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Motivation

Target Scenario:
Up 120 km point-to-point connection, e.g. data center interconnect

VMo  QCoherent

e Low complexity * High complexity

* Low component costs * High component costs

« Small footprint « Large footprint

* Low power consumption « High power consumption
 Scalability difficult » Good scalability

» Low spectral efficiency * High spectral efficiency

Silicon Photonics reduce cost, footprint, power consumption of transceiver optics

mP Makes coherent attractive for shorter distances!
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Motivation

Goal: 64 GBaud dual polarization 64QAM = 600 Gbit/s
Requires: DP 1Q MZ modulator
Available: single MZM

= Intermediate step: 64 GBaud dual polarization mASK
DP-Bipolar-4ASK

Q Q
A A |Q modulator can be fabricated with
same structure as single MZM
— =0T 0=-0—Pp - = —
| |
x polarization y polarization
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Outline

SiPh modulator with integrated driver

Experimental setup

Results — DP-mASK transmission performance

Conclusion
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Outline

SiPh modulator with integrated driver

5 © 2019 ADVA Optical Networking. All rights reserved.

Z Fraunhofer

HHI




Silicon photonic modulator

optical input
optical - —)\ _——da:a
&1a driver_~
I I S1
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hase shifter

U nm -
v i
transmlssn:m line 300 150 nm

heater

« Waveguide diode (carrier depletion) based phase shifters (6 mm length)

« Segmented driver with 16 segments + input stage

« Thermal heaters as static phase shifting elements for setting MZM bias point
* Multimode interference (MMI) couplers as optical power splitters

« Grating couplers and inverted tapers as fiber interface
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Silicon photonic modulator

* Monolithically Integrated Driver and MZM
in 0.25-pum SiGe BiCMOS Technology
* Electronics on locally reconstructed bulk
silicon
* 11 mm x 1 mm footprint
* 6 mm phase shifter length
¢ ~1.8 W power consumption

+ ~18 dB insertion loss (fiber to fiber, 8 dB due
to grating couplers)

Assembled by Fraunhofer IZM, Berlin

= of
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Silicon photonic modulator

Combined (modulator + driver) S21
curve

* 3 dB bandwidth of 11 GHz

* 35 GHz 6 dB bandwidth

« Very flat curve up to 40 GHz

Deviation from linear phase
* Flat until 30 GHz
- Significant deviations beyond 30 GHz
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Outline

SiPh modulator with integrated driver

Experimental setup

Results — DP-mASK transmission performance

Conclusion
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Experimental setup

4 64-GBd PDM-Bipolar-mASK Transmitter ) i Link | 4 Optically Preamplified Digital Coherent Receiver )
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Outline

n

Results — DP-mASK transmission performance
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Constellations and PDF

DP-Bi-2ASK DP-Bi-4ASK
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In-phase In-phase In-phase In-phase In-phase
X-Pol. Y-Pol. X-Pol. X-Pol. Y-Pol.

Clearly separated constellation points for 2ASK and 4ASK

= o
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Back-to-back performance

Low implementation
7 penalty for DP-Bi-2ASK
L& and DP-Bi-4ASK
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Required OSNR for FEC:
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Transmission over 120 km SSMF

14 Chromatic dispersion eliminated by
coherent DSP (standard building blocks)

-
N
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DP-Bi-8ASK Optimum launch power ~6 dBm

-—
o
|

Error free transmission with HD-FEC and
SD-FEC

= 300 Gbit/s for SD-FEC
(28% overhead)

6 3 0 3 6 s 1 => 342 Gbit/s for HD-FEC
Fiber Launch Power (dBm) (1 2% Overhead)

oo

Q2-factor (dB)

()}

H

Successful transmission of 342 Gbit/s over 120 km!

Z Fraunhofer o ADVA

14 © 2019 ADVA Optical Networking. All rights reserved. gy Opt ical Networking



Conclusion

Realization of monolithically integrated driver and MZM in 0.25-um SiGe BiCMOS
technology

Generation of dual polarization bipolar mASK signals

Up to 342 Gbit/s (net rate) transmission over 120 km using DP-Bi-8ASK below FEC limit

Promising results for use of the modulator in a nested IQ structure for DP-64QAM!
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