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THz communication links

Electronic solutions

Electronic oscillators + mixers
High power
Low bandwidth/tuneability

Photonics driven solutions

Photomixers

Lower power output

Large bandwidth/tuneability
Low phase noise

Integration with fibre-optic networks
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THz communication links

Full photonic links

B Photonic Tx and Rx

B Few links demonstrated

m  Still not competitive
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Better photonic Rx needed!
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Photonic CW THz receivers

]
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.0

InGaAs

Light excites charge carriers
> Nen~lopt

> Gpca~TNep

Antenna captures THz wave
> Upca~Ern;

Current flows through PCA

N —
” Ipca = Gpca * Upca

> = %(cos ((wmz - “)Opt)t))
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Requirements for Photonic THZ Receivers

Spectroscopy
L e A
TVREY EDFA Ll_]_. Tx
- >
fo=fo f

DC

» Large THz bandwidth

Z Fraunhofer

HHI

Milan Deumer




Requirements for Photonic THZ Receivers
Communication
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Rx IF signal
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» Large IF bandwidth
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Previous receiver

Semiconductor material

B  InGaAs:Fe

B 350 pm InP:Fe substrate

RF passive structures

B MIM capacitor as highpass

® Inductive lines as lowpass

®  CPS line for Signal transmission
Packaging

®  RF connector on ceramic

B Cylindrical pig-tailed Module

® Top illumination of PCA

Inductor
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Characterization results with top-illuminated PCA
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Characterization results with top-illuminated PCA

10p T T T T
| Top illuminated receiver | =Q=Top illuminated PCA @ 120 GHz
z 50 | o
(] ) L 7/
© = O
E C 55 | o/
= s i
£ o o~
© o -60 -
5 D o—©°
° g r
>
2 S 65 [ 0/
1 . . . L -70 U o~ | | ]
50 100 150 200 250 300 6 9 12 15
Frequency (GHz) Optical Power (dBm)
L~
Milan Deumer Z Fraunhofer

HHI



Characterization results with top-illuminated PCA
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Characterization results with top-illuminated PCA

Detector amplitude (A)

Conversion gain (dB)
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More conversion gain

& IF bandwidth needed!
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Wavegqguide integrated PCAs
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Evanescent coupling from waveguide No interdigitated fingers necessary

» Absorption depends on length » Gap has lower capacitance

»  Absorption confined to thin InGaAs
layer
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WIN-PCA heterodyne detector

Semidonductor

InGaAs:Fe on optical waveguide

B 250 pm InP:Fe substrate

RF passive structures

B Inductive lines as lowpass

®  CPW line for Signal transmission
Packaging

B FR-4 interposer

B Wall-mount SMA connector

B Edge coupled win-PCA

B Pig-tailed Module

<—— Connector

PCA

Si-Lens
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Characterization results with win-PCA

Detector amplitude (A)

Conversion gain (dB)
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Characterization results with win-PCA

Conversion gain (dB)
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Detector amplitude (A)
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Characterization results with win-PCA
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Characterization results with win-PCA
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=0 = win-PCA @ 120 GHz o;O
-
=0 = Top illuminated PCA @ 120 GHz ¢O’o
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Characterization results with win-PCA
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Characterization results with win-PCA
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Conversion gain (dB)

m— ]st iteration Win-PCA
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Characterization results with win-PCA
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Characterization results with win-PCA

Detector amplitude (A)
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Not enough IF bandwidth
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Better IF bandwidth
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Better IF bandwidth

21 GHz bandwidth
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WIN-PCA heterodyne detector — version 2.0

Semidonductor

® InGaAs:Fe on optical waveguide
B 250 pm InP:Fe substrate

RF passive structures

B Inductive lines as lowpass

®  CPW line for Signal transmission
Packaging

B Rogers interposer

B 1.85mm (V-) connector

B Edge coupled win-PCA

® Pig-tailed Module

Connector
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Win-PCA receiver v2.0 - IF spectrum

B More flat spectrum
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Win-PCA receiver v2.0 — transmission results

100 B 4-QAM now with the best results
! Win-PCA (v2, 4-QAM)
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Win-PCA receiver v2.0 — transmission results

Gross data rate (Gbit/s)
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Substantial improvements with win-PCAs

Intermediate frequency (GHz)

100u T T I I E
= Win-PCA receiver ]
= — Top illuminated receiver | ]
U -
he]
2
2 10
g 0 :
© ]
—
2 ]
[8)
o} J
et
)
[a]
1u 1 L 1 L 1 L 1 L
5 100 150 200 250 300
Frequency (GHz)
-20
-30
o
Z
c
&
< -50
°
2
2-60
g s 21d iteration Win-PCA
(@) _70 e TOp illuminated measurement
-80 I T R SRT..L M T R R R
10 15 20 25 30 35 40 45 50

Conversion gain (dB)
o)
o

100

10

Gross data rate (Gbit/s)

1

= = win-PCA @ 120 GHz
=0 = Top illuminated PCA @ 120 GHz

. L . |o/

=X =Lu L e

4%  Win-PCA (v2, 4QAM)
0O Top-illuminated Rx

4

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800

Carrier frequency (GHz)

Milan Deumer

\

~ Fraunhofer

HHI



Summary and Outlook
Photoconductive antennas as heterodyne THz detectors

* First heterodyne win-PCA receiver
e +20 dB conversion gain; +20 GHz bandwidth
e 84 Gbit/s gross data rate at 130 GHz

e Next step towards >100 Gbit/s
full photonic THz links

e Further improvement of RF structures/package
e Improvement of photoconductive Material

\

Milan Deumer ~ Fraunhofer
HHI



Z Fraunhofer ‘
Haolnrich -Mertz-lnstitut ”

uch for your

e

Milan Deumer : oy
Milan.Deumer@hhi.fraunhofer.de’

WEEAEERTR RN

Fraunhofer Heinrich Hertz Institute

3 ‘e
Milan Deum@r.,®
*

Berlin, Germany

MLITTTI



	Folie 1: Waveguide-Integrated Photoconductive Receiver for THz Wireless Links
	Folie 2: THz communication links
	Folie 3: THz communication links
	Folie 4: THz communication links
	Folie 5: Photonic CW THz receivers
	Folie 6: Requirements for Photonic THZ Receivers
	Folie 7: Requirements for Photonic THZ Receivers
	Folie 8: Previous receiver
	Folie 9: Characterization results with top-illuminated PCA
	Folie 10: Characterization results with top-illuminated PCA
	Folie 11: Characterization results with top-illuminated PCA
	Folie 12: Characterization results with top-illuminated PCA
	Folie 13: Previous results
	Folie 14: Waveguide integrated PCAs
	Folie 15: WIN-PCA heterodyne detector
	Folie 16: Characterization results with win-PCA 
	Folie 17: Characterization results with win-PCA 
	Folie 18: New results
	Folie 19: Characterization results with win-PCA 
	Folie 20: Characterization results with win-PCA 
	Folie 21: New results
	Folie 22: Characterization results with win-PCA 
	Folie 23: Characterization results with win-PCA 
	Folie 24: New results
	Folie 25: Characterization results with win-PCA 
	Folie 26: Characterization results with win-PCA 
	Folie 27: New results
	Folie 28: Not enough IF bandwidth
	Folie 29: Better IF bandwidth
	Folie 30: Better IF bandwidth
	Folie 31: WIN-PCA heterodyne detector – version 2.0
	Folie 32: Win-PCA receiver v2.0 – IF spectrum 
	Folie 33: Win-PCA receiver v2.0 – transmission results
	Folie 34: Win-PCA receiver v2.0 – transmission results
	Folie 35: Substantial improvements with win-PCAs
	Folie 36: Summary and Outlook
	Folie 37: Thank you very much for your  attention!

