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Context

A WhyusingTHzfor coms?
A Pointto point?

Paint-to-Point

R et e

Fluidmesh.com

Main focus/challenge

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

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

_ B:bandwidth
A Lookingat Shannon

S/N =signal/noise

S
C = Blog, (1 + E) C =capacity(bit/s)

RADIO Small BHigh S/N (MIMO, RF performances)

THz HighBandwidth limited RF performances (power)

b Photonicscanhelp!

b Fixedpoints forTHzTx Rx opticalfibers canbe coupledto deliver/collect
the BW to theantennas(concept ofRAU,RemoteAntennaUnit)
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What source for Datacoms?

ASources e ~N
U Electronic sources: u _Optoelectronics:
-¢alL/az adzZ GALX AOFGAZ2Y OKFAyaszr wes5sPhaorpdgsaphaotondygiors R,
(tunable, very easy to modulated)

Direct(not easy)or mixing(low power)for modulation low power y

Butactive devices on the way \. _
&~ 00 2w wa

~f—
Radiowaves

=
Transistor world

J00MHz 3GHz 30GHz 300GHz 3T4z  30THz 300 THz
m 10 cm 1cm 1 mm 100 0m 10 ym ‘ 1 pm

Optical fibers (1.55 pm)

1THz & 1ps ¢ 300 pum ¢ 4,1 meV¢) 49K

U Direct generation
- QCL, no#inear optics, molecular lasers
(power = ok, but generally requiresxternal

modulationof the THz beam)
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Photomixing

Photodiodes (UTC-PD, SiPho P D Ge /Phetgconductor (LT-GaAs, InGaAs, ErAs, ¢€)

Optical signals (modulated)

1,55 um THz

Laser 1, F,

1
I
. 7 /
' |
Laser 2, F, 1=S-Popt THz noise

e mmmm .mmw Challengesmax
" ‘ opticalpower on the

Optical Noise device effciency

OPTICS
@

Terahertz/sub-THz

What is already used in optical fibers => THz can leveraged on that!!
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The photonics emit tphotémixerbe s o

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

d N\

Electrons Y
hn
.. m%; Light 77 A 2
p-Contact 'm. ¢B CB
IHoles
o | e | N+
£ 1251 § VB ///
1521 B8R o
TLI2T 1 == 3
g 15! S8
:-..D_; : 23 : §_| : VB
UrJ-Tt?\;e[I)Imlg _calrrSIer PD Most simple
X b ’I - WF]’IN Low-temperature grown GaAs PC
p absorbing layer (not PIN) LTG-GaAs PC, | = 0.8 um / Short-carrier lifetime
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Photomixing: results exampl esé phot o

/ [Rouvalis et al.,
[Song et al., IEEE IEEE MTT (2012)]
bsorbe
MWCL (2012)]
aveguide
’/ = e
ICrsl;;)l.ingip E gggAsF’

TW-UTC: 110 pW @ 300 GHz
2x UTC-PD integrated (module): HW @

1.2 mW @ 300 GHz
(20 MA/PD @ -3.9 V)

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

mW @ 260 GHz

Flip-chip on AIN P. La;zeZIOIEEE
TTST2017.
CPW on AIN :PDafter bonding [Wun et al., IEEE
,, PTL (2014)]
77 hy U7 hy
P substrate InP Substrate = H
et "H \m e A Advantageof PMdevices the relative bandwidth

g e e A 1 device= compatiblewith multi-carrier THz

emission
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é ~mW level (per device) is ok now

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

TABLE III
STATE OF THE ART OF /ER GENERATION AROUND 300 GHZ USING SINGLE
DEVICE PHOTODIODES
Ref. f Prr R Lac Veff M PD
GHz || mW || A/W | mA Q w-! Type
[29] 350 |]10.54 0.22 20 1.35 | 0.065 UTC
Packaged
[18] 306 [|0.11 0.31 12 0.76 | 0.073 TWUTC
Planar
antenna
[20] 260 |]0.67 0.08 13 3.96 | 0.025 NBUTC
Flip-
chiped,
wafer-level
This | 300 |[0.75]] 0.12 | 9.8 | 7.8 | 0.10 RCEUTC
work ] Wafer-level

[18] RouvalisE et al.Opt. Express 18, 111Q%0 (2010).

RCEBEJTCresonantcavity

enhancedUTCPD

biild

INP - collection

[llumination

InGaAs - absorption

Nano grid

Au mirror

Si substrate

Semitransparen|
contact

T

——
—
——e s

Au mirror

P.Latzelet al, IEEE Transactions oferahertz
Science andechnologyvol. 7, no. 6, pp. 860

807, Nov. 2017

Typical power from utc-pd
output: now mW level, still

need more!

[20] J.M Wun, et al. IEEPhotonicsand Technology etters 26(4) :pp. 2462464, 201.

[29] A.Wakatsukiet al.,200833rd InternationalConferenceon Infrared, Millimeter and

TerahertaVaves Pasadena, CA, 2008, pg2.-doi: 10.1109/ICIMW.2008.4665566
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€ but not e nouugskeamplfierg orm@roalys?

A Photodiode: simplelevices good forwide band modulation)imited power +low levelof
integration (if PDonlyy X

The photodiodeg/hotoconductorsould
bea good «driver» ofintegrated

Photo- 1
detecto ' amplifier,othert OU0 A @S & G NHzC

Transistor However interconnexionlossesusing
Antenna severali SOKyYy 2t b8 A SaXx

Amplifier investigated
Or TWT! Futuresystemsintegrated/ co-designed
UTG PD arrays l

Challenges
interconnections,
integrationof different
technologies
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Tx architecture: comparison

U Modified from IG THz study Group €16-014901)

& “Electronics” based Tx

Oscill >10mW @
sciflators — 20.40 GHz 300 G (PA
Good phase - (f—% ‘:f' THz wave
noise Electrical | ['Ejectrical N
+ RF signal modulator L |
generator Amplifier
20.1og(N) . TWT
degradation from DATA signal >
reference IQ Mixer, SHM
® “Photonics (O/E)” based Tx 1mW@ 300 G (UFED)
4 ™\ 4 N\
Becarefullio >1THz (5100 Gbit/s 42%2; d?W Upto THz|| Amp
Wkbas vy ",-?F”?_,"igﬂ!al Optical OIE
enerator modulator . converter
Use combs + = 1 Amplifier

stabilized lines

“]EDHOR

DATA signal 0—
1535

p Bk

v

¢tKS WTI Y2dz
Zehndemodulator

\_ J
=— Optical sig hal———

High powey
Less signal integrity
BWof the TWT?

Next steps

Amp. And
photodiodes
->SiPh@

j7 THz wave

Electrical signal
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Using photonics, efficient optical modulations

MACH ZEHNDER
& 2, ) >100 Ghit/s MODULATOR
d ; - (MZM)
: Modulated laser % Optical F

PIP, 4 OOK = amplitude modulation

KX
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R
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Discrete or integrated
] (SiPhoP I C,

(a) NRZ-OOK

Voltage

| The spectrum

Optical spectrum

Spectral efficiency = Data- rate/BW
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Combining I/Q at optical level then to THz

technologies

2X Gbit/s

= —
D
B
g
5
_ _ -
-— - - -
—
QJ/E
converter
AN \\
- 5 \}« N Access netwc
A} P2P bactau

THzQPSK
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|l n a nut shel

Opticaldomain
WDM channels10-40 Ghit/s
(25 GHzpacing

Opticalfibercore

| e

what

clpan cc sT HHza née

Advantages
Frequency aglity

Optical QPSK Re- use of the

spectrum
networks . .
- Dynamic allocation
\ Fopr~ 193THz
‘ >
Multi /, 2-Pol WDM I N1}
. Baseband f
optical PINPD  [[Ean
Signals OJ/E =
converter| A
THadomain . L i
/ pilot 1-Pol ' . = —
UTGPD | a
THzQPSK ﬂ Carrier =
freq (GHz)
225 250 275 300
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What about receiving: -> photonics?

Emitter Receiver

THz link

% | —

A Fora globalTHzsystemwe need TxANDRXx

A Up tonow, photonic-driven Txare combinedwith electronicRx
(Schottky).

A For a fulk optically transparent» system, theRxisto be doneaswell.

m) Needto beinvestigatedtowards « seamlessntegration »

Fibre-opkyt’i‘;(‘:c')re networks Fibre-optic co}é .r-1etworks
Less studies on photonics based Rx h Optics-> THz-> Optics

i . E. Rouvalis, M.J. Fice, C.C. Renaud, and A.J. Seeds, “Mil- 32 dBconv Gain
- Use OﬂJTGP DaS rece|verS(pOSS|b|e but limeter-wave optoelectronic mixers based on uni-traveling carrier

Photodiodes,” IEEE Trans. Microw. Theory Techn., vol.60, no.3, @ 100 GHz
structure has tdoe adapted pp.686-691, 2012, '
- Use ofphotoconductorgpossible butlevices Peytavit et al., Appl. Phys. Lett. 103,

to be optimizedfor 1.55 um) 201107 (2013).

- ili i Silicon-plasmonic integrated circuits for
Use ofS|I|Conplasmon|doasedsystems(works, terahertz signal generation and coherent detection

Ove ral I effICienCyhaS tObe Increased T. Harter'®, 3. Muehlbrandt'?, 5. Ummethala’?, A Schmid!, 5. Nellen®, L. Hahn?, W. Freude!, C. Koos'2"
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Examples. LT-GaAs & plasmonic-based

A Usephotoconductiveswitches
fe fir = fr £ 13l fB

Current

Optical injection

Voltage

O/T conversion using silicon
-55dBm @ 300 GHz (Tx)

66 dB conv losses at Rx.

Silicon based

Conversion loss (dB)

40

35

30

25

20

Peytavit et al., Appl. Phys. Lett. 103,
201107 (2013).

V=0V

Py~ -20 dBm
Sfr=400 MHz ]
P,,~+19.7 dBm

./\‘. z!ﬁ.’:"-;‘ﬁf'\ )

220 240 260 280 300 320
Frequency (GHz)
28 dB @ 300 GHz

Wideband, scalable beyond 1THz
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terahertz signal generation and coherent detection

T. Harter'® 5. Muehlbrandt'?, 5. Ummethala®™, A. Schmid', S. Nellen®. L. Hahn? V. Freude', C. Koos'?”



