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Terahertz heterodyne detection

THz heterodyne receivers
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Why optoelectronic terahertz receivers : :
Electronic receiver

Advantages of optoelectronic receivers:

L . ) Electronic
* LO can be distributed over long fibre links LO unit
f

* Reuse of mature 1.55 um telecom technology iz
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« High-frequency tuneability fir

» Potentially lower phase noise Optoelectronic receiver

* High LO purity
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Electronic and optoelectronic mixer schematics
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Optoelectronic terahertz mixers: conversion loss
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Highly efficient terahertz detection by e N » 2 .
optical mixing in a GaAs photoconductor ) ] Optlca
— Antenna Integrated THz Uni-Traveling

Cite as: Appl. Phys. Lett. 103, 201107 (2013); https. doi.org, f % . . . -
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Peytavit, Emilien, et al. "Highly efficient terahertz detection by optical mixing in a GaAs photoconductor." Applied Physics Letters 103.20 (2013).
Renaud, Cyril C., et al. "Antenna integrated THz uni-traveling carrier photodiodes." IEEE Journal of Selected Topics in Quantum Electronics 24.2 (2017): 1-11.
Harter, Tobias, et al. "Wireless THz link with optoelectronic transmitter and receiver." Optica 6.8 (2019): 1063-1070.
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The ideal terahertz optoelectronic mixer

Low noise
temperature
High conversion High IF
efficiency ; bandwidth
Ideal

optoelectronic
terahertz mixer

Room-
temperature

operation : Highly-tuneable

Compatible with
1.55 um telecom
equipment
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Proposed concept: photonically-driven SBD mixer

SBD-based Photonic LO source P

LNA mixer Photomixer | Z&f
—
50:50 —

THz radiation
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Previous work on optically-pumped SBD mixers
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Research Article Vol. 30, No. 24/21 Nov 2022/ Optics Express 43223

Optics EXPRESS

Photonically-driven Schottky diode based 0.3
THz heterodyne receiver
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High-performance terahertz optoelectronic receivers enabled by monolithic
integration of SBDs and UTC-PDs: modelling and design

Iiiigo Belio-Apaolaza'”, James Seddon', José M. Pérez-Escudero?, Tiiigo Ederra*?, and Cyril C. Renaud'
'Department of Electronic and Electrical Engineering, University College London, London, WCIE 7JE UK
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Previous work on optically-pumped SBD mixers

Low-Barrier Mixers and Photonic Local Oscillators
Enabling Multi-Channel 300 GHz Communications

Tiigo Belio-Apaolaza, Javier Martinez-Gil, Jonas Tebart, Jose Luis Fernandez Estévez, Marcel Grzeslo, Diego
Moro-Melgar, Oleg Cojocari, Andreas Stohr, Senior Member, IEEE, and Cyril C. Renaud, Senior Member, IEEE,
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3D view of hybrid mixer and summary

e 300 GHz subharmonic mixer
on rectangular waveguide
(WR3)

* Flip-chip bonded Antiparallel
InGaAs Schottky diodes

* Flip-chip bonded UTC-PD

* Mixer circuit in 50 um quartz
substrate with on-chip Bias T

22.09.2025 GeMiC 2024 - Duisburg 9



Modelling and design
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InGaAs SBD 3D EM SBD model UTC-PD equivalent Passive elements EM
measurements and (CsT) circuit and 3D EM model simulations (filters, Bias T,
modelling (CsT) pads, etc.) (CST)
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Harmonic balance
simulation (ADS)

|

I Conversion loss
| Noise figure

| IF response

v LO saturation
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Insights on the InGaAs Schottky diodes

* Low barrier InGaAs Schottky
diodes (~0.2 eV)

e Antiparallel configuration
* Junction capacitance of 0.87 fF
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Insights on the UTC-PD

* Waveguide-coupled UTC-PD design
 Active area of 3x10 um?
* Impedance is measured and fitted to equivalent circuit
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3D view of hybrid mixer and summary
IF port
WR3
port
l LO stop
filter
CPW to
microstrip
SBD cell transition
/ ] — utcPD
Ground —» L
[ ] N L [
’\ L.
LO third  RF stop DC block
harmonic filter LO stop
RF probe  filter filter

DC port
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Simulations: LO path

Created using dB(A/m)

SIMULIA CST Studio Suite® 80
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h-field (f=135) [1]

Orientation Qutside
Component Abs
Frequency 135 GHz
Phase 0=

Maximurm (Plot) 101,916 dB{A/m)
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Created using dB(A/m)
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Simulations: RF path

h-field (f=320) [2]

Orientation Cutside
Compaonent Abs
Frequency 320 GHz
Phase o-

Maximum (Plot)] 99,1976 dB(A/m)

22.09.2025 GeMiC 2024 - Duisburg 15



m 2024 DUISBURG
G
Microwave

S=— Conference

Science and
Technology
Facilities Council

RAL Space
=
Simulated mixer performance
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Final remarks

Hybrid receivers integrating SBDs and UTC-PDs as high-performance optoelectronic receivers.

Designed 220-330 GHz rectangular waveguide mixer achieves state-of-the-art performance.

Fabrication and characterization is pending.

Alternative packaging solutions (quasi-optical) to be investigated.

22.09.2025 GeMiC 2024 - Duisburg 17



