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Context

ÅWhyusingTHzfor coms?

ÅPointto point?

Fluidmesh.com

Fixedpoints for THzTx/Rx: optical fiberscanbe coupledto deliver/collect
the BW to the antennas(concept of RAU, RemoteAntennaUnit)

THz

Massive data + Beyond 5G + urban cases: > 100 user/cell

Needs Tbps/cell + Fast cell-to-cell links!

ÅLookingat Shannon
B: bandwidth

S/N = signal/noise

C = capacity(bit/s)

RADIO: Small B, High S/N (MIMO, RF performances)

THz: High Bandwidth, limited RF performances (power)

Photonicscanhelp!
Main focus/challenge
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What source for Datacoms?

ÅSources

ü Electronic sources:
-¢aL/ǎΣ aǳƭǘƛǇƭƛŎŀǘƛƻƴ ŎƘŀƛƴǎΣ w¢5Σ ǘǊŀƴǎƛǎǘƻǊǎΣ ŘƛƻŘŜǎΣ ¢²¢! Χ

Direct (not easy)or mixing (low power) for modulation
But active devices on the way « No source land »

ü Opto-electronics:
- Photodiodes, photoconductors

(tunable, very easy to modulated)
low power

ü Direct generation
- QCL, non-linear optics, molecular lasers

(power = ok , but generally requires external 
modulationof the THz beam)

Optical fibers (1.55 µm)
1 THz 1 ps 300 µm 4,1 meV 49 K
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Photomixing

fB = F2 - F1

I=s.Popt

Laser 1, F1

Laser 2, F2

ASE

THz noise

Optical signals (modulated)
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What is already used in optical fibers => THz can leveraged on that!!

Photodiodes (UTC-PD, SiPho PD Ge, é)/ Photoconductor (LT-GaAs, InGaAs, ErAs, é)

Challenges: max 
opticalpower on the 

device, effciency
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The photonics emitteré the so called ñphotomixerò

2 families: Photodiodes (ex. UTC-PD) and Photoconductors (PC)

Uni-travelling carrier PD

UTC-PD,l= 1.5 µm

p absorbing layer (not PIN)

Most simple

Low-temperature grown GaAs PC

LTG-GaAs PC, l= 0.8 µm / Short-carrier lifetime

CB

VB

hn
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Photomixing: results examplesé photodiodes

2× UTC-PD integrated (module):

1.2 mW @ 300 GHz

(20 mA/PD @ -3.9 V)

TW-UTC: 110 µW @ 300 GHz

[Song et al., IEEE 

MWCL (2012)]

[Wun et al., IEEE 

PTL (2014)]

[Rouvalis et al., 

IEEE MTT (2012)]

ÅAdvantageof PM devices: the relative bandwidth.

Å1 device= compatible with multi-carrier THz
emission

P. Latzel IEEE 

TTST2017.

RCE-UTC-PD: 0.8 mW @ 300 GHz
NBUTC-PD: 0.67 

mW @ 260 GHz

Flip-chip on AlN
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é ~ mW level (per device) is ok now

SoTA on UTC-PD: mW level, key point / optical driving power!

[18] Rouvalis, E. et al. Opt. Express 18, 11105ς10 (2010).
[20] J.M. Wun, et al. IEEE Photonicsand TechnologyLetters, 26(4) :pp. 2462ς2464, 2014.
[29] A. Wakatsukiet al., 2008 33rd International Conferenceon Infrared, Millimeter and 
TerahertzWaves, Pasadena, CA, 2008, pp. 1-2. doi: 10.1109/ICIMW.2008.4665566

P. Latzelet al., IEEE Transactions on Terahertz

Science and Technology, vol. 7, no. 6, pp. 800-

807, Nov. 2017.

Typical power from utc-pd

output: now mW level, still

need more!

-> arrays or ampl.

Illumination

RCE-UTC: resonantcavity
enhancedUTC-PD

Nano grid
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é but not enoughé why not use amplifiers or arrays?

The photodiodes/photoconductorscould
bea good «driver» of integrated
amplifier, otherŀŎǘƛǾŜ ǎǘǊǳŎǘǳǊŜǎΧ

However, interconnexion lossesusing
severalǘŜŎƘƴƻƭƻƎƛŜǎΧ ǘƻ be

investigated

Future systems: integrated/ co-designed

ÅPhotodiode: simple devices, good for wide band modulation, limited power + low levelof 
integration(if PD onlyύΧ

Or TWT!

UTC- PD arrays
Challenges: 

interconnections, 
integrationof different

technologies
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Tx architecture: comparison

ü Modified from IG THz study Group (15-10-0149-01)

Up to THz

1 mW@ 300 G (UTC-PD)

> 10 mW@ 
300 G (PA)20-40 GHzOscillators

Good phase 
noise

+

Be carefullto 
ǇƘŀǎŜ ƴƻƛǎŜΧ

+

20.log(N)
degradation from 

reference

Use combs + 
stabilized lines

4.5 THz BW 
(C-band)

1535-
1565 nm

TWT 
amp?

High power,
Less signal integrity

BWof the TWT?

Good power,
High signal 
integrity*
Amp. BW

I/Q Mixer, SHM

¢ƘŜ ΨŦŀƳƻǳǎΩ aŀŎƘ-
Zehndermodulator

Amp

Next steps
Amp. And 

photodiodes
-> SiPho?
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Using photonics, efficient optical modulations

OOK = amplitude modulationP/P 0

Modulated laser

Spectral efficiency = Data- rate/BW

The spectrum

Voltage

MACH ZEHNDER 
MODULATOR

(MZM)

Discrete or integrated
(SiPhoPIC, £)

BW
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Combining I/Q at optical level then to THz

X Gbit/s

X Gbit/s

2X Gbit/s

THz-QPSK

UTC-PD

Baseband
PIN-PD

l1

lpilot

Optical fibercore
networks

Access network, 
P2P back-haul

1-Pol

Multi l, 2-Pol

225

Optical domain

THzdomain

Optical QPSK

Optical
QPSK

Fopt~ 193 THz

WDM channels10-40 Gbit/s
(25 GHz spacing)

250 275 300

Carrier 
freq (GHz)

Mobile Rx

Optical domain Fiber optics
technologies
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In a nutshellé what optics can do for wide-band THz é

THz-QPSK

UTC-PD

Baseband
PIN-PD

l1

lpilot

Optical fibercore
networks

Access network, 
P2P back-haul

1-Pol

Multi l, 2-Pol

225

Optical domain

THzdomain

Optical QPSK

Optical
QPSK

Fopt~ 193 THz

WDM channels10-40 Gbit/s
(25 GHz spacing)

250 275 300

Carrier 
freq (GHz)

Mobile Rx

WDM 

optical 

signals

Advantages: 
Frequency aglity
Re- use of the 
spectrum
Dynamic allocation
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What about receiving: -> photonics?

Å Fora global THzsystem, we needTxAND Rx.

Å Up to now, photonic-drivenTxare combinedwith electronicRx
(Schottky).

Å For a full « optically transparent» system, the Rxis to be doneas well.

Needto be investigatedtowards« seamlessintegration »

Optics-> THz-> Optics

- Use of UTC-PDas receivers(possible but 
structure has to be adapted)

- Use of photoconductors(possible but devices
to beoptimizedfor 1.55 µm)

- Use of silicon-plasmonicbasedsystems(works, 
overallefficiencyhas to be increased)

Peytavit et al., Appl. Phys. Lett. 103, 

201107 (2013).

32 dB conv. Gain 
@ 100 GHz

Less studies on photonics based Rx!
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Examples. LT-GaAs & plasmonic-based

15

ÅUse photoconductiveswitches

THz

fIF

fB = n2 -n1

homodyne (fIF=0) if fr = fB

Current

Voltage

fr

fB

28 dB @ 300 GHz

Wideband, scalable beyond 1THz

Optical injection

O/T conversion using silicon

-55 dBm @ 300 GHz (Tx)

66 dB conv losses at Rx.

Silicon based


