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Wideband Optical Antennae for Use in Energy Harvesting Applications

Energy Harvesters: Challenges in Circuit Design
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Introduction | IHP Microelectronics

 Vertical Approach

 5 Scientific Departments

◼ Materials Research

◼ Technology

◼ Circuit Design

◼ System Architectures

◼ Wireless Systems
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Introduction | Circuit Design @ IHP

 Circuit-Design Department: 4 Research Groups
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 Energy harvester architecture and operation

 Efficiency

◼ Reflections

◼ Impedance matching

◼ Power transfer

 Regulated supply

◼ Stable

◼ Adaptable

◼ Consumes power (!!!)

Introduction
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 Rectification

◼ AC → DC 

Introduction | Rectification

Half-wave rectification

Full-wave rectification

*rectification *smoothing/filtering *DC output
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 Impedance matching 

◼ Maximum power transfer

◼ Maximum efficiency

 Power delivered to load:

Introduction
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 Requirements for a simulation environment:

◼ Schematic simulations

◼ Electromagnetic solver

◼ Packaging and interconnects

Simulation Environment

Keysight ADS®

*Keysight RF-pro website

*
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 Many possible models exist

 Starting from simple template

 Fitting with the measurements

Rectenna as a Circuit Model

Rectenna

Storage

VAC_ant

Rant/2 Lant/2

Rant/2 Lant/2

*Hemmetter, et.al. 2021, Terahertz Rectennas on Flexible Substrates Based on One-Dimensional Metal-Insulator-Graphene Diodes

*

Rfwd
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 Matching aspects

◼ DC matching

 After AC→DC conversion

◼ High frequency matching

 Antenna load

◼ Constructing arrays

 Collecting more currents

 Integration

◼ On board: low frequency to quasi DC

◼ On chip: high frequency portions of the system 
(if any in this case)

Possible Matching Configurations

400-800 THz at this „node“!
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 Devices

◼ Nanoantenna

◼ Geometric diode

◼ Ballistic diode

◼ Supercapacitor

 Models

◼ Extracted from measurement results

◼ Library in the simulation environment

◼ Enable the design and optimization of circuit blocks and systems

 Common test-bench to simulate and compare variants of the system

Circuit Design in GreEnergy
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Library of Device Models

Antenna model from simulations Rectenna model

Geometric diode model Supercapacitor model

Ballistic diode model
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Library of Device Models

 Geometric diode:
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Library of Device Models

 Ballistic diode:
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Library of Device Models

 Supercapacitor:
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Circuit Design in GreEnergy

 Test bench for the simulation of:

◼ Time-domain behavior

◼ Frequency-domain behavior

◼ Rectification efficiency

 Target

◼ Higher rectification

◼ Lower reflections

◼ Better matching
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Circuit Design in GreEnergy

 Matching examples
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 Established suitable simulation environment

 Enabled software tools for e.g. maximization of energy transfer

 Established approach to build models

 Fitted models to available measurements

 Test simulations of different configurations

 Best configurations will need to be studied once measurements and models of 
functional devices will be available

Conclusion
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Thank you for your attention!

Mesut Inac
IHP GmbH – Innovations for High Performance Microelectronics
Im Technologiepark 25
15236 Frankfurt (Oder)
Tel. +49 (0) 335 5625 633
E-Mail: inac@ihp-microelectronics.com
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Thank you!

This project has received funding from the European Union’s Horizon 2020 research 
and innovation programme under grant agreement No 101006963 (GreEnergy).

www.greenergy-project.eu
www.linkedin.com/company/greenergy-project 


