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Background to TERAPOD: Data centre design 1
Data centre demand
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Power usage efficiency (PUE) 

Å Data centre efficiency has not

improved for forty years!
Å PUE is the ratio of total energy used

by the data centre to the actual energy

delivered to the computing equipment

Å Worldwide requirement for data

centres is growing rapidly

Trends in Data Centre Energy Consumption under the European Code of Conduct for 

Data Centre Energy Efficiency, M. Avgerinou, P. Bertoldi and L. Castellazzi

Energies 10, 1470 (2017). https://doi.org/10.3390/en10101470

https://terapod-project.eu/
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Background to TERAPOD: Data centre design 2

0

100

200

300

T
W

h

EU, US, Global

Å This leads to huge power consumption

Å 2% Global Green House Gas Emissions

Å Matches the entire airline industry!

Å Cabling is the limiting factor

Å Poor re-configurability.

Å Limited scope for optimisation and performance

Å Cabling infrastructure is power hungry

Å This is not sustainable!!!!

https://terapod-project.eu/
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Background to TERAPOD: THz comms

Å THz spectral region

Å Ultra-high bandwidth

Å Significant atmospheric attenuation

Å Suitable for short distance links

Å Largely unregulated

Å Available for exploitation!

Å Difficult to generate, modulate and detect!

Å Hardware is gradually becoming available

Å Simulation tools are well developed

Å Standardisation and metrology is underway

Å Great potential for short range high speed

communications

Å An exciting area of research!!

https://terapod-project.eu/
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TERAPOD objectives

ÅAdvance the Technology Readiness Level (TRL) of THz communication 

devices and systems

ÅFully integrated ófirst adopterô data centre THz comms demonstrator

ÅContribute to regulation and standardization of THz comms and metrology

ÅPromote THz communications systems science

https://terapod-project.eu/
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TERAPOD innovations

ÅReliable, high efficiency and high power THz RTD sources

ÅLow barrier diodes for operation as THz mixer

ÅPower combination of multiple THz sources

ÅDevelop measurement and characterisation techniques for THz devices

ÅNovel substrate integrated THz antennas

ÅPHY and MAC layer THz communications protocols

ÅStandardisation and Regulation (IEEE , ITU, WRC)

https://terapod-project.eu/
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TERAPOD target scenario: data centre

ÅShort range (1-10 m)

ÅHigh data rates (10-100 Gbps)

ÅDense topology

ÅProtocols/integration

ÅLow mobility

ÅLimited sensitivity to cost

https://terapod-project.eu/
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Technology development: device requirements
ÅSources

ÅResonant Tunnelling Diodes 

ÅTransmit power 1 mW, 10 Gbps @ OOK

ÅLow power consumption (50 mW): no cooling required

ÅRequires modulation

ÅUni-Travelling Carrier Photo Diodes 

ÅTransmit power 1 mW @ 1 m, 100 Gbps, Carrier

ÅHigh power consumption: requires cooling

ÅDirect input from optical network

ÅIntegration with phase distribution array for increased power and beam steering

ÅReceiver

ÅSchottky Barrier Diodes 

ÅEnvelope detector for OOK, heterodyne reception for complex modulation

ÅTarget 10 Gbps @ 10 m, 100 Gbps @ 1 m

ÅDetection sensitivity of -45 dBm

ÅAntenna

ÅTarget of 30 dBi gain  for 10 m transmission.

https://terapod-project.eu/
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Sources: UTC-PDs

ÅUni-travelling carrier photodiodes for 

THz emission and detection

Å200 µW emission at 300 GHz 

demonstrated at UCL

ÅTarget innovations:

ÅNew antenna designs

ÅPhased Distribution Array for beam 

switching and increased power

Å2 mW saturated power at 300 GHz 

achieved in pulsed regime

ÅIssues with cooling for full operation

ÅMulti-channel 100 Gbps THz link

Å4Ĭ25 Gbps channel transmission with 

UTC emitters demonstrated at UCL

ÅBased on comb sources and digital 

coherent systems

ÅShort 10 Gbps data link in data centre

environment

https://terapod-project.eu/
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Source/detector: RTD

ÅRTD for both THz emission and detection

Å1 mW emission at 260 GHz 

demonstrated at UGLA

ÅRTD detector current responsivity can 

reach 300 A/W.

ÅTarget innovations:

ÅFurther improvement of power 

performance (5 mW@300 GHz) of RTD 

sources

ÅLow loss 300 GHz RTD chip packaging 

solution

ÅImprove the DC-RF efficiency from 1 % 

to 10 %

ÅShort 10 Gbps data link in data centre

environment

(a) Fabricated RTD device (b) The central device size is about 16 µm2.

(c) W band package of RTD device (d) Inside of the package

https://terapod-project.eu/
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Coherent power and phase combination of multiple THz sources
ÅLow power and high propagation loss limits THz link distance

ÅSub 1 mW for RTDs and UTC-PDs 

ÅTHz devices can be combined to increase output power

ÅTechnical innovation

ÅCombine multiple UTC-PDs into an antenna array with a photonic 

integrated phase distribution circuit 

ÅAim to increase power and enable electronic beam steering

https://terapod-project.eu/
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Phase distribution PIC

ÅLow-loss silicon nitride PIC based on an industrial photonic Damascene process

ÅFully integrated 2-stage power splitter with phase control:

ÅVariable-ratio power splitter based on Mach-Zehnder interferometer

ÅTuneable power splitting (30-75 mA control current)

ÅMaximum power rejection per splitter of 15 dB (and 24 dB at system level)

ÅPhase control and delay lines are constructed with cascaded all-pass filters 

ÅBased on ring resonator cavities

ÅDouble ring structure to provide True Time Delay

ÅSufficient to improve bandwidth of a 0.1 THz signal 

ÅSuitable for signal radiation beam steering.

https://terapod-project.eu/
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Receivers

Zero-bias SBDs for 

mixers

Zero-bias SBDs for 

direct detectors

270-320 GHz mixer

Low barrier Schottky diode-based heterodyne receiver

https://terapod-project.eu/
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Heterodyne Receiver

Zero-bias SBDs for 

mixers

270-320 GHz Mixer

Noise figure and LO power receiver requirements
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Technical Achievements:

ÅBroadband operation in the 270-320 GHz range

ÅLowest LO power requirements reported with SBD technology. 

ÅOnly 0.15 mW LO power required to operate with optimal sensitivity

ÅBroadband IF signal from 2-18 GHz with a 30 dB gain LNA.

With a 2 dB NF LNA

Y-factor test in the 2-18 GHz IF range

https://terapod-project.eu/
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Substrate integrated 300 GHz antenna design 1

ÅChallenge:

ÅIII-V substrates absorb antenna radiation 
due to high permittivity

ÅTargeted solution:

ÅDeposition of layers of thin film polymers (up 
to 10 µm of BCB)

1× 4 array layout for fabrication 1× 4 array pattern beam scanning

3D layout of capacitively coupled patch antenna 

element

https://terapod-project.eu/

