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Introduction
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Introduction

Why optoelectronic terahertz receivers

Advantages of optoelectronic receivers:

• LO can be distributed over long fibre links

• Reuse of mature 1.55 um telecom technology

• High-frequency tuneability

• Potentially lower phase noise

• High LO purity

Electronic and optoelectronic mixer schematics
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Introduction

Optoelectronic terahertz mixers: conversion loss

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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Introduction

The ideal terahertz optoelectronic mixer
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Introduction

Proposed concept: photonically-driven SBD mixer
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Introduction

Previous work on optically-pumped SBD mixers
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Introduction

Previous work on optically-pumped SBD mixers
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Hybrid SBD and UTC-PD mixer in WR

3D view of hybrid mixer and summary

• 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
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Hybrid SBD and UTC-PD mixer in WR

Modelling and design
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Hybrid SBD and UTC-PD mixer in WR

Insights on the InGaAs Schottky diodes

• Low barrier InGaAs Schottky 
diodes (~0.2 eV)

• Antiparallel configuration

• Junction capacitance of 0.87 fF

𝐼𝑠 = 7 ⋅ 10−6𝐴
𝜂 = 1.3
𝑅𝑠 = 12.5 Ω



GeMiC 2024 - Duisburg 1222.09.2025

Hybrid SBD and UTC-PD mixer in WR

Insights on the UTC-PD

• Waveguide-coupled UTC-PD design 

• Active area of 3x10 𝜇𝑚2

• Impedance is measured and fitted to equivalent circuit
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Hybrid SBD and UTC-PD mixer in WR

3D view of hybrid mixer and summary
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Hybrid SBD and UTC-PD mixer in WR

Simulations: LO path
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Hybrid SBD and UTC-PD mixer in WR

Simulations: RF path
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Hybrid SBD and UTC-PD mixer in WR

Simulated mixer performance
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Hybrid SBD and UTC-PD mixer in WR

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.


