghit/s aya
diagrarm reosived from the
Iotspot and data clock

IE" 2vieos] =g
Tre estimo | ACHIEVEMENT 25~
Engineefing and Technelagy | T

»

The IET
Premium
Awards 2011

This i to certif that
6. Ducournau, P Szriftgiser,
D. Bacquet, A. Beck, T. Akalin,
E. Peytavit, M. Zaknoune
and J.F. Lampin

THz emmr
{hotspot)

Highlight in Electronics
Letters (2010)

>
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are awarded the
IET Electronics Letters
Premium Award for Authors
St 2011
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HDTV @ 0.6 THz !

TERAHERTZ TV

PAGE 413 Rescarchers in France have
demonstrated a novel method using THz
transmission of a high-definition television
signal, achieving high data rate wireless links
for end-users. The new method has the
benefits of having very low power
requirements and low exposure to

Novel HDTV transmission
method reduces end-user

| . L. Jtine in a hich power requirements and
electromagnetic emissions, resulting in a hig exposure to electromag-

degree of safety with the new architecture.

netic emissions

330 ELECTRONICS LETTERS 27th February 2014 Vol.50 No.5
Ducournau et al., EL 50, 413 (2014)

RN

46 Gbps @
0.4 THz

Ducournau et
al., IEeE
TTST (2014)

21.7 ps

46 Ghps




Sub-sampling @ 300 GHz
with 1.5 pum comb ML laser
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M. Billet et al., EL 53, p.1596 2017
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New THz laser

MIR-pumped molecular THz laser

Step

1100 -
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1t molecular pumped by a QCL
1 mW @ 1THz, high efficiency, room temprature

N A. Pagies, G. Ducournau, J.-F. Lampin,
iemn APL Photonics 1, 031302 (2016)
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THz near-field microscopy

8,00 1,6 py
&0
40 -oo  Nanopart. Au 15 nm

_1s Sous 6 nm de SiO,

o .. (L=10pm)
Topographie -S-SNO
EQUIPEX EXCELSIOR
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s-SNOM: islands of graphene
Collab: D. Vignaud

Topography O2 Signal (966 cm)
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Rubens expriment

Heinrich Rubens at work in the laboratory
(Physical Institute, Univ. Berlin)
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Rubens experiment

Heinrich Rubens at work in the laboratory
(Physical Institute, Univ. Berlin)
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