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Reaching towards spectrum 
regions with available bandwidth

Towards increasing network capacity

𝑪 Τ𝑏𝑖𝑡 𝑠 = 𝑩𝑾(𝐻𝑧) ∙ log2 1 + Τ𝑺 𝑵Shannon Theorem

Spatial multiplexing technologies

T. Eichler, R. Ziegler, “FUNDAMENTALS OF THz TECHNOLOGY FOR 6G” Rohde & Schwarz White Paper Version 

01.00 (2022)

There is a need for millimeter-wave/Terahertz antenna arrays
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Terahertz range challenges
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Electronics PhotonicsTerahertz Gap

High transmission losses . . . 
  Microstrip,             1           dB/mm @ 600 GHz

  Waveguide,          0.08     dB/mm @ 600 GHz

  Atmospheric loss 0.0002 dB/mm @ 600 GHz
0.02       dB/mm   @  557   GHz

No transistors, semiconductor lasers, isolators, . . 

.  compact terahertz sources are hard to build!

1 mW

1 µW

Use photonics for signal
propagation (0.2 dB/km)

Caution with the
RF-to-optical and 
optical-to-RF 
Conversion losses.

Use phase antena array  
to increase signal levels
(beamforming).

At least, matching the
50 dBi gain in current
Cassegrain antennas.
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Photonics, a key enabling technology (I)

T. Nagatsuma, "Advances in Terahertz Communications Accelerated by Photonics Technologies,“ 

24th OptoElectronics and Communications Conference (OECC), Fukuoka, Japan (2019)

RF Photonics are spearheading the access to broadband wireless

R.V. Gatti et al “Flat-profile active scanning antenna for satellite terminals in Ku-band 

operating on new fast trains generation” 28th ESA Antenna Workshop on Satellite 

Antenna Technology ESTEC, Noordwijk, The Netherlands (May 2005)

Photonics vs Electronics systems performance Electrical distribution of signals to antennas
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RF interface between

PD and antenna?
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High-Speed Optical Modulators (Plasmonic, TFLN)

M Burla, et al “500 GHz plasmonic Mach-Zehnder modulator enabling sub-THz microwave photonics”

APL Photonics 1 May 2019; 4 (5): 056106

S Nellen et al. ”Experimental Comparison of UTC- and PIN-Photodiodes for

Continuous-Wave Terahertz Generation” 

J Infrared Milli Terahz Waves 41, 343–354 (2020)

High-Speed Photodiodes (PIN, UTC-PD)

Photonics, a key enabling technology (II)
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Mind the gap, on-chip antennas

Beamforming

Beam steering

Optical access

Beamforming

Beam steering

Out-of-plane emission?

Beamforming

Beam steering

Edge emission (1D)

End-fire antenna Planar antenna

J.A. Nanzer, et al “Millimeter-Wave 
Photonics for Communications and 
Phased Arrays” Fiber and Integrated 
Optics (2015) 

T. Harter et al. ”Silicon–plasmonic
integrated circuits for terahertz 
signal generation and coherent
detection” Nat. Photon (2018).

E García-Muñoz et al “Photonic-based
integrated sources and antenna arrays
for broadband wireless links in 
terahertz communications” IOP 
Semiconductor Science and 
Technology (2019)

- Broadband

- Avoid wire bond

- Low radiation 

efficiency 

(Needs Si lens)

- Challenging 

impedance 

matching

- Hard to 

integrate other 

devices (LNA)

- Waste of InP 

area with large 

metal patterns 

- Broadband

- Allows to 

integrate 

active 

devices (LNA)

- 1D Array only

- Waste of InP 

area with 

large metal 

patterns

- Requires 

transition at 

the edge to 

maintain 

radiation 

efficiency
1D array …  or … just beamforming
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TERAWAY experience
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IF1 Beam 1

IF2 Beam 2

IFN Beam N

THz Carrier 

Chiplet 1

(N Beams )

TL1

TL2

TL4

TL3

N input M output

InP

3D

Polyboard

THz Carrier 

Chiplet 2
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MZM1
SOA1

MZM2
SOA2

MZMN
SOAN

SiN

InP

TERA6G chiplet approach

One mmW/THz 

carrier frequency per 

(dual) laser chiplet

One optical 

modulator per beam

One antenna 

array for all 

beams (from a 

chiplet) and 

frequencies 

(from each 

chiplet)

One OBFN per carrier frequency, for 

independent steering of each beam
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TERA6G, towards a 2D mmW/THz array

4x4 antenna array for 2D beam steering
➢ 16 individual optical inputs
➢ SOAs to boost the optical power
➢ PDs in the feeding point of the antennas for o/e conversion
➢ Broadband antennas: bowtie and spiral antennas available
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Integrated Photonic Systems Roadmap

DOWNLOAD @ https://www.photonicsmanufacturing.org/2023_iprs-i_roadmap_chapters

CONTRIBUTE, contact guiller@ing.uc3m.es

https://www.photonicsmanufacturing.org/2023_iprs-i_roadmap_chapters
mailto:guiller@ing.uc3m.es


guiller@ing.uc3m.es

Project contact email tera6g@uc3m.es 

Project website:  uc3m.es/research/tera6g

Instagram:  tera6g_eu_6gsns

LinkedIn TERA6G Project

mailto:tera6g@uc3m.es
https://www.uc3m.es/research/tera6g
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TERA6G Consortium

Beneficiary
Beneficiary

Short name

1. Universidad Carlos III de Madrid │ES UC3M

2. Institute of Communications & Computer Systems │EL ICCS

3. Fraunhofer Heinrich-Hertz Institute │DE FhG-HHI

4. LioniX International BV │NL LXI

5. PHIX BV │NL PHIX

6. University of Piraeus Research Center │EL UPRC

7. Oulun Yliopisto │FI UOULU

8. Cumucore OY │FI CMC

9. Intracom Telecom Solutions│EL ICOM

10. Telefónica Investigación y Desarrollo |ES TID

Builds upon 
previous 
experience from
H2020 projects 
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TERA6G Goals
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